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H-5 

11•6 

;.'*for Stock Hermetically Sealed Components 

Length 

Width  

Height 

RCOF CASE 

I 25/64 

61/64 

1 13/32 

Mounting  1 1/8 

Screws  4-40 FIL. 

Cutout  7:8 Dia. 

Unit Weight  1.5 oz. 

RC-50 CASE 

Length  1 5/8 

Width  1 513 

Height  2 5/16 

Mounting  1 5/16 

Screws  #6-32 

Cutout  1 1/2 Dia. 

Unit Weight  80z. 

SM CASE 

Length  11/16 

Width  1/2 

Height  29/32 

Screw  4-40 FIL. 

Unit Weight  8 or. 

The impedance ratings oro 
listed in standard manner. 
Obviously, a transformer with 
a 15,000 ohm primary imped-
ance can operate from a tube 
representing a source imped• 
once of 7700 ohms, etc. In 
addition, transformers can be 
used for applications differ. 
ing considerably from those 
shown, keeping in mind that 
impedance ratio is constant. 
lower source impedance will 
improve response and level 
ratings ... higher source im-
pedance will reduce frequency 
range and level rating. 

or over - 'een years i as •een t e argest supp ter o transformer compo-

nents for military applications, to customer specifications. Listed below are a 

number of types, to latest military specifications, which are now catalogued as 

UTC stock items. 

Type 
No. 

MINIATURE AUDIO UNITS...RCOF CASE 

Application 
MIL 
Type 

Pri. Imp. Sec. Imp 
Ohms Ohms 

DC in Response Max. level List 
Pri., MA ± 2db. (Cyc.) dbm Price 

H-1 Mike, pickup, line to grid 

H-2 Mike to grid 

H-3 Single plate to single grid 

H-4 Single plate to single grid, 
DC in Pri. 

TFIA1OYY 

TF IA1 IYY 

TF1A15YY 

TF1A15YY 

50,200 CT, 500 CT* 

82 

15,000 

15,000 

50,000 

135,000 

60,000 

60,000 

o 
50 

o 

50-10,000 

250-8,000 

50-10,000 

200-10,000 

4. 5 

+21 

+ 6 

+14 

$16.50 

16.00 

13.50 

13.50 

Single plate to P.P. grids 

Single plate to P.P. grids, 
DC in Pri. 

TF1A15YY 15,000 

TF1A15YY 15,000 

95,000 CT 

95,000 split 

0 50-10,000 

4 200-10,000 

5 15.50 

+11 16.00 

H-7 Single or P.P. plates to line 

H-8 Mixing and matching 

H-9 82/41:1 input to grid 

H-10 10:1 single plate to single 
grid 

H-11 Reactor TFIA20YY 300 Henries-0 DC, 50 Henries-3 Ma. DC, 6,000 Ohms 

TFIA13YY 

TFIA16YY 

TFIA1OYY 

TFIAI5YY 

20,000 CT 

150 600 

150 600 

10,000 

150 600 

600 CT 

1 meg. 

1 meg. 

4 200-10,000 

0 50-10,000 

0 200-3,000 (4db.) 

0 200-3,000 (4db) 

-} 21 

+ 8 

+10 

4-10 

16.50 

15.50 

16.50 

15.00 

12.00 

• 

• 

Type 
No. 

COMPACT AUDIO UNITS...RC-50 CASE 

Application 
MIL Pri. Imp. 
Type Ohms 

Sec. Imp. DC in Response Max. level List 
Ohms Pri., MA ± 2db. (Cyc.) dbm Price 

H-20 Single plate to 2 grids, can TF1A15YY 15,000 split 
also be used for P.P. plates 

80,000 split 0 30-20,000 1--12 $20.00 

H-21 Single plate to P.P. grids, 
DC in Pri. 

H-22 Single plate to multiple line TFIA13YY 15,000 

TF1A15YY 15,000 80,000 split 8 100-20,000 +23 23.00 

50 /200, 8 50-20,000 +23 
125/500" 

50 /200, 8 30-20,000 
125 500" BAL 

21.00 

H-23 P.P. plates to multiple line TFIA13YY 30,000 split - 19 20.00 

H-24 Reactor TF1A20YY 450 Hys.-0 DC, 250 Hys.-5 Ma. DC, 6000 ohms ... 
65 Hys.-I0 Ma. DC. 1500 ohms. 

Type 
No. 

SUBMINIATURE AUDIO UNITS".SM CASE 

Application 
MIL 
Type 

Pri. Imp. 
Ohms 

Sec. Imp. DC in Response Max. level List 
Ohms Pri., MA ± 2db. (Cyc.) dbm Price 

H-30 Input to grid 

H-31 Single plate to single grid, 
3:1 

H-32 Single plate to line 

H-33 Single plate to low 
impedance 

H-34 Single plate to low TFIA13YY 100,000 

TFIA1OYY 50'" 

TF1A15YY 10,000 

62,500 

90,000 

0 150-10,000 

0 300-10,000 

+13 $13.00 

+13 13.00 

TFIA13YY 10,000 -  200 3 300-10,000 

TFIAI3YY 30,000 50 1 300-10,000 

i-13 13.00 

r15 13.00 

impedance 
60 .5 300-10,000 + 6 13.00 

H-35 Reactor TFIA20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms. 11.00 

• 200 ohm termination can be used for 150 ohms or 250 ohms, 500 ohm termination can be used for 600 ohms 

•• 200 ohm termination can be used for 150 ohms or 250 ohms, 125 /500 ohm termination can be used for 150 600 ohms. 

••• can be used with higher source impedances, with corresponding reduction in frequency range. With 200 ohm source, 
secondary impedance becomes 250,000 ohms ... loaded response is -4 db. at 300 cycles. 

••••can be used for 500 ohm load ... 25,000 ohm primary impedance ... 1.5 Ma. DC. 
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Firm Booth 
Ace Engineering & Machine Co., Inc. 
Philadelphia 40, Pa. 3-204 & 205 

ACE cell type shielded enclosure and aux-
iliaries. 

Aerovox Corporation 
New Bedford, Mass. 

Booth 1-602 & 604 

Ceramin Capacitors, wire 
wound resistors choke coils 
trimmers. 

Aircraft-Marine Products, 
Inc. 

Harrisburg, Pa. 
Booth 4-502 
PLUGS 

OILFILLED AND PLASTIC 
Insulated capacitors. AN Standard and Mul-
tiple circuit connectors. Rivet or Stud and 
wire end terminals. 

Aircraft Transformer Corp. 
Long Branch, N.J. 

Booth 4-213 
Transformers for electronic application in 
military and high quality commercial equip. 
nient. Featuring new and revolutionary coat-
ings for high and low temperature environ. 
menu,. Transformers for missile., radar, su-
personics, communications, test equipment. 
computers, etc. 

Air-Marine Motors, Inc. 
Seaford, L.I., N.Y. 

Booth 4-315 
Sub-fractional hp electric motors, fans and 
blowers for operation on 60, 400 cps and 
variable frequencie.. 
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Radio Engineerin 
Show! • rokrE,s 

DI Vis io 

10 iy.3j 

at Grand Central Palace, 
N ew York New yoPFN7 Lab. 

405 Radio Electronic Exhibits 

Firm Booth 
Airpax Products Co., Baltimore 20, Md. 4-212 
Choppers, vibrators, power supplies. 

Airtron, Inc. 
Linden, N.J. 
Booth 3-102 

Flexible waveguides, rigid wave-
guides, Auplexers, tapered flex-
ible waveguides, waveguide 
bends, crystal mixers, direc-
tional couplers, waveguide 
«witches. 

Alden Products Co. 
Brockton 64, Mass. 

Booth 2-143 
Uden will show how leaders in the field, of 
Computers. Business Equipment and Elec-
tronic Controls have designed for 30 second 
servicing, maintenance and operation by un-
skilled personnel through use of Alden Basic 
Component.. including Terminal Card ‘lount• 
ing System. Basic Chassis. Plug-in Packages. 
Sensing and Indicating devices. Pre-u ired 
Connector. and Unit Cables. 

Alden Electr. & 
Impulse Recording 
Equipment Co. 
Westboro, Mass. 
Booth 2-144 

Recorders. 

Alfax Paper & Engineering Co., Westboro, 
Mass. 2-145 

Electrosensitive recording papers. 
All:gheny Ludlum Steel Corp., Pittsburgh 

22, l'a. 1-406& & 408 
Magnetic Materials. 
Allied Control Co., Inc., New York 21, 
N.Y. 2-209 

Electrical Relays and Electrical coils. 
Alpha Metals, Inc., Jersey City, N.J. 3-512 
Non-ferrous, excluding copper, and pow-
dered metals. Solder: acid core, fluxes, 
plain. pre•forms. rosin core. 
Alpha Wire Corp., New York 13, N.Y. 4-604 
Electronic Wire and Cable. Government 
Specification and commercial types for 
Ratio—Sound—Aircraft—Radar--Television. 

Firm Booth 
Altec Lansing Corp., New York 13, N.Y. 3-317 
Exhibit a compete line of speech input 
equipment for radio and TV, featuring our 
newly designed 230B Control Console for 
small stations and 250A Control Console 
for large stations, along with Plug-In Pre-
Amplifiers. Line Amplifiers. Monitor Am-
plifiers and Power Supplies for special 
fabrication. New High Fidelity speakers 
having a guaranteed response from 30 to 
22,000 cycles as well as the new "20-20 
Plus" line of Peerless transformers will 
also be featured. 
American Electric Motors, Inc., Los An-
geles 22, Calif. 4-717 

A complete display of Miniaturized Motor. 
driven Fans and Blowers, and variable 
Frequency Drive Motors utilizing a mini• 
mum of eighty different laminations to 
give maxmum ratings in the smallest 
frame size. Also samples of high fre-
quency ground Power Supplies of the non• 
slip ring, maintenance-free inductor de-
sign are displayed 

- — 

P.-. 

Custom Made 
Technical Ceramics 

Engineers in attendance to advise 
on special electronic applications. 

AMERICAN LAVA CORPORATION 

Chattanooga 5. Tennessee 

BRANCHES IN PRINCIPAL CITIES 

American Phenolic Corp. 
Chicago 50, Ill. 

Booths 1-101 & 102 

É 

E Amphenol is presenting a 40 page manual of 
"CtK Method." for as..embly of all typcs of 
connectors tu •Il types of cable and wiTe. 

Co., Inc., American Radio Hardware 
Mount Vernon. N.V. 

Radio Hardware parts. 
4-70 l 

American Television & 
Radio Co. 

St. Paul 1, Minn. 
Booth 2-304 

ATR Vibrators, ATR DC-AC 
Inverters, ATR Vibrator Power 
Supplies, ATR Rectifier Power 
Supplies. 

(Continued on page 12A) 
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VERSATILITY 

How Hammarlund Solves 
Your Signaling Problems 

for remote 

supervisory control 

UPLEX SIGNALING UNIT 

This small, compact unit—transmitter, frequency selective receiver and power 

supply in a single package—is a vastly improved, new approach to remote signal-

ing and supervisory control system design. It may be used for remote on-off 
switching, continuous supervisory indication of operating conditions, ringdown 

signaling, dialing terminal equipment, automatic detection of system functional 

failures, or for providing channels for transmitting and receiving telernetering 
information. 

FLEXIBILITY 

These Hammarlund Duplex Signa ing Units have the flexibility required for effi-
cient system design. Up to 36 individual functions can be controlled over a 
single circuit when they are installed in multiple. Transmitters and receivers 
operate on the same or different frequencies between 2000 and 6475 cycles per 

second. Center frequencies in the 2000 to 3500-cycle range are spaced at 100-
cycle intervals. And center frequencies in the 3625 to 6475-cycle range are 
spaced at 150-cycle intervals. 

RELIABILITY 

Ruggedized, quality-recognized components throughout. A highly stable tone 
generator, and an amplifier designed for bridging a 600-ohm circuit, assure 

reliable operation over wire lines, telephone or power line carrier, and radio or 

microwave communications circuits. It is designed to operate in the range of 
—30° to +60° C. with excellent frequency stability, and under high humidity 
and other adverse conditions. Harmonic distortion is negligible. 

Write for detailed information 

iunwi,nunb 
HAMMARLUND MANUFACTURING CO., INC. 

460 WEST 34th ST. • NEW YORK 1, N. Y. 
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405 
Exhibits 

WALDbRF•ASIYORIANOTEL1 GRAND CEN RAL PLACE 

WEW Y RK CIE'?  

March 23, 24, 25 & 26, 1953 
Radio Engineering Show Grand 

Central Palace, New York City 
Exhibits Manager: Wm. C. Copp, 303 
W. 42nd St., New York 36. N.Y. 

April 1 l, 1953 
NEREM—New England Radio 
Engineering Meeting, University 
of Connecticut, Storrs, Conn. 

Exhibits: H. W. Sundius, The South-
ern New England Tel. Co., 227 
Church St., New Haven. Conn. 

à 
April 18, 1953 

Spring Technical Conference of 
the Cincinnati Section, Cincin-
nati. Ohio 

Exhibits: R. H. Lehman, The Baldwin 
Co.. 1801 Gilbert Ave., Cincinnati 
2, Ohio 

May 11, 12 & 13, 1953 
National Conference on Airborne 

Electronics Hotel Biltmore. Day-
ton. Ohio. 

Exhibits: Paul Clark, 120 West Sec-
ond St., Dayton 2, Ohio. 

August 19, 20, 21, 1953 
1953 Western Electronics Show 
and Convention, Civic Auditori-
um, San Francisco. Calif. 

Exhibits: Heckert Parker, 1355 Mar-
ket St., San Francisco 3, Calif. 

Septembe I 21-2.5, /953 
Eighth National Insti nt Con-

ference and Exhibit. Hotel Sher-
man, Chicago, Ill. 

Exhibits: Richard Rinihach. 921 
Ridge Ave., Pittsburgh 12. Pa. 

September 28, 29 & 30, 1953 
National Electronic Conference 
Hotel Sherman, Chicago. 

Exhibits: Orville Thompson, c/o De-
Forrest's Training Inc., 2735 N. 
Ashland Ave., Chicago 14, Ill. 

Visit our booth 4-214 at the I.R.E. Show 
2A PROCEEDINGS OF THE IRE. March, 19,i.. 



THE MOST EFFECTIVE CAPACITORS 
« FOR R-F NOISE SUPPRESSION... 

...are the 

NEW 
SPRAGUE 

THRU-PASS 
CAPACITORS 
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Typical Insertion Loss Curves 

THRU-PASS CAPACITORS are a new Sprague 
development for use in radio interference reduc-

tion in communication and radar equipment. 

• Thru-Pass Capacitors not only reduce to a negli-
gible value the effect of external connection inductance 
to a capacitor but they also have a minimum length of 
internal path for radio interference currents. Their per-
formance is closer to that of a theoretically ideal capacitor 
than that of any other paper capacitor! 

• Electrically, Thru-Pass Capacitors are three-termi-
nal feed-thru devices which are connected in a circuit 
in a manner similar to a low pass filter; the tab or lead 
terminals are connected in series with the circuit being 
filtered while the case is grounded. 

• The threaded-neck mounting on Type 102P and 
103P Subminiature Thru-Pass Capacitors is designed 
to give a firm metallic contact with the mounting sur-
face over a closed path encircling the feed-thru conduc-
tor and to eliminate unwanted contact resistance so 
that the theoretical effectiveness of these new units is 
realized in practice. The milled flats on the threads 
help ensure vibration-proof mounting since the capac-
itors cannot rotate if mounted in a flatted opening 
instead of the usual circular hole. 

• Type 102P and 103P Capacitors are all hermeti-
cally encased. Glass-to-metal solder-seal terminals are 

PROCEEDINGS OF THE I.R.E. 

employed in order to assure positive protection against 
severe atmospheric conditions. 
• Both types are impregnated with Vitamin Q, 
Sprague's exclusive inert synthetic impregnant, in or-
der to provide maximum insulation resistance and 
minimum capacitance change with temperature. Type 
102P units are processed for —55°C to +85°C opera-
tion while Type 103P units have their top operating 
temperature extended to +125°C. 
• Engineering Bulletin 215 gives full details and 
standard ratings. Write on your business letterhead 
for your copy to Sprague Electric Co., 235 Marshall St., 
North Adams, Massachusetts. 

4111 --iif *-

111 -.11111e 

TYPES 102P AND 103P 5 AMPERE THRU-PASS CAPACITORS 

SHOWING CHOICE OF LEAD OR TAB TERMINALS 

WORLD'S LARGEST CAPACITOR MANUFACTURER 

EXPORT DIVISION: CABLE SPREXDIV, NORTH 

"THRU•PASS" AND VITAMIN 0" ARE SPRAGUE TRADEMARKS. 

SEE US AT THE I.R.E. SHOW—BOOTHS 1-410 & 1-412 

March, 1953 



"Check your air, Sir?" 

To keep voices traveling strongly through telephone cables, you have 
to keep water out. This calls for speed in locating and repairing cable 
sheath leaks —a hard job where cable networks fork and branch to 
serve every neighborhood and street. 

At Bell Telephone Laboratories, a team of mechanical and 
electrical engineers devised a way to fill a complex cable system with 

dry air under continuous pressure. Pressure readings at selected 
points detect cracks or holes, however small. Repairman can reach 
the spot before service_ is impaired. 

It's another example of how Bell Laboratories works out ways to 
keep your telephone service reliable—and to keep down the cost to you. 

Air compressor and tank are at right. Long cyl-
inders on rack dry air before it enters cables. 

He's checking the air pressure in a branch cable, one 01 
scores serving a town. The readings along the cable are 
plotted as a graph to find low-pressure points which indi-
cate a break in the protecting sheath. 

Master meters keep watch over the various cable 
networks which leave a telephone office in all 
directions to serve a community. Air enters the 
system at 7 pounds pressure, but may drop to 2 
pounds in outermost sections—still enough to 
keep dampness out. 

BELL TELEPHONE LABORATORIES 
Improving telephone service for America provides careers for creative men in mechanical engineering 

4A PROCEEDINGS OF THE ¡RE. Ilarch. 1953 



APPLICATIONS 

• 
RMEABILITY ING DEVICES 

LOW•LOSS INDUCTORS 

SATURABLE CORE REACTORS 

ORIZONTAL OUTPUT 
TRANSFORMERS 

DEFLECTION YOKES 

TELEPHONE LOADING COILS 

RECORDING HEADS 

PULSE TRANSFORM 

ANTENNA CORE 

FERROXCUBE litofetvated! 
Nickel-free Ferroxcube 3 and 3C cores are 
the modern, superior ferrites now perform-
ing with outstanding success in television 
and military electronics. Both materials 
have higher permeabilities than the nickel-
zinc ferrites that are sometimes supplied 
for these applications. 

For the higher-temperature applications, 
Ferroxcube 3C cores are recommended. 
Where maximum initial permeability is the 
prime requirement, Ferroxcube 3 is gener-
ally indicated. 

In any case, you can specify either of 
these excellent manganese-zinc ferrites 
with full assurance that deliveries will be 

made to meet your specified schedules. 
For higher-frequency applications, 

where minimum eddy-current losses are 
more important than maximum permea-
bility, the Ferroxcube 4 series of nickel-
zinc ferrites are recommended. Their uses 
include I-F Transformers, R-F Tuning Coils, 
Antenna Cores, etc. 

The broad experience of Ferroxcube 
Corporation Engineers -- an accumulated 
knowledge of manufacture and applica-
tion over a 16-year period is the "refer-
ence library" which is available to assist 
you. Write for technical data applicable to 
your design problems. * 

FERROXCUBE 
THE MODERN CORE MATERIAL 

FERROXCUBE CORPORATION OF AMERICA 
A Joint Affiliate of Sprague Electric Co. and Philips Industries, Managed by Sprague 

SAUGERTIES, NEW YORK 
PROCEEIHNGS OF THE IRE. marell. 



e-e----------
Heed Precision Pots HOW: 
CALL HIELIPOI: 

When you need top 

quality potentiometers fast, coll Ftelipot 

Shown on these poges ore various types ond ronges of 

Nelipots-both single ond multi-turn-that hlelipot now stocks for 

first in precision potentiometers' 

immediate delivery. You con hove stock prototypes immediately On 

large orders for stock items, initial deliveries in substontial quanti-

ties will be made promptly, with balance on close schedule. 
Prompt attention will be given your requirements for Pre-

Fielipot's objective is to give you the some flexib'ility ond cision Pots to your individual specifications. 

efficiency os o deportment of your own company Our trained per-
sonnel ond unequolled focifities ore ready to serve your needs, 

whether for stondord units shown here or for special designs in 

FOf ¡Ott service, call the nearest representative listed below• quontity to meet porticulor applications 

Of Witte, Wire direct! 
or phone 

't 

TABLE OF STOCK VALUES 

MODEL Al HELIPOTS 

aTnhcee 10-turn po-
tentiometer 

erfonn-

of miniature 
size (1:1" dia 
weight hinghtbu(s1 w: and light ). Available 
withe' boeuanrti n( gA el) 
sowerirtsvhenrvmoel mgoeuvgnt rn e  (AIS), both 

()tint also available. 
with precision ball bear-
ings (AlSP), 

10-turns Power 
ilennggth2 watt s 

.c ro ii 
d!. 

„Starting o qu 0 

rLinee rt av 

tolerance +0.5% (Std.) 
75 I 50 000-Alz 

°« in" • • ele• 1 or. , • Dip.  

Catalog 

100-AIL 
500-All 

1,000-A1Z 
5,000-A1Z 
10,000-A1Z 
20,000-All 
30,000-All 

Total 
Resistance 
(Ohms) 

100 
500 

1,000 

5,000 
10,000 
20,000 
30,000 
50,000 

Wire 
Turns 

3,000 
2,500 
3,400 
4,250 
4,000 

5.350 
5,450 
6,550 

Temperature 
Coefficient 

.00071 

.00002 
00002 
.00013 
.00013 
.00013 
.00002 
00002 

- 25 

062 - 
126-•p_ 

°DOW 
-00°3 

0780 Din 

.000 -00i 
-750 DIA 

f 

MODEL T HELIPOTS 

A single-turn, continuo 
rotation servo-mountids-

s(0Ya6ll•  cif ceu bici )m i requiringneiprnm aue  very 
weightdg 

op-
eratingue  

precisiontr  S whbaaiftltlh rboneeteaagartn'leidsgi bol on 
• built throughout to e- 
highest possible precision. 

1-turn 
1/2 watt • • • Col • • Power rating 

( s Lineatrdityqelsnetgr length 2'' 

torque .015 Starting 
(Run-

ning torque 4 

• • • W gt. 0.56 oz. 

Catalog 
No. 

1.000-Ti 
2,000-TZ 
5,000 TZ 

10,000-T1 
20,000.17 
25,000,n 

30,000-TZ 
50,000-TZ 

100,000-TZ 

TABLE OF STOCK 

Total 
Resistance 
(Ohms) 

1,000 
2,000 
5,000 
10,000 
20,000 
25,000 
30,000 

50,000 
100,000 

VALUES 

Wire 
Turns 

705 
750 
800 

1,650 
1,500 
1,500 
1,400 
1,400 
1,500 

Temperature 
Coefficient 

various 
various 
various 
various 
.00002 
00002 
.00002 
.00002 
.00002 

'ONSPECIALOILBER itietontst_ 

,4 the above apoiiita 
ott!etcueaarre shvoli 1;x. 

*enions .a Spot 'igh Extr 
gWesla e di OP S âtaitlignefa 

• • location • Assemblieso ....Spieecnifisl, 

Teno. Cellte 
Resolutions, etc. 

Write tot «tee. 

THE 

Ism oet.lus on 
sect to rb.iir. sot 

MODEL B HELIPOTS 

2-

'ten 

VALUES 
MODEL A HELIPOTS 

o all multituurn Heli-convenient, compactnit of 

offering resolution accu-
racies 
of 

12 to 14 times that 
conventional single-

turn Pots. 

f widelyadapt-able The 

units 

mA0s1t0-

. 10-turn range permi•ts- 

turn 

etemr 

10-turns readings. 

watts . . Coil 

erances: +0.5% ' y 

and 

values of same earn' 
direct decimal r 

'rig 5 • • • Power rat-
length 46.5" .. Linear" 

tol 

un 4),..,(+0.1%(St5dk 
5K)...--. ...,.25% below 

Catalog 
No. 

25-Az 
50-AZ 
100-AZ 
200-Az 
500-Az 

1,000-AZ 
2,000 AZ 
5,000-AZ 
10,000-AZ 
20,000 AZ 
30 000 AZ 
50,000-AZ 
100.000-AZ 
200.000-AZ 

'00 000 Az 

TABLE OF STOCK 

Total 
Resistance 
(Ohms) 

25 
50 
100 
200 
500 

1.000 
2,000 

5.000 
10,000 
20,000 
30,000 
50.000 
100,000 
200,000 

100,00o 

Wire 
Turns 

3,000 
3,200 

3.800 
4,750 

4,000 
5,000 
6,500 

7,200 
9.000 
10.000 
11.500 
12,500 
15,000 
15.500 
Iv.000 

Temperature 
Coefficient 

00021 
.00071 
00071 
.00071 
.00002 
.00002 
00002 
0001 3 
00013 

00013 
00013 
00013 
00013 

00013 
00013 

t 1:11 n i tow 
dn. 

A large diameter 
Helipot w13it-

s15lidte wire 

(.01% to .003% 
highest resolution 

ing the  provid. 

accuracy avail-
) and ad-

able today 

ad-
justment 

a stand 

u5/116':), 

- un     mass-productionlnng 
Red, dependable 

cos1L5-turns ... Power rat-
rig 10 watts . . . Coil 

Linearit 
iteolnegratnhce13±9"0.5.% (Std.).y* 

Catalog 
No, 

1,000-8Z 
5,000-Bi 
10,000-8Z 
25,000,Bz 

5°,000-BZ 
100,000-8Z 

TABLE OF STOCK VALUES 

Total 
Resistance 
(Ohms) 

1,000 

5.000 
10,000 
25,000 

50,000 
100,000 

Wire 
Turns 

10,900 
19,600 
17,700 
21,800 
25,400 
34,100 

Temperature 
Coefficient 

00002 
-00002 
.00013 
00013 
00013 
00013 

Please We that 1000 volts is highest that may be 
applied across coil regardless of resistance value. 

MODEL C HELIPOTS 

Identical in general de-
sign to Model A exce t 
only 3 helical turns re-
sistance winding andpro- 
proportionately shorter 
length. Ideal for high-ac-
curacy applications with 
restricted behind-panel 
idep.tthusr. 3 us Power 

a 

e 
g 31%nuat-tps an . . 

Linea rityCoil l et onrIgftrh-
n - 

ac/e64-±". 0•3% (Std.) • Beh'dI 1 "Oh 

bout nett 
czar: 

Catalog 
No. 

10-CZ 

50-CZ 
100 Ci 
500-C z 

1,000-CZ 

5.°00 CZ 
10,000-CZ 

20.00ocz 
3, 000-cz 
5° 00o cz 

draw ing• available an lee 

Engineering Sales Representatives are located near you to assure 
personal attention Teletype connects our New York, Boston, Chi-

cago and Los Angeles offices for rapid information on orders and 

.liveries. And our Mountainside, New Jersey plant, now under 

%Dualists, will soon be in production to further assist you. 

elipot CORPORATION 
A Subsidiary of Beckman Inc. 

SOUTH PASAnc,q* r an icn•NsA 

ur roL a.52 NU Teem? __It 

Ill r 
L 

LOC.. 1 MG Li.e. 

TABLE OF STOCK 

Total 
Resistance 
(Ohms) 

10 
50 
100 
500 

1,000 
5 000 
10,000 
20,000 
30 000 
50,000 

VALUES 

Wire 
Turns 

1,000 
1,390 
1,100 
1,850 
1,360 
2.500 
3,100 

3.900 
4,400 
4,250 

Temperature 
Coefficient 

00071 
00071 

M0002 
00002 
.00013 

00013 
00013 
00013 
.00013 
.00013 



• See you Of OUr Booth 1-1 20 at the IRE Show' 

MODEL 1 HELIPOTS 

First production potenti-
ometer equipped with ball.. 
bearing shaft supports as 
standard and 3-way servo-
type mounting. Ganged as-
semblies can be independ-
ently phased after instal-
lation without external 
clamps or brackets. 

1-turn ... Power rating 
5 watts ...Coil length 

360 ° Cont. Mech. 
Rotation ... Linearity tol-
erance +0.5%...Starting 
torque 1.0 ± .25 oz. in. • 

MODEL F HELIPOTS 

A 3" dia, single-turn high. 
precision potentiometer 
with continuous mechani-
cal rotation and minimum 
dead spot between electri-
cal ends. Versatile in ap-
plication. Ideal where con-
tinuous rotation simplifies 
circuitry. 

1-turn ... Power rating 
5 watts ...Coil length 

Linearity toler-
ance +0.5%.* 

TABLE OF STOCK VALUES 

Total 
Catalog Resistance Wire Temperature 

No. (Ohms) Turns Coefficient 

100-12 100 630 .00002 
1.00042 1,000 875 00017 
5,000-12 5,000 1.300 00017 
10,000-12 10,000 1,475 00017 
20,000-12 20,000 1,900 .00017 
30,00042 30,000 1,975 00017 
50,000-12 50,000 2,260 00002 

Please note that 400 volts is highest that may be applied 
across coil regardless of resistance value. 

TABLE OF STOCK VALUES 

Total 
Catalog Resistance Wire Temperature 
No. (Ohms) Turns Coefficient 

100-F2 100 800 .00002 
500-F2 500 1,300 .00002 

1,000-F2 1,000 1,200 .00013 
5,000-F2 5,000 2.000 .00013 
10,000-F2 10,000 2,500 .00013 
20,000-F2 20,000 2,700 00013 
50,000-Fl 50,000 4,000 00013 
100,000-F2 100,000 5,000 .00002 

Please note that 400 volts is highest that may be 
applied across coil regardless of resistance vane. 

MODEL G HELIPOTS 

A small, extra rugged 
single-turn pot developed 
initially for aircraft servo 
mechanisms. Its compact 
size, high accuracy, long 
life make it ideal for many 
instrumentation and servo-
mechanism applications. 

1-turn ... Power rating 
2 watts ...Coil length 
314"... 360° Cont. Mech. 
Rotation...Linearity tol-
erance +0.5% (Std.) ... 
Vigt. 2 Oz.... Dia. 1-
5/16".* 

u 

TABLE OF STOCK VALUES 

Total 
Catalog Resistance Wire Temperature 
No. (Ohms) Turns Coefficient 

10-Cl 10 300 .00071 
100-Cl 100 400 00002 
500-Cl 500 500 .00013 

1,000-Cl 1,000 650 .00013 
5.000-Cl 5,000 750 .00013 
10,000-GZ 10,000 950 .00013 
20,000•GZ 20,000 1.200 .00013 

MODELS AN and CH NELIPOTS 
Mechanically precise, highly linear po-
tentiometers of same general dimen-
sions as Models A and c, except have 
servo-mountings, ball-bearing shafts 
and are built to highest precision pos-
sible. Have approximate/ 21 advantage 
in linearity accuracies over correspond-
ing A and C Helipots. (Model AN line-
arity tolerances as close as -.17.025% 
in values of 58 and above.) 

AN (10-turns) resistance ranges, 100 to 
250.000 ohms ... CN (3-turns) 30 to 75.000 ohms. 

Write for full details on linearity 
tolerances, special features, etc. 

OTHER UNIQUE HELIPOT PRODUCTS 

MODEL RA Precision DUODIALS 
A beautiful, precision-built, multi-turn dial of com-
pact dimensions (1-13/16" dia.) for all types of 
quality multi-turn installations. Features unique 
"jump" mechanism that keeps secondary dial sta-
tionary until primary dial has completed a full turn 
-then secondary dial "jumps" to new position. A 
vibration-proof lock holds dial settings whenever 
desired. 

Black nylon knobs, satin aluminum dials, quality 
"feel" and appearance throughout. Available in 
10-turn design for use with 3 and 10-turn Helipots 
and in RAI version for use with small Al Helipots. 

Write for full details. 

B. B. Taylor 
241 Sunrise Highway 
Rockville Centre, New York 
ROckville Centre 6-1014-6-1015 
TWX. Rockville Centre Hy 3685 

2. ROCHESTER 
E. A. Cssmann Corp. 
3 Juniper Street 
Rochester 10, New York 
Culver 7640 

I. SCHENECTADY, N. Y. 

Drianson 23 
E. a. GssmaV, CorP. 

. BOSTON 
Harold Gerber 
25 Huntington Av 
Roston 16, Massachusetts 
COpley 7-1961 
TWO: BS 160 

S. PHILADELPHIA 
Jame! C. MugglewOrth 
506 Richey Avenue 
Collipgswood 6, New Jersey 
C011ingswood 5-3515 

O. CLEVELAND 
Howard N Heasley 
1940 East Sixth Street 
Cleveland, Ohio 
PRospect 1552 

A large diameter (43/4") multi-turn dial ideal for 
primary control applications. The inner dial shows 
the exact position of the slider on any multi-turn 
Helipot while the outer dial shows the particular 
turn on which the slider is moving. Thus with 
10-turn units, readings can be made directly in 
decimal equivalents of total resistance winding. 

Since primary dial is direct-connected to shaft, 
backlash is eliminated. 

Available in 10,1, 151, 251, and 401 Ratios for 
use with various Helipot models as well as with 
other multi-turn equipment. 

Write for full details. 

Roy 1. Magnuson 
4258 West Irving Park Road 
Chicago 41, Illinois 
PAlisade 5-1170 
TWX: CG 913-X 

S. ST. LOUIS 
Harris-Hanson Company 
5506 South Kingshighway 
St. Louis 9, Missouri 
SWeetbriar 5584 

S. FORT MYERS 
Arthur H. Lynch & Associates 
P. 0. Boo 466 
Fort Myers, Florida 
FOrt Myers 5-6762 

EXPORT AGENT, Fr..ith,,, Company, 33 West 42nd Street, New Yolk 

MODELS D and E «¡Avon 
Large diameter (3-5/16"), wide range 
Helipots with extremely long resistance 
windings for highest possible resolu-
tions coupled with close linearity tol-erances. 

Model D has 25 turns, 234" coil length, 
9000° of rotation, is 4-9/64" deep be-
hind the panel, and is available in 
ranges from /00 to 750,000 ohms. 
Model E has 40 turns, 373" coil length, 
14 .400° of rotation, is 6-1/64" deep 
behind panel, resistances 200 to 1,000.000 ohms. 

Write for full details on linearity 
tolerances, special features, etc. 

LABORATORY HEUPOT-4MODEL TA0A 
This unit combines in a handsome walnut case a 

10-turn Helipot, an "RA" Duodial, and three-way 

binding posts for quickly setting up and changing 
experimental or temporary circuits. Ideal for labora-

tory and instruction purposes ... is far more com-
pact, simpler and 5 times faster to set than 
decade boxes. 
Power rating 5 watts ... Linearity 0.1% ... 

Standard Resistance Ranges 100 ... 500 ... 1,000 

... 5,000 ... 10,000 ... 20,000 ... 50,000 ... 100,000 
ohms in stock. Other ranges on order. 

Write for full details. 

G S. Marshall Company 
40 South Los Robles 
Pasadena 1, California 
Ryan 1-8345; Sycamore 5-2022 
Halipot Home Office 
lwX Pasa Cal 7193 

11. SEATTLE 
Samuel N. Strouro 
1612 Broadway 
Seattle 22, Washington 
FRanklin 7515-7516 

12. DALLAS 
J. Y. Schoonmaker Company 
2011 Cedar Springs 
Dallas 1, Texas 
STerlIng 3335 

e, New York, BRyant 9-1296 

S. Sterling Company 
15310 West McNichols Rd. 
Detroit 35, Michigan 
Broadway 3-2903 

14. SOUTH CENTRAL 
Blvins & Caldwell 
Security Bank Bldg. 
High Point, N. C. 
High Point 3672 

IS, CANADA 
1, S. Root 
290 Lawrence Ave. W. 
Toronto 12, Ontario, Canada 
ORchard 3003 
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In all our experience, no resistor has 
been so extensively tested—and so 

unanimously approved—as IRC's new Type 
BOC Boron-Carbon -watt PRECISTOR. 

Of the 3,000,000 already manufactured, 
more than 100,000 were given the most 

stringent tests-in-production, 
including critical temperature cycling and 

500-hour load-life tests. Result:— 
Type BOC conforms to all requirements 
of MIL-R-10509A! Also, customers have 

conducted their own laboratory and 
field tests—and they express their 
approval of Type BOC in letters 

like those shown here. 

In the case of IRC's new JAN Type 
Precision Wire Wounds and Advanced Type 

BT Resistors, too, rigid quality control 
and continued testing have won 

industry-wide approval. Most stable 
and reliable of all precision wire wounds, 

Type WW's far surpass JAN-R-93 
Characteristic B Specifications. 

And Type BT's continue to meet 
and beat JAN-R-11 Specifications. 

V 

›in 
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New JAN Type Precision Wire Wound Resistors 

Excel JAN -R-93 Characteristic B Specifications 

1,1 2nd 3441 
OtIgInal Cycle Cycle Cycle 
Res1st +% % % 

Chge Chge Chge 

4th 
Cycle 
% 

Chge 

Res1st 
at End 
ot 100 

ht, load 

% Chge 
Total fount Last 
% temp Cycle 

Chge lo End of 
100 hts toad 

% 

Remstanse Chge 
at End ol 100 
Ells load only 

+4; 
no cyclone 

I 100010 f 04 t 04 f 05 t 05 100 050 t 04 —01 100 040 - 02 
2 100000 + 03 + 04 4 03 + 05 100 060 I 06 4 01 100 000 0 
3 100 000 -4 01 f 02 ! 02 + 05 100.000 0 4 05 100 050 -- 02 
4 100 000 y 07 0 f 02 t 02 100 000 0 — 02 100 040 —01 
5 100 010 4 03 4 04 t 04 f 05 100.000 0 — 05 100.030 - 03 
6 100 000 0 t 03 t 04 t 04 100.100 4 1 4 06 99 980 0 
7 100 000 f 04 t 05 t 04 4 04 100.070 t 07 t 03 100 000 0 
8 100 000 + 03 y 05 t 05 f 05 100 050 f 05 0 100 000 0 
9 100.000 y 04 t 03 t 05 04 100.010 + 01 — 03 100 050 0 
10 100.000 + 0? t 02 t. 02 f 04 100.010 + 01 - 03 100 000 0 
II 100 000 0 ! 01 t 01 4 03 100 000 0 - 03 

Most reliable and stable of all wire-wound precisions, these 
new Type WW's hove proved their superiority in unbiased 
tests. Severe cycling and 100-hour load tests resulted in vir-
tually zero changes in resistance. Other stringent tests proved 
JAN Type WW's high mechanical strength, freedom from 
shorting, resistance to high humidity. New winding forms—new 
winding technique—new type insulation—and new termina-
tions assure long life, accuracy, ruggedness in service. IRC JAN 
Type WW's are becoming the choice of leading p-oducers 
of military equipment. Get full technical data in Catalog 
Bulletin D-3. 

s--

You'll see even newer resistor 

developments at IRC's Booth 

1-110 during the 1953 IRE show. 

's 

Boron-Carbon PRECISTORS • Power Resistors • Voltmeter Mul 

tipliers • Insulated Composition Resistors • low Wattage Wire 

Wounds • Volume Controls • Voltage Dividers • Precision Wire 

Wounds • Deposited Carbon PRECISTORS • Ultra HF and High 

Voltage Resistors • Insulated Chokes • Selenium Rectifiev, 

INTERNATIONAL RESISTANCE COMPANY 

401 N. Broad Street, Philadelphia 8, Pa. 

in Canada International Resistance Co., Ltd., Toronto, Licensee 

Type BOC Boron-Carbon 1/2 -Watt Resistor 

Surpasses S'gnal Corps Specification MIL-R-10509A 
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APPROXIMATE TEMPERATURE COEFFICIENT 

'Measured Al l/C to 100 C 

Vs Watt Boron•Carbon Renato, Type BOC 

Nore Coefl.c.enrf 01 boron Carbon Are efrogotty• 
Coefklenff Of Woo Are Posoore 

Ilk 

ii ii 

. . 
Wee ype N NIckel Chrome Iron 

.--- -.........  W.I. e Type 2 p±fcl!,el Ch r o In? 

"f 
f n Wire 

ft I-- 
ype E (Koh Resesrlyn 
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100 1,000 10,000. 

Ohms 

ppo.coo 000.000 

The ultimate in stable, reliable non-wire-wound resistors, 
Type BOC's are especially designed for military electronic 
equipment—rodar, gunnery control, communications, tele. 
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permit their 
use in place of costlier wire wound precisions in many 
critical applications. Lower capacitive and inductive re-
actance suit them to circuits where wire-wound stability is 
needed. Small size makes them ideal in limited space. 
Tolerance: —1%, 2% and 5%. Resistance Values:-10 
ohms to 1/2 megohm. Send for full technical data in Catalog 
Bulletin 8-6. 

"111111111111111111111111111111111111111L  

Type BT Advanced Fixed Composition Resistors Meet 

and Beat JAN-R-11 Specifications 
Type BTS Meets and Beats Rigid G Characteristic 
These are the famous Advanced Type Bis whose characteristics set 
new performance records for fixed composition resistors. They com-
bine a unique filament-type resistance element with exclusive con-
struction features to assure extremely low operating temperature 
and excellent power dissipation. Yet they ore compact, light in 
weight, fully insulated. Intensive tests by independent agencies have 
proved their superiority under actual field conditions. For full tech-
nical data, send for Catalog Bulletin 8-1. 

Mail Coupon Today for Full Details of These IRC Resistors 

INTERNATIONAL RESISTANCE COMPANY 

405 N. Broad St., Philadelphia 8, Pa. 

Please send me full dato on the following checked items:— 

O Type BOC Boron-Carbon PRECISTORS 
D Type WW Precision Wire Wound Resistors 
D Type BT Advanced Fined Composition Resistors 
D Name and Address of Nearest IRC Distributor 

NAME 

TITLE 

COMPANY. 

ADDRESS 



Aree PUSell or A eatION... 
A TRUE cathode-ray voltmeter 

Once you zero-set a new Du Mont Type 304-A it is 
almost automatic to measure potentials of the waveforms 

on the screen of the cathode-ray tube. And you'll be 
surprised to find out how much more you know about your 

circuit; how much easier circuit development 
and production testing become when amplitude calibration 

is in front of you every time you examine a waveform. 
The new Du Mont Type 304-A will make your job 

easier, will greatly simplify measurements that formerly 
were difficult or inconvenient to make. The Type 304-A 

is not just another oscillograph; it is a true cathode-ray 
voltmeter, made possible by a precision calibrator and the tight. 

tolerance, flat-face Type 5ADP- Cathode-ray Tube. 
Only through the combined facilities, unique in the industry, 
of the Du Mont Cathode-ray Tube and Instrument Divisions 

could the Type 304-A Cathode-ray Oscillograph have evolved. 

SPECIFICATIONS: 
• Tight-tolerance, fiat-face Type 5ADP- Cathode-ray Tube 
• Vertical and horizontal amplifiers flat to d.c., 10% down at 

100 KC 
• Direct voltage measurement — Range, 0.1 to 1000 volts full 

scale, read directly from oscillograph scale; 5% 
overall accuracy 

• High sensitivity — At full gain, 0.025 volts/inch 
• Undistorted vertical and horizontal deflection more thon 
4 inches 

• Expansion equivalent of 20 inches vertically and 30 inches 
horizontally with full positioning 

• Driven and recurrent sweeps with sync limiting — Range, 2 to 
30,000 cps; provision for extra-low frequency sweeps by 
externally connected capacitor; maximum writing rate, 
1 inch/psec 

• Illuminated, numbered scale and suitable filter provided; 
scale illumination variable from zero to more thon adequate 
for viewing and photography 

• Improved stability of vertical amplifier 

Price   $333.00 

111 MOtu 11 INSTRUMENT DIVISION, ALLEN B. DU MONT LABORATORIES, INC., 1500 MAIN AVE., CLIFTON, N. J. 

10% PROCEEDINGS OF TIIE I.R.E. 11, Pi,. 



Roller-Smith 

Rtmectirct Inhumed) 
Shock-Proof • Vibration-Proof • Weather-Proof 

Roller-Smith announces production of hermetically sealed 
Ruggedized 21/2" and 31/2" instruments conforming to MIL-M-10304. 

In addition to Ruggedized instruments, a complete line of 
hermetically sealed and unsealed types in conformance with Gov-
ernment specifications are available. 

ROLLER-SMITH CORPORATION 
BETHLEHEM, PENNSYLVANIA 

SEE US AT THE I.R.E. SHOW BOOTH 4-521 

PROCEEDINGS OF TIIE I.R.E. Alarch, 1953 



What to see at the 
Radio Engineering Show 

(ContInued from page 1.-1) 

VISITING IRE ? 
for something really new, see these... 

• high-speed magnetic tape handler 

• high-speed "teledeltos" digital recorder 

• plug-in decades, shift registers, frequency dividers 

• four all-new frequency-time counters 

• multiple sequence pre-determined counters 

• photo-electric detectors 

• high resolution 8-mc chronograph 

let's talk about your application! 

Let Potter experts analyze and simplify 
your work in any phase of counting, 
timing, frequency measurement, data 
handling or control. In a very few min-
utes of your time, we can show you how 
a standard, low-cost, time-saving Potter 
Instrument can be applied in your work 
program. Why not consult us? 

staying home? 

Write for our catalog covering operating 
principles and typical applications. 
There is a Potter Instrument ideally 
suited to your needs. ADDRESS DEPT. 3-E 

eb 
POTTER INSTRUMENT COMPANY, INC. 

115 CUTTER MILL ROAD GREAT NECK. NEW YORK 

Arnperex Electronic Corp. 
L.I., N.Y. 

Booths 1-310 & 312 
Electronic Tubes. Transmitting, 
special purpose rectifier, electro. 
medical, U.H.F. Hydrogen thy-
ratrons, magnetrons, geiger-
mueller, power & industrial. 

Ampex Electric Corp. 
Redwood City, Calif. 

Booths 4-405 & 407 
Maguetic tape recorders for labora-
tory and industrial instrumentation 
uses. Featured will be the Ampex 
Model 306 which records independ-
ently of tape imperfections and re-
cords low frequency data, including 
direct measurements. 

Firm Booth 

Amplifier Corp. of America, New York 13. 
3-311 

itti a turc and sub•miniature tape re-
corders; dictation tape recorders; standard 
AC operated high fidelity tape recorders; 
audio amplifiers; regulated power supplies: 
electronic test equipment. 

Andrew Corporation. C hicago 

Awe' 2-120 

Concentrating on new fields in 1953. An• 
tlrew Corporation will feature UHF coaxial 
line and waveguide samples and fittings at 

its IRE display. 
For the r lllllllll "WM 1,10v industry. the 
emphasis will be on the type 225. 1150470 
SIC. Samples and illust rat i‘ e material on 
the t   plete, new Andrew line—the type 225. 
the High Gain, the Corner Reflector and the 

I I be on display. 

Anton Electronic Labs., Inc. 
Brooklvn 37, N.Y. 

Booth •1- I 08 
The tugged Anton eu,rooa dischatge voltage 
regulator tubes—fixed anti variable. The new 
V•i/PDR•32 high intensit radiological moni• 
hiring instrument. Stainless 'aril halogen 
quenched geiger counter tubes. I gist rumen• 
tation in the electronic field such as a liquid 
level gauge NMI the new electronic "Meter• 
guariC • iodized w ith amain etc, a. nticroam. 
meters. milli:I...leis avid mil hi oh meters. 

1pplied Science Corp. of 
Princeton 

Princeton, New Jersey 
Booth 4-806 

Radio Telemetering -data handling systems - 
high •pred sampling switches—researeh and 
development services--product engineering 
ami prototype production. Working displays 
of unusual uses of sampling switches and 
Radio Telemetering airborne and ground sta. 
lion equipment. Inquiries concerning ape. 
dallied development, engineering and pro• 
duction will he carefully considered. 

Visit all four 
floors! 
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(Continued on page 19.4) 
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SOLENOID CONTACTORS 
Meeting or Exceeding MIL-R-6106—AN—JAN— 

and Proposed MIL-R Tests! 

Resonance tests meet MIL, AN 
and JAN requirements for all 
aircraft! Contactor is completely 
assembled, wired and tested be-
fore insertion into the housing, 
insuring a properly assembled, 
adjusted, inspected and tested 
unit prior to hermetic sealing. 
Units are constructed to operate 
in ambient temperature up to 
120° C., and to withstand up to 
50 G shock. (200 Amperes) 

Contactors are wired from the top for accessibility dur-
ing installation and wiring. Terminal panels are of poly-
ester fibre glass molded insulation to provide maximum 
physical strength plus high insulation and arc resistance. 
INTERCHANGEABILITY permits replacement of 10 
and 25 ampere (power or time delay) contactors with 
50 ampere Guardian Sealed Contactors. The 100-200-
250 ampere units are interchangeable with AN 3370 
and AN 3380 contactors both mounting wise and di-
mension wise. New Contactor Bulletin tells more ad-
vantages. Write. 

GUARDIAN 
1628-C W. WALNUT STREET 

•
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
 •
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 •
 •
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FOR EVERY MILITARY PURPOSE 
Myriad Guardian develop-
ments for the military include 
a complete line of ground or 
air-borne steppers—solenoids— 
multi-contact switches and re-
lays for communications (Se-
ries 595 D.C. Relay shown), 
bombing, firing, radar, control 
sticks, control wheels, retrac-
tors, landing lights, guided 
missiles, rockets and other ap-
plications to government speci-
fications. 

GUARDIAN 
HERMETIC SEALING 

Guardian hermetically seals a 
vast variety of relays to meet 
the most exacting military and 
industrial applications. If your 
application calls for expert 
hermetic sealing, we invite you 
to consult Guardian. 

ELECTRIC 
CHICAGO 12, ILLINOIS 

A.N. Approved 
Hermetic Seal 

Series 595 D.C. Relay 

A COUPLET( LINE Of ALLAYS STAYING AMERICAN INDUSTRY 
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Here's how to 
get exactly the coils you need 

You can get C.T.C. slug tuned coils, 
single layer or pie type windings to 
your exact specifications — military 
or personal — with expert workman-
ship and correct in every detail as to 
materials and methods. 

C.T.C. coil forms are made of qual-
ity paper base phenolic or grade L-5 
silicone impregnated ceramic. Mount-
ing bushings are cadmium plated 
brass; ring type terminals are silver 
plated brass protected by water dip 
lacquer. Terminal retaining collars of 
silicone fibreglas which permit 2 to 4 
terminals, are available on forms des-
ignated Type C above. Wound units 

COIL FORM SPECIFICATIONS 
Mounting 

Stud Mounted 
Coil Thread Form O. A. 
Form Material Size O.D. Height 

LST L-5 Ceramic 8-32 %4" 1%2" 
1.56 L-5 Ceramic 10-32 IA" 27/32" 
1.55 L-5 Ceramic 1A-28 344" 1 ve 
LS8 L-5 Ceramic 1/4 -28 2%4" 2%2" 
LS7 L-5 Ceramic 1A-28 1/2" 113/4 5e 
LSM Paper Phenolic 8-32 1/4 " 27/32" 
LS3 Paper Phenolic 1A-28 %". 1 1/4 " 
LS4 Paper Phenolic 1/4-28 Vs 

NOTis Types LS5, LS6, LS7, LS8 have slug locking spring. 
Type LST, available with slug locking spring os type LSTL. 
Type LS4 has Reed lugs — MI others hose adjustable ring 
terminals. 

--zee 
70" 
-de LST 

TYPEC 

can be coated with resin varnish, wax 
or lacquer. All units are furnished with 
slugs and mounting hardware. 
A table of frequencies and perme-

abilities relating to the slugs used in 
the coils shown above is contained in 
C.T.C. catalog 400. Send for your 
copy, and ask for prices and specifica-
tions on the coils you need. Be sure to 
send complete specifications for spe-
cially wound coils. 

All C.T.C. materials, methods and 
processes meet applicable government 
specifications. Cambridge Thermionic 
Corporation, 456 Concord Avenue, 
Cambridge 38, Mass. West coast man-
ufacturers contact E. V. Roberts, 
5068 West Washington Blvd., 
Los Angeles, and 988 Market Street, 
San Francisco, California. 

CERAMIC COIL FORM KIT. Helps you 
spark ideas in designing electronic 
equipment or developing prototypes 
and pilot models. Contains 3 each of 
the following 5 C.T.C. ceramic coil form 
types: LST, LS5, 156, I.57, 158. Color. 
coded chart simplifies slug-identification 
and gives approximate frequency 
ranges and specifications. Fibreglas 
collars and metallic rings are furnished 
with kit for all ceramic coil forms except 
LS8 which is furnished 
only with clip terminals. 

CAMBRIDGE THERMIONIC 
CORPORATION 

custom or standard . . . the guaranteed components 

See us at Booth 2-218, IRE Show 
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ONLY THE LFE 401 OSCILLOSCOPE 

Offers all these 
Important Features 

HIGH SENSITIVITY AND WIDE FREQUENCY 

RESPONSE OF Y-AXIS AMPLIFIER 

The vertical amplifier of the 401 has been 
designed to provide uniform response and 
high sensitivity from D-C. The 
accompanying amplifier response 
curve shows the output down 3 db. 
at 10 Mc. and 12 db. at 20 Mc. Align-
ment of the amplifier is for best 
transient response, resulting in no 
overshoot for pulses of short dura-
tion and fast rise time. Coupled with 
this wide band characteristic is a 
high deflection sensitivity of 15 
Mv./cm. peak to peak at both D-C 
and A-C. 

37.5 Mv., 0.2.a sec width, 114.sec sweep full scale 

75 Mv., 0.2,u-sec width, 1..usec sweep full scale 

TRIGGER GENERATOR with 
from 500 to 5000 cps. 

POSITIVE & NEGATIVE UNDELAYED TRIGGERS and a 
POSITIVE DELAYED TRIGGER are externally available. 

100 

60 

CO 

40 

2 

IIIII 
MODEL 401 OSCILLOSCOPE 

FREQUENCY RESPONSE OF Y AXIS AMPLIFIER IllIllIll 
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FREQUENCY -MEGACYCLES 

LINEARITY OF VERTICAL 
DEFLECTION The vertical amplifier 
provides up to 2.5 inches positive or 
negative uni-polar deflection without 
serious compression; at 3 inches, the 
compression is approximately 15%. 
The accompanying photographs il-
lustrate transient response and line-
arity of deflection. 

SWEEP DELAY The accurately 
calibrated delay of the 401 provides 
means for measuring pulse widths, 
time intervals between pulses, accu-
rately calibrating sweeps and other 
useful applications wherein accurate 
time measurements are required. 
The absolute value of delay is accu-

rate to within 1% of the full scale 
calibration.The incremental accuracy 
is good to within 0.1% of full scale 
calibration. 

Additional Features: 
variable repetition rate An INPUT TERMINATION SWITCH for terminat-

ing transmission lines at the oscilloscope. 

A FOLDING STAND for convenient viewing. 
FUNCTIONALLY COLORED KNOBS for easier 
location of controls. 

SPECIFICATI ONS 

Y-Axis 
Deflection Sens.-15 Mv./cm, 
peak-to-peak. 

Frequency Response —DC to 10 MC 
Signal Delay-0.254.e sec 

input line terminations 52, 72 or 
93 ohms, or no termination 

Input Imp. —Direct — 1 megohm, 
30 44.441 

Probe — 10 megohms, 
10 .a.0 f 

X-Axis 
Sweep Range-0.01 sec/cm to 0.1 
.44.sec/cm 

Delay Sweep Range-5-5000 44 sec 
in three adjustable ranges. 

Triggers — Internal or External, 
and —, trigger generator, 

or 60 cycles, undelayed or 
delayed triggers maybe used. 

Built-in trigger generator with repe-
tition rate from 500-5000 cps. 

o I  
Low Capacity probe 

Functionally colored control knobs 
Folding stand for better viewing 

Adjustable scale lighting 
Facilities for mounting cameras 
Price: $895.00 

Designed and built for electronic engineers, the 401, 
with its high gain and wide band characteristics, and 
its versatility, satisfies the ever -increasing require-
ments of the rapidly growing electronics industry for 
the ideal medium priced oscilloscope. 

Write for Complete Information 

LABORATORY for ELECTRONICS, INC.   
75 PITTS STREET • BOSTON 14, MASS. 

PRECISION ELECTRONIC EQUIPMENT • OSCILLOSCOPES • MAGNETOMETERS • COMPUTERS • MICROWAVE OSCILLATORS • MERCURY DELAY LINES 
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METALLIZED CERAMICS? Industrial Engineering 
Notes 

P.S. 1 can probably 
also be of considerable 
service to you on your 
ceramic problems — 
with precision pro-
duced "Lavite" Ceram-
ics ("Lavite" Steatites, 
"Lavite" Ferrites and 
"Lavite" Titanates). 

WHY MAT'S à 
STEWARD SPECIAITY! 

Please don't ask me where the many metallized 
"Lavite" Ceramic parts we have produced are 
used, because I just don't know — but I will 
be happy to solve any metallizing problem 
you may have. Perhaps you can profit from 
metallized ceramics in lower production costs 
because of less soldering and handling—maybe 
it is a more solid job you are seeking — and 
again you may wish to eliminate awkward and 
costly assembly soldering. Whichever it be — 
please feel free to send me the specifications on 
your job and I guarantee a cost and time saving 
solution. I would like to say "send for descrip-
tive literature" but frankly I wouldn't know 
what to put into such literature — so, again 
I suggest you send me details of your require-
ments. 

D. M. STEWARD MANUFACTURING CO. 
3605 Jerome Ave. Chattanooga, Tenn. 

%Au, Officer in Principal Citier 

4111111kimmillil 

(Continued from pope 74A) 

Association of America, which asked the 
FCC to allocate a 420-mc band to theatre 
television, has filed a statement with the 
Commission outlining where this alloca-
tion might be made. At the time of the 
hearing, FCC had asked for such a state-
ment. "In order to give notice of these 
proposals to all interested persons," the 
Commission has released proposals from 
the statement of the theatre interests. 
The first proposal, in summary form, is 
as follows: (a) Allocate the frequencies 
from 5,925 to 6,285 mc for the use of 
theatre television. (b) Provide a reasonable 
transition period within which the present 
occupants of 5,925 to 6,285 mc can move 
to frequencies between 6,285 and 6,425 mc. 
(c) Consideration be given to the possi-
bility of using the frequencies between 
3,500 to 3,700 mc for the purpose of com-
mon carrier fixed operations. (d) Examina-
tion be made as to whether the land 
mobile services in 6,425 to 6,575 mc can be 
used for theatre television mobile pick-up. 
Proposal number 2 would classify theatre 
television as an industrial radio service on 
a frequency sharing basis and expand the 
6,575 to 6,875-mc band downward to 
include 6,425 to 6,575 mc for theatre 
television requirements. If theatre tele-
vision must share frequencies below 7,125 
mc with other services on a nonpriority 
basis, it will be necessary to use frequen-
cies above 10,700 mc, in larger centers of 
population. If frequencies are allocated for 
theatre television in bands above 10,700 
mc, they.should begin at 10,700 mc and 
progress upward from that point. We have 
not planned to make further or different 
allocation proposal. . . . The FCC adopted 
a Notice of Proposed Rule Making which 
would amend the auxiliary TV broadcast 
rules (Part 4) to accommodate the needs 
for TV pickup, studio-transmitter link and 
intercity relay stations in the UHF band, 
through reapportionment of channels for 
these auxiliary services, and to make other 
changes not covered in the present rules. 
... The Commission has postponed fur-
ther the hearing on the allocations of fre-
quencies for theatre television from Janu-
ary 12, 1953 to January 26, due to the 
anticipated shortage of hotel facilities in 
Washington during the inaugural period. 

KDUB-TV, Lubbock, Tex., which 
was granted an STA in October, 1952, 
started commercial operation on Novem-
ber 6, 1952, as the fourth new station to 
get on the air.... At Austin, Tex., 
KTBC-TV, on channel 7, received an 
STA for interim operation with 2 kw 
visual and 1 kw aural output power for 
November 15, 1952.... Hawaiian Broad-
casting System Ltd., permittee of KGM B-
TV, Honolulu, was authorized and started 
commercial operation on channel 9 with 
output power of 500 w visual and 250 w 
aural, December 1, 1952. 

TV STATION GRANTS 

As of the end of November, 1952, The 
Federal Communications Commission had 

76A 
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when you test 

o direct reading noise source permits 
measurements of noise factors up to 20 db 
for r-f amplifiers and receivers operating 

in the range from 10 to 1000 mc/s. A TT-1 
coaxial diode with a nominal input impe-

dance of 50 ohms is used. V5WR is 
approximately 1.25, housed in handsome 
steel cabinet. 

* '/WRITE TODAY 
FOR YOUR COPY 
OF THE NEW 
PRD CATALOG— 
NO OBLIGATION 

ES)71 

JIp 
VHF-UHF-

Microwave 
Test Equipment 

The PRD line of RF Test Equipment is the 
most complete line available today covering the 
entire frequency range from .01 to 40 

kilomegacycles per second. Every unit in the 
life is rigorously engineered and meticulously 
manufactured to the highest standards 
attainable. The excellence of PRD equipment, 
in quality, dependability and accuracy is 

well attested by use in the leading laboratories 
throughout the world. For consultation 
on the application of standard or special PRD 
equipment to your problems call or write 
our skilled staff of engineers today. 
without obligation. 

THE NEW EXPANDED PRD LINE OF 
RF TEST EQUIPMENT INCLUDES — 
Frequency Measuring Devices, Signal 
Sources and Receivers, Attenuators and 
Terminations, Transmission Line Compon-
ents, Impedance Measurement and Trans-
format;on Units, Bolometers, Detection and 
Power Measurement Equipment. 

/ 6 
RESEARCH 

'73 Mr7170ZIENT COMPANY. Inc 

LOOK FOR US AT THE I.R.E. SHOW 

55 JOHNSON STREET, BROOKLYN 1, NEW YORK 

WESTERN SALES OFFICE. 741 1/2  N. SEWARD ST. 

HOLLYWOOD 38, CALIFORNIA 

BOOTHS --'2-513, 514-SECOND FLOOR 

PROCEEDINGS OF THE I.R.E. 



Visit 

Our Booth 

=2-315 

I.R.E. SHOW 

March 23-26 

N.Y.C. 

0 TO BACKTRACK SHELL TO GUN 
and destroy same 

/ 0,0 Iril 

Our GL-in t te 

\Wil 

N 
eoom 

Can projectiles be "seen" approaching and their flight back-

tracked to locate the mortar or gun that fires them? This 

problem was simply reconciled with special computing 

equipment designed to be built right into the gun. The engi-

neering of such a computer, the handling of such ballistic 

data, all falls into the pattern of previous Ford achievements. 

You can see why a job with Ford Instrument Company 

offers a challenge to young engineers. If you qualify, 

there may be a spot for you in automatic control 

development at Ford Write for illustrated brochure. 

Enemy 
Mortar 

Bacarack, 
their shells 

This is typical of the problems that Ford has solved since 

1915. For from the vast engineering and production facilities 

of the Ford Instrument Company, come the mechanical, 

hydraulic electro-mechanical, magnetic and electronic instru-

ments that bring us our "tomorrow" today. Control problems 

of both Industry and the Military are Ford specialties. 

o 

FORD INSTRUMENT COMPANY 4 
DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 

s PROCEEDINGS OF THE I.R.E. March, 1; 
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GUARANTEES CONFORMANCE TO RADIO INTERFERENCE SPECIFICATION 

Ogie 

I -• 

too 

o 

7 

FILTER FA 971 
1.5 AMP, 130V AC, 400 CV. 

" Size, 1' 3 , 1" x 1" 

0.15 TO ./00 MEGACYCLES) 

181 
FILTRON'S Engineering division, with its completely equipped screen 

room facilities, is always available to measure and recommend RF 

Interference Filters for your equipment, to meet and exceed the Radio 

Interference requirements of MIL-I-6181. 

FILTRON'S production facilities are suppying more RF Interference 

Filters for use in military electronic equipment than ever before, to 

meet the nation's requirements. 

FILTRON ... the LEADER IN RF INTERFERENCE FILTERS... has pioneered: 

Sub-miniature Filters 
High-temperature Filters 
RF Filters to withstand Shock and Vibration 

ATTENUATION CHARACTERISTICS . 
FILTRON TYPE 971 

I 

30 —•/• • - MEASURED INA 5011SYST(M 

4( 
. • —4111 

i FREQUENCY IN MEGACYCLES 
40  I 
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An inquiry on yovr Company 

A
T
T
E
N
U
A
T
I
O
N
 
IN

 
D
E
C
I
B
E
L
S
 

80 

70 

60 

50 

40 

30 

.014 020 05 

letrerheod recepr• prompt ottentIon 
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Wide band Multi-section Units 
RF Filters "Custom Designed" 

to meet YOUR requirements 

FILTER FA 970 
155 MA, 130V AC•DC, 50.1000 CV. 

Sae: 114" I 1'4" X Ws" 

ATTENUATION CHARACTERISTICS 
FILTRON TYPE 970 

• tiftit • ; ; fit 41'4. I 
14 AC TO 150 MC 

FREQUENCY IN MEGACYCLES 

MEASURED IN A 50E) SYSTEM 

5 5 10 50 100 50 

THE Flirliu Ai COMPANY INC., FLUSHING LONG ISLAND, NEW YORK 

«me/. flOE 



Accurate 60-cycle fre-
quency stabilization with 
up to 70 watts power out-
put is furnished by the 
Ampex 375. To provide 
frequencies other than 60 
cycles, the powei amplifier 
section may be indepen-
dently driven by an external 
signal generator instead of by 
the built-in tuning fork oscil-
lator. 

The 375 was originally design-
ed to provide the precise 60-
cycle power required by Ampex 
tape recorders. Hence it is ideally 
suited to any application where 
constant speed of electric motors 
is a prime requisite. Typical of 
these are precision electric motor 
drives for turntables, stroboscopic 
timing devices, time bases, time-
keeping, high-speed cameras, chrono-
graphs, astronomical units, 
geophysical units and 
viscometers. 

Write Dept. G today for further information 

AMPEX ELECTRIC CORPORATION 
934 CHARTER STREET • REDWOOD CITY, CALIF. 



What to see at the Radio Engineering Show 
(Continued from rage 12A) 

Arco Electronics, Inc. 
New York 13, N.Y. 

Booth 4-308 

Representing Electro-Motive 
Mfg. Co. ElMenco Capacitors. 

à 

The Arnold Engineering 
Company 

Subsidiary of Allegheny Ludlum 
Steel Corporation 

Booth 1-406 
Main Offices and Plant : 

Marengo, Ill. 
District Offices: 

Empire Stale Building 
New Lork City 
3450 Wikhire Blvd. 
Los Angeles, Californie 

Arnold Engineering Co., Marengo, ill. 
1-406 & 408 

Alnico Permanent Magnets (cast and sin-
tered); Tape Wound Cores of High Perme-
ability Alloys Including Silectron, Delta. 
max, Permalloy, and Supermalloy; C Cores 
of Silectron; Powdered Molybdenum Perm-
alloy Cores; Vibralloy; Permendur; Preci-
sion Rolled Materials down to 1/10 Mil. 
(0.0001"). 

255 Grant Avenue 
East Newark, N.J. 

Booth 4-707 
Metalite metallized paper capacitor Bloc 
l'oint molded plastic tubular capacitors, Dry 
clectrolvtic capacitors, sulnniniature p•per 
capacitatora for I25°C operation; and stand-
ard and miniaturized RF Interference sup• 
pre,don tilt,. for every radio, television 
and clecttonsc 

Atomic Instrument Co., Cambridge 39, 
Mass. 4-109 & 110 

Power Supplies. Geophysical Apparatus. 
Medical Equipment, Audio Frequency. 
Test Equipment, Nuclear. 
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MODEL VOLTMETER 

i?  • DC VOLTS • DC LLIVOLTS 
• AC VOLTS • AC WVOLTS 

• STANDARD CELL De AMPLIFIEL 
• OHMS —, EGOHMS 

THE MODEL "R" VOLTMETER 
The Model "R" 

precise measure 
DC voltage ro 
1,000 volts 
instrument i 
ing auxili 
its desig 

Diste 
of m 
mea 

primarily intended for the 
I OC potentials, providing 
rn one volt full scale to 

scale; however, te allow the 
test possible utility, th• follow-
crions hove been included in 

OC Voltage Ronges: Suckt out 99% 
id voltage and indicates 1% el 
voltage full stols. 

!ive', Ronges: One millivolt full stol. 
millivolts full scale. 

Volt and Millivolt Ronges: One Millivolt 
acule to 1.000 volts full *cale from 10 cps 

to 100 kt. 
Self-Contoined Stondord Cali- for instant check 

of voltmeter calibration. 
Ohms Ranges: Times one to times le. 
Distended Ohms Ronges: Reads bottom half of 

ohms tarte full scale. 
DC Amplifier: Will drive o one ma recorder, 

has gain of 200. and frequency ronge of zero 
100 kt. 

ho statement refera to the fact that precision 
wound rebittors are used for ail ottenuotort 

and ronge resistonces, and that the DC Amplifier 
il a highly degenerative system employing wire-
wound resistors for the beta network. It hot been 
found that changes in gain with warns-up ore in 
the order of .1 of 1% and ore primarily duo to 
the temperature coefficient of the resistors ln the 

(Continued eut page 32,11) 
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KESTE R SOLDER FORMS* : 
A First step in resistance soldering of 

this high-precision oscillator coil 
consisted of soldering screws and stud to 
can cover. Used Kester "Solderform" 
Disc and Rings composed of 
5% Silver-95% Lead Alloy. 
Melting Point 680°F. 

BThree glass terminals were soldered to 
cover with Kester "Solderform" 
Rings comprised of 63% Tin-37% Lead 
Alloy. Melting Point 361°F. 

C Final operation, hermetically 
sealing cover on can, 
used Kester "Solderform" Ring 
28.5% Bismuth-28.5% Tin 
—43% Lead Alloy. 
Softening Point 250°F. 

MAKES MANY TOUGH JOBS SIMPLE 

Tough jobs like this one can be made easy by 
Kester-engineered "Solderforms." Progressively 
lower melting temperatures at the various points 
of solder contact were mandatory, so as not to 
loosen each previous solder bond. And, typical 
of all Kester "Solderform" applications, the com-
pletely assembled coil successfully met all exact-
ing tests, including 45 lbs. air pressure under 
alternate hot and cold water immersions. 

KEY TO LOWERED PRODUCTION TIME 

You'll find that Kester "Solderforms" are the def-
inite answer to many severe production opera-
tions involving solder .... speeding up production 
and lowering waste and rejects. Besides a wide 
variety of shapes and precise job-engineered com-
position, Kester "Solderforms" come to you 
dimensionally stable; every single Kester "Solder-
form" is guaranteed to be delivered in its exact 
pre-formed shape, ready for immediate use. 

IF YOU MAKE Capacitors, Resistors, Switches, Transformers, Speaker Assemblies, 

Relays, Meters, Gauges, Fire Control Parts, Fuses, Badges & Emblems, Movements & Controls 

... and many others ... you should INVESTIGATE KESTER -SOLDERFORMS” 

WRITE TODAY for free samples and literature 

KESTER 
SOLDER COMPANY 

4219 Wrightwood Avenue, Chicago 39, Illinois 

Newark 5, New Jersey; Brantford, Canada 

See 
"Solder forms" 

In Action 
Booth 2-411 
I.R.E. Show 
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WRITE FOR FREE SAMPLES AND 
CATALOG ON YOUR FIRM'S 

LETTERHEAD 

MOLDED MICA E 

CM-15 El Menco Capacitors range from 2 to 420 
mmf. at 500 vDCw . . . measure only  9/32" x 1/2" 
x 3/16" . but they're 

PRETESTED at 10001I! 
ALL fixed mica El Menco Capacitors are factory-tested at double 
their working voltage. So, you can be sure they'll stand up. They 
also meet all significant JAN-C-81 specifications. This means that 
you can specify them with confidence for all military or civilian 
electronic applications. 

Our Type CM-15 silvered mica capacitors reach 525 mmf. at 300 
vDCw. Our other types — silvered and regular — provide capaci-
ties up to 10,000 mmf. Want samples for testing? The Electro 
Motive Manufacturing Co., Inc., Willimantic, Co,,,,. 

Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 

1 M ITIERCOMICA 

St., New York, N. Y. — Sole Agent for Jobbers 
and Distributors in U. S. and Canada. 

CAPACITORS 
TRIMMER 

Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn. 

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 

I'l?(11 .1Ii1)1.V1,..Ç March. 1953 21 



'ere 

a series of three 

EINIAC KLYSTRONS 
for all UHF-TV! 

UH F television is now practical, dependable 

and economical through the development of 

the Eimac type 3K20,000L five kilowatt kly-

strons. It takes only three of these high-power 

klystrons to span the entire UHF-TV spectrum 

(470-890 mc). Through the size, only 45 pounds 

each, and versatility of the type 3K20,000L 

klystrons, problems of manufacture, supply, and 

equipment design are minimized. Rated at a 

collector dissipation of 20 kw., these pace-

setters in UHF-TV have a power gain of 20 db., 

and a peak sync output of five to six kilowatts 

in broad-band TV operation when driven by 

an Eimac 4X150G. Constructed to give 

long, efficient life, the 3K20,000L kly-

strons contain exclusive Eimac features 

of external tuning and ceramic cavities. 

3K20,0001.A—Channels 14 thru 32 

3K20,000LF—Channels 33 thru 55 

3K20,000LK—Channels 56 thru 83 

Visit the Eimac display in Booth 1-519 

at the I R E show 

The Five Kilowatt Klystrons are 

another Eimac contribution to 

electronic progress 

r-

o 
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n_17)n)M 
STANDARD 
I AND 

SPECIAL 
SIZES 

LARGE 

AMU 

AND 

MINIATURE 

F 

for a quick 
solution to all 

closure problems! 

• Oil 47Q J, 4 FEATURES 

[AUDS©J Mundane 
Cases and Covers 

SQUARE 
ROUND 

RUT Atelnit 

SPECIAL 

OPfaAl 

SHAPES 

Visit Booth 3-208 I.R.E. Electronics Show! See the standard cases 
and covers that solve special closure requirements, economically. 

Hudson stocks hundreds of types, sizes, shapes with dozens of 
optional features available. Precision drawn and thoroughly inspected 
to simplify the, work of engineers, designers and purchasing officials. 
Ask for a copy of the Hudson Engineers Catalog File. 212 

It's yours without obligation! 

q -- HUDSON TOOL and 
DIE COMPANY•Inc. 
118-122 SO. FOURTEENTH STREET, NEWARK 7, N.J. 8 .1  

e‘ 

PRECISION DRAWN CASES AND COVERS AND OUAIITT METAL STAMPINGS FOR THE ELECTRONIC. NUCLEONIC AND ELECTRICAL INDUSTRIES 
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keeping communications ON THE BEAM 

the JK FD-1.2 

FREQUENCY AND 
MONITOR MODULATION 

Monitors any four frequencies any. 
where between 25 mc and 175 mc, 
checking both frequency deviation 
and amount of modulation. Keeps the 
"Beam" on allocation: guaranties 
more solid coverage, tool 

PRODUCTS 

JK STABILIZED H-17 CRYSTAL 

CRYSTALS FOR THE CRITICAL 

The JK H-17 Crystal meets rigid airline re-
quirements for compactness, light weight, 
rugged dependability. A Military type, it is 
hermetically sealed—dust and moisture proof 

—plated, quartz plate is shock mounted. One 
of many JK Crystals made to serve every need. 

zezet.. armifiamikeimeoz 
'Pea soup" over the field . . . and still the giants of 

air travel come in "on the beam". When visibility is 

poor, commercial pilots must rely on radio-radar 

equipment to bring their ship in safely. JK Crystals 

play an important role in this every day drama of 

keeping airlines communications "on the beam" in 

the air and on the ground. 

THE JAMES KNIGHTS COMPANY 
SANDWICH ILLINOIS 
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KROIIIHITE is Setting the Pace for 
Low Frequency Electronic Instrumentation 
QUALITY INSTRUMENTS with PROVEN PERFORMANCE 

moderately priced 

* Oscillators .009 cps to 520 kc 

The Models 400-A, 
420-A, and 430-A 
are compact RC Os-
cillators with out-

Models 400-A, 420-A, 430-A standing perform-
12' wide, r high once, moderately 

priced. The Models 400-A and 420-A provide 
both sine and square wave output. 

The Models 410-A, 
400-C, and 420-C 
are designed with 
sturdy steel cabinets 

Models 410-A, 400-C, 420-C for rack panel 
19' wide, 81/4' high mounting. These 

units feature sine and square wave output. 
The Model 400-C provides either balanced 
or single ended output. 

Model Featuring Frequency Renee Distortion Output POW« 
Consumption Nee 

400-A 
Sine and Square Wave 

True RC Oscillator 
Compact Design 

.009 cps to 1.1 kc 1% 25 mw/10 y 45 watts $350.00 

410-A 
Sine and Square Wave 
Amplitude ±.25 db 
Low Distortion 

.02 cps to 20 kc 1/4% 10 nsw/5 y 150 watts $950.00 

420.A 
Sine and Square Wave 
Audio and Sub-Audio 

Compact Design 
.35 cps to 52 kc 1% 25 mw/10 y 45 watts $290.00 

430-A 
Wide Range 

Compact Design 
Outstanding Value 

5 cps to 520 kc 1% 50 taw/10 y 45 watts $145.00 

400-C 
Sine and Square Wave 

Rack Panel 
Balanced Output 

.009 cps to 1.1 lac 1% 100 mw/10 y 65 watts $375.00 

420-C 
Sine and Square Wave 

Rack Panel 
Audio and Sub-Audio 

.35 cps to 52 1st 1% 100 mw/10 y 65 watts $325.00 

440-A 
Push-Button Controlled 
Excellent Resetability 

Low Distortion 
.01 cps to 100 kc 1/10% 100 mw/10 y 120 watts $450.00 

— 

* Filters .01 cps to 200 kc 

Models 310-A and 360-A 
12' wide, 7' high 

The Models 350-A and 
360-A are variable re-
jection filters which 
provide either a rejec-
tion band in which the 
gain falls at a rate of 
24 db/octave or a 
sharp single frequency 
null. Both high and low 
frequencies are inde-
pendently adjustable. 

The Models 310-A 
and 330-A are vari-
able band-pass fil-
ters with unity pass 
band gain and 24 
db/octave outside 
the pass band. Both 
high and low cut-off 
frequencies are in-
dependently adjust-
able over the entire 
frequency range. 

Models 330-A and 350.A 
18 wide, 10' high 

Model Typo Feeturkto Pregnant's, UN» Mol» 
&Hun 

Power 
Consumption Price 

310-A Bond-Pass 
Variable Band-Width 
Zero db Insertion Loss 
24 db/octave Slot» 

20 gm to 200 kc 3 ray 40 watts $275.00 

330-A 

Band-Pass 
Low Internal Noise 

Zero db Insertion Loss 
24 db/octave Slope 

.02 cps to 2 kc 0.1 my SO watts $450.00 

Band-Pass 
AudioandSub-AudioRange 

24 db/octave Slope 
Variable Band-Width 

0.2 cps to 20 kc 0.1 my 50 watts $450.00 

340-A Servo 
Proportional-Plus-Derivative 
Proportional-Plus-Integral 

Servo-Design Filter 
.01 cps to 100 cps 10 mv 40 wolfs $350.00 

350-A Rejection 
Low Internal Noise 

Rejection Band or Null 
24 db/octave Slope 

.ce cps to 2 kc 0.1 my 50 watts 5450.00 

360-A Rejection 
Variable Rejection Band 

Variable Null 
24 db/octave Slop. 

20 cps to 200 kc 5 ii« 40 watts $275.00 

ABOUT THESE INSTRUMENTS 

The Oscillators and Filters described here are being 
effectively used in a growing number of interesting 
applications for engineering, research, and production. 

A FREE DESCRIPTIVE CATALOG 

KROIIIHIIE 

All instruments are fully guaranteed for one year 

against defective materials and workmanship. 

Prices Net F.O.B. Cambridge 

INSTRUMENT COMPANY 
5 80 MASSACHUSETTS AVENUE 

CAMBRIDGE 39, MASS., U.S.A. 
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BRIEF SPECIFICATIONS 

Frequency Range: 450 to 1,200 mc, 1 band. 

Ac y• Calibration ±1%. Resettobility bet-
ter than 5 mc at high frequencies. 

Output: 0.1 pv to 0.5 y continuously variable. 
Calibrated in volts and dbm. Impedance 50 ohms. 
Max. VSWR 1.2. Accuracy ±1 db entire range. 

Modulation: Amplitude: From 0 to 90% indi-
cated by panel meter. 

Envelope Distortion: 2% at 30% modulation. 

Internal: Fixed modulation frequencies, 400 
and 1,000 cps. 

External: Any frequency 20 cps to 5 mc. 

Pulse Requirements, External Modulation: 

Pulse to Amplifier: Good pulse shape at 0.2 
µsec length. 

Pulse to Oscillator: 1.0 µsec minimum. 

Size: Cabinet 12" x 14" a 18" deep. 

Price: $1,200.00 

-hp- 612A — VERSATILE, DIRECT READING. 
FOR UHF-TV, OTHER WORK 450 TO 1,200 mc 

This master oscillator-power amplifier generator is especially de-
signed for UHF-TV measurements including receiver and amplifier 
gain, selectivity, sensitivity and image rejection. It is also a con-
venient, direct-reading laboratory power source for driving bridges, 
slotted lines, antennas and tilter networks. Both frequency and 
output are directly set on large, precisely calibrated dials. No charts 
or interpolation are required. 

Model 612A has a maximum output of 0.5 volts into 50 ohms 
over its entire frequency range. The instrument also has low in-
cidental fm and broad band modulation up to 5 mc. It may be 
modulated internally or externally, amplitude modulated, or pulse 
modulated (good rf pulses 0.2 µsec or longer). Pulse modulation 
may be applied to the amplifier; or direct to the oscillator when 
high on-off signal ratios are required. 

10 TO 500 mc 800 TO 2,100 mc 

e 

-hp- 608A VHF Signal Generator provides 
output ranging from 0.1 mv to 1.0 v into 50 
ohms. Accuracy is ± 1 db. Direct reading 
frequency and output calibration; no charts 
or interpolation required. Pulsed, cw or 
amplitude modulated output (50 cps to 1 
mc). Resettability better than 1 mc. Has 
master oscillator-power amplifier for widest 
modulation capabilities. Constant internal 
impedance. Maximum VSWR 1.2. $850.00 

-hp- 614A UHF Signal Generator provides 
output ranging from 0.1 my to 0.223 sr 
(1 mw) into 50 ohms. Accuracy ± 1 db. Has 
single dial, direct reading frequency and 
output, no charts or interpolation. Offers 
cw, fm or pulsed output. Widely variable 
pulsing, synchronizing, delay and trigger-
ing features. Extremely fast rise/decay time 
of 0.1 msec. Constant internal impedance. 
Maximum VSWR 1.6. $1,950.00 

Complete • • HEWLETT-PACKARD 

' rs e 
›ee us ar me Kanto engineering Show 



SIGNAL 
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BRIEF SPECIFICATIONS 

GENERATORS 
ceo 

Frequency Range; 3,800 to 7,600 mc. 1 band. 

Calibration: Direct. Accuracy better than 1%. 

Stability: Frequency: less than 0.006% per °C 

change. 

Line Variation: d- 10 v causes less thon 0.01% 

frequency change 

Output: 1 mw 0.223 y to 0.1 my into 52 ohms. 

(0 to —127 dbm). 

Modulation: Internal or external pulse, fm, or 

internal square wave. 

External Sync: (1) Sine wave 40 to 4,000 cps, 

5 to 50 y rms. 

(2) Pulse signals 40 to 4,000 pps, 5 to 50 y (pos. 

and neg.). Pulse width 0.5 to 5 µsec. Rise time 

0.1 to 1.0 µsec. 

Size: Cabinet 16Y." a 13',4" x 16" deep. 

Price: $2,250.00 

Dato subiect to change without notice. Prices f.o.b. factory. 

-hp- 618B — VARIED PULSING CAPABILITIES, 

DIRECT READING. RANGE 3,800 TO 7,600 mc 

Model 618B offers faster, more accurate measurement of component 
performance in radar, radio relay and TV carrier systems and similar 
field and laboratory applications. Frequency is generated in a reflex 
klystron oscillator; accuracy and stability are high throughout the 
instrument's wide frequency range. Frequency and voltage are directly 
set and read. Dial tuning is tracked automatically, and no voltage 
adjustment is required during operation. 

Extremely wide pulsing capabilities have been built into -hp- 618B. 
The instrument may be internally or externally pulse modulated, in-
ternally square wave modulated and frequency modulated. The repeti-
tion rate is continuously variable between 40 and 4,000 pps. Pulse 
width is variable 0.5 to 10 µsec. Sync-out signals are simultaneous 
with the rf pulse or in advance by any time-span from 3 to 300 µsec. 
The instrument also may be synchronized with an external sine wave, 
or with positive or negative pulse signals. 

1,800 TO 4,000 
-hp- 616A UHF Signal Generator offers the 
same simple operation, wide pulsing capa-
bilities, high stability and accuracy as •ble-
618B, but is designed for UHF frequencies. 
Output ranges from 0.1 pv to 0.223 y (1 
mw) into a 50-ohm load. Accuracy is ± 1 
db. Output may be cw, fm or pulsed. Mod-
ulation and synchronizing features are sim-
ilar with -bp- 618B. Oscillator section is a 
reflex klystron. Frequency changes are auto-
matically tracked and no voltage adjustment 
is needed during operation. Frequency and 
output are directly set and read on large, 
carefully calibrated dials. No charts or inter-
polation are needed. S1,950.00 

MC 

For complute elit,iiI,. fee your -hp- field rctrecm-n.ith r c ri?: direct 

HEWLETT-PACKARD COMPANY 
25240 PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

Export: FRAZAR & HANSEN, LTD., San Francisco • los Angeles • N.-, York 

mom 
plete Co rage 

Booth 1-509, 1-511 March 23-26, Grand Central Palace, New York 
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VACUUM ELECTRONIC COMPONENTS 

VACUUM CAPACITORS 1 
now 

available 
in such 

varieties of types, 
sizes, and electrical 
characteristics that 
you can design 
your next circuit 

around these units 
with ease. Our 
development 
laboratory is 
available to 
design and 
produce 
units for 

specialized 
application. 

VoltaGes: Up to 65 KV 

Currents] 
Up to 400 AMP 

Capacities: 
Up to 2,500 MMFD 

Ratio of chonge:4 
Up to 180.1 

itZ 

SEE US AT THE MARCH I. R. E. ELECTRONICS SHOW, BOOTH 4-211 

JENNINGS RADIO MANUFACTURING CO. • 970 McLAUGHLIN AVE. 
P. O. BOX 1276 • SAN JOSE 8, CALIFORNIA 

.(/ 
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r Texas Instruments' 
POINT CONTACT 

TRANSISTORS 
now available! 
TXAS INSTRUMENTS makes available to indus-

try Type 100 and 101 point contact transis-

tors. Type 100 is designed for use in switch-

ing circuits. Type 101 is a high-efficiency, 

low-drain transistor for low frequency 

(below 1 mc) application. It is designed 

to operate at low voltage and power 

levels with a good, large signal per-

formance. Both have the usual 

high temperature limitations of 

germanium semi-conductor 

devices. Uniform character-

istics are assured. Write for 

bulletin with complete 

information. 

ACTUAL SIZE 

C
O
L
L
E
C
T
O
R
 

28 

24 

12 

e 

4 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 101 

i 
.: 

., J g 

2 4 6 8 10 12 14 

COLLECTOR CURRENT - MILLIAMPERES 

* Point contact transistors 
Type 100 and 101 ready for 
immediate delivery. * Junc-
tion transistors will be avail-
able in developmental quan-
tities in May. * Be sure to 
watch for announcement 
concerning new semi-con-
ductors later this year. 

TEXAS INSTRUMENTS 
6000 LEMMON AVENUE INCORPORATED DALLAS 9, TEXAS 

PROCEEDINGS OF TIIE I.R.E. March, 
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Miniaturize your product 
with Tantalytic capacitors 
On low-voltage d-c applications, where your equipment 
miniaturization calls for both small size and superior 
performance, General Electric Tantalytic capacitors 
offer a host of advantages. These foil-type, tantalum-
electrode, electrolytic capacitors have greater capaci-
tance per unit volume and far longer shelf life than 
aluminum-electrolytic types. Long operating life, too, is 
provided by their inherently inert characteristics, and 
the use of non-corrosive, chemically neutral electrolyte. 
And leakage current is low less than 10 microamps per 
microfarad. 

Built to withstand severe shock, these lightweight 
units operate over a wide temperature range ( —55 C to 
+85 C and higher). Hermetic sealing protects them 
against leakage and contamination. Available in polar 
and non-polar construction, in ratings from 175 muf at 
5 volts d-c to 12 muf at 150 volts d-c. For complete 
description of the line, plus application information, 
check Bulletins GEC-808 and GER-451 in the coupon 

on the next page. 
•Trado-mark .1 Gonna, El.tr,c Company. 

GENERAL 

Now—greater flexibility 
in voltage stabilizers 

Fluctuating voltage is serious on sensitive electronic 
equipment designed for best performance at a speci-
fied voltage. Now, to help you get rid of voltage ups 
and downs, G.E. offers a new 15- to 5000-va line of 
automatic voltage stabilizers that gives you greater 
design flexibility at no increase in price, plus weight 
reduction in larger sizes. New output ratings of 
1000, 2000, 3000, and 5000 volt-amperes—with 115 
and 230 volts on both input and output—permit 
operation in any combination of these input and 
output voltages. 

Fluctuations between 95 and 130 volts, or 190 and 
260 volts, are corrected to a stable 115 or 230 volts 
within 1 percent—and in less than two cycles. 
Single-core construction permits input circuit to be 
completely isolated from output circuit. Installation 
is easy: connect one set of terminals for supply and 
another set for the load. With no moving parts, main-
tenance is virtually eliminated. See Bulletin GEA-
5754 for complete description. 

ELECTRIC 
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Prices reduced as much as 35% 
Increased use of delay line in special circuits for elec-
tronic equipment now enables General Electric to mass-
produce it, at savings to you of up to 35 percent. 
Originally developed to provide delay with minimum 
distortion in radar equipment, G-E delay line now has 
many commercial uses such as color television and 
electronic calculators. 
Bulk line is available in lengths of 100 feet or less to 

be cut as desired. Time delay is approximately 1/2 

microsecond per foot for 1100-ohm line, 14 micro-
second per foot for 400-ohm line. Line is light in weight, 
Li-inch in diameter, and easily bent into a 4-inch-
diameter coil. Operates between —50 C and 100 C: 
Bulletin GEC-459. 

Size 00 relays cut inventories 
Many of your control-circuit needs can 
be met with compact G-E size 00 con-
tactors and relays—available in any 
combination of normally open and nor-
mally closed contacts from 2 to 8 poles. 
Since contact tips are easily changed 
from NO to NC without extra parts, 
your "specials" inventory is cut. Easily 
accessible terminals take up to 3 wires, 
speed connections. For complete details, 
see your General Electric apparatus 
sales representative. 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

on light, flexible delay 

Reliable d-c to a -c amplification 
Designed mainly for 400-cycle excita-
tion, the General Electric second-har-
monic converter is a magnetic-amplifier 
type unit that converts low-level d-c 
error signals (such as thermocouple 
output) to 800-cycle a-c output. Static 
operation and hermetic sealing make it 
reliable under extreme conditions of 
acceleration, temperature, and pressure 
—important in aircraft applications. 
Length is 3116 in., tube diameter 1!.¡ in., 
weight, 0.2 lb. See Bulletin GEC-832. 

line 

Now—sealed-relay line expanded 
G-E hermetically sealed relays for 28-
volt circuits are now available in these 
forms: DPDT, 3PDT, 4PDT, 6PNO— 
with coil ratings up to 10,000 ohms. 
Certain other configurations available 
on request. All have extra-high tip pres-
sures, yet don't exceed Air Force-Navy 
size and weight specs. They withstand 
all outside atmospheric conditions, 50g 
operational shocks, and instantaneous 
voltage surges up to 1500 volts. Bulletin 
GEA-5729. 

EQUIPMENT FOR 

ELECTRONICS MANUFACTURERS 

Components 

Meters, Instruments 
Dynamotors 

Capacitors 
Transformers 

Pulse-forming networks 
Delay lines 

Reactors 

Thyrite• 

Motor-generator sets 

Inductrols 

Resistors Photovoltaic cells 

Voltage stabilizers Glass bushings 
*Reg. Trade-mark of General Electric Co. 

Fractional-hp motors 

Rectifiers 
Timers 

Indicating lights 
Control switches 

Generators 

Selsyns 
Relays 

Amplidynes 

Amplistats 

Terminal boards 

Push buttons 

Development 
and Production 

Equipment 

Soldering irons 

Resistance-welding 
control 

Current-limited high-
potential tester 

Insulation testers 

Vacuum-tube voltmeter 

Photoelectric recorders 

Demagnetizers 

lx 
lo 
lo 
lo 
lo 
10 
Name  

Company   

II City State 

i General Electric Company, 

Schenectady 5, New York 

Please send me the following 

I for reference only 
for immediate project 

GEA-5729 Sealed Relays 

GEA-5754 Voltage Stabilizers 

GEC-459 Delay Line 

GEC-808 & GER-451 Tantalytic Capacitors 

GEC-832 2nd-Harmonic Converter 

Section B 667-24 

-777 
bulletins: .17'7 7 is75ts tT.5 

s47 
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What to see at the Radio Engineering Show 
(Continued from page 1) 

Firm Booth 
Audio Devices, Inc., New York 22, N.Y. 

Theatre 305 
Audiodiscs. Audiotape, Audiofilm, Audio-
points. 
Audiocom, Inc. Great Barrington, Mass. 3-310 
Books, Magazines, hi-fl installization. 
Automatic Electric Sales Corp., Chicago 7, 

2-203 
Telephone type relays and stepping 
switches, open and hermetically sealed, 
aircraft and AN types as well as regular. 
Design emphasis on ruggedness, reli-
ability, small size and adaptability. Also 
a full line of push, turn, and lever keys 
and other allied items. 
Avery Adhesive Label Corp., Monrovia. 

Calif. 4-817 & 819 
Kum-Kleen pressure-sensitive labels—with 
stress being directed to their specific ap-
plication in the radio and electronic fields. 
Also, we will demonstrate our newest 
electric and manual label dispensers. 
Avion Instrument Corp., Paramus, N.J. 3-408 
Magnetic Recording—for analog and digi-
tal applications—recording to 2 mc. Preci-
sion 400 cps AC voltage regulator-100 Y-A 
+0.01% regulation. Subminiature plug-in 
amplifiers—shock demonstration of 8-tube 
potted unit. Multron—Unique thermal 
analog multiplier. Frequency converter— 
Output adjustable 380 to 420 cps AC. Good 
regulation. First in low-price field. Preci-
sion Potentiometers—+% tolerance. Chop-
per—Non-mechanical, expected life 10.000 
Hours, 0 to 10,000 cps AC High Input Im-
pedance. 

(Continued on page 64A) 

Ballatine Laboratories, Inc. 
Boonton, N.J. 

1-112 

Sensitive Electronic Voltmeters, 
Decade Amplifiers, Voltage 
Multipliers. Precision Shunt Re-
sistors, etc. 

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111 .  
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Barker & Williamson, Inc., Upper Darby, 
Pa. 2423 

Coils, Capacitors, Components and Test 
Equipment. 

The Barry Corporation 
Watertown 72, Mass. 

2-312 & 313 

Shock Mounts and Vibration 

Isolators. 

..11.101[8..01 !KO FU"'N 8.10111111'01 1 t-:»j tWOJ à 
- 

e 

1953 
I.R.E. RADIO ENGINEERING SHOW 
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GRAND CENTRAL PALACE, NEW YORK,N.Y. 
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Bart Laboratories Co., Inc. 

Belleville 9, N.J. 

3-525 

Electro-formed products. 

Beam Instruments Corp., New York 1, 
N.Y. 2-117 

Cossor Instruments, Oscillographs, etc., 
Wire and Cables, Tannoy Hi Fidelity 
Audio Products. Duode Hi Fidelity Audio 
Products, Acoustical Hi Fidelity Audio 
Products. Best Vacuo-Junctions. 

Bendix Aviation Corp. 
Bendix Radio Div. 

Towson, Md. 

1-413, 415, 417 & 419 

Aircraft and airport equipment, mo-
bile equipment, point-to-point equip-
ment. antennas, receivers, transmit-
ters, wave guides and accessories. 

Scintilla Magneto Div. 
Bendix Aviation Corp. 

Sidney, N.Y. 

1-413, 415, 417 & 419 

Fixed capacitors, connectors, ig-
nition analysis. 

Bendix Aviation Corp. 
Red Bank Div. 
Eatontown, N.J. 

1-413, 415, 417 & 419 

== 
7* 

Vibrators, dynamotors, inverters, mo-
tor generators, motors, power sup-
plies. Cold cathode types, counter 
tubes, klystrons, thyratrons, voltage 
regulators. 

Eclipse-Pioneer Division 
Bendix Aviation Corp. 

Teterboro, N.J. 

1-413, 415, 417 & 419 
Synchros, servo motors and systems, 
power supplies, vacuum tubes, re-
ceiving, vacuum tubes, rectifiers and 
special purpose, vacuum tubes, trans-
mitting, voltage regulators, klystrons. 

Berkeley Scientific 
Div. of Beckman 
Instruments, Inc. 
Richmond, Calif. 
4-302 8z 304 

High-speed Electronic Counters for Nuclear 
and Industrial application; Time mie val 
Meters; EPUT Meters; Direct-reading Deci-
mal Counting Units with Maximum counting 
rate of 1,000.000 cps; and introducing tht• 
first 42 megacycle Direct Reading Frequency 
Meter. 

SECOND FLOOR 

32A 

LV01141011 attIse 
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important, new features 

Input stages of the 
amplifier are shock 
mounted to reduce 
microphonics. 

for completely 
detailed 
catalog data. 

ee#4 CC). 

195 CEN1R At AVENUE 

tseq Pe 4, NEW JERSEY 

r-AMPLIFIER 

The amplifier 

is completely 
A we shielded to prevent 

hum pick-up. 

ELECTRONIC VOLTMETER 
A ••• +c, 

TAT, DAVLPI COMPANY 

:le
The power supply is 
 completely shielded to 
prevent hum radiation 

in adjacent equipment. 

The New Doyen Electronic Voltmeter, Type 170-A 
is a superior, portable instrument, ideal for general laboratory 
and production use. It is built with typical Daven precision to 
measure accurately A.C. sinusoidal voltages over a frequency 
range from 10 to 250,000 cycles and a voltage range from .001 
to 100 volts. 

• Large, easy-to-read, illuminated, meter scale on which all 
readings may be made. 

e Accuracy ± 2% over entire frequency range. 
• Output jack and separate volume control for using Voltmeter 

as wide-range, high-gain amplifier. 

e Construction permits readings independent of normal power 
line variations. 

e Meter scale has both voltage and decibel ranges. 
Visit Us at Booth 7-118, 719 

•• * LIMITED NUMBER AVAILABLE FROM STOCK. 



"get your copy from me 

cit Booth 1-101 and 1-102" 

IRE CONVENTION 

MARCH 23 to 26 

Grand Central Palace, N• C 

Assembly Methods Proved 

In Practice Through Development and Service. 

"OK Methods" is an instruction and service manual for 

the wiring and assembly of AMPHENOL electrical connectors 

and components. It represents a composite of better methods 

used in many aviation, radio and electronic plants, tested by 

AMPHENOL engineers and verified in AMPHENOL'S own cable 

assembly division. "OK Methods" recommended procedures 

conform to Government specifications wherever such regula-

tions apply. 

The manual is divided into three general sections: Wiring 

"AN" and Special Electrical Connectors; General Tech-

niques with alternate methods suggested where facilities 

and quantity production influence the method to be 

used; Assembly Procedures for RF Connectors. 

The performance of any electrical system—regardless 

of the highest quality of the components—is dependent 

upon the quality of workmanship going into each indi-

vidual assembly. Today, workmanship in wiring and pre-

paring assemblies carries the responsibility of backing up 

America's quality production lines. It is to this urgency 

of good workmanship that "OK Methods" is dedicated. 

coupon 
If you are not attending the 

IRE Convention, mail this coupon 

for your copy of "OK Methods". 

AMERICAN PHENOLIC CORPORATION 

1830 South 54th Avenue • Chicago 50, Illinois 

Send me my copy of AMPHENOL "OK Methods". 

NAME   

COMPANY POSITION 

ADDRESS 

••••711" 

presenting to 

4e•-• (' 
411104Linum4 
4 I 

3 

-4.4,eurS.; 



th o industry a manual of 
ASSEMBLY PROCEDURES 

• by the same engineers who design 

Co, off v.ny, . 

hr. 
h.„ 

', eft , • 

, 

1,4 „„... 

• ,,, 

o „:„ 

Aiserntly 0, 

Quality Amphenol Products 

a specific 

y. When you consult with Amphenol 

ectronic and power application needs, you will 

of the most specialized engineering staffs and testing 

the electronic world. 

N PHENOLIC CORPORATION • Chicago 50, Illinois 
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OVER lor000 BRADLEYUNITS 
in this Electronic Calculating Punch 

The IBM Electronic Calculating Punch, shown 
above, will punch 6,000 cards per hour, perform-
ing up to 60 operating steps for each card. 

The master key is the IBM Electronic Tube As-
sembly which comprises an electron tube and 
several resistors and capacitors. There are more 
than 1,200 of these pluggable units in each 
punch. With 8 or 9 Bradleyunits per assembly 
there are over 10,000 Bradleyunits per punch. 

Bradleyunits are ideal resistors for such critical 
service, because they are rated at 70C . . . not 
40C . . . which assures stability and permanence. 

Made in all R.T.M.A. values, Bradleyunits are 
available from 10 ohms to 22 megohms in 1/2 and 
2 watt sizes, and from 2.7 ohms to 22 megohms 
in the one-watt size. They need no wax impregna-
tion to pass salt water immersion tests. 

Allen-Bradley Co. 

114 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLE-BRieDLEY 
RESISTORS & CAPACITORS 

Sold exclusively to manufacturers :e/rsf radio and electronic equipment 
, QUÍSLITV 

Allen-Bradley Fixed Resistors 
are rated at 70C 

for high safety factor 
Above is shown the internal con-
struction of the 1/2 , 1, and 2 watt 
Bradleyunits, all encased in hard 
plastic shells. Both leads are differ-
entially tempered to prevent sharp 
bends near the resistor body. 

A 
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Columnist John Crosby, discussing not electronics 
but end results on the screen, calls the Waring show 
on CBS Television "pure television." Such results 
come from three things: Waring imagination, CBS. 
Television techniques, and GPL camera chains. 

"The pictures move . are a combination of 
light and shadow, of form and substance that 
catch and hold the eye." 

A GPL extra in engineering accounts for much of 
this. Camera and operator may be moving on a 
boom in a 3-dimensional pattern. Yet the operator 
has only to concentrate on aim, while the director 
at the Camera Control Unit adjusts the iris for 
light and shadow. 

"The cameras seem to roam at will on that 
show with a fluidity and grace almost never 
found in the movies." 

That fluidity is engineered into GPL cameras. Dual 
focus knobs, push-button lens change with auto-

NEW STATION OPERATORS: 

Without obligation, GPL en-
gineers will be glad to study 
your entire studio needs for 
cameras, projectors, film 
chains and video recorders. 

matic focus adjustment, precision pan and tilt 
motions — all these enable camera men and direc-
tors to capture the full scope of a show. Fantasy 
or stark realism, sports in sunlight or drama in 
stage shadows . . . GPL cameras put top quality 
pictures into the line. 
Whatever your type of operation, whether you 

need one chain or six, investigate these cameras 
designed for modern television. Rugged but light-
weight, they are easily interchangeable between 
studio and field. Circuit design guarantees con-
sistent high quality. 

Station owners like their economy; camera crews 
like their velvet smoothness and operating ease; 
maintenance men like their long service life. 

For full details, write, wire or phone 

General Precision Laboratory 
INCORPORATED 

PLEASANTVILLE NEW YORK 

Cable address: Prelab 

Export Department: 
13 East 40th St., New York City 
Cable address: Arlab 

PROCEFHI.VG.`, HE THE ¡RE. 
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• 
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ti 
UG 573 U UG-564 U 

CONNECTORS 
by KINGS 

C Series Connectors are a greatly im-
proved mechanical and electrical type 
of co-axial connector. They are con-
stant impedance and are designed 
for use with 50 ohm, middle size RF 
cables. 

The C Series like every co-axial con-
nector made by Kings is the result of 
constant research and development. 
Engineering ingenuity and precision 
manufacture have put "Connectors by 
Kings" in the front-line of communica-
tions equipment for industry and the 
armed services. 

If you have a connector problem con-• 
• sult Kings. You'll be glad you called 
• 

on Kings first. • 

• P-K9di SINGS Ceceitorti€A 

• 
• 

• 
• 40 MARBLEDALE ROAD, TUCKAHOE, N. Y. 

• 
• 
• 

UG-567/U 

4 

4 

See Us at Booth No. 2-204, I.R.E. Show, Grand Central Palace, March 23-26 



PROVEN BEST 
IN MILLIONS OF 

PRODUCTS ...EVERY DAY! 

COME TO RHODE ISLAND FOR YOUR 
INSULATED WIRE REQUIREMENTS. 

QUALITY: Rhode Island Insulated Wire is proven 

best every day in millions of products for 

factory, field and home. 

PERSONALIZED SERVICE: Rhode Island maintains 

branch offices with factory trained personnel 

in every section of the country. 

RESEARCH: Complete research facilities at your 

disposal for the development of specialized wires. 

Write today for illustrated catalog. 

We'll see you at the I.R.E. Show. Booth 4-703 

RHODE ISLAND INSULATED WIRE CO., INC. 
50 Burnham Avenue, Cranston, Rhode Island 

National Sales Offices: 624 South Michigan Avenue, Chicago, Illinois • HArrison 7-6050 
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*Trade Mork 

Astron manufactures o complete line of dry electrolytic capacitors, 
metallized paper capacitors, plastic molded capacitors, subminiature 
paper capacitors and standard and subminiature RF interference 
filters for every radio, television and electronic use. 

CUT YOUR CAPACITOR PROBLEMS 
DOWN TO SIZE 

0 , 

ub-miniâi-ure 
METALITE* CAPACITORS 

Astron METALITE* metallized 
paper capacitors help you solve 
the problems of size and weight 
—with no sacrifice of performance. 
The ingenious use of metallized 
sections makes them the world's 
smallest paper capacitors, and 
accounts for their extremely light 
weight and their unique self-
healing properties. Available from 
stock in a wide range of stand-
ard ratings and case styles, they 
are ideal for commercial and 
military applications alike, con-

forming to strictest government 
specifications. Special sizes can 
be supplied upon request or to 
specification. 
Many of the new techniques 

Astron has developed for the sub-
miniaturization of metallized 
paper capacitors and filters can 
be utilized to reduce the size and 
weight of its extensive line of 
standard type capacitors and 
filters. For complete information 
on Astron capacitors and filters, 
write for Catalog AC-3. 

Visit Astral, at the IRE Show, Booth 4-707, Grand Central Palace 

DEPEND ON -- iiNsisr ON 

255 Grant Avenue, E. Newark, N. J. 

Export Division: Rocke International Corp., 13 E. 40th St., N.Y.C. 
In Cono Tu• Charles W. Pointas,, 1926 Gerrard St. East, Toronto. 

ti. 
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LEADERS in PRODUCTION of GERMANIUM PRODUCTS... RAYTH EON 
GENERAL PURPOSE DIODES 

DC RESTORER 

C011110êTER DIODES 

VIDEO DETECTOR DIOD 

DISCRIMINATOR DIODE 

- POINT CONTACT TRANSISTORS pit> HF MULTIPLIER DIODES 

DIODES 

HF MI R DIODES 

VISIT THE RAYTHEON BOOTH AT THE IRE SHOW 

RAYTHEON MANUFACTURING COMPAN 

Newton, Mote Bigelow 4-7500 • Chicago. III. NAtional 2-2770 • New York, N.Y. WHitehati 3-4980 0 los Angeles, Calif. Richmond 7-5324 

WAKE 
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Type 260-A Freq. 50 KC to 50MC 

18 years of improvements are 
combined in this NEW Q Meter 

NEW FEATURES 

• Lo Q Scale permits Q readings down to a value of 

10. 

• à Q Scale reads the difference in Q of two circuits 
or ponents up to a value of 125. 

• Ther ttttt couple for indicating current inserted into 

measuring circuit redesigned for high burnout 

point well above operating current. 

• Oscillator maximum output level adjusted to 

minimize possibility of thermocouple failure. 

• Voltage insertion resistor decreased to 0.02 ohms 

to minimize effect on measuring circuit. New type 

low reactance metalized coaxial resistor used. 

• All indications on large meters it h parallax cor-

rection and accuracy of lqc full scale. 

• Range switch controls mask and arrow which in-

dicate correct scale on frequency dial. 

• Oscillator rigidly supported by casting which sup-

ports turret ball bearings and circuit using long 

life subminiature triode. 

Visit our booths #2-521 and #2-522 at the IRE. Show 

BOONTONRADIO 
otaime BOONTON • NJ • USA• 

The Q Meter Type 260-A replaces our Type 160-A, one of 
Boonton Radio's Q Meters which has been standard equip-
ment in laboratories and on production lines for eighteen 
years. Many improvements have been made during this time, 
but several of our ideas for a better instrument were too ex-
tensive to put into a model already in production. These 
ideas were carefully tested for use in a new model. The Q 
Meter Type 260-A includes all past improvements and the 
extensive changes that we have accumulated. 

SPECIFICATIONS: 

FREQUENCY COVERAGE: 50 KC to 50 MC Continuously variable in eight ranges. 

FREQUENCY ACCURACY: Approximately =1%. 

RANGE OF 0 MEASUREMENTS: 10 to 625. 

RANGE OF DIFFERENCE Q MEASUREMENTS: 0 to 125. 

INTERNAL RESONATING CAPACITANCE RANGE: 

Main Tuning Dial: 30 to 450 mmf (direct reading) calibrated In 1.0 mmf 

increments from 30 to 100 mmf: 5.0 mmf increments from 100 to 450 mmf. 

Vernier: - 3.0 to +3.0 mmf (direct reading) calibrated in 0.1 mmf increments. 

ACCURACY OF RESONATING CAPACITOR: 

Main Tuning Dial: Approximately =1% or 1.0 mmf, whichever is the greater. 

Vernier: =0.1 mmf. 

POWER SUPPLY: 90-130 volts-60 cps (internally regulated). 

POWER CONSUMPTION: 65 Watts. 

Model available for other Power Supply voltages and frequencies. 

Type 103-A A ry Inductors Available for entire frequency range. 

PRICE: $725.00 F. O. B. FACTORY 
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VISIT OUR EXHIBIT 

BOOTH 4-313 

I. R. E. SHOW 

GRAND CENTRAL PALACE 

New York City 

March 23, 24, 25, 26,1953 

AMERICA'S QUALITY LINE 
WM" 

VARICONS 

lir 

ELEO CORPORATION 
RADIO • TELEVISION • ELECTRONIC COMPONENTS 

190 W. GLENWOOD AVE., PHILA. 40, PA. 

Elco's sensational new miniature 

connectors with high voltage und current 
capacity. Only four basic components! 

Identical for mole and female connectors. 

Easily assembled by user or supplied 

complete by Elco. 

IF IT'S NEW...IF IT'S NEWS... IT'S FROM 

SOCKETS 

In constant production, t 

Miniature, sub-miniature, octal, crystal ass 

many special types to JAN and RMA 

specifications. Body and contact 

materials for every application. 

Patented shock mounted types available! 

IF IT'S NEW...IF IT'S NEWS... IT'S FROM 

'SHIELDS 

Truly, precision made for efficient 

function; finely finished for 

"prestige" appearance! JAN and RMA 

types in all sizes, os well as 

special-purpose shields, ore in constant 

chan at Elc 

IF IT'S NEW...IF IT'S NEWS... IT'S FROM 

The complete facts yours by return mail! 

Today ... write Department P 

for Socket-Shield Catalog and/or Voricon Catalog! 

GArfiold 6-6620 
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SILECTRON C-CORES... BIG or LITTLE 
...anyquanttty and any size 

For users operating on government schedules, Arnold is now produc-
ing C-Cores wound from Vs, 1/2 , 1, 2, 4 and 12-mil Silectron strip. 
The ultra-thin oriented silicon steel strip is rolled to exacting toler-
ances in our own plant on precision cold-reducing equipment of the 
most modern type. Winding of cores, processing of butt joints, etc. 
are carefully controlled, assuring the lowest possible core losses, and 
freedom from short-circuiting of the laminations. 
We can offer prompt delivery in production quantities—and size is 

no object, from a fraction of an ounce to C-Cores of 200 pounds or more. 
Rigid standard tests—and special electrical tests where required—give 
you assurance of the highest quality in all gauges. • Your inquiries 
are invited. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

DISTRICT SALES OFFICES 

New York: Empire State Bldg. Los Angeles: 3450 Wilshire Blvd. 

lb 

43(.3 
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Aircraft Transformer Corporation, Long Branch, N. J. • Long Branch 6-6250 • Manufacturers of Inductive Equipment 

AIRCRAFT TRAIISIORIIIIR CORPORAT1011 

See our exhibit at Booth 4-213 (Fourth Floor), IRE Radio Engineering Show, 

Grand Central Palace, New York, March 23-26 

Pulse Transformers • Saturable Core Reactors • Metal Encased Transformers • Form Flex • Oil Filled Form Flex • Wound Cores • Relays 
Epoxy Cast Transformers • High Temperature Transformers • Resonant Charging Chokes 
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Rough Treatment FOR A CRYSTAL... 

That Kind of testing is 

just one of the reasons why 

t' 
• 

CRYSTALS 
DO A BETTER JOB FOR YOU 

*TYPE ML-1A—RANGE: 

2.0 — 15.0 mc 

Supplied per Mil type 
CR-IA when specified. 

*TYPE ML-4—RANGE: 

1.0— 10.0 mc 

Supplied per Mil type 
CR -6; CR -6; CR -8; 
CR-10 when specified. 

*TYPE ML-6—RANGE: 

1.4-75.0 mc 

Supplied per Mil type 
CR-18; CR-19; CR-23; 
CR-27; CR-28; CR-32; 
CR-33; CR-35; CR-36 
when specified. 

Yes, we get tough with our Midland crystals. You 
expect best performance, and we make sure you get it 
when you use Midland crystals for all your frequency 
control needs. The final test pictured above is just 
one of many quality checks we make at every step 
of Midland processing. 
Midland Quality Control starts with the raw quartz. 
Using optical viewing equipment of high accuracy, we 
select only the " cream of the crystal crop." Then, as 
the crystal proceeds through the various steps of cut-
ting, slicing, lapping, etching, plating, and sealing, 
it is checked repeatedly to turn up any defect that 
might develop. 
Stability, accuracy, high output, long life—name any-
thing about a crystal that makes it a better performer 
for you, and we guarantee you'll get it in fullest 
measure with Midland. 

WHATEVER YOUR CRYSTAL NEED — 
CONVENTIONAL OR SPECIALIZED... 

When It Has To Be EXACTLY RIGHT... Contact 

MANUFACTURING CO., INC. 

3155 Fiberglas Road • Kansas City, Kansas 

See Us at the Radio Engineering Show, Booth 4-613, Components Ave. 
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this is your product 

but 

this is your "trademark" 

ur customers see the outside of your product a lot 
more than they see its inner mechanisms. Does it have 
the appearance of a precision instrument? Does it look 
the part? 

In other words, do you get the same perfection in 
your cabinets that your engineers build inside? 
Smooth flawless welded seams? Perfectly fitted doors 
and panels...exactly the finish you specify... and, above 
all, absolute uniformity between all cabinets? 
Karp customers do—and they know that this pains-

taking sheet metal fabrication doesn't mean high prices. 
They know that our vast assortment of available dies 

.• •, ..... .• 

Above: Perkin-Elmer infrared spectrometer 
—in its Karp-built cabinet, below. 

eliminates the need for much costly tooling. They know 
that our plant—the length of three city blocks—with 
its modern facilities, offers custom production at prices 
that are surprisingly low. 

You'll find, as others have, that we can produce to 
exacting tolerances precisely the type of cabinet you 
require. 

In large quantity or small. Steel or aluminum. Any 
type of welding. Painstaking hand finishing. Prompt 
shipment. 

Visit our plant and see these things for yourself if 
you wish. We welcome your visit. Write for our bulletin. 

KARP METAL PRODUCTS CO., INC. 
215 63rd ST., BROOKLYN 20, N. Y. 

MOST COMPLETE FACILITIES FOR LARGE AND SMALL RUNS OF 

ENGINEERED SHEET METAL FABRICATION 

K ENGINEERING + TOOLING + PRODUCTION + FINISHING = 

Visit us at Booth 510-512 (First Flood 

RADIO ENGINEER'S SHOW 
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EVENLY 

SMALL TOROIDAL COILS 

AT HIGH SPEEDS 

WITH MINIMUM WIRE BREAKAGE 

The MICAFIL Model RW-0 Toroidal Coil 
Winder automatically winds toroidal coils 
continuously around 360° and sector coils 
from 30° to 270°. To produce smooth, even 
layers of wire, the winder is adjusted easily 
to wind any wire size between 26 and 44 
AWG and to obtain the proper pitch. Wind-
ing direction can be changed and feeds can 
be adjusted while machine is in operation. 

CAPACITY 
Coil Sizes 
Minimum finished I  D  
Maximum finished O.D.2" 
Minimum finished O.D.   

Wire Sizes   26 to 44 AWG 
Winding Speed— 

according to wire size. . up to 1000 rpm 

Shuttle Capacity— 
according to wire size . . . 60 to 800 feet 

MICAFIL Toroidal Coil Winders are made 
in three larger sizes for winding coils up to 
8" O.D. and with 10 AWG Wire. 

cos A405 Lexington Ave., New York 17 

9/16" O.D. x 3/8'' I.D. 
Wire-44 AWG 

Winding Speed 7 ,800 rpm 

0 1/2 Inch 

1-1/8" 0.D.ir 3/4" I.D. 
Wire-44 AWG 
Winding Speed-800 rpm 

1-1/8" 0.0. x 3/4" I.D. 
Wire-38 AWG 
Winding Speed-1000 rpm 

0.0. 1-5/8" x 7/8" I.D. 
Wire-38 AWG 
Winding Speed-1000 rpm 

SPIRALING DEVICE — Device winds spirals for shuttle 
loads—in advance . . . Newly developed to permit con-
tinuous operation of Coil Winder ... Winds to pre-
determined lengths. 

SHUTTLES — Made in four different ring diameters to 
accommodate range of spiraled wire sizes ... Larger 
wire capacities ... More than one coil can be wound with 
single loading... Changed within 30 seconds ... Loaded 
in less than a minute. 

ACCURATE TURNS COUNTER—Preset for required num-
ber of turns . .. Automatically stops winder when turn 
count is reached. 

CORPORATION 

WHILE IN NEW YORK 
See this RW-0 and other Micafil Coil Winders. 
COSA is in the CHRYSLER BLDG.-4 blocks from 
the IRE SHOW. Telephone: ORegon 9-3560. 

IN DETROIT AREA contact DETROIT-COSA CORPORATION, 16923 Jam•s C  Highway, D•trolt 35, Mich. 

IN CANADA contact COSA CORPORATION OF CANA DA LTD., 40 Front Street West, Toronto 1, Canada 
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ON EXHIBIT, BOOTH 4-814 

I.R.E. SHOW 
GRAND CEN I KAI ALACE 

NEW YORK CITY, MARCH 23-26 

HUGHES 

GERMANIUM DIODES 

1 MOISTURE-PROOF 
Each hermetically sealed 
HUGHES DIODE is humidity 
cycled in saturated water vapor 
from +90°C. to —78°C., and 
then oscilloscope-tested for 
humidity penetration. 

DEPENDABLE 
Each HUGHES DIODE is sub-
jected to JAN shock tests and 
then inspected under vibration 
for the familiar electrical in-
stabilities—hysteresis, drift, and 
flutter. Each diode is aged and 
then reinspected for stability 
of electrical characteristics. 

hermetically 
sealed 
in 
glass 

for 

electrical 
stability 

Muorms G ERMANIUM Ikouins were 
developed and produced to meet exacting 
requirements in airborne electronic equipment 
for navigation, fire control, and guided missiles. 
In addition to the advantages of germanium 
diodes over vacuum tubes, HUGHES GERMANIUM 
DIODES exhibit these outstanding characteristics: 

THERMALLY STABLE 
The HUGHES DIODE is designed 
to reduce differential expan-
sion which would cause insta-
bility of electrical character-
istics with luctuations in tem-
perature. ach diode is tem-
perature cy led and then tested 
to assure that the operating 
temperature range is limited 
only by inherent character-
istics of germanium itself. 

SUBMINIATURIZED 
The HUGHES DIODE is designed 
for maximum space economy. 

ELECTRICAL SPECIFICATIONS AT 25° C. 

RIMA 
Type  

1N558 

Peak 
Inverse 

Voltage° 

190 

Minimum 
Forward 
Current 

at +1 volt—ma. 

5.0 

Maximum 
Back Current 
ma. (volts) 

0.5 (-150) 
0.025 (-10 ); 0.3 (-50) 

0.005 (-5 ); 0.05 (-50) 
0.01 (—to ) 
o.005 (-5 ); 0.1 (-50) 
0.625 (-100) 

0.05 (-10 ); 0.85 (-50) 

0.8 (-50 ) 

1N70A 130 3.0 
1N67A 100 4.0 

thatA 50 3.0 

1N89 100 3.5 

1N68A 130 3.0 

1N69A 75 5.0 

1N90 60 3.0 

•NOTE: t has been found that Hughes Diodes will support 
80% of this inverse voltage applied continuously at 25 ° C. 

Because of expanded production capacity, HUGHES 
DIODES are now available for commercial sale. 
Moderate quantities can be delivered from stock. 
HUGHES DIODES are classified in accordance with 
RTMA specifications, and also are supplied to 
special customer specifications, including high 
temperature electrical requirements. 

Address inquiries to: SEMICONDUCTOR 
DEPARTMENT 

HUGHES 

Aircraft Company, Culver City, California 
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Battery of vulcanizing 
presses "bake" Rubatex to 
an optimum cure for 
product protection. 

"...IF..., be._ 

• 

qe;11 1F• 481i*, 

veat-N-e- .1* 
iPlepee tAÈ. sae_ __"vb' gam — _ 

Closed cells are responsible for the 
structural strength and superior 
physical properties of Rubatex —not 
possessed by ordinary sponge rubber with 
open coarse cells which are wide open 
to oxygen and moisture. 

Millions of nitrogen-filled cells, permanently sealed with 
tough live rubber, are "baked" in RUBATEX to give it 
superior air-tight, water-tight, and dust-tight qualities — mak-
ing RUBATEX an excellent seal against these elements that 
continually plague industrial equipment. 
A battery of vulcanizing presses, under carefully controlled 

conditions, "bake" RUBATEX to an optimum cure —"setting" 
it in its expanded and unique structural form. This final 

curing process, preceded by careful blending of specially 
developed compounding agents and calendering for uniform 
thickness — assure the best physical properties in RUBATEX 
to protect and extend the life of your product. In addition, 
RUBATEX is light in weight, soft, pliable, and easy to work 

with . . . adheres well to surfaces to which it is applied . . . 
does not score or craze plastics. 

For maximum protection of your product — check the 
superior advantages of RUBATEX first! 

RUBATEX AT WORK 
AUTOMOTIVE & AIRCRAFT 
• Arm rests 
• Battery supports 
• Lamp gaskets 
• Heater core gaskets 
• Cowl gaskets 
• Window gaskets 
• Fuel cell cushions 
• Floor mats 
• Anti-squeak pads 

CONSTRUCTION 
• Expansion joint seals 
• Weather stripping 

INDUSTRIAL 
• Instrument gaskets 
• Fatigue mats 
• Low temperature 

insulation 
• Dust-proof seals 
• Moisture-proof seals 
• Gasketing 
• Vibration isolation 
• Shock absorption 

Send us details of your proposed applications and let us send you samples and recommendations. 

Write Dept IRE-3, Great American Industries, Inc., Rubatex Bedford, Virginia. 

FOR AIR THAT PROTECTS—USE RUBATEX 

'ere" ,  (pc, OP 1r 

01._ • eh. 

CLOSED CELLULAR RUBBER , 
\ •e>, 

i511 

eyee 

. . . 

PACKAGING — Packing 

cushion for fragile goods 

and delicate scientific 

instruments. 

REFRIGERATION — Gasket-

ing for refrigerator and 

cold storage room doors. 

SPORTING GOODS — "Air 

cushioning" padding for 

athletic equipment and 

apparel. 

CONSUMER & HOUSEHOLD 
PRODUCTS 

• Shoe innersoles 

• Hearing aid 
"cushioning" 

• Appliance gaskets 

• Bath and kitchen mats 
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ANOTHER FIRST 1 
O 

The Cleveland Container Company 

originates and is now producing for 

the electronic and electrical industries . . . 

A few of many 

ADVANTAGES: 

TORK RITES re-cycling ability is unmatched. 

After a maximum diameter core has been 

re-cycled in a given form a reasonable num-

ber of times, a minimum diameter core can 

be inserted and measured at I" oz. approx. 

TORKRITE has rio hole nor perforations 

through the tube wall. This eliminates pos-

sibility of cement leakage locking the cores. 

TORKRITE allows use of lower torque as it 

is completely independent of stripping pres-

sure. 

With TORKRITE torque does not increase 

after winding, as the heavier wall will not 

tend to collapse and bind the core. 

Available in lengths 3/4 " to 31/8" to fit a 

1/4 -28 core. 

See our Exhibit =2-309 at the 

Radio Engineering Show in New 

York City, March 23-26. 

Torkrite Tubing in foreground, 
enlarged to slum. detail. 

TORKRITE 
CLEVELITE* EE INTERNALLY THREADED AND EMBOSSED TUBING. 

TORQUE AND STRIPPING PROBLEMS ARE NOW ELIMINATED! 

Electronic engineers find that TORKRITE, this newly designed and con-

structed Coil Form, has definite advantages over all other types requiring 

the use of threaded cores. 

TORKRITE is one of the many items of CLEVELITE ... a complete line of 

tubing for coil forms, collars, bushings, spacers, tubes and other items. 

CLEVELITE has long been giving continuous satisfaction because of its 

dependable performance, uniformity and close tolerances. 

Consult our Research and Engineering Laboratory. It is at your service. 

WHY PAY MORE? FOR THE BEST . . . CALL CLEVELAND! 

• Rcg U. S. Pat. Off 

h..,,(CLEVELAND CONTAINER6 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES at Plymouth, Wa< , Chango, Deno,. Ogdemburg, N Y ,Jarnesbarg,N.J. 

ABRASIVE DIVISION at Cleveland, Olao 

CANADIAN PLANT, The Cleveland Container, Canada, Ltd, Prmtott, Ontario 

REPRESENTATIVES 

NEW YORK AREA R T MURRAY, 604 CENTRAL AVE., EAST ORANGE, N I. 

NEW ENGLAND R. S. PETTIGREW /I CO, 62 LA SALLE RO, WEST HARTFORD, CONN. 

CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO 
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NEW YORK'S LEADING 

RADIO 
SUPPLY HOUSE 

FOR 

TUBES 
for Industry, TV, Receiving 

and Transmitting 

AUDIO EQUIPMENT 

TEST EQUIPMENT 

COMMUNICATIONS 
EQUIPMENT 

TELEVISION 
COMPONENTS 

CONDENSERS 

RESISTORS 

iiii 
Tenn/oat Radio Corp. 

Distributors of Radio and Electronic Equipment 



Make your U H F circuits 
as simple as V H F designs... 
Use these two New Sylvania Tubes in tuners and converters 

Equipment Manufacturers! Simplify design of combination 
VHF-UHF tuners, UHF converters for TV! Two new 
Sylvania-developed tubes permit adaptation of conventional 
amplifier-mixer-local oscillator circuit to the new frequency 
bands—completely eliminate complicatéd switching arrange-
ments or stage duplication. Leading Tuner Manufacturers 
have adopted these types for current tuner production. 

• Short Bulb T-51/2 7-pin miniature construction 
• Requires no special socketry 
• Designed for use at frequencies up to 1000 mc 
• Double plate and grid leads 
• Uniformity at high frequency means lower cost and 

better availability 
THE SYLVANIA 6T4 is designed for use as a local oscillator 
at frequencies up to 1000 mc. Used as the companion tube 
to the 6AN4, it makes possible the design of extremely sim-
ple combination tuners and UHF converters. 
THE SYLVANIA 6AN4 can be used both as an rf amplifier and 
as a mixer. Its performance in the VHF band is equal to or 
better than previously existing types of tubes, and in UHF 
tuners it gives comparable performance to VHF tuners. 
The 6AN4 is designed for both high gm and high mu. 

Under representative operating conditions as a Class A 
amplifier, the transconductance is 10,000 micromhos and 
the amplification factor is 70. 
When used as a mixer, the 6AN4 offers the advantages 

of a conversion gain and of relatively low oscillator drive 
requirements. 

Complete technical information on operating character-
istics, including performance curves, is included in the man-
ual, "Sylvania's UHF Story." A copy is yours for the asking. 
Write to: Sylvania Electric Products Inc., Dept. 3R-4503, 
1740 Broadway, New York 19, N. Y 

SYLVIANIA 

VHF UHF 

AMP. 

6AN4 

VHF UHF 

MIXER 

6AN4 

VHF UHF 

L. O. 

614 

Representative block diagram of combination VHF-UHF 
tuner using the new Sylvania 6AN4 as rf amplifier and 
mixer, and the 6T4 as local oscillator. 

COMPARATIVE PERFORMANCE OF THE 6AN4 AT VHF AND UHF 

CONDITIONS 

Single tube in 

Channel 13 booster 

Two tubes in cascade 

in Channel 13 booster 

Single tube in open half .wave 

tuned amplifier at 450 mc. 

Single tube in open half -wove 

tuned amplifier at 900 mt.. 

VOLTAGE GAIN 

VHF 
5 

11.1 

{12 db 
UHF  

10 db 

NOISE FIGURE 

9.2 db 

8 db 

13db 

15db 

2.0 

sz2 1.5 
, 

O 

0.5 

O 

6AN4 
— 

Eb -•150 

Rk - 280 

VOLTS 

OHMS 's---,.........„... 
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el 

Go 
*5-4 

x• Veen 

• 05 1.0 1.5 2.0 2.5 
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3.4 
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O 

I.0 ; e 
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Curve shows representative relationships between con-
version gain and input VSWR of the 6AN4 when used in 
mixer service, plotted against oscillator injection voltage. 

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT LAMPS, FIXTURES. SIGN Tung. WIRING DEVICES; UCH! BULBS; PIMTIXAMPS: TELEVISION SETS 
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"Designed for Application" 

Delay Lines and Networks 

The James Millen Mfg. Co., Inc. has been 
producing continuous delay lines and lump 
constant delay networks since the origination 
of the demand for these components in pulse 
formation and other circuits requiring time 
delay. The most modern of these is the distrib-
uted constant delay line designed to comply 
with the most stringent electrical and mechani-
cal requirements for military, commercial and 
laboratory equipment. 

Millen distributed constant line is available as 
bulk line for laboratory use and in either flexible 
or metallic hermetically sealed units adjusted 
to exact time delay for use in production 
equipment. Lump constant delay networks may 
be preferred for some specialized applications 
and can be furnished in open or hermetically 
sealed construction. The above illustrates sev-
eral typical lines of both types. Our engineers 
are available to assist you in your delay line 
problems. 
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SAFE AGAINST HIGH HUMIDITY IN TROPICAL CLIMATES! 
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You're safe when you "batten down 
the hatches" against high humidity 
with Sprague Blue Jackets! They're 
rugged vitreous enamel power re-

sistors that can take abuse ... that eliminate 
electrolysis failure in the most humid atmos-
pheres ... that deliver top wattage ratings in 
every size ... that assure unmatched stability 
and resistance to thermal shock. Yes, the Blue 
Jacket is outstanding even among the many 
noteworthy Sprague developments in the 
resistor art. * * * * * * 

TS 

WIRE-WOUND 

RESISTOR 
Blue Jacket resistors are made in types to 
meet the tough performance requirements of 
Military Specification JAN -R-26A, Character-

istic "G". See Engineering Bulletin 110 for 
complete details. Blue Jackets are also avail-
able in commercial styles that excel in the 
most severe industrial electronic service. En-
gineering Bulletin Ill describes these supe-
rior units that cost no more than ordinary 
resistors! Send for your copies to: 

SPRAGUE ELECTRIC COMPANY 

235 Marshall Street, North Adams, Mass. 

YOU'LL RECOGNIZE THESE SUPERIOR RESISTORS BY 

THEIR BRIGHT BLUE VITREOUS ENAMEL JACKETS 

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT 

See Us at Booth 1-410, 1-412 IRE Show, March 23-26 
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ELECTRONIC SLIDES 

_ 

A. OPEN 
POSITION 

Three section slide, progressive 
action type. locks in extended 
position only. Tripping mecha. 

nism controls unlocking. Load 
capacity: Up to 200 lbs. 
Cat. No. 375 

Three section slide, progressive 
action type. Load Capacity: Up 
to 50 lbs. per pair. 
Cat. No. 350 

Three section slide, progressive 
action type. Locks in open and 
closed positions. Provided with 
quadrant to allow for tilting to 
90 degrees. Load Capacity: Up 
to 200 lbs. 
Cat. No. 364 

Three section slide, progressive 

action type. Locks in open po-
sition. Slide includes mechanism 
for unlocking from the outside 
of chassis and for tilting to 90 
degrees. Load Capacity; up to 
100 lbs. per pr. 
Cat. No. 392 

Three section slide, progressive 

action type. Locks in extended 
position only. Thumb release con-
trols unlocking. Load Capacity. 

Up to 200 lbs. maximum. 
Cat. Na. 371 

-dad 

A Et SERVICING 

POSITION 

A Featuring Smooth continuous action 

Closely fitted slide ports assure mini-

mum of play. Locking device holds 

slide when fully extended, permit-

ting easy access to all ports. 

B. Quodront for pivot support and tilt-

ing provision is equipped with simple 

tripping mechanism for servicing. 

lever operated, it releases chassis 

and allows movement to open ond 

closed positions, 

Illustration shows an Automatic Transmission Measuring Set 

as developed by Bell Telephone laboratories at Murray Hill, 
New Jersey. 

The receiving amplifier, modutotor, amplifier modulator and 

recorder panels are suspended on boll-bearing drawer slides 

and are pivoted to permit the chassis to be inverted for 
servicing. The arrangement is such that all these panels can 
be kept in operation while so inverted. 

The present preparedness program requires that manu-

facturers be absolutely certain of the precision and 
dependability of all component parts. Over 50 years 

of dependability lie behind Grant Pulley & Hardware 
Co. Our extensive engineering and research department 
is constantly planning new and improved sliding de-
vices. This department is available for consultation on 

individual specifications, and also provides engineering 
liaison from inception to conclusion of production. 

Chassis, Consoles, Racks, any device where access to 
parts or motion of equipment is desired should be 

equipped with Grant Slides. Wherever the installation, 
laboratory, tank, bomber, ship, mobile or stationary 

unit . . . you save time and manpower when you use 
Grant Sliding Devices. 

Grant Slides are adaptable for many military uses, and 

Grant customers with Government contracts can rely 
upon the dependability of Grant cooperation rand 
delivery. 

See Us at Booth 4-306, I.R.E. Show, 
Grand Central Palace, March 23-26 

FOR FURTHER INFORMATION WRITE 

ELECTRONIC ENGINEERING DIVISION 

GRANT PULLEY slt HARDWARE CO. 
31-87 WHITESTONE PARKWAY, FLUSHING, N.Y. • FLUSHING-9-1900 

Tde éateffeede «see 4t Sëidic9Deuiced 
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CBS-11""N TRANSISTORS 
CBS-HTTRON 

PT-2A 

ACTUAL SIZE 

CES-HTTRON 

PT-2S 

Moisture-resistant 

Plug-in or solder-in 

Sturdy triangular basing 

Polarized base connections 

Auto-electronically formed 

Thoroughly stabilized 

Operate up to 55 C 

AND YOU CAN BUY THEM NOW! 

Already a major producer of germanium diodes. CBS-Hytron 

now offers you prompt delivery of transistors: Point-contact 
CBS-Hytron PT-2A (for amplifying) and PT-2S (for switching). 

Both have stable characteristics and are guaranteed moisture-
resistant. Note flexible leads welded to base pins. You may solder 

flexible leads into circuit. Or snip them to use stiff base pins in 
CBS-Hytron type T-2 socket. 

Triangular arrangement of base pins is stronger .... avoids bent 

pins. Easy-to-remember basing layout simulates basing symbol 
(see diagram). Polarization makes socket connections foolproof. 
You are assured of uniformly optimum characteristics by elec-
tronic control of pulse forming. Thorough aging achieves maxi-
mum stability. You may operate these transistors up to 55°C. 

And you can order both CBS-Hytron PT-2A and PT-2S for 
immediate delivery. 

WRITE FOR DATA. Complete free data on CBS-Hytron 
PT-2A and PT-2S ... and the T-2 socket ... are yours for 
the asking. 

GERMANIUM 
CRYSTAL IMPREGNATED 

RUGGED CASE 

CATWHISKERS WELDED 
CONNECTIONS 

TINNED 
COPPER-CLAD 

STEEL LEAD WIRES 
(.015 DIAM.) 

NICKEL 
SILVER PINS (3) 

MECHANICAL FEATURES 
1. Single-ended construction gives maximum mechanical stability. 
2. Rugged triongular basing design re s i hock and vibration. 
3. Dual-purpose connections permit use of flexible leads or stiff plug-in base pins. 
4. Direct soldering of germanium wafer to base support guarantees positive contact, 

ovoids flaking. 
5. Glass-filled plastic case and high-temperature impregnating wax assure moisture-

resistant, trouble-free operation. 

BASING AND SOCKET 

EMITTER COLLECTOR 
71C1 

EMITTER COLLECTOR 

lAst 

RASE 
• 

Transistor Basing Diagram CBS-Hytron 
Symbol (bottom view) T-2 socket 

Note similarity of pin layout to that of tran-
sistor symbol. CBS-Hytron type T-2 tran-
sistor socket features groove to guide pins 
into socket. Also anti-burn-out design to in-
sure that base connection of transistor will 
always be made first. 

§", 

_____ 
1..30 ,,,A\ 

_ 

, \ 

z omA 

CONSTANT COLLECTOR 
DISSIPATION .100 

_.4 TYPICAL 
C.HARACTERISTICS 

...,CBS-HYTRON 
1 ".... 

0 

MV/ 

COLLECTOR  

.—.1.---[ 

. !  
MAO I 

PT-2A 

COLLECTOR VOLTAGE. Ve (VOLTS) 

MEASURING CIRCUIT FOR 
CBS-HYTRON PT-25 
-› 

MANUFACTURERS OF RECEIVING TUBES SINCE 1921 

INYTRON RADIO AND ELECTRONICS CO. 

A Division of Columbia Broadcasting System, Inc. 

Main Office: Danvers, Massachusetts 

RECEIVING...TRANSMITTING...SPECIAL-PURPOSE AND TV PICTURE TUBES 
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PULSESCOPE  
The Oscilloscope that portrays the Pulse by 

Comte, bowed et, 17m,t5ifeet • • • 

Investigations of complex waves take great strides forward when either a Waterman SAR or LAB PULSESCOPE is employed. 

Their compactness, portability and precision have established a new high in pulse measurement instruments for all electronic 

work. Each PULSESCOPE has internally generated markers which are synchronized with the sweep with the basic difference that 

the sweep in the LAB PULSESCOPE initiates the markers while in the SAR PULSESCOPE it is the crystal controlled markers which 

initiate the sweep. Power supply requirements of 50 to 1000 c.p.s. at 115 Volts permits operation almost anywhere. 

The SAR PULSESCOPE, model S-4-A, is characterized by 
a pulse rise time of 0.035 microseconds thru a video amplifier 
with a sensitivity of 0.5 Volts p to p/inch. A vertical delay 
of 0.55 microseconds is optional. A and S sweeps covering 
a continuous range from 1.2 to 12,000 microseconds are 
augmented by R sweeps, which in turn are variable from 
2.4 to 24 microseconds. A directly calibrated dial permits 
R sweep delay readings from 3 to 10,000 microseconds. 

The LAB PULSESCOPE, model S-5-A, has equivalent rise 
time of 0.035 microseconds, a fixed 0.55 microseconds vertical 
delay and 0.1 Volts p to p/inch sensitivity, so arranged as 
to assure portrayal of leading edges on displayed signals. 
A precision calibrated voltage is provided as well as an 
optional sweep expansion of 10 to 1. A built-in trigger 
generator voltage is available for synchronizing any asso-
ciated test equipment. 

WATERMAN RAYONIC CATHODE RAY TUBE DEVELOPMENTS 

Since the introduction of the Waterman RAYONIC 3MP1 for miniaturized oscilloscopes, 
scientists in our laboratories have diligently searched for more perfect answers to present day 
cathode ray tube problems. Such research led to the introduction of the revolutionary new 
3SP and 3XP type cathode ray tubes. These tubes were designed with multi-trace oscilloscopy 
in mind. Every avenue of practical design was explored to produce tubes with bright, sharp 
traces and high deflection sensitivity at medium anode potentials. 

TUBE PHYSICAL DATA TYPICAL VOLTAGES 
DEFLECTION 

FACTOR V/IN. MAX. VOLTS 

Face Length Base Anode = 3 Anode # 2 Anode # 1 Grid # I DI to 02 D3 to 04 Anode # 3 Anode #2 

ur 3 inch 
Round 

10 inches 
Medium 
Diheptal 
12 Pin 

3000 1500 300 to 515 —22.5 to —67.5 127 to 173 94 to 128 
4000 2000 

4000 2000 400 to 690 —30 to-90 170 to 230 125 to 170 

3MP 3 inch 
Round 

8 inches 
Small 

Duodecal 
12 Pin 

1000 200 to 350 0 to —68 140 to 190 130 to 180 
2500 

2000 400 to 700 0 to —126 280 to 380 260 to 360 

3SP 11/2 x3 
inches 

9.12 inches 
Small 

Duodecal 
12 Pin 

1000 165 to 310 —28.5 to —67.5 73 to 99 52 to 70 
2750 

2000 330 to 620 —58 to —135 146 to 198 104 to 140 

3XP 
11/2 53 
inches 

8.88 inches Loctal 2000 400 to 690 —22.5 to —67.5 68 to 92 25 to 35 2750 

Visit Our Booth 1-414, IRE SHOW, MARCH 23rd to 26th 
111\ OM all 01\ 



POCKETSCOPE "e 
The Pocket Oscilloscope by 

• • • 

The HIGH, WIDE and TWIN POCKETSCOPES have 
become the "triple threat" of the oscilloscope industry. 
Their small size, light weight and incredible performance, 
has skyrocketed this team of truly portable instruments 
into unparalleled prominence. Each oscilloscope features DC 
coupled amplifiers in both its vertical and horizontal chan-
nels. The HIGH GAIN, S-14-A POCKETSCOPE, has a 
vertical sensitivity of 10 millivolts rms/inch, and a frequency 
response within —2 db from DC to 200 KC, while the WIDE 
BAND S-14-B POCKETSCOPE is characterized by fre-
quency response within —2 db from DC to 700 KC and a 
sensitivity of 50 millivolts rms/inch. 

The INDUSTRIAL POCKETSCOPE, 
model S-11-A, has become America's 
most popular DC coupled oscilloscope 
because of its small size, light weight, 
and unique flexibility. This compact 
instrument has identical vertical and 
horizontal amplifiers which permit the 
observation of low frequency repetitive 
phenomena, while simultaneously elimi-
nating undesirable trace bounce. Each 
amplifier sensitivity is 0.1 Volt rms/inch. 
The frequency responses are likewise 
identical, within —2 db from DC to 
200 KC. 

Discover for yourself the amazing utility 
of this tiny work-horse of industrial 
electronics. 

POCKETSCOPE 

WATERMAN PRODUCTS 

The TWIN POCKETSCOPE is essentially two HIGH 
GAIN POCKETSCOPES with individual cathode ray tubes, 
amplifiers, controls, but a common sweep generator. All 
these are endowed with many identical characteristics. Their 
sweep generators can be operated as triggered or repetitive 
over a frequency range from 0.5 cycles to 50 KC, with 
synchronization polarity optional. Return traces are blanked 
and provisions are made for modulating the intensity in 
each cathode ray tube. 
Laboratory quality has not been sacrificed in order to 
accomplish portability and ruggedness. Investigate the many 
advantages of Waterman POCKETSCOPES. 

RAKSCOPE® 

Abe 

-12 -B 

The S-12-B RAKSCOPE is a rack 
mounted, JANized version of the famous 
Waterman S-1 1-A POCKETSCOPE, with 
the addition of a triggered sweep and a 
special calibrating circuit for rapid 
frequency comparisons. The entire 
oscilloscope is built to occupy but seven 
inches when mounted in a standard 
relay rack. 

Because provisions are made for apply-
ing input signals from the rear, as well 
as the front, the S-12-B is the ideal 
combination, systems monitor and 
trouble-shooting oscilloscope. Investi-
gate the multiple applications of this 
instrument as an integral part of your 
own rack mounted apparatus. 

WATERMAN PRODUCTS CO., INC. 
Write for your 

complimentary subscription of 

"POCKETSCOOP" 

PHILADELPHIA 25, PENNA., U. S. A. 
CABLE ADDRESS, POKETSCOPE, PHILA. 

Manufacturers of POCKETSCOPES p RAKSCOPES p PULSESCUPESe and RAYONIC TUBES , 
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BOGART 
MANUFACTURING CORPORATION 

Producers of Microwave Equipment Since 1942 

TRAIN ROTATING JOINT 

The illustrated S-Band Rotary Joint is a waveguide to coaxial to 

waveguide structure employing doorknob transitions. 

The use of choke terminations for the inner conductor of the coaxial section, 

as well as doorknob transitions, ensures satisfactory operation at 

high powers without breakdown. This joint is characterized 

by a low VSWR (less than 1.04 over a 2% bandwidth) and freedom from 

resonances throughout its rotation of 360°. Similar rotary 

joints for elevation and cross-level purposes are 

available in various sizes of waveguide. 

Inquiries are cordially invited 

write to DEPT. RI 

.11M111.. 

BOGART 

risit us at the 

Radio Engineering Shoo, 

I. R. E Convention 

Grand Central Palace, N. Y. C. 

B007'H 4-126 

manufacturing corporation 
315 SIEGEL STREET BROOKLYN 6, NEW YORK 

SERVI NG THE ELECTRONIC INDUSTRY DESIGN • DEVELOPMENT • PRODUCTION 
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ABSOLUTE MAXIMUM RAT 

DIFFUSED JUNCTION RECTIFIER 

PEAR INVERSE VOLTAGE* 
(noIM) 

PEAR FOI  CURRENT 
*m1 

INOS • T-5.5 .0 • 

41A1A2 

200  

0.31 

4.161A1 

TOO 

0.47 

RESISTIV 

MIAS 

DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 

HERMETICALLY SEALED against deteriorating elements. Glass-to-metal 
seals throughout. 

MINIATURE SIZE to facilitate use in all electronic equipments, yet 

heat losses are dissipated efficiently. 

REDESIGNED to meet all military humidity tests and shock and vi-
bration requirements. 

HIGH OUTPUT VOLTAGE and improved back current characteristics. 

E WAD 

4DIM 

300 

0.25 

400 

1.57 

D.C. OUTPUT CURRENT* (Mc) 150 100 75 500 

D.C. SURGE CURRENT (mom) 

FULL LOAD VOLTAGE DROP 
IveI6 peek) 

FORWARD RESISTANCE AT 
FULL LOAD (nbmi) 

CONTINUOUS REVERSE 
WORKING VOLTAGE Slit D.C.) 

25 

0.5v 

1.1 

25 

0.5v 

1.5 

25 

0.5v 

1.9 

25 

0.7v 

0.5 

FREQUENCY Of OPERATION (At) 

30 

50 

65  

50 

STORAGE TEMPERATURE r 85 85 

100 

50 

85 

185 

50 

85 

•Typicol obrolute maainnint rulings. For other combinations 
refer to Fig. I.  

NEWS FROM OUR ADVANCED 

DEVELOPMENT LABORATORIES 

Developmental germanium 

rectifiers for the KW range 

have been made so efficient 

that the copper lead connec-

tions must be larger in cross 

sectional area than the diffused 

junction itself. 

p775 :k 
rx-
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Send for complete G-E Diffused 
Junction Rectifier Information: 

General Electric Company, Sec-
tion 5233 Electronics Park, 
Syracuse, New York. 

ELECTRIC 

AiSSOLVIF 41.4%/41UM RA17/165 
DIFINIE0 5iINC110/6 
611MANWIA ILICNIMILS 
TYPES JAIA - 5426 
RESIST! VI LOAD 
Trade 55Y- FRIO 60 CPS 

• . . 

— 

itée ace, ete 

—erdeseito " • 
AIWA« ate A C. 

MITE: TRI AIOVE RECTIFIERS *Jr or armorer AT ANY 
PEAR /AVM, VOL1464 - MAN Coeeevr POINT LOCA YOD . 
teLer THE CINIZACIIRISTIC OF ria PARTICULAR MODEL 
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LITTON INDUSTRIES NEWS 

ANOTHER ADDITION TO LITTON PLANT TO HELP 

MEET YOUR TUBE DEVELOPMENT AND PRODUCTION NEEDS 

Litton is now building a new addition to its vacuum 

tube plant at San Carlos, California. This expansion 

will approximately double tube development and 

manufacturing facilities and will allow expansion of 

our affiliate, Litton Engineering Laboratories, which 

has taken over the manufacture of glassworking 

lathes and other machine products. Like the plant 

completed last year, the new building has been de-

signed specifically for vacuum tube manufacture; it 

has similar reinforced concrete block walls with 

large glass-block panels for diffused daytime illumi-

nation. 

Included is complete environmental control of 

temperature, sound, light and air for optimum man-

ufacturing conditions. 

Increasing demand for Litton products has brought 

about this expansion, and we expect that the added 

capacity will provide greater volume and service to 

our friends in industry. 

1025 BRITTAN AVENUE • SAN CARLOS. CALIFORNIA • U.S A. 

LITTON MAGNETRONS 

Concurrent with plant ex-
pansion is a marked increase 
in the variety of pulse and 
CW magnetrons for radar, 
beacon and countermeasure 
equipment. It is quite pos-
sible that Litton Industries 
now has in production or de-
velopment the specific tube 
to meet your needs. 

Application of Litton design 
and processing criteria to all 
our tube types permits man-
ufacture of tubes that re-
quire no aging racks in the 
plant or in the field and have 
long shelf life with snap-on 
operation to full rated pow-
er output immediately after 
completion of the cathode 
warm-up period. 

2674 

Manufacturers 

of Vacuum Tubes and 

Accessory Equipment 
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SEE THE RESULT 
YEARS OF OFT 

Engineering Leadership 
PRECIIN SION  

HERMETICALLY SEALED TERMINALS 
°KU* 

eel  MULTIPLE HEAFERS, CTAL PLUG-INS, TERMINALS, COLOR 

CODED TERMINALS, END SEALS—for every electronic and elec-

trical application. 

CI'S., Ifteltatest,11 A warm welcome awaits you 
at BOOTH 2-314, I.R.E. SHOW and SUITE 1010, ROGER SMITH 

HOTEL (Just across from Grand Central Palace) BE RE TO 

VISIT BOTH E-I HEADQUARTERS! 

Hundreds of standard types— 

TEN YEARS of specialization in the 

manufacture of hermetically sealed ter-

minals, including the solution of some of 

the most difficult of terminal sealing pro 

lems, is one part of the record 

engineers. The other is the elopment 

ECTRICAL 

of hundr of economical, standard com-

pon s to provide a fast solution to 

• usual circuit requirements at a practical 

cost. For full information on the complete 

E-I line ask for the E-I File Folder includ-

ing new Bulletin 960. 

INDUSTRIES 
DIVISION OF AMPEREX ELECTRONIC CORP. 

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 

160 

agriy 

E-I • . . your Headquarters for Hermetically-Sealed Multiple Headers, 
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Sub-Miniature 
Pulse Transformer 
Designed for simplifying and miniaturizi 
short-pulse circuits, these new Triad su 
miniature transformers meet the contin 
ing demand for higher performance 
smaller packages. In many cases the 
meet existing circuit requirements —sa 
ing engineering time. In every case th 
save space and weight. Prices on type 
shown here on request. For special d 
signs, submit outline of contemplate 
circuit. 

actual 
size 

actua 
size 

actual 
size 

• type 20284 
rw, or fee n, 
types. Size: AO" Di 
x .56" 1.—Positi 
Hermetic Sealing 

Ambients up 
135°C—Pulse widt 

.15 to.65 microsecon 
—Rise time .0 

microseconds—Duty 
cycle .05 maximum 

type -±4- 20285 

winding types. Siz 
.50" Dia. x.68" I. 
Positive Hermeti 
Sealing—Ambien 
up to 135°C—Puls 

widths .35 to 1 
microseconds —Ris 

time .06 microsecond 
minimum—Duty cyc 

.05 maximu 

type #20086 

problems, thi 
Hermetic Sealed 

Miniature 3.windin 
pulse transformer 
designed for under 
chassis mounting 

using a single 8/3 
mounting stud and 

Triad Multiple Terminal 
Same electrically a 

type =2028 

Class H 
For severe 

these Sub-Miniatur 
Pulse transformers are 

constructed entirely 
of inorganic materia 
and impregnated wit 

k.  Silicone varnish fo 
duties in ambient 

\ up to 200° Centigrade. 
Same electricall 
as type =2028 

For information on other Triad 
transformers, write for Catalog TR-528 

TRANSFORMER MEG CO 
, . 

4055 Redwood Ave. • Venice, Calif, 

What to see at the Radio Engineering Show 
(Con(lauded ¡rant page 32A) 

Firm Booth miniature Toroidal Coil Winding Machine. 
Berlant Associates, Los Angeles 16, Calif. Tape Winding Machine for Toroidal Coils 

Theatre 3-304A and Cores. 
Magnetic Tape Recorders and Accessories 
"Concertone." 
Beta Electric Corp., New York 29, N.Y. 2-138 
lligh voltage power supplies, kilovolt 
meters. portable projection oscilloscopes. 
electronic microanimeters. 
Bird Electronic Corp., Cleveland H. Ohio. 2-410 
Ter=line coaxial line instruments "RR" 
Wattmeters RF wattmeters—coaxial 
switches—RF filters. 

Bliley Electric Company 
Erie, Pa. 

2-510 

Fused Quartz Ultrasonic Delay 
Lines, Quartz Crystal Units, 
Crystal Ovens, Frequency Stand-
ards and Crystal Oscillators. 

Boesch Mfg. Co., Inc., Danbury, Conn. 3-211 
Iligh Speed Toroidal Coil Winding ma-
chines featuring many improvements par-
ticularly single and multiple predetermin. 
ing electronic precisi ,,,, counters with 
direct count reading and remarkable wind-
ing speed and acceleration controls. Sub-

THIRD 

3-400 

3-304; 

>XV 

1101.0 SOU. 

:e•soe 

r--

5-tee 

L _ 

Bodnar Industries, Inc. 
New Rochelle, N.Y. 

4-708 
Plastic Lighting Plates (NIIL•P-7788) Test 
equipment. As approved by the National flu. 
reau nf Standards for cherking lighting ratios, 
lamp brightness. Gloss ratio, contrast and 
•urface endurance. Exhibit nf selected light• 
ing plates. illuminated. %id in layout, sire 
nomenclature and cost of panels and dials 
for the project engineer or louver. 

Bogart Mfg. Corp., 

Brooklyn 6, N.Y. 

4-126 

Microwave Transmission Com-
ponents and specialized elec-
tronic assemblies. 
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IMF 
New G-E Subminiature Metal-clad Capacitors with 
Permafil dielectric and silicone end seals provide excep-
tional ruggedness and service reliability. 

- , YEARS OF ELECTRICAL 
PROGRESS ,,e."" 

àdw4e"e". 

G.E. ANNOUNCES a new line of 
subminiature metal-clad capacitors 

with silicone end seals and a solid dielectric for 
operation from —55 C to +125 C without derating 

This new line of General Electric subminiature metal-
clad capacitors offers the designer and user of electronic 
equipment the utmost reliability under the severe oper-
ating conditions required of military equipment. G-E 
metal-clad capacitors are rugged units that provide 
the essential advantages of small size, no liquid leakage, 
and high insulation resistance. They also will withstand 
extreme temperature and humidity conditions. 

While these capacitors have been designed for applica-
tion in the temperature range from —55 C to +125 C 
without (knifing, they can, with proper derating, be 
operated up to +150 C. 
G-E subminiature metal-clad capacitors offer two im-

portant, exclusive features that insure outstanding per-
formance: 

• Solid dielectric —G.E.'s Permafil—to provide ex-
cellent electrical characteristics and to eliminate 
the possibility of leakage. 

• Silicone end seal for high shock resistance -both 
thermal and physical. 

G-E subminiature metal-clad capacitors meet all require-
ments of JAN-C-25 and the proposed MIL-C-25. They 
can be supplied in both tab and exposed foil designs 
depending upon your application requirements. 

Need Wax Replacement? If you are caught in the squeeze 
because of the recent elimination of characteristic J (wax) from 
the proposed MIL-C-25 specifications, you need not go to a larger 
capacitor (or continue to use an unacceptable product). See back 
page of this advertisement for information about a new line of 
G-E liquid-filled metal-clad capacitors. They're as small as the 
wax units, yet have superior life characteristics which make them 
a "natural" for military equipment. 

GENERAL ELECTRIC 
See next page for informative data on these new G-E capacitors le 



.047 MUF. 

PERMAFIL DIELECTRIC 

Solid, Can't Lea 

HERE'S WHY G-E SUBMINIATURE METAL-CLAD 
CAPACITORS GIVE SUPERIOR PERFORMANCE 
G-E subminiature metal-clad capacitors, designed 
for operation at +125 C without derating, provide 
the highest degree of service reliability. The use of 
Permafil (solid) dielectric and silicone end seals— 
G-E exclusives—provide advantages of major im-
portance. 

For more than two years, Permafil has proved its 
reliability in G-E capacitors used in electronic 
equipment such as aircraft engine control, airborne 
radio and radar communication equipment, ground 
radio communication equipment, and in Thyratron 
controls for B-36 and B-47 gun control. During this 
period, there has been no reported service failure of 
any G-E Permafil capacitor. 

Since Permafil is a solid, it eliminates the possi-
bility of leakage. Permafil also gives G-E metal-

GENERAL 

clad capacitors excellent electrical characteristics. 
Capacitance varies only 1 percent over the temper-
ature range from 0 C to +125 C and only 7 percent 
over the entire range from —55 C to +125 C. 

Silicone end seals provide exceptional resistance 
to both physical and thermal shocks. An added 
advantage is the fact that this seal will meet the 
moisture resistance tests of JAN-C-25 with d-c 
potential applied. 

Muf ratings of these new G-E metal-clad capacitors 
range from .001 to 1.0 muf in voltage ratings of 100, 
200, 400 and 600 volts d-c working. They can be 
operated at full voltage up to altitudes of 50,000 feet. 

Case sizes range from .235 inches in diameter and 
H inches in length to 1 inch diameter and 2% 
inches length. 

ELECTRIC 



GE SILICONE END SEAL 

L Solder right up to the case with new 
G-E silicone end seal no need to waste 

inch of valuable space because of 
danger of cracking glass. 

4. At +125 degrees cen-
tigrade, the capacitor con-
sistently maintains 100 per-
cent capacitance. 

SMALL SIZE of new G-E subminiature metal-clad capacitors is graphically 
shown here. The cut-away view at the far left, approximately 1,1/2 times 
actual size, illustrates the construction features of this new line. 

2. Withstands vibration and rough 

handling. This view shows a glass-
head-sealed capacitor and a silicone-
sealed capacitor being dropped. 

5. At —55 degrees centigrade, the 
subminiature G-E metal-clad capacitor 
with Permafil dielectric shows less than 
7 percent loss in capacitance. 

80 

3. Undamaged by dropping, the two 
capacitors are shown here - note that 
there are no cracks in the G-E silicone-
scaled unit. 

6. Capacitance vs. temperature is shown by this 
typical curve. G-E capacitors with Permafil die-
lectric have very little capacitance change through-
out the entire range from —55 C to +125 C. 

PERMAFIL 

-55 -40 -20 o 20 40 60 80 100 

TEMPERATURE IN DEGREES CENTIGRADE 

125 
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New G-E Pyranol* Metal-clad Capacitor averages 
20% smaller in size than a comparable oil-filled unit. 
It is as small as the subminiature wax unit, yet has 
superior life characteristics. 

PYRANOL 

ANNOUNCING also... a new line of G-E 
Pyranol metal-clad capacitors 
subminiature in size—inexpensive—for operation to +85 C 
This new line of G-E subminiature metal-clad capacitors 
with Pyranol dielectric equals its 125 C Permafil cousin 
for reliability and ruggedness. It is designed for operation 
from —55 C to +85 C without derating. 

Pyranol, long noted for its high dielectric strength 
and exceptional stability, has been used in G-E capaci-
tors for more than 20 years with excellent success. Now 
recently improved, Pyranol makes possible a small-size 
capacitor with extremely good life characteristics. 

This G-E metal-clad line also incorporates the silicone 
end seal for maximum resistance to shocks—both 
thermal and physical and thus permits soldering right 
up to the bushing without danger of damaging the seal. 

G-E Pyranol metal-clad capacitors can be supplied in 
either tab or exposed foil designs in ratings from .001 to 
1.0 muf in voltages of 100, 200, 400, and 600 volts d-c 
working. 

Delivery of G-E Subminiature Capacitors. While many 
sizes and voltage ratings of both the 125 C Permafil and 
the 85 C Pyranol metal-clad capacitors are available for 
immediate shipment, not all muf and voltage ratings are 

in stock. However, the full line of caLli t re of G-E 
metal-clad capacitor will be in —stock shipment" 
shortly. If your requirements demand the highest per-
formance standards for subminiature capacitors, check 
with your nearest G-E Apparatus Sales Office for exact 
delivery information. Or write to Section 442-4, General 
Electric Company, Schenectady 5, New York. 
*R,e, trademark of General Electric Company 
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Capacitance vs. Temperature is shown by this typical curve. G-E 
Pyranol subminiature metal-clad capacitors have only a small 
capacitance change through the entire range from —55 C to -T 85 C. 
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GENERAL ELECTRIC 
Ir For a remarkable demonstration of the ruggedness and reliability of these new G-E tapacilors,1 
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PLENTY! HERMETIC is now actively engaged in the develop-
ment of hermetic seals for both point contact and junction 
transistors. These are being designed for plug applications, 
feed-through connections, fuse-type mounts, etc. Typical of 
other HERMETIC innovations, they will be noted for accuracy, 
sub-sub-miniature designs and a variety of shapes and flanges 
to fit every form of housing. In addition, it will be possible to 
use these new hermetic seals for both single and double mount. 

WRITE for information and assistance concerning your own 
transistor problems. Please submit sketches indicating mounts, 
limiting dimensions, number and size of contacts and any 
other applicable specifications. 

HERMETIC's 32-page catalog is also available with a wealth 
of data on hermetic seals. Your copy is free! 

PRODUt... 
33 South Sixth St., Newark Y, New Jersey 

FIRST AND FOREMOST IN MINIATURIZATION 

. arc I, :).3 
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A DUAL IR TUBE 

Each section of the BL27 is electrically similar to Type 1B63A. The 

two sections have a common wave guide wall and a common gas fill. 

Used with short-slot hybrids, the B127 provides a highly compact 

duplexer of utmost simplicity, with excellent performance over the 

band of 8500-9600. mc. with respect to both transmission and recep-

tion characteristics. 

For additional information 

write for Technical 

Bulletin T-19. 

'Proceedings I.R.E. February, 1952, Page 180 
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IT'S POMCIC FOR GAS SWITCHING TUBES 
TR, AIR, PRE -IR, HYDROGEN THYRATRONS 

CRYSTALS AND MICROWAVE COMPONENTS 

BOMAC LABORATORIES, INC. BEVERLY, MASS. 

VISIT 
BOOTH 
4-907 
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ONLY THE LFE 401 OSCILLOSCOPE 

Offers all these 
• Important Features 

HIGH SENSITIVITY AND WIDE 

FREQUENCY RESPONSE 

OF Y-AXIS AMPLIFIER 

The vertical amplifier of the 401 pro-
vides uniform frequency response 
and high sensitivity from D-C. 
Coupled with a sensitivity of 15 
Mv. cm peak to peak at both D-C 
and A-C is a response characteristic 
which is 3 db. down at 10 Mc. and 
12 db. at 20 Mc. Alignment of the 
amplifier is for best transient re-
sponse, resulting in no overshoot for 
pulses of short duration and fast rise 
time. An example of the wide band 
response of the amplifier is shown 
in the accompanying photographs. 

37.5 Mv., 0.244 sec w.slth, Leesec sweep full scslie 

75 Mv., 0.2.44.sec width, I.Acsec sweep full scale 

TRIGGER GENERATOR with variable repetition rate 
from 500 to 5000 cps. 

POSITIVE & NEGATIVE UNDELAYED TRIGGERS and a 
POSITIVE DELAYED TRIGGER are externally available. 

Sweep-0.4 44 sec/cm 

30 Mc Pulsed I.F. 2.44.sec long, 10 Kc Rep. rate "MIMI 

Sweep- 0.144 sec/cm Pulse Center Expanded 

LINEARITY OF VERTICAL 
DEFLECTION The vertical amplifier 
provides up to 2.5 inches positive or 
negative uni -polar deflection without 
serious compression; at 3 inches, the 
compression is approximately 15%. 
The accompanying photographs il-
lustrate transient response and line-
arity of deflection. 

SWEEP DELAY The accurately 
calibrated delay of the 401 provides 
means for measuring pulse widths, 
time intervals between pulses, accu-
rately calibrating sweeps and other 
useful applications wherein accurate 
time measurements are required. 
The absolute value of delay is accu-

rate to within 1% of the full scale 
calibration.The incremental accuracy 
is good to within 0.1', of full scale 
calibration. 

Additional Features: 
An INPUT TERMINATION SWITCH for terminat-

ing transmission lines at the oscilloscope. 

A FOLDING STAND for convenient viewing. 

FUNCTIONALLY COLORED KNOBS for easier 
location of controls. 

Booth 4 -105 New York IRE Show 

SPECIFICATIONS 

Y-Axis 

Deflection Sens. —15 Mv./cm, p-p 
Frequency Response—DC to 10 Mc 
Transient Response —Rise Time 

0.035 » sec 
Signal Delay-1).25 µ sec 
Input line terminations — 52, 72 or 
93 ohms, or no termination 

Input Imp.— Direct —1 megohm, 
30 et u f 

Probe-10 megohms, 
10 e4i f 

X-Axis 

Sweep Range —0.01 sec/cm to 0.1 
sec/cm 

Delay Sweep Range-5-5000 et sec 
in three adjustable ranges. 

Triggers — Internal or External, 
+ and —, trigger generator, 
or 60 cycles, undelayed or 
delayed triggers may be used. 

Built-in trigger generator with repe-
tition rate from 500-5000 cps. 

General  

Low Capacity probe 

Functionally colored control knobs 

Folding stand for better viewing 

Adjustable scale lighting 

Facilities for mounting cameras 

PRICE: $895.00 

Designed and built for electronic engineers, the 401. 
with its high gain and wide band characteristics, and 
its versatility, satisfies the ever-increasing require-
ments of the rapidly growing electronics industry for 

the ideal medium priced oscilloscope. 

LABORATORY for ELECTRONICS, INC. 
75 PITTS STREET • BOSTON 14, MASS. 

PRECISION ELECTRONIC EQUIPMENT • OSCILLOSCOPES • MAGNETOMETERS • COMPUTERS • MICROWAVE OSCILLATORS • MERCURY DELAY LINES 
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Why the Mallory UHF Tuner 
Should be Part of Your New TV Plans 

The Mallory UHF Tuner can be the complete answer to your UHF tuning 
problems ... whether you build converters, all-channel receivers, or both. 
It consists of three sections of variable inductance. It covers the range 
between 470 and 890 megacycles with approximately 2 mf of shunt capacity. 
Selectivity is excellent over the entire band. 

No matter how you decide to handle the problem of UHF reception, it will 
pay you to investigate the various possibilities offered by the Mallory UHF 
Tuner. One of the following combinations is the answer to your requirements... 

FOR CONVERTERS... 

• Mallory UHF Tuning element for manufacturers 
building their own converters. 

• Mallory UHF Converter chassis ... ready to 
mount in your cabinet. 

• Complete Mallory UHF Converter with your 
brand label. 

FOR RECEIVERS... 

UHF Tuners, for use in combination with VHF 
tuners, are available in 3 different designs... each 
in 3 different stages of assembly: (1) To convert 
UHF signals to 82 megacycles on channels 5 or 6. 
(2) To convert UHF signals to 130 megacycles. 
(3) For operation into a 41 megacycle IF amplifier. 

• Mallory UHF tuning element. 

• Mallory RF assemblies. This includes the tuner, 
oscillator, tube, crystal and associated circuitry. 

• Mallory RF assemblies with an IF amplifier 
operating at conversion frequency. 

Get in touch with us regarding the Mallory UHF 
Tuner. We will be glad to work with you ... see 
how these various possibilities can be fitted into 
your plans for UHF television. Write today. 

Television Tuners, Special Switches, Controls and Resistors 

MALLORY 
P. R. MALLORY & CO..Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical —Resistors • Switches • Television Tuners • Vibrators 

Electrochemical—Capacitors • Rectifiers • Mercury Dry Batteries 
Metallurgical —Contacts•SpecialMetals and Ceramics •Welding Materials 

P. R. MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 
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Centralab Model 2 EXPRESS keeps you 
ahead on AM-FM-TV 

Typical Model 2 Radiehm control — 
only 15/16" dia., rated at 1/2 watt. Three 
basic switch ratings available 5, 8 and 
1 amp, plus 8 switch combinations for 
real flexibility in application and de-
sign. Check No. 42-85 in coupon for 
more data. 

Model 1 Radiohm miniature control, 
rated 1/10 y att — plain and switch 
types. World's smallest volume control! 
Ideal for hearing aids, other miniature 
uses. New high-torque control now 
available — stands vibration to 3.0 
ounce-inches. Check No. 42-158. 

Newly ced Compentrel combines 
volume control and Printed Electronic 
Circuit. Equalizes bass and treble re-
sponse at low volume. Furnished in L/2 
or 1 meg—plain or switch types. Check 
No. 42-182 in coupon for more details. 

Quick delivery plus these 

features make the Model 2 

the control for you! 
• resistance range: 1/2 megohm 

and 1 megohm ± 30% 
• taper: Audio, Centralab C2 
• wattage rating: }12 watt 
• voltage rating: Tested to with-

stand 1000 volts rms 
• marking: Control stamped with 

Centralab part number, resist-
ance and taper; shaft stamped 
with shaft number (Except 
Number 1) 

• bushing: .'t" long from mount-
ing surface. 3/8" 32 NEF thd. 

• switch: Single-pole, single-
throw, rated S amps at 125 
volts a-c. UNDERWRITERS 
APPROVED. 

• how to order: Specify Centralab 
Express radiohm, maximum re-
sistance desired (either 1, or 
1 meg.) shaft length desired by 
number and/or length FMS. 
Specify quantity. 

You can always count on Centralab's wide 
variety of standard and custom controls to meet 
commercial and government requirements 

newest — the Model 2 Express — is ideal for the manu-
‘.....i facturer needing controls on extremely short notice. Unique time-saving 
feature simplifies shaft assembly requirements — control shaft fits all standard 
RTMA split-knurled and certain spring-type push-in knobs. 

Shafts and controls are carried in stock at our plant. When your order is 
received, desired shafts are staked directly to controls. Control assembly 
arrives in your plant in just a few days! To help you plan, Centralab will even 
tell you approximate delivery time in hours, from the date your order is received. 
The new Express is available in two values: 1/2 megohm and 1 megohm, 

audio taper (C2) with SPST a-c line switch. These two values meet 75% of 
requirements for switch-type controls. Flat shafts are stocked separately in 
14 lengths ranging from 7/8" from mounting surface to 21/2" fms in incre-
ments of 1/8". For complete details check No. 42-163 in coupon. 

Cèn 
Other famous Centralab plain or 
switch-type controls — standard 
or custom designs — with plain 
or dual concentric shafts are 
shown at left. They meet today's 
demand for smaller size, extra 
quality. Check coupon for more 
details. Manufacturer's samples 
on all controls on request. 
MILITARY TYPES. If you use 
types RV2A or RV2B, Model 2 
variable resistors on your next 
military order — there s no con-
tractual approval or waiver re-
quired. They meet JAN-R-94. 
characteristic U requirements. 

ab A Division of Globe-Union Inc. 
Milwaukee 1, Wis. 

In Canada, 635 Queen Street East, Toronto, Ontario 

CENTRALAB Div. Globe-Union Inc. 
920 East Keefe A , Milwaukee 1, Wisconsin 
D No. 42-85; D 42-159; 10 42-182; D 42-163. Please send the 
bulletins I've checked. ID I'd also like a copy of Centralab's new 
Catalog No. 28, listing more than 470 new items for the fast-chang-
ing electronic field. 
Name Position  

Company  

Address  

City  Zone. State.. 
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CORPORATION 

,ksee CALIFORNIA 6f 

EL SEGUNDO 

TYPE U SERIES 

jt 

TYPE 1U1 
Output 20V - 1.5 ma 
Specifications at 45° C 

Max. Reverse Current 27 na at 26V 
Rated Forward Current  1.5 ma. 
Shunt Capacitance at 100Kc.. 0.00014 fit 

Maximum Ratings 
Peak Inverse Voltage . 60 volts 
Max. Average Rectified Current. . 1.5 ma 
Peak Rectified Current 20 ma 
Max. Surge Current ( 1 sec)  80 ma 
Ambient Temp. Range.. —50 to 100° C 
Max. RMS Applied Voltage. .26 volts 
Max. RMS Input Current 3.75 ma 
Max. DC Output Voltage 20 volts 
Voltage Drop at Full Load I volt 
Reverse Current at 10 V RMS ..  2.4 na 
Frequency, Max.   100 Kc 

Also available in 2, 3 and 4-cell Diodes. 
WRITE FOR BULLETIN SD-1 

TYPE 1T1 
Output 20V - 200 na 
Specifications at 45° C 

Max. Reverse Current. .. .6.0 Ida at 26V 
Rated Forward Current 200 na 
Shunt Capacitance at 200 KC . 0.000057 uf 

Maximum Ratings 
Peak Inverse Voltage 60 volts 
Max. Average Rectified Current . 200 Ida 
Peak Rectified Current 2.6 ma 
Max. Surge Current ( 1 sec)   10 ma 
Ambient Temp. Range.. —50 to 100° C 
Max. RMS Applied Voltage. ... 26 volts 
Max. RMS Input Current 500 na 
Max. DC Output Voltage 20 volts 
Voltage Drop at Full Load 1 volt 
Reverse Current at 10 V RMS.  0.6 na 
Frequency, Max.  200 Kc 

Also available in 2-cell Diodes. 

TYPE T SERIES 

# 

e 

• 

FiNTERNATIONAL RECTIFIER] . 
OR P OR A T 10 

General Offices: 1521 E. Grand Ave., El Segundo, Calif. • Phone: El Segundo 1890 

Chicago Branch Office: 205 West Wacker Drive • Phone: Franklin 2-3889 

New York Branch Office: 12 West 32nd Street, N. Y.1 • Phone: Chickering 4-0017 
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You'll Find the 
Right Protection 
Every Time When 
You Look to 

1J FOR FUSES 
A COMPLETE LINE FOR TELEVISION • RADIO • RADAR 
INSTRUMENTS • CONTROLS • AVIONICS 

For almost four decades, BUSS 
has specialized in the production of fuses that 
are unexcelled for dependability and quality. 
Today, this experience and forward-looking 
BUSS research combine to give you the most 
complete line of fuses for modern needs. 

Your added assurance of BUSS dependa-
bility is the rigid testing every fuse must under-
go. Sensitive electronic testing devices check 
BUSS fuses for proper construction, correct 
calibration and accurate physical demensions. 

Turn To BUSS Engineers With Your 
Fuse Problems. 
They will be glad to assist you in selecting 

the fuse to do the job best... and if 
possible a fuse that will be available from 
local wholesaler's stocks. 

ob. If your protection problem is still in the 
engineering state, tell us current, voltage, load 
characteristics etc. 

BUSSMANN Mfg. CO.. Division McGraw Electric Company 

University at Jefferson, St. Louis 7, Missouri 

PROCEEDINGS OF THE I.R.E. March, 1953 

and A COMPLETE LINE OF FUSE CLIPS, 
BLOCKS AND HOLDERS 

1131111M UZI BB 

BUSSMANN Mfg. Co. (Division of McGraw Electric Co.) 
University at Jefferson, St. Louis 7, Mo. 

Please send me bulletin SFB containing facts on 
BUSS small dimension fuses and fuse holders. 

Name  

Title  

Company  

Address  

City & Zone  State IRE-353 
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CUP CORES 

El CORES 
TUNING CORES 
TUNING SLUGS 

TOROIDS 

SPLIT RINGS 

"C'' CORES 

"U" CORES 
TV COMPONENTS 

ANTENNA RODS 

— IF YOU NEED ENGI-
NEERING ASSISTANCE 
ON SPECIFIC PROBLEMS 
The General Ceramics tech-
nical staff will be happy to 
consult with you. Just call or 
write Sales Engineer, Ferra-
mics Division. 

GENERAL 
1,11.101 OOOOO Moe. 

SOFT MAGNETIC 

Cler 
efr- eoe yi e C • pot 'ea e teaddemee 7re-

HIGH PERMEABILITY 
LOW LOSS FACTOR 
HIGH EFFICIENCY 
LIGHT WEIGHT - 

çr„ 

Ferramics offer many outstanding advantages. These widely 
adopted magnetic core materials have reduced assembly 
time by eliminating laminations in inductive components, 
cut costs and reduced space requirements by replacing tubes 
in digital computers, and revolutionized microwave trans-
mission design by use of gyrator effect. Ferramics have 
improved designs in numerous other equipments, and have 
resulted in the development of basically new techniques in 
still others. Current research indicates still greater gains to 
come. The complete story on Ferramics 
is available without obligation. 
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GENERAL 

CERAMICS and STEATITE CORP. 
Perth Amboy 4-5100   

OFFICES and PLANT: KEASBEY, NEW JERSEY iMAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE AND FERRAMIC MAGNETIC CORES 
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Riwe 
are Rated at 1000 Working Volts 

Modern Engineering Requires This 

"HEAVY DUTY" CERAMIC CAPACITOR 

The heavier ceramic dielectric element made by an 

entirely new process provides the necessary safety fac-

tor required for line to ground applications or any 

application where a steady high voltage condition may 

occur. Designed to withstand constant 1000 V. A.C. 

service. 
It is wise to specify RMC "HEAVY DUTY" by-pass 

DISCAPS throughout the entire chassis because they 

cost no more than ordinary lighter constructed units. 

Specify them too, for your own peace of mind, with 

the knowledge that they can "take it." And if you want 

proof — request samples. 

"Rt&C DISCAPS' 
The Right Way to Say 

Ceramic Condensers 

DISCAP 

CERAMIC 

CONDENSERS 

‘ie 
A New Development from the 

RMC Technical Ceramic Laboratories 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

DISTRIBUTORS: Contact Jobber Sales Co.. 146 Broadway, Paterson 1, N. J. 
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POWER 
ir.;171 

Miniature Pac age 

ALO 
Miniature Power Resistors 
WIRE WOUND-SILICONE 

COATED RESISTORS 
Complete welded construction from ter-
minal to terminal. Temperature coeffi-
cient 0.00002/deg. C. Ranges from 0.1 
Ohm to 55,000 Ohms, depending on Type. 
Tolerance 0.05%, 0.1%, 0.25%, 0.5%. 1%, 
3%, 5%. 

RH TYPE 
Avai able in 25, 50 and 250 watt sizes. 
Silicone sealed in die-cast, black anodized 
radiator finned housing for maximum 
heat dissipation. 

Available in 2 watt, 5 watt, and 10 watt 
sizes. Silicone sealed offering maximum 
resistance to abrasion, high thermal con-
ductivity and high di-electric strength. 

DEPOSITED CARBON RESISTORS 

Dalohm precision deposited carbon re-
sistors offer the best in accuracy, stabil-
ity, dependable performance and econ-
omy. Available in 1/2 watt, 1 watt and 2 
watt sizes. 

Carefully crafted in every respect. Dal-
ohm resistors are true power in miniature 
—provide the an.%%er to thomi .1).1( e prob-
lema. 

rilto, wire or phone Go 
sk„ 1302 28th Ave., 
ittbu Nebr. tot •rice 

Evidence of Excellence 

in SHEET METAL 
FABRICATION 

SEE US AT 

BOOTH 4-130 
IRE SHOW 

And what's more essential to quality in 

your sheet metal fabrications than ex-

treme attention to detail? From your 

drawings or instructions, to the com-

pleted part, nothing escapes our critical, 

detail-inspection. It's extra time we 

willingly spend to assure you complete 

satisfaction. Stop by and see us at the 

show. We'll have some interesting ex-

amples of our work to show you. 

Aluminum Spot Welding • Heliarc Aluminum Welding 

MANUFACTURERS 
Special Steel Equipment 
Metal Coses — Cabinets 

CONTRACTORS 
Sheet Metal 

Building Products 

VENTILATION, 
AIR CONDITIONING 

• REPRESENTATIVES • 
Frank W. Taylor Co. 

P.O. Box 316, DeWitt, N.Y. 

Kenneth E. Hughes Co. 
17 W. 60th St., New York 23 

Paul R. Sturgeon 
25 Huntington Ave., Boston 16 

Samuel K. Macdonald, Inc. 
1531 Spruce St., Philadelphia 2 

William E. McFadden 
150 E. Broad St., Columbus IS, Ohio 

THE 
RIESTER & THESMACHER 

COMPANY 
1526 W. 25TH ST. CHERRY l• 0154 

CLEVELAND, OHIO 
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above 
"PECA" Series 
Photo-Electric 

Control 
Factory-set to turn lights on at 35 
f.c.; off at 58 f.c. as specified by 
CAA. Low-loss circuit insulation. 
High-wattage industrial type re-
sistors. Tube ratings well over oper-
ational requirements. Fail-Safe: if 
any parts fail in service, lights au-
tomatically turn on. Models for all 
load capacities. 

Sold only through jobbers 
and Tower Manufacturers. 

Send for FREE Catalog 
Write on your 
letterhead for 
new, detailed 
catalog. We will 
also send you 
the name of 
your nearest H 
& P distributor. 

COMPLETE KITS FOR 

TOWER LIGHTING 

Backed by years of leadership, H & P lighting equipment 

is today the accepted standard throughout the world. Many 

exclusive features assure easy installation, low maintenance 

costs ... dependable operation under all climatic conditions. 

Everything Needed for any Tower, 150 to 900 feet! 

H & P Complete Tower Lighting Kits include every item essential to 

the completed installation — every bolt and fitting ... H & P Complete 

Lighting Kits, in today's critical market, will save you on purchasing, 

erection, and completion time... The H & P 300 MM Code Beacon 

(shown left) has 10 exclusive features, is CAA approved. 

Single and double 
Obstruction Lights 
below 
Bases ruggedly constructed of heavy 
aluminum alloy castings. Precision ma-
chining insures proper light center when 
used with specified lamp. Prismatic 
globes meet CAA light specifications. 
Relamping accomplished without remov-
ing prismatic globes. Mounting base de-
signed for standard A-21 traffic signal 
lamps. 

lighting for Airports, Bridges, Towers, 
Buildings and all obstructions 

hazardous to air commerce. 

above SF-30-11 
Mercury Code 
Flasher 
Models available for any loads. 
Compact, spray-tight and drip-
proof cast aluminum housing mount-
able on vertical OR horizontal 
member. Heavy-duty, self-starting, 
constant-speed synchronous timing 
motor is unaffected by extreme 
temperature and voltage ambients. 
Positive-acting ELECTRONIC fail-
safe circuit guards against failure 
of ANY component. 

Complete Kits for CAA specifications A-1 to A-5 towers include 
every item essential for complete tower lighting installation. 

HUGHEY it PHILLIPS 
TOWER LIGHTING DIVISION 
60 East 42nd Street • New York 17, N. Y. 

Head Office • Encino, California 
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Pleeefee Machlett Contribution Toward Better, 

More Reliable Tubes for Industrial Service 

ML-6257 is the latest addition to Machlett's 

line of tubes specially designed and proceâsed 
for use in electronic heating equipment. It ful-
fills a long standing requirement for a long life 
tube which can safely provide 3 lay of heater 
output with reliability and economy. 

ML-6257—with its companion tubes ML-6256 
and ML-6258—makes available design and per-
formance characteristics which provide a higher 
standard of value for all applications—including 

AM, FM & TV broadcasting. 

ML-6257 is rated 5 kw plate dissipation with 

cooling provided through an integral anode 

water jacket. Type ML-6256 with the same rat-
ings uses the Machlett automatic seal water 

jacket. Type ML-6258 designed for forced-air 
cooling is rated at 3 kw plate dissipation. 

Phone, wire or write for more information— 
Machlett Field Engineers will be glad to assist 

in any tube application problem. 

RATINGS AND CHARACTERISTICS 

Electrical Data—General 

Filament voltage  12.6 Volts 

Filament current  27 Amp, 

Amplification Factor   21 • 

Interelectrode Capacitances: 

Grid-Plate   20 uuf 

Grid-Filament  22 uní 

Plate-Filament   0.7 uuf 

Maximum Ratings—Class C Telegraphy 

(Key down conditions per tube 
without modulation) 

D-C Plate Voltage   5500 Volts 

D-C Grid Voltage —1500 Volts 

D-C Plate Current   1.5 Amps 
D-C Grid Current   .22 Amp 
Plate Input  7 kW 
Plate Dissipation   5 kW 

Machlett Industrial and Broadcast Tubes will be exhibited 
at the 1953 I.R.E. Show, Booths 1-116 and 1-117 

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE 

MACHLETT LABORATORIES, INC., SPRINGDALE, CONNECTICUT 
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Industrial Engineering 
Notes' 

BRITISH RADIO PARTS SHOW 
The tenth annual private exhibition of 

British components, tubes, and test gear 
for the radio, electronic, and telecommuni-
cations industries is scheduled to be held 
in the Great Hall, Grosvenor House, Park 
Lane, London, on April 14-16, 1953. Over 
100 firms will participate in the exhibition 
which is designed to acquaint manufac-
turers and engineers with the latest ad-
vances in the design and development of 
British radio, electronic and telecom-
munications components, tubes, and test 
instruments. 

AUDIO FAIR AND EXHIBITION SLATED 

The Audio Fair in Chicago, Ill., will 
be combined with the 1953 International 
Sight and Sound Exposition to be held 
at the Palmer House, September 1-3, 1953. 

The combined International Sight and 
Sound Exposition and Audio Fair, the 
only public high-fidelity audio-video show 
to be held in the midwest in 1953, is ex-
pected to attract more than 20,000 persons 
during its three-day public and trade dis-
play of leading American and foreign 
equipment. 

SPRAGUE NAMED UNDER SECRETARY 

R. C. Sprague, formerly chairman of 
the board of directors and president of 
RTMA and long a leader in the electronics 
industry, has been chosen as Under Secre-
tary of the Air Force in the Eisenhower 
Administration. 

Mr. Sprague succeeds R. L. Gilpatric 
and will serve under Secretary of the Air 
Force, H. E. Talbott. Both appointments 
were subject to Senate confirmation. 

As Under Secretary of the Air Force, 
Mr. Sprague is in a highly important posi-
tion in the Department of Defense and is 
the outstanding authority on electronics 
production for the Armed Services among 
the top civilian administrators of the De-
fense Department. 

It is understood Mr. Sprague reor-
ganized the Sprague Electric Company, of 
which he was founder and president, in 
order to accept the governmental appoint-
ment, and he has resigned as an RTMA 
director to free himself of all organized in-

. dustry affiliations. 

TECHNICAL AND RESEARCH NEWS 
The Civil Aeronautics Administration 

has announced the release of a study on its 
newest air navigation device—the Dis-
tance Measuring Equipment (DME). The 
equipment works on principles somewhat 
similar to radar, and some 400 DME 
ground stations, called transponders, now 
are being installed by the CAA along the 
airways. The CAA study, called "DME at 
Work" is available from the CAA, and 
will be distributed to persons with a' 
direct interest in the operational and engi-
neering features of DME. The study de-

b (Continued on page 78) 

The data on which these NOTES are based were 
selected by permission from Industry Reports, issues 
of December 31, 1952, January 9. January 16. Janu-
ary 23. 1953, published by the Radio-Television 
Manufacturers Association, whose co-operation is 
gratefully acknowledged. 
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The meters illustrated represent only the wide variety of 
Simpson panel meters and do not constitute the complete 
line—largest available from any single source. For 
complete listings, data and prices write Simpson 
Electric Company, 5200 West Kinzie, Chicago 44. For 
laboratory use and small quantities see your Jobber. • 
In Canada, Buch•Simpson, Ltd., London, Ont. 

dozen reasons why 

are known the world over 

Accuracy keeps the wheels 
of Industry turning—makes Simpson 

the world's largest instrument manufacturer. 



RECORDS 6 VARIABLES AT ONCE 

with Brush Oscillograph 

THIS Electronic Analog Computer, developed and manufactured 
by the Boeing Airplane Company, permits engineers to explore 

problems in all their variations at one time. Hours of laborious 
calculations are eliminated. 

With the use of the Brush six-channel Oscillograph, results from as 
many as six different computations are recorded simultaneously. 
Plotting of results is not necessary, since the Brush Oscillograph pro-
vides permanent chart records —immediately! Boeing uses Brush Re-
corders extensively in their analog computer activities and indicates 
that their experience with this equipment has been very satisfactory. 

Investigate Brush Recording Analyzers for your studies . . . in the 
laboratory, on the test floor, in the field. Expert technical assistance 
from Brush representatives located throughout the U.S. In Canada: 
A. C. Wickman, Limited, Toronto. For bulletin write Brush Elec-
tronics Company, Dept. F-3, 3405 Perkins Ave., Cleveland 14, Ohio. 

Visit Brush Booth 1-810 at I.R.E. Show 

BRUSH ELECTRONICS 
ELECTRONIC INSTRUMENTS FOR INDUSTRY 

PIEZOELECTRIC MATERIALS • ACOUSTIC DEVICES 

ULTRASONIC EQUIPMENT • TAPE RECORDERS 

RECORDING EQUIPMENT 
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ELECTRONICS 

COMPANY 
formerly 

The Brush DeveloPment Co. 
Brush Electronics ComPany 

is an operating unit of 
Clevitc Corporation 

Industrial Engineering 
Notes 

(Continued from page 77A) 

scribes a series of flight tests and demon-
strations which show the advantages DM E 
offers to airline operators, military avia-
tion, executive pilots and others.... In-
creased accuracy in an analogue computer 
for the Laplacian equation has been pro-
duced by the National Bureau of Stand-
ards. The electrolytic tank used in most 
analogue computers for the Laplacian 
equation, has been replaced in the NBS 
device by a fine network of resistors. Built 
under the direction of L. Marton of the 
NBS Electron Physics Laboratory, the 
new resistance analogue computer is pat-
terned after a unit developed by G. Lieb-
man, but the accuracy of the device re-
portedly has been increased by improve-
ments and modifications of the original 
design. Details on the resistance network 
analogue computer appeared in the NBS 
Technical News Bulletin for February, 
1953.. . . An improved type of short-wave 
antenna is described in a government re-
search report made available by the Office 
of Technical Services, U. S. Department of 
Commerce. The new type antenna con-
tains a coaxial cable in which the inside 
central rod is made to extend beyond the 
outside cylinder which forms an effective 
"sleeve." OTS says the antenna arrange-
ment is simple and rugged and is struc-
turally more desirable than the widely-
used, conventional dipole arrangement. 
The report, PB 107274, "The Sleeve An-
tenna," is available from the Library of 
Congress on microfilm at $5.75 and 
photostat, $18.75. Orders should be ad-
dressed to Library of Congress, Photo-
duplication Service, Publication Board 
Project, Washington 25, D. C.... The 
OTS also has released a research report on 
ways to build electronic aircraft equip-
ment so as to eliminate operational dis-
turbances. The report is based on the find-
ings of an Air Force survey of sources of 
interference and static and the techniques 
for suppressing these disturbances. It is 
designed as a guidebook, for both elec-
tronic equipment and aircraft builders. 
Copies of the report, PB 111051, "Design 
Techniques for Interference-Free Opera-
tion of Airborne Electronic Equipment," 
may be obtained in mimeograph for 
$11.50. Orders should be addressed to the 
Office of Technical Services, U. S. Depart-
ment of Commerce, Washington 25, D. C. 

FCC AcnoNs 
The Federal Communications Com-

mission has finalized, with certain changes, 
its proposed rule making of April 17, 1952, 
with respect to Part 12, Rules Governing 
the Amateur Radio Service, so as (1) to 
provide for use of radiotelephone emissions 
in the 72-7,300-kc segment of the 7-mc 
amateur frequency band, (2) to enable 
Novice Class amateur operators to use the 
7,175-7,200-kc portion of the 7-mc amateur 
bands, (3) to establish standards for 
amateur radio teleprinter operation, (4) to 
open up the nonradiotelephone segments 
of the 3.5, 7, and 14-mc amateur bands to 
F-1 (frequency-shift telegraphy) emission 

(Continued on page 79A) 
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(Continued from page 78A) 

and (5) to clarify requirements for the 
transmission of amateur call signs, includ-
ing teleprinter operation. The changes 
were effective February 20, 1953. By 
separate Report and Order, the Commis-
sion finalized its proposal of April 17, 
1952, amending Part 12 to permit the 
General and Conditional Class of amateur 
operators the use of the bands 3,800-4,000 
kc and 14,200-14,300 kc for radiotelephone 
emissions, effective February 18, 1953. . . . 
The FCC has amended Sections 8.104 and 
8.105 of its rules regarding certain fre-
quencies in the Maritime Mobile Service. 
The amendments were effective February 
16, 1953. The requirements of Section 
8.104 concern the rapidity of changing 
from one operating channel to another 
during transmission or reception by ship 
stations using telegraphy in the band 
2,065 to 2,107 kc, and on specific fre-
quencies in the bands between 4,000 and 
23,000 kc, authorized by international 
agreement. In addition, the FCC amended 
the section to indicate more precisely the 
band of frequencies affected by the rule. 
Copies of the amendments (Mimeograph 
No. 84766) may be obtained from the 
Office of Information, Federal Com-
munications Commission, Washington 25, 
D. C. . . . The eighteenth Annual Report 
of the Federal Communications Commis-
sion covering the fiscal year 1952, which 
ended June 30, shows that the number of 
radio authorizations issued passed the one 
million mark for the first time during the 
year. The Annual Report was submitted 
to Congress by chairman P. A. Walker. 
The FCC report pointed out that there 
now are 45 times more nonbroadcast sta-
tions than there are broadcast stations. In 
other words, more than 200,000 radio 
authorizations are held by public agencies 
and by private industry and individuals as 
compared with less than 5,000 stations 
engaged in program broadcasting. The 
broadcast figure includes about 1,200 
pickup and studio-transmitter links. The 
nonbroadcast figures, on the other hand, 
do not indicate the actual number of 
transmitters involved, since a single au-
thorization—as in the case of a police or 
fire department, railroad, taxicab com-
pany, etc.—can cover many portable or 
mobile transmitters. Most of the non-
broadcast radio stations are grouped in the 
Safety and Special Radio Services. Their 
more than 212,000 authorizations repre-
sent the use of nearly 540,000 transmitters 
and constitute the largest number of radio 
stations licensed by the Commission. The 
safety group, with nearly 80,000 authoriza-
tions, covers the use of nearly 190,000 
transmitters in the following fields: Aero-
nautical (42,000 transmitters), Marine 
(35,000), Police (81,000), Fire (11,000), 
Forestry-Conservation (14,000), Highway 

e Maintenance (4,200), Special Emergency 
(1,900), and State Guard (140). The in-

, dustrial group, with nearly 14,000 au-
thorizations, covers the use of more than 
90,000 transmitters by the Power (51,000), 

(Continued on page 86A) 
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THE SIMPSON MODEL 260 

VOLT-OHM-MILLIAMMETER 

outsells all others combined 

because .. . 
A covers all ranges necessary for Radio and TV set testing 
g includes the Simpson 50 Microampere Meter Movement 
known the world over for its ruggedness 

c -no bulky harness wiring, thus eliminating all intercircuit 
leakage at this high sensitivity 
molded recesses for resistors, batteries, etc. 

E easy battery replacement 

• all components — including case and panels — are specially 
designed and completely tooled for maximum utility . . . 
not merely assembled from stock parts 

ranges 20,000 Ohms per Volt DC, 
1,000 Ohms per Volt AC 
Volts, AC and DC: 2.5, 10, 50, 
250, 1000, 5000 
Output: 2.5, 10, 50, 250, 1000 
Milliamperes, DC: 10, 100, 500 
Microamperes, DC: 100 
Amperes, DC: 10 
Decibels (5 ranges): 
— 12 to +55 DB 
Ohms: 0-2000 (12 ohms 
center), 0-200,000 (1200 ohms 
center), 0-20 megohms 
(120,000 ohms center) 

SIMPSON ELECTRIC COMPANY 

5200 W. Kinzie St.. Chicago 44 Phone COlumbus 1-1221 

In Canada: Bach•Simpson, Ltd., London, Ont. 

prices 

Model 260 $38.95; 

With Roll Top $46.90. 

Complete with test 

leads and operator's 

manual. 25,000 volt 

DC Probe for use wit • 

Model 260, $9.95. 



HMllTI ® 
1-e' -a5erts? 

WITH SPECIAL FEATURES... 

BUSHINGS FOR 
SPECIAL PANEL 
THICKNESS 

Extra-long bushings 
and shafts for mounting 
on panels up to 2" thick. 

, 

360' 
WINDING 

Available with contin-
uous circular core and 
endless winding. 

SCREW DRIVER 
SLOT SHAFT 

SEALED, ENCLOSED 
CAGES 

Shaft ends slotted for 
occasional adjustments 
with a screw driver. 

Compact, corrosion-
resistant metal cages, 
sealed by a double seam. 

SNAP-ACTION 
OFF POSITION 

Opens at high or low 
resistance position. 
Notch provides indexing. 

TANDEM 
ASSEMBLIES 

Two or more rheo-
stats in tandem for si-
multaneous operation. 

TOGGLE 
SWITCH 

Switch is operated with 
a positive snap by move-
ment of the contact arm. 

• In addition to a complete line of standard rheostats, OHMITE 
manufactures a wide variety of rheostats with special features. All have 

the distinctive OHMITE design qualities: smoothly gliding metal-graphite 
brush; all-ceramic construction; insulated shaft and mounting; 

windings permanently locked in place by vitreous enamel. 
Specify OHMITE for your special-feature rheostats, 

and know you'll get the best! 

OHMITE MANUFACTURING COMPANY 

4862 Flournoy Street, Chicago 44, Illinois 

fee HminrE 
IN WIRE-WOUND RHEOSTATS AND RESISTORS 

LESS THAN STANDARD 
ROTATION 

Has winding space 
and angle of rotation 
less than standard. 

Write on Company Letter-
head for Catalog and Engi-

neering Manual No. 40. 
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PRELIMINARY * 

Announcement 
SANBORN "150" SERIES 

OSCILLOGRAPH 

RECORDING SYSTEMS 
(4-, 2-, and 1- channel) 

THE MOST VERSATILE 

OSCILLOGRAPH RECORDERS 

ON THE MARKET 

W hen the new Sanborn "150" Series is seen for the first 
time, all will agree that Sanborn engineers are really 
outdoing themselves in their design for versatility. 

This increased versatility is being made possible by: 
(1) the availability of a greater variety of newly designed 

interchangeable Sanborn amplifiers and preamplifiers which 
together encompass such a variety of uses that the record-
ing possibilities of Sanborn Systems will include almost 
every phenomenon whose frequency spectrum covers the 
range from 0 to 100 cycles per second, and 

(2) by an original design idea which makes such inter-
changeability more practical. Built into each System will 
be a separate DC driver amplifier and power supply for 
each of the System's channels, with provision for "plug in" 
connection to the driver amplifier (as shown in the 
diagram at right) of the user's choice of a preamplifier 
and control panel to complete the desired network for 
each channel. 
IN ADDITION, the "150" series will include these 

Sanborn improvements: 

• Increased frequency response 

• Improved regulated power supply 

• Individual stylus temperature con-

trol for each channel 

• Improved, single control, paper 

speed selector. Nine speeds —.25 

to 100 mm sec 

• Greater convenience and more 

area for immediate study of re-

corded events, and for notations 

on record 

• Amplifier panels and Recorder 

panel all in one vertical plane on 

the 4-channel model. Complete 

system takes less floor space. 

First showing of the new 

Sanborn "150" series will be at 

BOOTH 2-116, I.R.E. Convention, 

Grand Central Palace, 

New York City, March 23-26. 

Be sure to see it! 

BASIC 
DRIVER AMPLIFIER 

AND POWER SUPPLY 

IN 

EACH CHANNEL 

YOUR 

CHOICE OF 

INTERCHANGEABLE 

PREAMPLIFIERS 

AC-DC PREAMPLIFIER 

will produce 1 cm deflection for a 
1 my AC signal, and a 1 mm deflection 
for a 1 mv DC signal. Also provides for 
calibrated DC zero suppression (20X 
full scale). Balanced or single ended 
inputs. 

CARRIER PREAMPLIFIER 

permits a choice of three interchange-
able oscillators-400,1000 and 2500 

cycles. Each amplifier equipped with 
calibrated zero suppression network 

(20X full scale). Overall sensitivity 

80 microvolts/cm deflection, or 40 

inicroinches/inch/cm lone active arm; 
gage factor of 21. With commercial 
transducers, sensitivity usually sufficient 
for 20X full scale with maximum load 
on the transducer. 

SERVO MONITOR PREAM-

PLIFIER —AC phase discriminating, 
with overall sensitivity of 10 mv, 1 cm de-

flection. Provides DC outputs propor-
tional to error signals from 60 tO 

10,000 cycles per second. 

LOG-AUDIO PREAMPLIFIER 

provides o 50 db dynamic range wtih 
resulting chart calibrated 1 db mm. 

(At maximum sensitivity, bottom of 
chart equals 0.3 mv input, and top of 
chart 100 mv). 50 db (5 db steps) input 

audio attenuator. Input provision for 
either DC or audio signals. Audio range 
20 cps to 20 kc. DC input range from 

0.6 to 200 volts. 

DC CONVERTER (Chopper Amt..) 

for low level DC recording such as 

thermocouple output. Sensitivity 1 mv/ 
cm deflection. 

COUPLING PREAMPLIFIER 

will take balanced or single ended in-
puts providing 50 me, cm sensitivity. 

Sanborn Company 
INDUSTRIAL DIVISION 

Cambridge 39, Massachusetts 
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year 'round reliability 

for 'round-the-clock programing 

When your towers are by Truscon, there's 
less chance of your log reading"off the air" 

during storm seasons. Truscon-designed 

and engineered radio towers stand strong 

and tall under all kinds of weather con-
ditions—and in all kinds of topography. 

Truscon builds 'em for you tall or small 

. guyed or self-supporting . for AM, 
FM, TV, or Microwave transmission. Your 

phone call or letter to any Truscon district 
office—or to tower headquarters in Youngs-
town—will get your tower program going 

as soon as defense requirements allow. 

See Truscon's exhibit of radio towers in Booth 2-322, 
IRE Convention, March 23-26 

TRUSCON STEEL DIVISION 
REPUBLIC STEEL CORPORATION 

TRUSCON ® 1072 Albert Street • lf town 1, Ohie 
a name you can hild on 
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Your inquiries are cor-
dially invited and will 
receive our prompt and 
interested attention. 

Q.Se/JeCe 

EPEACE" 

PRECISION RI .!•,IGAI 

DEMCO collector rings and ring assemblies give you 

these advantages . 

ECONOMY ... laminated construction provides contact 

metal where required . . . base metal for strength. 

HIGH FINISH ... on contact surface for long wear and 

noise-free operation. 

PRECISION MADE . . . it is unnecessary to add further 

machine operations. 

COMPLETE . . . rotor or pancake type multi-ring and 

ring-and-brush assemblies supplied. 

PRECISIOUmemill 

PRECISION DRAWN . . . ID held as close as :4.-. .001. 

Solid coin silver, brass or aluminum Rev. MIL-T-85. 

LAMINATED SILVER . . . on ID for 

• Low attenuation 

• Corrosion resistance 

• Highest mirror finish 

Laminated silver ID and OD for round tuned lines. 

ORECIIRION.LKNOVIrerOW" 111 

With nearly sixty years of experience in the production 

of both laminated and solid precious metals, MAKE-

PEACE is today an accepted "headquarters" for the 

many special precious metal products and assemblies 

called for in the electronic field. 

Our staff of thoroughly experienced design and pro-

duction engineers and metallurgists . . . as well as our 

research and testing laboratory ... are all at your service. 

D. E. MAKEPEACE COMPANY 
Laminated and Solid Precious Metals for Industrial Use • Fabricated 
Parts and Assemblies • Bar Contact Material • Precious Metal Solders 

MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 

NEW YORK OFFICE, 30 CHURCH STREET 

CHICAGO OFFICE, 55 EAST WASHINGTON STREET 
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ere is P ug-in Unit Construction 
Everything you need to mount, house, fasten, connect, 
monitor your equipment. 

FOR YOUR SMALLER UNITS 
¡st START WITH 

ALDEN MINIATURE 
TERMINALS 

111 
Here's a beautiful 
new little Terminal 
that really puts sol-
dering on a produc-
tion basis; taking a 
minimum of space 

and material. Ratchet holds leads firmly for solder-
ing, no wrap-around or pliering necessary. Unique 
punch press configuration gives rapid heat transfer, 
taking less time and solder. Designed for Govt. 
Miniaturization contracts. Staked in Alden Pre-
punched Terminal Cards, allow patterns for any 
circuit. 

Snap in 

Held 
for soldering 

No pliers—No twisting 

Wires—Buss bars easily accessible 

eeZi;  

 " 
Both sides can be used 

Snip off loops desired to by-pass. 

Ratchet holds 
leads firmly 

JUMPER 
STRIP 

Stake under Terminals for common circuits. Loops 
match prepunched holes in Terminal Cards. Snip 
off loops desired to by-pass. 

Take Pre-punched Terminal 
n Mounting Card ready-cut to size 

you require. Stake in Alden Miniature 
Terminals to mount your circuitry. 

I'repunched Terminal 
Mounting Cards come 
in all sizes needed for 
l'ackages: miniature 
7-pin and 9-pin units, 
or 11-pin and 20-pin 
plug-in units. Card is 
natural phenolic lite" 
thick prepunched on 
V," centers with .101" 
holes for taking the 
Miniature Terminals. 

Attach Miniature Terminals, 
Alden Card-mounting Tube 

Sockets and Mounting Brackets, which 
mount in the prepunched holes. 

Alden Card - mounting 
Tube Sockets for mini-
ature 7, miniature 9 
and octal tubes, are 
complete with studs 
and eyelets for easy 
mounting on Pre-
punched Cards. 

Mounting 
Brackets stake 
to the Pre-
punched Card, 
mount Card to 
Package Base 
and Lid. 

FOR YOUR LARGER UNITS e_ 
2nd Lay out circuitry with Pre-

punched Terminal Mounting 
Card in lengths up to 3'. • 

READY MADE to fit various 
ready made Chassis sizes. 

Organize circuitry in compact vertical 
planes. Use both sides of Prepunched 
Card to stake in Alden Miniature Ter-
minals to your circuitry layout. Vertical 
position gives ready accessibility; there 
is no "underneath" in Alden design. 

1.,,,j Attach Miniature Terminals, 
g id Card-mounting Tube Sockets 

and Mounting Brackets, which 
fit any of the prepunched holes. 

Alden Card-
mounting Tube 
Sockets, ready-
made in variety 
of sizes, com-
plete with studs 
and eyelets for 
easy mounting 
on Prepunched 
Cards. 

TO OBTAIN COMPLETE DETAILS. 
Tiny Sensing Elements specifically designed to spot 
trouble instantly in any unit. 

Here are tiny components to isolate trouble instantly by providing 
visual tell-tales for each unit. 

"PAN-i-LITE" MIN. INDICATOR LIGHT 
So compact you can use it in places never before possible. 
Glows like a red-hot poker. Push-mounts in .348" drill hole. 
Bulbs replace from front. Tiny spares are unbreakable, easily 
kept available, taped in recess of equipment. Alden #86L, 
ruby, sapphire, pearl, emerald. 

MINIATURE TEST POINT JACK 
Here are tiny insulated Test Point Jacks that make possible 
checking critical plate or circuit voltages from the front of your 
equipment panel—without pulling out equipment or digging 
into the chassis. Takes a minimum of space, has low capaci-
tance to ground, long life beryllium copper contacts. Available 
in black, red, blue, green, tan and brown phenolic conforming 
to MIL-P 14B- CGF; also nylon in black, red, orange, blue, 
yellow, white, green. Alden #110BCS. 

ALDEN "FUSE-LITE" 
Fuse Blows — Lite Glows. 

Signals immediately blown fuse. Lite visible from any angle. 
To replace fuse simply unscrew the 1-pc. Lite-lens unit. Mounts 
easily by standard production techniques, in absolute minimum 
of space. 110V Alden #440-4FH. 28V #440-6FH. 

Free Samples Sent Upon Request 

Get one point of check of all incoming 
leads thru ALDEN BACK CONNECTORS 

462-2 

SINGLE CHECK POINT 

Here for the first time is a slide-in connector that brings all incoming and outgoing 
leads to a central check point in orderly rows, every lead equally accessible and 
color coded. 

Color coding 

and outgoing 

Avoid conventional 
rats nest wiring 

see 

Permit direct 
efficient wiring 

STRAIGHT-THROUGH CIRCUITRY 

Wiring is kept in orderly planes, avoid-
ing rat's nest of conventional back plate 
wiring. Connections between Terminal 
Mounting Cards are through Back Con-
nectors so that all circuitry is controlled 
at this central point. Incompatible volte 
ages safely isolated and separated. 

Floating 
clip action 

Generous 
e".. bell-mouthing 

Accessible 
uncongested 

solder terminals 

EASY INSERTION AND REMOVAL 

Mating tolerances permit easy insertion 
and removal without demanding crit-
ical alignment tolerances. Assure proper 
contact, with safety shielding of dan-
gerous voltages. Leads can be attached 
above, below or out of the back for 
most direct and efficient interconnects. 

Ready-made Alden Back Connectors meet all conceivable needs, for 
slide-in chassis replaceable ifi 30 seconds with spare. 

VISIT OUR COMPLETE DISPLAY AT THE I.R.E. SHOW 

Nktlin ALDEN PR • DIJCTS C.  e 



READ ' -MADE for your Electronic Equipmen 
All designed all tooled production immediately available 

no procurement problems. Apply ALDEN Standards wholly or in part. 

• 

4th After mounting your circuits 
on Terminal Cards, use Alden 

Standard Plug-in Bases, Housings, 
Bails for packaging. 

Min. 7 & 9-pin 
BASES avail-
able, also 11-
pin & 20-pin. 
BAILS& 
HOUSINGS or 
LIDS to match. 

4th Fit Prepunched Cards 
carrying completed cir-

cuitry into Standard Alden Basic 
Chassis Body. 

 • 

Prepunched to your specs. 
Easy accessibility at sides, 
front for completing wiring. 

SERV-A-UNIT LOCK 
pulls in or ejrcts chassis. 

ALDEN 
PLUG-IN PACKAGES 

Using standard Alden Plug-in Pack-
aging Components you can mount a 
tremendous variety of circuits on 
chassis or in racks. 

Alden "20" Rack 
Mounting Socket 
with extended ears 
that mount side by 
side and in multiple 
rows on U-Channels 
that accommodate 
50 Alden "20" 
Plug-in Units illus-
trated, in 10% x 
19" rack mounting 
panel. 

SLIDE-IN BACK CONNECTORS 
See description 
on opposite page. 

riL 

ALDEN 
BASIC CHASSIS 

with spares provides 30-second servic-
ing for your unitized circuitry. 

HOUSE PLUG-IN UNITS IN 
ALDEN BASIC UNI-RACKS 

• 
• 

• 

2" 4' 8" 

FOUR SIZES 

OF CHASSIS 
MOUNT 

IN ANY 

COMBINATION 

IN ALDEN 

UNI-RACKS 

STACKED 
Mounting all equipment in 
Alden Uni-Racks provides a 
uniform system easy to handle 
and ship. Can be installed 
and interconnected as fast as 
unloaded. 

ALDEN UNIT CABLE 
interconnects between Uni-
racks or other major cir• 
cuitry divisions. Quick, 
sure, coded means of iso-
lating and restoring (with 
spare) inter-division 
circuits, 

• SEND FOR FREE "ALDEN HANDBOOK" 
9 

Your design and production men have always wanted 
these advantages: 

1. Experimental circuitry can be set up with production components, cutting 
down debugging time. 

2. Allows technicians, rather than engineer, to debug, by taking out unit. 

3. Given the circuitry, nothing further to design—make up from standard Alden 
components. 

4. Optimum circuit layout using standard terminal card. 

5. Absolute minimum requirements of labor, materials, space. 

6. The various sub-assemblies can be built concurrently on separate assembly lines. 

No tooling costs—no delays—no procurement headaches. 

8. Fewer prints—smaller parts inventory. 

9. Can subcontract assemblies. 

7. 

Your customers and sales force will welcome these 
advantages: 

The big objection to electronic equipment—from the user's point of view—is 
that if it goes out of order he feels helpless. But you have a perfect answer when 
your equipment is made to Alden Standards of Plug-in Unit Construction because 
they assure DEPENDABLE OPERATION, as follows-

30-SECOND REPLACEMENT OF INOPERATIVE UNITS by plugging in avail-
able coded spares. 

TROUBLE INSTANTLY INDICATED AND LOCATED by monitoring elements 
assigned to each functional unit. 

TECHNICAL PERSONNEL NOT REQUIRED to maintain in operation, due to 
obvious color coding and fool-proof non-interchangeability of mating components. 

TOOLESS MAINTENANCE made possible by patented Alden fasteners and plug. 
in locking and ejecting devices. 

AIRMAIL SERVICE— 
Compact functional units practical to send airmail to factory for needed overhaul. 

UNI-RACK FIELD HANDLING UNIT—groups functional units into stacking 
cabinets not exceeding one- or two-man handling capacity—go easily through 
windows, doors. 

CONNECT AS FAST AS UNLOADED, by coded non-interchangeable unit cables 
plugged in between Uni-racks. 

SEND FOR FREE 226-PAGE HANDBOOK 

This 226-page ilandbook describes fully the Alden System of Plug-in Unit Const ruction and the 
hundreds of components ready-made and completely tooled to meet your every requirement. 
It's a gold-mine for those designing electronic control equipment that is practical in manu-
facture; dependable in operation. 

REQUEST YOUR COPY TODAY — SENT FREE! 



Preferred 
Value 

40000 mmf Tolerance 
Disk Size 

Dl-7 

Dl-6 

Dl-5 

Dl-4 

--v)de;,- 33,000 
f   - 27,000 
  - 22,000 
f - 18,000 

- 15,000 
- 12.000 

  - 10,000 
8,200 

• 6,800 
- 5,600 
- 4,700 
• - 3,900 
- 3,300 

2,70P 
  - 2,20' 
• - 1,8C 
- 1,51 
- 1.2 

1000 1.0 

821 
▪ 681 
"- 560 

 "- 470 
• 390 

  - 330 
270 

- 220 
  "- 180 
  - 150 

120 
100  - 100 

82 4) 
68 

" 56 
- 47 
• 39 

- 
- .68 
"- .56 
- .47 
- .39 

31 — .33 

Unit shown greatly mognifi 
Actual sizes from 
5/16" to 29/32" dio 

ceramic 
disk 

à 1 capacitors 
-Seven s Capacities of from .3 mmf. 
to .026 m mic dielectric materials 

with K factor from 14 to 6000, 

provide exc t diversified applications. d for iites for 

by-passing, blocking, coup g, etc. 
Sturdily constructed. Precisely tested. 

Moisture-proofed. 
Also available in temperature-

compensating, multi-section, stacked 
units and other types to meet 

every electronic need. 
And backed by highly informative data, 

such as the Preferred Value Chart 
here shown, available on request. 

* FUNCTION-FITTED: The outstanding opplication-engineering experience 
with ceramic dielectric capacitors, is yours for the asking. Lei us collaborate 

for the most economical and satisfactory answer f o your requirements. 

ER°V°X CORPORATION 

AEROVOX CORPORATION 
NEW BEDFORD MASS 

OLEAN, N.Y. 

WILKOR DIVISION 

CLEVELAND. OHIO 

Export, 41 E. 42nd ST, New York 17, N. Y. • Coble, AFROCAP, N. Y. 

eI., conodo AEROVOX CANADA LTD NonnIton. Ont JOBBER ADDRESS, 740 Belleville Are New Bedford, Mors 
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Petroleum (15,000), Forest Products 
(5,200), Special Industrial (15,000), Low-
Power Industrial (2,300), Relay Press 
(nearly 450), Motion Picture (nearly 200), 
Agriculture (10) and Radiolocation (11) 
Services. The land-transportation group, 
with nearly 6,500 authorizations, covers 
the use of nearly 145,000 transmitters in 
the field of Railroad (9,000), Urban Transit 
(1,700), Intercity Bus (400), Taxicab 
(125,000), Highway Truck (3,200), Auto-
mobile Emergency (1,500), and Citizens 
(3,000). The Amateur Radio Service, the 
FCC noted, has more than 113,000 au-
thorizations covering about the same num-
ber of transmitters. The relatively new 
Disaster Communications Service has 69 
authorizations but more than 400 trans-
mitters. The close of the fiscal year saw 
2,420 authorized commercial AM broad-
cast stations and 582 commercial FM 
stations. Copies of the FCC Annual Report 
may be obtained from the Superintendent 
of Documents, U. S. Government Print-
ing Office, Washington 25, D. C., at 40 
cents per copy. 

RTMA Ac-TImms 
Calling on all television manufacturers 

for co-operation, W. R. G. Baker, director 
of the RTMA engineering department, has 
presented an RTMA plan for implementing 
and accelerating the reduction of spurious-
oscillator radiation in TV transmission and 
reception, at an all-industry engineering 
conference in the Biltmore Hotel, New 
York City. Dr. Baker appointed three 
task committees from the RTMA en-
gineering department to carry out the 
plan in co-operation with the Joint Tech-
nical Advisory Committee and the Insti-
tute of Radio Engineers. A task committee 
on receivers, headed by J. A. Chittick, 
of RCA Division of RCA, will have re-
sponsibility for developing technical data 
on the limitation of oscillator radiation by 
television receivers and a time-table for 
carrying out the recommendations. A task 
committee, headed by J. E. Keister, of 
General Electric Company, will perform 
the same functions in the transmitter field. 
A third task committee, headed by D. G. 
Fink, of the Philco Corporation, will co-
ordinate the work of the other two task 
committees with JTAC, IRE, and the 
Federal Communications Commission. 
This task committee also will have re-
sponsibility for disseminating full informa-
tion on the developments to the industry. 
President A. D. Plamondon, Jr., and gen-
eral counsel Glen McDaniel both stressed 
the importance of prompt industry action 
to reduce spurious-oscillator radiation and 
urged complete co-operation of the indus-
try in making effective the plan proposed 
by Dr. Baker. . . . Two promotions and a 
staff addition at RTMA headquarters have 
been announced by executive vice presi-
dent J. D. Secrest. P. H. Cousins, who 
has been information director of RTMA 
for several years, has been appointed 
special assistant to Mr. Secrest and staff 

(Continued on page 874) 
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assistant to the technical products divi-
sion. Tyler Nourse, who served as assistant 
information director under Mr. Cousins, 
has been promoted to the position of edi-
torial director in charge of RTMA pub-
lications. H. F. Hodge, Jr., of Silver 
Spring, Md., formerly in government in-
formation service joined the RTMA head-
quarters staff on January 26, as an edi-
torial assistant to Mr. Nourse. The staff 
reorganization was effected following the 
resignation of R. M. Haarlander, who has 
served as staff assistant to the technical 
products division for the past five years. 
Mr. Haarlander resigned to take a posi-
tion in private industry. . . . Attorney 
General J. P. McGranery on his last day 
in office, January 19, announced that he 
had revoked the grand jury authorization 
for a sweeping investigation of the elec-
tronics industry. In January of last year 
the Department of Justice authorized a 
widespread probe of the industry, and 
RTMA and 17 or more radio and televi-
sion set manufacturers were served sub-
poenas. "Most of the persons to whom 
subpoenas were directed have complied 
substantially with them," Mr. McGranery 
said. The Attorney General, in halting the 
inquiry, indicated that the removal of 
whatever restraints may exist in the in-
dustry should more properly be the subject 
of civil litigation than of criminal prose-
cution. 

M OBILIZATION NEWS 

The Federal Civil Defense Administra-
tion has announced that it is working with 
government experts and the radio manu-
facturing industry to develop a small, 
low-cost, mass-produced radio which will 
receive civil defense and other emergency 
information under air-raid alert or bomb-
ing attack if the regular power supply fails. 
The proposed radio receiver may be in-
dependently powered by batteries, or it 
may be a crystal set, FCDA said. While 
the emergency set is being developed, the 
public can rely for emergency information 
in case of home power failure, on the 27.5 
million auto radios and 10 million port-
able battery sets now in operation. The 
agency is encouraging the development of 
a small, inexpensive portable standard 
"CD Alert" receiver capable of receiving 
the CONELRAD programs on 640 or 1240 
kc. The CONELRAD Plan (Plan for 
CONtrol of ELectro-magnetic RADiation) 
permits AM broadcasting stations to re-
main on the air in civil defense emergen-
cies. . . . The radiation instrument indus-
try, virtually nonexistent in 1946, had an 
annual business volume of approximately 
$20 million and employed more than 2,400 
persons in 1952, according to a. survey 
conducted by the U. S. Atomic Energy 
Commission. Growth of the new industry 
has paralleled development of the na-
tion's atomic energy program since early 
1947, when the AEC adopted a policy of 
encouraging its operating contractors to 
procure radiation instruments from corn-

(Continued on pogo 98A) 

Made under Western Electric license agreement, these deposited-
carbon resistors serve a real need in labbratory-grade instruments 
and assemblies. For- :superlative stability under the most adverse 
operating conditions, Carbofilin resistors are now available in 
hermetically-sealed metal casings with glass-to-metal end seals. 
Thoroughly protected — mechanically, electrically, climatically. 
Guaranteed tolerance of plus/ 
minus 1%. Available in 1/2, 1 and 
2 watt sizes. Just about everything 
a precision resistor should be! 

Also in the coated (special resin 
film seal) type for accuracy, 
stability, economy. Guaranteed 
tolerance of plus/minus 1%. 
Excellent characteristics. %, 1 and 
2 watt sizes. 

Carbofilm resistors, in both hermetically-sealed and coated types, are 
available in standard values as well as special values made to your 
requirements. Literature on request. Let us quote on your precision 
resistance needs. 

AER°V°X CORF'ORATION 
2882 Detroit Avenue, CLEVELAND, OHIO 

AEROVOX CORPORATION HI -CC, DIVISION 

NEW BEDFORD MASS. OLEAN, N. Y. 
Refereel: 41 L 42nd Si.. N•- York 17. N Y • Coble AEROCAlf. N. Y. • 

Sn Comade. AEROVOX CANADA STD.. eigeretillon. Onr JORRER ADDRESS- 740 Selleralle Au* , New Redford. Mole. 
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FOR ACCURACY 
TEST 
WITH enncq 

. . . For Tenney Test Chambers are 
precision-engineered for maximum efficiency 
and can be designed to simulate the complete 
range of temperature, atmospheric or pressure 
conditions found anywhere on earth—or above 

TENNEYZPHERE ALTITUDE CHAMBERS 

Designed to withstand atmospheric pressure and to 
simulate global conditions of pressures, tempera-
tures and humidities. Altitudes from sea level to 
approx. 80,000 ft. Temperature range from plus 
200°F to minus 100°F. Also simulates desired (20% 
to 95%) relative humidity. 

it to altitudes of 120,000 ft. plus! They attain 
sub-zero temperatures quickly, maintain them 
efficiently and provide full instrumentation for 
accurate evaluation of complete test data. 

TENNEY SERVO UNIT 

Portable air conditioning unit which may easily be 
attached to various types of laboratory enclosures 
—impact machines; tension machines; torsion test-
ers; cold boxes and similar equipment. Through its 
use, articles undergoing testing, aging or weathering 
can be subjected to wide variations of humidity, heat 
and cold. Photo shows servo attached to companion 
chamber. 

TENNEY TEMPERATURE 
AND HUMIDITY CHAMBERS 

These chambers provide positive control of wet- and 
dry-bulb temperatures, humidity, and air circulation; 
and are designed for research and production testing 
of physical quality, fragility, tension, and all other 
pertinent factors, at constant conditions or on 
planned program cycles. 

Model TR—Precision recorder controllers permit accurate 
simulation and check of temperatures to +200°F. Meets all 
Mil and JAN specifications for low- and high-temperature 
requirements by incorporation of temperatures down to 
—100°F. Humidities within 20%-95% range. Built in a 
variety of standard sizes. 

TENNEY SUB-ARCTIC INDUSTRIAL CABINETS 

Designed for low-temperature testing of metals, 
radios, instruments, plastics, liquids, chemicals and 
pharmaceuticals. Temperature ranges of —40°F, 
—60°F, —95°F and —150°F are standard for each size. 

ENGINEERING, INCORPORATED 
Los Angeles Representative: Chicago Representative: 

GEORGE THORSON & CO. SPARTAN ENGINEERING CO. 
Engineers and Manufacturers 

of Automatic Environmental Test Equipment 

(i) 8670 

.e11111.. 

Model TH—Specifically designed 
for a temperature range of +35°F 
to +180°F, and a humidity range 
of 20%-95%. Accurately simu-
lates, controls, and checks all 
above-freezing temperatures. Can 
incorporate program control for 
meeting a wide variety of Mil 
specifications if desired. Manufac-
tured in many standard sizes. 

For further information on these and other Tenney 
test equipment, write to Tenney Engineering, Inc., 
Dept. N, 26 Avenue B, Newark 5, New Jersey. 
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A precision elec-

tronic megohmmeter 

which for years has 

given satisfactory 

service in hundreds 

of laboratories and 

on production lines. 

RAPID & SAFE TO USE 
Test voltage removed from 
terminals and capacitive com-
ponents discharged to ground 
in all positions of multiplier 
switch. 

SPECIFICATIONS 
Range: 1 megohm to 2,000,000 megohms in six overlapp 
selected by a multiplier switch. 
Voltages on Unknown: The voltage applied to the 
terminals is 500 volts d-c arid is independent (less 
of the value of the unknown. 
Stability: Line voltage variations from 105-125 volts 

less than 2% variation in the meter reading 
Power Supply: 105-125 volts A.C. 

50-60 cycles 30 watts. 
Dimensions: 91/2 x 10 1/2  x 8 inches. 

Net Weight: 18 pounds. 

FREED TRANSFORMER CO., INC. 
1720C WEIRFIELD ST (RIDGEWODD1 BROOKLYN 27 N Y 



TUBES 
RCA 

DUMONT 

EIMAC 

HYTRON 

KEN-RAD 

TAYLOR 

SYLVANIA 

CETRON 

NATIONAL UNION 

GENERAL ELECTRIC 

and others 

METERS 
and INSTRUMENTS 

HICKOK 

PRECISION e eeeN6 

SIMPSON e 

TRIPLETT 

WESTON GENERAL ELECTRIC ELECTRIC 

EICO 

RCA 

RE_STROÂ 
k. CONDENSERS 

INCLUDING 

CM and CP TYPES 
i 

1 .AEROVOX 

BUD i 

- CORNELL- 

DUBILIER ,i-

MALLORY 

NATIONAL / 

1 SANGAMO —  ..dit  

,___ SPRAGUE 

' ASTRON - 

CARDWELL 

HAMMARLUND 

RESISTORS 
and POTENTIOMETERS 

ALLEN-BRADLEY 

CHICAGO TEL. 

CLAROSTAT 

CONTINENTAL 

CENTRALAB / ' 
ERIE 

I. R. C. 

MALLORY 

OHMITE 1;e 

SHALLCROSS 

and others 

EEC 1 Ef 

WIRE 
INCLUDING 

RG and SRIR CABLE 

ALPHA 

AMPHENOL 

BELDEN 

BIRNBACH 

CORNISH 

FEDERAL 

AT ITS BEST! 

--,n 
OS 

AMERICA'S GREATEST SOURCE 

for 

LI 

EVERYTHING IN ELECTRONICS 
COMPLETE SUPPLIES FOR 

Research * Development 

Production * Processing 

Maintenance & Control 

PANEL 
INDICATOR 
LAMPS 
and FUSES 
DIALCO .,•!` 
DRAKE 
GENERAL ELECTRIC 
E. F. JOHNSON 
LITTELFUSE 

• COMPETENT noiNicAL sr4" 

The notion's 

MOST DEPENDABLE 

INDUSTRIAL ELECTRONIC EQUIPMENT DISTRIBUTOR 

RROMI ELECTRONICS INC. 

including 

JAN 
Equipment 

RELAYS 
ADVANCE 
POTTER-
BRUMFIELD 
WARD-LEONARD 

Heavy Duty Power 

Time Delay 

Motor starting 

Plate Circuit, etc. 

CHASSIS and 
RACKS 

TRANSFORMERS 
and POWER SUPPLIES 

ATR 
MALLORY 
SOLA ELECTRIC 
STANCOR 

KENYON 
RAYTHEON 
THORDARSON 
FREED 
A. D.C. 
U. T. C. 

[T IN 
SWITCHES 
PLUGS and JACKS 

ARROW, HART 

& HEGEMAN 

BIRNBACH 4elé 
CENTRALAB 

CARLING 

MALLORY 

MICRO-SWITCH 

UNIMAX 

AHRCO 

I. C. A. 

CONNECTORS 
and SOCKETS 

AMPHENOL 

CANNON 

CINCH-

JONES 

DAGE 

EBY 

KINGS ELECTRONICS 

eCi> 
JAY 

BATTERIES 
COMPLEre 

ALL LEADING STANDARD 

NATIONALLY-ADVERTISED 

BRANDS! 

Sp 

s. 

82 CORTLANDT STREET NEW YORK 7, N. Y. • Phone Dlgby 9-4714 

Teletype NY1-472 • Western Union ARROW ELECTRONICS — WUX-N. Y. • Cable AROLECTRO-N. Y. 
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MARION regulars 
In addition to being the largest producer of Rug-

gedized electrical indicating instruments, Marion 

has served industry for many years with a line of 

unsealed instruments for commercial applications. 

These instruments (Marion "Regulars") have been 
refined through the years and today serve the 

"blue chips" of industry in the most critical opera-

tions. 

The design of these instruments has stayed abreast 

of new materials and the latest in manufacturing 

methods. At the same time they have retained the 

basic simplicity of Marion functional design. This, 

combined with an efficient, cost-conscious manu-

facturing organization, affords finer instruments at 
lower cost. 

Marion "Regulars" are selected by the world's 

most discriminating manufacturers of the finest 
electronic and electrical equipment as a basic 

major component of their finest products. 

Marion Electrical Instrument Company 

407 Canal Street, Manchester, N. H.. U. S. A. 

Res. U. S. Par. Off. 
mar 

ITS magnetic SYSTEM 
Of the various elements that make up an electrical instrument, perhaps 

the most important is its magnetic system. The strength, uniformity 

and stability of the magnetic field determine the degree of accuracy 
and reliability of the instrument. Here is how Marion design provides 

a magnetic structure of great strength, uniformity and stability, and at 
the same time keeps weight and cost at a minimum • 

MAGNET 

All Marion magnets are large, well-aged, 

precisely ground Alnico II or Alnico V, care-

fully checked for magnetic uniformity and 

maximum stable energy 

POLE PIECES 

All Marion instruments use sinfered and 
annealed high-permeability, full soft-iron 

pole pieces, of the type employed in the 
finest of laboratory instruments. 

MAGNET ASSEMBLY 

The pole pieces are perma-

nently fastened to the mag-

net by induction soldering. 

Spring loaded fixtures force 

excess solder out of the seams, 

leaving a thin film of great 
bond strength and low mag-

netic loss. Final separation 

(A) of pole pieces is done 
after soldering operation, holding gap con-

centricity to better than .001 

CORE 

All Marion "Regulars" use closely machined 

soft-iron cores which are precisely oriented 

in the air gap by the instrument frame. 
(They are not jig located). 

These magnetic systems represent a simple, honest means of providing 
uniform stable magnetic fields for Marion Indicating Instruments. They 

never include laminations, intricate magnetic stampings or uncertain 

mechanical assembly of the components of the magnetic system. 

ion meters 
MANUFACTURERS OF RUGGEDIZED AND "REG ULAR" METERS AND RELATED PRODUCTS 
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Precision-Built ... for dependable performance 
Whatever your requirements for top quality 
wire-wound components, you can count on 
I-T-E products. Power resistors, precision 
resistors, deflection yokes—all are specially 
designed and precision-built to meet the 

I-T-E POWER RESISTORS 

Non-hygroscopic ceramic foundations 
are in accordance with JAN specifications. 

Purest resistance wires are uniformly 
wound to prevent shorted turns and 
excessive hot spots. All connections 
silver-soldered. 

Vitreous enamel coating (organic if 
required) provides a glazed moisture-
repellent surface with fast heat-dissipa-
tion qualities. 

Advanced production methods assure 
high stability, long life. 

exacting standards demanded for critical 
electronic applications. Close quality con-
trol and modern production methods give 
you assurance of quality components in any 
quantity you need. 

Standard fixed resistors: 
5-200 watts 

Adjustable resistors: 
10-200 watts 

Oval resistors: 
30-75 watts 

Ferrule resistors: 
12-200 watts 

Special resistors: 
built to specifications 

Standard Tolerance: ±10%. ±5% and less made to order. 

I-T-E PRECISION RESISTORS 

High-quality wire alloys are used— 
free from internal stresses and strains. 

Automatic precision winding assures 
even tension—eliminates hot spots. 

Hermetic or vacuum-impregnated seal-
ing protects against destructive effects of 
salts, moisture, and atmospheric conditions. 

Accelerated aging process prior to 
calibration assures accuracy. 

Critical quality control eliminates all 
resistors which do not come up to high 
I-T-E standards. 

TYPE A: 
lightweight, hermetically 
sealed—for precision 
operation up to 125° C. 
Surpass JAN R-93 A, 
Characteristic A, and MIL 
R-93 A specifications. 

TYPE B: 
vacuum-impregnated, 
moisture-resistant. For 
JAN R-93, Characteristic 
B, specifications. 

Ratings from 0.01 ohm-
10 megohms, 0.125-
5 watts. 

Standard Tolerance: 
±1%. Available in specified tolerances down to ±0.05%. 

I-T-E DEFLECTION YOKES 

Wire size and quality constantly 
checked. Coils impregnated in 
special moisture-resistant thermo-
plastic—properly cured to assure 

firm coil with minimum losses. 
Yokes can be obtained complete 
with wire leads, resistors, and 
capacitors to your specifications. 

WRITE FOR DETAILS 

WIRE-WOUND PRODUCTS 

I-T-E RESISTOR DIVISION 

1924 Hamilton St., Phila. 30, Pa. • A division of the I-T-E Circuit Breaker Co. 

• 
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Coils of ALL types are made better* on 

tit0 BMUS. 111,1M 
Britain's Finest el wiffic,as 

BMUS 
Bril 
AtTOfu TIC COIL IFIDER 
Rugged! Fast! 
Built for 
production! 

ic Compare results! Illustrated coils are some of the many types that may be wound on 
the more than 30 models of AVO Douglas and Macadie Precision Coil Winders, designed 
to duplicate coils with absolute accuracy at highest speeds, under production conditions. 
Easy to set up! Easy to maintain! Easy to operate! Low initial cost! 

Y IOU are modem': a coil Hider... write toda 

Designed for the winding of coils where set-up time is long compared with actual winding time. 
While one coil is being wound, the other can be finished and replaced by a new bobbin ready to 
start another coil. 

FEATURES: Pre-determined type of revolution counter • Magnetic clutch for positive control • 
Lead screw traverse • Easily changed gears for quick set-up • Micrometer traverse adjustment 
• Foot control • Tension devices of advanced design. 

ON DISPLAY at I.R.E. EXHIBIT. Grand Central Palace- New York • Booth 2-515, March 23 to 26 

r-
British Industries Corp. Dept. IRE-3 
164 Duane Street, New York 13, New York 
Gentlemen: 
Pleas* send complete catalogue of Douglas and Masai, Coil Winders. 

Nome  

Finn  

Position 
TM* •••• ' • ' •,•• • ...NI% 4•4+.9‘,9•4••rt •.• ea.:. • el • ,AN — •,/ •. gab .11I •• 
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This attractive new catalog PG-3, incorporating 

complete engineering data, styles, sizes. and 

capacitance and voltage ranges is now available. 

0. Capacitance Change vs. Temperature 

PYRAMID 
s gg bi,. in intuir« 

"GLASSEAL" 

CAPACITORS 

For the most demanding applications, 
where top-quality and minimum-size 
considerations are the most vital fac-

tors, Pyramid -Glasseal" capacitors 
are the popular choice. 

Power Factor vs. Temperature Curve 

These graphs show typical performance characteristics 
of the Pyramid "Glasseal X" type, which is designed 

for 125 C. operation. Full information on all "Glasseal" 
capacitors is provided in new catalog PG-3. 

Visit Booth 2 - 310 I. R. E. Convention 

• For your free copy, please address letterhead request to Department F I 

PYRAMID ELECTRIC COMPANY 
•I1Ar miner‘1,1 onni c‘i A ID r% 
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electronic wire and cables 
for standard and special applications 
Whether your particular requirements are for standard or special 
application, choose LEN Z for the finest in precision-manufactured 

electronic wire and cable. 

GOVERNMENT PURPOSE RADIO AND 

INSTRUMENT HOOK-UP WIRE, 

plastic or braided type, conforming to Government 
Specification JAN-C-76, etc., for radio and instruments. 
Solid or flexible conductors, in a variety of sizes and 
colors. 

RADIO AND INSTRUMENT HOOK-UP WIRE, 

Underwriters Approved, for 80 C., 90 C. and 105 C. 
temperature requirements. Plastic insulated, with or 

• without braids. 

RF CIRCUIT HOOK-UP AND LEAD WIRE 

for VHF and UHF, AM. FM and TV high frequency cir-
cuits. LENZ Low-Loss RF wire, solid or stranded tinned 

, copper conductors, braided, with color-coded insula-
tion, waxed impregnation. 

SHIELDED MULTIPLE CONDUCTOR CABLES 

' Conductors: Multiple 2 to 7 or More of flexible tinned 
copper. Insulation: extruded color-coded plastic.Closely 
braided tinned copper shield. For: Auto radio, indoor 
PA systems and sound recording equipment. 

SHIELDED COTTON BRAIDED CABLES 

Conductors: Multiple 2 to 7 or more of flexible tinned 
copper. Insulation: extruded color-coded plastic. Cable 
concentrically formed. Closely braided tinned copper 
shield plus .brown overall cotton braid. 

SPECIAL HARNESSES, 

cords and cables, conforming to Government and civilian 
requirements. 

oroweve,Wreeref/A 

SHIELDED JACKETED MICROPHONE CABLE 

Conductors: Multiple-2 to 7 or more conductors of 
stranded tinned copper. Insulation: extruded color-
coded plastic. Closely braided tinned copper shield. 
Tough, durable jacket overall. 

 41 
"UÙKARXXXj."  

JACKETED MICROPHONE CABLE 

Conductors: Extra-flexible tinned copper. Polythene 
Insulation. Shield: i36 tinned copper, closely braided, 
with tough durable jacket overall. Capacity per foot: 
29MMF. 

TINNED COPPER SHIELDING AND 

BONDING BRAIDS 

Construction: .!34 tinned copper braid, flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. (3Q-B-S75 or Air Force Spec. 94-40229. 

PA AND INTERCOMMUNICATION CABLE 

Conductors: .22 stranded tinned copper. Insulation: : 
textile or plastic insulated conductors. Cable formed of 
Twisted Pairs, color-coded. Cotton braid or plastic 
jacket overall. Furnished in 2, 5, 7, 13 and 25 paired, or 
to specific requirements. 

Lenz Electric Manufacturing Co. 
1751 N. Western Ave., Chicago 47, Illinois 

Our 48th Year in Business 

cords, cable and wire for radio • p. a.. test instruments • component parts 
PROCEEDINGS TIIE Mar.:11, 195.; 



Why is one Reflection-Free? 
THE picture tube faceplate on the 
right is free from annoying room re-
flections because its outer surface is 
lightly frosted. In this way, RCA 
metal-shell picture tubes give you an 
important sales feature —reflection-
free faceplates. 
Remember: RCA metal-shell pic-

ture tubes with their frosted face-
plates not only suppress bothersome 
room reflections but preserve sharp, 
graphic picture quality over their en-
tire faceplate area. 
Why not make RCA frosted 

0 elle  RADIO CORPORATION of AMERICA 
Ilee ELECTRON TUBES 

faceplate picture tubes an important 
feature of your 1953 TV set design. 
Take advantage of the extra con-
sumer appeal... give your merchan-
dising program new sales power. 

For technical data or design help, 
write RCA, Commercial Engineering, 
Section 47CR. Or simply call your 
nearest RCA Field Office: 
(EAST) Humboldt 5-3900, 415 S. 5th St., 

Harrison, N. J. 

(MIDWEST) Whitehall 4-2900, 589 E. Illinois St., 
Chicago, Ill. 

(WEST) Madison 9-3871, 420 S. San Pedro St., 
Los Angeles, Cal. 

RCA Metal-Shell Kinescopes 

RCA-21AP4 
(magnetic-
focus type) 

RCA-21MP4 
( electrostatic-
focus type) 

All RCA metal-shell kinescopes 
feature faceplates which suppress 
annoying room reflections. 

HARRISON, N.J. 
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Conan A. Priest 
DIRECTOR, 1953-1954 

Conan A. Priest, Regional Director of the East 
Central Region, was born in Solon, Maine, August 
11, 1900. He received the B.S. degree in electrical 
engineering in 1922 from the University of Maine 
and was subsequently granted a professional E.E. 
degree from the university in 1925. 
Upon graduation, Mr. Priest spent a year as a 

General Electric Company student in Schenec-
tady, N. Y., and then joined the Company's 
transmitter engineering group. A year later he was 
appointed section leader of high-power transmit-
ters. In this capacity, he served under W. R. G. 
Baker for the next three years during which a num-
ber of the new high-power transmitters were de-
signed and shortwave (100 meters and below) 
broadcasting obtained its start. 

In 1927, Mr. Priest was selected by General 
Electric and the Radio Corporation of America to 
make a survey of possible radio equipment sales 
in Japan, Formosa, Korea, and Manchuria. Upon 
his return in 1928 to General Electric, he was ap-
pointed assistant-in-charge of transmitters, and 
later in charge of transmitter engineering. 
From 1930-1940, Mr. Priest's transmitter group 

carried out much pioneering in the television field, 

as well as experimentation with high-power AM 
broadcasting, single-sideband and carrier-sup-
pressed transmissions. 

During World War II, General Electric's trans-
mitter work shifted to radar and airborne com-
munications equipment at the Syracuse plants, 
which were managed by Mr. Priest. At the end of 
the war, he was made manager of the transmitter 
division of the, then, radio, television, and elec-
tronics department and later became manager of 
engineering for the commercial and government 
equipment division of the electronics department. 
With the reorganization of General Electric in 
1951, he became assistant to the general manager 
of the commercial and government equipment de-
partment electronics division, his present posi-
tion. 

Mr. Priest became an IRE Associate in 1924, 
Member in 1938, and Senior Member in 1943. In 
1947, he was made an IRE Fellow. He has served 
on a number of IRE technical committees and 
professional groups, and was instrumental in found-
ing the Syracuse IRE Section, serving as its Chair-
man in 1947. He has been a member of the IRE 
Board of Editors since 1941. 

I. 

4 
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Science and the Humanities 
FRANK A. POLKINGHORN 
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In view of the grave consequences to humanity of the use of certain highly destructive devices produced by scien-
tists, thoughtful engineers have been conscious of the need for more effective control or guidance of the employment 
of scientific products. Apparently the humanistic, sociologic, and political accomplishments of mankind have not 
kept pace with scientific achievements. This disparity is alarming. 

In the following guest editorial by a member of the Bell Telephone Laboratories, Incorporated, who is as well a 
Fellow of the IRE, there are presented a thoughtful analysis and a definite proposal aimed ultimately to ameliorate 
the present dangerous situation.—The Editor. 

In recent years scientists and engineers have 
been making new discoveries and developing new 
devices and processes so rapidly as to cause grave 
concern over the safety of our civilization. So many 
of these have been turned into instruments of de-
struction that it has been suggested scientists take 
a holiday to allow nonscientists to gain control of 
the situation. 
There is no denying that the progress of science 

has been at a geometric rate in the past century, 
nor that scientific developments have posed some 
very real problems to civilization. Members of the 
Institute of Radio Engineers, composed of scien-
tists and engineers engaged in a wide range of elec-
tronic activities, have had no small part in such 
developments during the past forty-one years. 
When Marconi sent the first radio message across 

the Atlantic a half century ago, he began a new era 
in international communications that had vast po-
tentialities for the improvement of international 
understanding. These communications aided also 
in reducing the dimensions of the world to the ex-
tent that heretofore far-off events cast an immedi-
ate shadow over the entire globe. Improved com-
munications also have been used for unconscion-
able propaganda and have contributed to warfare 
destructiveness. In the past fifteen years many ra-
dio engineers have turned their talents away from 
communications toward developing radar, the 
proximity fuse, guided missiles, and other instru-
ments of war. 
No doubt many engineers entered the study of 

engineering because they found the laws of nature 
more satisfying to deal with than their fellow be-
ings; nature is less capricious, her actions follow 
laws that appear to be understood, and there is 

none of the strife of human dealings. Perhaps for 
this reason the engineer has been content to place 
the responsibility for the conduct of human affairs 
upon his nontechnically trained colleague, even to 
determining uses of his developments. 

There has been a long feud between those who 
advocate the study of the humanities and those 
who advocate the study of technical subjects. 
Likely, much of this is the rationalization of one's 
natural interests and approach. Fundamentally, 
the humanities are concerned with the experiences 
of mankind and lessons that history has taught. 
Surely these concern everyone. 
Why is it that those who have studied the hu-

manities are now crying that science should stop 
and wait for them to catch up? The humanities had 
been studied for centuries before science began its 
upward spiral. Is it that human relations are too 
complex to understand? Can it be that the student 
of the humanities has been content to stop at gen-
eralities and does not pursue details to the point of 
understanding? Does he fail to determine and re-
late cause and effect? Can it be that the lack of 
means for making measurements and the difficulty 
of stating results numerically is the reason why 
each generation seems to have to travel the same 
path as its predecessor? Perhaps what is needed is 
a more scientific approach to the humanities and 
perhaps the engineer and scientist can aid in this. 
Whatever may be the answers, the fact that a 

person is trained as a scientist does not relieve him 
from a responsibility for the conduct of human af-
fairs. This responsibility goes far beyond voting at 
the general elections and donating to the Com-
munity Chest. We should all ask ourselves if we 
are making our optimum contribution to society. 

• 
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Multiple Television and Frequency-Modulation 
Transmitting Antenna Installation on the 

Empire State Building* 
JOHN B. DEARINGt, HERMAN E. GIHRINGI, SENIOR MEMBER, IRE, RAYMOND F. GUY , FELLOW, 

IRE, AND FRANK G. KEAR1, FELLOW, IRE 

Summary—This paper describes the objectives, mechanical and 
electrical problems and solutions, and final performance of the mul-
tiple antenna system for television and FM broadcasting on the 
Empire State building in New York City. A specially built steel tower 
supports six individual antennas from which there are transmitted 
five picture carriers, five sound carriers, and three FM broadcasting 
carriers with completely satisfactory freedom from the effects of 
mutual coupling. The paper describes the planning, execution, and 
results of extensive preliminary field laboratory work during which 
much basic information on such systems was obtained through the 
use of full-scale model antennas. 

PART ONE 

THE EMPIRE STATE BUILDING has been 
linked closely with the development of television 
since 1931 when the National Broadcasting Com-

pany entered into a leasing arrangement to utilize 
space on and in this building for operational research in 
TV broadcasting, which would lead later to commercial 
TV service. 

In 1928 NBC and RCA had built and placed in opera-
tion at 411 Fifth Avenue a 500-watt transmitter operat-
ing in the 2,000-kc region and utilizing mechanical scan-
ning methods. This station was later moved to the 
Amsterdam Theatre Building. It quickly became ap-
parent that the 2,000-kc region was unsatisfactory for 
high-quality television transmission and reception and 
that it would be necessary to utilize much higher fre-
quencies which at that time represented a frontier re-
quiring thorough exploration. It was also apparent that 
the height of the antenna above the earth would be an 
important factor in providing service on these frontier 
frequencies and that a transmitter location should be 
sought having that advantage. In 1931 NBC installed 
at the Empire State Building a TV station of about 
1,000-watts power in the 40-mc region, incorporating 
picture and sound channels and utilizing individual 
sound and picture vertical dipoles. The station began 
regular operation on December 22, 1931, and the first 
large-scale demonstration of television there was given 
on January 11, 1932. The programs consisted of both 
film and live talent with make-up. Demonstrations and 
television field tests continued at frequent intervals, in 

* Decimal classification: R326.6. Original manuscript received by 
the Institute, April 22, 1952. 
t RCA Service Co., Camden 2, N. J. 
RCA Victor Division, Radio Corporation of America, Camden 

2, N. J. 
§ National Broadcasting Co., RCA Building, New York 20, N. Y. 
Kear and Kennedy, Consulting Engineers, 1302 18 St., N. W., 

Washington 6, D. C. 

one form or another throughout the following ten years 
of experimentation and operational research. In August, 
1932 television radio relaying was demonstrated via 
Arneys Mountain, New Jersey, to Philadelphia. 
The investigations of radio-wave propagation from 

the Empire State Building on the frequencies used and 
proposed, both by specific propagation measurement 
projects and field tests of transmission and reception, 
were of great value in establishing the suitability of the 
very high frequencies for television broadcasting. Dur-
ing the years these investigations were extended to 288, 
510, and 910 mc. 
The original transmitters and antennas and many 

others that replaced them were constantly modified as 
research and experimentation progressed through the 
years. On April 30, 1941, the FCC adopted commercial 
television standards and on July first this plant became 
the world's first commercial television station. 
In the early post-World War II period the sharing of 
a building by two or more television stations presented 
a problem which had not been investigated. The suc-
cessful post-war sharing of the Chicago Civic Opera 
Building by the National and the American Broadcast-
ing Companies was undertaken with the conviction that 
problems of nearby antenna operation with the 150-foot 
separation involved there could be met by conventional 
means if corrective measures became necessary. The 
satisfactory operation in this case of two television and 
two frequency-modulation stations coupled with expe-
rience gained by adjacent operations on Mount Wilson, 
California, indicated the probability that in due course 
additional stations could share the use of the Empire 
State Building, and in 1949 a project began to take form 
which contemplated multiple station operation in New 
York. 

Management Problems—The Primary Committee 

In planning for multiple broadcasting from the Em-
pire State Building, the need was recognized for a con-
trolling organization which would co-ordinate the proj-
ect and direct it from the preparation of specifications 
to the final testing of the completed structure. With this 
in mind, there was included in the first Lease Agreement 
to be signed, provision for such an organization. This 
same provision was included in each subsequent Lease 
Agreement. 
The controlling engineering group thus provided for 

was composed of two bodies—the Primary Committee 
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and the Review Committee. The job assigned to the 
Primary Committee was that of formulating plans for 
the new structure, which would accommodate multiple 
television broadcasting, and of conducting any tests 
which this committee might deem necessary in order to 
establish satisfactory performance of the system as 
planned. The Primary Committee was restricted to two 
members, O. B. Hanson, representing the National 
Broadcasting Company, as the original licensee, and 
F. G. Kear, representing Empire State, Inc., and all 
other licensees. R. F. Guy was designated as an alternate 
for O. B. Hanson, and R. L. Kennedy as alternate for 
F. G. Kear. 

In the event that the Primary Committee failed to 
reach an agreement or if the broadcast licensee princi-
pals did not agree with the decision of the Primary Com-
mittee, an appeal could be made to the Review Commit-
tee, which consisted of three independent electronic ex-
perts. The decision of this Review Committee was to 
have been final. However, during the operation of the 
Primary Committee there never was a time when agree-
ment was not reached or when the broadcast licensees 
failed to approve the recommendations of the Primary 
Committee. Consequently, the Review Committee was 
never called into being. 

Performance Specifications 

In the design of an antenna system capable of multi-
ple television operation, the number of variable factors 
increases almost by geometric progression as the num-
ber of stations increases. Furthermore, these factors are 
both mechanical and electrical. In order that some fixed 
frame of reference might be established upon which the 
electronic features could be based, the Primary Com-
mittee was authorized to consult with Shreve, Lamb, 
and Harmon, the architects of the Empire State Build-
ing; Edwards and Hjorth, the consulting structural en-
gineers; and Starrett Brothers and Eken, general con-
tractors, all of whom had been associated with the build-
ing since it was first built. It was determined that the 
present mooring mast, extending from the 90th floor to 
the 103rd floor, was so designed that with some rein-
forcing it could support a tower approximately 200 feet 
in height. Furthermore, the other dimensions of this 
proposed new tower were roughly established by the 
size of the top of the mooring mast and the fact that the 
tower would be required to taper from a maximum size 
of approximately 10 feet at the base to the minimum 
possible at the top. 
With this basic information, the next question to be 

solved was the optimum number of stations that could 
be accommodated on such a tower. The official direc-
tions to the Primary Committee requested accommoda-
tions for seven television operations and three FM op-
erations, if this was possible. It was immediately appar-
ent that the number of stations to be accommodated 
was intimately associated with the amount of gain re-

quired in each antenna. If the required gain were low 
enough, there would be no problem in accommodating 
all of the stations, even with a much lower structure, 
because gain is roughly proportional to height for prop-
erly designed vertically stacked omnidirectional anten-
nas.' Here reference was made to industry, from which 
it was learned that amplifiers of 25 to 50 kw might be 
available in the forseeable future, and to the desires of 
the individual licensees who, on their part, indicated 
that they desired the ability to radiate a minimum of 
100 kw of effective power. This, of course, is much 
higher than was permitted at the time the specifications 
were drawn, but was believed to be desirable in order 
that the final design would not be too restrictive upon 
the future operations of the licensees. It appears at this 
time that a maximum erp of 100 kw may eventually 
be permitted on Channels 2 through 6 and approxi-
mately 316-kw erp on Channels 7 through 13. The new 
structure will accommodate these powers. An effective 
antenna gain of 5 was sought, but considering the num-
ber of stations involved, it was soon apparent that com-
promises would have to be reached. After several meet-
ings with the then existing licensees, five in number, it 
was agreed that the optimum solution to this problem 
was to establish five independent television antenna sys-
tems and to so proportion them on the new structure 
that the effective gain of each installation would be sub-
stantially the same. 

Fig. 1—View of supergain structure showing the 
channel 5-7 test tower. 

Since time was an important consideration, it was de-
sirable to use antennas on which basic development 
work was not required. The two commercial types of 

1 s. A. Schelkunoff, "Electromagnetic Waves," section 9.15, p. 
352. 
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television antennas available were the superturnstile, 
utilizing the familiar batwing-shaped radiating ele-
ments, and the supergain, utilizing horizontal dipole 
elements with screen reflectors. The superturnstile an-
tenna is widely used for single-station installations, but 
is not suited mechanically for stacking several antennas. 
However, the supergain antenna with its one-half wave-
length square construction, shown in Fig. 1, offers suit-
able structural support for the antennas above, and also 
offers space within for the transmission lines, feed sys-
tems, junction boxes, power equalizers, sleet melting 
equipment, lighting circuits, and communication lines. 
The final structure which evolved from these tests and 
discussions consists of four supergain or ladder-type an-
tennas and one superturnstile. One FM channel is tri-
plexed with the superturnstile operation. The two re-
maining FM operations are diplexed on a single-layer 
supergain FM antenna, interleaved with the TV an-
tenna at the lowest portion of the new structure. 
Having reached this point, the problem was referred 

back to the mechanical engineers, who restudied the de-
sign from the mechanical standpoint, and finally com-
pleted the design of the supporting structure now a part 
of the Empire State Building. The completed structure 
is shown in Fig. 2. 
Having decided upon this design, it was deemed ad-

visable to have a test installation and measurements 
made thereon to determine the adequacy of the design 
from an electronic standpoint. This meant that certain 
target specifications had to be established. These in-
cluded the following: 

1. Circularity of pattern. 
2. Gain. 
3. Voltage standing-wave ratio. 
4. Decoupling between any pair of antennas. 
5. Power-handling capacity. 

While items 1, 2, and 5 could be calculated, items 3 and 
4 could only be determined by measurement. Following 
careful investigation, the following objectives were es-
tablished: 

1. Circularity— + 2 db, maximum departure. 
2. Directive gain-5 for channels 7 and 11, and 4 for 

channels 2, 4, and 5 (relative to a thin half-wave 
dipole). 

3. Voltage standing-wave ratio to be 1.1 or better 
throughout the visual portion of the band and 1.5 
or better in the aural portion. 

4. Decoupling. This latter was the most difficult fig-
ure to establish since by it would be determined 
the success or failure of the multiple operation. Ob-
viously, the decoupling had to be sufficiently great 
so that no one transmitter would adversely affect 
the visual or aural transmissions from another sta-
tion. At the same time, the figure had to be kept 
sufficiently low so as to avoid the unnecessary use 

of additional filter circuits. Measurements indi-
cated that an isolation between transmitters, 
measured at their output terminals, of the magni-
tude of 20 db, would be adequate if the transmit-
ters were of equal power. To allow for the possibil-
ity of a transmitter power differential of 4 to 1, an 
additional 6 db was added and the figure estab-
lished at 26 db. 

5. Power-handling capacity was determined primar-
ily by the effective gain of the antenna, keeping in 
mind each licensee wished antenna to be capable of 
producing an effective radiated power of 100 kw. 

Having reached agreement on the specifications, a 
contract was drawn up between the Primary Committee 
and the Radio Corporation of America so that the neces-
sary tests to establish the feasibility of these target 
specifications could be carried out. The details of the 
work accomplished under this contract are covered in a 
following section. Fortunately, the preliminary tests 
under this contract were favorable enough so that it was 
possible to decide on tower-construction procedure prior 
to the final test results. 

Interim Operation 

Sharing of the Empire State Building for TV opera-
tion first took place in 1950 when the American Broad-
casting Company joined the National Broadcasting 
Company there. The ABC TV antenna was erected im-
mediately above the NBC antennas on the NBC sup-
porting pole. Later, temporary expedients became 
necessary to make way for the new construction so that 
NBC and ABC operations could be conducted without 
interruption. A study of various methods of providing 
temporary antenna facilities led to the adoption of inde-
pendent antennas by the two companies, the antennas 
being located on opposite sides of the building and pro-
jecting from what had formerly been the top of the 
building. These antennas consisted of conventional-type 
RCA superturnstile antenna elements on steel poles 
which tilted away from each other at 15 degrees from 
the vertical in each case. Preliminary tests confirmed 
estimates that this operation could be conducted with-
out cross talk or other serious undesirable effects and 
with a minimum of interference to their patterns due to 
the new structure under construction. Operation with 
these temporary antennas was conducted for nearly a 
year while the new steel supporting system was under 
construction and new permanent antennas were being 
installed. 

Mechanical Features 

The five independent television antenna systems are 
stacked one above another in the vertical plane. With 
the exception of the topmost antenna, which is of the 
superturnstile type and mounted on a steel pole, all 
antennas consist of arrays of horizontal dipoles with re-
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Fig. 2—Photograph of complete structure. 

flecting screens mounted on the sides of a square steel 
supporting tower, as shown in Fig. 2. Fig. 3 depicts a 
typical dipole and screen. For each antenna system the 
dimensions of the tower faces conform with the opti-
mum screen width for the frequency being used. Chan-
nel 2, requiring the greatest width, is first in upward 
progression. Channels 5, 7, and 11, requiring respec-
tively narrower tower faces, follow in the upward pro-
gression. The channel 4 superturnstile, requiring only a 
steel pole, is at the uppermost point. By this configura-
tion of the over-all structure it was possible to obtain the 
ideal mechanical design, in which the width is greatest 
where the moments are correspondingly greatest, at the 
bottom, and in which both taper progressively to a mini-
mum at the top. 
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Fig. 3—Sketch of screen and dipoles. 

Pertinent statistics of the structure are tabulated be-
low: 

Channel 

2 5 7 11 4 
Face width dimension 9'1' 6'51" 2'10' 2'61' batwings 
Face height dimension 64'7' 46'3' 25'9' 22'9' 55'8' 
Number of vertical 

groups 5 5 6 6 4 
Center to center of 

dipoles 13'31' 9'5' 4'51' 3'11' 14' 
Over-all height of lightning rods above sidewalk, 1467'. 
Over-all height of lightning rods above sea level, 1517'. 
Height above sea level at base of radio tower, 1300'. 
Over-all height of radio structure, top to bottom, 217'. 
Wind loading designed for 50 pounds per square foot, including gust 

factors and shape factors of 1.3. 
Velocity pressure designed for 30 pounds per square foot. 
Wind velocity designed for 116 mph. 
Maximum hurricane velocities recorded in area, 1938, 80:mph, 1950, 

84 mph. 

Computations by the mechanical engineers indicate 
that on the basis of statistical probability the center of 
the uppermost antenna pole will, under wind pressure, 
deviate from the vertical by the amounts shown at given 
intervals: 

Deviation in degrees Frequency of occurrence 
1.5 18 times per year 
2.33 12 times per year 
3 6.5 times per year 
3.5 2.5 times per year 
4 once in 14 months 
5 once in 18 months 
6 once in 6 years 
6.5 once in 37 years 
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Most of the deviation is produced in the pole and not 
in the steel tower which supports it. Because of the alti-
tude and wind conditions in the New York area, this 
pole needs to be specially reinforced with a steel liner 
secured by plug welding. 

PART Two 

Development of the Antenna System 

In the supergain type of antenna, shown in Figs. 1 
and 3, the dipole is fed by a single RG-35/U cable (Fig. 
3) which passes through one of the supporting legs. The 
outer conductor is connected to one side of the dipole 
and the inner conductor to the other side. The flare of 
the dipole is incorporated to obtain added bandwidth. 
While the flare for broad-band dipoles in free space is in 
the opposite direction, experiments have demonstrated 
that this is not true when a reflecting screen is used. The 
distance between the dipole and the reflecting screens is 
about 0.3 wavelengths for satisfactory bandwidth re-
quirements. The reactance component of the antenna 
is balanced out by means of a series stub consisting of a 
short piece of solid dielectric cable which is placed in one 
of the other legs. The triangular supporting structure is 
electrically isolated from the dipole by means of a short-
ing bar placed approximately one-quarter wavelength 
from the dipole. The two other supporting legs have 
heating units mounted in them for de-icing. This de-
ices the spaces between the dipoles where ice would have 
the maximum effect on impedance. 

Fig. 4—One of the junction boxes and feed lines developed for 
the Empire State antenna. 

Each dipole is fed by means of a cable which termi-
nates in a common junction box (Fig. 4). The common 
impedance at the junction is 1/n of the dipole imped-
ance if n is the number of dipoles. Immediately below 
the junction box, a two-stage transformer is used to 
match the common junction box impedance to the main 
transmission-line impedance of 51¡ ohms. 

Because the number of elements used in the Empire 
State television antennas were less than those used in 
previous designs, and also because the feed cables used 
were larger because of power-handling requirements, it 

was necessary to develop special junction boxes. The 
problem of disconnecting the cables easily from the 
junction box, maintaining gas pressure and still main-
taining excellent impedance characteristics, was a ma-
jor development. Fig. 4 indicates the type of connection 
used. 
A more detailed description of the superga in antenna 

has been given in a previous paper.2 

Coupling 

Possible coupling resulting in cross talk or other dis-
turbances was one of the major considerations in the 
design of the antennas. Little previous experience was 
available, except the fact that some 80 superturnstile 
antenna installations had worked successfully without 
any trace of cross talk where the isolation between the 
visual and aural transmitters was of the order of 20 
db. This was true of transmitters with both triode and 
tetrode tubes in the output circuit. In setting the 26-db 
specification, only coupling between antennas was con-
sidered since radiation from an antenna to another 
transmitter or interference between transmitters is a 
function of shielding and cannot be minimized by an-
tenna design. Similarly, harmonics were not considered 
since these are generated in the transmitter and could 
be controlled at that point. 
To check the impedance of each antenna and the cou-

pling between them, it seemed desirable, at first, to 
duplicate the entire 217-foot structure at the test loca-
tion. Because this was not feasible for a number of rea-
sons, i.e., the difficulty of working on the structure and 
making tests, and so on, the next best procedure was 
adopted in which adjacent pairs of antennas were tested 
on four towers (Figs. 1 and 5). The highest tower using 
this method is of the order of 100 feet for the channel 2 
and 5 combination. 

However, such coupling tests could not be completed 
until the antennas were available and adjusted for im-
pedance. Since the tower design for the Empire State 
Building had to proceed immediately, some assurance 
was necessary in advance of the final tests that the tar-
get specifications for coupling could be met. This was 
obtained by two approaches, namely, by calculation and 
by tests with single screens. 
The method of calculation was arrived at by 

Masters.s The formula for coupling between antennas is 
as follows: 

X \2GG, 

Pg \471-R n in, 

where equality under the assumptions obtains for n, 
=nt=1. 

2 L. J. Wolf, "High gain and directional antennas for TV broad-
casting," Broadcast News, vol. 58; March and April, 1950. 

3 With Ohio State University Research Foundation, engaged by 
RCA as consultant for this project. 
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P g is the power applied to the transmitting antenna. 
P, is the power received by the receiving antenna. 
R is the distance between the antennas. 
G,, Gi are the directive gains of the adjacent end bays 

of the neighboring antennas in each other's direc-
tions relative to an isotrope. 

nt is the number of bays of the transmitting antenna. 
is the number of bays of the receiving antenna. 

A number of assumptions were necessary to arrive at 
this formula. 

1. The field magnitude varies in proportion to inverse 
distance. 

2. The major contribution to coupling comes from the 
two adjacent end bays. 

3. The radiators are matched to the branch feed ca-
bles. 

4. No coupling exists between the N-S and E- W ele-
ments of the antennas. 

The coupling between the closest pair of half bays at 
the longer of the two wavelengths, namely, channels 5 
and 7 at the channel 5 carrier under the above assump-
tions, was —17 db. However, since the power is not all 

Fig. 5—General view of test towers used for Empire State antennas. 
Each tower accommodates two adjacent antennas. 

concentrated in the adjacent bays but is fed equally to 
all bays, another 10 db can be easily obtained. Hence, 
from this viewpoint, the necessary decoupling could be 
achieved. 
As an additional check, combinations of single screens 

were tested with various separations. This experiment 
was performed in the same manner as the subsequent 
measurements on the complete antenna for which the 
following procedure was used: 
An antenna was driven at a known level at its own 

frequency and the received power level in the adjacent 

antenna was measured. The mismatch in the antenna 
occupying the receiving position was often quite high 
because the frequency of the incoming signal was out-
side the design range of the antenna. By properly ac-
counting for the additional power scattered by the re-
ceiving antenna as a result of an impedance mismatch 
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Fig. 6—Correction chart used in coupling tests. 

between it and its transmission line, it was found that 
the measured cross-talk values could be adjusted to sub-
stantial equality for both directions of transmission. The 
adjustment amounted to the same thing as experimen-
tally matching the receiving antenna to its line before 
measuring the cross talk. Fig. 6 gives the required cor-
rection as a function of voltage standing-wave ratio 
which the receiving antenna would set up on its line if 
used as a transmitter. The tests between single co-chan-
nel radiators spaced 0.65 wavelength apart indicated 
an isolation of about 18 db and greater values for dis-
similar elements up to 40 db for channels 5 and 7 screens 
placed in close proximity. 

Since agreement was obtained between calculated and 
measured results on single screens and since it appeared 
that an additional margin could be obtained when the 
power was divided into a complete antenna rather than 
into two adjacent bays, the tower design proceeded on 
the basis of the close spacing used in our experiments in 
order to obtain the maximum gain possible. 

In the meantime, the antennas for channels 11, 7, 5, 
4, and 2 were fabricated and placed on the towers and 
adjusted for impedance. Coupling tests were then made 
by the method outlined above. Typical results are shown 
in Tables I and II, shown on following page. In all cases, 
the specification of —26 db is well exceeded. 

Gain 

Gain was initially calculated by assuming a thin di-
pole, one-half wavelength long 0.3 wavelengths in front 
of an infinite screen. This resulted in an element pat-
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tern. The array factor for the number and spacing of 
elements decided upon was then determined and multi-
plied by the element pattern. The resulting pattern was 
then integrated over a sphere to obtain the gain of the 
configuration. 

TABLE I 

TYPICAL DECOUPLING DATA FOR CHANNELS 5 TO 7. FIELD ROTATION 
OF MirII ANTENNAS IN SAME DIRECTION (NORMAL CONDITION)* 

In Channel 5 
upper group 

Channel 5 
upper group 

Channel 7 
visual 

Channel 7 
aural 

Out Channel 7 
visual 

Channel 7 
aural 

Channel 5 
upper group 

Channel 5 
upper group 

Frequency 
77.25 mc 
79.0 
81.75 
175.25 
177.0 
179.75 

65.8 db 
54.1 
46.5 

55.7 dl) 
50.7 
46.2 

51.2 db 
52.6 
51.3 

51.2 db 
52.6 
50.2 

• Data adjusted for mismatch loss. Quarter-wave phasing section in E-W halves. 

This calculation makes a number of assumptions 
which gave a slightly optimistic result. Safety factors 
were allowed for these assumptions and the final meas-
ured gain checked quite closely. Subsequently, more 
precise methods were developed for the calculation of 

gain, especially for antennas using quadrature feed sys-
tems. These will be covered in future papers. 
On the basis of the above calculations, it was deter-

mined that a directive gain with respect to a thin half-
wave dipole of 4 could be achieved for channels 2, 4, and 
5 and a gain of 5 for channels 7 and 11, respectively. 
These are the values specified as target gains. 
The experimental determination of gain was made by 

measuring the principal plane pattern of the channel 7 
antenna as shown on Fig. 7. 

In this commonly accepted method, the antenna is 
mounted on its side and the dipoles radiating parallel to 
the ground are energized. For operating convenience, 
the antenna is used as a receiving antenna which will 
give correct results in accordance with the reciprocity 
theorem. The vertical pattern is obtained by rotating 
the antenna and recording the received signal. A great 
number of precautions were taken to assure correct re-
sults. Among these were the elimination of reflecting ob-
jects. The presence of reflections is evidenced by dis-
symmetry between the opposite sides of a received pat-
tern. In a nearby building, electrical conduit had to be 
moved to the floor level and space cloth placed over 
other metallic objects. Brush and debris also had to be 
cleared. The distance from the transmitting to the re-
ceiving point was 2,400 feet, which is more than ade-

TABLE II 

TYPICAL DECOUPLING DATA FOR CHANNELS 7-11. IN THE UPPER TABLE, FIELDS ARE ROTATING IN THE SAME DIRECTION FOR 
BOTH ANTENNAS. IN THE LOWER TABLE, FIELDS ARE IN OPPOSITE DIRECTION* 

III Chan 7 
visual 

Chan 7 
visual 

Chan 7 
aural 

Chan 7 
aural 

Chan 11 
aural 

Chan 11 
visual 

Chan 11 
visual 

Chan 11 
aural 

Chan 11 
aural 

Out Chan 11 
visual 

Chan 11 
aural 

Chan 11 
visual 

Chan 7 
visual 

Chan 7 
aural 

Chan 7 
visual 

Chan 7 
aural 

Frequency 
175.25 mc 48.9 db 36.9 db 

36.6 

36.8 

36.9 db 48.9 db 

177.0 55.1 36.6 48.3 

179.75 

199.25 

201.0 

203.75 

59.3 35.5 51.9 

42.8 db 31.8 db 32.6 db 

31.3 

48.8 db 

44.5 45.0 30.9 

41.7 30.7 30.4 59.0 

In Chan 7 
visual 

Chan 7 
visual 

Chan 7 
aural 

Chan 7 
aural 

Chan 11 
visual 

Chan 11 
visual 

Chan 11 
aural 

Chan 11 
aural 

Out Chan 11 
visual 

Chan 11 
aural 

52.4 db 

Chan 11 
visual 

Chan 11 
aural 

Chan 7 
visual 

Chan 7 
aural 

Chan 7 
visual 

Chan 7 
aural 

Frequency 
175.25 mc 

177.0 

36.9 db 40.2 db 36.4 db 

37.1 58.1 40.1 36.6 

35.3 179.75 

199.25 

36.3 51.3 41.1 

32.0 db 50.6 db 54.8 db 31.3 db 

201.0 

203.75 

31.1 49.5 48.0 30.9 

30.3 52.8 42.4 30.8 

• Data adjusted for mismatch loss looking into the individual halves of antenna. Quarter-wave phasing section in E-W half of Channel VII and N-S of Channel XI 
antennas. 
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quate for the apertures involved. Both transmitting and 4. 
receiving points were sufficiently above ground so that 
a uniform vertical field existed over the aperture of the 
antenna. The data obtained from the vertical pattern 

Fig. 7-Method of determining the vertical pattern. 

measurements were then scaled to other channels. The 
exact procedure for determining gain is as follows: 

1. Record the field pattern of the horizontally polar-
ized field component in the principal vertical plane. 

2. Square this pattern to obtain a power distribution 
and plot it against the cosine of the vertical angle, 
0, (measured. from the array axis) on rectangular 
co-ordinate paper. 

3. By means of a planimeter, or other methods, find 
the area under the plotted power pattern and un-
der the circumscribing rectangle which shares the 
same base line as the pattern plot. 

5. 

The directive gain in the maximum direction rela-
tive to an isotropic radiator is the ratio of the rec-
tangular area to the area under the pattern plot. 
The gain thus found is divided by 1.641, which ad-
justs it to gain relative to a one-half wavelength 
thin dipole. 

Gain measurements for a great number of conditions 
were necessary; for instance, the tower offset between 
channels 5 and 7 had to be simulated to determine its 
effect. The same was true of the tapered dome of the 
Empire State Building with respect to the channel 2 
antenna. As pointed out later, the channel 2 and 5 an-
tennas were split into two separate antennas of two and 
three bays each for the purpose of providing emergency 
antenna service. The gain for each of these conditions 
as well as the combined antenna had to be determined. 
During the investigation, the channel 7 antenna was re-
phased, at the request of the station, reducing the hori-
zontal gain to obtain a higher field close to the antenna. 
Later, it was determined that the best method of pro-
viding FM service was to locate FM dipoles between the 
channel 2 dipoles. The effect of these dipoles on this an-
tenna was also determined. While some of these 
changes resulted in a second-order effect, nevertheless, 
the problems merited investigation to insure no serious 
changes developing at a later date. 

Table III gives the results of gain measurements for 
various conditions. The directive gain, as well as the net 
gain, is given. The net value takes into account losses in 
the RG-35/U feed cable between the junction box and 
the radiator and also in the power equalizer. The power 
equalizer and its function are more fully discussed in the 
next paragraph. The diplexer and the coaxial line ef-

TABLE III 

RESULTS OF GAIN M EASUREMENTS FOR VARIOUS CONDITIONS 

Television 

Channel 11 7 7 5 

Equally phased 

Visual Aural 

Antenna directivity gain 
Upper portion 
Lower portion 
Feed cable eff % 
Power equalizer elf % 
Net gain 

5.40 5.55 

95.- 0 95.0 

5.- 12 5.28 

Visual 

5.59 

94.- 4 

5.28 

Aural 

Rephased 

Visual Aural Visual Aural 

5.74 

94.4 

5.42 

3.94 

94.4 

3.72 

4.04 

94.- 4 

3.80 

4.17 4.50 
1.45 1.57 
2.52 2.72 

95.4 95.2 
98.9 98.1 
3.93 4.21 

Channel 

Television FM 

4 4 97.1 mc 95.5 mc 101.1 mc 

Equally phased Rephased 

Visual Aural Visual Visual Aural 

Antenna directivity gain 
Upper portion 
Lower portion 
Feed cable eff % 
Power equalizer elf % 
Net gain 

4.48 

97.2 

4.36 

4.79 

96.- 7 

4.- 63 

3.95 4.00 4.43 
-- 2.49 2.75 
-- 1.61 1.78 

97.2 95.1 94.8 
-- 97.2 96.9 
3.85 3.71 4.06 

6.24 

96.- 0 

6.- 00 

0.707 0.707 

94.- 8 94.8 

0- .67 0.67 
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Fig. 8—Schematic portrayal of antenna system showing inner conductors only. (a) Bridge diplexer feed system 
chosen by stations on channels 4, 7, and 11. (b) Notch diplexer feed system with split antenna arrangement for 
emergency service chosen by stations on channels 2 and 5. 

ficiencies are not charged to the net antenna gain. For 
most commercial antennas, the net gain is specified. For 
the Empire State antenna system, however, the direc-
tive gain was specified. It will be seen that the target 
values of directive gain were achieved in the apertures 
that were available. 

Bandwidth 

While previous experience with the supergain antenna 
indicated that the required bandwidth could be achieved, 
the problem was interrelated with effects due to the 
close proximity of the antennas, the necessity for dif-
ferent spacings between radiators to achieve the re-
quired gain, special junction boxes to handle the power, 
and a new type of feed cable. Since it was necessary to 
erect adjacent pairs of antennas on towers to determine 
the amount of coupling, as discussed earlier, the oppor-
tunity presented itself to make a thorough check of 
bandwidth under all of the special operating conditions 
required. 

Since several possibilities presented themselves, the 
five stations were given a choice of feed systems. Sta-
tions on channels 4, 7, and 11 chose the bridge diplexing 
arrangement shown in Fig. 8(a), while stations on chan-
nels 2 and 5 chose the notch diplexing arrangement with 
the bridge power equalizer shown in Fig. 8(b). An addi-
tional variation offered was chosen by channels 2 and 5 

in which the upper and lower portions of the antenna 
were treated as two separate antennas with separate 
feed systems, power equalizers, and coaxial lines. This 
permitted emergency operation with one portion of the 
antenna operating independently of the other. 

VSWR 

As a result of experience with many television instal-
lations, it was known that the voltage standing-wave 
ratio (vswr) over the visual band had to remain within 
the limits of 1.1 to 1 to obtain satisfactory operation. 
This value was indicated as one of the target specifica-
tions. 

Inasmuch as the channel 4 superturnstile antenna and 
the channels 7 and 11 supergain antennas had broad-
band characteristics sufficient to achieve the necessary 
vswr over the band, the standard bridge diplexing 
method was used. The operation of the bridge diplexer 
is well known, having been described in a previous ar-
ticle.2 For channels 2 and 5, power equalizing is desirable 
to achieve the required bandwidth since at the lower 
frequencies the percentage of bandwidth with respect to 
the transmitted frequency is greater. The power equal-
izer inherently improves the vswr over the band by 
trapping reflected energy from the antenna. Fig. 9 indi-
cates an impedance chart plot of a portion of the chan-
nel 5 antenna before and after power equalizing. The 
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• 

Fig. 9 (a)—Smith chart for channel 5 antenna before power equalizing. 

improvement is quite obvious. A more detailed descrip-
tion of this device is given in a previous article.' The 
amount of energy absorbed for a reasonable vswr is neg-

» ligible. For instance, if the vswr is 1.22, the reflection 
coefficient is 10 per cent, and only 1 per cent of the 
power is dissipated. 

In the split-antenna arrangement, two coaxial lines 
are brought into the transmitter room where they are 
combined by a power-splitting transformer which, by 

4 R. W. Masters, "A power equalizing network for antennas," 
PROC. I.R.E., vol. 37, p. 735; July, 1949. 

transformation, splits the power from the transmitter to 
each portion of the antenna as required. The visual 
and aural signals are combined in a notch diplexer which 
is a frequency selective network permitting simultane-
ous operation, without interference, of visual and aural 
transmission into one antenna system. 
The vswr over the band was measured for a number of 

conditions, including the N-S and E-W portions of each 
antenna before diplexing or power equalizing, and also 
the upper and lower portions of each antenna individu-
ally and combined by the power split transformer. 
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Fig. 9(b)—Smith chart for channel 5 antenna, indicating improvement after power equalizing. 

A typical chart of vswr versus frequency for various 
conditions for channel 2 is shown in Fig. 10. 

Power Handling 

One of the requirements for the Empire State antenna 
was the ability to obtain an effective radiated power of 
100 kw from the antenna. (This decision was made and 
the antenna substantially built before the later higher 
power proposals were made by the FCC.) Since there 
were relatively few elements (sixteen or twenty on the 
low band and twenty-four on the high band) and since 
the gain was proportionately low, each feed cable had 
to handle a relatively large power. Investigation re-

vealed that RG-35/U cable was satisfactory for the 
purpose. Table IV indicates a typical calculation which 
establishes deratings for vswr and temperature above 
ambient for which the cable rating is made. 

FM Considerations 

Three frequency-modulation sound broadcasting 
services were desired, plus the five television services. 
Of these, the one for NBC, on 97.1 mc was triplexed on 
the channel 4 antenna by methods previously described.' 

6 L. J. Wolf, "Triplex antennas for television and FM," Elec-
tronics, vol. 20, p. 88; July, 1947. 
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Fig. 10—Voltage stand ng-wave ratio curves versus frequency 
for channel 2. 

Two other services for 95.5 mc and 101.1 mc were re-
quired. A number of experiments were made to find a 
location where the FM dipoles, which are similar to the 
supergain dipoles, could be located with negligible ef-

TABLE IV 

TYPICAL CALCULATIONS ESTABLISHING POWER 
RATING OF FEED CABLE 

Feed cable max vswr 
Feed cable vswr derating factor 
Feed cable temperature derating factor 
Feed cable total derating factor 
Feed cable power capacity before derating 
Feed cable power rating after derating 
Feed cable average power, visual for 100-kw erp 
Feed cable average power, aural, for 100-kw erp 
Power Carried 
  of feed cable for 100-kw erp 
Rated power 
• Average power output of transmitter for 100-kw erp 
Maximum erp possible within limit of feed cables 

1.20 
0.950 
0.788 
0.749 

1400 watts 
1049 watts 
479 watts 
396 watts 

0.835 

24.8 kw 
120 kw 

• Assumes that diplexer handles 25 kw. 
t Assumes that dipleter handles 30 kw. 

fect on the impedance and pattern characteristics of the 
television antenna. These experiments indicated that 
the best location was in the channel 2 array. The method 
employed is shown in Fig. 11. Both FM frequencies were 
diplexed into the single set of four radiators. A vswr of 
1.03 was achieved for both frequencies, using a trans-
former designed for specific matching at the two carrier 
frequencies. 

Gain was measured by using a set of channel 7 screens 
to simulate the channel 2 antenna. The FM dipoles were 
then scaled to 320 mc. The gain, determined by the 
method previously described, taking into account the 
fact that the circularity was not optimum, for the FM 
frequency on the channel 2 tower was 0.707 over a half-
wave dipole. 

Fig. 11—FM dipole located in the channel 2 array. 

PART THREE 

Installation and Operational Tests 

In writing the installation specifications for the elec-
trical contractor, emphasis was placed on obtaining a 
system which duplicated the engineering assembly 
which had been made at the field laboratory and pro-
vided, in addition, as much convenience and service abil-
ity as the structural limitations of space and wind load-
ing would allow. The simultaneous outputs of 13 trans-
mitters (3 FM, 5 TV picture and 5 TV sound) were pro-
vided for, and including emergency provisions, 8 sepa-
rate antenna systems were installed. 
Over 1,100 stainless-steel studs were required to in-

sure adequate electrical and mechanical bonding of the 
screens to the corner members of the tower. A storage-
battery-powered Nelson Stud gun was used to weld these 
studs in place and each one was tested and adjusted with 
a torque wrench. 

Aside from the RF systems for the thirteen transmit-
ters involved, provision had to be made for other essen-
tial services. 
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A system for sleet melting or de-icing the radiating 
elements was specified and installed. Calrod-type heat-
ers located in the hollow legs of the dipole supports take 
a total of 75 kw when energized. Automatic control is 
provided for this system by a humidistat-thermostat 
adjusted to apply power when sleeting conditions exist, 
i.e., approximately 24 to 340 F and above 75-per cent 
humidity. 

Provision was made for communication from each 
transmitter room to the tower base and to each station's 
antenna area as well as intercommunication between 
each transmitter room. 
A safety-signal system was installed to provide a se-

ries of red and green lights at the antenna base and in 
the individual transmitter rooms to indicate when an-
tennas are energized or whether or not work is being 
done on them. 
Each station has a system of four polyethylene probe 

monitoring or measuring cables running from the trans-
mitter room to the center of the respective antenna, with 
provision for patching into the system at their base of 
the tower. Many thousands of feet of standard solid di-
electric coaxial cable were measured in an effort to find 
suitably flat lengths for this use. Present manufacturing 
tolerances are such that it is very difficult to find small 
cables in useful lengths with 1.1 or better swr in the 
range 50-200 mc. 

In addition to the usual beacon and obstruction light-
ing, service receptacles and work lights were provided 
within each of the antenna arrays. 

In order that the tower would not have to be climbed 
to purge the pressured co-ax systems and check them 
for dryness, return bleeder pipes were run from the top 
of each half of each antenna to the 104th floor where 
gauges and bleeder valves were provided. 

Location of leaks in the breezy tower area was a dif-
ficult operation. Chemical and electronic halide detec-
tors were used with some success with Freon gas as the 
sensitizer. The use of radioactive gas and Geiger count-
ers was considered but abandoned because of the pos-
sible tendency to induce ionization when RF was ap-
plied. In the long run, old-fashioned soap suds were 
best, except that detergent and alcohol had to be used 
when the temperature was below freezing. 
A centrally located video patch panel and distribution 

system was installed to provide for interchange of video 
information between stations. This is intended for trou-
ble-shooting possible interference between stations or 
for emergency interchange of program material. 

Like any tall structure, the building acts as a huge 
lightning rod. During dry weather there is an almost 
continuously audible discharge from the steel work ap-
parent near the top. At times these effects were observed 
by workmen as a wavy ethereal blue glow coming from 
sharp points of steel and could be felt as a hair-raising, 
prickling sensation on the nose and ears. The lightning 
rod assembly is already pitted and fused at a hundred 
or more spots where lightning bolts have landed. 

Although the system mockup and measurements made 
at Camden simulated as nearly as possible the conditions 
of the final installation, it was essential that the field 
installation be supervised carefully to insure the dupli-
cation of all factors and, furthermore, that measure-
ments of the completed system be made to determine 
that target specifications had been met. 
The isolation figures established at the field labora-

tory were measured looking directly into the antennas 
and using low-power signal generators. Although these 
measurements showed a good margin of safety, there 
could be no absolute certainty that objectionable forms 
of interference would not arise at the Empire State 
Building when all 13 transmitters were feeding full-
modulated power to the completely assembled antenna 
systems through the relatively long transmission lines. 

During the installation period as each system was 
completed preliminary isolation measurements and ob-
servations were made with a view to immediate correc-
tion or settlement of interference problems serious 
enough to cause operational difficulties. 
When all the systems were finally completed, the la-

borious process of measuring some 400 combinations of 
carriers and antennas was carried out. 

Five set-ups were made in which each station in turn 
was operated as a receiving point, with measurements 
made at the terminated end of all combinations of that 
station's antenna lines. The four transmitting stations 
then operated in turn their various combinations of 
transmitters and antennas at known average carrier 
powers with and without modulation. 
As specified, all of the receiving station's lines were 

terminated while measurements were made on any one 
line. 

Measurement of the received or interfering signal 
was made with a calibrated wattmeter load, 0-1 watts 
range, or when not measurable with the wattmeter, a 
calibrated diode and voltmeter were used. 
As a further check of possible interference from side-

band or heterodyne frequency combinations, careful 
observation for interference effects were made on the 
various station monitors and at various receiving points 
with various combinations of carriers and methods of 
modulation. 
No evidence of cross modulation, beat-note, or other 

interference phenomena was observed. The isolation, 
measured fell in no instance below the target specifica-
tions of —26 db, the poorest figure recorded being —40 
db. 

Recognizing that there could exist unpredictable 
"discrete" or sharply resonant conditions for interfer-
ence in the broad TV pass bands and that these might 
be overlooked with observations made only at carrier 
and average modulation, an all-band high-power pano-
ramic RF sweep was built to serve as a signal generator 
with enough power to override local noise and permit 
broad-band isolation measurements on the order of 40 
db and greater. 
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Seventy-five to 100-watts output in the low bands 
and 50 to 75 watts in the high bands were obtained 
from this sweep which used two 826 tubes, a motor-
driven capacitor, and 60-cycle blanking. The more 
closely coupled antennas were energized alternately and 
the isolation across their swept pass band was recorded 
from an oscilloscope trace produced by a diode pickup 
at the terminated input of the antenna to which the 
isolation was being measured. By reference to previously 
measured static isolation, a point of calibration was 
established on dynamic trace at carrier frequency. 

Although the panoramic measurements demonstrated 
that the coupling between antennas made many gyra-
tions, in no instance did it fall below the —26-db limit. 
Over 5,000 feet of RF transmission line were required 

to couple the various transmitters, located on the 81st 
and 85th floors of the building, to their respective an-
tenna systems mounted on the 220-foot tower which 
runs from the 105th floor up. In order to preclude the 
radiation of "built-in ghosts" due to reflections within 
the radiating systems, these lines were specified to have 
a vswr of 1.05 or better and the complete systems (lines 
and antennas) were to be held to 1.1 vswr. 
Extreme care was used in the installation of the lines 

to make sure they were clean, tight, and free from dents 
or broken insulators. Periodic Hi-Pot, leakage, and vswr 
measurements were made and paired lines kept sym-
metrical as to lengths and fittings so that the cancella-
tion of residual mismatches could be effected by bridge 
diplexing as described above. 
The multitude of broad-band vswr measurements re-

quired on this project, together with the necessity for 
making them at many relatively inaccessible locations, 
made the cumbersome and time-consuming bridge and 
measuring line impractical. All vswr measurements were 
made by the "panoramic RF sweep and delay-line 
method," which has been used effectively for several 
years by one of the authors and his associates in the in-
stallation and adjustment of TV diplexers, triplexers, 
side-band filters, antennas, and other broad-band sys-
tems. 
There is not room in this paper to discuss the "pano-

ramic sweep system" in detail. However, some of the 
simple fundamentals on which the method is based 
merit reviewing. 

Essentially, the system consists of an RF oscillator, 
frequency modulated over a relatively wide band (usu-
ally 6 to 8 mc), and a uniform coil of polyethlene delay 
line (approximately 325 feet long) of conventional im-
pedance (either 51.5 ohm or 72 ohm) and having a delay 
or round-trip transmission time of about 1 µsec and loss 
in the neighborhood of 2 to 3 db per 100 feet. 
A heterodyne diode detector applied at the input to 

the delay line combines the outgoing signal with any re-
flected signal which will be of different instantaneous 
frequency than the oscillator due to the "delay" or 
traverse time of the signal in the line. An oscilloscope 
connected to the diode output reproduces an audio-

range beat signal, the amplitude and frequency of which 
are respectively proportional to the degree of reflection 
or mismatch and to the distance to the point of discon-
tinuity. 

In one major respect the slotted line and panoramic 
methods are similar. The slotted-line probe measures, 
on a meter, amplitudes and positions of "fixed standing 
waves" in a system at a single frequency. The panoramic 
method plots on an oscilloscope amplitudes and posi-
tions of "moving standing waves" existing at one point 
in the system as the frequency is varied over a spectrum. 
Thus slotted-line techniques are applicable in the deter-
mination of swr, or the familiar 

Emax+E,nin  
swr — 

Emin 

where E.= peak-to-peak amplitude of the scope trace 
at 100-per cent mismatch (delay line open or shorted) 
and Emin= peak-to-peak amplitude of successive cycles 
(on either side of the frequency of measurements). 

Location of abrupt or nondistributed discontinuities 
producing as little as 5-per cent mismatch can also be 
made within 10 or 15 feet in long transmission systems 
by this method. 

This is done simply by determining the number of 
standing waves or scope trace cycles per megacycle 
swept and multiplying this by the velocity of propaga-
tion in the system, or 

dN/dF X 984 XK„ X = distance to point of reflection, 
where 
dN= the number of cycles counted on the scope 
dF= frequency width swept to produce this dN 
984 = velocity of propagation in space 
K„=velocity constant of the line 
I =factor used for round-trip travel of signal to de-

fect and back. 
dN/dF will be recognized as being the signal traverse 

time in microseconds. 

As of December 14, 1951 all stations were in commer-
cial operation from the Empire State Building. The ex-
tension of reception, the clearing up of many ghosts and 
shadow problems, and the general improvement in re-
ceiving conditions realized throughout the service area 
has more than justified the considerable expense and 
risk involved. 
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Generation of NTSC Color Signals* 
JOSEPH F. FISHERt, SENIOR MEMBER, IRE 

Summary—The generation of compatible color signals according 
to NTSC specifications is covered in this paper. The equation for the 
composite signal is stated in terms of voltages existing in the red, 
green, and blue channels, and methods of calculating and measuring 
the composite video signal produced by a synthetic color bar chart 
generator are given. The development of the signal from the channel 
outputs of a color flying-spot scanner is illustrated with block dia-
grams, and the performance of a number of units in the chain is 
described. The signal specifications described in this article were 
used by the NTSC for field testing during the latter part of the year 
1951 and also during the year 1952. On the basis of these tests cer-
tain modifications of signal specifications were made in January, 
1953. These are listed at the conclusion. 

I. INTRODUCTION 

THE EVALUATION of the performance of a color 
system is determined both by measured data and 

  subjective viewing; it is therefore essential that 
the conditions of transmission be accurately controlled. 
When specifications for a new system are being investi-
gated, the generating equipment should be flexible 
enough to allow variation of certain operating parameters 
so their effect on over-all performance may be studied. 
The color-signal generating equipment described in 

this article was designed and built in the Philco Re-
search Laboratories in Philadelphia, and is currently 
being used to generate compatible color signals accord-
ing to NTSC specifications. The signal is available as 
either a composite video signal or as a modulated signal 
on a standard television radio frequency carrier. 

II. COMPOSITE NTSC COLOR SIGNAL 

Reference to Fig. 1(b) shows that the composite 
color signal consists of a wide-band luminance signal 
transmitted according to present F.C.C. standards for 
black and white television to which has been added a 
narrow-band color subcarrier. The color subcarrier, 
which has an equivalent video frequency of 3.89 mc, 
is an odd multiple of one-half horizontal deflection fre-
quency, so the principal modulation components of 
monochrome and color are interleaved.' The combina-
tion of using a color carrier of high frequency related in 
this fashion to horizontal deflection frequency results 
in making the pattern of the subcarrier practically in-
visible in monochrome receivers. NTSC color signal may 
be received by present black-white television sets with-
out any circuit or operating changes and produces a 
high-quality monochrome picture on these receivers. 

Tests made at a number of laboratories have shown 
that in an additive color picture it is not necessary to 
devote full 4-mc bandwidth to each of the red, green, 
and blue signals if the luminance information is trans-

* Decimal classification: R583. Original manuscript received by 
the Institute, July 8, 1952. 
t Philco Research Division, Philadelphia, Pa. Paper presented at 

1952 IRE National Convention, New York, N. Y. 
1 C. Hirsch, W. Bailey, and B. Loughlin, "Principles of NTSC com-

patible color television," Electronics, p. 88; February, 1952. 

mitted at full bandwidth.2 The specification for the 
NTSC signal, as shown in Fig. 1(b), shows the color 
subcarrier sidebands extend to at least 1 mc below and 
0.4 mc above the color subcarrier frequency as meas-
ured to the 6 db down points. 
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Fig. 1—Radiated signals (monochrome and NTSC color). 

The NTSC color signal may be expressed by (1) of 
Fig. 2 which shows it to be made from a wide-band 
luminance signal (E'y) to which has been added the 

Em• [0 49 (E‘B -E;) SIN cot +088(4-EY) SIN (WI !Er)] ,) 

x,,,,=E;+( se (2) 

Esc. V[0.49 (Ei - E;)) 2+[0.8B(Es' - EY)) 2 (3) 
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modulator when transmitting a given color at a definite 
brightness is a 3.89-mc sine wave of constant phase 
having an instantaneous value directly proportional to 
the amplitude of the impressed color difference video 
signal. These signals are combined to form a color sub-
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Fig. 3—Video signal (red, white, gray, and yellow) color bars. 

carrier having an amplitude and phase which is the 
vector sum of the output of the two modulators. Color 
phase alternation, in which the phase of the (E' R — E' y) 
modulator output is shifted 180 degrees every successive 
field, is employed to reduce cross-talk developed in ves-
tigial side-band handling of the color signal in the trans-
mitter and receiver. It is often convenient to define the 
signal in polar form as shown in Fig. 2, (2). Peak value 
of the color subcarrier and its resultant phase can then 
be calculated directly by substitution of known voltages 
existing in the red, green, and blue channels. 

Fig. 3 shows the video voltage generated when trans-
mitting a scene consisting of four equal-width vertical 
bars of red, white, gray, and yellow. The waveform 
shown at the bottom is taken over a line period of 63.5 
µsec. At the extreme left is the standard horizontal 
synchronizing pulse which is followed by a burst of 
3.89 mc occurring during the back porch of the hori-
zontal blanking period.' The burst signal is transmitted 
at a constant reference phase following each horizontal 
synchronizing pulse, and is used in the color receiver to 
accurately lock the 3.89-mc oscillator which feeds the 
synchronous demodulators. The first of the four vertical 
bar signals is a red stripe having a width of 13 µsec 
(one-fourth of picture width). During this time interval 
the average value, which is the ( Y) or luminance signal, 
is 0.3 y above black level. The color subcarrier has 
a peak value of 0.63 y and a phase angle of 103 degrees 
relative to the output of the (E' B — E' y) modulator 
during field number one. The second stripe of Fig. 3 is 
a bright white vertical bar made from 1-v signals of 
red, green, and blue, while the third stripe is a gray bar 

made from kv levels of signals in the red, green, and 
blue channels. In these two cases, as can be seen from 
the equations in Fig. 3, the quantities (E'R — E'y) and 
(E'B—E'y) reduce to zero and there is no output from 
either of the two color modulators. In other words, the 
NTSC system only transmits color subcarrier during the 
time there is color information in the scene. If a scene 
should contain both color and black and white, no 
color subcarrier is radiated during the time the camera 
is scanning the monochrome picture elements. During 
this time interval the picture signal automatically be-
comes the same as that which would be radiated by a 
standard black and white transmitter. The fourth stripe 
is a yellow vertical bar which in an additive color 
system may be generated from 1-v signals in the red 
and green channels. The (E' y) signal has value of 
0.89 y above black level, while color subcarrier has peak 
value of 0.44 I/ with phase angle relative to output of 
(E' B — E' y) modulator of 167° during field number one. 

Referring to Fig. 3, it can be seen that during the 
time red and yellow information is being transmitted 
negative voltages exist in the (E' B — E'r) channel. 
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These negative voltages are real, and represent swings 
of video voltage below black level. The performance of 
either modulator is such that a constant phase output is 
maintained for all video voltages above black level, 
while for video voltages below black level the phase of 
the color subcarrier is shifted 180 degrees. The resultant 
color subcarrier, being the vector sum of the outputs of 

B — E' y) and (E'R — Eiy) modulators, can therefore 
take on any relative phase angle between 0 and 360°. 
Shown in block form in Fig. 4 are the units to derive 

the video signals (E' y) , (E' R — E' y) and (E' B — E' y). 
The first unit in the chain is a flying-spot scanner de-
signed to operate with 35-mm double-frame transparent 
color slides. As described in a paper presented by Moore, 
Chatten, and Fisher,' the camera spectral characteristics 
have been adjusted to approximate closely the standard 
t, y, 2 mixture curves of the CIE system. The output 

R. B. Dome, "NTSC color-TV synchronizing signal," Electronics, 
vol. 25, P. 96; February, 1952. 

4 R. C. Moore, J. Chatten, and J. Fisher, "Measurement and Con-
trol of the Color Characteristics of a Flying Spot Scanner," presented 
before 1951 IRE National Convention, New York, N. Y. 
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voltage of a channel such as (Z) is therefore propor-
tional to the product integral of the 2 curve and the 
spectral curve of the particular color being transmitted. 

Since it is necessary to gamma correct the voltages 
in the red, green, and blue channels, a matrix unit is in-
cluded to convert from Ey', Ex', Ez' to Ea, ER, ER. The 
three photomultiplier tubes used in the flying-spot 
scanner are linear devices (i.e., current output is di-
rectly proportional to incident illumination); therefore, 
the gamma-correcting circuits are designed to com-
pensate for only the power law distortion of the picture 
tube used in a receiver. The gamma corrector employs 
a circuit described by Oliver' in which a nonlinear tube 
is used as the plate load of an otherwise linear amplifier. 
An analysis of the correction required to linearize the 
system was covered in a paper presented by Moore.° 
By means of linear adders and subtractors, brightness 
signal (E' y) and color difference signals (E' — E' y) 
and (E' 5— E'y) are derived in matrix unit no. 2. 
Shown in the block diagram of Fig. 5 are the addi-

tional units in the complete chain. Two color difference 
signals are passed through filters having a frequency 
response flat to 1 mc and are down 6 db at 2 mc. 

Nee, 1=s1 CPA 
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Fig. 5—Block diagram (filters to combiner). 

Color-phase alternation is achieved by reversing the 
polarity of the applied video signal to the (E'5— E' y) 
modulator at a sixty-cycle field rate. To insure that the 
burst signal is in phase with the output of the (E'R 

—E'y) modulator during field number one, this modu-
lator is unbalanced during the burst interval by a pulse 
signal from the burst keying generator. 
The (E'y) signal is delayed 4 isec so that during 

transitions in picture information the luminance signal 
and envelope of the color subcarrier will be coincident 
in time at the output of the combiner unit. This delay 
network consists of a 10' piece of RG 65/U, 950-ohm 
coaxial cable terminated with a constant resistance net-
work. A circuit is also incorporated in this unt; thus an 
additional setup may be added to luminance signal. 

• B. Oliver, "A rooter for video signals," PROC. I.R.E., vol. 38, 
pp. 1301-1305; November, 1950. 
• R. C. Moore, "The specification and correction for non-linearity 

of cathode ray tubes," presented before 1952 IRE National Con-
vention, New York, N. Y. 

The luminance signal, color subcarrier, and syn-
chronizing signals are added together in the combiner 
unit to form the composite NTSC color signal. Addi-
tional phase correction is employed to insure that the 
envelope of the color subcarrier and the luminance sig-
nal will be coincident in time at the output of the 
second detector of an average television receiver. Since 
receivers have an envelope delay of approximately 0.3 
µsec for the higher modulation frequencies as compared 
to low frequencies, the correcting network produces an 
added delay for low-frequency components. The circuit 
employs a balanced lattice network described in an ar-
ticle by Kell and Fredenda11.7 

PHOSPHOR COMPENSATION AND MATRIX UNIT 

Transformation from voltages proportional to the 
tristimulus values X, Y, Z of the CIE system to voltages 
required in the red,. green and blue channels is ac-
complished by a process of electronic addition and sub-
traction which is called matrixing. 
The matrix equations to make these transformations 

for the Standard NTSC Panel 7 primaries are 

ER = 1.91E1 — 0.53E1 — 0.29Ez, 

EG = — 0.98E/ ± 2.00E1 — 0.03Ez, 

ER = 0.06E/ — 0.12E1 0.90E. 

(5) 

(6) 

(7) 

The channel output voltages from the flying-spot scan-
ner, as indicated in Figs. 4 and 6, are designated Ex., 
Ey., and Ez. because the lower wavelength lobe of the 
g curve is not included in the pickup spectral charac-
teristic. Furthermore, the realized y' pickup spectral 
characteristic rolls off short of the y curve on the high 
wavelength end of the visible spectrum. However, both 
the e' and y' pickup spectral characteristics are linear 
combinations of g and y and therefore do not limit the 
color fidelity that is realized in the scanner. Output volt-
ages from scanner may be expressed by following: 

= (1.2E1 — 0.2Ex) (8) 

Ex = (0.83E/. 0.166Ez)• (9) 

The latter equation is justified on the basis that the 
shape of the lower lobe of the g curve closely approxi-
mates the shape of the 2 curve, and has an area equal 
to 17 per cent of the 2 curve. 

= (1.4E1 — 0.4E1.), (10) 

Ey = (0.7 Er + 0.286E1.), and (11) 

ER = ER'• 

Substitution of (9) and (11) in (5), (6), and (7) gives 
the red, green, and blue channel voltages in terms of 
the output voltages from the flying spot scanner. 

ER = 1.43E1. — 0.37E1, 0.03Ez, 

Eg = — 0.24E1. ± 1.4 Ey. — 0.19Ex. (13) 

Eg = 0.02E1. — 0.08E1. + 0.9 Ez.. (14) 
7 R. D. Kell and G. L. Fredendall, "Standardization of the tran-

sient response of television transmitters," RCA Rev.; March, 1949. 

(12) 
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Fig. 6 is a circuit diagram of the matrix unit and 
phosphor compensation amplifier used to obtain the red 
channel voltage (ER). Similar amplifiers with appropri-
ate matrixing are used in the green and blue channels. 
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Fig. 6—Matrix no. 1 and phosphor compensation circuit diagram. 

The current outputs of the photomultiplier tubes used 
in the scanner are connected by means of low capacity 
cable to the inputs marked (Ex.) and (Er). The signal 
across the input impedance has a peak-to-peak ampli-
tude of 0.1 y with black level positive. The amplifier 
uses three gain stages and a cathode follower to produce 
an output signal of 1.0-v peak-to-peak amplitude with 
black level negative. Matrixing is done at low level to 
insure good linearity, and the proper proportioning of 
the signals (Ex.) and (Er) is controlled by adjustment 
of the common cathode resistor in the first stage. 
The generation of video signals by a flying-spot 

scanner requires the use of compensation networks to 
correct for the light decay characteristic of the phosphor 
used in the flying-spot cathode ray tube. Equalization 
requires a network which has a flat frequency response 
from 60 cps to approximately 25 kc and then a gradually 
rising characteristic to 4 mc. The elimination of smear 
is accomplished by the network consisting of the 1,000-
ohm input resistor in series with a 300-microhenry coil 
shunted by a 470-ohm resistor. The high-frequency 
response is corrected by two stages of cathode peaking. 
Since the noise output of a photomultiplier is relatively 
flat and wide band, the result of high-frequency peaking 
is to decrease the signal-to-noise ratio for high-fre-
quency video signals. The two equalizing networks are 
independent, and by this means the smear can be re-
moved first and then the cathode peaking adjusted to 
produce a high-definition picture consistent with a 
satisfactory signal-to-noise ratio. 

COLOR MODULATOR 

Shown in Fig. 7 is a simplified circuit diagram of the 
(E'R —E'r) modulator. The input signal for purpose of 
illustration is depicted as a 4-step staircase signal oc-
curring at a 15.75-kc repetition rate. A positive pulse 
from the burst keying generator, which produces the 
reference burst signal, is added to the video signal in the 

common plate load of the first two stages. Continuous 
sine waves having a frequency of 3.89 mc are applied 
180° out of phase to the grids of the 6BE6 tubes. 
The keyed clamps are adjusted so that during black 
level the resultant ac voltage across the filter impedance 
is zero. During field number one, for the staircase signal 
shown, the ac plate current of tube Ti is greater than 
tube T2, and the output subcarrier has a constant 
reference phase of 90° and an amplitude which is di-
rectly proportional to the level of the impressed video 
voltage. The CPA unit reverses the polarity of the im-
pressed video signal every successive field, and during 
field number two the polarity of the staircase voltage ap-
plied to tube T 1 is negative. This results in a 180° phase 
shift of the color subcarrier for field number two; 
however, the phase of the reference burst signal is 
unaltered since the burst keying pulse is added follow-
ing the CPA unit. The 90° phase difference between 
the 3.89 mc signals applied to the two modulators is 
obtained from a constant resistance phase shifter in-
corporated in this unit. It should be emphasized again 
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Fig. 7—Modulator circuit diagram. 

that both the (E'R —E'y) and (E'R—E'y) signals may 
have either negative or positive polarity depending upon 
the color being transmitted at a given time. Whenever 
there is a color transition causing video signal impressed 
on either modulator to swing from above black level to 
below black level or vice versa, the color subcarrier 
phase at output of that modulator is shifted 180°. 

For the modulator shown in Fig. 8: 

Tube 1 Video signal 

Subcarrier 

Tube 2 Video signal 

Subcarrier 

Eck E1 cos cud, (18) 

E2 cos cud; (19) 

— (Eac + El cos w.t), (20) 

E2 cos (wc/ 180°). (21) 

In each tube the subcarrier is multiplied by the im-
pressed signal and the output of the two tubes are 
added in a common load impedance so that 

E0 = (E de -F E1 cos coM(E2 cos wit) 



342 PROCEEDINGS OF THE I.R.E. March 

+ [— (E ck + E1 cos cup) (E2 cos (wct + 180°)], (22) 

E0 = 2E dcE2 cos coj 2E1E2(cos covt)(cos ca.1), (23) 

E0 = 2E2 Ed c cos coct + E1 E2 cos (4.76.1 ± 

± El E2 cos (wet — covt). (24) 

The resultant output from one modulator such as the 
(E'R—E'y) unit includes a color subcarrier term which 
is directly proportional to the dc component of the 
impressed color difference signal. In addition, an upper 
and lower sideband signal is also generated. 

COMBINER UNIT 

The circuit diagram of the combiner unit is shown in 
Fig. 8. In this unit the various signals required to form 
the NTSC composite color signal are added together in 
proper proportion. Ample gain is provided in both the 
luminance and chroma channels so that either of these 
quantities may be varied experimentally, to determine 
the effect of over-all performance. The attenuator 
shown in the input to the chroma channel terminates 
the interconnecting 150-ohm coaxial cable and has pro-
vision for changing the amplitude of the color subcarrier 
in 3 db steps from +3 db to — 9 db. 

COMBINER 7 7 7 

Fig. 8—Combiner circuit diagram. 

The chroma and luminance information are com-
bined in a common plate load, amplified, and then 
coupled to the output stage. A fast-acting keyed clamp 
is used on the grids of the 7AD7 output tubes to insure 
good low-frequency response. Standard synchronizing 
signal is coupled directly into 75-ohm output line to re-
duce signal level that must be handled by prior stages. 

BURST KEYING GENERATOR 

Shown in Fig. 9 is the circuit diagram of the burst 
keying generator. The duration of the pulse produced 
by this generator controls the number of cycles of the 
3.89-mc reference phase that are transmitted during the 
burst interval. For a burst of 8 cycles the pulse duration 
would be 2.06 µsec. 
The input signal to the burst keying generator is a 

short-duration spike pulse coincident in time with the 

leading edge of horizontal blanking and occurring at a 
repetition rate of 15.75 kc. A negative, nine-line pulse 
occurring at a 60-cycle rate, which is obtained from the 
synchronizing generator, is connected to the suppressor 
grid of the 6AS6 gate tube to key out the input pulses 
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Fig. 9—Burst-keying-generator circuit diagram. 

during this time interval. By this means the burst 
signal is keyed out during the time the equalizing 
pulses and the serrated vertical synchronizing pulse are 
transmitted. The resultant pulse train is amplified and 
applied as a 20-v positive trigger pulse to the first 
multivibrator. The duration of the pulse produced by 
this multivibrator controls the time at which the burst 
signal starts. For a gap of 0.57 µsec between the trailing 
edge of the horizontal synchronizing pulse and the 
start of the burst signal the multivibrator would be ad-
justed to have a duration of 6.6 µsec. After differentia-
tion and inversion by the 12AU7 tube, the trailing edge 
of this pulse is used as a positive trigger for the second 
multivibrator. The duration of the pulse produced by 
the second multivibrator is controlled by a vernier con-
trol located in the grid circuit. 
The time duration of the various signals occurring 

during the horizontal blanking period, such as the 
front porch interval, and the gap between the trailing 
edge of the horizontal synchronizing pulse and the start 
of the burst signal, may be accurately measured and 
adjusted by an oscilloscope having provision for inten-
sity modulation of trace by a cohered oscillator.° 

TIMING UNIT 

The subcarrier frequency is chosen to be an odd multi-
ple of one-half horizontal deflection frequency, there-
fore the unit generating the 3.89-mc signal and the 
synchronizing generator must be locked together. The 
method used to insure this tie-in is illustrated in Fig. 10. 
The master oscillator in the synchronizing generator 
operates at a frequency of 31.5 kc, which is four times 
fh/2, and for stable synchronizing between the two units 
it is necessary to lock this oscillator with a 31.5 kc pulse 
derived from the timing unit. The odd number 495 is 
factorable into 5, 9, and 11, which determines the di-
viding ratio of the counters used. Using only dividers in 
the chain requires the master crystal oscillator to op-
erate at a frequency of 15.592 mc, which is four times 

8 J. F. Fisher, "Television picture line selector," Electronics; 1952. 
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the color subcarrier frequency. A gated oscillator op-
erating at a 4 to 1 division ratio produces the 3.89 mc 
signal directly. The 5 to 1, and 9 to 1 counters are gated 
oscillators, while the final 11 to 1 divider employs a 
staircase type counter with special linearizing networks. 

15.592 MC 
CRYSTAL 05C. 

5.001: 
15 99 MC 

DIVIDER 

DIVIDER 

3 1214C__ 

f coLoR 495 7 
CARRIER 

3 89 
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OUTPUT 
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346.5 KC 

3.698125 MC 
5.001%(239..) 

STEP 
COUNTER 

31.5 KC 

sf (4) (495) (*),.) 

4f • 5.99 MC 

(4114 31 5 KC 

Fig. 10-Timing-unit block diagram of 3.89 mc generator. 

Fig. 11 is a circuit diagram of 9 to 1 divider which counts 
from a frequency of 3.12 mc to one of 346.5 kc. Similar 
circuits with different values of capacity and inductance 
are used in other gated oscillator counters. 
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Fig. 11-Circuit diagram of 9/1 counter, 3.1185 mc to 346.5 kc. 

OPERATING PROCEDURE AND CALIBRATION 

The scanner is adjusted for white balance by setting 
the voltages ER, EG, ER equal when a black and white 
test slide is used. This is accomplished by means of indi-
vidual controls, connected between dynodes 5 and 7 of 
the Z' and Y' photomultiplier tubes. 
The three gamma correctors are most easily ad-

. justed by impressing a 1-v, 10-step linear staircase 
signal, operating at a 15.75 kc repetition rate, to the 
input terminals. The operating controls are adjusted so 
the various steps, measured at the output of the cor-
rector, coincide with calibration lines on an oscilloscope. 
This results in a 3 to 1 ratio of gain between step one, 

• which is nearest black level, and step ten. 
The calibration of the second matrixer, color modu-

lators, and combiner units is most easily done by means 
of a synthetic color bar chart generator9 connected to 
the inputs of matrix unit no. 2. A wideband oscilloscope 
is used to check the proper levels of the signals as tabu-

' R. P. Burr, W. R. Stone, and R. O. Noyer, "Picture generator 
for color television," Electronics, vol. 24, p. 116; August, 1951. 

lated in Fig. 12. Switches are provided so that the out-
put of either color modulator as well as the luminance 
channel may be measured individually to insure the 
accuracy of that particular part of the system. The 
phase of the reference burst signal and the output of 

Color 
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Green 0 1.0 0 -059 -059 1.04 0.58 059 1.18 240.7' 119.3° 

Cyan 0 1.0 1.0 -0.70 0.30 1.23 0.30 0.70 1.26 283.4' 76.6' 

Blue 0 0 1.0 - 0.11 0.89 0.19 0.88 0.11 0.90 347' 13' 

hinge« 1.0 0 1.0 0.59 0.59 1.04 0.58 0.41 1.18 60.7° 299.3' 

White 1.0 L 0 1.0 0 0 0 0 1.0 0 - - 

Fig. 12-Calibration chart. 

the (E'R - E'y) modulator are in phase coincidence be-
cause of the method used to generate the burst signal. 
Phase-measuring equipment may be used to check the 
relative phase of the color subcarrier for various colors 
produced by the synthetic color bar generator. The rela-
tive phase of the color subcarrier for a number of 
colors is tabulated in Fig. 12. 

NEW SPECIFICATIONS 

As mentioned in the summary, certain signal modifi-
cations were made in January 1953. (1) Spacing between 
sound and picture carriers, (4.5 mc ± 1000 cycles). 
(2) Sound transmitter power, (50-70% of peak picture 
power). (3) Color subcarrier frequency reduced to 
3.579545 mc ± 0.0003%, and color phase alternation 
eliminated. (4) New color subcarrier specifications in 
which the color difference signals applied to the modu-
lators are E'l and E'o, where 

= 0.'74 (E'R - E' r) - 0.27 (Es - ry) 

E'0 = 0.48 (E'R - E'y) + 0.41 (E'R - 

Sidebands of E 's2 information are limited to ± 600 kc 
while those of E'1 information extend to ± 1.2 mc. Two 
signals are in quadrature with E'1 leading E'0, and burst 
signal leading E'r by 57°. 

For color difference signals having frequencies below 
500 kc this is identical to a signal generated by the meth-
ods given in this article, in which (E'R-E'y) leads 
(E'R-E'y) by 90°. The amplitude and phase of the 
color subcarrier for color difference video signals be-
low 500 kc and the value of the luminance signal are 
therefore exactly as tabulated in Fig. 12, the phase of 
the subcarrier being that shown for (4) Field One). 

The specifications of the signal are such that the pair 
of vectors E'r and E'0, which are in quadrature, lead the 
pair of vectors (E'R - E'r) and (E'8- E'y) by 33°. The 
burst signal leads by 57° and leads (E'R - Eiy) by 90°. 
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I. INTRODUCTION 

M
ANY OF THE TERMS defined here are of long 
standing in colorimetry and photometry. Al-
ready available definitions for them have been 

accepted by the Institute wherever possible. We have 
drawn freely on material developed by the American 
Standards Association, by the Illuminating Engineering 
Society, by the International Commission on Illumina-
tion, and by the Optical Society of America. Our indebt-
edness to these organizations is hereby acknowledged. 
The definitions which follow lie in a field that may be 

novel to radio engineers. These definitions involve sub-
jective as well as objective considerations. In conse-
quence, we draw your attention to the desirability of 
acquiring background knowledge from other sources, 
such as: 

1. Optical Society of America, Committee on Colorim-
etry, "Science of Color,» Thomas Y. Crowell Co., 
New York, N. Y.; 1953. 

N. Smith 
R. A. Sykes 
W. G. Tuller 
J. P. Veatch 
R. J. Wise 

E. A. LAPORT 

M. E. Strieby 
A. Talamini 

R. E. Waggener 
W. T. Wintringham 

2. Deane B. Judd, "Colorimetry," National Bureau 
of Standards Circular 478, Washington, D. C.; 
March 1, 1950. 

I I. DEFINITIONS 

Achromatic Locus (Achromatic Region). Chromaticities 
which may be acceptable reference standards under cir-
cumstances of common occurrence are represented in 
a chromaticity diagram by points in a region which 
may be called the "achromatic locus." 
Note—The boundaries of the achromatic locus are 

indefinite, depending on the tolerances in any specific 
application. Acceptable reference standards of illumina-
tion (commonly referred to as "white light") are usually 
represented by points close to the locus of Planckian 
radiators having temperatures higher than about 
2,000°K. While any point in the achromatic locus may 
be chosen as the reference point for the determination 
of dominant wavelength, complementary wavelength, 
and purity for specification of object colors, it is usually 

Reprints of this Standard, 53 IRE 22 SI, may be purchased while available from The Institute of Radio Engineers, 1 East 79 
Street, New York 21, N. Y., at $0.50 per copy. A 20-per cent discount will be allowed for 100 or more copies mailed to one address. 
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advisable to adopt the point representing the chroma-
ticity of the luminator. Mixed qualities of illumination, 
and luminators with chromaticities represented very 
far from the Planckian locus, require special considera-
tion. Having selected a suitable reference point, dom-
inant wavelength may be determined by noting the 
wavelength corresponding to the intersection of the 
spectrum locus with the straight line drawn from the 
reference point through the point representing the sam-
ple. When the reference point lies between the sample 
point and the intersection, the intersection indicates the 
complementary wavelength. Any point within the 
achromatic locus, chosen as a reference point, may be 
called an "achromatic point." Such points have also been 
called "white points." 

Brightness. The attribute of visual perception in ac-
cordance with which an area appears to emit more or 
less light. 

Note—Luminance is recommended for the photo-
metric quantity, which has been called "brightness." 
Luminance is a purely photometric quantity. Use of this 
name permits "brightness" to be used entirely with 
reference to the sensory response. The photometric 
quantity has been often confused with the sensation 
merely because of the use of one name for two distinct 
ideas. Brightness will continue to be used, properly, in 
nonquantitative statements, especially with reference 
to sensations and perceptions of light. Thus, it is cor-
rect to refer to a brightness match, even in the field 
of a photometer, because th ; sensations are matched 
and only by inference are the photometric quantities 
(luminances) equal. Likewise, a photometer in which 
such matches are made will continue to be called an 
"equality-of-brightness" photometer. 
A photo-electric instrument, calibrated in foot-

lamberts, should not be called a "brightness meter." 
If correctly calibrated, it is a "luminance meter." A 
troublesome paradox is eliminated by the proposed dis-
tinction of nomenclature. The luminance of a surface 
may be doubled, yet it will be permissible to say that 
the brightness is not doubled, since the sensation 
which is called "brightness" is generally judged to be 
not doubled. 

Candle. The unit of luminous intensity. One candle is 
defined as the luminous intensity of 1/60th square 
centimeter of a blackbody radiator operating at the 
temperature of solidification of platinum. Values for 
standards having other spectral distributions are de-
rived by the use of accepted luminosity factors. 

Candlepower. Luminous intensity expressed in candles. 

Chroma (Munsell Chroma). The dimension of the 
Munsell system of color which corresponds most closely 
to saturation. 

Note—Chroma is frequently used, particularly in 
English works, as the equivalent of saturation (q.v.). 

Chromaticity. The color quality of light definable by 
its chromaticity co-ordinates, or by its dominant (or 
complementary) wavelength and its purity taken to-
gether. 

Chromaticity Co-ordinate. The ratio of any one of the 
tristimulus values of a sample to the sum of the three 
tristimulus values. 

Chromaticity Diagram. A plane diagram formed by 
plotting one of the three chromaticity co-ordinates 
against another. 
Note—The most common Chromaticity Diagram at 

present is the CIE (x, y) diagram plotted in rectangular 
co-ordinates (see Fig. 1). 
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Fig. 1—Chromaticity Diagram. 

CIE. Abbreviation for "Commission Internationale de 
Eclairage." 
Note—These are the initials of the official French 

name of the "International Commission on Illumina-
tion." This translated name is approved for usage in 
English-speaking countries, but at its 1951 meeting the 
Commission recommended that only the initials of the 
French name be used. The initials "ICI" which have 
been used commonly in this country are deprecated be-
cause they conflict with an important trademark regis-
tered in England and because the initials of the name 
translated into other languages are different. 

Color. The characteristics of light other than spatial 
and temporal inhomogeneities. 

Note 1—The measure of color is three dimensional. 
One of the many ways of measuring color is in terms of 
luminance, dominant wavelength, and purity. 
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Note 2—Inhomogeneities, for example, particular 
distributions and variations of light, and characteristics 
of objects which are revealed by variations such as 
gloss, lustre, sheen, texture, sparkle, opalescence, and 
transparency, are not included among the color charac-
teristics of objects. 

Color-Mixture Data. See Tristimulus Values, the pre-
ferred term. 

Complementary Wavelength. The wavelength of light 
of a single frequency, which matches the reference 
standard light when combined with a sample color in 
suitable proportions. 

Note 1—The wide variety of purples which have no 
dominant wavelengths, including nonspectral violet, 
purple, magenta, and nonspectral red colors, are spe-
cified by use of their complementary wavelengths. 

Note 2—Refer to Dominant Wavelength. 

Dominant Wavelength. The wavelength of light of a 
single frequency, which matches a color when combined 
in suitable proportions with a reference standard light. 
Note—Light of a single frequency is approximated in 

practice by the use of a range of wavelengths within 
which there is no noticeable difference of color. Although 
this practice is ambiguous in principle, the dominant 
wavelength is usually taken as the average wavelength 
of the band used in the mixture with the reference stand-
ard matching the sample. Many different qualities of 
light are used as reference standards under various 
circumstances. Usually the quality of the prevailing 
illumination is acceptable as the reference standard in 
the determination of the dominant wavelength of the 
colors of objects. 

Equal-Energy Source. A light source for which the 
time rate of emission of energy per unit of wavelength 
is constant throughout the visible spectrum. 

Excitation Purity (Purity). The ratio of the distance 
from the reference point to the point representing the 
sample, to the distance along the same straight line 
from the reference point to the spectrum locus or to the 
purple boundary, both distances being measured (in the 
same direction from the reference point) on the CIE 
chromaticity diagram. 
Note—The reference point is the point in the chro-

maticity diagram which represents the reference stand-
ard light mentioned in the definition of Dominant 
Wavelength. 

Footcandle. A unit of illuminance when the foot is 
taken as the unit of length. It is the illuminance on a 
surface one square foot in area on which there is a 
uniformly distributed flux of one lumen, or the il-
luminance at a surface all points of which are at a dis-
tance of one foot from a uniform source of one candle. 

Footlambert. A unit of luminance equal to 1/7r candle 
per square foot, or to the uniform luminance of a per-

fectly diffusing surface emitting or reflecting light at the 
rate of one lumen per square foot. 
Note—A footcandle is a unit of incident light and a 

footlambert is a unit of emitted or reflected light. For a 
perfectly reflecting and perfectly diffusing surface, the 
number of footcandles is equal to the number of foot-
lamberts. 

Hue. The attribute of color perception that determines 
whether it is red, yellow, green, blue, purple, or the like. 
Note 1—This is a subjective term corresponding to 

the psychophysical term Dominant (or Comple-
mentary) Wavelength. 
Note 2—White, black, and gray are not considered 

as being hues. 

ICI. Superseded by "CIE." 

Illuminance (Illumination). The density of the luminous 
flux on a surface; it is the quotient of the flux by the 
area of the surface when the latter is uniformly il-
luminated. 

Lambert. A unit of luminance equal to 1/7r candle per 
square centimeter, and, therefore, equal to the uniform 
luminance of a perfectly diffusing surface emitting or 
reflecting light at the rate of one lumen per square cen-
timeter. 

Light. The aspect of radiant energy of which a human 
observer is aware through the visual sensations that 
arise from the stimulation of the retina of the eye. For 
the purposes of engineering, light is visually evaluated 
radiant energy. 
Note 1—Light is psychophysical, neither purely 

physical nor purely psychological. Light is not synony-
mous with radiant energy, however restricted, nor is it 
merely sensation. 
Note 2—The present basis for the engineering evalu-

ation of light consists of the color-mixture data rc, i 
adopted in 1931 by the International Commission on 
Illumination. 

Lumen. The unit of luminous flux. It is equal to the 
flux through a unit solid angle (steradian) from a uni-
form point source of one candle, or to the flux on a 
unit surface all points of which are at unit distance from 
a uniform point source of one candle. 

Luminance. The luminous intensity of any surface in 
a given direction per unit of projected area of the sur-
face as viewed from that direction. 
Note—See Note under the term Brightness. 

Luminosity. Ratio of luminous flux to the correspond-
ing radiant flux at a particular wavelength. It is ex-
pressed in lumens per watt. 

Luminosity Coefficients. The constant multipliers for 
the respective tristimulus values of any color, such that 
the sum of the three products is the luminance of the 
color. 
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Luminous Efficiency. The ratio of the luminous flux to 
the radiant flux. 
Note—Luminous efficiency is usually expressed in 

lumens per watt of radiant flux. It should not be con-
fused with the term "efficiency" as applied to a practical 
source of light, since the latter is based upon the power 
supplied to the source instead of the radiant flux from 
the source. For energy radiated at a single wavelength, 
luminous efficiency is synonymous with luminosity. 

Luminous Flux. The time rate of flow of light. 

Luminous Intensity (in any direction). The ratio of the 
luminous flux emitted by a source or by an element of a 
source, in an infinitesimal solid angle containing this 
direction, to the solid angle. 

Note—Mathematically, a solid angle must have a 
point at its apex; the definition of Luminous Intensity, 
therefore, applies strictly only to a point source. In 
practice, however, light emanating from a source whose 
dimensions are negligible in comparison with the dis-
tance from which it is observed may be considered as 
coming from a point. 

PlaneMan Locus. The locus of chromaticities of Planck-
jan (blackbody) radiators having various temperatures 
(see Fig. 1). 

Primaries. The colors of constant chromaticity and 
variable luminance, which, when mixed in proper pro-
portions, are used to produce or specify other colors. 

Note—Primaries need not be physically realizable. 

Purity (Excitation Purity). The ratio of the distance 
from the reference point to the point representing the 
sample, to the distance along the same straight line 
from the reference point to the spectrum locus or to the 
purple boundary, both distances being measured (in the 
same direction from the reference point) on the CIE 
chromaticity diagram. 
Note—The reference point is the point in the 

chromaticity diagram which represents the reference 
standard light mentioned in the definition of Dominant 
Wavelength. 

Purple Boundary. The straight line drawn between the 
ends of the spectrum locus (see Fig. 1). 

Radiance. The radiant flux per unit solid angle per unit 
of projected area of the source. 

Note—The usual unit is the watt per steradian per 
square meter. This is the radiant analog of luminance. 

Radiant Flux. The time rate of flow of radiant energy. 

Radiant Intensity. The energy emitted per unit time, 
per unit solid angle about the direction considered; for 
example, watts per steradian. 

Receiver Primaries. The colors of constant chromaticity 
and variable luminance produced by the receiver 
which, when mixed in proper proportions, are used to 
produce other colors. 
Note—Usually three primaries are used: red, green, 

and blue. 

Relative Luminosity. The ratio of the value of the 
luminosity at a particular wavelength to the value at 
the wavelength of maximum luminosity. 

Saturation. The attribute of any color perception pos-
sessing a hue that determines the degree of its differ-
ence from the achromatic color perception most re-
sembling it. 

Note 1—This is a subjective term corresponding to 
the psychophysical term Purity. 

Note 2—The description of saturation is not com-
monly undertaken beyond the use of rather vague 
terms, such as vivid, strong, and weak. The terms 
brilliant, pastel, pale, and deep, which are sometimes 
used as descriptive of saturation, have connotations de-
scriptive also of brightness. 

Spectrum Locus. The locus of points representing the 
chromaticities of spectrally pure stimuli in a chroma-
ticity diagram (see Fig. 1). 

Tristimulus Values. The amounts of the primaries that 
must be combined to establish a match with the sample. 

White. 
Note—In color television, the term White is used 

most commonly in the nontechnical sense. More spe-
cific usage is covered by the term Achromatic Locus, 
and this usage is explained in the Note under the term 
Achromatic Locus. 

White Object. An object which reflects all wavelengths 
of light with substantially equal high efficiencies and 
with considerable diffusion. 
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Low-Loss Waveguide Transmission* 
S. E. MILLERt, MEMBER, IRE AND A. C. BECKt, SENIOR MEMBER, IRE 

Summary—The circular electric mode in round metallic tubing 
becomes increasingly more attractive than the dominant mode from 
the standpoint of minimizing the waveguide size at frequencies 
above about 10,000 mc for the loss criterion of 0.25 db/100 feet. 

The circular electric (Ten) mode also makes available a theoreti-
cal heat loss of 2 db/mile in waveguides less than 6 inches in diam-

eter at frequencies higher than about 5,500 mc. Increased transmis-
sion bandwidth, reduced delay distortion, and reduced waveguide 
size are factors favoring use of the highest practical frequency of 
operation. An increased number of freely propagating modes and 
smaller mechanical tolerances are the associated penalties. 

Experimental work has been carried out in the 9,000-mc region 
using the Tem mode in a pipe about 5 inches in diameter. Transmis-
sion of 0.1-psec pulses has been observed over a distance of 40 
miles. Mode conversion and surface roughness of the tubing walls 
result in observed losses which average about 50 per cent higher 
than the theoretical values for geometrically perfect, smooth-walled 
tubing. 

There is included a brief discussion of several problems unique 
to transmission in a multimode medium, including pure mode gen-
eration, mode filtering, the bend problem, and the effects of mode 
conversion on transmission loss and signal fidelity. 

INTRODUCTION 

rT HIS PAPER presents some results of an inves-
tigation carried on at Holmdel to evaluate the 
possibility of using waveguide as a low-loss trans-

mission medium. The Bell System is interested in know-
ing whether waveguide can be used as a long-distance 
communication medium in the manner in which coaxial 
cable or the radio-relay system is now employed. 
Our interest in long-distance waveguides is due in part 

to the fact that radio-wave propagation through the at-
mosphere becomes progressively more severely handi-
capped by oxygen, rain, and water-vapor absorptions at 
frequencies above 12,000 mc. Use of the spectrum above 
this frequency seems to require a sheltered transmission 
medium. 
We also employ waveguide for subsidiary connecting 

links in other systems, for example, between the antenna 
and the transmitter or receiver in a radio-relay system, 
and we are interested in the general factors governing 
such waveguide use. 
The loss requirements for these two general applica-

tions are of course different. For long-distance trans-
mission it would be desirable to have losses as low as 
1 to 4 db per mile. For the subsidiary connecting-link 
application, a loss on the order of db per 100 feet, that 
is, about 13 db per mile, is an attractively low loss. 
Other characteristics of these two waveguide uses are also 
quite different. For the subsidiary connecting link, the 
frequency of operation, the type of signal modulation 

• Decimal classification: R118.2. Original manuscript received by 
the Institute, September 9, 1952. Presented orally at the March, 
1951 IRE National Convention in New York, N. Y. 
t Bell Telephone Laboratories, Box 107, Red Bank, N. J. 

to be used, and numerous space requirements are fre-
quently dictated by the remainder of the system. For 
long-distance application, on the other hand, the kind 
of waveguide, the mode to be used, the frequency of 
operation, and the type of signal modulation employed 
are all at the disposal of the system designer for use in 
achieving the most efficient transmission of intelligence. 
In this case the equipment associated with the wave-
guide is in a sense subordinate to the characteristics of 
the waveguide. The associated equipment will be de-
signed to take advantage of the medium's desirable 
characteristics and to avoid the medium's undesirable 
characteristics. These detailed systems considerations 
will not be discussed in this paper, but the systems point 
of view should be kept in mind when assessing the ob-
servations to be reported. 

THEORETICAL CONSIDERATIONS GOVERNING 
W AVEGUIDE USE 

Fig. 1 shows the loss characteristics of dominant-
mode rectangular waveguide. The ordinate is the mid-
band theoretical attenuation for a rectangular wave-
guide designed to be in the center of its region of 
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Fig. 1—Attenuation versus frequency for dominant-mode rectangu-
lar hollow copper waveguides in the center of their region of 
single-mode operation. 

single-mode operation at the abscissa frequency. At 
5,000 mc the loss is around 1 db per 100 feet, at 10,000 
mc the loss is around 3 db per 100 feet, and at 30,000 mc 
the loss is in excess of 10 db per 100 feet. Thus above 
5,000 mc the dominant-wave rectangular guide loss 
becomes undesirably high even for subsidiary connect-
ing-link applications. 
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For long-distance applications and transmission 
losses under 5 db per mile, a midband frequency below 
1,000 mc is necessary with dominant-mode rectangular 
waveguide. This corresponds to a waveguide approx-
imately one foot in width, which is undesirable from the 
standpoint of size and cost. Furthermore, delay-distor-
tion requirements would necessitate the use of such a 
waveguide in baseband channels only a few megacycles 
wide. The total RF band available is less than 500 mc 
for single-mode operation. We conclude that a more 
attractive design for long-distance application would be 
very desirable. 
The situation just described for single-mode rectangu-

lar waveguide would be broadly the same for other 
shapes of single-mode hollow-conductor waveguide. 

It is well known that the loss of any hollow conductor 
waveguide can be reduced in theory to any desired ex-
tent by increasing the cross-sectional area a suitable 
amount. The resulting penalty is that the medium is 
capable of supporting more than one mode. There seem 
to be no advantages of rectangular waveguide when 
operated in the multimode region. As a result this dis-
cussion will now be confined to round waveguides which 
are attractive for mechanical reasons. 
The difficulties associated with the transmission line 

increase as the number of freely propagating modes in-
creases. Furthermore, the cost of the line increases as 
the size is increased. Thus, convenient criteria for 
choosing the mode of transmission are the required 
waveguide size and the number of freely propagating 
modes. To this should be added the criterion delay dis-
tortion for it will become evident that the various modes 
differ in this respect also. 
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Fig. 2—Round-guide diameter versus frequency for the fixed 
attenuation of 2 db/mile. 

Fig. 2 shows the waveguide diameter required at any 
given frequency to achieve a theoretical loss of 2 db 
per mile. Below 2,500 mc use of TEn, the dominant 
wave, results in the smallest waveguide size. Above 
2,500 mc the circular electric mode provides the smallest 
waveguide diameter at the required 2 db per mile loss. 
For a frequency of operation near 50,000 mc, the diame-
ter required is about 2 inches. 

Fig. 3 shows similar data for the condition where the 
loss is held constant at 0.25 db per hundred feet. Under 
these conditions use of the dominant wave TEn results 
in smaller waveguide diameters for midband frequencies 
up to 8,000 mc. At midband frequencies above 8,000 
mc use of the circular electric wave TE01 provides a 
medium with 0.25 db/100-foot loss in the smallest 
waveguide diameter. From Figs. 2 and 3 one may draw 
the general conclusion that for frequencies up to 5,000 
or 10,000 mc, depending upon the exact loss tolerated, 
dominant-wave transmission results in the smallestwave-
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Fig. 3—Round-guide diameter versus frequency for the fixed at-
tenuation of 0.25 db/100 feet and 13.2 db per mile. 

guide size, and appears attractive. At midband fre-
quencies higher than 10,000 mc the circular electric 
wave will provide the desired magnitude of transmission 
loss in a smaller waveguide diameter than that required 
by any other wave. 
The number of freely propagating modes is also shown 

on Figs. 2 and 3 by the circles and numerals at points 
along the curves. For the 2 db/mile condition, Fig. 2 
indicates that 25 to 50 modes will propagate in a line 
designed to operate near 10,000 mc. This corresponds to 
a condition which has been studied experimentally, as 
reported in succeeding sections of this paper. In order 
to reduce the waveguide to about 2 inches in diameter, 
an interesting region for long-distance communication, a 
carrier frequency of about 50,000 mc is required and 
about 175 modes can propagate. 

For the short connecting-link application, Fig. 3 shows 
that about 10 modes will propagate in a line designed to 
operate near 10,000 mc, and even at 4,000 mc 2 or 3 
modes must be tolerated. For a line designed to operate 
at 25,000 mc the circular electric wave is clearly indi-
cated and about 25 modes must be accepted to reach 
the condition of 0.25 db/100 foot theoretical loss. 

Delay distortion is another parameter governing 
waveguide uses. In Fig. 4 the ordinate is the ratio of 
group velocity to the velocity in free space, and the 
abscissa is the operating frequency. For any smooth-
walled hollow conductor waveguide the group velocity 
is zero below the cutoff frequency and approaches the 
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free-space velocity asymptotically above the cutoff fre-
quency. To establish quantitatively the magnitude of 
delay distortion, we assume a carrier shown on the 
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Fig. 4—Group velocity (relative to an unbounded medium) versus 
frequency for hollow conductor waveguides. 

chart as fo, with two sidebands separated from the 
carrier by Af. For a certain magnitude of delay distor-
tion there will be a 180° phase difference between the 
components at plus and minus f, a condition of severe 
distortion using any of the ordinary modulation meth-
ods. The bandwidth associated with this amount of 
delay distortion is an upper limit on the usable band-
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Fig. 5—Base bandwidth per channel vs. frequency for one-mile wave-
guide length, loss fixed at 0.25 db/100 feet and 13.2 db per mile. 

width,' and we shall use it as a quantitative indication 
of the quality of the medium. In order to simplify the 
presentation we shall assume one mile of waveguide 
length in all cases. It may be shown that the allowable 
base bandwidth varies inversely as the square root of 
the length of waveguide. 

Fig. 5 shows on the ordinate the base bandwidth 
allowable for a one-mile waveguide length and on the 
abscissa the midband operating frequency. The wave-
guide diameter shown by circles along the curve has 
been varied to hold the loss constant at 0.25 db per 

1 This conclusion is based on some unpublished analyses made by 
D. H. Ring and S. Darlington of Bell Telephone Laboratories. 

hundred feet, making these curves comparable to those 
of Fig. 3. Note that for midband frequencies below 
10,000 mc the allowable channel bandwidths are less 
than 100 mc for a one-mile waveguide length. Shorter 
waveguide runs allow the use of wider bands. Fig. 6 
shows similar information where the waveguide loss 
has been held constant at 2 db per mile, the same condi-
tion held in Fig. 2. Below 3,000 mc the TE,, wave is 
more attractive since it provides more bandwidth and 
requires about the same diameter as the circular electric 
wave. Above 3,000 mc, also, the TEn wave provides 
more bandwidth under the conditions plotted. How-
ever, note that the waveguide diameter required in this 
region is larger for the TE n wave. Hence, if more band-
width than provided for the TEoi wave is required, one 
would probably enlarge the waveguide to get the pre-
scribed bandwidth in the circular electric wave, or as 
an alternative, go to a higher frequency where the 
circular wave provides the same loss in a smaller wave-
guide and at the same time makes available more band-
width per channel. In the vicinity of 50,000 mc for the 
2 db/mile condition, a bandwidth per channel on the 
order of 500 mc is the maximum that is available. Of 
course, the useful bandwidth of the waveguide is much 
greater than this since many such channels can be 
multiplexed by frequency division. 
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6—Same as Fig. 5 except loss fixed at 2 db/mile. 

In view of the general trend toward wider bandwidth 
systems and toward higher midband frequencies of op-
eration it would appear likely that hollow conductor 
waveguides operated in the multimode region will find 
application if their theoretically available transmission 
capabilities can be realized in practice. 

REPORT ON EXPERIMENTS CONCERNING CIRCULAR 
ELECTRIC W AVE TRANSMISSION2 

Some over-all transmission experiments were con-
ducted on a low-loss waveguide line, approximately 500 

O A report on some dominant-wave experimental work in multi-
mode round waveguides was given by A. P. King, "Dominant-wave 
transmission characteristics of a multimode round waveguide," 
PROC. 1.R.E., vol. 40, pp. 966-969; August, 1952. 

4, 
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feet long. Fig. 7 shows the waveguide installation. The 
supports for the line were set in concrete and optically 
aligned so as to provide a waveguide straight within 
about inch over its entire length. The philosophy be-
hind this installation was the familiar one of providing, 
for experimental purposes, as close to the ideal line as 
possible so that deviations could be created in a con-
trolled manner. The inside diameter was about 41 
inches, chosen to obtain the desired theoretical loss of 
about 2 db per mile at 9,000 mc, where measuring 
equipment was readily available. Higher frequencies in 
smaller waveguides would of course be more attractive 
for commercial use, but this must await the develop-
ment of suitable electron tubes. 

Fig. 7—Installation of 5-inch diameter waveguide line. 

The copper tubing employed was produced by a com-
mercial supplier using the manufacturing techniques 
now standard for precision waveguide. 

Fig. 8 shows the layout of equipment used for one 
type of test conducted on the line. In this test, short 
bursts of RF energy, approximately 0.1 µsec in duration, 
were injected into the line at intervals of 300 µsec. 
Except for two small holes through which to couple to 
the transmitter and receiver, the waveguide line was 
short-circuited at both ends. The injected 0.1-µsec pulse 
occupied at any instant a space interval of 100 feet; 
therefore, as the pulse traveled from one end to the 
other between the short circuits, it produced at the 

receiver coupling hole spurts of energy at the instants 
when the pulse was passing the sending end. Each 
time the pulse passed the input end a small amount was 

Fig. 8—Diagram of equipment used for pulse transmission tests. 

sent to the receiver, amplified, detected, and placed as 
a vertical deflection on the oscilloscope. The horizontal 
deflection on the oscilloscope was a linear time base 
having a duration of a few microseconds. In order to 
look at the received pulse after a selected number of 
trips back and forth down the line, a variable delay 
was placed between the trigger and the oscilloscope's 

Fig. 9—Photograph of cathode-ray tube presentation during the 
time interval immediately following the transmitted pulse. 

horizontal deflection circuits. Figs. 9-12 show photo-
graphs of the oscilloscope under different conditions. 
It should be noted that the pulse transmitted through 
the small orifice in the end plate of the waveguide ex-
cited a large number of modes. There are, at 9,000 mc, 
approximately 40 modes which can propagate in this 
waveguide. It also is known that the coupling through 
the end-plate holes was so weak and the energy lost due 
to dissipation in the shorting plates was so small as to 
represent an attenuation which was negligible compared 
to the theoretical wall loss in the 500-foot long line. 
Therefore, as the pulse bounced back and forth in the 
line, it decayed just as though it had traveled on a 
straight long section of waveguide made up of 500-foot 
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Fig. 10—Same as Fig. 9, except that a longer time interval is shown. 

long segments identical to the single 500-foot section 
actually constructed. 

Fig. 9 shows a photograph of the oscilloscope dis-
playing the time interval immediately following the 
transmitted pulse. The pulse at the extreme left repre-
sents the transmitted pulse which passed directly from 
the transmitter orifice to the receiver orifice on the end 
plate of the waveguide. The blank time interval im-
mediately following the transmitted pulse is about 
1 ¿sec long and represents the time of travel of energy 
down to the far end of the 500-foot line and back to the 
sending end. During this interval no pulses were re-
ceived because the joints in the line produce little re-
flection. The first pulse after the transmitted pulse rep-
resents energy in the mode which has the highest group 
velocity. Pulses immediately following this first received 
pulse represent energy which traveled in other modes 
whose velocities were lower and which therefore re-
quired more time for the one round trip of travel. Be-
ginning at the time 2A1, there appear received pulses 
which represent energy which made two round trips in 
the line. If the transmitted pulse width were short 
enough, one could theoretically identify the mode in 
which the energy traveled by observing the time of ar-
rival, since the velocities of propagation and the dis-
tance are known parameters. The 0.1-µsec pulse used in 
these experiments was not short enough to allow this 
kind of resolution on an individual mode basis. Some-
thing on the order of five or six modes had velocities so 
nearly the same that they could not be resolved on a 
time basis with the 0.1 µsec pulse and the 500 foot line. 

In Fig. 10 the scale of the abscissa was changed so as 
to show the interval 0 to 14 At instead of the interval 0 
to 24.t. Observe that fewer pulses were received in a time 
interval At for increased time delay relative to the trans-
mitted pulse. This is a consequence of the fact that en-
ergy traveling in some modes was attenuated more rap-
idly than that in other modes. For time delays greater 
than 10At the received pulses appeared at regular inter-
vals and with smoothly decaying amplitude. This be-
havior indicated that the major portion of the energy in 
the line was traveling in a single mode, and we deduced 
that this mode was TE01 as follows: We identified the 
mode as one near the TE01 mode in velocity of propaga-
tion by measuring the absolute time between pulses 
(averaged over many round trips) and finding that this 
period corresponds to the theoretical time of energy 
travel for one round trip of TE01 in the 500-foot line. 

12 13 14 

This excluded all but a few modes whose velocities are 
nearly that of TE01. Measurements of transmission loss 
were made by observing the rate of decay of the re-
ceived pulses averaged over 10 round trips or more. It 
was found that the loss was about 3 db per mile com-
pared to a theoretical value of approximately 2 db per 
mile for TE01 propagation. This confirmed that propa-
gation was actually taking place in the TEN mode, for 
all other modes near Ten in velocity have theoretical 
losses well in excess of the observed value. 

In summary of the effects illustrated in Fig. 10, a 
great many modes including TE01 were launched by ex-
citing the waveguide through a small aperture in the 
end plate. All these modes propagated back and forth 
in the line for a while, but due to the fact that TEN has 
appreciably less loss than the other modes the energy 
which remained in the line after a suitable time delay 
was substantially all in the TE01 mode. This permitted 
measuring the TE01 loss over a distance of many miles 
by allowing the energy to traverse the 500-foot line 
many times. 
The theoretical loss of the experimental line was 

about 2 db/mile, and the average observed value was 
about 50 per cent higher than this. Some of the excess 
above theoretical was due to roughness of the copper 
surface on the inner wall of the pipe. Measurements 
made on a sample of the same waveguide by Tyrrell, 
and measurements made by Beck and Dawson on 
wire samples,s both show that the surface roughness ef-
fects account for ohmic losses 15 to 20 per cent above 
theoretical. The remainder of the excess above theoreti-
cal would therefore appear to be due to mode conversion 
from TE01 to other modes, which is really an energy 
transformation phenomenon rather than a dissipative 
phenomenon. Direct measurements to confirm this sup-
position are described in a later section of this paper. 

Questions naturally come to mind in connection with 
long waveguide propagation possibilities: Will circular 
electric wave propagation be limited by mode-conver-
sion effects and, if so, at what distance? Will mode con-
version cause the shape of a pulse to be distorted be-
yond recognition? Fig. 11 gives a partial answer to these 
questions. In Fig. 11 there are shown several successive 
pulses which traveled up and down the 500-foot wave-
guide for a total distance of 40 miles. The pulse shape 

3 A. C. Beck and R. W. Dawson, "Conductivity measurements at 
microwave frequencies," PROC. I.R.E., vol. 38, pp. 1181-1189; 
October, 1950. 
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after 40 miles was essentially the same as the transmit-
ted pulse, although thermal noise was clearly visible. 
One certainly can conclude from this observation that 
circular electric wave transmission over great distances 
is possible. 
The long waveguide line and associated pulse trans-

mitting and receiving equipment also provided a very 
convenient way of demonstrating additional mode trans-
mission effects. For example, in a multimode medium 

Fig. II—Record of pulses after 40 miles of repeated 
traversal over the 500-foot line. 

one may use mode filters. One such filter may have a 
very low loss for the circular electric waves but very 
high loss to other waves. Such mode filters have been 
built and Fig. 12 shows the transmission changes which 
resulted when one was introduced into the experimental 
line. The upper half of Fig. 12 shows the time interval 
0 to 11at with no mode filter in the line. When the mode 
filter was introduced into the waveguide, the received 
signal changed to that shown in the lower half of Fig. 
12. The energy in the undesired modes largely disap-
peared; it was absorbed by the mode filter. 
There are a few small pulses in the lower half of Fig. 

12 which cannot be in the TE01 mode because of their 
time position. Starting at time 1.15à/ there is a series 
of regularly spaced pulses in Fig. 12 labeled Ten, and 
a single small pulse labeled TE02. The geometric place-
ment of resistive material in the mode filter used lead 
us to anticipate low losses for the entire circular electric 
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(TEo„) family of modes, and, therefore, the extra pulses 
were suspected of being in higher-order circular electric 
modes. The TE03 pulse was tentatively identified by 
noting that its group velocity was 55 to 60 per cent of 
that of the TE01 pulses. High attenuation in the TE03 
mode prevented additional TE03 pulses from being ob-
served. 

In the case of the TE02 series of pulses, it was possible 
to get a fairly accurate measure of relative group veloc-
ity, confirming the identification as TE02. Note that the 
seventh TE01 pulse coincides with the sixth TE02 pulse, 
and that the pulse at 7At shows on the TE01 train as be-
ing too large in amplitude. 

For the lower half of Fig. 12 with the mode filter in 
the waveguide, the TE03 train shows a smoothly decay-
ing amplitude characteristic in the region 0 to 10,At 
(with the exception of the situation at Mt as already 
described); whereas, in the upper half of Fig. 12 for 
which no mode filter was used, the series of TE01 pulses 
show rather marked deviations from a smoothly decay-
ing wave in the 0 to 10at time interval. The latter is due 
of course to the presence of energy in the line in unde-
sired modes. 

MODE FILTERS AND TRANSDUCERS 

Filters which selectively attenuate certain modes 
while passing others, as just described, are expected to 
be an essential part of a circular electric wave transmis-
sion system. Fig. 13 is a photograph of some of the cir-
cular electric mode filters' used in the work being de-
scribed in this paper. A series of resistive sheets, lo-
cated radially in the waveguide, formed a resistance path 
perpendicular to the electric field of the TE01 wave. Any 
wave except TEon had an electric field along the re-
sistance path and was attenuated. At 9,000 mc, this fil-

4 Mode filters of the type shown were first made by A. P. King of 
the Bell Telephone Laboratories, Inc. 
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Fig. 12—The effect of a mode filter on transmission in the 500-foot line. The unlabeled pulses in the lower part are in the TE01 mode. 
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Fig. 13—Mode filters which pass only circular electric waves. 

ter presented a loss to the TE01 wave of less than 0.05 db 
and losses to some of the other waves in excess of 20 db. 
A circular electric wave transducer having high ef-

ficiency is very important in the use of circular electric 
waves for communication purposes, and is extremely 
useful in making certain measurements on the line. Fig. 
14 shows one way of producing the TED' wave over a 
very broad band.' The input to the transducer is on one 
rectangular single-mode guide. The internal cross sec-
tion of the rectangular guide is first flared to a triangle, 
then the triangle is gradually opened to form the circle. 
The combination of the transducer of Fig. 14 and mode 
filters of Fig. 13 has produced the circular electric wave 
with undesired mode components at least 40 db down, 
and with an over-all transfer loss of less than 0.5 db. 

Fig. 14—Circular electric wave transducer. 
TE1,00—TE010 transducer. 

It is important to be able to transform energy from a 
dominant mode rectangular guide to any one of the modes 
of the multimode guide without appreciable coupling to 
the other modes. Fig. 15 illustrates a very versatile 

5 A. P. King was responsible for the first transducer of this kind 
in these Laboratories. Later we learned of a similar device described 
by Jean Ortusi, "Les Conditions de Propagation de L'onde Ho et ses 
Applications," Ann. Radioelect., pp. 95-116; April, 1949. 

means for accomplishing such mode transformations. 
Two parallel transmission lines are coupled together 
over a length interval which typically could be 0.5 to 20 
wavelengths long. The phase constant of the dominant 
mode rectangular line is made equal to the phase con-
stant of the desired mode of the multimode line. Under 

COUPLING 
APERTURE 

Fig. 15—Coupled wave transducer. 

these circumstances the over-all power transfer which 
takes place is predominantly in the single mode of the 
multimode line whose phase constant is matched by 
that of the dominant mode line. Energy in other modes 
of the multimode line passes by the coupling array with-
out appreciable effect. In the single mode selected, the 
device may also be made directional, with significant 
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energy transfer occurring only between terminals 1 and 
4 or 2 and 3. Devices of this form, called "coupled-wave 
transducers," were built as loose coupling devices or as 
high-efficiency transducers (having transfer losses in the 
0.2- to 0.75-db region) for a variety of modes including 
Ten, TM11, and TEn of round waveguide.° 

SOME EFFECTS OF TAPER TRANSITIONS 

The 500-foot line, in combination with the equipment 
layout sketched in Fig. 16, has been used to demon-
strate some higher-order mode effects associated with 
taper transitions. It was convenient to generate the cir-
cular electric wave in a waveguide which can support a 
relatively small number of modes, that is, a round wave-
guide smaller than that used for transmission purposes. 

PULSETRANSTTER 

TRANSDUCER 
Ci 

TE, 0--.TE 01 
MODE 
FILTER 

L.0 

Fig. 16—Equipment layout for pulse measurement of 
mode conversion in a taper. 

This is illustrated on the left side of Fig. 16. The taper 
transition from the small to the larger round guide must 
be designed with regard to both reflection effects and 
mode-conversion effects. With pure Ten excitation, the 
taper introduces higher-order circular modes. To dem-
onstrate this effect, a pure Ten wave was propagated 
into the taper and the resultant wave traveled down the 
500-foot line and back to the receiver. The energy which 
converted from the Ten wave to the Ten or Ten wave 
in the taper traveled at a lower velocity than the energy 
in the Ten wave. Therefore, after reflection from the far 
end of the line the energy present in Ten and TEoa 
waves arrived back at the receiver later than the energy 
which traveled in the Ten mode. Thus it was possible to 
observe the mode-conversion effects due to the taper. 

Fig. 17 illustrates these effects. The top left trace 
shows the received signal when no taper was used; the 
second trace on the left shows the received signal when 
a 6-inch taper was used, and so forth. The first pulse 
after the transmitted pulse represents energy in the 
Ten mode, and the next one energy in the TE02 mode, 
as marked. The receiver pick up was not equally sensi-
tive to Ten and Ten, and, therefore, the relative pulse 
magnitudes shown are not true comparisons of powers 
in the two modes. However, the receiver sensitivity was 
maintained constant as the taper length was changed, 
so the changes in relative pulse magnitudes for different 
taper lengths directly indicate the changes in mode con-

S. E. Miller, "Some Coupled Wave Theory and Application to 
Waveguides," to be submitted to PRoc. I.R.E. 

version. Fig. 17 demonstrates that an increase of taper 
length decreased the amount of mode conversion, and 
that even with a 24-inch taper the conversion to TEos 
is not negligible. 

TAPER LENGTH 
IN INCHES 

TRANSMITTED 
PULSE 

4 4 
TEOI TEce 

O 24 

36 

12 LWE112NT Hs 

TRANSMITTED 
PULSE 

TEo2 

Fig. 17—Photographs showing observed effects of mode conversion 
in a taper, and the improvement when using a suitable lens. 

Mode conversion in a taper can be made tolerably 
small by using a long taper or, instead, a short taper 
may be corrected by means of a lens. The latter approach 
has also been used successfully, as illustrated in Fig. 17. 
The lower two traces on the right show the received sig-
nal when lenses constructed from a design worked out 
by Morgan were added to the same tapers which, 
when used without correcting lenses, gave the cor-
responding left-hand traces. Reduction in Ten con-
version obtained by using such lenses is very evident 
when comparing the lower left-hand and right-hand 
traces in Fig. 17. 

CW Loss MEASUREMENTS 

Loss measurements were made on the 500-foot line 
using cw instead of a pulsed source, in this case exciting 
the line alternately with the dominant wave (TEn) or 
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with the circular electric wave. This type of measure-
ment was not as accurate as the pulse measurement be-
cause the round-trip loss of the 500-foot line is on the 
order of db and small errors cause appreciable per-
centage deviations. In the measurements, the cw power 
input to the line was used as a reference by closing the 
shorting switch (Fig. 18) and the magnitude of the wave 

TRANSDUCER 

O TE,, 

PLATE 

SHORTING 
DIR SWITCH 

COUPLER 

MODE 
TEino 

FILTER 
TRANSDUCER 

Fig. 18—Equipment layout for cw measurement 
of transmission loss. 

reflected back to the measuring set was observed. Then 
the shorting switch was opened, and the energy allowed 
to propagate through the transducer down to the end 
of the line, back through the transducer again, and 
thence to the measuring set. The difference between 
these readings was twice the sum of transducer plus line 
loss, and by making a separate measurement of trans-
ducer loss the line loss was determined. The results of 
measuring the line in this manner are shown in Fig. 19. 
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Fig. 19—Theoretical and cw observations of 
the 500-foot waveguide. 
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The theoretical loss for the dominant wave TEii and for 
the circular electric wave Ten are shown by the broken 
lines. The observations are represented by plotted 
points. Comparison of the theoretical and observed 
losses indicates that the excess above theoretical is on 
the order of 25 to 80 per cent in the 9,000-mc region, and 
somewhat less in the 4,000-mc region. The work of Tyr-
rell, Beck, and Dawson leads one to expect losses on the 
order of 15 or 20 per cent above theoretical due to sur-
face roughness in the 9,000-mc region, thus suggesting 
that the remainder may be due to mode conversion. 
Furthermore, the observed variation in circular electric 
wave loss versus frequency is also larger than the 
theoretical variation as a consequence of a mode-con-

version phenomena. It is important to indicate the 
mechanism involved in this effect. 

Fig. 20 shows a hypothetical piece of waveguide con-
taining two similar small deformities. A pure circular 
electric wave is assumed propagated toward the first de-
formity, beyond which there will be some energy pres-
ent in some other mode, designated as TX1 in Fig. 20. 
When this complex wave strikes the second deformity, 
another conversion takes place and the output will now 
be a large TE01 wave component, the two smaller com-
ponents in the undesired mode, TX1 and TX2, and a still 
smaller circular electric wave component, TE01', which 
is due to reconversion of the energy from TX1 to the cir-
cular electric wave in traversing the second deformity. 
This latter reconversion occurs with very significant 
results. It can be shown that for the proper distance be-
tween two identical symmetrical deformities the wave 
coming out is entirely pure circular electric. Another 
separation between the deformities will result in a maxi-
mum energy transfer from circular electric to the other 
mode. Therefore, any mechanism which varies the ef-
fective spacing between conversion points will produce 

FIRST 
DEFORMITY 

TE 01 

SECOND 
DEFORMITY 

TE0rX, TX2+ TEIPs 

Fig. 20—A hypothetical distorted waveguide and the associated 
mode-conversion, signal-loss effects. 

a TE01 insertion-loss variation. This effect was observed 
on the 500-foot line (1) by varying frequency and (2) 
by varying the physical length of the line in the pulse-
type loss measurement. 

It is important to note that if a mode filter is placed 
between the two deformities of Fig. 20, the component 
TX1 will be removed and therefore the component TE01' 
at the output of the second deformity must be zero. For 
this idealized case of a mode filter between each de-
formity there is no effect due to the phasing of the de-
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Fig. 21—The effect of a mode filter on the observed cw TE01 
loss versus frequency characteristic. 

formities. We would expect, therefore, in a practical 
line, that if we observed the loss variation as we changed 
the electrical spacing between the conversion points, 
then the variation in loss should be smaller with a mode 
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filter than without it because the mode filter would ab-
sorb some of the unwanted wave components before 
they could be reconverted into the circular electric 
wave. This experiment was done with the results as 
follows: 

Fig. 21 shows the results of measuring the TE01 loss 
by the cw method in the 9,000-mc region with and with-
out the mode filter. No correction was made for the 
mode filter loss; it was included in the plotted values. 
This shows quite clearly that the mode filter can reduce 
the circular electric wave loss and also that it has the 
effect of smoothing out the variation in loss which, in 
this case, is shown as a function of frequency. 

THE EFFECT OF MODE CONVERSION IN 
PRODUCING SIGNAL DISTORTION 

Mode-conversion phenomena can also produce a sig-
nal-interference effect. Fig. 22 shows another hypotheti-
cal waveguide containing two deformations, but in this 
case the distance between the deformations may be 
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Fig. 22—Signal interference effects due to mode 

conversion and reconversion. 

  t 

great, perhaps hundreds of feet. A pure TE01 wave is 
assumed propagated into the line, and on striking the 
first deformity, a small component is produced in some 
undesired mode designated T. In the waveguide ad-
jacent to the first deformity the TE01 pulse and the T. 
pulse appear at the same instant of time since the latter 
was derived from the former. This situation is sketched 
in the second pair of amplitude-time diagrams of Fig. 
22. These two wave components are now allowed to 
propagate for some distance, and because of a difference 
between their velocities of propagation they will arrive 
at the second deformity at different times. This situa-
tion is illustrated in the third pair of amplitude-time 
diagrams of Fig. 22. Now, on passing through the sec-
ond deformity, the reconversion which takes place from 
the undesired wave back to the circular electric wave 
produces a signal in the circular electric wave which oc-
curs at a different time than the signal which came 
straight through without conversion. Because there are 
some modes with a velocity faster than that of the cir-
cular electric wave, these interference pulses may pre-
cede the signal pulse itself, as well as lag it. When the 

distance between deformities is too short for the pulses 
to be resolved at the second deformation, the result will 
be a distortion of the wave, of course, rather than sepa-
rate pulses. The general subject of signal distortion due 
to mode conversion in a multimode medium is an inter-
esting one on which considerable work has already been 
done. 

DIRECT MEASUREMENT OF MODE CONVERSION 

Mode conversion effects in the line have also been 
measured directly.7 Fig. 23 shows the general arrange-
ment. A pure circular electric wave was introduced at 

500 FT 

SINGLE 
MODE 

RECEIVER 

Fig. 23—Equipment layout for the direct measurement 
of mode conversion. 

one end of the line and at the far end of the line a single-
mode receiver was arranged to accept one mode at a 
time from the output. Coupled wave transducers of the 
general type shown in Fig. 15 were very useful in this 
measurement. A reference reading of the TE01 output of 
the line was taken. The power received in other modes 
was recorded relative to the TE01 output. Since the loss 
in the line was a small fraction of a db for the circular 
electric wave and only a few db for the other modes, the 
comparison of the TE01 output with other mode outputs 
yields a good order of magnitude indication of the mode 
conversion effects. The results of the measurement are 
shown in Fig. 24.The ordinate in this chart is the ab-
solute magnitude of the undesired mode power at the 
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Fig. 24—Observed mode conversion in the 500-foot line. 
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7 This work was carried out jointly by A. C. Beck and M. Aronoff 
of Bell Telephone Laboratories. 
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end of the line, expressed as a percentage of the theo-
retical heat loss power of the TEN wave for the 500 feet. 
That is, a reading of 100 per cent means that the power 
converted from TEN to the given mode is exactly equal 
to the power theoretically lost by the TEN wave in 
traveling through a geometrically perfect, smooth-
walled 500-foot section of line. This scale provides a 
direct indication of the significance of the mode conver-
sion as influencing transmission loss. Measurements 
were made to evaluate conversion to the TEn, TMln, 
TEN, TM,,, and TEN modes. The dotted curve of Fig. 
24 represents a typical individual mode conversion 
measurement, in this case TEN to TE,,. The solid curve 
is the sum of the individual measurements of conversion 
from TEN to the modes listed. The variation in magni-
tude (see Fig. 24) is due to phasing of the conversions 
from a number of points. Very small indicated percent-
ages of mode output for these modes at certain frequen-
cies probably does not mean lack of mode conversion, 
but rather a partial cancellation of the multiplicity of 
conversions in that mode. 

Using the probe technique of evaluating mode con-
version effects, as reported previously,8 Aronoff deter-
mined that the modes represented in Fig. 24 are prob-
ably the principal ones in which significant mode con-
version takes place. More precisely, the probe measure-
ments indicate that conversion from TEN to the TEmn 
and TM,., modes is confined to those modes of index m 
between one and four. 

THE BEND PROBLEM 

It is familiar to those who have thought about using 
the circular electric wave that there is a problem asso-
ciated with transmitting this wave around bends.9."." 
The problem stems from the fact that there is a de-
generacy between the TEN and. T/du modes in straight 
round waveguide. A deviation from straightness, as in a 
bend, causes mode conversion no matter how gradually 
the bend takes place. 
A detailed discussion of some solutions to this prob-

lem is given in another paper." It is noted that the form 
of the waveguide may be altered so as to remove the 
degeneracy between TEN and TM,,. An alternative is 
to convert the circular electric wave into a normal mode 
of the bent round guide at both ends of the bend. 
Finally, dissipation in the unwanted modes may be used 

M. Aronoff, "Radial probe measurements of mode conversion in 
large round waveguide with TE01 mode excitation," submitted to 
PROC. I.R.E. 
• M. Jouguet, "Effects of the curvature on the propagation of 

electromagnetic waves in guides of circular cross-section," Cables and 
Trans. (Paris), vol. 1, no. 2, pp. 133-153; July, 1947. 

1° W. J. Albersheim, "Propagation of 7'Efn Waves in Curved 
Waveguides," Bell Sys. Tech. Jour., vol. 28, January, 1949. 
" M. Jouguet, "Wave Propagation in Nearly Circular Wave-

guid?s: Transmission-Over-Bends Devices for 1/0 Waves," Cables 
and Trans. (Paris), vol. 2, no. 4, pp. 257-284; October, 1948. 

12 S. E. Miller, "Notes on methods of transmitting the circular 
electric wave around bends," PROC. I.R.E., vol. 40, pp. 1104-1113; 
September, 1952. 

to inhibit the mode conversion tendency and thereby 
avoid loss in the bend. Experimental work has been 
carried out on several of these band solutions, by 
King at 9,000 mc and by Fox at 48,000 mc, with the 
conclusion that circular electric waves can be trans-
mitted around arbitrary bends with very low losses. 
Experimental work has also been carried out, by 

Beck on the 500-foot line and by King on a smaller di-
ameter line, to test the theoretical predictions of TEN 
behavior in bent round waveguide. This work may be re-
ported in later papers. Broadly, the experimental re-
sults were in good agreement with theory. 

CONCLUSION 

In order to reduce the theoretical heat losses of hol-
low metallic waveguides to 0.25 db/100 feet at frequen-
cies above about 2,000 mc, it is necessary to use the 
guide as a multimode medium. At frequencies above 
about 10,000 mc the circular electric mode in round 
metallic tubing becomes more attractive than the dom-
inant mode because it provides a medium with the 0.25 
db/100 feet loss in a smaller space. 

Using the circular electric wave, theoretical heat 
losses of 2 db/mile are associated with tubing diameter 
of 2 to 6 inches and carrier frequencies between 50,000 
and 5,500 mc, respectively. Increased transmission 
bandwidth, reduced delay distortion, and reduced wave-
guide size are factors favoring use of the highest prac-
tical frequency of operation. The number of freely 
propagating modes lies in the range 175 to 20 for the 2-
to 6-inch diameter region. 

Experimental work has been carried out at 9,000 mc 
on a waveguide having a theoretical loss of 2 db per 
mile for the TEN wave. Transmission losses on the order 
of 3 db per mile over distances as great as 40 miles, with 
tolerable signal distortion of a 0.1-µsec pulse, have been 
observed on a well-constructed line. Techniques for 
mode filtering and pure mode generation were described 
and some performance characteristics given. 
The problem of transmitting the circular electric 

wave around bends may be solved by altering the form 
of the wave in the bend region or by altering the wave-
guide itself. Experimental work has demonstrated the 
feasibility of transmitting the TEN wave around bends. 
Mode conversion tends to degrade signal fidelity as 

well as increase the transmission loss. Mode filtering can 
be used to reduce signal distortion due to mode conver-
sion and to smooth out the loss variations due to mode 
conversion. 
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Analysis of Measurements on Magnetic Ferrites* 
C. D. OWENSt, SENIOR MEMBER, IRE 

Summary—The unconventional behavior of permeability and core 
loss in the magnetic ferrites as compared to metals has led to a 
study of core-loss measurements. The relationships between the 
magnetic quality factor pQ and the characteristics of coils and trans-
formers are developed, and the advantages of 1.4Q as a parameter for 
the study and application of ferrites are discussed. A selected bib-
liography is given. 

INTRODUCTION 

DURING THE PAST few years, a new and im-
portant family of engineering materials known 
as magnetic ferrites has been developed and 

made available for design applications. These ferrites 
combine magnetic, electric, and dielectric properties 
never before realized in one material. For this reason 
new criteria for evaluating their properties and per-
formance are needed. The purpose of this paper is to 
review the characteristics of the ferrites which distin-
guish them from other magnetic materials, to point out 
resonance-type phenomena associated with frequency 
and dimensions which affect their practical operation, 
to indicate the effects of the different properties on 
measurement techniques, and to show the advantages 
of expressing the magnetic data in the form of the 4 
product for the engineer designing telephone-carrier or 
radio-frequency coils and transformers. 

GENERAL PROPERTIES AND USES OF FERRITES 

Chemically, the magnetic ferrites are a modern deriva-
tion of magnetite, the oldest magnetic material known; 
they are achieved when certain iron atoms in the cubic 
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Fig. 1—Core parts of manganese zinc ferrite produced at Bell Tele-
phone Laboratories for experimental apparatus design studies. 

crystal of magnetite (ferrous ferrite) are replaced by 
other metal atoms, such as Mn and Zn to form man-
ganese zinc ferrite, or by Ni and Zn to form nickel zinc 

• Decimal classification: R282.3. Original manuscript received by 
the Institute, March 18, 1952; revised manuscript received August 
29, 1952. This paper was presented at the 1952 IRE National Con-
vention. 
1. Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

ferrite.' They resemble ceramic materials in production 
processes and physical properties. Ferrite cores are 
manufactured in many simple geometric forms, some of 
which are shown in Fig. 1. The dc resistivities cor-
respond to those of semiconductors, being at least a 
million times those of metals. The magnetic perme-
abilities up to over 4,000 formerly were realized only in 
metallic cores. In addition, some ferrites exhibit ap-
parent dielectric constants in excess of 100,000. The 
Curie point, or temperature above which a material 
is nonmagnetic, is in the range of 100 to 300 degrees C 
in most of the commercial ferrites. The saturation flux 
densities also are comparatively low, usually under 
4,000 gausses (see Fig. 2). 
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H IN OERSTEDS 

Fig. 2—Hysteresis loops of iron, Permalloy, and typical ferrites. 
The thin ferrite loop was taken on a MnZn ferrite while the other 
represents a NiZn ferrite. 

The present magnetic ferrites, principally MnZn and 
NiZn types, provide design advantages over metal 
sheet and powder for such uses as filter coils at 50 to 
200 kc, broad-band-carrier transformers operating up to 
a few megacycles, TV deflection transformers and 
yokes, and antenna rods for radio reception. There are 
many potential applications, some of which are pulse 
and high-frequency transformers, magnetic amplifiers, 
delaY lines, miniature components, and waveguide ele-
ments at microwave frequencies, including the gyrator2 
recently announced. 

ROLE OF M AGNETIC M EASUREMENTS 

Coil design engineers make use of the permeability of 
a magnetic material to provide a positive reactance in a 
winding on a core. The magnetic material, however, 
extracts a toll for this service in the nature of an energy 
loss, which can be represented as a core-loss resistance 
in series with the reactance. The ratio of the reactance 

J. L. Snook, "Nonmetallic magnetic materials for high frequen-
cies, Philips Tech. Rev., vol. 8, pp. 353-360; December, 1946. 

I C. L. Hogan, "The ferromagnetic Faraday effect at microwave 
frequencies and its applications—the microwave gyrator," Bell Sys. 
Tech. Jour., vol. 31, pp. 1-31; January, 1952. 
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to the magnetic core-loss resistance is a figure of merit, 
conveniently called material Q. The engineer desires 
high permeability, high material Q and high stability of 
these properties with temperature, frequency, flux 
density, superposed dc fields, and time. Since optimum 
values of all of these properties do not occur together, he 
needs to know their values and interrelationships. It is 
important for manufacturers and design engineers alike 
that there be standard measuring techniques and 
methods of expressing magnetic-loss data. 
As iron, silicon iron, nickel-iron, and other alloys in 

sheet and powdered forms, and now ferrites have be-
come available, design applications have multiplied 
and progressively moved toward higher frequencies: 
magnetic measurements have become more complex in 
technique and interpretation, and a more comprehen-
sive theory of the mechanisms of magnetism has been 
evolved. Table I outlines some of the interrelated de-
velopments in regard to core-loss measurements. The 
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Fig. 3—Graphical separation of core-loss coefficients. 

development of lower loss materials and improvements 
in ac impedance bridges enabled Jordan' (in 1924) and 
others to measure a "Nachwirkung" or "residual" loss 
in magnetic materials after eddy current and hysteresis 
losses were carefully accounted for. These three mag-
netic losses are combined as an equivalent series re-
sistance by the well-known Legg equation,' 

R„, = egf2L ae,nfL cikfL. (1) 

Core loss (ohms) = eddy current -I- hysteresis +residual 
losses. 

Coefficients e, a, and c can be determined graphically 
(see Fig. 3). Comparative values for the coefficients and 
losses of several materials are shown in Fig. 4. 

MATERIAL SIZE e x109 a x106 cx106 

I. MO. PERMALLOY POWDER 
2. MO. PERMALLOY POWDER 
3.CARBONYL IRON POWDER 
4. Mn Zn FERRITE 

5. Ni Zn FERRITE (REF. 5 ) 

120 MESH 
400 MESH 
5 MICRON 

6. 4-79 MO. PERMALLOY I MIL SHEET 

100 

10 

125 19. 1.6 30 
14 7. II. 140 
13 I. 5. 60 

1500 .3 1.6 48 (100 KC) 
550 (1000 KC) 

280 .3 50. 115 (UP TO 
(APPROX. 1000 KC) 

13000 10. .2 NEGLIGIBLE 

1 
PROPORTIONS OF CORE 

6 LOSS AT 100 KC  
2 

10 100 1000 

1 =2=0 
2.=:=2MEII 

4 I I 
5. II=1 
6 =:MMZ22223 
EM22 EDDY CURRENT 

HYSTERESIS 
=RESIDUAL 

FREQUENCY IN KILOCYCLES 

Fig. 4—Comparison of core-loss characteristics of several magnetic 
materials. Note log scales not suitable for core-loss separation. 

When the magnetic losses in ferrites are analyzed 
(see (1)), it is found that the loss per cycle increases 
with ascending frequencies at a more rapid rate than 
indicated from eddy current calculations based on dc 
resistivity. The plot of R.,/µfL versus frequency (see 
Fig. 3) is not straight, but curves upward at a rate 

TABLE I 
OUTLINE ILLUSTRATING RELATED DEVELOPMENT PROGRESS IN MAGNETIC MATERIALS, APPLICATIONS, TECHNIQUES OF 

CORE Loss MEASUREMENTS, AND THEORY OF MECHANISMS INVOLVED 

Typical 
Material 

Typical 
Application 

Factors in 
Magnetic Loss Units 

Iron relays hysteresis ergs/cm' per 
cycle 

Typical 
Frequency 

(cps) 

dc 

Measurement 
Method 

f ballistic 
lga'vanometer 

Core Loss 
Equation 

Wh=-1 fildb per cycle 
4w 

Silicon iron sheet transformers eddy current +hystere-
sis 

watts/lb. 60 wattmeter W=m1B"+e.P132 

Iron powder loading coils eddy current +hystere-
sis 

ohms 1,000 f impedance 
Ibr:dge 

Re 
— "«81re4(7113'-2-Fli) 
fL 

Permalloy & fine 
iron powders 

filter coils 
loading coils 
tuning coils 

eddy current +hystere-
sis +residual 

ohms 500 to 
500,000 

Ferrite filter coils 
transformers 

eddy current 
+hysteresis 
+domain wall relaxation 
+domain wall resonance 
+dimensional resonance 
+ferromagnetic resonance 

103 to 107 

fimpedence 
Ibridge 
Q-meter 

'impedance 
\ bridge 
LC circuits 
Q-meter 
coaxial line 
waveguide 

fL 

µQ (See text) 

3 H. Jordan, "Ferromagnetic constants for weak fields," Elek. 
Nach. Tech., vol. 1, pp. 7-29; July, 1950. 

4 V. E. Legg, "Magnetic measurements at low flux densities using 
the ac bridge," Bell Sys. Tech. Jour., vol. 15, pp. 39-62; 1936. 

• R. L. Harvey, I. J. Hegyi, and H. W. Leverenz, "Ferromag-
netic spinels for radio frequencies," RCA Rev., vol. 11, pp. 321-363; 
September, 1950. 
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which increases rapidly with frequency and depends 
somewhat on the type and size of sample. Thus, the 
"residual" loss appears to predominate at high fre-
quencies and the coefficient c is dependent upon fre-
quency. In design work, it becomes necessary to con-
firm computations based on (1) with actual measure-
ments of core losses, particularly at higher frequencies. 
The rapid rise in core loss in the ferrites is also asso-

ciated with a rapid decline in permeability. These be-
haviors in the ferrites have stimulated many studies to 
explain the mechanisms involved, and to derive prac-
tical expressions for permeability and core loss. 

MECHANISMS OF MAGNETISM CONTRIBUTING 
TO CORE Loss 

Ferromagnetic Resonance 

Snoek,' Kitte1,7 and others advanced an explanation 
that the occurrence of ferromagnetic resonance, well 
known at microwave frequencies, could account for the 
behavior observed in ferrites at lower frequencies, even 
at 1 mc or less. This resonance phenomenon is asso-
ciated with the precession of magnetic dipoles about a 
self-contained crystal field when an ac field of appro-
priate frequency is applied. Kittel has derived a theo-
retical relationship 

Jo 
2Bs 

Pd — 1 

which expresses the "maximum usable frequency" fo as 
proportional to the saturation-flux density and inversely 
related to the effective high-frequency permeability PI. 
Here, is assumed to be due to the rotation of mag-
netization within the domains only, and does not in-

• dude contributions to permeability from displacements 
of domain boundaries, which will be discussed later. 
The inverse frequency permeability relationship of 

(2) has been borne out generally by measurements. For 
manganese zinc ferrite with a measured permeability of 
1,500 at 1 mc and a saturation value of about 2,500 

e gausses, the theoretical limit is approximately 3 mc 
while the working limit in most practical designs is 
somewhat lower. 

mc, (2) 

Domain Wall Motion 

The domain theory of magnetism ascribes the prin-
• cipal source of initial permeability in metals to the 

movement of domain walls to enlarge favorably oriented 
domains. In ferrites, the wall motion may be restricted 
severely by impurities, voids, and crystal impèrfections 
including grain boundaries. However, where wall mo-
tion exists, it may be described by the equations of a 
damped simple harmonic oscillator with mass, stiffness, 
and viscous damping. Depending on the values of these 

6 J. L. Snoek, "Dispersion and absorption in magnetic ferrites at 
frequencies above one mc/s," Physica, vol. 14, pp. 207-222; May, 
1948. 

7 C. Kittel, "Ferromagnetic resonance," Jour. Phys. Radium, vol. 
12, pp. 291-302; March, 1951. 

coefficients, the wall motion may "relax" above a cer-
tain frequency, producing a decrease in permeability 
and an increase in core loss. On the other hand, under 
proper conditions the wall could show resonance like 
an RLC circuit, resulting in anomalous behavior of the 
magnetic properties. 

Dimensional Resonance 

Measurements on ferrite also have revealed that the 
dimensions of the sample can have a marked effect on 
permeability and core loss, unpredicted from usual eddy 
current computations. Brockman, Dowling, and Sten-
eck,8 observing such effects on bricks of manganese 
zinc ferrite, proposed an explanation based on dimen-
sional resonance associated with standing electro-
magnetic waves supported by high permeability and 
the high dielectric constant of the material. 

Combined Effects 

In developing theoretical curves of permeability and 
associated magnetic losses over a wide frequency 
range, Galt° has pictured the components of domain-
wall relaxation and resonance, ferromagnetic resonance, 
and dimensional resonance as occurring at separated 
frequencies for purposes of clarity. In practice, these 
effects may overlap and combine in various combina-
tions, even at low frequencies, complicating the efforts 
to express the magnetic data into simple material con-
stants of more than restricted use. 

µ42 AS A USEFUL DESIGN PARAMETER 

While the core loss (1) can be modified to fit the 
data measured on a particular core by using additional 
terms in higher powers of frequency, it becomes cumber-
some for general use. As mentioned before, it is prefer-
able generally to resort to confirmatory measurements 
at frequencies where (1) is no longer reliable. In fact, ex-
perience in the design of coils and transformers for use 
up to a few megacycles, as well as development studies 
in ferrites, has indicated that the measurement of per-
meability and total losses over a suitable range of fre-
quencies, temperatures, flux densities, and dimensions 
provides the most reliable basic data. 
The product has advantages as a parameter for 

evaluating ferrites for design application. Here, Qm is 
the quality factor of the material and pm is the per-
meability measured on a closed ferrite core. With air 
gaps in the core, new values of effective permeability 
g. and Q. will be obtained, but the product 12.Q. will 
remain equal to Hence, intrinsic properties may 
be measured on a closed core sample and applied to a 
core of the same material assembled with air gaps. 
This assumes the same average values of flux density, 
without excessive leakage. For convenience, in the fol-

8 F. G. Brockman, P. H. Dowling, and W. G. Steneck, "Dimen-
sional effects resulting from a high dielectric constant found in ferro-
magnetic ferrite," Phys. Rev., vol. 7, pp. 85-93; January 1, 1950. 

9 J. K. Galt, "Initial Permeability and Related Losses in Ferrites," 
presented symposium on ferrites at Ru tgers University; October, 1951. 
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lowing discussion, the expression µQ is written without 
subscripts when no specific values of µ, and Q. are indi-
cated. Measured values of 1.¡Q at 100 kc for a small 
ferrite test ring with several different air gaps are shown 
in Fig. 5, illustrating the relationship discussed above. 

10,000 

r °° 

• 

•SOLID RING 
• BUTT JOINT 

Mn Zn FERRITE RING 
WOUND WITH 20 TURNS 

MEAN MAGNETIC DIAMETER .57 IN. 
CROSS SECTION .03 lbe 

GAP SPACER I 

.002" TOTAL GAP SPACERS 
. .004" 
6.006" 

100 1,000 

MATERIAL 0 AT 100 KC. 

Fig. 5—Effect of air gap on p and Q of a MnZn ferrite ring 
core, showing invariance of µQ. 

An air gap usually is required in the magnetic core of 
an inductance coil to produce high coil Q and good 
stability of inductance. If the air gap alone is varied, 
the effective permeability of the core and the in-
ductance of the coil will change, while the Q of the 
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Fig. 6—Effect of pi2 of core material on coil Q for 
(A) different air gaps and (B) different frequencies. 

coil will pass through a peak at a certain optimum value 
of effective permeability. The peak Q of the coil thus 
obtained and the corresponding optimum value of 
effective permeability both will be directly propor-
tional to -0.4 of the ferrite material used in the core, 
as developed mathematically in the Appendix. Experi-
mental data illustrating these relationships are given 
in Fig. 6. The same experimental winding was used on 
two different assemblies of U-shaped core parts, which 
were similar except that the µQ product of one core 
assembly was slightly over three times that of the other. 
The ratio between the values of VµQ for the two core 
assemblies was 1.76. The air gap of each core was 
varied to determine the peak coil Q at 100 kc, as shown 
in Fig. 6(A). Fig. 6(B) shows the change of coils Q's with 

frequency for the optimum air gap adjustments at 100 
kc. The ratio of optimum effective permeabilities, de-
termined from the measured inductance values, was al-
most exactly the theoretical value of 1.76. The ratio of 
coil Q values was a little lower, about 1.65. The differ-
ence probably is due to distributed capacitance and 
leakage, which are always present to some degree, but 
which were not determined on these samples. 

It is convenient to represent the loss in a transformer 
core as a shunt resistance R„ across the line or circuit. 
The value of this resistance is directly proportional to 
the product /IQ of the core material. 
These important relationships of ,t2Q, derived in the 

Appendix, are summarized thus: 
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Fig. 7—Variation of 1.& and 141 with frequency and tempera-
ture for experimental MnZn ferrite. 

(3) 

(4) 

(5) 

A higher value of µQ in a core material can be utilized 
to obtain a coil of equivalent Q in smaller volume. 

Typical variations of permeability and µQ with fre-
quency, temperature, and flux density are shown in Figs. 
7 and 8 for experimental samples of manganese zinc 
ferrite produced in the Bell Telephone Laboratories 
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Fig. 8—Variation of µ and pQ with flux density for 
experimental MnZn ferrite. 

The effects of the comparatively low Curie points and 
saturation-flux densities are important for design con-
siderations. Fig. 9 compares the values of permeability 
and ihQ for different values of frequency for ferrite 
samples, magnetic powders, and 0.001-inch thick 

• 

4 

• 
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Permalloy. These data indicate the superior design 
advantages of ferrites from the standpoint of itiQ for 
certain frequency ranges. 
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Fig. 9—Comparison of /.4 and pQ for typical ferrites and other 
materials for different values of frequency. 

NOTES ON M EASUREMENTS 

Toroidal test samples 0.6 inch in mean diameter with 
a cross section approximately 0.15 inch square have 
bcen used for measurement up to a few megacycles on 
MnZn and NiZn ferrites. A direct-reading Maxwell 
bridge built to measure inductances below 1,000 micro-
henries and resistances below 10,000 ohms from 15 kc to 
2 mc has been found very stable and convenient for this 
purpose. Series resonance bridges have been used for 
inductance and core-loss measurements at frequencies 
from 2 to 20 mc, and higher. 
The dielectric characteristics were explored on some 

of the same samples used for inductance measurements, 
with silver or evaporated gold on the flat surfaces for 
contact. The resistivity and negative reactance meas-
ured on MnZn ferrite samples have been found to de-
crease appreciably with frequency. At 100 kc, the 
"apparent" dielectric constant computed from the re-
actance measurement usually has been found to fall 
within a range of 20,000 to something over 100,000 
with a dielectric Q well below unity. Good contact to 
the ferrite is essential for satisfactory measurements. 
Otherwise, for the more conducting ferrites, such as the 
high-permeability MnZn type, the resistivity of the con-
tacts may predominate the measurements and lead to 
grossly inaccurate determinations. Methods of checking 
the contact resistances include measuring the con-
stancy of the dc resistance with reversed polarity, the 
use of a potentiometer probe method, or comparing 
measurements on a sample which is successively 
shortened and replated. 

Dimensional resonance should be avoided, or taken 
into account, when the fundamental properties of a 
ferrite material are being measured, or when ferrite is 
being used in apparatus. The dimensional effect is to be 
expected when a dimension of the core across the flux 
path is of the order of a half wavelength, or more, for 
the frequency of application, as computed from the 

permeability and dielectric constant of the material. 
A precise calculation of this effect is made difficult by 
the variation of the magnetic and dielectric properties 
with frequency,1° the boundary conditions, and an in-
complete understanding at this time of the nature of 
the dielectric properties of ferrite. 

Permeability and dielectric measurements on fer-
rites from a few megacycles up through microwave 
frequencies are useful in the study of the fundamental 
properties of the material as well as its potential uses 
as waveguide elements. It is quite common for investi-
gators to express the permeability and the dielectric 
constant as complex quantities 

complex ¡. = — (6) 

complex e = e' — je". (7) 

In this representation, p' corresponds to the perme-
ability and 1.4" is a measure of the loss per cycle. The Q 
and i.tQ of the magnetic material are expressed then as 

Q. = 
= (W)Ve. 

(8) 

(9) 

As will be obvious from the previous discussion, the 
values of Fj', e', and e" are dependent upon fre-
quency, vary with temperature, and may be affected 
by dimensions. Such data must be used with appro-
priate discretion. 
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APPENDIX 

Formulas Involving Material Q 

Core loss may be represented as a resistance R. in 
series with the inductance L., or as a resistance R, in 
parallel with the inductance L„ of a winding on the core. 
Then, by definition, 

coL. R„ 
material Q = — = 

R. coL, 

A. For a core without air gap with intrinsic permeability 
gm, writing Lm for L. and Rm for R., 

coL„, R, 
material Q Qm =   (10) 

R„, coLP 

Parallel Resistance R,. From a treatment of equiva-
lent circuits, it can be shown, 

R, = R„,(Q„,2+ 1) = 
Lm  

(Qm2 + 1). 
Q. 

10 D. Polder, "Ferrite materials," Proc. IEE (London), vol. 97, 
part II, pp. 246-256; April, 1950. 
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Since 

471-N2Am. 
L,„ =   10-9, 

1 

R7, =  (Q.2 ± 1). 
Q. 

If Q„,>>1, 

Expression for Coil Q. Let R, be the resistance of the 
winding. 

Coil Q = 

or 

coL. 1 1 
R, R„, R, R„, 

coL„, +  Lm 

Q= 
QrmQrn  

Q..+ Qm 

1 1 
+ 

Q. 

(14) 

By inspection of (14), it is evident that the coil Q 
cannot exceed Q,„, or Q., whichever is lower. 
B. For a core with an air gap and effective permeability 
/.4, (flux leakage and capacitance effects neglected). 

Optimum Coil Q. 

27rf [ 471-N2A µ1 
10-9 

R„ R, 1 

wL 2rfl„ 

Q.= —R. --- ,u„fLa(c + aBm + ef + kf2 + • • • 

(15) 

(16) 

For a given winding and core, and a fixed value of fre-
quency and flux density, 

Q, cc Pe (17) 

Coil Q 

or 

coL, 

Qe cc — • 

constant. 

1 1 
 =  =  , 
R, + R. R, R. 1 1 

-- -I-  — -I- — 
wI,„ coL, Q„ Q. 

(18) 

(19) 

Q.Q e  
Q = (20) 

Qc + Q. 

Consider that all other conditions remain unchanged 
except that the air gap is varied to change g,. From 
(19) and (20), the condition for a maximum value of 
coil Q is found to be ( indicates values at optimum 
condition), 

Qe = (21) 

corresponding to an optimum value of permeability 

= 1/2-Q, -- 1/2-Q„ = 1/2-V 1. (22) 

Also from (15), 

and from (16), 

Hence 

Q. Qem 

Po Pe Pm 

= ,&z eQe = 

uieQc = 12.Q.  
and 0', =  , 

1,1 4, 

which, when substituted in (22), gives 

or 

(23) 

(24) 

(25) 

(26) 

Q -‘44,,Q.• (27) 

Optimum Effective Permeability for Maximum Coil Q. 
From (22) and (25), 

or 

(28) 

cc -Vi27, (2 9) 

Parallel Resistance R. If the equivalent parallel re-
sistance is expressed in terms of effective permeability 
ge and effective material Q, instead of the intrinsic 
values of g„, and Q„, in (10) to (13), it will be found that 

Ky. 
R„ (Q„2 + 1). (30) 

Q. 

Since 1.42,=µ„,Q„„ the value of R„ is seen to be un-
affected by the air gap. 

SYMBOLS 

a =hysteresis coefficient, ohms/henry/cycle/gauss 

A =effective area of flux path, cm2. 
B =instantaneous flux density, gausses. 
B„,= maximum flux density due to ac field, gausses. 
B.= saturation-flux density. 
c-= residual-loss coefficient, ohms/henry/cycle/g. 
7 = eddy-current coefficient. 
e=eddy-current coefficient, ohms/henry/cycle2/g 
Et =real part of complex dielectric constant. 
E"  = imaginary part of complex dielectric constant. 
f = frequency, cps. 
fo = frequency of ferromagnetic resonance. 
H= magnetizing force, oersteds per cm. 
n = Steinmetz hysteresis coefficient. 
K= constant. 
L= inductance of coil, henrys. 

L„, = series inductance for permeability gm. 
1= mean length of flux path, cm. 
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.1,5= equivalent parallel inductance of coil, henrys. 
.1,,= series inductance for permeability p.. 
N= number of turns in winding. 
Q =ratio of reactance to resistance. 
Qc=caL.IR.. 

w.L/Re. 
Q.= caL.IR,.. 
Qm =c4L„s1R,,.. 
R.= dc resistance of copper winding. 

R„„ Re =equivalent series resistance due to core loss, 
ohms. 

Rp=equivalent parallel resistance due to core loss, 
ohms. 

p= resistivity, ohm-cm. 
g. ge =effective permeability of core. 
gm= permeability of magnetic core without air gap. 
itri= permeability at high frequencies. 
g' =real component of complex permeability. 
= imaginary component of complex permeability. 

w, w=power loss, ergs per second, or watts. 
x = hysteresis exponent. 
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The Effect of Impurity Migrations on Thermionic 
Emission from Oxide Cathodes* 

IRVING E. LEVYt 

summary—A comparison of thermionic emission from oxide 
cathodes with different base alloys showed the dependence of the 
work function on migrating impurities from tube parts other than the 
cathode. 

The effect of the base metal alone could be evaluated properly 
only by the use of a special diode structure which did not contribute 
any impurities toward the reduction of the oxide-coating. 

In the test method used, saturated emission was measured but 
the anode voltage was kept below the decomposition energies of 
most of the compounds apt to be found on the plate. 

INTRODUCTION 

W
ORK DONE over the past several years has re-
sulted in the conclusion that pure nickel is in-
capable of reducing an oxide-coated cathode. 

• Decimal classification: R138. Original manuscript received by 
the Institute, May 14, 1952; revised manuscript received July 2, 1952. 
Sponsored by the Office of Naval Research, Contract N7onr-389. 
Chief Investigator, J. C. Cardell. 
t Raytheon Manufacturing Co., Newton, Mass. 

White' presented the thermodynamic data to substan-
tiate this. Results reported on experimental diodes by 
Nottingham, Cardell, and Levy' in this country and by 
Violet and Riethmuller3 in France showed the impor-
tance of the base-metal impurities in influencing ther-
mionic emission. 

Recent concepts dealing with the mechanism of get-
ting thermionic emission treat the oxide-coated cathode 
as an excess impurity semiconductor.4.5 According to 

1 A. H. White, «Applications of thermodynamics to chemical 
problems involving the oxide cathode," Jour. Appt. Phys., vol. 20, pp. 
856-60; September, 1949. 

2 W. B. Nottingham, J. Cardell, and I. E. Levy, Summary Report 
for O. N. R. Contract N8onr-389, Raytheon Mfg. Co., Newton, 
Mass.; July, 1950. 

3 F. Violet and J. Riethmuller, «Contribution to the study of oxide 
cathodes" (in French), Ann. Radioelect., vol. 4, pp. 148-215; 1949. 

A. S. Eisenstein, "Advances in Electronics," vol. 1, pp. 1-64, 
Academic Press, New York, N. Y.; 1948. 

6 W. E. Danforth, "Elements of thermionics," PROC. I.R.E., vol. 
39, pp. 485-499; May, 1951. 
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these ideas a cathode base metal free of reducing impuri-
ties would be incapable of producing the stoichrometric 
excess barium needed for good thermionic emission. It 
was an apparent experimental contradiction to this be-
lief which led to the present work. 

THE TUBE STRUCTURE 

The tube structure used in this work is similar in de-
sign to the A.S.T.M. standard diode." This is a cylindri-
cal diode with a conventional radio-tube oxide-coated 
cathode. Actually, in this study, two structures were 
compared to determine the effect of migratory impuri-
ties. One structure will be called the "Standard" Diode, 
the other structure will be called the "Purified" Diode. 
The difference in the parts is shown in Table I. The 

TABLE I 

COMPARISON BETWEEN "STANDARD" AND "PURIFIED" DIODE 

Part Standard Diode Purified Diode 

Getter KIC rtter-heavy iron 
with Si, Mg, Al, Ba, Cu 
present 

batalum contains Mo, 
Be, Pa, Ti, trace of Si 
and Fe 

Cathode tab silicon nickel (2.8-3.2% 
Si) other constituents 
the same as "A" nickel 

499 alloy nickel (high 
purity) 

Plate grade "A" ni-max. limits 
in per cent: C 0.20, Cu 
0.25, Fe 0.30, Mn 0.35, 
S 0.008, Si 0.20, Mg 0.04 

499 alloy nickel (high 
purity) limits in per 
cent: C 0.10, Cu 0.04, Fe 
0.05, Mn 0.02, S 0.005, 
Si 0.01, Mg —00 

Mica selected class 1 fair stained or better 

Plate supports 
and welds 

grade "A" nickel 499 alloy nickel 

Stops and con-
netors 

grade "A" nickel 499 alloy nickel 

heaters which were conventional aluminum oxide-coated 
tungsten were the same for both structures. The bulb in 
both lots was standard lime glass. 
Table I shows that the "standard" diode consisted of 

parts commonly used in commercial radio tubes. The 
"purified" diode parts, on the other hand, were fabricated 
out of the purest available materials. 

METHOD OF EVALUATING THERMIONIC 
EMISSION 

To evaluate thermionic emission correctly it is neces-
sary to have some means of observing the total emission 
current not limited by space charge. At the usual op-
erating cathode temperatures (720 degrees C-800 de-
grees C), this saturation emission measurement involves 
the use of pulse techniques in order to keep the plate dis-
sipation down to a practical maximum. However, there 
are several disadvantages to pulse testing. There is some 
experience to indicate that the drawing of current under 
pulse conditions changes the state of the cathode. It is 
also known that bombardment of the anode with high-
energy electrons will bring about decomposition of ox-

• R. L. McCormack, "A standard diode for electron tube oxide-
coated cathode core material approval tests," PROC. I.R.E., vol. 37, 
pp. 683-687; June, 1949. 

ides, chlorides, and other compounds likely to be found 
there, and cause a significant reduction in electron emis-
sion. Metson, 7 and Metson and Holmes' have studied 
this phenomenon and have reached the conclusion that 
decomposition of anode impurities will occur even at 
electron energies as low as 6 volts. 

Consequently, a test was established here which arbi-
trarily used 4 volts applied potential between anode and 
cathode. In order to insure temperature-limited emis-
sion, at this plate voltage it was necessary to drop the 
heater voltage to 1.75 volts (335 degrees C). This is true 
temperature as measured with a thermocouple. 

This low field test was adopted as the standard method 
of evaluating thermionic emission in the experiments 
described below. In addition, from 1947 to date, several 
thousand diodes have been tested under ONR spon-
sored research with this low field technique,' and it has 
proven itself to be a simple, satisfactory method which 
should have general utility and value. 

TESTS CONDUCTED ON STANDARD DIODE 

For the first test lot six "standard" diodes were as-
sembled and given optimum processing, three with vac-
uum-melted "D" cathodes and three with regular 220 
alloy cathodes—melt 66. A comparison between the 
chemical analysis of these two cathode melts is made 
below in Table II. 

TABLE II 

COMPARISON BETWEEN VACUUM MELT up " AND MELT 66 
CATHODES AS RECEIVED BEFORE ASSEMBLY 

Melt 
No. % Si % Fe % Mn % Mg % Cu 

"D" 0.009 0.046 0.024 0.005 0.017 

66 0.024 0.096 0.095 0.035 0.023 

%Ti 

0.008 

0.035 

It was anticipated that the decreased availability of 
silicon, magnesum, and titanium in the vacuum-melted 
nickel cathodes would significantly reduce the ther-
mionic emission from diodes made with these cathode 
sleeves. The surprising results are shown in Fig. 1, where 
the low field emission for each tube is plotted against 
life. The life-test conditions were as follows: Ef =6.3 
volts, Ep = 40 volts, Ip =100 ma/sq cm. It is apparent 
from the results that there is no significant difference in 
emission between the normal alloy cathodes—melt 66, 
and the exceptionally pure nickel cathodes—vacuum 
melt D, both initially as well as during life. The cathodes 
were taken from these tubes after 500 hours' life and ana-
lyzed spectrochemically." The results of the analysis 
follow in Table III: 

7 G. H. Metson, "Note on volt dependent poisoning effects in ox-
ide cathode valves," Proc. Phys. Soc. (London), vol. 62B, p. 589; 
September, 1949. 

8 G. H. Metson and W. B. Holmes, "Poisoning in high-vacuum 
oxide-cathode valves," Nature, vol. 163, p. 61; June, 1949. 

W. B. Nottingham, J. Cardell, and I. E. Levy, Summary Report 
ofv0.N.R. Contract N7onr-389, Raytheon Mfg. Co., Newton, Mass; 
July, 1950. 

78 Although the cathodes were 27 mm long, only the center por-
tion, 12 mm long, which contained the coating, was taken for analysis 
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Fig. 1—Vacuum melt "D" cathodes versus melt 66 cathodes in 
the "standard" diode. 

Comparison of the analyses of the cathode melts as 
received (Table II) with Table III on concentrations 
clearly shows that migrations of impurities, especially 
silicon, iron, and magnesium do occur, and that these 
impurities are in evidence beyond the concentrations 
that were originally contained in the cathodes under test. 

TABLE III 

SPECTROCHEMICAL ANALYSIS OF COATED CATHODES REMOVED 
FROM STANDARD DIODES AFTER 500 HOURS LIFE 

Melt 
No. 

% Si % Fe %Mn %Mg % Cu % Ti 

"D" 0.04 0.06 0.02 

66 0.04 0.12 0.08 

0.01 

0.03 

0.02 

0.02 

0.01 

0.04 

It was concluded that with reference to the standard 
diode structure used the results were not a true indica-
tion of cathode-emitting properties. It was rather felt 
that the emission current measured especially in the 
case of vacuum melt "D" was largely a function of mi-
grating reducing impurities which become available to 
the cathode during processing and life. 

TESTS CONDUCTED ON PURIFIED DIODE 

To separate the true cathode thermionic emission 
from the influence of migrating impurities as much as 
possible, six tubes were made up as before except that 
the purified diode structure was used (see Table I). The 
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Fig. 2—Vacuum melt "D" cathodes versus melt 66 cathodes 
in "purified" diode. 

results are shown in Fig. 2. This conclusively shows that 
vacuum melt "D" cathodes do result in exceptionally 
low emission when the effect of migrating impurities, as 
far as possible, is eliminated. 
At the end of 500 hours' life the cathodes were re-

moved from these tubes and spectroscopically analyzed 
as before. The results are shown in Table IV. 

TABLE IV 

SPECTROCHEMICAL ANALYSIS OF COATED CATHODES REMOVED FROM 
"PURIFIED" DIODES AFTER 500 HOURS LIFE 

Melt % Si 

"D" 0.01 

% Fe 

0.038 

% Mn % Mg % Cu % Ti 

Tr 0.006 0.008 Tr 

66 0.027 0.090 0.075 0.022 0.01 Tr 

These results show no significant increase in cathode 
reducing impurities over the original concentrations 
shown in Table II. 
One can conclude from these data that the use of 

"purified" structures similar to the one used in these 
experiments is essential in order to minimize impurity 
migration and to properly evaluate the emission proper-
ties of cathodes." 

11 Although this report deals with only a small quantity of tubes, 
the same consistent data was obtained from several hundred tubes 
run over a period of years. Details are reported by W. B. Notting-
ham, J. Cardell, and I. E. Levy, "Summary Report for O.N.R. Con-
tract N7onr-379," July, 1950. 
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THE EFFECT ON THE WORK FUNCTION 

The ratio of emission in the "purified" structure to 
emission in the "standard" structure at 605°K is seen 
to be about 1:100 at the end of life for the case of melt 
"D" cathodes. It is interesting to apply Richardson's 
equation to these results. 

If we call /si the emission density from melt "D" cath-
odes in the purified diode, and 152 the emission density 
from melt "D" cathodes in the standard diode, then 

= A T2e-imilicr, 

152 = AT2e-.o2ixr 

(1) 

(2) 

where 
A = Richardson's constant 
q5= the Richardson work function in volts 
T -= temperature in degrees K 
e electron charge 1.6 X10-19 coulombs 
K = Boltzman's constant 1.38 X10-23 joules per de-

gree, 

and 

/52 
— -- 100 = 

• Is 
(3) 

From (3) the difference in work function is 

01 — 02 = 0.24 volt. 

This work function difference, however, is due to noth-
ing more than the migrating impurities resulting from 
the "standard" structure. This indicates that extreme 
caution is advised in oxide-coated cathode research and 
production to insure that the cathode itself and not mi-
grating impurities are being evaluated. 
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Electrically Tuned RC Oscillator or Amplifier* 
OSWALD G. VILLARD, JR.t, SENIOR MEMBER, IRE AND FRANK S. HOLMANt, STUDENT, IRE 

Summary—Two RC circuits based upon all-pass phase-shift 
networks are described. They are useful as electronically tunable 
audio oscillators, selective amplifiers, or bridges. Change of reso-
nant frequency is accomplished by varying amplitude of transmission 
in one or more circuit branches by means of vacuum-tube modulators. 

In theory, both circuits may be electronically tuned from zero to 
infinite frequency, and their feedback-loop gain at resonance should 
be independent of the frequency to which they are tuned. However, 
the frequency ratio conveniently obtainable in practice, before ap-
preciable changes in gain occur, is about four to one. This limitation 
is in part a consequence of the decrease in effective Q of the fre-
quency-controlling portion of the circuit when they are tuned far 
from center frequency. 

INTRODUCTION 

1VIANY APPLICATIONS exist for electronically tunable oscillators and amplifiers capable of 
operation at the lower audio frequencies where 

RC circuits become preferable to LC. The best oscillator 
circuits disclosed so far appear to be those of Mc-
Guaghan and Leslie,1 Ames,' and Anderson.' Electroni-
cally tuned amplifiers do not seem to have received 
much attention. 

* Decimal classification: R355.914.3 X R363.2. Original manu-
script received by the Institute, October 15, 1951; revised manuscript 
received August 11, 1952. 

1" Radio Propagation Laboratory, Stanford University, Stanford, 
Calif. 

Electronics Research Laboratory, Stanford University, Stan-
ford, Calif. 

1 H. S. McGuaghan and C. 13. Leslie, "A resistance-tuned fre-
quency-modulated oscillator for audio frequency applications," 
PROC. I.R.E., vol. 35, pp. 974-978; September, 1947. 

2 M. E. Ames, "Wide range deviable oscillator," Electronics, pp. 
96-100; May, 1949. 

3 F. B. Anderson, "Seven league oscillator," PROC. I.R.E., vol. 39, 
pp. 881-890; August, 1951. 

There will be described two circuits which have an 
interesting property, that in theory it should be possible 
to tune their frequency of resonance, electronically, 
from zero to infinite frequency. Furthermore, the mag-
nitude of their positive feedback voltage should be inde-
pendent of the frequency of resonance. However, the ef-
fective Q of the feedback loop falls off when the devia-
tion from center frequency becomes large, so that the 
practical operating frequency ratio is about four to one. 
Over this range the feedback loop transmission at reso-
nance is found to be constant enough to make the cir-
cuits useful as electronically tuned selective amplifiers. 
The curve of frequency versus modulating voltage has 

a point of inflection; therefore, modulation about this 
point is highly linear. Furthermore, the nature of the 
curve is such that if a maximum departure from linear-
ity of the order of five per cent is permissible, a fre-
quency ratio of the order of two to one may be obtained. 
Tuning is accomplished by variation of voltage ampli-

tude in a vacuum-tube modulator rather than by varia-
tion of an effective circuit impedance. The desired per-
formance is obtained when the transfer characteristic of 
the modulator is linear. In one of the circuits the modu-
lator is of the conventional balanced type, whose trans-
fer-characteristic linearity is inherently high. 
There is a resemblance to the phase-shifter approach 

of De Lange' to the extent that frequency modulation 
may be considered obtainable in these circuits by varia-
tion of transmission. Other differences are considerable. 

O. E. DeLange, "A variable phase-shift frequency-modulated 
oscillator," PROC. I.R.E., vol. 37, pp. 1328-1330; November, 1949. 
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FEEDBACK LOOP 

369 

ALL PASS 

PHASE SHIFTER 

0,1 

eJe 
ALL PASS 

PHASE SHIFTER 

(4}) 

éveikeJ 4) 

DOING CIRCUIT 

4- Join, 
f"1 

MODULATING VOLTAGE 

Fig. 1—Block diagram of series circuit. 

There is also a resemblance to the "reactance-tube-
modulated" phase-shift oscillators of Dennis and Felch.6 
In the present case, however, a different analytical ap-
proach is used; a different phase-shift circuit is con-
sidered, and the resulting possibilities in regard to tun-
ing range, feedback constancy, and modulation linearity 
are pointed out. 

DESCRIPTION 

The first circuit will be called the "series" circuit, and 
the second the "sum" circuit, after the way in which the 
phase-shifted voltages are disposed. Both incorporate 
an all-pass half-lattice RC phase-shifting network, 
which is conveniently driven by a vacuum-tube phase 
inverter." 

e 

(a) 
Fig. 2—Vector diagrams, series circuit. (a) Resonance shifted 

AMPLIFIER WITH 

1130. PHASE SHIF)T -e4-kee 

= I AT RESONANCE 

A block diagram of the series connection is shown in 
Fig. 1. Vector diagrams illustrating operation will be 
found in Fig. 2. The time constants of the two phase 
shifters are made equal, so that both shift by an equal 
number of degrees 0. Electronic tuning is accomplished 
by adding variable amounts of the output of the first 
phase shifter to the output of the second. Assuming the 
gain of the phase shifters and of the amplifier to be unity 
and using exponential notation, expressions for the 
voltages in the various parts of the circuit at any reso-
nant frequency (co,.) are shown in the figure. A modula-
tion constant k establishes the amount of first-phase-
shifter output voltage added for frequency-shifting pur-
poses. Since it is proportional to the instantaneous 
amplitude of the modulating voltage, its sign may be 

( k =o) 

(b) 
to lower frequency, (b) 

6 F. R. Dennis and E. P. Felch, "Reactance-tube modulation of 
phase-shift oscillators," Bell Sys. Tech. Jour., vol. 28, no. 4, pp. 601-
607; October, 1949. 

6 R. B. Dome, "Wideband audio phase-shift networks," Electron-
ics, pp. 112-115; December, 1946. 

7 O. G. Villard, Jr., "Tunable A-F amplifier," Electronics, pp. 77-
79; July, 1949. 

(c 

at center frequency, (c) to higher frequency. 

positive or negative. At the center resonant frequency 
(wo), illustrated in Fig. 2(b), k =0 and resonance (that 
is, exactly positive feedback) occurs at the frequency at 
which 20= 180 degrees, or en. = —1. This is also the 
frequency at which coRiCi =1. To shift the resonant fre-
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quency higher, k must be positive, as in Fig. 2(c). For 
a given k, frequency will increase until the vectors eie 
and eel' arrive at the correct phase position to make 
en0-1-kel0 equal to —1. Similarly, reversing the phase of 
the shifting voltage kei. will cause the frequency of 
resonance to become lower, as in Fig. 2(a). The equa-
tion en. + kee= —1 is satisfied for any value of (I) pro-
vided that k = +2 cos O. Since ck equals 2 tan-1 co 
it follows that ratio wr/wo may be expressed as follows: 

( 2=-- 2 + k where — 2 < k < 2. (1) _ 
wo 2 — k 
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Fig. 3—Resonant frequency versus instantaneous modulating voltage 
(k), series and sum circuits. 

Fig. 3 shows relationship between co,./(40 and k for se-
ries circuit. A point of inflection occurs when k equals 
—1 and cor/coo =0.57. Small frequency excursions about 
this point may be expected to be highly linear. 

Block and vector diagrams illustrating operation of 
the sum circuit are shown in Figs. 4 and 5. Here the 
two phase shifters have differing time constants; the 
ratio of the time constant of the second phase shifter 
to that of the first (a number greater than unity) will be 
called p. The outputs of the phase shifters are acted 
upon by two modulators, having modulation indices 
/el and k2, whose sum must be a constant. After modula-
tion, the two outputs are combined and fed back to the 

, k2=1.5 

klei°1-k2e 

• 

• 

• 
• 
• 

input through a zero-phase-shift amplifier or attenuator. 
At the center resonant frequency, when /el a,nd k2 may 
be considered to be equal to unity, the vectors arrange 
themselves as in Fig. 5(b), that is, resonance occurs 
when the frequency becomes that at which the resultant 
of the two phase-shifted vectors is in phase with the 
input or reference voltage. Variation of /el and k2 changes 
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Fig. 4—Block diagram, sum circuit. 

the resonant frequency and the vector positions as 
shown in Fig. 5(a) and (c). 
An analysis of this circuit analogous to that previ-

ously given results in the following expression for the 
ratio co,/coe, where cui is the value of co equal to 1/RIG': 

P 1 + k 

( 70) 2 

(p — 1 where   < k < — 1\ 
+ 1) = + 1) • 

(b) 

• 

k, 0.5 , k2=1.5 

(c) 

k ei.1-k2ece2 
• 
• 
• 

kie.J4''' I 

(2) 

(3) 

Fig. 5—Vector diagram, sum circuit. (a) Resonance shifted to lower frequency, (b) at center frequency, (c) to higher frequency. 
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In this expression the factor k is so defined that (1—k) 
=kb and (1±k)=k2. When k =0, c.h. equals the center 
resonant frequency wo and coo=colp- 112. A plot of (2), 
when p= 4, is included in Fig. 3. 

It may be shown that the magnitude of the feedback 
voltage in the sum circuit is also independent of co,. 

VARIATION IN STABILITY WITH 
ELECTRONIC TUNING 

The effective Q of the feedback loop may be expected 
to decrease when the frequency of resonance is elec-
tronically tuned to either side of center. Behavior of 
both circuits is very similar in this respect. As a means 
of estimating this decrease, the rate of change of phase 

RESONANT E I REQUE NCY 
«ITN NO ELECTRONIC 

0.125 020 05 1.0 2 

IVE 50500501 entoueme. 

Fig. 6—Rate of change of feedback-loop phase shift with frequency 
at resonance, for various amounts of electronic deviation. 

shift with frequency at resonance, for the series circuit 
has been plotted as a function of cor/coo in Fig. 6. 
A further idea may be gained from Fig. 7, which shows 

the phase shift and amplitude of transmission for a typi-
cal sum circuit, when co, is equal to coo, 0.33 coo, and 3.3 
coo. The falling off in feedback-loop Q not only causes the 
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bandwidth of these circuits, when used as selective am-
plifiers, to become larger, but also places a limitation on 
the frequency ratio obtainable when they are employed 
as oscillators. It will be found that residual phase shifts 
introduced by coupling circuits have appropriate sign, 
when co, is shifted far from coo in either direction, to cause 
feedback voltage and oscillation amplitude to increase. 
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Fig. 7—Characteristics of the feedback loop at different resonant fre-
quencies. Sum circuit, p=4. Calculated values. 

EXPERIMENTAL ARRANGEMENTS 

Figs. 8 and 9 are schematics of experimental series-
and sum-type circuits. A balanced modulator may be 
substituted for the frequency-control potentiometer of 
Fig. 8, as in Fig. 1. 

OUTPUT 

Fig. 8—Schematic diagram of series circuit. 
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MODULATING 
VOLTAGE 
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D.C. PHASE- INVERTER SECTION 
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The sum circuit is perhaps the more difficult to real-
ize in practice, since constancy of the feedback voltage 
requires that the gain of the modulator tubes vary by 
exactly equal amounts in opposite directions. Second-
order distortion of their transfer characteristic must 
accordingly be small. The series circuit requires careful 
matching of the two time constants, but nonlinearity 
of its modulator characteristic results only in a depar-
ture from the predicted curve of resonant frequency ver-

600 900 1200 1500 

Fig. 10—Electronically tuned amplifier as spectrum analyzer. Re-
sponse to single input frequency. 10-cps sawtooth :sweep. Sum 
circuit. 

MODULATION 
SECTION 

PHASE-SHIFT 
SECTION 

Fig. 9—Schematic of sum circuit. 

250 V 

sus modulating voltage. The photograph of Fig. 10 
shows use of the sum circuit as a simple audio-frequency 
spectrum analyzer. The modulating voltage applied to 
the electronically tunable amplifier is merely a portion 
of the sawtooth sweep voltage of a standard oscillo-
scope. Its lowest sweep rate was slightly too rapid in 
view of the Q of the tuned amplifier, and some ringing is 
observed on the response curve obtained with a sine-
wave input signal. 

It is evident that these circuits may be used as elec-
tronically tunable frequency-rejection bridges, since the 
feedback voltage at resonance passes through zero or 
180 degrees at unity magnitude and, accordingly, may 
be balanced against a voltage derived from the input to 
give a zero resultant. 

CONCLUSIONS 

The two circuits described appear to be useful in view 
of the relatively wide frequency range over which they 
may be electronically tuned, the constancy of feedback 
voltage over this range, and the predictability (and rela-
tive linearity) of their frequency-versus-modulating-
voltage characteristic. 
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The Principle of a Servo-Type Mechanism 
Requiring Variable Elements* 

R. DRENICKt, SENIOR MEMBER, IRE 

Summary—The subject of this article is the theoretical synthesis 
of a mechanism which has some essential features in common with 
conventional servomechanisms and some with analog computers. 
It operates on a feedback principle; that is, at one point of the system 
an input is compared with a signal fed back from the outputs of the 
device, and an error signal is derived from this comparison. The 
basic distinction lies in the fact that this one error signal is used in 
this mechanism to control two outputs which are subject to a con-
straint. This is accomplished by a suitable variation in the gains of 

the system. 

INTRODUCTION 

T
HE PRESENT ARTICLE is concerned with the 
theoretical characteristics of a type of mechanism 
which operates on the feedback principle and per-

forms certain computational functions. As will be seen, 
some of its characteristics are quite similar to those of 
conventional servomechanisms and analog computers, 
while others differ considerably. The main difference lies 
apparently in the fact that suitable stability _features 
can be achieved only by employing specific types of 
time-variable, and often even nonlinear, elements. In 
return for this, however, the mechanism under discus-
sion will, in general, control from one error signal, two 
outputs which are connected by one constraint. 

D 

Ea 

Fig. 1—Block diagram of mechanism. 

The principle of operation can be explained by refer-
ence to Fig. 1. The two outputs of the mechanism are 
denoted there with x and y. Let the constraint be writ-
ten generally as 

f(x, y; a, b) = c, (1) 

where a, b, and often also c, are parameters which vary 
with time. The block marked F in Fig. 1 represents a 

• Decimal classification: 621.375.13. Original manuscript received 
by the Institute, December 20, 1951; revised manuscript received 
June 19, 1951. 

RCA Victor Div., Radio Corporation of America, Camden, N. J. 

computing element which forms f(x, y; a, b). The dif-
ferential D subtracts c from it and derives an error sig-
nal e which indicates the failure of the mechanism to 
satisfy (1). The error signal is fed through the units EI 
and Ey, which act here somewhat like equalizing filters 
in conventional servos' and produce the outputs x and y. 
Now, if the units EI and Ey are properly designed, out-

puts x and y will exhibit various specifiable stability 
characteristics. Thus, one can specify that a certain 
mechanism of this type should be free from position er-
rors.' By this it would be meant that the actual outputs 
x and y should, over a sufficiently long period of time, 
approach the desired ones infinitely closely, providing 
the desired outputs are constants î and 9 (or, more pre-
cisely, step-functions) connected by the constraint (1). 
One can, in principle, specify also that a certain mech-
anism should be free of velocity errors.' In such a case, 
the actual outputs should approach the desired ones in-
finitely closely if the latter are linear in time (or, more 
precisely, ramp functions) and connected by the con-
straint (1), and so on. In each case, a design exists for 
El and .E2, which will satisfy such specifications. As a 
rule, it will be necessary to prescribe time-variable ele-
ments to accomplish this. These elements must be con-
tinuously adjusted in accordance with the variation of 
a and b in (1). In many cases, depending usually on the 
function f(x, y; a, b), they will have to be nonlinear also. 
The mechanism under discussion may seem a rather 

artificial concept at this point. In order to remove some 
of that impression, an assumed application will be pre-
sented in the next two sections to illustrate the idea. It 
is one in which the particular mechanism will be re-
quired to be free of velocity errors, as defined above, 
and in which f(x, y; a, b) will be quadratic in x and y. 

In two later sections, another case will be quantita-
tively discussed, namely, that in which the function 
f(x, y; a, b) is linear in x and y and in which the mecha-
nism is to be free only of position errors. It may be worth 
pointing out that, even in this special case, the mecha-
nism does not degenerate into a conventional servomech-
anism, but retains the requirement for time variable 
gains in order to be stable. 

ILLUSTRATIVE EXAMPLE 

In order to explain the idea of the mechanism under 
discussion, let the following hypothetical situation be 
visualized: Assume that, similar to Loran navigation, 

1 H. M. James, N. B. Nichols, and R. S. Phillips, "Theory of 
Servomechanisms," McGraw-Hill Book Co., Inc., New York, N. Y., 
p. 196; 1947. 

2 Ibid., p. 138. 
Ibid., p. 145. 
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an aircraft receives signals which have been transmitted 
from several ground stations at exactly the same time.' 
Assume, furthermore, that the aircraft is capable of 
measuring accurately the time intervals between the ar-
rivals of these signals. 

Loran-type navigation requires two pairs, that is, at 
least three such ground stations. The reason for this is 
the following: One pair will produce in the aircraft 
equipment one time differential. This time differential 
is proportional to the difference in the distances be-
tween aircraft and the two ground stations. The navi-
gator in the aircraft will, accordingly, be able to con-
clude that he is located somewhere along a curve which 
is characterized by that difference in the distances. Such 
a curve is, by definition, a hyperbola. 

In order to determine his location completely, a sec-
ond pair of ground stations is supplied in Loran naviga-
tion, which delivers to the navigator a second hyperbola. 
He then establishes as his position the point of intersec-
tion of the two curves. 
Now, it can be argued that, in principle, one pair of 

ground stations should often be enough rather than the 
two used in Loran navigation. It is true that one pair 
can provide the aircraft with only one time differential 
and, hence, only one hyperbola. But, as will be explained 
immediately, if it is also known that the aircraft is flying 
for sufficiently long periods of time with constant speed 
and along a straight line course, its position and, inci-
dentally, its velocity can be ascertained. 
That this must be possible, at least in principle, can 

be seen from the following consideration: Assume that 
the navigator measures the one time differential avail-
able to him under the present arrangement at four suc-
cessive occasions: to, to-I-At, 10+2t, and to+3,e1t. Each 
observation will then allow him to write down the equa-
tion of a hyperbola on which he must be located at that 
time. For example, 

x2/a02 _ y2/b02 = 1 

x2/a12 _ y2/142 = 1 

x2/a22 — y2/b22 = 1 

x2/a32 — y2/b32 = 1 

at = /0, 

at t to + Al, 

at = to ± 23,1, 

at t = to + 3At. 

(2) 

Now, it is true, he will not know his location at to, for 
example (xo, yo), nor his velocity (vi, vo) during the pe-
riod of observation. But he will know that he must have 
been at the points 

(xo, yo) at t = to, 

(xo veàt, yo vAt) at = to -I- At, 

(xo 2vÁt, yo 2v„3,t) at t = to -I- 2t, 

(xo yo 3v,U) at t = to ± 33,t. 

These points must be, respectively, on the hyperbolas 
(2). If they are substituted into their equations, one ob-
tains four simultaneous equations for the four unknowns 
xo, yo, vz, 14,„ and can (in general) solve for them. The so-

d j. A. Pierce, A. A. McKenzie, and R. H. Woodward, "Loran," 
McGraw-Hill Book Co., Inc., New York, N. Y., p. 10; 1948. 

lutions are the initial location and velocity components 
of the aircraft. 
The mechanism whose discussion is the topic of this 

article can, in principle, solve problems of this type. It 
does not, however, rely on discrete sampling of data, as 
has been so far used in the present example, but accepts 
data continuously. The function unit F in Fig. 1 would, 
in this application, generate the quantity 

y; a, b) x2/ (12 _ y2/ b2. 

The parameters a and b are characteristic of the hy-
perbola along which the aircraft is located in each in-
stant, and they vary as the aircraft moves. The quantity 
c in (1) is unity here. The outputs x and y of the mech-
anism could, at the start of the operation, be arbitrary. 
Hence, as a rule, a discrepancy will exist between f(x, y; 
a, b) and c, and an error signal will be developed at D 
(Fig. 1). The error signal will drive x and y, and, if the 
"equalizing" units E1 and E2 are properly designed, the 
outputs will approach the aircraft co-ordinates; that is, 
the discrepancies 

[xo + v.(1 — to)] — x and [yo v„(t — to)] — y 

between desired and actual outputs will asymptotically 
approach zero. 

REDUCTION TO A LINEAR CASE 

The critical item in what has just been called a proper 
design is the units E1 and E2. They would certainly have 
to be made time-variable, that is, their gains would have 
to be continuously adjusted in accordance with the in-
stantaneous values, and the rates, of a and b. In this 
particular application, they would also have to be non-
linear. This circumstance makes the analysis and syn-
thesis of many mechanisms of this sort quite involved 
mathematically and often rather unmanageable. 
One can, however, introduce some assumptions, not 

altogether implausible, which allow the present problem 
to be formulated as a linear one. Moreover, they permit 
the stability specifications of the mechanism to be re-
laxed. Thus, one needs to require only that it be free of 
position errors, rather than of velocity errors as before. 
The assumptions which lead to these simplifications 

are the following: 
Let it be assumed that, in solving the hypothetical 

navigation problem, use could be made of additional 
information. Assume, first of all, that the aircraft has 
accurate means of measuring its velocity. Assume, 
furthermore, that there is always good reason to believe 
that it will depart only a little from some standard route, 
even if it did not employ the hypothetical navigation 
system. In such a case, one could state that, at any time 
t, its actual location would be 

xo* (5xo sz(t — to) = x* 8xo, 

yo* 3y0 s„(t — to) = y* 83,0. 

Here the subscripts zero refer to the time at which the 
mechanism is turned on. Asterisks denote the locations 
of the aircraft along the standard route which it would 

(2a) 
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follow only under ideal circumstances. The departures 
from this route under actual conditions are 8x and 8y. 
They are assumed small. 
Now, the hyperbola which is set up at the time t by 

the navigation system is the locus of all possible air-
craft locations at that time and, hence, must be satis-
fied by the co-ordinates of the aircraft t and y. That is, 
one must have 

£2/0 2 92/b2 = 1 

at any time t or, since 8x0 and 8y0 are small, 

ou t)/ a2 _ ynyofies = 1 _ (e2/a2 _ ykvb2). (3) 

In this equation x*, y*, a, b are known functions of 
time. The values of the deviations 8xo and 8yo are un-
known. It is known, however, that they are constants. 
When they are established, they will determine the ac-
tual position of the aircraft at the time to, and hence, 
using (2a), at any time thereafter. 
The mechanism which solves the problem of obtain-

ing 8x0 and 8yo could be one of the type discussed in this 
article. Its function unit F (Fig. 1) would combine the 
outputs x and y and form 

y) = (e/a2)x (Y*/b2)Y. 

The quantities (x*/a2) and (y*/b2) would act as the 
time-variable parameters which are denoted with a and 
b in Fig. 1. The input c shows that there will now be 

c = 1 (z*Va 2 y1,2/b2) . 

Any error signal derived from a discrepancy between 
f and c would drive x and y through the elements E1 and 
Ey. If these are properly designed, the outputs x and y 
will stabilize .on the unknown constants 8x0 and 8yo, 
and thus determine the initial displacements of the air-
craft from its desired path. Some fairly general methods 
by which the elements E1 and Ey can be designed will 
now be derived. 

FORMULATION OF THE LINEAR PROBLEM IN GENERAL 

The example just given is a special case of a more 
general problem which is characterized by the fact that 
the desired outputs of the mechanism under discussion 
are two constants, t and y for example, which are at all 
times connected by a linear constraint 

f(g, y; A, B) = At + = C, 

e = Ax ± By — C = A(x — B(y — 5) (5) 

would drive the outputs x and y through the "equaliz-
ing" units E1 and Ey. The problem of designing this 
mechanism is, accordingly, synonymous with that of es-
tablishing suitable performance equations for E1 and Ey. 
To do this, let it be first assumed that 

A2 ± B2 = 1. 

This is no restriction to the generality of the solution, 
yet it simplifies the formulas which follow. Next, assume 
that the units E1 and E2 operate on their input e accord-
ing to the performance equations 

x = EIE + f tedi 
o 

= f 712fdl, 

(6) 

where El, e2, and 712 are time-variable gains to be de-
termined. The proof of this assumption lies chiefly in 
its success. It will be seen that the performance equa-
tions of E1 and Ey certainly need to be no more compli-
cated than these. It is also easy to convince oneself that 
to and no must not be identically zero. Whether or not e 
and ni can be omitted without sacrifice in the generality 
of the solution is not known. The derivations which fol-
low are predicated on their presence. 

It will be convenient in what follows to introduce two 
quantities x', y': 

= A (x — B(Y — 5), 

y' = — B(x — + A(y — 

They render the formulas below more symmetrical. It 
should also be observed that, to make x approach 2, and 
y approach 9, it will be necessary to make x' and y' ap-
proach zero. 

If these expressions are introduced into (6), one gets, 
after some simple manipulations, equations of the form 

= ax' 8y', = + -ry', (7) 

where A, a, e, ,y, 8, have been written for 
à -= 1 — Ae, — Bn1, 
a = 44(1+ E2) B(/), + 112), 

(4) = (A — ti)(th + 112) — (B — ni)(E1 + El) — 

where A, B, and C are time-variable parameters. (Capi-
tal letters are used to distinguish the linear case from the 
general one, discussed in the Introduction.) The prob-
lem is that of designing a mechanism of the type under 
consideration whose outputs x and y would approach 2 
and y infinitely closely as the time t—> co 
The mechanism would form in its function unit F 

(Fig. 1), the quantity 

f(x, y; A, B) = Ax + By 

which would be fed back and compared with the input 
c. The error signal 

=- a(Ani BE1), 

8 = AÉ — AB. (8) 

Of these coefficients, ô does not depend on the gains of 
the system but only on the inputs A and B. As will be 
seen, this circumstance often assigns to 8 a fairly impor-
tant role in determining the behavior of the mechanism. 

Equations (7) describe the performance of the mech-
anism. The problem now is that of determining the 
gains of the system, E, 711, E2, and /12 in such a way that 
the solutions x' and y' of (7) approach zero as t—> co . 
This problem has many solutions; that is to say, there 
exist iriny sets of gains which assure such solutions. 
One set leading to an especially simple one will now be 
suggested and will be shown to possess a potentially un-
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desirable feature which has no parallel in conventional 
servotheory. 

REDUCTION OF CONSTANT COEFFICIENTS 

It is possible, in principle, to choose the gains L n1, 
E2, and n2, in such a way that (7) has constant coeffi-
cients, regardless of what the variation of A, B, and C is. 
Inspection of the first (7) shows that, to achieve this, 
one must have 

a = X(5, A = ô, (9a) 

where Xi and 1./1 are suitable constants. This choice im-
plies for the second equation 

$ = = 1228. (9b) 

This leads to the system equations 

!Lie = Xix' + y', IL& = x2x' + g2y', (10) 

with the characteristic equation 

— m1(X1 1.12)/) -F (Xiek2 — X2) = 0. 

For solutions which approach zero as 00 , one must 
have 

Yi(Xi 1.42) < 0, (X1/42 — X2) > 0, XI 0, µ1, 0. 

That is, the constants X and j.i can be chosen freely, pro-
viding only they satisfy these conditions. The gains 
which lead to the system (10) follow from (8) and (9). 
They are 

= A — tÀ2B — 

111 = B -F 

E2 = (X1122 — X2)/3/iii + (X1 -I- m2)13 jj, 

772 = (412 — X2) 11/121 -F (X1 -F 122)24 + A. 

This shows that mechanisms of the type under dis-
cussion exist. Moreover, they can be designed to per-
form, in principle, like systems with constant gains. 
Their behavior is essentially like that of a servosystem 
with two inputs and two outputs, that is, a very simple 
version of a system described recently in the literature.' 
An assumption has, however, been tacitly made in this 
derivation which can lead to difficulties: To establish 
(10), both sides were divided by b, a practice which is 
permissible only when 8/0. 

It is, on the other hand, quite possible that (5 should 
go through zero at times. Equations (10) would possess 
singularities at all these points. This means that a 
mechanism built with the gains (11) would become 
highly unreliable near such points, and small disturb-
ances in the input could lead to unpredictably large er-
rors at the outputs. To alleviate this situation, one would 
have to make arrangements which could render the 
servo very sluggish whenever (5 became rather small and 
allow it to recover its sensitivity as each critical point 

5 M. Colomb and E. Usdin, "A theory of multidimensional servo 
systems," Jour. Frank. Inst., vol. 253, pp. 29-59; 1952. 

was passed. Arrangements of this sort can actually be 
made by suitable redefinition of the gains Ei, ni, E2, and 
/12, as will be illustrated in the next example. 

SERVO WITH VARIABLE SENSITIVITY 

It will now be shown that a mechanism with the fol-
lowing, rather simple, gain formulas, 

= ILA ni = ¿LB; 2 = — 212A, n2 = — 21.1:11.3 (g < 0), (12) 

exhibits the desired characteristic of variable sensitivity 
under rather general conditions. 

In this example, one condition will be imposed on the 
coefficients A and B in (4). It is not very restrictive, and 
if it should be so in some specific case, it can be replaced 
with others. This condition is that 

f  000 

à — gS31 dt < Ce. (13) 

Qualitatively, this means that A, E, A, and should go 
to zero reasonably rapidly, as t—> 00. The condition will 
insure proper behavior for the present mechanism. 

If the gains (12) are substituted into (7) and (8), one 
obtains 

= 12(12x' by', -= ex' -I- µS'y', (14) 

with 

= — 

These equations can be simplified by substituting for x', 
y' the variables u, y 

u = x' exp [ — f (52dt] 

= y' exp [ — /./ f (52dt]. 

They reduce (14) to 

= (5y, 7.) = 

The solutions of this system are bounded when condi-
tion (13) is fulfilled.° This means that, under the same 
condition, the system responses 

x' = u exp [12 f (52di] , 

y' = u exp [J./ f '452(//] < 0) 

approach zero as 1—* co . This is assured by the fact that 
the exponent is never positive. Moreover, these re-
sponses exhibit the desired characteristics of variable 
sluggishness: Whenever (5 becomes small, the rates at 
which x' and y' approach zero become small, too. If (5 
should go to zero at any time, their approach is arrested 
altogether. 

6 A. Rosenblatt, "On the growth of the solutions of ordinary dif-
ferential equations," Bull. Am. Math. Soc., vol. 51, p. 723; 1945. 
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It might be repeated here that condition (13) is by no 
means the only one, nor perhaps even the simplest one 
which will insure the desired system behavior. The state 
of the art in the solution of linear differential equations, 
however, makes it difficult to derive conditions which 
are simple, yet sufficiently general to encompass most 
practical cases. 

CONCLUSION 

It has been demonstrated that, at least in principle, 
certain simple versions of the mechanism described in 
this article are realizable. The illustrative example given 
may hold a broad clue to their possible usefulness. It was 
shown, using a Loran-type navigation system as an il-
lustration, that one can theoretically dispense with one 
piece of direct input information (namely, one time dif-
ferential in the navigation system and, hence, at least 
one ground station) if one has sufficient a-priori knowl-
edge of the characteristics of the desired outputs (the 

linearity of the variation of the aircraft co-ordinates). 
In practice, as in the case of Loran navigation, there 

frequently exist no very pressing reasons why one 
should make use of any such a-priori knowledge even 
if it were sufficiently reliable to do so. It would prob-
ably not be even an economical procedure. Thus, it 
would presumably not be economically wise to decide 
on saving one ground station at the expense of putting 
mechanisms of the type described here into all aircraft 
using the navigation system. 
One can conceive of situations, however, in which the 

opposite is true; that is, it may be either uneconomical, 
or even operationally impossible, to obtain complete in-
put information, or to obtain it with the desired ac-
curacy. In cases like these, it may be necessary to utilize 
any available a-priori knowledge concerning the antici-
pated outputs. When such knowledge exists, mecha-
nisms of the type described here could fulfill rather useful 
functions. 

Filter Transfer Function Synthesis* 
GEORGE L. MATTHAEIt, ASSOCIATE, IRE 

Summary—In this paper we shall discuss a method for the syn-

thesis of transfer functions which have one or more steady-state fre-
quency bands throughout which a constant-amplitude level is ap-
proximated. Filters and amplifiers are familiar examples of circuits 

which commonly use transfer functions of this kind. The salient 
points of this method as applied to some low-pass filter examples will 

be considered herein. 

THE ELECTROSTATIC POTENTIAL ANALOGY 

L E T US CONSIDER the transfer function 

T(p) = —Ei = K (P — Pi)(P — Pa) • • •  
e (1) 

E2 cp — m(P — p4) • • • 
where p is the complex frequency variable p=o--1-jw; 
E1 and E2 are the input and output voltages, respec-
tively; K is a real constant; pi, h, • • • are the points of 
infinite gain; and P2t P4, • • • are the points of infinite 
loss. This attenuation ratio may be expressed as 

ea+0 = T(p), (2) 

where a is the attenuation in nepers and 0 is the phase 
in radians. Equation (2) may also be written in the form 

a = ln K + ln I P — Psi + in 1 P — Psi + • • • 
— ln I p — p2! — In I p — hi — • • • (3a) 

0 = arg (p — pi) + arg (p — ple) + • • • 
— arg (p — p2) — arg (p — p.) — • • • . (3b) 

• Decimal classification: RI43.2. Original manuscript received by 
the Institute, March 21, 1952; revised manuscript received August 
11, 1952. Presented at the IRE National Convention, March, 1952. 
This paper describes a portion of a research conducted by the author 
under Office of Naval Research Contract N6-onr-251 while studying 
at Stanford University. 
t Division of Electrical Engineering, University of California, 

Berkeley, Calif. 

As bibliographical references 1, 2, and 3 show,' if we 
place infinitely long parallel filaments having one unit 
of positive charge per unit of length so that they pierce 
the P-plane vertically at the poles P2t P4t • • • and similar 
filaments of negative charge at zeros p„ p3, • • • , then 
a in (3a) is analogous to the potential between the 
filaments and 0 in (3b) is analogous to the flux. This 
analogy gives us a powerful tool for mathematical 
reasoning. 

THE LC FILTER 

Let us now discuss the use of this analogy for syn-
thesizing a low-pass filter whose steady-state transfer 
characteristic T(jw) has an equal-ripple pass and stop 
band similar to the characteristic shown in Fig. 1. 

H(jw)eC 

o 

Fig. 1—The function H(p)+C along jcd axis. 

Furthermore, let us assume that this filter transfer 
function is to be realizable in a passive LC network.2 
This can be accomplished by a transfer function having 
four poles and zeros. The steps in the synthesis pro-
cedure are as follows: 

I This research makes use of the viewpoint presented by Klink-
hamer in bibliographical reference 1. 

2 The network can be obtained by Darlington's procedure (see 
bibliographical reference 4). 
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Step / 

An electrostatic problem is set up by mathematically 
placing charged conducting plates in the regions of the 
p-plane where equal-ripple bands are desired. Thus, as 
is shown in Fig. 2, a conducting plate with eight units 
of negative charge is placed between —jcoi and jcoi 
where an equal-ripple pass band is desired, and plates 
are placed in the "equal-ripple" stop-band regions from 
—j OD to —jco2 and from jco2 to joo, each plate having 
four units of positive charge. Observe that this gives 
a potential variation along the jco axis similar to the 
desired low-pass filter transfer characteristic. 

Step 2 

The distributed charge on the conducting plates is 
"quantized" into filaments of charge so that the com-
plex potential may be expressed as the logarithm of a 
rational function. To accomplish this quantization, we 
must first find the charge distribution on the plates. 
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Fig. 2—Four-pole LC filter potential problem. 

Since the flux emerges from or is terminated by charge, 
the charge distributions on the plates are known if the 
flux distributions at the surfaces of the plates are known. 
In many cases this flux distribution may be determined 
easily by use of a conformal mapping. For this par-
ticular problem the elliptic tangent function mapping 
makes the solution quite simple.3 
Knowing the flux distributions at the surfaces, we 

may quantize the distributed charge into filaments 
having either unit charges, or double charges (per unit 
length). In this case the double-charge procedure will 
be used. Fig. 3 shows the flux about the pass-band plate. 
Two units of negative charge will terminate 47r lines of 
flux, hence the region between points a and b must con-
tain two units of charge. Note that the point at which 
the w and 7w flux lines come together will divide this 
region into two parts, each of which has one unit of 
charge, i.e., the junction of the w and 77r flux lines di-

* See bibliographical reference 3, pp. 23-27 and 81-82. The writer 
intends to offer a paper at a later date which will discuss the use of 
the elliptic tangent and other mappings for solution of the charge 
distribution problem. 

vides the charge of the region a-b in half. This mid-
point of the charge is the point at which the charge of 
the region a-b should be quantized. The positive charge 
on the stop-band plates is quantized in the same manner 

41t 

Is, 

/et 

/lit 

low 

PA. h(p) or h fpl 

Fig. 3—Conducting plate with 8 units of negative charge. 

and the results are pictured in Fig. 4. It can be shown 
that, in this case, quantizing the distributed charge this 
way will result in perfectly equal-ripple bands of po-
tential where the plates were, as is indicated in Fig. 4.4 

7Rlairents with 12 Units 
of Charge per Unit Length 

-2 Units of Charge per, 

Unit of Leniili 

Potential Along Positive jw-Axis 

Fig. 4—Results of charge quantization. 

The complex potential about the charge filaments in 
Fig. 4 may be expressed in the form 

V ± jck = 1 n H(p), (4) 

4 See bibliographical reference 3, chapter III. This proof also 
shows that the above quantization technique will not give perfectly 
equal-ripple bands for all cases. The cases where the method is not 
exact will be discussed later. 
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where V is the ordinary scalar potential, et, is the flux, 
and H(p) is a rational function having double poles and 
zeros at the locations of the doubly charged positive 
and negative filaments, respectively. The constant 
multiplier of H(p) is arbitrary, and it can easily be 
shown that if the multiplier is chosen to be real (1, for 
example), then H(p) will be entirely real along the jw 

Fig. 5—The function H(p) along jw axis. 

axis. Furthermore, in this case if we give the multiplier 
the proper sign, H(p) will be entirely positive along the 
jw axis, as shown in Fig. S.' Observe that H(jw) 'also 
has equal-ripple bands. We shall now manipulate H(p) 
to obtain the desired transfer function. 

Step 3 

An appropriate real constant is added to the rational 
function H(p). The addition of this constant causes the 
amplitude along the jw axis to be of a low-pass filter 
form, as shown in Fig. 1. The size of the constant is 
determined by the attenuation ratio desired between 
the frequencies col and w2. Fig. 6 shows that the addi-
tion of the constant causes the double zeros on the jw 
axis to move out onto the complex part of the plane in 

p-plane 

Ju) 
>(2 

X2 
ltoz 

I 

• 
X2 

X2 

Fig. 6—H(p)+C= T(p)T(— p). 

6 

a symmetrical manner. From this it is clear that the 
function H(p)+ C is not suitable as a transfer function 
because it would have points of infinite gain (natural 
modes) in the right half plane. 

6 This is due to the double poles and zeros on the jw axis. If they 
were single, the function would have alternately positive and nega-
tive real regions along this axis. 

Step 4 

Half of each pole on the jw axis and all poles and zeros 
in the right-half plane are discarded. This is why we 
started out with eight units each of positive and nega-
tive charge instead of only four, as might seem logical 
for the synthesis of a four-pole function.. This step 
leaves us with the desired transfer function T(p) having 
four poles on the jw axis and four complex zeros (see 
Fig. 7). It is readily seen that H(p)+ C= T(p)T(— p) 
and I T(jw) 1 = VH(jco)± C. Therefore the amplitude of 
T(p) for steady-state frequencies will vary as the 
square root of the amplitude in Fig. 1. 

THE RC FILTER 

The transfer function shown in Fig. 7 can be realized 
in an LC network terminated in a resistance load. In 

p-plane 

10 

10 

X1 

Xi 

Fig. 7—T(p). Low-pass transfer function. 

6 

most cases an LC filter is preferable, but now suppose 
a similar low-pass characteristic is required for an ex-
tremely low-frequency application. Then the size of 
coils in an LC filter would become impractical and an 
RC filter becomes desirable. As bibliographical reference 
5 shows, for T(p) to be realizable in a passive RC net-
work all of its zeros (points of infinite gain) must lie on 
the negative real axis, and they must be simple. Since 
the zeros in the transfer function shown in Fig. 7 occur 
at complex frequencies, this transfer function cannot be 
realized in a passive RC network. 
To see how an RC realizable low-pass filter transfer 

function can be obtained with an equal-ripple pass and 
stop band, let us go back to the H(p) function related to 
Fig. 4 and the H(p)+ C function of Fig. 6. Observe that 
when a positive real constant is added to H(p), the new 
zero locations will occur at points where H(p) is real 
and negative. A little reflection on the matter reveals 
that when a real, positive constant is added to H(p), 
the zeros move out along the lines of odd multiples of r 

An alternate procedure would be to start out using only four 
units of positive and negative charge and then quantize to give 
singly charged filaments and a rational function H(p) with simple 
poles and zeros. Next, our previous function H(p) could be obtained 
by simply squaring Ha(p) to double the poles and zeros. 
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phase, and as larger and larger constants are added to 
H(p), the zeros progress towards the poles. 7 Therefore, 
we may say that the poles have the effect of "attract-
ing" the zeros when a constant is added to H(p). This 
gives us the key to our problem. It is evident that if we 
are to prevent the zeros of H(p)+C from locating 
themselves out on the complex part of the plane, as 
they did in Fig. 6, there must be additional poles on or 
near the real axis in order to "attract" the zeros in 
that direction. Consequently, the potential problem set 
up in Step 1 will be somewhat different for RC filter 
synthesis than it was for LC synthesis. In this case 
only part of the positive and negative charge will be 
distributed on conducting plates, the rest being in fila-
ments on or near the real axis. 
The question immediately arises, "How much charge 

should be used in filaments and how much should be on 
plates in the potential problem?" To answer this we 
may list several different cases: 

Case A 

If nis to be the number of poles and zeros in the trans-
fer function and z is the number of positive (and also 
negative) charges in the potential problem, we may use 
z =2n if n is an odd number. 

Case B 

If n equals two times an odd number, then we may use 
z = n. 

Case C 

If n is neither an odd number nor two times an odd 
number, we may use z = n. 

For both Cases A and B, best "efficiency" will be ob-
tained if 

m = z/2 — 1 (5) 

and 

x = z/2 1, (6) 

where m is the number of both positive and negative 
charges in filaments on or near the real axis and x is 
the number distributed on conducting plates. For Case C 

nt = z/2 

and 

(7) 

x = z/2. (8) 

The potential problem for synthesis of a 6-pole 
(Case B) RC filter is shown in Fig. 8. In accordance 
with (5) and (6), the stop-band plates have two units 
of positive charge each while the pass-band plate has 
four units of negative charge. There are also two units 
of positive and negative charge in filaments on the real 
axis. These filaments must be located so as to give a 
maximum number of saddle points on the real axis 

7 As an aid for visualizing the pattern of the odd multiple of 74-
phase lines, recall that they have the same contours as the odd mul-
tiple of ir flux lines in the electrostatic analogy. 

since when a constant is added to the rational function 
to move the jca-axis zeros to the real axis the zeros 
can enter the real axis only at saddle points. 

This time we shall quantize the distributed charge 
into singly charged filaments, thus yielding 112(p) with 
simple poles and zeros. Briefly, the remainder of the 
synthesis may go as follows: All zeros of HI(p) are 
moved to the real axis by the addition of a constant 
C1. Since 111(P) is alternately positive and negative 
real along the jco axis (recall footnote 5), IMP) Ci 
will no longer have equal-ripple character in the stop 
band. This is corrected by forming the function 

1 1 
C2r 

H 2(p) Hi(p) 

where C2 is a constant used to readjust the level of the 
1w-axis stop-band region ripples of 1/ [111(p) C1] so that 

Chgt-yea/ Conductin9 
Plcites 

Filaments o(-
Neyatire Chaeye 

-Jr* 

";./amenis cl 
Positive Ch °rye 

Fig. 8—Six-pole RC filter potential problem. 

they extend equally above and below zero. The cor-
rected function H2(p) is then squared (as was done in 
footnote 6). This gives double poles and zeros. If no 
buffer amplifier is to be used, we must have simple 
zeros on the real axis and a small real constant is sub-
tracted from H2(p) to separate the zeros.' Then the 
right half plane poles and zeros are discarded, as in the 
LC case, and our 6-pole RC filter transfer function is 
shown in Fig. 9. 
Observe that though the double pole on the real axis 

of Fig. 9 is necessary for RC realizability, it tends to 
decrease rather than increase the attenuation ratio of 
the filter. For this reason, it can easily be shown that 
the attenuation of the 6-pole RC function in Fig. 9 
must be less than that of the 4-pole LC function of Fig. 
7, assuming both to have the same per cent ripple in 
the pass band and the same ratio coi/w2. From (5), (6), 
(7), and (8), it is evident that transfer functions having 
an odd number or two times an odd number of poles 
(and zeros) will give the best attenuation ratios. How-
ever, even in those cases, as the number of poles is in-

As bibliographical reference 5 points out, if a buffer amplifier 
is used, double zeros are permissible. This step is then unnecessary. 
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creased, the situation is rapidly approached where only 
half of the poles are contributing to the attenuating 
ability of the filter. 

'V 00 

Fig. 9—Poles and zeros of 6-pole RC filter transfer function. 

THE RC, LC FILTER 

In spite of the relatively low "efficiency" of RC filter 
transfer functions, for extremely low-frequency applica-
tions, they are often desirable because of the saving in 

ID- plane 

o 

o 

Me. 

o 
o 

Fig. 10—Ten-pole, LC, RC compromise filter transfer function. 

space and weight which RC networks can afford. For 
some moderately low-frequency applications it is likely 
that a compromise between the weight and space saving 
virtues of RC networks and the efficiency of LC net-

works is desirable.' Such compromises can be achieved 
by use of transfer functions of the variety shown in 
Fig. 10. In this case only enough poles are used on the 
real axis to locate 6 of the 10 zeros there. The 6 zeros 
and the 6 poles which occur at lower frequencies can 
be realized in an RC network, while the outer 4 poles 
and zeros may be realized in an LC network. Since the 
LC network poles and zeros occur at higher frequencies, 
their coils may not be of unreasonable size. The attenua-
tion ratio of this 10-pole "compromise" filter with equal-
ripple pass and stop bands would be superior to that of 
an analogous 14-pole, purely RC filter, and most likely 
the compromise filter attenuation ratio would be con-
siderably superior. 

GENERAL APPLICATION OF THESE PRINCIPLES 

In the preceding discussion, techniques have been 
pointed out for synthesis of three distinctly different 
transfer functions for low-pass filters with equal-ripple 
pass and stop bands. For practical purposes, this method 
of attack can be used to synthesize almost any transfer 
function having equal-ripple or maximally flat bands. It 
provides a means for meeting special pole and zero loca-
tion limitations imposed by circuit requirements. 

It is of at least theoretical interest to point out that 
this procedure will not always give perfectly equal-
ripple bands. Whether or not perfectly equal-ripple 
bands character is obtained depends on the nature of 
the initial potential problem. To give perfectly equal-
ripple results by use of this procedure, the potential 
problem must have all of the charge of a given sign dis-
tributed on conducting plates if any of the charge of 
that sign is distributed. The potential problem of Fig. 2 
meets this requirement. A potential problem with, for 
example, all of the negative charge on conducting plates 
and all of the positive charge already quantized into 
filaments would also give perfectly equal-ripple results. 
The cases which generally give only approximately 

equal-ripple bands are those where part of the charge 
of a given sign is distributed and part of the charge of 
that sign is already quantized. The problem shown in 
Fig. 8 is of this type. 
Though when synthesizing RC filters having equal-

ripple pass and stop bands this method does not give 
perfectly equal-ripple bands, the approximation ap-
pears to be so good that this is of little consequence. For 
instance, in the numerical examples that the author 
computed, deviations from perfectly equal-ripple char-
acter in the "equal-ripple" bands of the Hi(p) function 
did not appear until the third or fourth significant 
figure. After a constant was added to Hi(p), this small 
deviation became so minute as compared with the total 
amplitude of the function that the error became entirely 
negligible. The author also found that if a single rather 
than double-charge quantization procedure is used, the 
error will be less. 

Besides the low "efficiency" of the transfer function, RC filters 
have the additional disadvantage of introducing a constant loss due 
to the resistors. This is usually compensated for by an amplifier. 
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Stabilization of Nonlinear Feedback Control Systems* 
ROBERT L. COSGRIFFt, ASSOCIATE, IRE 

Summary—Conventional methods for linear systems may be 
used for determining the operating characteristics of a nonlinear 
device near equilibrium, provided the differential equations express-
ing its operation can be expanded in a Taylor series about the equi-
librium point. These methods are justified only for variations about 
equilibrium sufficiently small that all second and higher power terms 
of the expansions can be neglected, thereby reducing the expansions 
to linear equations. In linear feedback systems the response is in-
dependent of the equilibrium point. If a system is inherently non-
linear, it generally will not have this characteristic. It is shown that 
these systems can be modified so that the response of the output 
will also be independent of the equilibrium point, except for an ampli-
tude scale factor, for a given incremental input variation from equi-
librium. 

STABILIZATION OF NONLINEAR FEEDBACK 
CONTROL SYSTEMS 

DURING THE PAST YEARS a large amount of 
material has been presented concerning feedback 
devices. The most exact mathematical treat-

ment has been developed for systems characterized by 
linear differential equations with constant coefficients. 
Fortunately, many systems may be considered nearly 
linear and calculations of performance characteristics 
do not deviate greatly from those of the physical device. 

Nonlinear systems have been studied for as long a 
period as linear systems, and a number of approaches 
have been developed; however, these approaches are 
not too flexible and general criteria cannot be obtained 
easily. Although nonlinear devices are in common use 
(such as switches, tubes, and innumerable others), it is 
felt that these mathematical difficulties still restrict 
the development of other useful devices. Nonlinear 
feedback systems can produce a multitude of effects 
that cannot be produced by linear systems. For example, 
a device of this type can generate an output which is a 
function such as the logarithm of the input. Unfor-
tunately, no single stability criterion is available for 
the design of such systems. In this paper a criterion is 
obtained which causes a system to have a uniform re-
sponse about any equilibrium point. 

* Decimal classification: R363.23. Original manuscript received 
by the Institute, March 19, 1952; revised manuscript received Au-
gust 22, 1952. This work was supported in part by a contract between 
Wright Air Development Center and the Ohio State University Re-
search Foundation. 
f Antenna Laboratory, Dept. of Electrical Engineering, Ohio 

State University Research Foundation, Columbus, Ohio. 

Equilibrium Conditions 

A system will be considered in equilibrium when the 
input to and output from the system are both constant. 
(The equilibrium condition may be either stable or 
unstable.) For such a system, the equilibrium output 
E00 may be plotted as a function of a constant input 
Eii (see Fig. 1). 

E
.
0
 
(
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U
T
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U
T
)
 

EA:i, (INPUT) 

Fig. 1—Possible form of equilibrium condition. 

The points P1, - P2, - P31 - P4, where the slope of the static -  
or equilibrium curve changes sign, are of special interest 
since they divide the static curve into regions for which 
there is one-to-one correspondence between input and 
output. For the present the discussion will be limited 
to one of these intervals between two consecutive spe-
cial points. 

NONLINEAR 
ELEMENT 

El E0 

Fig. 2—Block diagram of nonlinear closed-loop system. 

The nonlinear system will be considered to consist of 
a linear section and a nonlinear section (see Fig. 2). 

Here the nonlinear section performs an operation 
upon the input Ei and output Eo, and produces an out-
put El. The output E1 excites the linear section B whose 
output is Eo. 

If YB is the transfer function of block B, then the rela-
tionship between .E1 and E0 is 
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.E0 = YREi. (1) 
Generally, YB will be a function of the differential time 
operator p.1 The output EI of the nonlinear device is a 
function of Ei, Eo and the derivatives of Ei and Eo 
with respect to time, that is, 

EI = f(Ei, Eo; Ei, ÉO; E1, .g0; • • • ). (2) 

At equilibrium, Ei and Eo are represented by E11 and 
Elm, as before; and all the derivatives of Eii and E00 
have a value of zero. The relationship shown in Fig. 1 
is then the solution of the equation 

Eoo = E00), 

which is obtained from (1) and (2). 
Equation (2) may be expanded in a Taylor's series 

about the equilibrium condition. First, Ei and E0 will 
be defined in terms of the equilibrium values and varia-
tions about the equilibrium values 

Bo = Eoo ào 

Ei = E 1 Aj. 

(3) 

(4) 

Then, if A1, A0 and all of their derivatives approach zero, 
El reduces in this limit to 

E1 = Eoo) E a.PaiCti E b.PnAo, 

where 

a. - 

b. - 

nO n•-0 

of  
(PE; 

a( —din) 

of  
a idnEce\ 
\ din ) 

(5) 

(6) 

both evaluated at the equilibrium condition.t° Sub-
stituting (5) into (1) and subtracting the equilibrium 
relationship given by (3), a linear relationship between 
ài and ào is obtained. 

E + Ebr o). (7) 
n.11 rt..0 

If the inverse of YB is YB-1, then the transfer function 
of the nonlinear system for small variations of ài and .A0 
about equilibrium is given by 

E anp" 
AO 

(8) 17.13-1 E bp" 

1 E. L. Ince, "Ordinary Differential Equations," Dover Publica-
tions, New York, N. Y., pp. 114,115; 1944. 

1 A. A. Andronow and C. E. Chaikin, "Theory of Oscillations," 
(English Language Edition) Princeton University Press, Princeton, 
N. J., pp. 197-199; 1949. 

N. Minorsky, "Non-Linear Mechanics," J. W. Edwards, Inc., 
Ann Arbor, Mich., pp. 48-55; 1947. 

The stability of the equilibrium may now be investi-
gated by using Nyquist's4.° or Routh's° criterion. How-
ever, the a's and b's used in (8) are not constants as in 
the case of a linear system, but are functions of the equi-
librium condition, and for this reason the transient re-
sponse about equilibrium isdetermined by the equilibrium 
position. For example, the system may be unstable 
about one equilibrium point and be very sluggish about 
another equilibrium point. 

If the a's and b's are constants independent of the 
equilibrium condition, the system will have a uniform 
response about any equilibrium condition. In fact, if 
the b's are constants and a„/ao's are constants, then the 
system will have a uniform response about any equi-
librium point, with only the amplitude of the response 
changing. The last condition must be accepted as an 
optimum condition if the desired equilibrium is of a 
nonlinear nature.? The process of obtaining this latter 
condition will be called "first-order linearization." 

First-Order Linearization 

Linearization about an equilibrium point may be ac-
complished by several methods. Consider an amplifier 
whose gain is controlled by Eo. This unit amplifies EI 

and drives block B as shown in Fig. 3. 

EA NONLINEAR 

ELEMENT 

E 
AMP. 

E 2 E 0 

Fig. 3—Block diagram of system with first-order linearization. 

If the gain of the amplifier is denoted by G, the value 
of E2 becomes 

E2 = f(Ej, Eo; E1, É0; • • • )G. (9) 

The value of E2 may be expanded in the same manner 
as given for EI, giving 

E2 = EOO)G + GI E anPnAi Eb.Pneeol 

aG 
— f(Eii, E00)11 (1. 
aEo 

Since the equilibrium condition is now 

YB-Œ oo = f(Eii, Eoo)G, 

the relationship between AO and à; becomes 

ào GE a„pn 

Ai aG 
178-' - GE bp" - f(E jj, E00) 74,E0 

(10) 

(12) 

4 G. S. Brown and D. P. Campbell, "Principals of Servomecha-
nisms," John Wiley and Sons, New York, N. Y., pp. 166-175; 1948. 

6 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., New York, N. Y., pp. 137-169; 1945. 
•M. F. Gardner and J. L. Barnes, "Transients in Linear Systems," 

John Wiley and Sons, New York, N. Y., pp. 197-201; 1942. 
7 It is possible to require that only the b's be constant, but in this 

case the shape of the transient solution will not be uniform about 
all equilibrium points. 
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Now, if G satisfies 

äf ac 
G — f — K, 
aEo 0E0 

where K is a constant, then (12) becomes 

AO 

Gao(1 E 

YR.-1 K — E any, 

(13) 

(14) 

If f is a function of only E, and E0, (14) indicates that 
the system will have a uniform transient response, 
since all b's and a./ao's in (14) are then zero. 

Example 
The block diagram of a servo square-root system to 

be examined is shown in Fig. 4. 

Fig. 4—Block diagram of square-root generator. 

If G is a constant and YB-1 is of the form p(p+d), 
then (12) becomes 

Ao G 
(15) 

YB-1 2GE0 

And if G is not constant but is a solution of (13), then 

E0 

0 

Ao 

YB-1 K 
2E00 

UNCOMPENSATED COMPENSATED 

O t t 
Fig. 5—Step function response of square-root generators. 

responses are the small deviations from these straight 
lines. Equation (13) may often reduce to 

G =   (17) 
af/aEo 

exactly, if Y„—i is the form P(ao-FaiP-Fa2p2-1- • • • ), and 
approximately, if the gains of G and Y are sufficiently 
large to cause E2 to approach zero. 

In our general case f was considered to be a function 
not only of Ei and E0 but also of the derivatives. At 
times it is possible to allow G to be a function of these 
derivatives as well as E0, in which case (10) can be 
written as 

E2 = E00)G - FG{Ea.P"A, Eb.P"Ao} 

f(E ii, E00) {É A np",à, -F Bpn,C.01. (18) 

Here A. and B. are 

ac 
(19) 

a(dnEo 
\ din 

In this case the linearization may be accomplished by 
requiring that 

B. = constant n = 0, 1, 2, • • • (21) 

an+ A. 
ao 

= constant n = 1, 2, 3, • • • 

(20) 

(22) 

Special Points' 
Operation near the special points must be carefully 

(16) considered. Observe PO in Fig. 6. If the system is in 

The transient value of A o is uniform in the second case 
while the response given by (15) changes with E0. The 

responses of the two are shown in Fig. 5. The equilibrium 
conditions are shown as straight lines while the transient 

E AU ( INPUT) 

Fig. 6—Modification of equilibrium conditions. 

equilibrium at point Po and an incremental change is 
made in E,i, then ideally Eoo must change to a new 
value. If the incremental gain of the system is defined 

A. A. Andronow and C. E. Chaikin, op. cit., p. 198. 
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as dEcoldEii, it will be noted that the system would 
have infinite incremental gain Likewise, (13) designat-
ing G would be found to be infinite. Obviously, both of 
these conditions are impossible. It has been found to be 
practical in the case of function generators to alter the 
function at points of infinite slope so that the slope on 
both sides of the special point is finite and is unde-
termined at the point itself as shown in Fig. 6. 
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Nomograms for the Computation of 
Tropospheric Refractive Index* 

DONALD M . SWINGLEt, MEMBER, IRE 

Summary—Three sets of nomograms permitting calculation of 
tropospheric refractive index, refractive index discontinuity, and 
vertical refractive index gradient are presented. So far as is known, 
no similar charts have been made for discontinuity and gradient 
calculations. All three have been designed about the standard radio-
sonde transmission, which gives temperature, dew-point tempera-
ture, and pressure at points where discontinuities occur in the 
vertical gradients of temperature or dew-point temperature. These 
nomograms are valid for all wavelengths greater than 1.5 cm. 

INTRODUCTION 

ALTHOUGH SEVERAL NOMOGRAMS, charts, 
and tables for the computation of the atmos-
pheric refractive index have been prepared by 

others, 1,2,3,4 these are not well-adapted to the evaluation 
of tropospheric refractive index from the standard 
meteorological radiosonde reports. The nomograms pre-
sented below for the computation of tropospheric re-
fractive index, its gradients and discontinuities, are de-
signed around the standard radiosonde transmission, 
utilizing temperature, dew-point temperature, and pres-
sure. For the calculation of refractive index gradients 
in the vertical, the hydrostatic equation has been in-
corporated in the calculation of the nomogram, thus 
eliminating the need for subsequent height calculations. 
The standard transmissions give temperature, dew-

point temperature, and pressure at "critical" points 
where the vertical gradients of either temperature or 
dew-point temperature change "significantly." As trans-
mitted, the curves of temperature and dew-point tem-
perature versus height are continuous broken-line-seg-
ment curves. 

* Decimal classification: R082 X R112.21. Original manuscript re-
ceived by the Institute May 24, 1950; revised manuscript received 
August 25, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 
1 A. W. Friend, "Charts of dielectric constant or refractive index 

of the troposphere," Technical Report No. 34, Cruft Laboratory, 
Harvard University, Cambridge, Mass.; 1948. 

2 A. W. Friend, op. cit., Bull. Amer. Met. Soc., vol. 29, pp. 500-509; 
December, 1948. 

3 R. H. Burgoyne, "Nomograms for computation of modified in-
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which gives a good fit over the range —20 to +40 de-
grees C. 18'19 The resulting formula for the refractive in-
dex may then be evaluated by use of Figs. 1(a) and 
(b) below. For small discontinuities of temperature and 
dew-point temperature Figs. 2(a), (b), and (c) may be 
utilized, while the following formula is obtained for a 
temperature of 10 degrees C, dew-point temperature 0 
degrees C, and pressure of 880 millibars. 

An• 106 = 2ITD — T. 

Incorporating the hydrostatic relation 

dp 
— = gp 

dz 

leads to an equation for the vertical gradient of refrac-
tive index evaluated by use of Figs. 3(a) to (e); 

dn 
— = — 2.54.10-8 — 
dt T2 

dTD 
[4.142  exp 5369 1---1  

dp rT.D2 273 TD 

(3) 

.b2 

+ [2.54. 10-8 
dp 

(4) 

+ 1.543.10-3— exp 5369 (1 — 1— --)]. (5) 
T' 273 TEI 

USE OF NOMOGRAMS FOR INDEX CALCULATIONS 

Figs. 1(a) and (b) indicate the contributions of the 
density of atmospheric gases and of water vapor present 
to the index of refraction. Fig. 1(a) is entered with 
temperature and pressure. A straight edge connecting 
these gives that part of (n-1) due to density of the gas. 
Fig. 1(b) is entered with temperature and dew-point 
temperature. A straight edge connecting these gives 
that part of (n-1) due to the presence of water vapor. 
These two contributions are added to obtain the total 
index of refraction. Dielectric constant values have also 
been plotted for convenience. 

Figs. 2(a), (b), and (c) permit calculation of refrac-
tive index or dielectric constant discontinuities due to 
rapid changes of temperature and dew-point tempera-
ture with height. Fig. 2(a) is entered with temperature 
and dew-point temperature to give the differential co-
efficient, 14, multiplying the change in dew-point tem-
perature. Fig. 2(b) is entered on the left with tempera-
ture and pressure to obtain one of the differential 
coefficients DT1 of the dry-bulb temperature change, 
while it is entered on the right with temperature and 
dew-point temperature to give the other coefficient, 
Dn. These dry-bulb-temperature multipliers are added. 
Fig. 2(c) is entered with the change of temperature, 
dew-point or dry-bulb, and with the proper differential 
coefficient. A straight edge gives the product. Care must 
be exercised to keep the signs straight. The actual value 

u .1. H. Keenan and G. K. Keyes, "Thermodynamic Properties 
of Steam," John Wiley and Sons, New York, N. Y.; 1936. 

le P. J. Kiefer, "The thermodynamic properties of water and wa-
ter vapor," Mon. Weath. Rev., vol. 69, pp. 329-331; November, 1941. 

of the change of index is given by the change due to 
dew-point temperature change minus that due to dry-
bulb temperature change. Dielectric-constant values 
are also included for convenience in Fig. 2(c). 

Figs. 3(a) to (e) are used to calculate the refractive-
index gradient. They are entered with pressure, tem-
perature, dew-point temperature, AT/Ap and A TD/AP 
at each "significant" level of the radiosonde report. For 
the difference of index gradients, the differences of tem-
perature gradient and of dew-point gradient above and 
below the significant levels are used in place of ATACip 
and ATD/zip, respectively. Fig. 3(a) is entered with tem-
perature and pressure to give the contribution to index 
gradient due to the change of pressure with height, 
dn„/dz. Fig. 3(b) is entered with temperature and pres-
sure to give the point on the center scale. Then it is 
entered with dew-point temperature in the right-hand 
scale to give the derivative-coefficient for the dew-point-
temperature gradient with pressure, GD. Fig. 3(c) is 
entered with temperature and pressure to give the first 
derivative-coefficient for the dry-bulb-temperature gra-
dient, GTi. Fig. 3(d) is entered with temperature and 
pressure on the left to give the point on the center scale. 
Then it is entered with dew-point temperature to give 
the second derivative-coefficient for the dry-bulb-tem-
perature gradient, GT2. The two gradients, GT1 and Grz, 
are added. Finally, Fig. 3(e) is entered with the tem-
perature gradients and their respective derivative-
coefficients to give their contributions to the refractive-
index gradient. Care must be taken here to preserve the 
signs in multiplication. Contributions due to dew-point-
temperature gradient and vertical-pressure gradient are 
subtracted from that due to dry-bulb-temperature gra-
dient to obtain actual value of index gradient. Dielec-
tric-gradient values are included.2° 

For some purposes difference of refractive-index gra-
dient above and below the "significant" level is needed. 
This can be calculated directly by entering Fig. 3(e) 
with difference of temperature (or dew-point-tempera-
ture) gradients above and below "significant" level. 

For convenience in picking data off plotted adiabatic 
diagrams, the temperature and dew-point-temperature 
gradients in Fig. 3(e) are labeled with temperature-
difference per ten millibars. 
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2° If M-gradient values are desired, one need merely add am/ah 
to the result. 

h 
M (n — I) • 10° —a • 104 

am 108 
—a .157 ttrI, 

where a is the radius of the earth (a..6.371 • 10°m). 

(6) 

(7) 
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The Maximum Gain of an RC Network* 
A. D. FIALKOWt AND IRVING GERSTI 

Summary—It is shown that voltage gains of any preassigned 
magnitude may be achieved at a real frequency by means of physical 
RC two terminal-pair networks, either grounded or ungrounded. 
However, the maximum gain possible by means of any RC network 
having a transfer function of fixed degree is bounded and the rela-
tionship between the maximum gain and the degree is determined. 
The results are illustrated by several examples. 

I. INTRODUCTION 

/T IS COMMONPLACE knowledge that any two terminal-pair inductance-capacitance network is 
resonant at some real frequency. On the other hand, 

there appears to be a widespread feeling among engi-
neers, probably based on energy or other physical con-
siderations, that the voltage gain of a resistance-ca-
pacitance network can never exceed unity. However, 
even superficial examination of the energy argument for 
this belief throws the conclusion in doubt since the con-
servation law applies to energy not to voltage. 

Indeed, two papers' [1, 3] have appeared recently 
which indicate how certain special RC networks may be 
devised to produce voltage gains between 1 and 2. This 
disposes of the above-mentioned belief. Nevertheless, 
the results found thus far in the problem of the gain at-
tainable with an RC network may best be described as 
sporadic. This may be due in part to the fact that the 
discussion in these earlier papers depends mainly on 
special RC networks and consequently does not reveal 
the deeper properties which may be characteristic of 
more general RC networks. 

In the present paper, we do not restrict ourselves to 
networks of any special internal structure, but treat the 
general grounded two terminal-pair (three external ter-
minals) and also the general two terminal-pair (four ex-
ternal terminals) RC networks (abbreviated 3 T.N., 4 
T.N., respectively). 
We are here concerned with the voltage gains which 

may be obtained with these networks. Contrary to a 
conjecture made in [1], any desired gain may be achieved 
at a given real frequency by means of networks of suffi-
cient complexity. This is readily seen by considering the 
cascaded iteration of one of the special networks men-
tioned above with suitable impedance level separation. 
Our aim is to give a systematic and quantitative form to 
the relation between gain and network complexity. 
To accomplish this, criteria are required by which 

one may recognize a rational function as being the 
transfer function of a 3 T.N. or 4 T.N. Such criteria 

* Decimal classification: RI43. Original manuscript received by 
the Institute, December 4, 1951; revised manuscript received August 
1, 1952. 
t Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
Control Instrument Co., Brooklyn, N. Y. 

1 Numbers in brackets refer to the bibliography at end of paper. 

have been obtained by us in a recent paper [2]. These 
conditions are summarized in Section IL As a conse-
quence of them, the transfer function of any 3 T.N. or 
4 T.N. may be written in the form (1) or (2), respec-
tively. Conversely, any rational function of the form 
(1) or (2) may be realized as the transfer function of a 
real 3 T.N. or 4 T.N., respectively. The degree m which 
appears in these expressions is, in a sense, a measure of 
the complexity of the network which realizes the trans-
fer function. 

For all 3 T.N. or 4 T.N. whose transfer functions (1) 
or (2) are of a fixed degree m, the maximum gain is de-
scribed. The synthesis of physical networks realizing 
the possible gains then follows using the method of 
[2]. We note some of our results. It is found that the 
voltage gain of any 4 T.N. corresponding to a transfer 
function (2) of degree m can never equal or exceed 
2(TM-1)12, but that such 4 T.N.'s do exist whose voltage 
gain is as close as desired to the above limit. Thus the 
maximum possible voltage gain of such a 4 T.N. is 
equal to 2(m-1)12. In the case of a 3 T.N. corresponding 
to a transfer function (1) of degree m, the maximum 
possible gain is asymptotically equal to 2(n-3)12; that is, 
the ratio of the maximum possible voltage gain to 
2(m-3)12 tends towards unity as m becomes large. 

II. THE TRANSFER FUNCTION OF A 
3 T.N. AND 4 T.N. 

Let the real rational function A (p) be given by 
A (p) = N/D where N and D are polynomials having no 
common zeros and where the leading coefficient of D is 
positive. Then it is shown in [2] that necessary and suf-
ficient conditions for A (p) to be the transfer function of 
a 3 T.N. may be stated as follows: 

(i) The zeros of D are negative real and distinct. 
(ii) Degree of NS Degree of D. 
(iii) The leading coefficients of N and of D—N are 

positive. 
(iv) The zeros of N and D—N may not be positive 

real. 

Except for the restrictions imposed by these conditions 
the zeros of N may be arbitrary. 

In the case of the 4 T.N. conditions (i) and (ii) are 
the same, (iii) and (iv) are thus replaced: 

(iii') The leading coefficients of D-FN and of D—N 
are positive. 

(iv') The zeros of DA-Nand D—N may not be posi-
tive real. 

It is further shown in [2] that every real rational 
function A (p) satisfying the first set of conditions may 
be written in the form 
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A (p) 
amPm am—iPm-1 + • • • + ao  

= 
bmpn, + • • • + bo 

0 5 ai bi (i = 0, 1, • • • , m), (1) 

where b„, =-1 and where the zeros of the denominator are 
negative real and distinct. 

Similarly, if A (p) satisfies the second set of conditions, 
it may be written in the form 

ap -1- am-2r' ± • • • ao  
A (P) — 

b„,pm +... + 
0 5- I ail bi (i = 0, 1, • • • , m), (2) 

where again b,,. =1 and the zeros of the denominator are 
negative real and distinct. It is clear that conversely 
functions A (p) of the forms (1) or (2) satisfy the first or 
second set of conditions given above respectively. The 
conversion to these forms may possibly introduce com-
mon factors in the numerator and denominator of A (p). 
We note that the degree m which figures in our results 
is the degree which appears in (1) or (2) rather than the 
degree of the reduced transfer functions from which 
common factors have been deleted. 

III . MAXIMUM GAIN OF A 4 T.N. 

We shall begin by an investigation of the 4 T.N. 
where the discussion is simpler technically. In equation 
(2) keeping m fixed, we wish to determine the coeffi-
cients ai and bi so that I A(p) I shall be a maximum at 
some particular real frequency p =jwo. This maximum 
value of IA (P)I does not depend upon the choice of wo, 
so that, without loss of generality, we may select coo to 
be 1. 

Let the zeros of the denominator in (2) be —71, — 72, 
where the -y's are positive and distinct. Of 

course, 

Em bke = (P + 7k). 
k•.0 

Then, from (2), 

i A 12 

(am — am-2 4- 
— 

(3) 

• • • )2 ± (a.-2 — ans-8 ± • • • )2 
(4) 

II (1 ± 7k2) 

In virtue of the inequalities (2), for a fixed denominator, 
the numerator in (4) is maximized when am= +bm, 
a,,2= T-bm-2, • • • , and independently of this sign 
choice a_2= + am--3= 1 bm-3, • • • . In each of these 
four cases I Al 2,...; becomes 

(bm b,2 • • • )2 + bm-3+ • • • )2 
I AI 12 

111 

II (1 + 7 k 2) 

The expression JA 'J then represents the maximum 
value at p =j of all transfer functions (2) having the 
same denominator. 
We now determine the optimum choice for the de-

nominator. As may be seen from calculations based on 
(3), I A' I 2 can be written as 

I A' 12 = 21 

II (1 + 702 + rmi (- + 701 
k...1 

II (1 + 7k)2 
k=1 

Since the bracket in the numerator of this fraction is 
subject to the inequality 

{ 1 5- IT [(1 70 2 ± (+ 1 ± 

11% 

= 2'n 11 (1 7 k2) (5) 

it follows that 

1 AI 12 2 m-1. (6) 

If m>1, it is clear that the equality sign obtains in (6) 
if and only if each ••yk =1.2 Of course this choice of the -y's 
does not correspond to a physical 4 T.N. Thus (6) im-
plies that the maximum gain of a 4 T.N. having a trans-
fer function (2) of degree m cannot equal or exceed 
2(m-012. But, by choosing -yk close to 1 and distinct, and 
by choosing the ai as above, real 4 T.N.'s corresponding 
to transfer functions of degree m can be obtained whose 
gains at p =j are as close to 2('''-1)12 as desired. 

IV. MAXIMUM GAIN OF A 3 T.N. 

The procedure here parallels that of the preceding 
section. We may start with (4), where now the ai is 
subject to the inequalities (1). In view of the latter, 
for a fixed denominator, the numerator will be a maxi-
mum for at least one of the following four combinations 
of the ai: either am = bm, am-2=0, am-4 = bm—i, • • • or 
a=0, am_2=bm_2, am-4=0, • • • ; and also independ-
ently of this choice, either am_2=bm-i, am-3=0, am-s 
bm_o, or = 0, am_3 = b,3, = 0, • • • . Let 

Bk =bk-i-bk+4+bk+,31-- • • • (k =0, 1, 2, 3). Then with the 
above choices of the ai, Al 2„._; goes over into four 
functions IA'I given by 

I A' 128g = (B12 1312)/ II (1 + k 
k=1 

(S = 0, 2; t = 1, 3). (7) 

We now obtain an upper bound for each I A '1 2.1. 
Write f(p) ----rimk_i(p+70. Then using (3), we find after 
some calculation that 

2 The case m=1 is trivial for here IA' 12 = for any permissible 
denominator, the corresponding four transfer functions being 
(±p ±71)/(p+71). 
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1 

Bk = -7 (- Y nKin) (k = 0, 1, 2:3)-
4 

Inserting these expressions into (7) and writing 
R=f2(1)-1-f2( -1), L=f(1)±f(-1), M=f(1)-f(-1), 

P Q-1(i) -f( -j), s=n-k_1(1+7k2) 
=f(j)f(-j), we get, after simplification, 

I Al2,t = 1 [R jeLP - j'MQ 2$1 
'  j• (8) 

8 S 

Since :78P and -PQ are both real, we may use the in-
equality' 

pLp _ [ [L2 + 312[Risp)2 } 1/2 

= (2R•4S)m. 

This result together with the inequality R 2mS given 
by (5), when used in (8), implies that 

1 A' 128,≤ g(m) (9) 

where g(m)=2".--3+2 ('^-3)12±1/ 4. Thus g(m) is a com-
mon upper bound for each I /1'1 2.8. We now inquire as 
to whether g(m) is ever actually attained by any I A'1 2„,. 
If this were so, the equality sign would hold in (9) for at 
least one choice of 73, s and t. Supposing m >1,4 we see 
by referring to (5) that this is possible only if each 
7k =1. Hence making this (nonrealizable) choice in (8), 
we find that (8) may be transformed into 

[ I A' 12.817*...1 = 2 m-41 -I- 2 ("-4)12 [ja cos (mir/4) 

- p+1 sin (mr/4)] ± 1/4. (10) 

The discussion now divides into two subcases, depend-
ing on whether m is odd or even. First suppose nt is odd 
and write it in the form 81-1-a where / is an integer and 
a is one of numbers 1, 3, 5, or 7. Then it may be verified 
that (10) actually equals g(m) when s and t are chosen 
as follows, corresponding to a given value of a: a=1, 
s=0, t=1; a=3, s=2, t=1; a=5, s=2, 1=3; a=7, 
s=0, t= 3. We have thus proved in this case that the 
maximum gain of the 3 T.N. cannot equal or exceed 
2(m-3)/2-14. However, by taking 7k close to 1 and dis-
tinct and by choosing the ai in accordance with the 
above values of s and t, we can obtain physical 3 T.N.'s 
whose gain at p =j is as close as desired to this value. 
Hence the maximum gain for m odd is 2 ("'-') 12+1/2. 

If no is even, the situation is different. For it may be 
shown that with suitable s and t depending on the value 
of m, the greatest value yielded by (10) is gi(m) = 2m-8 
+2(m-)12+1/4, which is less than g(m). Nevertheless 
this implies the existence of physical transfer functions 
A (p) for which 

Mtn) <1 A < ens), 

where e is any arbitrarily chosen small positive number. 
Dividing through by 2m-1 and letting m-+ , the state-

This is merely a paraphrase of the inequality (cic2+44)1 
(42-421)(41-1-41), where 4, c2, d, el, are real quantities. 
The case m=1 is again trivial, for here the maximum gain of 

A(p) for any denominator is readily found to be 1. 

ment in the introduction concerning the asymptotic 
behavior of the maximum gain may be proved. 

In the case where no is even, there still remains the 
determination of the actual maximum gain. Denote the 
square of the latter by g2(m). We do not have an ex-
plicit formula for g2(m) analogous to that for g(m) which 
holds in the case where m is odd. However, for each 
value of m, g2(m) may be computed as follows. It can be 
shown that each of the functions I A '1 2.8 attains its 
maximum when all the 7k are equal to each other. Hence 
with 7k=y, for example, each I 44 112,1 now becomes a 
function of one variable ̂y whose maximum value may 
be determined in the usual way by means of differential 
calculus. The greatest of these maxima is then g2(m). 
In this way we find g2(2) =4/3, g2(4) =432/125. 

V. EXAMPLES 

We restrict our examples to grounded networks. The 
simplest transfer functions yielding voltage gains greater 
than unity are quadratic. The preceding theory shows 
that the maximum gain of a 3 T.N. having such a 
transfer function is (4/3) 1/2=1.155. Thus, for example, 
the realizable transfer function A (p) = (3p-1-2) 
/(p2+3p+2) has a gain of (1.3) 1/2=1.140 at p =j. Our 
synthesis procedure leads to the bridged T network of 
Fig. 1 which is analogous to that given in [3]. In Fig. 1, 
X is an arbitrary positive impedance level constant. 

2 X 
3 

Fig. 1-Network realizing gain of 1.14. 

The next case in order of complexity is one in which 
the transfer' function is cubic. To get transfer functions 
whose gain at p=j shall be close to the maximum gain 
possible for that degree, we proceed as follows: 

First determine the denominator of the transfer func-
tion by choosing its three zeros as distinct negative 
numbers close to -1, e.g., 71=3/4, 72=1, 73=5/4. 
Thus the denominator here is (p+3/4)(p+1)(p+5/4) 
=p3+3p2+47p/16+15/16. Now since the a of §IV 
is 3 in this case, we have s =2, 1=1, and the numerator 
of the transfer function is obtained by taking those 
terms of the denominator corresponding to these values 
of s and t. 

We arrive at the transfer function 
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3p2+ 47p/16 
A(P) =   (11) 

p2+ 3p2± 47p/16 + 15/16 

Calculation shows the gain at p=j to be 1.484 as com-
pared to the theoretical maximum gain of 2(3-3)12+1/2 
=1.5. Better approximations to the maxima gain may 
be obtained by taking the -y's still closer to 1. Realiza-
tion of the transfer function (11) using the synthesis 
method given in [2] leads to the network shown in Fig. 
2 with X as before. The circuit in Fig. 2 consists 
of the parallel connection of two bridged-T networks 

o 

0.05112 

3.52 16.0 X 

0.285 X 

1000 

31.0 A. 

0.00103 

--es.A/VW--I 

0.0336  

Fig. 2—Network realizing gain of 1.48. 

 o 

similar to that of Fig. 1, each of which has been ter-
minated by an appropriate element. 

If a 3 T.N. is required whose gain is greater than 2, 
then, by our results, the degree m of its transfer function 
in (1) must be at least 5. Such transfer functions may 
be constructed by the method used in the previous 
example. An illustration with m=5 is 

155p2-1-145p2 
A(p)= 

16(p+1/2)(p+3/4)(p+1)(p+5/4)(p+3/2) 

whose gain at p =j is 2.326 (as compared to the theo-
retical maximum of 2(6-3)12 -1-1/2 =2.5). The synthesis 
of this function results in a network of 46 elements 
which is the parallel combination of two circuits, each 
of which is itself the parallel combination of two net-
works analogous to that of Fig. 2, each network being 
suitably terminated before connection. The same type of 
network, namely, the iterated parallel connection of net-
works realizing transfer functions of lower degree, will 
also result in the general case. Of course, the number of 
elements required in the realization will increase with 
increasing m. 
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"Extension of the Planar Diode Transit-Time Solution"* 
NICHOLAS A. BEGOVICH 

Discussion on 

W. E. Benham:' With reference to Section IV of his 
paper, Dr. Begovich apparently misunderstood parts 
of my paper,' and I regret if I did not make things 
sufficiently clear. 

First, the conservation-of-charge method is very well 
tried as against other methods, and cannot be held 
responsible for the omission of terms in the theory of 
the space-charge diode. If I understand Dr. Begovich 
correctly, the terms which he considers I have missed 
are those corresponding to the two blanks in his table. 
Now the missing terms will in fact be found included 
in my work; witness the asterisk at (97), explained at 
the foot of p. 1147. The blanks are thus filled in by my 
717 from (138), corresponding to his T31, and 715 from 

• A. N. Begovich, "Extension of the planar diode transit-time 
solution," PROC. I.R.E., vol. 37, pp. 1340-1344; November, 1949. 
I Holt's Crest, Fordcombe, Tunbridge Wells, England. 
2 W. E. Benham, "A contribution to tube and amplifier theory," 

PROC. I.R.E., vol. 26, pp. 1093-1170; September, 1938. 

my (137), corresponding to his A31. The relevant equa-
tions in his paper for comparison with my (138) and 
(137), respectively, are 10f and (21) a and b. Note that 
the table in my paper is scheduled as Appendix III, 
Appendix IV following, and also that 717 is the same 
as I Tig T7. 

The interpretation of (91a), p. 1146 of my paper, is 
also, of course, subject to similar considerations, and 
Appendices II and IV should have been invoked for 
the full interpretation. I regret this was not done until 
p. 1147, as it may have led to difficulty. 

Regarding the absolute bars, the complex conjugate 
has certainly to be taken for Si°. This is done in (95b). 
I think, however, Dr. Begovich demands their inclusion 
about Tg' in (95a), and could not agree to this without 
discussion. As an indication of what may be expected, 
one may revert to the low-frequency expressions for 
triode currents on p. 1109. The third of (15) shows 
(r-Fzi)2 in the denominator. Only when taking Sio does 
the insertion of absolute bars become indicated. 
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The form of (15) is such that they have been arranged 
to exclude explicit appearance of IL This means that 
with simple changes they may be applied to a diode. 
The following expressions then result (after introducing 
the appropriate transit angle functions, using p. 1147 
and Appendices as guides): 

Fundamental (including third-order contribution thereto) 

jo r„ 
(real part °pews î vo —vi —(r,To(a) Zi) 

ielarp4 4 T17(rpT6(2a) 4" Z2) —  3rpTliTig e3iwt 

64voa (rpiro(2a) Z2)(rpT6(3a) Za)(rpT6(a) + Z1) 2 

The functions appearing in these expressions are all 
listed in Appendix III of my paper. Note that in the 
expression for the detected current the resistance r is 
the resistive component of the external impedance z, and 
is is important to note that v1 is the signal voltage ap-

3i0v13441(4`iii — 21'1 iTis)(rprs(2a) + Z2) — rpTitirrs } 

64v03(41.6(2a) Z2)(rpT6(a) Z1)2 I rpTe(a) Zi I2J • 

Second harmonic and rectified current (excluding fourth 
order) 

3 iovi2rp31-

16 vo2 L(rpT6(2a) Z2)(rpT6(a) -I- Z1) 2 

Third 

1711  

(r, r) I rpT(6a) 

harmonic (excluding higher-order contributions) 

Correspondence 

plied in series with z and the diode, but that vo is the 
dc voltage actually at the diode terminals. 

Dr. Begovich's correction that vo should be vo2 in 
(95b) is, of course, accepted, and I regret the presence 
of too many errors of this kind. I have just noticed 
that there should be a factor 3/2 multiplying the dc 
quantity io in (78), (79), and (91), subsequent work 
being unaffected thereby. A list of errors was included 
in the December, 1938 issue (p. 1429), but it appears 
that a supplement to this should be issued. 

The Use of an Ellipsoidal Perma-
nent Magnet for a Collimating Field* 

The advent of electron devices, such as 
the traveling-wave tube, has brought up the 
desirability of having an economical source 
of collimating magnetic field. In order to 
avoid the power requirements, a permanent 
magnet would be desirable. 

Usually this magnetic field is required to 
be uniform over a cylindrical volume whose 
length is much greater than its diameter. 
Consequently, if the field is derived from a 
conventional horn gap, the total field vol-
ume is necessarily much larger than that 
actually required since for uniformity of 
field the gap length cannot be made greater 
then the pole diameter. 

Another way of obtaining the field is to 
make a hole in the length of a bar of mag-
netic material, such as one of the alnicos 
which is magnetized parallel to the hole. 
Since the hole is long compared to its cross 
section, it may be considered to be a thin 
slit, where the field in the hole is then axial, 
and equal to the magnetization in the alnico. 
It is well known that the only simple shape 
that has a uniform magnetization is an el-
lipsoid of revolution. Demagnetization fac-
tors for this shape have been calculated.' 
These are combined with the known charac-
teristics of two alrricos to give Fig. 1. 

• Received by the Institute, November 14, 1951. 
J. A. Osborn. "Demagnetizing (factors of the gen-

eral cllipsoid, Ph y:. Rev., vol. 67; June, 1945. 
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Fig. 1—Slimness of alnico ellipsoid for 
given magnetization. 

If the required ellipsoid for a given mag-
netization is not too slender, a hole can be 
cored into it without upsetting the fields 
greatly. We have been successful in using 
this type of approach as a starting point in 

o  ..t 

Fg. 2—Proposed permanent magnet 
and field distribution 

proportioning solenoids with a hole that is as 
large as 15 per cent of the magnetic material 
area. A sketch of one approximation to an 
ellipsoid and the resulting field is shown in 
Fig. 2. 

The field obtained in such a manner 
equals the magnetization in the alnico only 

STEEL 

COLLECTOR 

Fig. 3—Proposed design of magnet for tube with built-in pole pieces. 
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when the end effects are small. Outside the 
magnet the field is much greater and in the 
opposite direction. Consequently, the axial 
field undergoes a reversal just inside the 
magnet. It is difficult to get an electron 
beam through this reversal and still be sure 
of its behavior. We have avoided this by 
using a steel shield attached to the end of 
the magnet as in Fig. 3. A typical flux dis-
tribution is shown in Fig. 4. Here the en-

Fig. 4—Axial field intensity. 

closed volume having a very low field is 
large enough to contain a Pierce gun for 
starting the beam. The field inside the 
shield may be reduced to a much lower value 
by suitably arranged mu-metal cylinders 
inside the steel shown. 

JOHN S. HICKEY, JR. 
Electron-Tube Section 

General Electric Company 
Schenectady, N. Y. 

Reduction of FM Interference* 
The problem of separating two or more 

FM signals close in amplitude is important 
in many applications, but particularly in the 
reduction of selective fading in long dis-
tance communication on short waves. At 
present there seems to be two solutions to 
the problem, (1) the wide-band discrimina-
tor principle described by Arguimbaul and (2) 
the feedback system recently put forward 
by Wilmotte.' 

Considering the importance of and gen-
eral interest in the problem, I would like to 
mention briefly the results of work done 
along these lines, hoping that other inves-
tigators will be induced to report their find-
ings. 

The narrow-band feedback system de-
scribed by Wilmotte is attractive indeed, in 

• Received by the Institute. October 14. 1952. 
1 L. B. Arguimbau and J. Granlund, 'The possi-

bility of transatlantic communication by means of 
frequency modulation.' Proc. NEC (Chicago), vol. 
3, pp. 644-653; Nov. 3-5. 1947. 

R. M. Wilmotte. 'Reduction of interference in 
FM receiver by feedback across the limiter.' PROC. 
I.R.E.. pp. 34-36; January, 1952. 

that a simple receiver would result if the 
principle could be applied successfully in 
practice. Wilmotte states that "if a feed-
back circuit is inserted around the limiter 
and that circuit contains a bandpass filter 
wide enough to carry the intelligence con-
tained in signal A, but not much more . . . ." 
However, without knowing the exact cir-
cuitry used by Wilmotte, it is hard to recon-
cile this statement with feedback amplifier 
theory where a safety margin of 30 degrees 
and 15 db loss around the feedback loop 
must be allowed to maintain stability. Dif-
ferently expressed, this means that the cut-
off rate of the bandpass filter-amplifier com-
bination cannot exceed 10 db per octave. 
Therefore, in applying the feedback system, 
one is interested in how much feedback to 
apply and in the cutoff characteristics of 
the bandpass filters. 

Nevertheless, the feedback system was 
investigated at ultrasonic frequencies, using 
a counter type discriminator preceded by 
an effective, nonresonant type limiter. In-
verse feedback was applied across the limiter 
through a bandpass filter as suggested. But 
the amount of feedback had to be reduced 
and the cutoff characteristics of the filter 
modified in order to achieve stability. Then 
the two-signal test was applied, but no im-
provement was noticed in discriminating 
against the interfering signal. 

On the other hand, with the wide-band 
discriminator system described by Arguim-
bau it was actually possible to separate two 
signals differing as little as 1 db in amplitude. 
In general, the results were in agreement 
with the theoretical relation (1 -Fa/1 —a:, 
where (a) is the amplitude factor.1 

Therefore, in order to fully exploit possi-
bilities of the feedback system, it is desirable 
to have more information and circuit de-
tails; particularly in the application of feed 
back. 

KER1M ONDER 
Research and Development Engineer 

Panoramic Radio Products, Inc. 
Mount Vernon, New York 

Calculation of the Radiation Pat-
tern of an Array on an Arc* 

In connection with the publication of 
Walsh's paper on the radiation patterns of 
arrays on a reflecting cylindee it may be 
interesting to state a calculation of an an-
tenna array distributed on an arc segment 
of a circle, which was executed some time 
ago. 

For a limited number of antennas the 
radiation pattern can be derived by as-
sembling into pairs and adding vectorially 
the absolute values and phases. The calcula-
tion is simplified when the antennas are 
placed symmetrically, since in this case pairs 
with equal amplitudes and phases, but each 
having an individual pattern, can be formed. 

* Received by the Institute. January 14, 1952. 
1J. E. Walsh, 'Radiation patterns of arrays on a 

reflecting cylinder.' PROC. I.R.E., vol. 39. pp. 1074-
1081; September. 1951. 

1. GENERAL METHODS OF CALCULATION 

The field strength at great distance R for 
each radiator pair: (1, 2, 3, • • • , k) (Fig. 1) 
with amplitudes A1, AT, 1139 • • • Ak, nor-

43.1, 
fAi ez 

Fig. 1 

malized individual patterns, ct, 
c5, c,' • • • ck, (functions of the angle a), 
and distances al, a,, a, • • • a, is equal to, 
in the radiator's plane, 

with 

and 

En = _ emwt--2wRix) (1) 

= A.• c.' • 6-14.12, (2) 

2r 
= — • a. • sin a. 
X 

(3) 

Transformed, is for the absolute value and 
phase of 

f. = f.l 

A.N/c.2 c.'24 2c. • c,s' • cos yt,,, 
• ei'm 10 t(ce-0.1)1(0.+41). to 01./21 . (4) 

If the pairs are joint with consideration of 
their center of gravity distances, then the 
relative field strength of the complete ar-
rangement will be given by 

n—ls 

F =Elf.1 • 914'..• deb.-91.1. (5) 

The geometrical differences of phases, in 
relation to the distances of the radiator 
pairs are 

2r , 
81. —• COS a, (6) 

X 

and 4,1„ represents possible additional as-
sistant-phases between the pairs 1 and 2, 
1 and 3, • • • , 1 and k, depending on their 
connections. The absolute value of (5) may 
be evaluated from case to case and indicates 
the relative amplitude of the electric-field 
strength (far-zone field), therefore the radia-
tion pattern. For three pairs of radiators it is, 
for example, 

I F1 [1.412 I.f212 +1.412 
+ 2 Ifl• If21 

• cos (1,1/1 — +ez2 — $zo 

± 2' 1.41 • 141 
• cos — (/1 + 8,2 — 4,12) 
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Fig. 2 

X 2. 1.121 • Ifs 

• cos (ih — + 8is — 8,2 
+ sis — (7) 

2. ARRAY ON AN ARC SECTOR WITH 
REFLECTOR 

When calculating the radiation pattern 
of an antenna array, arranged on an arc of 
a circle, and backed by a reflecting cylinder, 
a counterphased image (180 degrees out of 
phase) can be associated to each antenna. 
This approximation improves, the greater 
the circle diameter and the smaller the dis-
tance from the antenna to the reflecting 
cylinder. 

The normalized individual patterns of 
the different radiators with reflecting cylin-
der will be given, referring to Fig. 2, without 
the negative value, by 

[ .ces (a — (2n — 1) • ao)] 

sin [1161-x • cos (a -I- (2n — 1) • ao)] 

The distances of the radiators are 

a„ D • sin ((2n — 1) • ao). (9) 

The distances of the radiator pairs 2, 3, • • • , 
k from the first pair are 

11,.= —• (cos al — cos (2n — 1) • ao). (10) 
2 

= sin 

and 

C,,' = 

(8) 

For maximum radiation in the direction of 
the symmetrical line (a=0°) the assistant-
phases must also have, by (6), the value 

271-
- 
À 

(11) 

1.• • A, u• 

Fig. 3 

3. EXAMPLE 

In the course of experiments with direc-
tion finders executed during World War II 
by the "Entwicklungsinstitut für Nach-
richtenmittel Konstanz," a circular array 

was examined consisting of 24 antennas, 
with a circle diameter of 3, 20 meters, and a 
wavelength of X=80 cm; also a circular 
array consisting of 36 antennas with a di-
ameter of 90 meters for a band of X=15-25 
meters. 

For the second case the horizontal radia-
tion pattern was calculated, by means of 
the equations stated above, for a segment of 6 
vertical antennas separated by d/2 =3.75 m 
from the reflector, whose diameter was 
D=82.5 m. At ao =5 degrees the results by 
(9) are al= 7.2 m; ao =21.36 m; (4=34.84 m, 
and by (10) 113=1.25 in; 111=3.71 m and the 
assistant-phases are for compensation in the 
direction a=0 degrees on account of (11), 
512 =22.5 degrees; 4,13 =66.8 degrees. For 
equal ampitudes .41=A2=Ao, and for a 
medium wavelength X =20 meters, the com-
pensated radiation pattern in relative field 
strength values is stated in Fig. 3 (drawn 
line). The intensity is obtained by squaring 
the values. The half power beam width is 
24 degrees and the first side lobe is 15.3 db 
down from the peak. 

If a greater beam width and lower gain 
is permitted, then the side lobes may be 
limited to approximately 30 db down from 
the peak. In Fig. 3 (dotted line) the relative 
field strength of an array, with a relation of 
the amplitudes Ai:A2:A:=4:3:1 is indi-
cated. The half power beam width has in-
creased to 32 degrees, consequently the side 
lobes have almost disappeared. 

GISWALT VON TRENTINI 
Fabricaciones Militares 

Laboratorio de 
Electronica 

Buenos Aires, Argentina 

Note of Acknowledgment on "A 
Broad-Band Interdigital Circuit 
for Use in Traveling-Wave Type 
Amplifiers"* 

It has been brought to my attention that 
the possibility that interdigital circuits 
might be made with a constant phase ve-
locity over a broad band of frequencies had 
been pointed out independently by War-
necke, Doehler, and Guenard,1 using an 
equivalent lumped-circuit model. War-
necke, in a recent private communication, 
says that operating traveling-wave magne-
tron amplifiers have been built using such 
circuits and that these tubes, as anticipated, 
did exhibit a broad bandwidth and high-
impedance parameter. Operating at a center 
frequency of 1500 mc they were observed 
to have a power output within 3 db of 
maximum over a frequency band of 150 
mc with an over-all efficiency of about 40 
per cent and an over-all gain of 13 db. 

R. C. FLETCF1ER 
Bell Telephone Laboratories, Inc. 

Murray Hill, N. J. 

• Received by the Institute. October 15. 1952. 
R. C. Fletcher. PROC. IRE.. vol. 40. pp. 951- 958; 
August, 1952. 

R. Warnecke. O. Doehler, and P. Guénard. 
'Sur 1 es lignes à retard en forme, de peigne ou de cir-
cuit interdigital et sur leur schéme Equivalent,' Comp-
tes-rendus, vol. 231, pp. 1220-1221; November 1950. 
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Contributors to Proceedings of the I.R.E. 

Alfred C. Beck (A'30-SM'46) was born 
on July 26, 1905 at Granville, N. Y. He re-
ceived the E.E. degree from Rensselaer Poly-

technic Institute in 
1927. After two sum-
mers in the test de-
partment of the New 
York Edison Com-
pany and a year as 
instructor in mathe-
matics at Rensselaer, 
he became a mem-
ber of the technical 
staff of Bell Tele-
phone Laboratories, 
Inc., in 1928. Since 
then he has been in 

the radio research department, working on 
antennas, waveguides, and various short-
wave, radar, and microwave projects. 

He is a New York State licensed profes-
sional engineer and a member of Sigma Xi. 

A. C. BECK 

Robert L. Cosgriff (S'47-A'49) was born 
on February 27, 1923, near Big Timber, 
Mont. After attending Montana State 

College for two 
years he served three 
years in the U. S. 
Army. In 1947, he re-
ceived a B.E.E. de-
gree from the Ohio 
State University. 

From 1947 to 
1950 Mr. Cosgriff 
was a research engi-
neer at the Airplane 
Division of the Cur-
tiss Wright Corpora-
tion. While in this 

capacity, he attended twilight courses at the 
Ohio State University and obtained his M.S. 
degree in 1949. Since 1950 he has been in-
vestigating nonlinear phenomena in the 
field of servomechanisms at the Ohio State 
University Antenna Laboratory. 

Mr. Cosgriff is a member of the Ameri-
can IEE, Tau Beta Pi, Sigma Xi, Sigma Pi 
Sigma, and Pi Mu Epsilon. 

J. B. Dearing, born August 9, 1905 in 
Jamestown, N.Y., studied mechanical engi-
neering at Carnegie Institute of Technology 

from 1924 to 1929. He 
joined the Hochstet-
ter Research Labs in 
Pittsburgh as chief 
engineer in 1929. In 
1931 he joined RCA 
Photophone and was 
active during the 
early installation of 
sound movies. 

After two years 
with the Engineering 
Products Sales Sec-
tion, Mr. Dearing 

joined the RCA Service Company and has 

J. B. DEARING 

A. D. FIALKOW 

R F. DRENICK 

r-

remained there to date. His activity has in-
volved the installation supervision of the 
Company's equipment lines, chiefly Tele-
vision. His present assignment is Television 
Field Supervisor in the Broadcast Communi-
cations Service Section. 

Rudolf F. Drenick (SM'52) was born in 
Vienna, Austria, on August 14, 1914. He at-
tended the University of Vienna, where he 

received the Ph.D. 
degree in theoretical 
physics in 1939. He 
was on the staff of 
Villanova College 
from 1939 to 1944, 
as assistant professor 
for mathematics and 
physics in the School 
of Engineering. He 
served in the U. S. 
Army from then un-
til 1946 and partici-
pated there in the 

evaluation of captured technical documents. 
From 1946 until 1949, Dr. Drenick was 

with the Aeronautics and Ordnance Division 
at the General Electric Co., and worked in 
the field of flight mechanics of guided mis-
siles. Since 1949, he has been with the RCA 
Victor Division. He is now head of the Ana-
lytical Group in Advanced Development. 

Dr. Drenick is a member of the American 
Mathematical Society. 

Aaron D. Fialkow was born in New York, 
N. Y., on August 9, 1911. He received the 
B.S. and M.S. degrees from the College of 

the City of New York 
in 1931 and the Ph.D. 
degree in mathemat-
ics from Columbia 
University in 1936. 
During 1936-1937, he 
was National Re-
search Fellow at 
Princeton University 
and the Institute for 
Advanced Study. He 
taught mathematics 
at Brooklyn College 
and Columbia Uni-

versity from 1937-1945. Subsequently, he 
was a research engineer with Federal Tele-
phone and Radio Laboratories, New York, 
N. Y., and then research mathematician and 
head of the Mathematics Section at Control 
Instrument Company, Brooklyn, N. Y. 
Since 1946 he has also been associated with 
the Mathematics Department of Brooklyn 
Polytechnic Institute where he is now a 
professor. 

Dr. Fialkow is a member of the American 
Mathematical Society, Phi Beta Kappa and 
Sigma Xi. 

JosepliF. Fisher (SM'48) was born on 
February 28, 1911 in Philadelphia, Pa. He 
attended the Drexel Institute of Technology 

from 1929 to 1933, 
graduating in 1936 
from the evening 
school. His co-opera-
tive periods while at-
tending Drexel were 
with the Philco Cor-
poration, with whom 
he has been employed 
for eighteen years. 

After several years 
work in quality con-
trol Mr. Fisher 
joined the Research 

Division. Projects he has worked on in a 
supervisory capacity include apparatus for 
measurement of long persistence cr tubes, 
propagation studies at vhf and uhf, in-
strumentation for transient analysis of tele-
vision receivers and systems, and design of 
color television terminal equipment. At 
present he is a project engineer on color 
television systems. 

Mr. Fisher is the author of several 
articles in trade journals. 

Irving Gerst was born in New York, 
N. Y., on May 30, 1912. He received the 
B.S. degree from the College of the City of 

New York in 1931 
and the M.A. and 
Ph.D. degrees in 
mathematics from 
Columbia University 
in 1932 and 1947. He 
taught mathematics 
in the New York City 
school system from 
1937-1942. Subse-
quently, he was an 
instructor at the 
Air Force Technical 
School, Biloxi, Miss. 

and became a technical consultant for 
the Transportation Corps of the Army Serv-
ice Forces. Since 1946, he has been research 
mathematician at the Control Instrument 
Company, Brooklyn, N. Y. 

Dr. Gerst is a member of the American 
Mathematical Society, the Mathematical 
Association of America, Phi Beta Kappa and 
Sigma Xi. 

IRVING GERST 

J. F. FISHER 

• 

Herman E. Gihring (A'29-SM'49) was 
born on October 2, 1904, in St. Louis, Mo. 
He received the B.S. degree in electrical en-
gineering from Washington University in 
1926. He then served as an electrical as-
sistant in the Signal Corps for three years. 

Mr. Gihring joined the Technical and 
Test Department of RCA in 1929. He trans-
ferred to the newly formed Broadcast 
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H. E. GIHRING 

Transmitter Section in Camden, and for 
the next five years did propagation and an-
tenna work. In 1936 he worked on the 

Empire State tele-
vision transmitter in-
stallation, and from 
1937 to 1940 engaged 
in television trans-
mitter development. 
I n 1940 he supervised 
the Television Trans-
mitter Group, which 
expanded into radar 
activities until 1944. 
He has since worked 
on television and an-
tennas in a super-

visory capacity. 

Raymond F. Guy (A'25—M'31—F'39) was 
born in Hartford, Conn., on July 4, 1898. 
He joined the Marconi Wireless Company in 

1916. During World 
War I he served 
overseas with the 
Signal Corps. Upon 
discharge, he entered 
Pratt Institute, from 
which he graduated 
with an electrical en-
gineering degree in 
1921. 

In the same year 
Mr. Guy was en-
gaged as a broadcast 
engineer for WJZ. 

From 1924 to 1929 he was head of the 
Broadcast Engineering Section of the RCA 
Research Laboratories, where he supervised 
the development and building of broadcast-
ing equipment and systems, network and 
international broadcasting, and television. 

In 1929 Mr. Guy transferred to the Na-
tional Broadcasting Company to direct its 
frequency allocations engineering and the 
planning, design, and construction of all 
NBC transmitting facilities. His present 
responsibilities encompass all phases of 
FM, TV, standard and international broad-
casting, plant engineering design and con-
struction, and frequency allocations engi-
neering. 

Mr. Guy has been very active in Insti-
tute affairs for many years, having been 
Treasurer, Director, and, in 1950, President. 

RAYMOND F. GUY 

Frank S. Holman (S'48) was born on De-
cember 12, 1924, in Great Falls, Mont. He 
received the B.S. degree in radio technology 

from Utah State Col-
lege in 1949, and the 
M.S. and E.E. de-
grees in electrical en-
gineering from Stan-
ford University, in 
1950 and 1951, re-
spectively. 

At present, Mr. 
Holman is a research 
associate at the Elec-
tronics Research Lab-
oratory, Stanford, 
Calif., and is contin-

uing his graduate study at the university. 

Frank G. Kear (A'24—M'31—SM'43—F'53) 
was born in Minersville, Pa., on October 18, 
1903. He received the E.E. degree (cum 

laude) from Lehigh 
University in 1926 
and the S.M. degree 
in E.E. in 1928 and 
Sc.D. degree in E.E. 
in 1933, from the 
Massachusetts Insti-
tute of Technology. 

Dr. Kear was as-
sociated with devel-
opment of the prod-
uct integraph and 
the differential an-
alyzer. From 1928 

to 1933 he was a physicist in the Aero-
nautical Radio Group at the National 
Bureau of Standards. For the next eight 
years he was Chief Engineer of the Wash-
ington Institute of Technology, in charge of 
development of radio aids to air navigation. 
Since 1941 he has been a Senior Partner in 
the consulting engineering firm of Kear and 
Kennedy. During 1941-1945 he headed the 
Radio Section, Electronics Division, Bureau 
of Aeronautics, U. S. Navy. 

Dr. Kear is a member of the Society of 
Motion Picture and Television Engineers, 
the Association of Federal Communications 
Consulting Engineers, Eta Kappa Nu, Tau 
Beta Pi, Phi Beta Kappa, and Sigma Xi. 

FRANK G. KEAR 

For a photograph and biography of IRV-
ING E. LEVY see page 607 of the May, 1952, 
issue of the PROCEEDINGS OF THE I.R.E. 

George L. Matthaei (S'49—A'52) was 
born in Tacoma, Wash., on August 28, 
1923. He entered the University of Washing-

ton in 1941, but left 
during the period 
1943 to 1946 for 
Army service in the 
U. S. and the Pacific 
Theater. He returned 
to Washington and 
received his B.S. de-
gree in electrical en-
gineering in 1948. He 
then received his 
M.S. at Stanford 
University in 1949, 
the degree of Engi-

neer in 1951, and the Ph.D. degree in 1952. 
Since September of 1951 Mr. Matthaei 

has been an instructor in the Division of 
Electrical Engineering of the University of 
California at Berkeley. He is a member of 
Tau Beta Pi and Sigma Xi. 

G. L. MATTHAEI 

For a photograph and biography of 
STEWART E. MILLER, see page 1128 of the 
September, 1952 issue of the PROCEEDINGS 
OF THE I.R.E. 

Mr. C. Dale Owens was born May 15, 
1906, near Wadesville, Indiana. After gradu-
ating from Indiana University in 1928, 

where he received his A.B. in physics, he 
joined Bell Telephone Laboratories. For 
about two years Mr. Owens was as-

signed to the design 
and development of 
condensers. He then 
moved to develop-
ment work on molyb-
denum permalloy 
powder cores and 
other magnetic ma-
terials, with particu-
lar emphasis on their 
applications to re-
tardation and load-
ing coils. Meanwhile, 
conducting graduate 

study at Columbia University, he was 
awarded an M.A. degree in physics in 1936. 

From 1940 through 1945 Mr. Owens de-
signed, developed, and tested coil compo-
nents for high-powered radar. Since World 
War Il he has studied the characteristics of 
new magnetic materials and their applica-
tions, particularly the ferrites or ferromag-
netic nonmetals. 

Mr. Owens is a member of Phi Beta 
Kappa and the American Physical Society, 
as well as a Fellow of the American Associa-
tion for the Advancement of Science. Also, 
he is chairman of I.R.E.'s Subcommittee on 
Magnetic Measurements. 

4, 

Donald M. Swingle (A'45-1‘1'48) was 
born in Washington, D. C. on September 1, 
1922. He received the B.S. degree in mathe-

matics and education 
in 1943 from Wilson 
Teachers College. He 
completed the mete-
orological program at 
New York Univer-
sity in 1944, and the 
training programs in 
radio and radar engi-
neering at Harvard 
University and M.I.T. 
Radar School in 1944. 
He received the M.S. 
degree in meteorol-

ogy from New York University in 1947. 
While at Harvard he earned the A.M. de-
gree in 1948, the M.Eng.Sci. degree in 1949, 
and the Ph.D. degree in 1950, with research 
on the tropospheric reflections of electro-
magnetic waves. 

Dr. Swingle entered the U. S. Army in 
1943, serving as a radar engineer and 
weather radar research scientist at the Signal 
Corps Engineering Laboratories, Fort Mon-
mouth N. J. until 1946, and radar develop-
ment engineer until 1947. In 1950 Dr. 
Swingle returned to the Laboratories, and 
is now engaged in research in radar storm 
and cloud detection and related problems in 
weather electronics. 

Dr. Swingle is a member of the American 
Meteorological Society, the American Geo-
physical Union, and the American Associa-
tion for the Advancement of Science, and an 
associate member of A.I.E.E. 

C. DALE OWENS 

D. M. SWINGLE 

For a photograph and biography of OS-
WALD G. VILLARD, Di., see page 360 of the 
March, 1952 issue of the PROCEEDINGS OF 
THE I.R.E. 
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E. K. Gannett, Chairman 
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W. C. Copp 
H. E. Fry 
T. R. Kennedy L. G. Sands 
W. W. MacDonald Crump Smith 

E. C. Tompson 

B. F. Osbahr 
Harold Renne 
Bruce Robertson 

REGISTRATION COMMITTEE 

C. A. Mills, Chairman 

J. S. Bisby Vincent Learned 
W. P. Frantz H. C. Nelson 
A. W. Keen R. C. Newhouse 
R. E. Lafferty D. S. Rau 

TECHNICAL PROGRAM COMMITTEE 

L. T. DeVore, Chairman 
B. R. Lester, Secretary 

J. J. Baruch M. V. Kiebert, Jr. 
H. J. Carlin G. R. Kilgore 
P. S. Carter D. D. King 
L. M. Clement A. A. MacDonald 
R. I. Cole Nathan Marchand 
C. H. Doersam, Jr. George Rappaport 
R. B. Dome G. T. Royden 
G. A. Espersen P. C. Sandretto 
Rudolph Feldt Harald Schutz 
J. H. Felker J. R. Steen 
J. F. Herrick W. N. Tuttle 
J. J. Hopkins A. H. Waynick 

Lewis Winner 

WOMEN'S ACTIVITIES COMMITTEE 

Mrs. R. F. Guy, Chairman 
Mrs. P. B. Harkins, Vice-Chairman and 

Treasurer 

Mrs. S. L. Bailey 
Mrs. R. V. Gould 
Mrs. R. W. Hughes 
Mrs. Frank Mansur 
Mrs. J. W. McRae 

Registration 

Members and visitors may register at 
either the Waldorf-Astoria Hotel or Grand 
Central Palace at the following hours: 

Waldorf-Astoria Grand Central 
Palace 

Mon. 
9 A.M.-5:30 P.M. 10:30 A.M.-9 P.M. 

Tue. 
9 A.M.-8 P.M. 9 A.M.-9 P.M. 

Wed. 
9 A.M.-6 P.M. 9 A.M.-6 P.M. 

Thur. 
9 A.M.-2:30 P.M. 9 A.M.-9 P.M. 

Technical Sessions 

Over 200 technical papers will be pre-
sented in 43 sessions. A schedule of sessions 

is listed on the following page. A listing of 
papers, authors, and 100-word summaries is 
given in the following pages. 

Technical sessions will be held at the 
Grand Central Palace, 47th Street and Lex-
ington Ave.; the Waldorf-Astoria Hotel, 
49th Street and Lexington Ave.; and the 
Belmont Plaza Hotel, across the street 
from the Waldorf-Astoria. 

Exhibits 
The Radio Engineering Show, featuring 

405 exhibits of the most recent advances in 
the radio-electronic field, will occupy four 
floors of Grand Central Palace. A list of 
exhibitors and their products starts on 
page IA of this issue. Exhibits will be open 
during the following hours: 

Monday: 11:00 A.M.-9:00 P.M. 
Tuesday: 9:30 A.M.-9:00 P.M. 

Mrs. Roger McSweeny 
Mrs. Ogden Prestholdt 
Mrs. Carl Scholz 
Mrs. N. F. Smith, Jr. 
Mrs. Paul Waples 

Wednesday: 9:30 A.M.-6:00 P.M. 
Thursday: 9:30 A.M.-9:00 P.M. 

Annual Meeting 

IRE members will be particularly inter-
ested in the opening meeting of the conven-
tion, the Annual Meeting of the Institute, to 
be held in the Grand Ballroom of the 
Waldorf-Astoria at 10:30 A.M. on Monday, 
March 23. The principal speaker will be 
William R. Hewlett, IRE director and vice-
president of the Hewlett Packard Co. Added 
features of the meeting will be the presenta-
tion of the gavel of office to the incoming 
IRE president, James W. McRae, by his 
predecessor, Donald B. Sinclair, and the 
presentation of special pins to nine Charter 
Members of the I.R.E. 

(Continued on the following page) 
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Convention Record 

Papers presented at the convention will 
be published in a new publication, the 
CONVENTION RECORD OF THE I.R.E., which 
will be available about two months after the 
convention. The CONVENTION RECORD Will 
be issued in ten parts, with each part con-
taining papers relating to one general field. 

Every member of an IRE Professional 
Group who has paid the Group assessment 
fee by April 30, 1953, will automatically 
receive, free of charge, that part of the 
CONVENTION RECORD which contains papers 
relating to the field of interest of his Group. 
Information on how to join a Professional 
Group may be obtained by writing to the 
Institute of Radio Engineers, Inc., 1 East 79 
Street, New York 21, N. Y., or by inquiring 
at the Professional Groups desk at the con-
vention. 

Full details concerning the contents and 
prices of CONVENTION RECORD parts will be 
published in the April issue of the PROCEED-
INGS. Delivery cannot be guaranteed on 
orders received after April 30, 1953. 

Social Events 

A "get together" Cocktail Party will be 
held on the first evening of the convention, 
March 23, from 5:30 to 7:30 P.M. in the 
spacious Grand Ballroom of the Waldorf-
Astoria. Tickets may be purchased from 
Institute headquarters at $4.00 each. 
Tickets will be on sale also at the convention. 

The Annual Banquet, to be held in the 
Grand Ballroom on Wednesday, March 25, 
at 6:45 P.M., will feature an address by 
General David Sarnoff, chairman of the 
board of RCA and first recipient of the 
newly established IRE Founders Award. 
His speech promises to be of great interest, 
not only to professional engineers, but to the 
entire electronics industry. Dr. A. M. 
Zarem, director of the Los Angeles division 
of Stanford Research Institute, will serve as 
toastmaster. President J. W. McRae will 
bestow the annual IRE awards to their 
recipients. 

Ticket orders will be honored in the 
order received. To ensure reservations, 
members are urged to write now to Institute 
headquarters. Tickets are available at $13.75 
each. 

Women's Program 

An attractive program of sightseeing 
and tours has been arranged for wives of 
IRE members and immediate members of 
their families. Among the events planned 
will be a "get acquainted" party, a tour of 
the United Nations and Lever Brother's 
buildings, luncheon and fashion show, and a 
matinee of the "King and I" or "Wish 
You Were Here." 

Note 

Convention papers will be pub-
lished about two months after the 
convention in the CONVENTION REC-
ORD OF THE I.R.E. Each paid mem-
ber of an IRE Professional Group 
(as of April 30, 1953) will receive, free 
of charge, that part of the CONVEN-
TION RECORD containing papers of 
interest to his group. Full details on 
prices will appear in the April issue of 
the PROCEEDINGS. 

SCHEDULE OF TECHNICAL SESSIONS 

BELDIONT-PLAZA WALDORF-ASTORIA GRAND CENTRAL PALACE 

Moderne Room Grand Ballroom Astor Gallery 

Session 3 
Circuits I—Net- 
work Theory 

Jade Room 

Session 4 
Electronic Corn- 
puters I 

Gold Hall Blue Hall 

Mon. 
P.M. 

2:30 

Session 1 
Antennas I— 
General 

Session 2 
Television I 

Session 5 
Symposium: In- 
strumentation I— 
Automatic 

Session 6 
Radio Location, 
Navigation and Air-
borne Electronics 

Tues. 
A.M. 

10:00 

Session 7 
Antennas II— 
Microwave 

Session 8 
Television II 

Session 9 
Circuits II—Sym- 
posi um: Panel Dis- 
cussion on Wide- 
band Amplifiers 

Session 10 
Electronic Com- 
puters II 

Session 11 
Instrumentation 
II—Symposium: 
Transistor Meas- 
urements 

Session 12 
Significant Trends 
in Airborne Equip-
ment 

Tues. 
P.M. 

2:30 

Session 13 
Antennas III— 
Propagation 

Session 14 
Symposium: Diag- 
nostic Programs 
and Marginal 
Checking for Large 
Scale Digital Com-
puters 

Session 15 
Circuits III—Time 
Domain Networks 
—Delay Lines 

Session 16 
Electron Devices 
I—Transistors 

Session 17 
Instrumentation 
III—Electronics 

Session 18 
Symposium:Trends 
in Mobile Corn-
munications 

Tues. 

8:30 

Session 19 
Symposium: Elec-
tranics in Flight 

Wed. 
A.M. 

10:00 

Session 20 
Electron Devices 
II—Electron 
Tubes 

Session 21 
Circuits IV—Ac- 
tive Networks— 
Transistors 

Session 22 
Noise and Modu- 
lation 

Session 23 
Symposium: Tele- 
vision Broadcast- 
ing 

Session 24 
Quality Control 
Methods Applied 
to Electron Tube 
and Electronic' 
Equipment Design 

Session 25 
Seminar: Acoustics 
for the Radio Engi-
neer—I 

Wed. 
P.M. 

2:30 

Session 26 
Electron Devices 
III—Microwave 
Tubes 

Session 27 
Information The- 
ory I—Recent Ad- 
vances 

Session 28 
Communications 
Systems 

Session 29 
Symposium: Tele- 
vision Broadcast- 
ing and UHF 

Session 30 
Microwaves I— 
Symposium: Man- 
ufacture of Micro- 
wave Equipment 

Session 31 
Seminar: Acoustics 
for the Radio Engi-
neer II 

Session 37 
Radio Telemetry 

Starlight Roof Sert Room 

Thurs. 
A.M. 

10:00 

Session 32 
Symposium: 
Nucleonics 

Session 33 
Information The- 
ory II—Theoret- 
ical 

Session 34 
Medical Electron- 
ics 

Session 35 
Broadcast and 
Television Receiv- 
ers—I 

Session 36 
Microwaves II— 
Discontinuities 
and Transitions 

Thurs. 
P.M. 

2:30 

Session 38 
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SUMMARIES OF TECHNICAL PAPERS 

SESSION 1 

Antennas I—General 

(Organized by the Professional Group on 
Antennas and Propagation) 

Chairman, D. C. PORTS 
(Jansky and Bailey, Washington, D. C.) 

1.1. THE MEASUREMENT OF HIGHLY 
DIRECTIVE ANTENNA PATTERNS 
AND OVER-ALL SENSITIVITY 
OF A RECEIVING SYSTEM 
BY SOLAR AND COSMIC 

NOISE 
JULES AARON 

(Air Force Cambridge Research Center, 
Cambridge, Mass). 

Utilizing the 100 narrow sources of radio 
frequency energy and known data about the 
effective diameter of the sun at various 
ranges of radio frequencies, a technique for 
plotting the directional characteristics of 
large antennas is outlined. Over-all system 
sensitivies (receiver, antenna, and trans-
mission lines) are checked by using values 
already obtained for sky contours. The 
general receiver characteristics necessary for 
such measurements are outlined. Patterns 
of the sun and cosmic sources are illustrated 
and their analysis evaluated. 

1.2. RADIATION PATTERNS FOR APER-
TURE ANTENNAS WITH NONLINEAR 

PHASE DISTRIBUTIONS 
C. C. ALLEN 

(General Electric Co., Schenectady, N. Y.) 

A method of antenna pattern calculation 
employing automatic punch-card machines 
to perform numerical integrations has been 
used to obtain sets of patterns for several 
nonlinear phase distributions. These results 
extend previous work to the cases of quad-
ratic and cubic phase distributions combined 
in various proportions together with uni-
form, tapered, and cosine amplitude dis-
tributions. The magnitude patterns include 
the first two or three side lobes, and phase 
patterns are given for the main beams. The 
sets of patterns are arranged to permit inter-
polation which makes them useful in semi-
quantitative pattern synthesis of which an 
example is given. The need for arbitrary 
criteria used heretofore in determining the 
suitability of aperture distributions is thus 
eliminated. 

1.3. FACTORS AFFECTING RADIATION 
PATTERNS OF CORRUGATED 

SURFACE ANTENNAS 
M. EHRLICH AND L. NEWKIRK 

(Hughes Aircraft Co., Culver City, Calif.) 

The radiation patterns of corrugated 
metal-surface antennas have been computed 
in the past by an integration of tangential 
electric field over the surface of the antenna. 
Measured radiation patterns of these an-
tennas when fed by a horn, slot, or wire feed 
exhibit characteristic pertuibations from 
the computed theoretical value. These per-
turbations are a reduced beam width, a mini-
mum at the theoretical half-power point, and 
extremely high first-side lobes. It is conclu-

sively shown in the present study that the 
total pattern is a combination of the radia-
tion pattern of the feed and metal surface 
configuration. The perturbations can be re-
duced to any desired degree by means of a 
long transition section between feed and cor-
rugated surface array in which the feed mode 
is almost wholly transformed to the surface 
mode; this has been demonstrated for a wide 
variety of aperture sizes and array lengths. 
Independent control of the relative phase of 
the two fields can be achieved by altering 
the length of the corrugated surface array. 
Variation of the ratio of the relative ampli-
tudes can be achieved over a wide range by 
changing the length of the transition section 
used to accomplish the mode transformation 
from feed to array mode. Thus a practical 
flush-type feed producing negligible pattern 
perturbations is now possible for corru-
gated surface or dielectric slab antennas. 

1.4. A MICROWAVE ANECHOIC CHAM-
BER MAKING USE OF A NEW 
BROAD-BAND ABSORBING 

MATERIAL 
A. J. SIMMONS AND W. H. EMERSON 

(Naval Research Laboratory, 
Washington, D. C.) 

A room lined with a broadband micro-
wave absorbing material has been built in 
which radiation patterns of small antennas 
may be measured at frequencies higher than 
1,000 mc. The material, developed at the 
Naval Research Laboratory, is made by 
applying graphite in neoprene to a mat of 
loosely spun animal hair to create a lossy 
low-dielectric constant medium. 

The reflective properties of this material 
and the evaluation of the room as an an-
tenna test site are presented. 

1.5. WIDE-FREQUENCY-RANGE TUNED 
CIRCUITS AND ANTENNAS 

A. G. KANDOIAN AND W ILLIAM SICHAK 
(Federal Telecommunication Laboratories, 

Nutley, N. J.) 

Helical circuit elements, with or with-
out coaxial outer conductors, have import-
ant network and antenna applications. As 
resonant circuits, they are as useful at hf 
and vhf as conventional coaxial lines at 
uhf. Among their important character-
istics are ability to tune over an extremely 
large frequency range and achieve high un-
loaded Q in a limited space. 

In antenna applications, it will be shown 
that a resonant multiturn helix has more 
radiation resistance and considerable less 
loss than conventional small dipoles with 
equivalent apertures. 

The discussion will include theory, 
fundamental properties, useful applications, 
and experimental data to bear out the theo-
retical conclusions. 

SESSION 2 

Television I 
Chairman, I. J. KAAR 

(General Electric Co., Syracuse, N. Y.) 

2.1. THEORY OF SYNCHRONIZATION, 
APPLIED TO NTSC COLOR 

TELEVISION 
DONALD RICHMAN 

(Hazeltine Corporation, Little Neck, 
L. I., N. Y.) 

This paper presents the results of an 
analytical evaluation of the performance 
capabilities of the system used in NTSC 
color television to synchronize the color-
carrier reference signal. The color sync 
burst appears to contain far more timing 
and synchronizing information than is re-
quired, although previously used sync sys-
tems have been inefficient in using the in-
formation. 

Analysis begins with determination of 
the amount of integration required for phase 
stability. The properties and limitations of 
"standard" passive and locked (APC) 
integrators are discussed. Integration re-
quirements limit pull-in performance. 

The basic principle for overcoming pre-
vious limitations and obtaining the upper 
limit of performance is explained, leading 
to a determination of the ultimate rapabili-
ties permitted by the NTSC color sync sig-
nals. 

Simple techniques and new sync systems 
for approaching this limit are presented, and 
discussed. 

The physical principles apply to syn-
chronizing systems, generally. 

2.2. COLOR SYNCHRONIZATION IN 
THE NTSC COLOR TELEVISION 

RECEIVER BY MEANS OF 
THE CRYSTAL FILTER 

W. E. GOOD 

(General Electric Co., Syracuse, N. Y.) 

The problem of color synchronization in 
the NTSC color television receiver means 
generating a continuous-wave signal which 
is in phase with the transmitted color burst. 
This 3.9-mc reference signal is then used to 
switch the color samplers or demodulators. 
Of the various methods proposed for color 
synchronization, the automatic frequency 
controlled oscillator and the quartz-crystal 
filter have worked out well in practice. 

The crystal filter or ringing circuit is sup-
plied with a gated-burst driving signal and 
the resultant in-phase damped wave is 
amplitude-limited and used for the reference 
signal. The circuit is passive in its operation 
and has given satisfactory performance dur-
ing the color field tests. The design char-
acteristics of the filter will be discussed as 
will the various sources of phase errors. The 
effect of spurious modes in the crystal will 
be pointed out. It will be compared with the 
AFC type of circuit. 

2.3. APC COLOR SYNC FOR NTSC 
COLOR TELEVISION 
DONALD RICHMAN 

(Hazeltine Corporation, Little Neck, 
L. I., N. Y.) 

This paper presents a description of the 
characteristics and capabilities of a ''stand-
ard" automatic-phase-control system ap-
plied to NTSC color-carrier reference-phase 
synchronization. 
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Following a discussion of in-sync per-
formance characteristics, a physical de-
scription of the mechanism by which the 
system pulls into sync provides a back-
ground for the relations between frequency 
pull-in range and time, and the in-sync char-
acteristics such as noise bandwidth. The 
system includes a nonlinear (sinusoidal) 
phase detector. An explanation of results of 
a mathematical analysis, presented graphi-
cally, emphasizes the upper limits of per-
formance and how they may be obtained. A 
numerical evaluation for NTSC color sync 
indicates over-all satisfactory performance 
with this APC system. 

2.4. TRANSIENT RESPONSE IN A 
COLOR CARRIER CHANNEL 
WITH VSB TRANSMISSION 

J. S. S. KERR 
(General Electric Co., Syracuse, N. Y.) 

Two independent signals used to modu-
late a carrier in quadrature can be detected 
without crosstalk only if the transfer char-
acteristic of the network through which the 
modulation passes fulfills certain conditions 
of symmetry. For vestigial sideband trans-
mission—as proposed for the transmission of 
chrominance information by the National 
Television Systems Committee—these con-
ditions may not be fully met. In systems be-
ing considered by the NTSC, residual cross-
talk is eliminated either by CPA or by video 
filtering. 

Several types of vestigial-sideband trans-
fer characteristics which are used in the 
transmission of chrominance information are 
analyzed and compared, both for minimum 
phase and linear phase. Their video inphase 
and quadrature transfer characteristics are 
shown along with the transients which arise 
from a step input. 

2.5. TRANSIENTS IN COLOR 
TELEVISION 
P. W. HOWELLS 

(General Electric Co., Syracuse, N. Y.) 

A color television system transmits three 
independent signals, each of which specifies 
one of the three co-ordinates that determine 
the location of the reproduced color in a 
three-dimensional color space. When a color 
transient occurs, each of these signals re-
sponds in a different manner determined by 
the characteristics of its own channel. The 
system response may be characterized by the 
resulting path along which the reproduced 
color point moves through the color space 
from its initial to its final location. The 
shape of such color transient paths as deter-
mined by the individual transient responses 
of the three channels is analysed, and the 
subjective appearance of different transient-
path shapes is discussed. Various modifica-
tions of the NTSC proposals are compared 
by these methods. 

SESSION 3 

Circuits I—Network Theory 
(Organized by Professional Group on 

Circuit Theory) 
Chairman, S. DARLINGTON 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

3.1. A GENERAL RLC SYNTHESIS 
PROCEDURE 

LOUIS WEINBERG 
(Hughes Aircraft Co., Culver City, Calif.) 

Any physically realizable transfer func-
tion (impedance, admittance, or dimension-
less ratio) can be realized within a multi-
plicative constant by the new synthesis pro-
cedure presented in this paper. The form of 
network achieved is a lattice with the follow-
ing significant features: (1) The lattice may 
have any desirable termination. (2) The 
lattice contains no mutual inductance. 
(3) Every inductance in the network ap-
pears with an associated series resistance so 
that, in building the network, low-Q coils 
may be used. 

In addition, the lattice arms relative to 
each other are of so simple a form as to 
render many of the achieved lattices amen-
able to reduction to an unbalanced network. 
For the case of a transfer admittance, more-
over, reduction always can be achieved with, 
at most, the use of real transformers, that is, 
transformers with winding resistance, finite 
magnetizing inductance, and a coupling 
coefficient smaller than one. 

3.2. A GENERAL THEORY OF WIDE-
BAND MATCHING 

H. J. CARLIN AND RICHARD LAROSA 
(Polytechnic Institute of Brooklyn, 

Brooklyn, N. Y.) 

A general treatment is given for the de-
sign of wide-band matching networks which 
may contain dissipation. Loss is intention-
ally introduced to permit a degree of match 
unobtainable with lossless matching net-
works. For any prescribed input reflection 
magnitude including zero (that is, perfect 
match) the method allows the most efficient 
network configuration to be determined. 

From scattering considerations, simple, 
easily interpreted relations are presented 
which predict the theoretical limitations on 
the two quantities of engineering interest: 
the magnitude of input reflection coefficient; 
and the power which reaches the load. The 
best two-terminal pair network from the 
standpoint of minimum insertion loss (nor-
malized to available generator power) is 
shown to contain no more than one resistor. 

3.3. SYNTHESIS OF ELECTRIC FILTERS 
WITH ARBITRARY PHASE 

CHARACTERISTICS 
B. J. BENNETT 

(Stanford Research Institute, 
Stanford, Calif.) 

Conventional synthesis methods for de-
sign of electric filters generally follow the 
pattern of approximating a desired attenu-
ation characteristic using a minimum-phase 
network, and then if the phase characteristic 
is undesirable, a phase-corrective all-pass 
network is connected in tandem. In con-
trast, the design theory introduced in this 
paper deals directly with the over-all inser-
tion-transfer function, in general, a non-
minimum-phase function, which approxi-
mates, at once, the attenuation and phase 
characteristics desired. The network is then 
realized as a unit on an insertion-loss basis. 

For a nonminimum-phase function, at-
tenuation and phase characteristics are, to a 
large extent, independent of each other, and 

Lee's and Bode's relations between real and 
imaginary components of network functions 
are not violated. It is shown that if the 
prescribed phase characteristic is attainable 
by an all-pass transfer function, it may be 
realized exactly in a network which also 
possesses an attenuation characteristic 
which is a close approximation to a pre-
scribed filter attenuation characteristic. 

3.4. WIDE-BAND FILTER AMPLIFIERS 
AT ULTRA-HIGH FREQUENCIES 

W. A. CHRISTOPHERSON 
(IBM Corp., San Jose, Calif.) 

D. O. PEDERSON and J. M. PETTIT 
(Stanford University, Stanford, Calif.) 

This paper describes the development of 
a stagger-tuned, band-pass amplifier at ul-
tra-high-frequency using grounded-grid tri-
odes and having a prescribed gain magnitude 
response. For the first time, the concepts of 
stagger tuning have been extended to 
grounded-grid cascades so that triodes de-
signed for uhf operation can be effectively 
utilized to obtain amplifiers having large 
gain-bandwidth products and low-noise fig-
ures. 

The amplifier described uses high per-
formance. disc-seal triodes with special four-
terminal interstages. The special interstages 
accomplish the impedance transformation 
needed for grounded-grid amplifiers and in 
addition have a frequency characteristic 
which is approximately that of a single-tuned 
circuit. Because of this frequency character-
istic, stagger-tuning is employed to conserve 
gain-bandwidth product; however, the na-
ture of the characteristic requires the use of 
novel low-pass to band-pass transformations 
to determine the correct interstage tunings 
for a "maximally-flat" type of response. The 
feedback effects occurring between adjacent 
interstages are incorporated in the tuning 
procedure. 

The design and performance of an ampli-
fier having a gain of 50 db, a bandwidth of 50 
mc, and a maximally-flat gain characteristic 
will be presented. 

3.5. NETWORK ANALYSIS WITH THE 
AID OF GENERATING 

POLYNOMIALS 
HERBERT KURSS 

(Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y.) 

The technique emphasized here is the rep-
resentation of a finite matrix by a polyno-
mial whose coefficients are the various minors 
of the matrix. This "generating polynomial," 
determined by a vanishing determinant, ef-
fectively defines a network in terms of its in-
put-output relations. Two networks are then 
equivalent with respect to a specified class of 
terminations if the respective generating 
polynomials have proportional coefficients. 
For simplicity, this is illustrated for micro-
wave networks where the relevant form of 
the Jacobi ratio theorem, the Campbell for-
mula (for the "elimination of concealed cir-
cuits»), and a compound network theorem 
are all simply derived. 

3.6. TWO NEW EQUATIONS FOR THE 
DESIGN OF FILTERS 

M. DISHAL 
(Federal Telecommunication Labora-

tories, Inc., Nutley, N. J.) 
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Two basic problems in filter design have 
been the finding of element values in ladder 
networks of inverse arms (or equivalent 
structures) to produce Chebishev response 
for two terminal conditions: (a) loading on 
both ends of the network, (b) loading on 
only one end of the network. 

These problems have now been solved 
for the general case of any number of ele-
ments for both the Chebishev response and 
its limiting case of the Butterworth response. 

The complete design information is con-
tained in two simple equations that can re-
place those of classical filter theory. These 
equations and their derivations are pre-
sented. 

SESSION 4 

Electronic Computers I 
(Organized by Professional Group on 

Electronic Computers) 
Chairman, J. H. FELKER 

(Bell Telephone Laboratories, 
Whippany, N. J.) 

4.L MULTICHANNEL ANALOG INPUT-
OUTPUT CONVERSION SYSTEM 

FOR DIGITAL COMPUTER 
P. A. ADAMSON AND M. L. MACKNIGHT 

(Hughes Aircraft Co., Culver City, 
Calif.) 

The conversion of dc voltages to binary 
numbers, and vice versa, is performed inde-
pendently of computer operation, the mag-
netic drum serving as storage for the most 
recently sampled data. Input voltages are 
compared by a multiar-type comparator 
with an accurately linear saw-tooth wave-
form, gated once per revolution of the drum 
to successive inputs. Clock pulses are counted 
from the start of the ramp until comparison 
is reached and the resulting binary number is 
shifted to the memory. The ramp slope is cal-
ibrated once per cycle of inputs, making the 
scale factor virtually independent of drum 
speed, temperature, and supply-voltage 
changes. 

Output voltages are derived from a fil-
tered rectangular waveform whose symme-
try is made proportional to the output bi-
nary number. One cycle of the waveform is 
recorded on a drum channel during an out-
put sample period, and the waveform is con-
tinuously read to a regulated current switch 
tube and filter every revolution. Several out-
puts may be time shared on a single-drum 
channel. Input and output conversions have 
an accuracy of about ±0.1 per cent full scale. 

4.2. AN ANALOG TO DIGITAL CON-
VERTER WITH AN IMPROVED 
LINEAR SWEEP GENERATOR 

D. W. SLAUGHTER 
(California Institute of Technology, 

Pasadena, Calif.) 

This paper describes an analog-to-digital 
converter with 1 part in 5,000 (.02 per cent) 
accuracy and excellent long-time stability. 
Sampling speeds of up to 100 per second at 
high accuracy are readily obtainable. This 
converter utilizes the familiar circuitry in 
which an analog voltage is represented by a 
train of pulses initiated at the start of a lin-
ear sweep and ending when the magnitude of 

the sweep and the analog voltage coincide. 
The heart of the high-accuracy sweep gener-
ator is an electronically gated operational 
amplifier. Optional automatic self calibrat-
ing can provide exceptional long-time stabil-
ity. A stable circuit for detecting the mag-
nitude coincidence is also presented. 

4.3. DYNAMIC BINARY COUNTER WITH 
ANALOG READ-OUT 

LEROY PACKER 

(Columbia University, New York, N. Y.) 

A binary counter using circulating pulse 
techniques is described. The counting rate is 
one mc and the carry time per stage is ap-
proximately 0.02 ps. Information can be read 
out of the counter every ¿is since the counter 
is not stopped when a sampling pulse ap-
pears. The read-out mechanism consists of a 
parallel register, associated relays, and an ac 
feedback amplifier which provide both paral-
lel binary and analog outputs equal to the 
time between the start of the counting cycle 
and the appearance of a sampling pulse. 

4.4. LIFE AND RELIABILITY EXPERI-
ENCE WITH TRANSISTORS IN A 

HIGH SPEED DIGITAL 
COMPUTER 
J. J. SCANLON 

(Bell Telephone Laboratories, 
Whippany, N. J.) 

This experience is based on the use of ap-
proximately 500 semiconductor diodes as 
logic elements and 78 transistors as the only 
active elements in a binary multiplier . The 
machine operates at a pulse repetition rate of 
one megacycle and can multiply two 16 digit 
binary numbers in 272 psec. The maximum 
potential used is 8 volts with a resultant to-
tal battery drain of less than 5 watts. Ap-
proximately the same amount of master 
clock power is also required. 

Approximately 3,000 hours of continuous 
operation (234,000 transistor hours) have 
been logged with only one transistor failure 
at 1,430 hours. 

Freedom from random error has been 
demonstrated by circulating binary informa-
tion, without error, in closed loops within the 
machine for hundreds of hours. In one case a 
700 hour run was terminated by accidental 
power failure. For each hour of operation 
each transistor must make 3.6 X109 success-
ful discriminations. 

Periodic voltage margin checks have dis-
closed no aging effects. 

4.5. ENGINEERING EXPERIENCE IN 
THE DESIGN AND OPERATION OF 
A LARGE SCALE ELECTRO-

STATIC MEMORY 
J. LOGUE, A. BRENNEMANN, AND 

A. KOELSCH 
(IBM Engineering Laboratory, 

Poughkeepsie, N. Y.) 

The IBM Type-701 Electronic Data 
Processing Machine uses an electrostatic 
storage unit. This paper will describe the en-
gineering considerations encountered in the 
design and operation of the circuits involved. 
The video amplifier will be described and 
factors involved in setting the amplitude-
discriminating level of the video amplifier 
will be treated in some detail. The deflection 
circuits will be discussed, together with the 

special requirements of electrostatic storage 
and how these requirements were met. The 
problems encountered when a read-around 
ratio of 200 to 1, or larger is required, will be 
included in the discussion. 

SESSION 5: SYMPOSIUM 

Instrumentation I— 
Automatic 

(Organized by Professional Group 
on Instrumentation) 

Chairman, ERNST WEBER 
(Polytechnic Institute of Brooklyn, 

Brooklyn, N. Y.) 

5.1. A NEW METHOD FOR MEASURING 
NOISE FIGURE AND GAIN OF A 

RADAR RECEIVER 
R. J. PARENT AND V. C. RIDEOUT 

(University of Wisconsin, Madison, Wis.) 

A new method has been developed for the 
measurement of the gain-and-noise figure of 
a radar receiver. In this method a pulsed gas-
discharge noise source at the input and a co-
herent detector at the output are used. The 
use of a gas-discharge noise source has the 
usual advantages over a small monochro-
matic-signal source that output level and 
frequency need not be adjusted. The sensi-
tivity of the coherent detector overcomes the 
difficulty ordinarily encountered with the 
low-output level of this noise source. The use 
of the coherent detector requires that the 
noise source be pulsed, which in turn gives 
other advantages. 

The scheme described is adaptable to 
either quantitative measurement or a go-no-
go indication based on some set limits. 

An adaptation of this method to the 
measurement of noise figure and gain of a 
radar receiver while the radar is in normal 
operation has also had successful prelimi-
nary tests. 

5.2. AUTOMATIC INSTRUMENTATION 
FOR CONTINUOUS MONITORING 
OF SYSTEMS PERFORMANCE 
M. V. RATYNSKI, MILTON KANT, 

AND HAYWOOD WEBB 
(Rome Air Development Center, 

Rome, N. Y.) 

The utilization of automatic instrumen-
tation to facilitate the measurement of per-
formance parameters of electronic systems is 
discussed. A comparison is made between ex-
isting measurement methods and recently 
developed techniques.e 

Techniques are described for continuous 
and automatic measurement of (I) receiver 
noise figure and gain-bandwidth product, 
(2) transmitter power output, (3) constant 
velocity servosystem performance, (4) trans-
mission line vswr. These measurements are 
made while the system whose performance is 
being monitored is in operation, and advan-
tages of incorporating these items in typical 
systems are demonstrated. 

5.3. AUTOMATIC ONE-SHOT METHODS 
FOR BANDWIDTH MEASUREMENT 

J. B. WOODFORD, JR., AND 
E. M. WILLIAMS 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 
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The problem of determining a simple 
bandwidth acceptability criterion which can 
be reduced to a number or set of numbers 
which adequately emphasizing band width-
related performance, is surveyed. Typical 
one-shot measurement systems for go-no-go 
indication are summarized; results of ex-
perimental tests on prototype and operating 
radar and communication systems are de-
scribed. 

5.4. MICROWAVE POWER METER 
WITH AUTOMATIC ZERO 
SETTING AND TELE-

METERING 
L. A. ROSENTHAL AND G. M. BADOYANNIS 
(Rutgers University, New Brunswick, N. J.) 

An improved self-balancing bridge type 
of microwave-power meter capable of auto-
matically setting its zero, to compensate for 
temperature variations, and telemetering 
the measured power is described. Automatic 
zeroing is accomplished by shutting off the 
RF power for a regular short interval during 
which time a servomechanism adjusts the 
power level so that the meter reads zero. 
Frequency-modulation telemetering pro-
vides a direct power indication at a removed 
position. The system will allow for the re-
mote monitoring and recording of power 
level in a microwave installation. 

Operating principles and design of indi-
vidual units are described and performance 
data for the complete system presented. 

5.5. MONITORING OF ERRORS IN 
SYNCHRO SERVO SYSTEMS 

GIORGIO QUAZZA 
(Polytechnic Institute of Brooklyn, 

Brooklyn, N. Y.) 
In synchro-servo systems transmitting 

positional information at constant or slowly 
varying speed of the input member, the con-
trol transformer-output voltage depends on 
the speed, and therefore is not a direct meas-
ure of the system positional error. Different 
passive networks, to be inserted in series 
with the ct stator windings, are proposed to 
compensate for the system output voltage 
variations due to speed and permit monitor-
ing of the system error by direct measure-
ment of the ct output voltage. Formulas for 
their design are derived and analytical and 
experimental results given, to describe their 
relative merits and the effect of temperature 
variations on their performance. 

SESSION 6 

Radio Location, Navigation and 
AirborneElectronics 

(Organized by Professional Group on 
Airborne Electronics) 

Chairman, P. C. SANDRETTO 
(Federal Telecommunications Laboratories, 

New York, N. Y.) 

6.1. THE TECHNIQUE OF MONO-
PULSE RADAR 
W. HAUSZ 

(General Electric Co., Syracuse, N. Y.) 
The monopulse technique in radar con-

sists in deriving sufficient information .on a 
single pulse by multiple simultaneously act-
ing receiving channels to determine com-
pletely both the angular position and the 
range of a target or targets. Two commonly 

used variants are phase comparison and am-
plitude comparison. The informational as-
pects of both of these, and of monopulse 
more generally compared with scanning tech-
niques for angular determination, is given. 

6.2. REDUCING SKY WAVE ERRORS IN 
CW TRACKING SYSTEMS 

M. S. FRIEDLAND 

(Air Force Missile Test Center, Patrick 
Air Force Base, Fla.) 

NATHAN MARCHAND 
(Electronics Laboratory, Greenwich, Conn.) 

A cw tracking system is very susceptible 
to sky-wave interference and errors. Once a 
received cw signal is contaminated by sky 
wave, it is impossible to separate out the er-
ror. When the possibility of contamination 
exists, it is felt that the system should be 
modified, and the basic theory underlying a 
modification by pulsing the transmitted fre-
quency is given. In a system employed at the 
Air Force Missile Test Center; the transmit-
ter is airborne. The necessary pulse lengths 
and repetition rates, as well as other design 
data, are determined by the ranges to be cov-
ered, frequencies to be employed, and the 
ionospheric layer heights. The interdepend-
ence of these factors are detailed, modifica-
tions applied to a Raydist system, and dis-
cussed. 

6.3. AN APPLICATION OF INTEGRATOR 
TYPE SIGNAL ENHANCER TO 

DIRECTION FINDING 
EQUIPMENTS 

C. A. STROM AND J. A. FANTONI 
(Rome Air Development Center, 

Rome, N. Y.) 

This paper summarizes the results ob-
tained in applying integrating type of signal 
enhancers to certain radio direction-finding 
equipments and to other repetitive type sig-
nals such as may be displayed on an "A" 
scope. The integrators used include systems 
employing magnetic storage units such as a 
tape recorder, delay lines techniques such as 
magnesium delay lines, and capacitor stor-
age elements. The paper shows that improve-
ments in signal-to-noise ratio of 12 db is eas-
ily obtained and that improvements up to 20 
db or more are obtainable by use of positive 
feedback around the integrator. 

6.4. A THEORY OF TARGET GLINT OR 
ANGULAR SCINTILLATION IN 

RADAR TRACKING 
R. H. DELANO 

(Hughes Aircraft Co., Culver City, Calif.) 

A theory is presented to describe the sta-
tistical aspects of tracking a complex iso-
lated structure, such as an aircraft or naval 
vesse;, by radar. The results are expressible 
in simplest form when the target subtends an 
angle small compared with the beamwidth. 
When the angle subtended by the target is 
small, a single description applies to all radar 
tracking systems. An instantaneous and an 
effective target displacement from the mean 
are defined and their statistical properties 
derived. Special treatment is given to addi-
tional noise arising in conical scanning due to 
amplitude fluctuations as such. The theory 
provides information relating to the spectra 
as well as to the probability densities and 
rias values of the pertinent quantities. 

6.5. AUTOMATIC DEAD RECKONING 
NAVIGATION COMPUTERS FOR 

AIRCRAFT 
J. L. DENNIS 

(Wright Air Development Center, 
Dayton, Ohio) 

Two airborne navigation computers 
based on the principles of dead reckoning 
are described. The first, the Type A-I 
Ground Position Indicator, is a computer 
which operates from inputs of true airspeed 
and magnetic heading. Wind can be inserted 
manually in the form of magnitude and di-
rection. Position in latitude and longitude 
can be set initially or reset upon sighting a 
check point, but is maintained current ex-
cept for the errors in input data. 

The second computer, Ground Position 
Computer AN/APA-58, has additional fea-
tures. A set of counters are provided for des-
tination latitude and longitude. Further-
more, a range and azimuth mark generator 
based on signals from the difference in lati-
tude and longitude of the present position 
and destination are provided to a search ra-
dar set, such as the AN/APS-42. These cross 
hairs appear on the radar indicator. If pres-
ent position is correct the cross hairs will be 
in coincidence with the position of the radar 
target representing the destination. 

SESSION 7 

Antennas II—Microwave 
(Organized by Professional Group on 

Antennas and Propagation) 
Chairman, L. C. VAN Arm 

(Hughes Aircraft Co., Culver City, Calif.) 

7.1. ARRAYS OF FLUSH MOUNTED 
TRAVELING WAVE ANTENNAS 

j. N. HINES, V. H. RUMSEY AND T. E. TICE 
(Ohio State University, Columbus, Ohio) 

The object of this paper is to present and 
discuss the results of an investigation of 
problems that arise in the design of arrays 
of tapered-depth traveling-wave slot anten-
nas. 

Past experience with arrays of slots shows 
that the conventional method of array de-
sign has sometimes failed to predict the pat-
tern of the array with sufficient accuracy for 
practical purposes. An absolutely correct but 
more complicated design technique based on 
the principle of superposition has been devel-
oped and tested. 

The results of experimental measure-
ments showing the effect of coupling be-
tween adjacent elements are presented and 
array patterns based on both design proce-
dures are compared. 

7.2. TRANSIENT BUILD-UP OF THE 
ANTENNA PATTERN IN END-

FED LINEAR ARRAYS 
N. H. ENENSTEIN 

(Hughes Aircraft Co., Culver City, Calif.) 

In linear antenna arrays that are fed 
from one end, there is a finite transit time for 
the wave group traveling from the first ra-
diator to the last radiator of the array. As a 
result the transient antenna pattern may be 
distorted from the pattern determined on a 
continuous-wave basis. If the array is used in 
a communication system, this distortion be-
comes appreciable when the reciprocal of the 
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signal bandwidth and the transit time are 
comparable. If it is used in a radar system, 
the effect on the pattern is appreciable when 
the system pulse length and array transit 
time are comparable. Approaches to the 
problem in the time and frequency domains 
are developed in this paper. Examples of the 
effect on angular discrimination of radar sys-
tems due to this phenomena are given. 

7.3. A NEW MICROWAVE REFLECTOR 
K. S. KELLEHER 

(Naval Research Laboratory, 
Washington, D. C.) 

A reflecting surface is discussed which is 
formed by the rotation of an arc of a parab-
ola about a line parallel to the latus rectum. 
It is shown to be superior to the parabo-
loidal and spherical reflector for applications 
where plane motion of feed horn is desired. 

Besides the obvious application of this 
reflector as a scanning antenna, it is shown 
to be useful as a "beam bender" in a micro-
wave-relay link. Other possible applications 
include its use in marine radar for reduction 
in vertical-antenna beamwidth and conse-
quently in transmitted power. 

7.4. CROSSTALK IN RADIO RELAY 
SYSTEMS CAUSED BY FORE-
GROUND REFLECTIONS 

H. W. EVANS 

(Bell Telephone Laboratories, Inc., 
New York, N. Y.) 

Measurement of 19 horn-lens antennas of 
the New York-Chicago TD-2 radio relay 
system indicated that the rms front-to-back 
ratio was 10 db poorer than that of a proto-
type antenna previously measured. Radar-
type measurements showed these degrada-
tions were caused by reflections from trees, 
buildings and hills, to a degree which had not 
been anticipated. Geographical studies con-
firmed the reflecting media. These results set 
a limit to transmission improvement from 
higher power and lower noise figure in sys-
tems using two-frequency allocations, and 
raise new limitations on the selection of radio 
relay repeater sites. 

7.5. LOW SIDE LOBES IN PENCIL-
BEAM ANTENNAS 

E. M. T. JONES 

(Stanford Research Institute, 
Stanford, Calif.) 

A theoretical and experimental investi-
gation has been performed on the parabo-
loid-reflector antenna and the isotropic-
dielectric hyperboloid-lens antenna to deter-
mine the depth of principal-polarization side 
lobes and the depth of cross-polarized lobes 
that can be obtained in practice The analy-
sis determines the aperture fields of these 
two aplanatic devices when they are excited 
at their foci by short electric dipoles, short 
magnetic dipoles and plane-wave sources. It 
is found that no cross-polarized aperture 
fields are obtained for the reflector when it is 
excited by a plane-wave source, and none are 
obtained for the lens when it is excited by a 
short electric dipole. The experimental re-
sults show that a reduction of at least 10 db 
in cross-polarized radiation field of the 
paraboloid reflector can be obtained when it 
is excited by a horn, which approximates a 
plane-wave source, instead of by a Cutler 

feed, which approximates an array of mag-
netic dipoles. Principal-plane side lobes of 
—39 db and cross-polarized lobes of —28 db 
have been obtained with the hyperboloid-
lens antenna. 

SESSION 8 

Television II 
Chairman, A. V. LOUGHREN 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

8.1. PROBABILITY DISTRIBUTION 
MEASUREMENTS OF TELE-

VISION SIGNALS 
W. F. SCIIREIBER 

(Harvard University, Cambridge, Mass.) 

A device was constructed which, in ef-
fect, produces two video signals from a pic-
ture in a flying-spot scanner, the two signals 
being derived from points separated an arbi-
trary amount in any direction. Another de-
vice was constructed which displays the 
joint-amplitude probability density of the 
two signals as a two-dimensional brightness 
pattern on a cathode-ray tube. Qualitative 
effects can be studied by direct observation 
or photography of this pattern. Quantitative 
results, which include a computation of the 
second-order approximation to the entropy 
of the television signal, have been made by 
measuring the brightness pattern with a 
scanning photometer. 

8.2. A PRECISION LINE SELECTOR 
FOR TELEVISION USE 

I. C. ABRAHAMS AND R. C. THOR 

(General Electric Co., Syracuse, N. Y.) 

This paper describes the design and 
operation of a versatile measuring instru-
ment for use in television laboratories and 
stations. This precision-line selector has nu-
merable useful purposes which are described. 

The instrument consists of a precision-
phase shifter, operating at ten times the 
standard television line-repetition fre-
quency, that is, 157.5 kc. This is then di-
vided down to 30 cycles. Hence, variable 
phase shift or delay is obtained at 30 cycles, 
having the absolute accuracy and stability 
of that obtained at 157.5 kc. 

By proper use of the phase shifter alone, 
the instrument may also be used to measure 
time delays to accuracies of ±0.001 h. In 
addition, the frequency divider chain has 
many uses, and descriptions of their applica-
tion will be given. 

8.3. COLORIMETRIC PROPERTIES OF 
GAMMA-CORRECTED COLOR 

TELEVISION SYSTEMS 
D. C. LIVINGSTON 

(Sylvania Electric Products Inc., 
Bayside, N. Y.) 

Through the use of a set of system pa-
rameters which measure individual proper-
ties of a color television system as a function 
of the chromaticity of the color viewed by 
the camera, there will be presented analyses 
of the performance of the NTSC color tele-
vision system in its present form and in sev-
eral related forms. Particular attention will 
be given to color fidelity and adherence to 
the constant-luminance principle, including 
susceptibility of the displayed luminance on 

a color kinescope to spurious signals in the 
chrominance channel. These analyses will 
take into account several recently proposed 
system modifications. 

8.4. PHASE MEASUREMENTS AT SUB-
CARRIER FREQUENCY IN COLOR 

TELEVISION 
A. P. STERN 

(General Electric Co., Syracuse, N. Y.) 

For reliable adjustment and checking of 
the transmitter and receiver in the N-rsc 
color television system, the possibility of ac-
curate phase measurements at subcarrier fre-
quency is of primary importance. This paper 
describes the principles and operation of 
phase measuring equipment recently built in 
the electronics laboratory of the electronics 
division of the General Electric Company. 

Very accurate measurements can be ob-
tained by phase shifting at low frequency 
and heterodyning to subcarrier frequency. 
The accuracy is essentially limited by insta-
bilities in the equipment. The over-all error 
is estimated to be less than 1.0°. 

Some methods employed in using the in-
strument to measure subcarrier-phase accu-
racy of a color signal generator are described. 

8.5. A MONITORING SYSTEM FOR 
NTSC COLOR TELEVISION 

SIGNALS 
C. E. PAGE 

(Hazeltine Corporation, Little Neck, N. Y.) 

"Fhe advent of the NTSC color television 
signal on a commercial basis will introduce a 
new problem in signal monitoring. The nor-
mal television monitor which displays sig-
nal amplitude versus time provides only a 
fraction of the information required for 
checking the chrominance portion of the sig-
nal. This paper describes an equipment 
which displays on a cathode-ray oscilloscope 
the phasor diagram of the chrominance 
component of NTSC color television signal. 
This type of display permits rapid visual 
checking of the chrominance portion of the 
signal and is equally suitable for signal 
monitoring service at the transmitter, 
studio, or color receiver production line. In 
addition the visual display greatly facilitates 
the correct alignment of NTSC encoding 
equipments. 

The equipment consists basically of a 
pair of quadrature demodulators whose out-
puts are fed respectively to the horizontal 
and vertical plates of an oscilloscope. The 
equipment described in this paper includes 
refinements which make it largely self-
checking and facilitate rapid operation. 

SESSION 9: SYMPOSIUM 

Circuits II—Panel Discussion 
on Wide-Band Amplifiers 
(Organized by Professional Group on 

Circuit Theory) 

Chairman, H. A. W HEELER 
(Wheeler Laboratories, Inc., 

Great Neck, N. Y.) 

9.1. CONVENTIONAL WIDE-BAND 
AMPLIFIERS 
W. E. BRADLEY 

(Philco Corporation, Philadelphia, Pa.) 
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Progress in the design of conventional 
wide-band amplifiers has continued along 
three principal lines: (1) Tubes are now 
available with improved figure of merit, in-
ternal shielding and reliability; (2) Using 
new components, layouts are available com-
bining mechanical ruggedness and repro-
ducibility with clean electrical character-
istics; (3) Extensive development and wide-
spread use of complex-frequency plane-
design methods has led to high performance 
and design flexibility combined with circuit 
simplicity. 

9.2. BROAD-BAND FEEDBACK 
AMPLIFIERS 

H. N. BEVERIDGE 
(Raytheon Manufacturing Co., 

Newton, Mass.) 

Broad-band video and IF am pfifiers using 
conventional tubes and employing resistive 
feedback from plate to grid will be con-
sidered. 
A qualitative analysis of the broad-band-

ing effects of this type of feedback will be 
presented. The simplest case, a two-tube 
feedback pair, will be considered first, and 
the discussion extended to feedback triples, 
infinite chain, and double tuned. Practical 
problems in the feedback path due to 
capacity and effective transit angle will be 
discussed. 

The results of measurements of gain 
bandwidth product will be presented and 
compared with other types of amplifiers. 

9.3. TRANSISTOR AMPLIFIERS 
R. L. WALLACE, JR. 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

Mr. Wallace will discuss some of the 
properties of transistors which result in 
limitation of bandwidth and will indicate 
the order of performance which has been 
achieved. 

9.4. WIDE-BAND DISTRIBUTED 
AMPLIFIERS 

W. G. TULLER AND E. H. BRADLEY 
(MeIpar, Inc., Alexandria, Va.) 

Distributed amplifiers using available 
multigrid tubes are limited to operation be-
low approximately 400 mc. However, dis-
tributed amplifiers containing triode pairs 
have been developed having a 3-db band-
width of approximately 1,000 mc. The 
"paraphase" distributed amplifier, as the 
new triode circuit is called, utilizes the im-
proved high-frequency characteristics of tri-
odes. 

This paper discusses the achievable gain 
and bandwidth characteristics for both types 
of amplifier. The limitations encountered in 
the development of these distributed sys-
tems are described and evaluated. The future 
trend in the development of distributed 
amplifiers also is considered. 

9.5. TRAVELING-WAVE AND 
RELATED TUBES 

L. M. FIELD 
(Stanford University, Stanford, Calif.) 

Circuit, electronic, and matching limita-
tions on the wide-band amplifying proper-
ties of helix-type tubes in the range of fre-

quencies from 50 mc through the microwave 
range will be reviewed. Bandwidths of from 
one to several octaves in this range have 
been obtained and typical examples and de-
sign criteria will be given. Bandwidth and 
bandtuning of several related types of micro-
wave tubes using other than a helix for wave 
propagation or nonpropagating structures 
will also be discussed. 

SESSION 10 

Electronic Computers II 
(Organized by Professional Group on 

Electronic Computers) 
Chairman, J. R. WEINER 

(Eckert-Mauchly Computer Co., 
Philadelphia, Pa.) 

10.1. ANALOG COMPUTING WITH 
MAGNETIC AMPLIFIERS USING 
MULTIPHASE AC VOLTAGES 

J. E. RICHARDSON 
(Hughes Aircraft Co., Culver City, Calif.) 

By the use of multiphase-ac voltages, 
simple methods are explained by which 
arithmetic operations, such as multiplica-
tion and division, are achieved. Also many 
algebraic and transcendental functions, such 
as the general second-degree equation and 
trigonometric, hyperbolic, and exponential 
functions, are generated. The general prob-
lem of two-dimensional co-ordinates is 
treated with relation to transfer and rotation 
of co-ordinate axes, as well as the resolution 
of an arbitrary vector with respect to a 
selected co-ordinate system. The instrumen-
tation involves two basic computing units 
which contain no vacuum tubes, being in-
strumented with magnetic-core components. 

10.2. SOME RECENT DEVELOPMENTS 
IN LOGICAL "OR-AND-OR" PYRA-
MIDS FOR DIGITAL COMPUTERS 

CORNELIUS LEONDES 
(Moore School of Electrical Engineering, 

Philadelphia, Pa.) 
AND 

MORRIS RUBINOFF 
(University of Pennsylvania, 

Philadelphia, Pa.) 

This paper first reviews, briefly, the 
design methods commonly employed in 
logical "or-and-or" pyramids for digital 
computers. It then describes some recent 
developments in the design of these circuits. 

The following important advantages are 
then seen to result from the new design tech-
niques. (I) Fewer Germanium diodes are 
needed. (2) The largest voltages needed may 
be reduced by factors of as much as two. 
(3) The power needed in the pyramid may 
be reduced as much as one-half or less. As a 
direct result the sizes of the resistors needed 
are also reduced. (4) The resulting rise-and-
fall times are speeded up by an appreciable 
factor. (5) The impedance levels at the vari-
ous inputs to the pyramid go up in some 
cases by factors of as much as two or more. 
This makes it possible to drive more circuits 
with any given pulse power amplifier. 
(6) The clock pulse power needed to drive 
any input may be reduced as much as one-
half or less. The paper concludes with an 
illustrative example. 

10.3. MAGNETIC CORE SWITCHES AS 
LOGICAL ELEMENTS IN 

COMPUTERS 
E. A. SANDS 

(Magnetics Research Co., 
Chappaqua, N. Y.) 

The use of rectangular hysteresis-loop 
magnetic cores as general purpose logical 
elements in computers will be discussed. 
Advantage is taken of the amplitude limit-
ing properties of the magnetic hysteresis 
loop to make operation of the cores ex-
tremely uncritical with respect to variations 
in input currents and voltages. Several 
alternative ways of generating logical "or» 
(mixer) and "and" (gating) functions will be 
shown. Methods of designing cores to oper-
ate at a given speed and into a given load 
will be pointed out. An all magnetic com-
puter using drums for low-speed storage, 
magnetic memory elements for high-speed 
storage, magnetic shift registers for input-
output buffer storage, and magnetic core 
switches for arithmetic and selection units is 
a realizable possibility. 

10.4. MAGNETIC-SHIFT REGISTER 
USING ONE CORE PER BIT 

S. RUHMAN, W. D. WOO, AND R. D. KODIS 
(Raytheon Manufacturing Co., 

Waltham, Mass.) 

Conventional magnetic-shift registers 
use two cores and two to four diodes per bit, 
and require two-shift pulse sources displaced 
in time. A new circuit utilizing a condenser 
for temporary energy storage between cores 
permits the use of a single core, and a single 
diode per binary digit requires only one-
shift pulse source, and provides greater 
stability of operation. The principle of 
operation is described, an approximate 
analysis of the circuit is given, and experi-
mental results are presented. 

10.5. A SIMPLE COMPUTER FOR 
AUTOMATICALLY PLOTTING 
CORRELATION FUNCTIONS 

A. H. SCHOOLEY 
(Naval Research Laboratory, 

Washington, D. C.) 

A simple analog computer is described 
which has proved useful as a research tool in 
evaluating the autocorrelation and cross-
correlation functions of various analytical 
and experimental time functions. The input 
functions to be correlated are fed into the 
computer as two loops made from 35-mm. 
motion-picture film. Provision is made for 
automatically varying the delay of one loop 
with respect to the other. The output cor-
relation function is automatically plotted on 
a commercial paper recorder. Correlation 
functions for several analytical and experi-
mental functions are given. 

SESSION 1 1 : SYMPOSIUM 

Instrumentation—Transistor 
Measurements 

(Organized by Professional Group 
on Instrumentation) 

Chairman, G. M. ROSE, JR. 
(Radio Corporation of America, 

Harrison, N. J.) 
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11.1. TRANSISTOR METROLOGY 
D. A. ALSBERG 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

Existing transistor test methods, condi-
tions, accuracies, and apparatus will be re-
viewed. These will be evaluated in terms 
of the needs of the transistor measurement 
clientele. Principles will be indicated which 
may lead to the reduction of the present 
great variety of methods and apparatus, by 
stressing absolute measurement and those 
parameters and methods which best satisfy 
the practical needs of the vast majority. 

11.2. MEASUREMENT OF TRANSISTOR 
PARAMETERS BY CRO AND 

OTHER METHODS 
W. E. MORROW, JR. 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Equipment has been designed for the 
presentation of large signal transistor char-
acteristics. The collector (Zn) and base 
(Zn) characteristics are automatically 
plotted on the face of a cathode-ray oscillo-
scope. A device for the measurement of the 
small signal parameters has also been com-
pleted. The device measures a, 1 —a, re, rb, 
and re directly on a meter. The equipment 
has been designed to operate with both 
point-contact and junction transistors. 

11.3. TRANSISTOR STATIC CHARAC-
TERISTICS OBTAINED BY PULSE 

TECHNI QUES 
D. R. FEWER 

(Bell Telephone Laboratories, Inc. 
Murray Hill, N. J.) 

It is desirable to know the static char-
acteristics of transistors in the region where 
electrode dissipations exceed safe values. 
These characteristics are impossible to ob-
tain by direct-current methods without dam-
age to the transistor. Under these conditions 
it is necessary to employ pulse methods in 
which the transistor passes current for short 
intervals of such duration and recurrence 
rate that the unit is not damaged. 

Point contact transistors have been 
examined by pulse methods in regions 
greatly in excess of rated dissipations. The 
static characteristics in these regions are dis-
cussed and the effects of various pulse shapes 
and widths are examined. 

11.4. BRIDGES FOR MEASURING JUNC-
TION TRANSISTOR ADMITTANCE 

PARAMETERS 
L. J. GIACOLETTO 

(RCA Laboratories, Princeton, N. J.) 

The small signal operation of a transistor 
is accurately specified by means of our com-
plex parameters having both a real and re-
active component. Therefore, eight quanti-
ties must be measured, and since these 
quantities in a fixed environment are pa 
tentially a function of operating voltage, 
current, and frequency, the measurement 
equipment must have considerable flexibil-
ity. This talk will consider in detail the de-
sign, construction, and operation of special 
equipments operating on the bridge prin-
ciple for measuring admittance parameters 
of junction transistors. These bridge equip-
ments operate in the frequency range of ap-

proximately 1 kc to 1 mc, although by 
suitable modifications, the operating fre-
quency range can be extended. 
An important feature of the operation of 

these bridge equipments is the use of a multi-
frequency-test signal such as a square wave, 
pulse, or swept-frequency-test signal. With 
this mode of operation, multi-element equi-
valent-circuit representations can be ob-
tained which are valid over a wide range of 
frequencies so that a relatively complex 
measurement task is considerably simplified. 

11.5. A TRANSISTOR ALPHA 
SWEEPER 

H. G. FOLLINGSTAD 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

A new measuring tool has been designed 
for exploring the alpha variation of transist-
ors with emitter current. The new instru-
ment, which displays the alpha-versus-
emitter current characteristic on an oscillo-
scope, has an alpha measuring range of 0 to 
100, and an emitter current range of 0 to 
10,000 pa in both polarities. By varying the 
collector voltage in discrete steps, complete 
families of characteristics can be photo-
graphically recorded. When utilizing the 
resolution obtainable from a commercial 
oscilloscope the measurement accuracy is 
± 5 per cent. 

11.6. RAPID TRACING OF TRANSISTOR 
CHARACTERISTICS BY OSCILLO-

GRAPHIC METHODS 
VERNON MATHIS AND J. S. SCHAFFNER 

(General Electric Co., Syracuse, N. Y.) 

An instrument is described that permits 
a rapid evaluation of junction transistors. It 
will give the peak-inverse voltage and ap-
proximate values for "a," re, and 'Iee, as a 
function of collector voltage and hence per-
mit selection of a desirable operating point. 

SESSION 12 

Significant Trends in Air-
borne Equipment 

(Organized by Professional Group on 
Airborne Electronics) 
Chairman, J. A. MARSH 

(North American Aviation, Inc., 
Downey, Calif.) 

12.1. SOME SYSTEMS CONSIDERA-
TIONS IN FLIGHT CONTROL 
SERVOMECHANISM DESIGN 
R. J. BIBBERO AND R. GRANDGENT 
(Republic Aviation Corporation, 

New York, N. Y.) 

Flight control servomechanisms are de-
fined as the power amplifying link between 
the steering intelligence and the stabilizing 
or directional aerodynamic controls. To 
overcome aerodynamic forces, hydraulic, 
pneumatic, or electrical machines must be 
coupled to the stabilizing and sensing elec-
tronics. The electronics engineer engaged in 
autopilot design must have knowledge of the 
aircraft transfer function (that is, its aero-
dynamic parameters under a given set of 
flight conditions), together with the transfer 
functions of the mechanical elements of the 
servo to produce an optimum systems de-
sign. This paper considers the specification 

of servo requirements through steering-loop 
analysis, the control-power requirements, 
linearization of hydraulic elements, and 
approaches to servosystems synthesis. 

12.2. FAIRED-IN ADF ANTENNAS 
L. E. RABURN 

(Electronics Research, I nc., 
Evansville, Ind.) 

A preliminary study was made of the 
ADF bearing errors encountered at different 
locations along the center line of an SNB-2 
and an R4D aircraft. It was found that the 
bearing errors were greater, and the dis-
persal of the individual error curves with 
frequency became greater as the loop was 
moved farther back from the nose of the air-
craft. When an installation was made in the 
top of the SNB-2, a form of electrical com-
pensation was discovered which employs 
inductive loops. Optimum-inductor com-
pensation was obtained at a single frequency 
by adjusting the size and location of the in-
ductor elements. 
A novel ring-type sense antenna was 

evolved which can be adapted for many flush 
installations. It is as effective as the con-
ventional sense stubs and plates, is light in 
weight, and can be installed in the same 
opening necessary for the flush-mounted 
loop without interfering with the loop. 

The results show that it is not necessary 
to sacrifice electrical performance by any 
appreciable amount to achieve a zero-drag 
installation in the case of (top, nose, or 
belly) locations near the center line of the 
aircraft. In some cases, however, it is neces-
sary to employ electrical compensation. 
Furthermore, it may not always be possible 
to achieve good sense-antenna performance 
at a nose location unless the sense antenna 
can be placed a sufficient distance above or 
below the electrical field neutral plane of the 
aircraft to prevent phase reversals. 

12.3. MAGNETIC AMPLIFIERS FOR 
AIRBORNE APPLICATIONS 

J. K. MCKENDRY 
(General Precision Laboratory, Inc., 

Pleasantville, N. Y.) 

In the present state of magnetic-amplifier 
development one of the most attractive ap-
plications is in the output stages of instru-
ment servo-amplifiers, particularly for use in 
airborne equipments. This paper discusses 
two such applications, a position servo and 
a rate servo, with particular attention to the 
influence of the magnetic-amplifier char-
acteristics on the obtainable performance. 

The possibilities of improvement in 
magnetic-servo-amplifier performance by 
utilization of more recent magnetic-amplifier 
developments are considered, together with 
some of the principal problems foreseeable. 

12.4. AIRCRAFT ELECTRICAL POWER 
J. C. DIEFFENDERFER AND G. W. SHERMAN 

(Wright Air Development Center, 
Dayton, Ohio) 

Complex aircraft electrical and electronic 
systems demand that an engineer associated 
with either system have a working knowl-
edge of the other if the over-all weapons 
system is to perform its mission effectively. 
No longer can the electrical power engineer 
assume that his job is completed when he 
simply energizes the airplane bus, nor can 
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the electronic engineer assume that he need 
only to connect the equipment to the bus 
for satisfactory operation. The power gen-
eration and control system in military air-
craft is not an infinite source of power nor is 
it practical to provide the power to classical 
textbook limits on voltage and frequency 
regulation, waveform, or harmonic content. 
It is possible, however, that a fully inte-
grated electrical and electronic system per-
mitting optimum operation of electronic 
equipment and without unduly compromis-
ing either system may be realized if the 
electronic and electrical engineers approach 
their problems from the broad-systems con-
cept. 

12.5. THE EFFECTS OF ELECTRONIC 
EQUIPMENT STANDARDIZATION 
ON AIRCRAFT PERFORMANCE 

G. C. SUMNER 
(Consolidated Vultee Aircraft Corporation, 

Ft. Worth, Tex.) 

The increasing amount of airborne-
electronic equipment on modern aircraft and 
increasing performance requirements on the 
aircraft make it mandatory that the aircraft 
performance cost of carrying electronic 
equipment be minimized. This seems incon-
sistent with electronic equipment standard-
ization. Present concepts of standardization 
regarding environmental conditioning are 
examined. It is shown that if conditioning is 
provided as a part of the particular airframe 
rather than as an integral part of the equip-
ment, greater efficiency can be obtained. In 
this way equipments call be standardized 
and performance cost to the aircraft be re-
duced to a minimum. 

SESSION 13 

Antennas III—Propagation 
(Organized by Professional Group on 

Antennas and Propagation) 
Chairman, NEWBERN SMITH 

(National Bureau of Standards, 
Washington, D. C.) 

13.1. NOTES ON PROPAGATION 
L. A. BYAM, JR. 

(Western Union Telegraph Co., 
New York, N. Y.) 

A summary is given of results obtained 
from a microwave propagation experiment 
involving an overland path 42 miles long. A 
cw type magnetron, operated at 4,000 mc 
and 10 watts output power, was used. 
Spaced diversity reception was employed. 
As a much higher carrier-to-noise ratio was 
obtained, compared with an earlier similar 
test, fades of greater depth were recorded. 
Results are depicted graphically by distribu-
tion curves and graphs, followed by a brief 
discussion of diversity action. These results 
generally support and also supplement to 
some extent information contained in an 
earlier paper. 

13.2. TROPOSPHERIC PROPAGATION 
IN HORIZONTALLY STRATIFIED 
MEDIA OVER ROUGH TERRAIN 
H. M. SWARM, R. N. GHOSE, AND 

G. H. KEITEL 

(University of Washington, Seattle, Wash.) 

Rough terrain along the propagation 
path introduces considerable difficulty in 
computing the field intensity at the diffrac-
tion zone for vhf and uhf waves. In this 
paper, the probable field intensities in the 
diffraction zone are calculated for various 
types of atmospheric structures. The fields 
are calculated from a solution of the Hert-
zian-vector wave equation with suitable 
boundary conditions to account for the 
rough terrain along the propagation path. 
Numerical computations are made to study 
the effect of different types of atmospheric 
structures for various transmitter heights 
and distances. 

13.3. RADIO WAVE SCATTERING IN 
TROPOSPHERIC PROPAGATION 
J. \V. HERBSTREIT, K. A. NORTON, 

P. L. RICE, AND G. E. SCHAFER 
(National Bureau of Standards, 

Boulder, Colo.) 

The scattering theory of Booker and 
Gordon has been developed, assuming the 
correlation function C(r)=. C(0) exp (—r//), 
so as to be suitable for easy numerical cal-
culation of the transmission loss expected 
with this mode of transmission; C(0) denotes 
the variance with time of the refractive in-
dex of the atmosphere and 1 denotes the scale 
of turbulence. In this development the 
parameter, [C(0)//j, emerges as a direct 
measure of the radio-wave power trans-
mitted by this mode of propagation. Assum-
ing our theory to be valid, the use of exten-
sive radio transmission-loss measurements 
on 100 mc for transmission paths through-
out the United States yields an estimate of 
the variation of [C(0)//j as a function of 
height above the surface of the earth. This 
estimate is found to be in qualitative agree-
ment with the rather meager meteorological 
data which are now available for estimating 
this parameter. The validity of the scatter-
ing theory is further established by using it, 
in conjunction with an extrapolation of our 
radio estimate of [C(0)//j, to predict the 
transmission loss to be expected on the trans-
mission paths involved in the National Bu-
reau of Standards' Cheyenne Mountain ex-
periment which cover the transmitting an-
tenna-height range from 30 to 7,800 feet, 
distance range 223 to 628 miles, and fre-
quency range 100-1,046 mc. 

The results obtained in this paper ap-
parently provide a useful means for explain-
ing and extrapolating the results of tropo-
spheric-propagation transmission-loss meas-
urements, in particular their dependence on 
distance, antenna height, antenna gain (the 
theory predicts a loss of free-space gain at 
large distances), and radio frequency. 

It is believed that the component of sig-
nal power received via the scattered mode of 
transmission is the principal component at 
large distances beyond the horizon and is 
responsible for the short-period fading ob-
served in tropospheric propagation at all 
distances. 

13.4. EXTENDED-RANGE RADIO 
TRANSMISSION BY OBLIQUE 
REFLECTION FROM METE-

ORIC IONIZATION 
O. G. VILLARD, JR., A. M. PETERSON, L. A. 

MANNING AND V. R. ESHLEMAN 

(Stanford University, Stanford, Calif.) 

It has been found that radio communica-
tion between relatively low-power stations 
operating at 14 mc and separated by dis-
tances of roughly 1,200 km may be main-
tained at times when no layer transmission 
to any point on the earth's surface can be 
demonstrated to be present. The signal ob-
tained is subject to considerable fading, but 
some signal is nearly always detectable. The 
contribution of overlapping oblique-incid-
ence meteor reflections to the observed sig-
nal is considered in the light of some pre-
liminary theoretical and experimental find-
ings. It is clearly important to assess the 
meteoric contribution with care, since the 
possibility that meteoric reflections alone 
could account for the signal does not seem 
unreasonable. Suggestions for further in-
vestigation are given. 

13.5. AN INTERPRETATION OF VERTI-
CAL INCIDENCE EQUIVALENT 

IGHT VERSUS TIME RE-
CORDINGS ON 150 KC 

RUNE LINDQUIST 

(Pennsylvania State College, 
State College, Pa.) 

Results of virtual height versus time 
vertical-incidence pulse recordings, obtained 
on 150 kc, are presented and discussed. 
Monthly median values of the reflection 
heights are shown in a series of graphs. The 
coupling echo, predicted by current-wave 
theory, is definitely shown to exist. The re-
sults of measurements during undisturbed 
and disturbed days are discussed. It is con-
cluded that one form of echo regularly 
noticed during magnetically disturbed nights 
must be due to one type of sporadic E. Re-
corded group and phase heights are com-
pared and the differences checked against 
those predicted theoretically. Finally, the 
results are given of a preliminary investiga-
tion of the effects of solar flares. 

SESSION 14: SYMPOSIUM 

Diagnostic Programs and 
Marginal Checking for 
Large Scale Digital 

Computers 
(Organized by Professional Group on 

Electronic Computers) 
Chairman, NATHANIEL ROCHESTER 

(IBM Corporation, Poughkeepsie, N. Y.) 

14.1. DIAGNOSTIC PROGRAMS AND 
MARGINAL CHECKING IN THE 
WHIRLWIND I COMPUTER 
N. L. DAGGETT AND E. S. RICH 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

In the Whirlwind I computer, con-
structed at MIT under Office of Naval Re-
search sponsorship and presently operated 
under Joint Services support, it has been 
found that marginal checking vastly reduces 
the machine failure rate. A series of test 
programs each of which thoroughly exer-
cises a different section of the machine is 
used in the marginal checking procedure. 
Marginal checking cannot prevent intermit-
tent and total failures caused by shorts and 
opens. These are isolated by methods com-
bining built-in checking features, diagnostic 
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programming, signal tracing, and operator 
experience and ingenuity. These methods are 
greatly facilitated by a special program con-
trol which allows a periodically repeated 
test program to be stopped at an arbitrary 
point to study indicator lights and signal 
waveforms. 

14.2. RELIABILITY AND DIAGNOSTIC 
PROGRAM TECHNIQUES FOR THE 

IBM TYPE 701 EDPM 
L. R. WALTERS 

(IBM Corporation, Poughkeepsie, N. Y.) 

Reliability of a complex machine is at-
tained by replacing components before they 
wear out. A calculator, such as the 701, 
executing diagnostic programs under non-
standard supply-voltage conditions is capa-
ble of aiding the engineer in this preventive 
maintenance. 
A large-scale calculator can perform a 

diagnosis on itself faster and more thor-
oughly than the most capable engineer. Di-
agnostic programs replace expensive test 
equipment and provide greater versatility. 

High-speed printing is the method by 
which results of a diagnosis are presented to 
the engineer. By this means, data can be 
compiled concerning even highly intermit-
tent failures. 
A severe spill test for the 701's electro-

static memory is given as an example of 
diagnostic programming in current use. 

14.3. DIAGNOSIS AND PREDICTION OF 
MALFUNCTIONS IN THE COMPUT-
ING MACHINE AT THE INSTI-
TUTE FOR4ADVANCED STUDY 

G. ESTRIN 
(Institute for Advanced Study, 

Princeton, N. J.) 

The original design of the Institute 
machine sought to minimize the need for 
diagnosis of malfunctions and to permit 
variation of parameters common to the 
group of elements taking part in any parallel 
machine operation. 
A routine maintenance program uses 

limit test techniques to observe the execu-
tion of basic machine processes and to pre-
dict malfunction of machine elements. 

In the event of malfunction a set of diag-
nostic codes carry out much of the logical 
partitioning necessary to the discovery of a 
single faulty element. 

Experiences during a year of operation 
will be evaluated and other possible means 
of increasing error-free running time of this 
type of machine will be projected. 

14.4. CHECKING CIRCUITS AND 
DIAGNOSTIC ROUTINES 

J. P. ECKERT, JR. 
(Remington Rand, Inc., Philadelphia, Pa.) 

The design of the UNIVAC System is 
based upon the use of checking circuits as a 
means for minimizing the need for diagnostic 
routines. In a complex system such as 
UNIVAC the principal requirement of 
trouble-shooting is to isolate the offending 
elements. Coupled with the very-high speeds 
of operation, an error producing element can 
in a matter of split seconds propagate an 
error throughout a major part of the com-
puter unless error or checking circuits, 
operating in synchronism with the internal 

computing operations, can detect the errone-
ous operation during the cycle in which it 
occurs and stop further operation. 

UNIVAC operation depends primarily 
upon checking circuits but also uses two 
principal programmed routines for checking 
purposes. One of these routines causes the 
computer to perform nearly every available 
operation while the other routine primarily 
tests the correct operation of the input-
output system, each by means of pro-
grammed comparisons. However, in each 
case dependence is placed upon the check-
ing circuits to help isolate faulty elements 
during the performance of the routines if 
they should occur. 

Finally, routine scheduled engineering 
maintained procedures are regulated so as to 
minimize the unscheduled maintenance time. 
Although diagnostic routines may eliminate 
the cost of built-in checking circuits, com-
puter time today and for some years to come 
is of sufficient value that time spent perform-
ing diagnostic routines may in the long run 
cost as much as, or more than, the checking 
circuits would have cost. 

14.5. EXPERIENCE WITH MARGINAL 
CHECKING AND AUTOMATIC 
ROUTINING OF THE EDSAC 

M. V. WILKES 
(University of Cambridge, 
Cambridge, England) 

The paper will describe a system of mar-
ginal checking depending on the use of pulse 
attenuators which has been fitted to the 
Edsac, and also a routining device which 
puts the machine through a prescribed series 
of tests automatically. An account will be 
given of the experience which has been ob-
tained up to date, and of the tentative con-
clusions which have been drawn about the 
principles on which marginal checking 
should be applied to an existing machine 
and to a new machine. 

SESSION 15 

Circuits III—Time Domain 
Networks—Delay Lines 

(Organized by Professional Group on 
Circuit Theory) 

Chairman, J. G. BRAINERD 
(Moore School of Electrical Engineering, 

Philadelphia, Pa.) 

15.1. CONTINUOUSLY VARIABLE 
DELAY LINE 
CARL BERKLEY 

(Allen B. DuMont Laboratories, Inc., 
Clifton, N. J.) 

A need exists for a continuously-variable 
method of delaying pulses or signals while 
still retaining their waveshapes. This has 
been previously accomplished with tapped 
delay lines with sliding contactors. These 
suffer from the usual deficiencies of sliding 
contacts and the discontinuities due to com-
mutation. A method is proposed and will be 
demonstrated which uses a continuously 
wound delay line similar to standard lines 
but with a magnetic core intended to in-
crease the delay per unit length. Saturation 
of a portion of the core with an external mag-
netic field changes the characteristic imped-
ance in the saturated region and results in 

reflections or changes in delay which can be 
continuously adjusted either mechanically or 
electrically. The specialized requirements for 
the core material are considered and a num-
ber of possible applications described, in-
cluding: (1) a linear delay, (2) an oscillator 
with linear-frequency calibration, (3) dop-
pler-effect-pulse stretcher, (4) pt modula-
tion, (5) transient synthesizer. 

15.2. GENERAL TRANSMISSION THE-
ORY OF DISTRIBUTED HELICAL 
DELAY LINES WITH BRIDG-

ING CAPACITANCE 
M. J. DI Toao 

(Allen B. DuMont Laboratories, Inc., 
Passaic, N. J.) 

Helical delay lines are dispersive trans-
mission systems because their group velocity 
of propagation increases with increasing fre-
quency. The use of bridging capacitance to 
reduce this dispersion is known, but no gen-
eral analysis has been presented previously 
for distributed (that is, nonlumped) lines. 
This paper derives the general equations for 
the propagation constant and the impedance 
of such distributed helical delay lines with 
bridging capacitance. The problem requires 
the solution of integral equations, which is 
effected using Fourier transforms. The gen-
eral conditions for linear phase propagation 
are derived, and design data are given for the 
bridging capacitance geometry, along with 
other delay-line parameters as delay, usable 
bandwidth, length, diameter, and the lige's 
impulse response overshoot or echo 

15.3. DISTRIBUTED CONSTANT DELAY 
LINES WITH CHARACTERISTIC 
IMPEDANCES HIGHER THAN 

5000 OHMS 
W. S. CARLEY 

(Naval Ordnance Laboratory, 
Silver Spring, Md.) 

Artificial delay lines with characteristic 
impedances of greater than 5,000 ohms have 
been developed for use with fractional micra 
second pulses. These lines have delays 
greater than 0.35 ;a per axial inch. The at-
tenuation of a 1 is pulse may be as low as 
0.3 dbhis of delay. Comparison of rise 
times, attenuations, time delays, and char-
acteristic impedances for various formex in-
sulated wire sizes will be given. A com-
parison will be made between lines wound 
with A.W.G. #46 formex insulated wire and 
tam insulated wire. Photographs of the 
pulse response of these lines to 0.2, 0.3, 0.5, 
and 1 ps will be shown. 

15.4. HELICAL WINDING EXPONEN-
TIAL-LINE PULSE TRANSFORM-
ERS FOR MILLIMICROSECOND 

SERVICE 
J. KUKEL AND E. M. WILLIAMS 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 

The slow-wave transmission structure 
comprising a helical inside winding and 
shielding outer cylindrical shell has higher 
impedance level and more compact physical 
dimensions for a given electrical length than 
linear transmission-line sections. 

Design of millimicrosecond-pulse trans-
formers using helical slow-wave structures 
is described and illustrated with a typical 
transformer. This transformer, designed for 
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ten millimicrosecond pulses and suitable for 
magnetron pulsing service has a physical 
length 8 per cent of that required with earlier 
linear types. Methods of calculating per-
formance are described in detail. 

15.5. TIME DOMAIN APPROXIMATION 
BY USE OF PAD É APPROXIMANTS 

R. D. TEASDALE 

(Radio Corporation of America, 
Camden, N. J.) 

It is often desired to approximate a 
complicated transfer function as a ratio of 
rational polynomials in such a way that the 
original function can be physically realized 
with a network of lumped elements by 
Brune's method or otherwise. It is further 
desired that the approximation be effected in 
such a way that the error in the time domain 
is small and predictable. 

Such a desired method of approximation 
was first developed by Padé and has since 
been extended by others. It is a useful fea-
ture of Padé's method that one can specify in 
advance the relative degree of the numerator 
and denominator of the rational fraction 
which is the approximant. 

In this paper the basic theory is pre-
sented and is then used to develop successive 
Padé approximants for several functions use-
ful in network theory, such as ee and .Ii(x)/x. 
The results are summarized in tables, and 
the accuracy of approximation is illustrated 
by plots. The corresponding error in the time 
domain is computed. 

The necessity for further work is empha-
sized. 

15.6. FREQUENCY TRANSIENTS IN 
IDEALIZED LINEAR SYSTEMS 

BEN GOLD 

(Hughes Aircraft Co., Culver City, Calif.) 

The work of Salinger oh FM transients is 
extended by considering (a) more complex 
networks, (b) more complicated modulation 
wave forms. A general technique is pre-
sented for finding the response of more 
complicated networks when the response to 
the simple rectangular filter is known. This 
method is applied to problems involving 
frequency transients. Response to a fre-
quency pulse is also examined and the effect 
of the nonlinear element (the limiter) on 
resulting transient response discussed. 

SESSION 16 

Electron Devices I— 
Transistors 

(Organized by Professional Group on 
Electron Devices) 

Chairman, H. L. OWENS 
(Evans Signal Laboratories, Belmar, N. J.) 

16.1. THE NEGATIVE RESISTANCE 
DIODE 

I. A. LESK AND V. P. MATHIS 
(General Electric Co., Syracuse, N. Y.) 

By properly biasing a p-n junction, a 
large negative-resistance region may be 
made to appear in the V — 1 characteristic 
of the junction. This negative-resistance 
characteristic may be utilized in various 
oscillator and multivibrator circuits. A saw-
tooth oscillator circuit using the device is 

presented, also calculations of frequency and 
linearity. Linearity of the sawtooth wave-
form over a large percentage of the operating 
cycle suggests linear sweep applications. 

16.2. RELIABILITY OF CURRENT 
TRANSISTORS 

R. M. RYDER AND W. R. SITTNER 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

Under ordinary conditions of operation, 
transistors encased in protective waxes and 
plastics will give long service. However, 
under conditions of combined high tempera-
ture and humidity or under some types of 
shelf aging there may be deterioration. Re-
cent test results will be described. 

16.3. CHARACTERISTICS OF M-1768 
TRANSISTOR 
L. B. VALDES 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

Intended for economical operation in re-
mote service, the M-1768 is a point-contact 
transistor which attains about 30 per cent 
efficiency at 6 volts with only 30 mw input, 
with some sacrifice in frequency response. 
Its properties are described in some detail. 

16.4. A DEVELOPMENTAL GERMA-
NIUM N-P-N ALLOY-JUNCTION 

TRANSISTOR 
D. A. JENNY 

(RCA Laboratories Division, 
Princeton, N. J.) 

The problems encountered in the de-
velopment of a germanium n-p-n alloy-
junction transistor are discussed and the 
results are compared with a p-n-p alloy-
j unction transistor. The most serious prob-
lem arises from the differential expansion 
strains between the donor impurity element 
and the germanium wh ich are introduced dur-
ing the cooling and solidification process due 
to the relatively high melting points and the 
lack of ductility of many bulk impurity ele-
ments. One method of overcoming these 
strains is to use a ductile low melting point 
alloy containing the impurity element as one 
component. This technique has been used to 
produce transistors with essentially planar 
junctions with power gains of over 50 db and 
"alpha" over 0.999. High "alpha" is main-
tained up to very high current densities, 
which is at least partially due to the parallel-
ism of the junctions. 

16.5. BEHAVIOR OF GERMANIUM 
JUNCTION TRANSISTORS AT 
ELEVATED TEMPERATURE 
AND POWER TRANSISTOR 

DESIGN 
L. D. ARMSTRONG 

(Radio Corporation of America, 
Princeton, N. J.) 

The behavior of germanium junction 
transistors at elevated temperatures is exam-
ined with regard to the performance of low-
power devices in high-ambient temperatures 
and the capabilities of power transistors with 
various means of cooling. In the case of low-
power devices, values of various prameters 
of developmental germanium junction trans-
istors are given as a function of ambient 

temperature. In the case of power tran-
sistors, the design and operation character-
istics of laboratory units capable of several 
watts dissipation are described. 

SESSION 17 

Instrumentation III— 
Electronics 

(Organized by Professional Group on 
on Instrumentation) 

Chairman, I. G. EASTON 
(General Radio Co., Cambridge, Mass.) 

17.1. THE RESPONSE OF A PANO-
RAMIC RECEIVER TO CW 
AND PULSE SIGNALS 

H. W. BATTEN, R. A. JORGENSEN, A. B. 
MACNEE, AND W. W. PETERSON 

(University of Michigan, Ann Arbor, Mich.) 

The results of an analysis of the response 
of a panoramic receiver to cw and pulse sig-
nals are given. The receiver's response is 
studied quantitatively as a function of the 
parameters: signal pulse length and fre-
quency, receiver bandwidth, sweep rate, and 
type of IF amplifier. The effect of these 
parameters on the relative output ampli-
tude, output pulse width, and apparent 
bandwidth is emphasized. Two specific cases 
are considered. Theoretically the response of 
a receiver with a Gaussian-shaped IF pass-
band to pulses having Gaussian envelopes is 
derived. This answer is given in closed form. 
The response of a receiver with a single-
tuned IF amplifier to pulses having rec-
tangular envelopes has been studied with an 
electronic differential analyzer. The agree-
ment between these two cases justifies ap-
plication of the Gaussian case to most prac-
tical design problems. 

17.2. A VHF IMPEDANCE METER 
J. H. MENNIE 

(Boonton Radio Corporation, 
Boonton, N. J.) 

A self-contained impedance measuring 
instrument that operates from 0.5 to 250 mc 
will be described. The wide-frequency range 
is the result of a recent development that 
greatly simplifies the problem of connecting 
oscillator and detector to the corners of a 
bridge network. The application of this prin-
ciple to a Schering Bridge has resulted in a 
wide range instrument that will measure re-
sistance directly from 15 ohms to 100,000 
ohms over its entire frequency range. Equiv-
alent parallel reactance or susceptance is. 
measured in micro-microfarads by a capaci-
tance substitution method. Special tech-
niques enable low inductance values to be 
measured directly with a readability of 
0.0001 mh. 

17.3. SIMPLIFIED MEASUREMENT OF 
INCREMENTAL PULSE TIME 

JITTER 
W. T. POPE 

(Griffiss Air Force Base, Rome, N. Y.) 

A method of measuring incremental time 
jitter such as may be introduced on a train 
of pulses passing through a stage or a series 
of stages is described. A measurement of this 
type may be required for testing of modu-
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lators and other equipment using hydrogen 
thyratrons. Measurement of incremental 
jitter to 0.001 ps is shown to be practical. 
The measurement is made by observing a 
cathode-ray oscilloscope screen. Excessive 
sweep speeds or unusually wide-band video 
circuits are not required. The circuits used 
are described and some of the difficulties en-
countered are discussed. Typical measure-
ments are also tabulated. 

17.4. WIDE-BAND WAVE ANALYZER 
O. KUMMER 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

This paper describes a wave analyzer 
covering the frequency range of 100 kc to 
20 mc. The analyzer indicates directly, the 
level of any signal in the range —130 dbm 
to +30 dbm, and the frequency of the sig-
nal with an accuracy of +2 kc. The analyzer 
is flat over the entire spectrum to within 
+0.5 db. The effective bandwidth is con-
stant at 2 kc. Measurements in the presence 
of other signals as much as 80 db higher than 
the desired signal do not produce detectable 
errors in the measurement. 

17.5. ULTRA-LOW-FREQUENCY, 
THREE-PHASE OSCILLATOR 

GILBERT SMILEY 

(General Radio Co., Cambridge, Mass.) 

This paper describes the development of 
a resistance-capacity oscillator using "Miller 
effect" multiplication of capacity values to 
achieve very-low frequencies with practical 
values of capacitors and resistance. Because 
three resistance-capacity networks are used 
to secure a one hundred-eighty degree phase 
shift, each network is assigned its own 
"Miller effect" amplifier, which, in practice, 
results in a three-phase network, wye con-
nected to the power supply. This, in turn, 
results in an oscillator that is relatively in-
dependent of disturbances in the common 
neutral supply. Furthermore, the three-
phase output furnishes, by suitable connec-
tions, a source voltage adjustable as to 
phase and magnitude, independent of fre-
quency. The theory by which unwanted 
residuals are exactly offset over a wide oper-
ating range is also expounded. 

SESSION 18: SYMPOSIUM 

Trends in Mobile Com-
munications 

(Organized by Professional Group on 
Vehicular Communications) 

Chairman, A. B. BUCHANAN 
(Detroit Edison Co., Detroit, Mich.) 

18.1. THE EFFECTS OF SELECTIVITY, 
SENSITIVITY, AND LINEARITY IN 
RADIO CIRCUITS ON COMMUN-

ICATIONS RELIABILITY 
AND COVERAGE 

J. G. SCHERMERHORN 

(Rome Air Development Center, 
Rome, N. Y.) 

A general representation of the multi-
frequency, mobile receiver and transmitter-
broadcast coverage problem common to 
civilian and military applications is given, 

and the communications reliability and 
coverage is estimated from the isolation to 
interference obtainable with various radio 
circuit designs. The selectivity, linearity, 
and sensitivity of receiver RF circuits are 
examined in particular, and an analysis 
demonstrates the effects of such equipment 
design parameters on interference isolation. 
Charts of useable service areas provide a 
physical picture of circuit-design results. 
Design information is furnished that relate 
the above parameters to recommendations 
for optimum sensitivity, frequency alloca-
tion, and power requirements. 

18.2. SINGLE SIDEBAND FOR 
MOBILE COMMUNICATIONS 

ADAMANT BROWN AND R. H. LEVINE 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

The problems encountered in the use of 
single-sideband communication in mobile 
installations where size, weight, and sim-
plicity of operation are of prime importance 
are discussed. A review of progress to date 
towards such operation is made. A com-
parison is made of the advantages or dis-
advantages arising in the generation of a 
single-sideband signal at high level or low 
level, and at the operating frequency or at 
a fixed low frequency. Methods of providing 
suitable automatic-frequency control of the 
received signal, during push-to-talk opera-
tion as necessary in mobile communications, 
are discussed. Photographs of the spectrum 
of the single-sideband signal resulting from 
various systems are shown. 

18.3. MAJOR FACTORS IN MOBILE 
EQUIPMENT DESIGN WITH 
EMPHASIS ON 460 MC 
MOBILE EQUIPMENT 
CHARACTERISTICS 

J. F. BYRNE AND A. A. MACDONALD 
(Motorola, Inc., Chicago, Ill.) 

This paper will review the design con-
siderations pertinent to the development of 
mobile equipment for operation in the 450-
470-mc band. Receiving system require-
ments will be outlined and the means selected 
for achieving these requirements will be de-
scribed. Similarly the evolution of the trans-
mitting component and its specifications will 
be shown, and finally the complete system 
performance as a mobile package, opera-
tionally consistent with lower-frequency sys-
tems will be presented. 

18.4. FIELD EXPERIMENTS WITH 
450 MC MOBILE SYSTEMS 

P. H. BELLINGHAM AND J. Q. MONTRESS 

(Bell-Mont Communications Service 
Corporation, Englewood, N. J.) 

Information will be presented relative to 
comparison tests between 150-mc and 450-
mc equipment in various cities of different 
typographical situations along with a de-
scription using slides and maps of two exist-
ing proven 450-mc mobile systems. Experi-
ences encountered with various antennas 
available to the authors will also be de-
scribed. 
A brief summary of the maintenance 

techniques utilized in these new frequencies 
will be outlined. 

SESSION 19: SYMPOSIUM 

Electronics in Flight 

Chairman, C. S. DRAPER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A discussion by a panel of distinguished 
authorities. 

SESSION 20 

Electron Devices II— 
Electron Tubes 

(Organized by Professional Group on 
Electron Devices) 

Chairman, G. R. KILGORE 

(Evans Signal Laboratories, Belmar, N. J.) 

20.1. GAS PRESSURE EFFECTS ON ION-
IZATION PHENOMENA IN HIGH-

SPEED HYDROGEN THYRA-
TRONS 

W. C. DEAN 
(Gulf Research and Development Co., 

Pittsburgh, Pa.) 

G. W. PENNY AND J. B. W OODFORD, JR. 

(Carnegie Institute of Technology, 
Pittsburgh, Pa.) 

Initiation of conduction and rise of anode 
current in highly shielded hydrogen thyra-
trons involve a markedly different process 
from the ion migration phenomenon occur-
ring in conventional "line of sight" thyra-
tron structures. A simplified ionization 
model for well-shielded thyratrons is given 
for analysis of pressure effects on both the 
trigger delay and the anode-current com-
mutation intervals and an optimum pressure 
is described. Analytical and experimental 
results are given. 

20.2. LOW NOISE, HOT CATHODE, 
GAS TUBES 

E. O. JOHNSON, W. M. W EBSTER, AND 
J. B. ZIRKER 

(RCA Laboratories, Princeton, N. J.) 
For many purposes, gas tubes are more 

attractive than vacuum tubes because their 
much lower tube drop permits high-circuit 
efficiency. However, gas tubes used in or 
near sensitive equipment require extensive 
shielding and filtering because of the noise 
they generate. Such noise consists of fluctua - 
tions in the tube drop during conduction 
having, frequently, an amplitude of many 
volts. Different types of noise having differ-
ent origins and frequency bands have been 
observed. For example, a low-frequency re-
laxation oscillation, usually quite incoherent, 
often occurs which is caused by an instability 
of the region within which ionization is tak-
ing place. At much higher frequencies (50-
500 mc), noise has been detected from tubes 
which have a negative-resistance character-
istic. In the neighborhood of 500 kc, still 
another type of noise has been observed 
when the tube current approaches half the 
saturated cathode emission. 

20.3. NEW DISPENSER TYPE 
THERMIONIC CATHODE 

R. LEVI 

(Philips Laboratories, Inc., Irvington-
on-Hudson, N. Y.) 

In recent years dispenser type cathode 
known as the "L cathode" was developed in 
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Holland. Work undertaken at Philips Labo-
ratories, Inc., Irvington, N. Y., for the pur-
pose of improving fabrication techniques 
has resulted in a variant of the L cathode, 
which is being called the Philips' "impreg-
nated" cathode. Interest in this new cathode 
has developed to such a degree that it ap-
pears desirable to present details about its 
structure and some of its inherent advan-
tages. 

In the new cathode, the alkaline earth 
material is dispersed within the pores of the 
tungsten body thus eliminating the need for 
a large reservoir cavity. This has resulted in 
a radical simplification in cathode construc-
tion and has made possible fabrication of 
cathodes of practically any shape and dimen-
sion within extremely close tolerance. This 
has been brought about by a special tech-
nique also developed by the author which 
makes possible the machining of tungsten. 
Among the advantages of this new cathode 
derived from the elimination of the large 
cavity are a more homogeneous temperature 
distribution across the emitting area, an im-
proved thermal efficiency, and additional 
heater space which permits the use of larger 
heaters. 

20.4. MULTI OUTPUT BEAM SWITCH-
ING TUBES FOR COMPUTERS 
AND GENERAL PURPOSE USE 

S. KUCHINSICY 

(Burroughs Adding Machine Co., 
Philadelphia, Pa.) 

The prototype development of two 
unique tube types has opened up a new field 
in reliable high-speed switching. One type is 
a small coaxial "coding tube," using crossed 
electric and magnetic fields, with ten stable 
beam positions and four parallel binary 
coded outputs. The second type is a comple-
mentary ribbon-beam cathode-ray "selector 
tube" with deflection-plate inputs and ten 
individual outputs. Details of design, con-
struction, and operational characteristics 
are given. Versatility of these tubes has been 
experimentally verified as a decimal to 
binary converter, a high-speed reversible 
binary counter, a binary adder, and a coding 
system for PCM. Further designs and ap-
plications are predicted. 

20.5. AN EQUIVALENCE PRINCIPLE 
IN HIGH FREQUENCY TUBES 

R. ADLER 

(Zenith Radio Corporation, Chicago, Ill.) 

A close analogy exists between beam-
deflection tubes and velocity-modulation de-
vices such as klystrons or traveling-wave 
tubes. For beam-deflection tubes in which 
an inductive pick-up system is used instead 
of the usual intercepting anodes, the equiva-
lence is rather complete. Qualitative simi-
larities between the two types of tubes are 
developed, and quantitative differences, as 
well as characteristic advantages and dis-
advantages of each, are discussed and ex-
plained in some detail. The analogy permits 
a transfer of experience between the two 
fields, and several applications are discussed 
which may be valuable in the uhf range. 

20.6 THE INTERNAL MAGNETIC FOCUS 
TUBE, ITS THEORY, PERFORMANCE 

AND APPLICATION 
R. B. GETHMANN AND L. E. HUYLER 

(General Electric Co., Syracuse, N. Y.) 

The "Internal Magnetic Focus Tube" 
(IMF) is described and its attractive fea-
tures are pointed out. The basic elements in-
volved, the focus lens structure, and the ion 
trap are discussed in detail together with the 
electron optics of the combined unit. The 
magnetization procedure is described and 
the performance characteristics of the tube 
are discussed. 

This high quality permanent-magnet 
focus lens, with trimmer-shunt adjustment, 
and a preset ion trap combine to provide an 
unusually attractive picture-focus system 
for all television sets. 

SESSION 21 

Circuits IV—Active Net-
works-Transistors 

(Organized by Professional Group on 
Circuit Theory) 

Chairman, R. F. SHEA 
(General Electric Co., Syracuse, N. Y.) 

21.1. TRANSIENT ANALYSIS OF 
JUNCTION TRANSISTOR 

AMPLIFIERS 
W. F. CHOW AND J. J. SURAN 

(General Electric Co., Syracuse, N. Y.) 

In the calculation of transient response 
problems involving junction transistors it is 
desirable to use an equivalent circuit that 
can be handled readily with standard circuit 
techniques. Transient analysis based upon 
the diffusion equation gives results which are 
mathematically unwieldy and which are not 
explicitly related to the parameters of the 
low-frequency equivalent circuit. 

An approximate equivalent circuit is de-
veloped which exhibits both a frequency and 
transient voltage transform in good agree-
ment with experimental results. The trans-
form of the equivalent circuit is compara-
tively simple and thus provides a rapid 
means of calculating transient response of 
transistor circuits. 

21.2. THE GROUNDED-COLLECTOR 
TRANSISTOR AMPLIFIER AT 
CARRIER FREQUENCIES 

F. R. STANSEL 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

Expressions are derived for input resist-
ance, output resistance, and ratio of input-
to-output voltage and current at low fre-
quencies for transmission in both the base-
to-emitter and the emitter-to-base direc-
tions. These expressions are extended to the 
carrier-frequency range (up to approxi-
mately twice the alpha cutoff frequency) by 
considering the effect of the variation of 
alpha with frequency, of collector capaci-
tance and of load capacitance. Experimental 
evidence is presented which verifies the 
equations obtained and indicates that the 
method of computing the effect of frequency 
may be applied to other transistor circuits. 

21.3. SYMMETRICAL PROPERTIES OF 
TRANSISTORS AND THEIR 

APPLICATION 
G. C. Szlia.ni 

(RCA Laboratories Division, 
Princeton, N. J.) 

There are certain transistor character-
istics which are not present in vacuum tubes. 
Some of these characteristics may be best 
classified as symmetrical properties. The 
first kind of symmetry may be found in the 
complementary characteristics of the n-p-n 
and p-n-p junction transistors. Circuits using 
both kind of transistors in combination 
provide advantages in efficiency, reduction 
of components, and other circuit simplifica-
tions. 
A second kind of symmetry is displayed 

by specially-constructed single units in 
which the emitter and collector may be 
interchanged. This symmetry permits a cur-
rent flow of either direction controlled alike 
by the base current. This basic property is 
useful in switching circuits for clamping, 
phase and frequency comparison, modula-
tion, etc. A high-efficiency deflection-current 
circuit for television was developed using 
this principle. 

21.4. A STUDY OF TRANSISTOR 
CIRCUITS FOR TELEVISION 

G. C. SZHCLAI, R. D. LOHMAN, AND 
G. B. HERZOG 

(RCA Laboratories Division, 
Princeton, N. J.) 

A study was made to cover the various 
portions of a television receiver to explore 
the possibility of using transistors. The 
paper will be presented in two parts: Part 1 
—the signal channel and Part 2—the scan-
ning channel. 

21.5. CONDUCTANCE CURVE DESIGN 
OF RELAXATION CIRCUITS 

K. A. POLLEN 
(Ballistic Research Labs., Aberdeen 

Proving Ground, Md.) 

Design of nonlinear repetitive circuits 
using electron tubes requires data not read-
ily available on static-tube-characteristic 
curves. A technique for use of the recently 
developed conductance curves to this design 
problem has been developed. 

The application of the technique to the 
design of multivibrators and blocking oscil-
lators requires knowledge of the dynamic-
loop gain, the plate-voltage swings, the 
dynamic-tube conductances, and the static-
circuit characteristics. Determination of the 
switching time and the initiation bias are 
considered. The effect of the conductance 
of the positive grid and the effects of the 
tube conductances are studied. 

Several examples of multivibrator and 
blocking oscillator designs illustrating use of 
the method are presented. Experimental 
confirming data are included. The agreement 
with the theory is examined. 

21.6. TRANSISTOR RELAXATION 
OSCILLATORS 
S. I. KRAMER 

(Fairchild Guided Missiles Division, 
Wyandanch, N. Y.) 
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Several novel relaxation oscillators have 
been developed using point-contact tran-
sistors. One of these generates a rectangular 
waveform but minus the rather drastic slope 
of the more conventional version. The other 
is a triggered- or free-running pulse gener-
ator using capacitive feedback which can 
supply a fast, high-energy, 1-ps pulse with 
virtually no overshoot. Schematics and 
waveforms are supplied together with an 
explanation of the operation and design 
criteria. Some data on reproducibility is also 
included. 

These circuits provide some of the funda-
mental building blocks for the transistoriza-
tion of electronic equipment. Two versions 
of the rectangular-wave generator have been 
used. Both of these make use of resistance in 
series with the timing capacitor. One is a 
grounded-collector circuit with the output 
taken from the base and the other uses a 
collector load to provide two out-of-phase 
waveforms. The pulse generator provides a 
1-sis pulse with a rise and fall time of 0.1 to 
0.2 ps. While such a waveform is obtainable 
with a blocking oscillator, this circuit has 
the advantage of using only capacitive 
coupling. Quantitative data for 19 transis-
tors is given. 

SESSION 22 

Noise and Modulation 
(Organized by Professional Group on 

Information Theory) 
Chairman, J. B. WIESNER 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

22.1. NOISE PROBLEMS OF THEORETI-
CAL AND PRACTICAL INTEREST 
G. O. YOUNG AND BERNARD GOLD 

(Hughes Aircraft Co., Culver City, Calif.) 

The effect of a communications receiver 
on a signal which has unwanted noise added 
is a problem which is far from having been 
completely solved. This paper touches upon 
some problems of interest, indicates and dis-
cusses the solutions to the solved problems, 
and points out some of the difficulties and 
suggests possible approaches to the unsolved 
problems. 

The questions dealt with are: (1) func-
tional representations of noise, (2) categor-
ization of noise, (3) noise in linear systems 
(solved problems), (4) noise in linear sys-
tems (unsolved problems), (5) noise tran-
sients. 

22.2. A NOTE ON RECEIVERS FOR 
USE IN STUDIES OF SIGNAL 

STATISTICS 
RALPH DEUTSCH AND H. V. HANCE 

(Hughes Aircraft Co., Culver City, Calif.) 

The characteristics of linear, lin-log, and 
logarithmic receivers are described and the 
effect of their transfer response on random 
signals is obtained. The limited dynamic 
range of an amplifier system is shown to 
produce calculable errors in the measure-
ment of signal statistics. Curves have been 
derived which relate the agc circuits to a 
predetermined measurement error. 

22.3. AMPLITUDE MODULATION BY 
PLATE MODULATION OF CW 

MAGNETRONS 
J. S. DONAL, JR. AND K. K. N. CHANG 

(RCA Laboratories Division, 
Princeton, N. J.) 

Using a plate-modulated cw magnetron, 
means have been devised for the obtaining 
of high system efficiency, combined with 
good performance as regards linearity, depth 
of modulation, and bandwidth. Magnetron 
pushing has been studied as a function of 
modulation frequency and loading. The 
modulation impedance of the magnetron has 
been correlated with pushing and envelope 
amplitude The performance of phase-
locking systems can be predicted if the char-
acteristics of the magnetron are known. 
Phase locking, used primarily to overcome 
pushing, may in turn alter the linearity, 
depth of modulation, and bandwidth of a 
system. 

22.4. COMPARISON OF MODULATION 
METHODS 
R. M. PAGE 

(Naval Research Laboratory, 
Washington D. C.) 

The statistical theory of communication 
is interpreted in familiar radio-engineering 
terms. Tuller's and Shannon's equations are 
compared, and reasons are given for choos-
ing Shannon's equation. The information 
transformer concept is exploited, with input-
output relationships expressed in terms of 
the fundamental information equation, tak-
ing into account the relationship between 
noise and bandwidth. A distinction is made 
between coding and modulation. Reduction 
of equivocation by ideal coding and by 
power margin are compared quantitatively. 
Using Shannon's definition of an ideal sys-
tem as a reference standard, a quantitative 
comparison is made between single- and 
double-sideband amplitude modulation, 
standard broadcast frequency modulation, 
and binary pulse code modulation for moder-
ately high-quality audio, 32-level teletype, 
and a generalized bilevel function. A sum-
mary of the best types of modulation for 
each of several different conditions of opera-
tion is followed by an evaluation of the im-
pact of the statistical approach to commun-
ication theory on radio methods of com-
munication. The paper is predominantly 
tutorial in nature, although significant mate-
rial is included which has not previously been 
published. 

22.5. A TECHNIQUE OF INTER-
MODULATION INTERFERENCE 

DETERMINATION 
A. J. BEAUCHAMP 

(Rome Air Development Center, 
Rome, N. Y.) 

The increased use of multifrequency 
communications equipment in both civilian 
and military applications has aggravated 
the severity of intermodulation interference 
between radio circuits. As a result, there is a 
need for a tool as an aid in the sorting proc-
ess in determining potential intermodula-
tion-interference products that may result 
from spurious radiations of transmitters and 
spurious responses of receivers. This paper 

describes such a tool that has been de-
veloped. Determination of the frequency 
components of odd-order intermodulation 
products for any number of frequencies is 
shown, with particular emphasis placed on 
third-order products, by a graphical tech-
nique that reduces this determination to a 
mechanical level. A method of quickly deter-
mining interference frequencies for any given 
number of frequencies is also indicated. 

SESSION 23: SYMPOSIUM 

Television Broadcasting 
(Organized by Professional Group on 
Broadcast Transmission Systems) 

Chairman, E. M. JOHNSON 
(Mutual Broadcasting Co., 

New York, N. Y.) 

23.1. THE DESIGN OF SPEECH INPUT 
CONSOLES FOR TELEVISION 

R. H. TANNER 
(Northern Electric Co., Ltd., 

Belleville, Canada) 

This paper describes two types of TV 
audio consoles both specifically designed for 
the particular requirements of the Canadian 
Radio and TV setup. The first type is in-
tended for large studio installations, and is 
used in the Montreal and Toronto TV 
studios of the Canadian Broadcasting Cor-
poration. It possesses certain unique fea-
tures which facilitate the production of a 
sound component well matched to the pic-
ture. 

The second design is suitable for smaller 
centers, either in its basic form, or with two 
similar units integrated mechanically and 
electrically to form a highly flexible, yet 
compact, double-channel console. 

In the interests of standardization, both 
designs are also eminently suitable for high-
grade sound broadcasting use. 

23.2. BUILDING TV BROADCAST FACIL-
ITIES FOR GROWTH, FLEXI-

BILITY AND ECONOMY 
A. R. KRAbfER AND E. R. KRAMER 
(Kramer, Winner and Kramer, 

New York, N. Y.) 

A demonstration of the techniques which 
can be used to insure the organized growth 
of TV broadcasting stations, utilizing thor-
ough planning and unique structural design. 
A basic unit designed for network relay, 

film, and a minimum of live broadcasting is 
analyzed and used as a first-stage proto-
type. Growth is charted with plans and dia-
grams as the basic units expand to house-
production studios, control rooms, offices, 
public spaces, and related facilities. Build-
ing problems encountered at each stage are 
described and solutions presented. 

The planning and construction prin-
ciples proposed provide not only efficient 
growth but a construction system flexible 
enough to allow plan changes and adjust-
ments to new developments other than addi-
tions. 

Practical construction details necessary 
to achieve expansion and flexibility with 
economy are illustrated. 

23.3. FASHIONS IN TV TRANS-
MITTING ANTENNAS 
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F. G. KEAR 
(Kear and Kennedy, Washington, D. C.) 

AND 

J. G. PRESTON 
(American Broadcasting Co., 

New York, N. Y.) 

23.4. HIGH GAIN AMPLIFIERS FOR 
HIGH POWER TELEVISION 

TRANSMITTERS 
JOHN RUSTON 

(Allen B. Du Mont Laboratories, Inc., 
Clifton, N. J.) 

It is shown that the availability of suita-
ble high-power tetrode tubes has made pos-
sible unusually high-power gain in the final 
broadband linear amplifier of a high-power 
vhf television transmitter. For a specific 20-
kw tetrode, a power gain exceeding 100 is 
computed at a power-output level of 30 kw 
and a bandwidth of 5 mc. Some sacrifices 
of power gain enables the "lower-sideband 
reinsertion" inherent in such an amplifier to 
be reduced enough to permit the inclusion 
of the vestigial-sideband filter in the low-
power driver stage. 
A practical application is illustrated by a 

brief description of a commercial 25-kw low-
band amplifier having a power gain of 50. 

23.5. OPTIMUM UTILIZATION OF THE 
RADIO FREQUENCY CHANNEL 

FOR COLOR TV 
R. D. KELL AND A. C. SCHROEDER 
(RCA Laboratories, Princeton, N. J.) 

To produce a simultaneous television 
image in color, three communication chan-
nels must be available. The first of these 
may be used to transmit the scene bright-
ness, the second the degree of color satura-
tion, and the third the hue or color. For 
compatibility the brightness is transmitted 
as amplitude modulation in the usual way. 
A subcarrier is introduced to carry the other 
two pieces of information as amplitude and 
phase modulations. The optimum loading of 
these two auxiliary communication channels 
is the major consideration of this paper. 

SESSION 24 

Quality Control Methods Ap-
plied to Electron Tube and 

Electronic Equipment 
Design 

(Organized by Professional Group on 
Quality Control) 

Chairman J. R. STEEN 

(Sylvania Electric Products Inc., 
New York, N. Y.) 

24.1. USE OF STATISTICAL TOLER-
ANCES TO OBTAIN WIDER LIMITS 

ON TUBE COMPONENT 
DIMENSIONS 
E. V. SPACE 

Radio Corporation of America, 
Harrison, N. J. 

A statistical quality-control technique is 
used to determine the tolerances required on 
tube components in order to maintain plate-
current within functionally imposed limits. 

Production tolerances of the component di-
mensions are evaluated consistent with the 
absolute and natural tolerances of the cath-
ode-plate spacing. A comparison of the pre-
dicted values of the mean and standard de-
viation of the cathode-plate spacing with ac-
tual data shows close agreement. 

24.2. TOLERANCE CONSIDERATIONS 
IN ELECTRONIC PRODUCT 

DESIGN 
R. C. MILES 

(Airborne Instruments Laboratory, Inc., 
Mineola, N. Y.) 

Casual selection of electronic-component 
tolerances may result in a design which is 
unnecessarily expensive to manufacture or 
which lacks the necessary reproducible per-
formance. Elementary probability theory 
can provide a partial solution to the prob-
lem since many components have either a 
rectangular or modified normal distribution. 
The probability concept can be extended to 
the problem of cumulative tolerances in such 
a manner as to improve the quality of elec-
tronic-product designs. 

24.3. DISTRIBUTION PATTERNS FOR 
THE ATTRIBUTES OF ELECTRONIC 

CIRCUITRY 
R. F. ROLLMAN AND E. D. KARMIOL 
(Allen B. DuMont Laboratories, Inc., 

East Paterson, N. J.) 

This paper presents the findings of exten-
sive studies into the distribution patterns of 
the major attributes for varied types of elec-
tronic circuitry. It is shown that these pat-
terns can be readily computed from data ob-
tained by conventional production measur-
ing techniques on small quantities in the of-
der of fifty units. Very marked correlation 
was found between parameter tolerances, 
production techniques, and the distribution 
patterns. It was concluded that parameter 
tolerances and production techniques must 
be given major consideration by the elec-
tronics engineers if engineering design efforts 
are to be successful. 

24.4. THE APPLICATION OF STATISTICS 
TO FIELD SURVEILLANCE OF 
PRODUCT PERFORMANCE 

R. HERD 
(Aeronautical Radio Inc., Wash-

ington, D. C.) 

This paper presents some of the statisti-
cal techniques applicable to field surveillance 
of the performance and operation of any se-
lected product. A planned experiment, uti-
lized by AR Inc. in its surveillance activities 
to compare tube types, standard tubes ver-
sus their improved versions, manufacturers, 
etc., is described, and methods of analyzing 
the experiment are investigated. The prob-
lems involved in planning an experiment, in-
cluding the definition of terms, the purpose 
of the experiment, and field operations are 
discussed. 

24.5. RELIABILITY OF ELECTRON 
TUBES IN MILITARY 

APPLICATIONS 
E. F. JAHR 

(Aeronautical Radio Inc., Wash-
ington, D. C.) 

This paper is based upon the AR Inc mil-
itary tube project and discusses electron-
tube reliability. Findings are analyzed by 
tube type, time and nature of failures, and 
environmental conditions. Specific causes of 
failures are noted as well as required im-
provements and expected gains. 

The problem of predicting reliability and 
a suggested approach to this problem are dis-
cussed together with an analysis of the pres-
ent status of electron-tube reliability and a 
projected goal. 

24.6. DYNAMIC ENVIRONMENT 
TESTING 

D. T. GEISER 

(Boeing Airplane Co., Wichita, Kan.) 

Investigation by analogy showed equip-
ment failure was caused not only by environ-
ment, but also by the rate of change of en-
vironment. Tests verified the usefulness of 
this concept as a design tool, thus furnishing 
a concise method of comparing airplane and 
equipment in the planning and design stage. 
A proposal is advanced for a universal 

method of component and equipment envi-
ronment specification. Examples are given of 
the use of both the experimental and Max-
wellian analysis in air frame and missile 
work. 

SESSION 25: SEMINAR 

Acoustics for the Radio 
Engineer—I 

(Organized by the Professional Group 
on Audio) 

Chairman, J. J. BARUCH 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

25.1. FUNDAMENTAL THEORY 
L. L. BERANEK 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

25.2. MICROPHONE 
H. F. OLSON 

(Radio Corporation of America, 
Princeton, N. J.) 

25.3. LOUDSPEAKERS 
H. S. KNOWLES 

(Industrial Research Products, Inc., 
Franklin Park, Ill.) 

This seminar will present the engineering 
aspects of the science of acoustics and those 
fundamental principles which have a direct 
bearing on acoustical engineering in terms 
which the Radio Engineer can understand, 
and which will assist him in his daily work. 
Leading experts in the field will discuss fun-
damental theory with emphasis on equiva-
lent electrical circuits, the engineering use of 
microphones, loudspeakers, and the charac-
teristics which are of importance to their 
users. 

SESSION 26 

Electron Devices III— 
Microwave Tubes 

(Organized by Professional Group on 
Electron Devices) 
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Chairman, J. H. BRYANT 

(Federal Telecommunication Laboratories, 
Inc., Nutley, N. J.) 

26.1. HIGH-POWER TRAVELING-
WAVE-TUBE AMPLIFIERS 

M. ETTENBERG 

(Sperry Gyroscope Co., Great Neck, N. Y.) 

Recent experimental work has shown 
that the traveling-wave tube may be used 
successfully for high-power amplification 
over a large bandwidth. Efficiency and gain 
are comparable with good klystron amplifier 
performance and the bandwidth is inherently 
much larger. The magnetic focusing and the 
beam-dissipation requirements are similar in 
both types. 

This paper will present the design and 
performance parameters of high-power trav-
eling-wave amplifiers. The construction and 
performance of several experimental tubes 
both pulsed and cw will be described. 

26.2. OPERATION OF THE TRAVELING-
WAVE TUBE IN THE DISPERSIVE 

REGION 
L. A. ROBERTS AND S. F. KAISEL 

(Stanford University, Stanford, Calif.) 

The majority of the published informa-
tion on the traveling-wave tube has been 
concerned with operation of the tube as a 
wide-band amplifier, in a frequency range 
where the helix is a nondispersive structure. 
In many applications where very wide band-
width is not required, the traveling-wave 
tube amplifier still offers attractive advan-
tages over other types of amplifiers as re-
gards gain, bandwidth, and simplicity of 
operation. Where great bandwidth is not re-
quired, operation in a region where the helix 
is a dispersive transmission line can be con-
sidered. This paper will present a compari-
son of tube characteristics in the dispersive 
and nondispersive regions and the effects on 
gain and bandwidth of this choice. Experi-
mental results will be presented for tubes 
built for operation in the dispersive region. 

26.3. A TRAVELING-WAVE ELECTRON 
BUNCHER 
R. B. NEAL 

(Stanford University, Stanford, Calif.) 

This device supplies axially bunched 
electrons to the Stanford Mark III linear 
accelerator. The buncher consists of a disc-
loaded circular wave-guide structure, 32 
inches long, tapered so that the phase veloc-
ity increases from 0.5 to 1 times the velocity 
of light in its length, while the axial field 
strength increases 10 times. Electrons, in-
jected at 80 kv, emerge with energies of 4 
mev, bunched within 2e in each cycle. Peak 
currents up to 170 ma are obtained. RF 
power is supplied by a 10.5-cm, 10-mw kly-
stron amplifier delivering 1.4 ps, pulses at 
60 cps. 

26.4. SOME PROPERTIES OF PERIODI-
CALLY LOADED STRUCTURES SUIT-
ABLE FOR PULSED TRAVELING-

WAVE TUBE OPERATION 
M. CHODOROW AND E. J. NALOS 

(Stanford University, Stanford, Calif.) 

This paper describes some of the factors 
involved in the selection of structures suita-
ble for high-power pulsed traveling-wave 
tubes, and the experimental evaluation of 
their properties, such as bandwidth, gain 
parameter, and space-harmonic content. 
The properties of periodically loaded struc-
tures can be determined by measurements 
on a capped-off section comprising only a 
few periods. From such measurements, the 
bandwidth, group, and phase velocities can 
be deduced. By perturbation methods, at a 
given resonance of such a cavity, the ratio of 
field strength to energy storage can be made, 
which is essentially Ron,,a/Q of this cavity. 
From bead measurements along the path of 
the electron beam, the relative spatial de-
pendence of the electric field can be obtained 
by measuring the variation of cavity reso-
nance as a function of bead position. From 
this, Pierce's gain parameter for the struc-
ture, as well as the space-harmonic compo-
nents can be determined experimentally. The 
above experiments bear out the usefulness of 
lumped-equivalent circuits in predicting 
qualitative behavior of such structures. 

26.5. EXPERIMENTS ON MILLIMETER 
WAVE AND LIGHT GENERATION 

H. MOTZ, W . THON, AND 
R. N. W HITEHURST 

(Stanford University, Stanford, Calif.) 

It can be shown that electromagnetic ra-
diation of very short wavelength may be ob-
tained from electron beams accelerated to 
relativistic velocities passing through suita-
ble magnetic-field configuration. Experi-
ments with electrons passing through ar-
rangement of magnetic fields which we call 
an undulator were carried out at the micro-
wave laboratory at Stanford University. For 
the first experiments, a 100-mev beam from 
the Mark III linear accelerator was used to 
generate visible light. In other experiments 
a beam of 3-mev electrons, obtained from a 
small accelerator with good bunching action, 
was used to generate radiation in a band of 
about one-millimeter wavelength at a peak 
power level of approximately one watt. 

SESSION 27 

Information Theory I— 
Recent Advances 

(Organized by Professional Group on 
Information Theory) 

Chairman, L. A. DE ROSA 
(Federal Telecommunications Laboratories, 

Inc., Nutley, N. J.) 

27.1. RECENT ADVANCES IN 
INFORMATION THEORY 

L. A. DE ROSA 
(Federal Telecommunications Laboratories, 

Inc.) 

27.2. RADAR PROBLEMS AND 
INFORMATION THEORY 

HARRY DAVIS 

(Rome Air Development Center, 
Rome, N. Y.) 

A short review of the application of infor-
mation theory to radar problems, as carried 
out by North, Van Vleck and Middleton, 

Woodward, Leifer, and others is presented. 
A comparison of several methods of detect-
ing radar signals in noise is made, relating 
these methods to the theoretical analyses 
and showing similarities in end result. 
Finally, the use of the foregoing material to a 
practical designer is outlined, considering 
the signal-to-noise enhancement and clutter 
rejection problems. 

27.3. ANALYSIS OF MULTIPLEXING 
AND SIGNAL DETECTION BY 

FUNCTION THEORY 
NATHAN MARCHAND 

(Marchand Electronic Laboratories, 
Greenwich, Conn.) 

A general signal, which may be any time-
varying function, is analyzed in multidimen-
sional space where instants in time are the 
co-ordinates. It is shown how it is possible to 
take any signal in a limited-time interval 
and obtain a multiplexing set by multidi-
mensional-vector transformation. The prop-
erties of the set are discussed and related to 
the bandwidth and noise. The detection and 
contamination of any signal in the presence 
of other signals and noise is shown to depend 
upon the orthogonality of the functions rep-
resenting the signals. Linear and the so-called 
asynchronous multiplexing are shown to be 
similar and to fall within the same mathe-
matical analysis. Matrix transformations 
and their use in signal detection are illus-
trated. Circuit equivalents of function opera-
tion for the detection of signals are shown in 
block diagram form. Correlation analysis is 
found to be a special case of function-theory 
analysis. It is shown that analysis by corre-
lation techniques only gives limited results 
in most practical cases. 

27.4. OPTIMUM NONLINEAR FILTERS 
FOR THE EXTRACTION AND 
DETECTION OF SIGNALS 

L. A. ZADEH 

(Columbia University, New York, N. Y.) 

A system of classes of nonlinear filters 
designated as F1, F2, F3, • • • , is considered. 
The system is such that F,,_1 is a subclass of 
F., and the class of linear filters is a subclass 
of F1. The input-output relationship for a 
filter in class F. has the form of an n-fold in-
tegral of a function which depends on n-age 
variables, Ti, T2, • • • , r,, and the values of 
the input at the instants t—n, " • , 
t —r„. The optimization (in the least squares 
sense) of a filter in class F. requires the 
knowledge of 2nth order probability density 
functions for the signal and noise, and re-
duces to the solution of a linear integral 
equation of 2nth order. The optimization of 
filters of class F1 and their realization is con-
sidered in detail. 

27.5. DETECTION OF INFORMATION 
BY MOMENTS 

J. J. SLADE, JR., S. FICH AND 
D. A. MOLONY 

(Rutgers University, New Brunswick, 
N. J.) 

Theoretical and practical considerations 
point to the importance of time moments in 
representing and detecting information. A 
time-limited function can be represented in 
terms of Gaussians by the canonical form of 
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the Gram-Charlier series in which the lead-
ing term has the same area, mean, and spread 
as the given function. These three parame-
ters which are determined by the first three 
time moments can be made to convey infor-
mation. In practice, any pulse-modulation 
sequence can also be identified by moments. 
These moments can be computed by conven-
tional integrators without the use of multi-
pliers. The required circuitry and the effects 
of network distortion and noise will be dis-
cussed. 

SESSION 28 

Communications Systems 
(Organized by Professional Group on 

Communications Systems) 

Chairman, G. T. ROYDEN 
(Mackay Radio and Telegraph Co., 

New York, N. Y.) 
' 

28.1. AUTOMATIC-TUNING COM-
MUNICATIONS TRANSMITTER 

M. C. DETTMAN 
(Federal Telecommunication Laboratories, 

Nutley, N. J.) 

This paper describes a 100/500-watt 
transmitter that was developed to fill the 
need for a modern medium- and high-fre-
quency shipboard transmitter. Automatic 
tuning to any frequency within this fre-
quency range without need for a multiplicity 
of preset controls is featured. Total tune-up 
time under normal conditions is about 30 
seconds. Facilities for high-speed keying, 
facsimile, and frequency-shift operation are 
provided. The equipment also includes facili-
ties for the usual types of emission encoun-
tered in this operating-frequency range. Con-
siderable flexibility of installation is pro-
vided by the grouping arrangement. The 
equipment and individual chassis are de-
scribed. 

28.2. DOUBLING TRAFFIC CAPACITY 
OF SINGLE-SIDEBAND SYSTEMS 

C. D. MAY, JR. 
(Office of the Chief Signal Officer, 

Washington, D. C.) 

Radioteletypewriter service is the pri-
mary means of radio communications be-
tween the United States and Overseas Army 
Commands. At the present time single-side-
band radio circuits with a capability of six 
sixty-word per minute teletypewriter cir-
cuits are in use. Several of these circuits have 
reached their traffic capacity due to in-
creased requirements for Overseas Army 
communications. This necessitated the de-
velopment of a means of expanding the ca-
pacity of these multichannel circuits. The 
purpose of this paper is to discuss a method 
used to derive additional traffic channels 
from the existing single-sideband systems. 

The system presently used maintains cir-
cuit reliability by transmitting duplicate 
traffic simultaneously on separate tones to 
overcome the effects of selective fading. This 
frequency-division arrangement requires 
double the bandwidth that is actually re-
quired to transmit the traffic. By eliminating 
the frequency-diversity scheme and develop-
ing a space-diversity arrangement the band 
formerly occupied by the frequency-diver-

sity tone can be used to transmit the traffic 
from a second set of six-channel terminal 
equipment. 

With the addition of necessary frequency 
conversion equipment the traffic from the 
two sets of six-channel terminal equipment 
can be converted in frequency to permit 
tones from the normal receiver to be chan-
neled through the normal circuits of the un-
modified terminal equipment and the tones 
from the diversity receiver to be channeled 
through the diversity circuits of the unmodi-
fied terminal equipment. Actual physical 
and electrical changes to the equipment are 
minor and can be accomplished on a patch 
basis with minor modification. 

Operational experience on a twelve-chan-
nel single-sideband radio circuit indicates 
that a degree of reliability at least as good as 
the original six-channel circuit can be ex-
pected. 

28.3. PERFORMANCE OF SPACE AND 
FREQUENCY DIVERSITY RE-

CEIVING SYSTEMS 
M. ACKER AND R. E. LACY 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

AND 
J. L. GLASER 

(Bell Telephone Laboratories, Inc., 
New York, N. Y.) 

Information is provided concerning the 
physical installation of antennas for space 
diversity systems, and the frequency spacing 
in frequency diversity systems in order to in-
crease the communication performance of a 
radio system operating in the high-frequency 
range over ionospheric paths. Means are 
provided for utilizing most economically the 
area that may be available for antenna in-
stallations. Charts are included from which 
can be predicted the increase in communica-
tion performance that may be achieved 
through the installation of diversity systems 
in any particular communication circuit. 
This information is the result of a joint in-
vestigation for over four years by the Signal 
Corps and Washington University. 

28.4. EFFECT OF HITS IN 
TELEPHOTOGRAPHY 

P. MERTZ AND K. W. PFLEGER 

(Bell Telephone Laboratories, Inc., 
New York, N. Y.) 

Brief variations in attenuation or gain of 
communications links known as "hits" may 
cause objectionable marks in received pic-
tures unless the circuits are engineered to 
limit hit intensity and duration sufficiently. 
This study includes judging the objection-
ableness of about 200 individual hits on a to-
tal of 16 positive prints of received pictures 
by ten observers, and measuring the hit in-
tensities and durations. The paper contains 
graphs of these two variables for various de-
grees of picture impairment. A smoothed 
summary curve indicates tentative limits of 
hit intensity tolerance as a function of hit 
duration, for individual hits. 

28.5. RELIABILITY OF MILITARY ELEC-
TRONIC EQUIPMENT AND OUR 

ABILITY TO MAINTAIN IT 
FOR WAR 
A. S. BROWN 

(Stanford Research Institute, 
Stanford, Calif.) 

This paper discusses the increased em-
phasis being placed upon improved reliabil-
ity by all concerned with the development 
and production of military electronic equip-
ment. The author points out that there has 
been very little reduction in the number of 
types and makes of equipment for similar 
uses. Under the free enterprise system of our 
country, which we would not want other-
wise, we produce as many different makes of 
television equipments as business finds prof-
itable. For military use the Armed Forces 
are following a similar pattern with Army, 
Navy, and Air Force going their separate 
ways in many cases to come up with individ-
ual designs by different manufacturers. Rec-
ommendations are made for far-reaching 
standardization which would increase the 
feasibility of high-quality, high-speed pro-
duction, and simplify the maintenance prob-
lem. 

SESSION 29: SYMPOSIUM 

Television Broadcasting 
and UHF 

(Organized by Professional Group on 
Broadcast Transmission Systems) 

Chairman, GEORGE STERLING 
(Federal Communication Commission, 

Washington, D. C.) 

29.1. A FLEXIBLE TV STUDIO INTER-
COMMUNICATION SYSTEM 
R. D. CHIPP AND R. F. BIGWOOD 
(DuMont Television Network, 

New York, N. Y.) 

The manifold requirements of a televi-
sion studio intercommunication system will 
be discussed, with emphasis on the need for 
speed of communication and complete flexi-
bility of interconnection between the many 
locations involved. Various systems used in 
the past will be described, followed by de-
tailed consideration of a modern system 
based on the use of "cross-bar" techniques. 
With this type of equipment, appropriate 
members of the production and engineering 
team can select direct circuits to other loca-
tions, or can tie various groups together on a 
common circuit. Interlocks and light signals 
are incorporated to minimize operational dif-
ficulties. 

29.2. CBS-TELEVISION'S HOLLYWOOD 
TELEVISION CITY: VIDEO, AUDIO 

AND COMMUNICATION 
FACILITIES 

RICHARD O'BRIEN, ROBERT MONROE AND 
PRICE FISH 

(Columbia Broadcasting System, 
New York, N. Y.) 

CBS-Television recently inaugurated 
television service from its new Hollywood 
Television City headquarters. Located on a 
25-acre site adjacent to the famous Farmer's 
Market, Television City is constructed from 
a flexible and expansible master plan that 
permits ultimate expansion to 24 studio 
units. 

The initial construction phase now com-
pleted provides two audience and two non-
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audience studios, each exceeding one-fourth 
acre in area, together with the necessary 
technical, production, scenery construction, 
and office facilities to support completely 
CBS-Hollywood television operations. 

This paper describes the philosophy un-
derlying the design of the video, audio, and 
communication facilities for this project. 
Emphasis is placed on description of meth-
ods and features that are new or novel. 

29.3. AN EXPERIMENTAL STUDY OF 
WAVE PROPAGATION AT 850 MC 
JESS EPSTEIN AND D. W. PETERSON 

(RCA Laboratories Division, 
Princeton, N. J.) 

In establishing a TV broadcasting sta-
tion the prediction of the service area is of 
vital importance. This involves a knowledge 
of the mechanism of radio propagation 
which is made exceedingly complex because 
of its dependence on numerous physical phe-
nomena. In general, this would involve an 
evaluation of such well-known factors as 
walk refraction, reflection, diffraction, ab-
sorption, and scattering as a function of fre-
quency and time. 

This paper offers a study of propagation 
characteristics at the upper edge of the ul-
tra-high TV band. A further simplification 
of the problem is made by limiting it to 
measurements of wave propagation out to 
distances of 30-40 miles which would be the 
approximate optical horizon of most trans-
mitting-antenna heights likely to be used. 
This limitation permits the variation of field 
strengths with time to be ignored since past 
experience has shown that this functional de-
pendence is relatively unimportant within 
the optical horizon. 

Theoretical prediction of wave propaga-
tion for even highly idealized conditions of 
the various parameters is difficult and is ex-
ceedingly complicated in actual practice by 
extreme deviations from the idealized form. 
The ultimate goal of these investigations is 
to formulate procedures which will permit 
the prediction of median field strengths 
throughout typical broadcast service areas. 
The achievement of such a goal will greatly 
depend upon the accumulation of experi-
mental data against which the theoretical 
formulations can be checked. 

The purpose of this paper is to describe 
an experimental project conducted at 850 mc 
and aimed at obtaining some of this needed 
information. Since the properties of propa-
gation at these frequencies are related to 
both the height of the transmitting and re-
ceiving antennas, arrangements were made 
so that these factors could be varied. At the 
transmitter site, antennas were installed at 
four different heights on the WOR 760-foot 
tower. The effective radiated power was ob-
tained by use of high-gain nondirectional an-
tennas with a narrow, vertical, and broad 
horizontal beam. By employing a narrow ele-
vation beam and making the antennas tilta-
ble it was possible to direct the full effective 
radiated power at any receiving site. Provi-
sions were also made so that measurements 
would be along two typical radials, one 
smooth and the other relatively hilly. The 
data thus obtained have been analyzed sta-
tistically to obtain the trends of the median 
field strengths, for a variety of typical re-

ceiving locations. An effort has been made to 
separate and measure the losses introduced 
by houses and trees as compared to that 
which is attributable to hills. A knowledge of 
the magnitude of these two effects under 
known experimental conditions is an essential 
prerequisite in attempting to formulate a 
theoretical basis for the calculation of wave 
propagation for a known topography. 

29.4. UHF POWER TUBES IN TV 
APPLICATIONS 
D. H. PREIST 

(Eitel-McCullough, Inc., San Bruno, 
Calif.) 

29.5. HIGH-POWER UHF KLYSTRON 
APPLICATION 
A. E. RANKIN 

(General Electric Co., Schenectady, N. Y.) 

This paper discusses the application of a 
family of six 15-kw, three-resonator klys-
trons as radio-frequency amplifiers with 
particular emphasis on their performance in 
aural and visual television service in the ul-
tra-high frequency band. 

Features, designed with the equipment 
designer and station operator in mind, and 
which facilitate handling and installation, 
are reviewed. 

Tube ratings and characteristics are de-
scribed as they relate to and govern per-
formance. 

The effect of stagger tuning the three 
resonators to obtain the bandwidth response 
needed for visual television is described. 

Equipment design considerations, in-
cluding power-supply requirements, radio-
frequency circuit requirements, and tube-
protective devices are discussed. 

29.6. HIGH-POWER UHF KLYSTRON 
AMPLIFIER DESIGN 

N. P. HIESTAND 
(Varian Associates, San Carlos, Calif.) 

Latest developments in the design of 
multiple-resonator high-power klystron am-
plifiers that cover the uhf band from 400 to 
1,000 mc are described. 15-kw, 3-resonator 
tubes are now in production which will pro-
vide a narrow-band power gain of over 33 db 
with an efficiency of almost 40 per cent at 
saturation level. Tunable over an 11 per cent 
frequency range, these integral cavity tubes 
provide full-power output over the entire 
band. 

Advanced design work has been com-
pleted on a 75-kw, 4-resonator amplifier and 
progress on this development is described in 
some detail. Both tubes are particularly suit-
able for use in uhf television transmitters. 

29.7. HIGH-POWER UHF TELEVISION 
BROADCASTING SYSTEMS 

H. M. CROSBY 
(General Electric Co., Syracuse, N. Y.) 

Up to 300-kw ERP may be obtained in 
the uhf-television band by using a 12-kw 
transmitter and a five-bay helical antenna. 

The General Electric 12-kw uhf-televi-
sion transmitter is made up of a complete 
100-watt transmitter and separate high-
power klystron amplifiers for the visual and 
aural signals. 

The 100-watt transmitter features a fre-
quency-control circuit which effectively 
locks together the aural and visual carriers 
with a fixed separation of 4.5 mc. Power am-
plification is obtained by tetrodes which plug 
in to cavity-type circuits. 

The 12-kw amplifier with its associated 
rectifier and control equipment is built in 
four cubicles. The klystron used in this am-
plifier has many advantages over conven-
tional tubes for power amplification at uhf. 

The helical antenna offers high gain per 
bay, a minimum of feed points, and the pos-
sibility of null "fill-in" adjustment in the 
field. 

Operating and propagation tests have 
now been made at the first two high-power 
uhf installations. 

SESSION 30: SYMPOSIUM 

Microwaves I—Manufacture 
of Microwave Equipment 

(Organized by Professional Group on 
Microwave Theory and Technique) 

Chairman, HARALD SCHUTZ 
(The Glen L. Martin Co., Baltimore, 

Md.) 

30.1. HOW TO DESIGN MICROWAVE 
COMPONENTS FOR EASE OF 

ASSEMBLING 
FRANK NEUKIRCH 

(NRK Manufacturing and Engineering Co., 
Chicago, Ill.) 

Microwave components have become 
standardized to a considerable extent. Elec-
trical requirements necessitate manufactur-
ing to a high degree of accuracy and put 
them into the instrument class. 

Engineers starting out to design the com-
plex microwave circuits required in present-
day radars and guided-missile programs 
should try to avoid close tolerances where 
possible. 

Methods developed in order to simplify 
manufacture are: a. precision casting, b. 
merco-cast process, c. electroforming, d. 
tube bending, e. dip brazing and other braz-
ing methods, f. fabricating. 

If the above methods are applied intelli-
gently and if the important point of keeping 
tolerance requirements as loose as possible is 
followed, the average machine shop will be 
able to produce delicate components without 
too much difficulty. 

30.2. THE DESIGN OF MICROWAVE 
COMPONENTS FOR PRODUCTION 

H. J. RIBLET 
(Microwave Development Labs., Inc., 

Waltham, Mass.) 

This paper discusses some of the prob-
lems of fabricating microwave components 
as they affect initial design and develop-
mental effort. The special advantages of lost-
wax casting broaching, forging, and form-
tool cutting are reviewed. Alternate proce-
dures for fabricating two waveguide-to-co-
axial transitions are discussed by way of ex-
amples. The importance of maintaining close 
liaison between engineering and manufac-
turing is emphasized. 
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30.3. FABRICATION OF MICROWAVE 
COMPONENTS EMPLOYING THE 

DIP BRAZING PROCESS 
W. J. RUDOLPH 

(The Glenn L. Martin Co., 
Baltimore, Md.) 

A short discussion on aluminum brazing 
methods, the materials and alloys employed 
will be used as an introduction. Problems of 
joint design and proper fixturing of assem-
blies will be surveyed, along with various 
means of solving these problems. Filler sizes 
will be discussed along with the methods 
used to hold close tolerances. The prepara-
tion of the base materials prior to brazing is 
one of the most important factors in produc-
ing a satisfactory brazed joint; therefore, 
precleaning, deburring, etc. will be used as 
another topic. Then, flux-removal proce-
dures and other items will be presented. 

In closing, a brief summary will be given. 

30.4. ELECTROFORMING WITH 
COPPER AND NICKEL AND 

OTHER METALS 
C. L. DUNCAN 

(C. L. Duncan Co., Chamblee, Ga.) 

1. Purpose of Electroforming: To pro-
duce internal surfaces of various shapes to 
close tolerances and fine surface finish. 

2. Scope of Electroforming: Electroform-
ing is a specific field and does not compete 
with die casting, stamping, drawing, etc. It 
is not a cheap method of manufacture. 

3. Research and Development Com-
pared to Production: Relation of assembly 
and fabrication of intricate shapes to electro-
forming in compounded sections and the 
elimination of joining. 

4. Some Qualities of Electroformed 
Nickel and Copper: Experiences in machin-
ing, soft and hard soldering. 

5. Electroforming with Aluminum, Sil-
ver, Gold, and Iron: Experiences with elec-
troforming these metals. 

6. Open Discussion for Question and An-
swer Period: Practical problems and meth-
ods. 

30.5. MANUFACTURING OF "MICRO-
STRIP" PRINTED CIRCUITS 

COMPONENTS 
H. F. ENGELMANN 

(Federal Telecommunication Laboratories, 
Nutley, N. J.) 

The manufacture of components utilizing 
the umicrostrip" transmission system may 
be achieved by mass production techniques. 

Among the applicable methods are the 
photo-engraving, silk-screen, and vacuum-
metal deposition processes. A further simpli-
fication in the manufacture of complete 
microwave systems is possible since the 
above processes are also suited to printed-
circuit and printed wiring techniques. Thus 
it is quite practical to simultaneously 
"print" microwave and low-frequency cir-
cuits and circuit elements. 
A general discussion of various manu-

facturing techniques, with a detailed de-
scription of the manufacture of a complete 
microwave receiver utilizing the photo-
engraving process, will be included. 

SESSION 31: SEMINAR 

Acoustics for the Radio 
Engineering—II 

(Organized by Professional Group on 
Audio) 

Chairman, J. J. BARUCH 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

31.1. PHONOGRAPH REPRODUCERS 
B. B. BAUER 

(Shure Brothers, Inc., Chicago, ) 

31.2. TAPE RECORDING 
MARVIN CAMRAS 

(Armour Research Foundation, 
Chicago, Ill. 

31.3. STUDIO ACOUSTICS 
H. J. SABINE 

(Celotex Co., Chicago, Ill.) 

The discussion will centralize around 
broadcasting studios, and the engineering 
use of phonograph reproducers and magnetic 
recording. 

Continual interplay among the members 
of the panel and between the panel and the 
audience will assure the focusing of attention 
on the aspects of acoustics which are of in-
terest and intense importance to the radio 
engineer. 

SESSION 32: SYMPOSIUM 

Nucleonics 

(Organized by Professional Group on 
Nuclear Science) 

Chairman, L. V. BER1CNER 
(Associated Universities, Inc., 

New York, N. Y.) 

32.1. SERVOS FOR REMOTE 
MANIPULATORS 

R. C. GOERTZ AND F. BEVILACQUA 
(Argonne National Laboratory, Lemont, Ill.) 

J. R. BURNETT 
(Purdue University, W. Lafayette, Ind.) 

Master-slave manipulators have become 
quite popular for nonroutine general purpose 
handling and manipulations involving radio-
active materials. 

Servomechanisms which reproduce me-
chanical position and reflect the load are 
being developed to replace the mechanical 
connections used in most of the present 
master-slave manipulators. These servos 
must maintain proportional position and 
force correspondence between the input 
(masterhandle) and output (slave tongs or 
tool) for all velocities, forces, and inertia 
loads from zero to the maximum capabilities 
of the manipulator. Several schematic ar-
rangements will be discussed which fulfill 
the requirement for positional correspond-
ence, force reflection, and bilateral action of 
the servos. Analysis by impedance concept 
quickly leads to some basic requirements of 
the system. Possibilities for incorporating 
these devices into robots will be discussed 
briefly. 

32.2. TWO NEW PHOTOMULTIPLIERS 
FOR SCINTILLATION COUNTING 
M. H. GREENBLATT, M. W. GREEN, 
P. W. DAVISON, AND G. A. MORTON 

(RCA Laboratories Division, 
Princeton, N. J.) 

The present paper describes two new de-
velopmental multiplier phototubes which 
are designed to meet some of the recent needs 
of scintillation counting. These are develop-
mental numbers H-5037 and H-4646. 
A large phosphor crystal is desirable for 

gamma-ray spectroscopy and for obtaining 
complete absorption of high energy particles. 
A photomultiplier with a large photocathode 
is necessary in order to realize the full ad-
vantage of a large crystal. Developmental 
No. H-5037 was developed for use with large 
scintillation crystals. 

It is also desirable to have a photomulti-
plier with a gain high enough to eliminate 
the need for pulse amplifiers with their 
necessarily limited frequency response. Such 
a tube is very useful for studying very fast 
phenomena, for portable survey instruménts 
and for use in cases where the photomulti-
plier is necessarily in a remote location. De-
velopmental No. H-4646 is suitable for such 
applications. 

Some characteristics of these two tubes 
are given in Table I. 

TABLE I 
Multiplier Type: H-5037 H-4646 

Dimensions: 

diameter 
length 

Cathode: 

4 inches 
7 inches 

l t inches 
73 inches 

dimensions 
sensitivity 
spectral type 
collection eff. 

Gain: 

31 inches dia. I inchX1 inch 
30-S0 nail 30-S0 ua/1 

s-9 11-44 
high high 

number dynodes 
gain 
overall voltage 

10 
104 

1,000 

16 
1011 

2,000 

The H-5037 uses a cylindrical electrostat-
ic lens to focus electrons from the photo-
cathode onto the first stage of the multiplier. 
The multiplier structure is similar to the 
RCA 931-A. The collection efficiency of the 
electron optical system used is quite good. 
Preliminary tests indicate that results con-
sistent with the larger photocathode area are 
obtainable. 

The H-4646 has a much smaller photo-
cathode area but has, in addition to excellent 
collection efficiency, a strong electrostatic 
collecting field in the vicinity of the cathode. 
This decreases the transit time spread and 
also makes the tube less susceptible to inter-
ference from external magnetic fields. The 
very high gain of the tube introduces a 
number of space charge problems. These are 
met by a special 16th dynode-anode struc-
ture. The output is through a 125 ohm co-
axial transmission line system. Saturation 
output current is about 300 ma. 

32.3. BILLION-ELECTRON-VOLT 
ACCELERATORS 

G. K. GREEN 
(Brookhaven National Laboratory, 

Upton, Long Island, N. Y.) 

Accelerators producing particles with en-
ergies of millions of electron volts to hun-
dreds of million electron volts have been 
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used to explore the properties of the atomic 
nucleus. However these machines are not 
adequate for detailed examination of the 
particles of the nucleus. Four machines for at 
least one billion electron volts are now being 
built and a fifth—the Brookhaven Cosmo-
tron—is giving proton energies above two 
billion electron volts. The Cosmotron syn-
chronizes a changing radio frequency with 
an increasing magnetic field to accelerate 
protons for a path length of some 150,000 
miles. New theoretical discoveries indicate 
that a one hundred billion ev machine is an 
engineering and economic possibility. 

32.5. INSTRUMENTATION DEVELOP-
MENTS IN FAST NEUTRON 

DOSIMETRY 
G. S. HURST 

(Oak Ridge National Laboratory, 
Oak Ridge, Tenn.) 

Fast neutrons are more harmful to many 
biological systems than is an equal amount of 
gamma radiation; thus fast neutron dosim-
eters should be gamma insensitive. Two 
such dosimeters have been developed. The 
first type uses a proportional counter whose 
count rate response versus energy is the 
same as the first collision tissue dose curve. 
This detector is simple and adapts itself to 
portable instruments, of which a commercial 
model is now available. The counter has a 
dependence on the direction of the neutrons, 
which is advantageous in some cases. 

The second type uses a proportional 
counter which is designed in accordance with 
the Bragg-Gray principle and hence is non-
directional. Dose is determined by adding 
pulse heights which may be done by a simple 
pulse integrator which uses two ordinary bi-
nary scaling units. 

SESSION 33 

Information Theory II— 
Theoretical 

(Organized by Professional Group on 
Information Theory) 

Chairman, W. G. TULLER 
(Melpar Inc., Alexandria, Va.) 

33.1. ERROR PROBABILITIES OF 
BINARY DATA TRANSMISSION 

SYSTEMS IN THE PRES-
ENCE OF RANDOM 

NOISE 
S. H. REIGER 

(Air Force Cambridge Research Center, 
Cambridge, Mass.) 

In a binary data transmission system, the 
error probability depends on the transmitter 
power, receiver sensitivity, pulse shape, 
modulation method, and detection charac-
teristics; however, the output S/N ratio of 
the optimum receiver is dependent only on 
the signal energy of the pulse and the noise 
power per unit bandwidth. In practice, for 
large S/N, the ideal case may be approached 
very closely with simple filters. For small 
S/N this may be done if the transmission, is 
coherent. 

Minimum error probabilities on the basis 
of an "ideal observer" have been computed 
numerically for the following systems: a. car-
rier keying (non-coherent), b. carrier keying 

(coherent), c. frequency shift keying, d. rf 
phase shift keying. 

The average information value of each 
pulse has been computed for the four sys-
tems as a function of the S/N ratio and they 
are compared with Shannon's formula. 

33.2. THE STATISTICAL PROPERTIES 
OF THE OUTPUT OF CERTAIN 

FREQUENCY SENSITIVE 
DEVICES 

G. R. ARTHUR 
(Sperry Gyroscope Co., Great 

Neck, N. Y.) 

Frequently it is desirable to know the 
statistical properties of the output of fre-
quency sensitive devices when some type of 
random signal is impressed. This problem is 
essentially one of the statistics of the differ-
ence of two dependent random quantities 
and the statistics of a filtered signal. 

The problem of finding the probability 
density of the difference of two dependent 
random variables has not been solved in any 
general way. This paper gives the solution of 
this problem for the case of a frequency dis-
criminator excited by a narrow-band spec-
trum. It is solved by expressing the output of 
the device as the difference of two independ-
ent random variables which allows the use of 
the characteristic function method. The 
problem of passing a non-Gaussian random 
signal through a low-pass filter is then solved 
by obtaining the predominant moments of 
the density at the filter output. This method 
clearly demonstrates the approach of that 
density to a Gaussian as the filter band is 
made narrow. 

33.3. CROSS-CORRELATION APPLIED 
TO AUTOMATIC FREQUENCY 

CONTROL 
M. J. STATEMAN 

(Sylvania Electric Products, Inc., 
Bayside, N. Y.) 

Automatic frequency control requires 
that an error signal be obtained as a function 
of the slaved and controlling voltages. This 
error signal is used in a feedback loop to 
minimize the difference in phase between the 
two voltages. Such an error voltage must in-
dicate both the direction and the magnitude 
of the existing difference to be effective in 
obtaining and maintaining the locked condi-
tion in the presence of noise. Using examples 
of AFC from television circuitry, standard 
graphical analyses are followed by correla-
tion techniques which present a new view-
point concerning the criteria of waveforms 
suitable for AFC. 

33.4. APPROXIMATE PROBABILITY 
DENSITY FUNCTION OF FIRST 
LEVEL CROSSING FOR LINE-
ARLY INCREASING SIGNAL 

PLUS NOISE 
G. PRESTON AND R. GARDNER 

(Philco Corporation, Philadelphia, Pa.) 

The solution of many timing and syn-
chronizing problems depends upon having a 
device that registers the time a signal first 
crosses a given cutoff level. Often the signal 
can be considered to be a linearly increasing 
function of time with a superimposed ran-
dom noise. The noise introduces a variation 
in the time the composite signal first crosses 

the cutoff level causing jitter in the output 
signal. This effect is described by the prob-
ability density function for the first cutoff-
level crossing. In this paper an approximate 
expression for the probability density func-
tion is obtained for the case of normal noise. 

The conditional probability-density func-
tion is obtained by linear extrapolation of 
the composite signal from some convenient 
point.. By successive application of this prob-
ability-density function, the desired density 
function can be plotted. The resultant dis-
tribution has many of the characteristics of a 
normal distribution whose rms deviation de-
pends upon the ratio of the signal slope to 
the rms value of the noise. 

By reference to work in the literature, 
the assumption of normal noise can be veri-
fied for a receiver with a wideband IF and a 
narrow-band video. One possible applica-
tion, satisfying these requirements, is in the 
television synchronization problem. Graphs 
are shown of the probability-density func-
tion with values typical of such an applica-
tion. One result is that less jitter is obtained 
as the video bandwidth is extended although 
this action decreases the conventional sig-
nal-to-noise ratio. 

33.5. OPTIMUM DEMODULATION 
F. W. LEMAN AND R. J. PARKS 

(California Institute of Technology, 
Pasadena, Calif.) 

The problem of demodulation of a signal, 
modulated in a general way, is studied using 
the statistical technique of curve fitting. 
This technique attempts to make the best 
possible fit to an incoming noisy signal with 
a locally generated signal by proper choice of 
certain parameters of the local signal. The 
best fit is defined to be that which maximizes 
the likelihood of the noise function which is 
defined as the difference between the incom-
ing signal and the locally generated signal. A 
priori assumptions concerning the modula-
tion are introduced implicitly by the choice 
of form of the locally generated signal. Othet 
assumptions may be introduced explicitly by 
means of Bayes Theorem. Various types of 
modulated signals are considered and under 
certain simplifying assumptions the method 
is found to lead to correlation detection, lo-
cal-carrier insertion, and other so-called 
ideal detection techniques. 

SESSION 34 

Medical Electronics 
(Organized by Professional Group on 

Medical Electronics) 
Chairman, L. H. MONTGOMERY, JR. 

(Metal Products Co., Nashville, Tenn.) 

34.1. ELECTRIC PHOTOGRAPHY 
K. S. LION 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

A great number of problems, particularly 
in the fields of medicine and biology, require 
the use of photographic methods of extreme 
sensitivity. Such problems arise, for in-
stance, in medical radiography, in X-ray 
diffraction pattern technique, or in low-level 
spectroscopy, where even the use of the most 
sensitive photographic emulsion is not satis-
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factory or leads to an overdose of radiation, 
and intensifier screens must be employed. 

The new photographic method presented 
in this paper combines the advantages of the 
photographic method (simultaneous two-di-
mensional, pictorial presentation, and inte-
gration) with the sensitivity of the Geiger 
counter. The sensitivity of this method is 
several orders of magnitude higher than that 
obtained with ordinary photographic meth-
ods. It may be called electronic photography, 
although the application of this method far 
exceeds the field of photography. 

The method consists in a parallel-plate 
Geiger counter whereby a photographic 
emulsion, on a carrier, is brought into the 
counting volume. The counter is filled with 
an appropriate gas and quenching agent, and 
a voltage source is applied. Under appropri-
ate operating conditions a radiation entering 
the counter will trigger a discharge which 
does not spread throughout the counter but 
which is strictly localized and which locally 
exposes the photographic plate. Theoretical 
considerations show a possible increase of 
sensitivity of a photographic emulsion by a 
factor of 1,000. Actual tests so far have re-
sulted in an increase of sensitivity by a fac-
tor of 100, with a resolving power accept-
able for a great number of applications. 

Experimental results and applications of 
this method in the field of photography and 
in other fields will be discussed. 

34.2. CONCERNING THE USE OF HIGH 
ENERGY PARTICLES AND QUANTA 

IN THE DETERMINATION OF 
THE STRUCTURE OF LIVING 

ORGANISMS 
R. J. MOON 

(University of Chicago, Chicago, Ill.) 

The important basic principles for the 
determination of the structure of living or-
ganisms by means of high-energy quanta 
and particles are developed. Primary empha-
sis is put upon obtaining the information rel-
ative to structure of the organisms with a 
minimum amount of damage to it and a 
maximization of the amount of information 
derived. Several instruments are considered 
with reference to their ability to fulfil these 
conditions. Systems which employ "thick de-
tectors" and derive their information in se-
rial-time sequence seem to fulfil these condi-
tions best. Experimental work with a scan-
ning X-ray system performed with regard to 
these principles is described. 

34.3. POSSIBLE MEDICAL AND IN-
DUSTRIAL APPLICATION OF 

LINEAR ELECTRON 
ACCELERATORS 

W. C. BARBER, A. L. ELDREDGE, AND 
E. L. GINZTON 

(Stanford University, Stanford, Calif.) 

A linear-electron accelerator has many 
possible applications since it provides a sim-
ple means of obtaining intense electron 
beams in the multimillion volt-energy re-
gion. Uses to be considered are the direct 
employment of the electron beam for sterili-
zation of biological materials or for cancer 
therapy. Alternatively, the electron beam 
can be converted to high-energy X-rays 
which can be used for cancer therapy or ra-
diography of thick sections. 

Analysis and experience suggests that 

linear accelerators are practical for any of 
these applications, and as an introductory 
venture in this field the Microwave Labora-
tory is constructing a 6-rnev accelerator to 
produce X-rays for cancer therapy. 

34.4. CAPACITY AND CONDUCTIVITY 
OF BODY TISSUES AT ULTRA-

HIGH FREQUENCIES 
H. P. SCHWAN AND ICAm LI 
(University of Pennsylvania, 

Philadelphia, Pa.) 

It has been recognized recently that elec-
tromagnetic-radiation operating in the fre-
quency range from 300 to 600 mc is much 
more suitable for diathermy than radiation 
operating above 1,000 mc. However, no de-
tailed data of the dielectric properties of 
various body tissues within the range from 
100 to 1,000 mc are available at present. 
Such data are desirable in view of the fact 
that they permit more quantitative deter-
mination of such data as depth of penetra-
tion, reflection energy at tissue interfaces, 
and so on. Dielectric constant and conduc-
tivity of various body tissues have been 
measured, therefore, in the range from 200 to 
900 mc and are presented in this paper. The 
significance of this data with respect to 
problems of diathermy is discussed. 

34.5. THE PROBLEM OF THE APPLI-
CATION OF ELECTRONICS TO 

MEDICINE 

R. S. SCHWAB 
(General Hospital, Boston, Mass.) 

The task of the physician is the prompt 
recognition of bodily dysfunction (pathol-
ogy), its identification and location (diag-
nosis), and later correction or elimination 
(therapy). 

He is handicapped in this task by inac-
cessibility of many structures, their delicacy, 
the presence of pain, extreme variations 
from mean values and relationships, and 
urgency. 

Alone with his eyes—and ears—and the 
touch of his hands, the physician is limited 
in dealing with the many complicated varia-
bles he knows exist, and which are early and 
clear signs of the puzzle he must solve. 
For better, more exact, more comprehen-

sive measurement of countless parameters, 
he turns to electronics for help. 

Some basic difficulties in the liaison be-
tween medicine and electronics are: (1) 
Most physicians have very little idea of lim-
its of the measurements they want to obtain. 
A great many doctors have no idea of the 
meaning of significant figures. (2) On the 
other hand, most electronic engineers have 
little experience with the uncertainty of 
medical knowledge, of the immense number 
of variables, many that are not known even 
to the well-trained specialist in his particular 
branch of medicine. They have little idea of 
just how their services can be used, or what 
is really wanted by the physician, and par-
ticularly why it is wanted. 

We need, first of all, a book on electronics 
for the doctor and a book on medicine for the 
electrical engineer. 

Five principal applications of electronics 
and fifteen examples of existing electronic 
devices that are in use in medical problems 
are described. 

Some future challenges to spark further 
developments along these lines are men-
tioned. 

34.6. PROGRESS REPORT ON ELEC-
TRONIC MAPPING OF THE ELEC-
TRICAL ACTIVITY OF THE HEART 
STANFORD GOLDMAN, D. W. SPENCE, MARY 

RIZIICA, AND SILVAN LIDOVITCH 

(Syracuse University, East Syracuse, N. Y.) 

Electronic mapping (or area display) is a 
method of investigating the electrical activ-
ity of the heart. Many common diseases of 
the heart can be recognized and distin-
guished by slow-motion pictures of their area 
displays. These include left and right ven-
tricular hypertrophy, left and right bundle-
branch block, posterior and anterior and an-
terolateral infarction, and auricular fibrilla-
tion. The movies give an informative picture 
of the pathological physiology. 

Moving pictures will be shown illustrat-
ing normal and abnormal types. The relation 
between electronic mapping and vector car-
diography will be discussed. 

SESSION 35 

Broadcast and Television 
Receivers—I 

(Organized by Professional Group on 
Broadcast and Television Receivers) 

Chairman, G. L. BEERS 
(RCA Victor Division, Camden, N. J.) 

35.1. GAIN STABLE MIXERS AND 
AMPLIFIERS WITH CURRENT 

FEEDBACK 
G. E. BoGGs 

(National Bureau of Standards, 
Washington, D. C.) 

Narrow-band radio-frequency amplifiers 
and mixers may be stabilized by negative 
feedback without increasing the bandwidth 
excessively. A couple of this type using cur-
rent feedback is described. This couple re-
quires only a simple resistive beta circuit and 
may be designed such that the bandpass 
characteristic is largely independent of the 
feedback. Consideration is also given to the 
problem of input impedance. Amplifier cou-
ples of this type with 20 db of feedback have 
been operated at 15 mc and can probably be 
used at higher frequencies. Current feedback 
mixer couples have been used satisfactorily 
at frequencies as high as 50 mc. 

35.2. VIDEO AMPLEFERS WITH 
INSTANTANEOUS AUTOMATIC 

GAIN CONTROL 
W. E. AYER 

(Stanford University, Stanford, Calif.) 

Circuits are described which allow essen-
tially complete control of the output-input 
amplitude characteristic of multistage video 
amplifiers for both positive and negative in-
put signals. The incremental gain of each 
stage is determined instantaneously by the 
signal current through the tube, diodes being 
employed to introduce degeneration for sig-
nals above a certain amplitude. The gain re-
duction achieved in this manner lasts only as 
long as a strong signal is present so that re-
covery time is not adversely affected. 

As a typical practical example, these cir-
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cuits may be readily utilized to provide a 
"logarithmic" amplifier, the output voltage 
being proportional to the logarithm of the in-
put voltage. 

35.3. AN AUTOMATIC LEVEL-
SETTING SYNC AND AGC 

SYSTEM 
E. O. KEIZER 

(RCA Laboratories, Princeton, N. J.) 

AND M. G. KROGER 
(Motorola, Inc., Chicago, Ill.) 

The failure of many commercial televi-
sion receivers to remain in stable synchro-
nism in the presence of high-energy types of 
interference is often due to charging up dur-
ing the noise pulses of capacitors in the sync 
separator and agc circuits of the receiver. A 
system has been developed which largely 
overcomes this failure. In this system, the 
agc is derived following a dc-coupled-sync 
separator in such a manner that any depar-
ture from the correct operating level for the 
sync separator is counteracted by a change 
in agc voltage and sync-separator bias. Three 
tube functions are required for the system. 
Both polarities of sync output are provided. 

35.4. PACKAGED ADJACENT CHAN-
NEL ATTENUATION 

J. P. VAN DUYNE 
(Allen B. Du Mont Laboratories, Inc., 

Clifton, N. J.) 

The problem of adjacent-channel attenu-
ation is discussed in its relation to the alloca-
tion problem, the economics of receiver de-
sign, and the ultimate cost to the consumer. 
It is pointed out that the design of a televi-
sion receiver for excellent adjacent-channel 
rejection is not compatible with economical 
design for operation in the usual service area. 
A solution to this dilemma, in the form of 

a plug-in adjacent-channel rejection filter, is 
proposed. The results achieved with the fil-
ter described, indicate that the limitation to 
interference-free reception in an adjacent-
channel area is the nonlinearity of the RF 
tuner. 

The design of a filter for such service im-
poses several practical limitations on the de-
signer. These limitations, and their influence 
on the design problem, are discussed. 

35.5. METHODS OF MATRIXING IN 
AN NTSC COLOR TELEVISION 

RECEIVER 
W. M. QUINN 

(General Electric Co., Syracuse, N. Y.) 

In order to obtain the required Red, 
Blue, and Green signals in an NTSC color 
television receiver, it is necessary to combine 
or matrix the brightness signal with the two 
detected components of the chrominance 
signal. 

Several methods have been employed to 
accomplish this matrixing. One method con-
sists of applying the Y or brightness signal to 
the three grids of a tri-color kinescope and 
then applying the three-color difference sig-
nals (R-Y, B-Y, G- Y) to the individual cath-
odes. This particular method utilizes the 
kinescope itself as an adder. Other methods 
are resistive matrixing, summing amplifiers, • 
and the feedback summing amplifier. All of 
these methods will be discussed with the 
most emphasis being given to the feedback 

summing amplifier. Consideration will be 
given to linearity, phase distortion, band-
width, and general performance. 

SESSION 36 

Microwaves II—Discontinui-
ties and Transitions 

(Organized by Professional Group on 
Microwave Theory and Techniques) 

Chairman, G. A. DESCHAMPS 
(Federal Telecommunications Laboratories, 

Inc., Nutley, N. J.) 

36.1. RF MEASUREMENTS ON 
METALLIC DELAY MEDIA 

S. B. COHN 
(Sperry Gyroscope Co., Great Neck, N. Y.) 

This paper presents RF index-of-refrac-
tion data for metallic delay-line media con-
taining square and circular obstacles, and 
compares data for strip obstacles with theo-
retical values. The measuring equipment 
used is described, and the necessary correc-
tion formulas are given. The test specimens 
consisted of alternate layers of polyfoam 
spacers and thin polystyrene sheets im-
printed with conducting obstacles. The RF 
data was correlated with the static data from 
electrolytic-tank measurements, in order to 
obtain graphs of index of refraction versus 
frequency suitable for design purposes. As 
shown in this paper, the data may be ex-
tended readily to other techniques of fabri-
cation. A practical and economical method 
of construction will also be described. 

36.2. IMPEDANCE MEASUREMENTS 
IN A CIRCULAR WAVEGUIDE 
WITH Ten EXCITATION 

L. S. SHEINGOLD 
(Sylvania Electric Products Inc., 

Boston, Mass.) 

A unique method of measuring imped-
ance in a circular waveguide supporting only 
the dominant circular-electric wave is de-
scribed. Results are given of precise imped-
ance measurements made on circular ob-
stacles, circumferential gaps, radiating 
guides, and sharp axial bends. The experi-
mental results are compared with theoretical 
values and are found to be in excellent agree-
ment. It is demonstrated that application of 
Deschamps' graphical method in the experi-
mental determination of the scattering pa-
rameters of a circumferential-gap junction 
results in a rapid determination of the perti-
nent quantities; for example, the power re-
flected by, power transmitted through, and 
power dissipated in the junction. 

36.3. EXPERIMENTAL DETERMINA-
TION OF THE PROPERTIES OF 
MICROSTRIP COMPONENTS 

M. Amen 

(Federal Telecommunications Laboratories, 
Inc., Nutley, N. J.) 

Transmission properties of microstrip 
components are readily obtainable experi-
mentally due to the case of manipulation of 
the line element. The properties of a wide-
band transition for connecting coaxial lines 
to microstrip systems are given. The scatter-
ing matrix coefficients and equivalent cir-
cuits are presented for a right-angle bend, 

offset junction, step discontinuity, parallel-
coupled junction, and for transverse posts, 
gaps, or slots in the strip conductor. These 
data facilitate the design of resonant sections 
that include such obstacles. Measurements 
have verified the predicted performance of 
these components when assembled into a 
microwave receiver. 

36.4. A WIDE-BAND TRANSITION 
BETWEEN WAVEGUIDE AND 

COAXIAL LINE 
N. A. SPENCER AND H. A. WHEELER 

(Wheeler Laboratories, Great Neck, N. Y.) 

In an unusual type of transition, two 
parallel paths are inserted between a rec-
tangular waveguide and a coaxial line. These 
two paths are the two halves of an H-plane 
waveguide ring, series connected at the 
guide junction and parallel connected at the 
line junction. The coaxial line has the maxi-
mum diameter consistent with single-mode 
propagation and maximum pulse-power ca-
pacity. The two-sided junction with the line 
is conducive to wideband-impedance match-
ing. The entire transition has been matched 
within 0.3 db swr over a 10 per cent fre-
quency bandwidth. 

SESSION 37 

Radio Telemetry 

(Organized by Professional Group on 
Radio Telemetry and Remote 

Control) 

Chairman, M. V. KIEBERT 
(Bendix Aviation Corporation, Teterboro, 

N. J.) 

37.1. TELEMETERING REQUIREMENTS 
FOR UPPER AIR ROCKET RE-

SEARCH EXPERIMENTS 
MARCUS O'DAY 

(Air Force Cambridge Research Center, 
Cambridge, Mass.) 

Rocket-borne experiments which require 
telemetering, as well as other experiments 
which, although proposed, are restricted by 
data transmission systems currently in use, 
will be described in this paper. The require-
ments of a high-sampling rate will be con, 
trasted with that of high-time resolution, 
and some of the experiments which illus-
trate the difference will be discussed. The 
requirement of high accuracy for certain 
projects, for example, the determination of 
the solar constant at high altitudes, will be 
analyzed and possible solutions proposed. In 
addition, the speaker will discuss certain 
operation restrictions, such as the inability 
to change batteries after the rocket is fueled, 
as well as limitations imposed by the para-
chute-recovery system. 

37.2. TELEMETERING—BROAD BAND 
ON SHORT ORDER 

T. F. JONES, JR. 

(General Electronic Laboratories, Inc., 
Boston, Mass.) 

The Navy required the delivery, in four 
months' time, of a telemetering system hav-
ing eight channels, each having a signal 
bandwidth of zero to ten kc. The specifica-
tion on operating range dictated the use of 
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an airplane-relay station. The requirement 
of side-by-side operation of similar systems 
on adjacent channels imposed stringent con-
ditions on carrier stability and receiver sta-
bility. 

The need was met within the time limit 
by the development of an AM-AM system 
with the aid of experimental telemeter ele-
ment designs supplied by NRL. Problems 
such as calibration, deviation limiting, sub-
carrier stability, subcarrier interaction, sonic 
shielding, carrier stability, receiver stability, 
automatic control of relay-signal levels, and 
subcarrier separation were adequately solved. 

The basic design can meet effectively the 
needs of other telemetering applications. 

37.3. FLUTTER COMPENSATION FOR 
FM-FM TELEMETERING 

RECORDER 
J. T. Muum 

(Bing Crosby Enterprises, Inc., 
Los Angeles, Calif.) 

Records of FM-FM telemetering infor-
mation reproduced from magnetic tape are 
restricted in the accuracy with which infor-
mation may be read because of flutter and dc 
drift in the tape-transport mechanism. A 
method is described wherein the effects are 
reduced by electronic compensation during 
playback. A high-frequency pilot tone is 
added to the FM-FM signals as they are re-
corded. During playback all channels are 
modulated by a high-frequency carrier. The 
resulting side bands are demodulated sepa-
rately for each channel by a carrier whose 
frequency is controlled in an absolute man-
ner by information derived from the pilot 
tone. Demodulation thereby restores the 
channel frequencies to their correct values 
with variations due to flutter and dc drift 
greatly reduced. 

37.4. A MAGNETIC TAPE RECORDING 
SYSTEM FOR PRECISION DATA 

L. L. FISHER 
(Ampex Electric Corporation, 

Redwood City, Calif.) 

A new magnetic recording system has 
been developed which makes it possible to 
accurately record and reproduce all forms of 
data from the range of 0 to 5,000 cycles. Em-
ploying an FM carrier technique, this new 
system overcomes the deficiencies of conven-
tional magnetic recorders, allowing response 
to dc with very-low phase shift, excellent 
transient response, and complete freedom 
from the coating deficiencies and the non-
homogeneity of the magnetic medium. Spe-
cial packaging arrangements have been 
worked out to allow assembly of the equip-
ment for any number of recording tracks up 
to 14 on 1' wide tape. Operation at a great 
variety of speeds makes possible frequency 
expansion, frequency contraction, and other 
tricks which allow complete flexibility in 
analysis of recorded data. Use of such tech-
niques on the "live" data signal allow the ul-
timate amount of information to be derived 
from the original recorded signal. 

37.5. AN IMPROVED FM-FM 
DEC OMMIITATOR GROUND 

STATION 
F. N. REYNOLDS 

(The Ralph M. Parsons Co., 
Pasadena, Calif.) 

A new and straightforward approach to 
the extraction of intelligence from variable 
amplitude data pulses is carried out in the 
system described herein. Theoretically, if a 
low-pass filter could be designed to have its 
cutoff frequency (fc) at one-half of the com-
mutation rate (F/2) it would be possible to 
realize information from amplitude-modu-
lated pulses up to a frequency equal to 
(F/2), assuming that the filter had an infi-
nite rate of attenuation. In practice, such a 
filter cannot be built, but these characteris-
tics can be approached at the higher fre-
quencies by using LC-types of networks. In 
the frequency spectrum employed in the 
RDB-FM-FM standard telemetering equip-
ment, it becomes uneconomical and wasteful 
in terms of space to build such low-pass 
filters. It is possible, though, to duplicate the 
transfer function for a normal pi-section low-
pass filter with 2 vacuum tube envelopes and 
a few resistor and condenser components. In 
this equipment two such filters are placed in 
a series and as an example, for a 30-cycle per-
second commutator, the cutoff frequency is 
chosen at 10 cps, so that the maximum theo-
retical rate of attenuation of 36 db per oc-
tave produces an attenuation of approxi-
mately 60 db at the commutation rate of 30 
cps. It can thus be seen that such a device 
when driven with amplitude-modulated 
pulses, essentially acts as not only a storage 
network but also as a very reliable inte-
grator, producing at the output of the filters 
a voltage whose waveform is identical to that 
of the input-modulation voltage up to the 
limit of approximately 10 cps. The fre-
quency response of this type of device is 
about twice that which can be expected with 
the generally used stair-step type of storage 
network, and the voltage between samples 
becomes usable since it contains a high order 
of intelligence approaching that of the input-
modulation signal. The complexity of the 
equipment is quite a bit less than is normally 
accepted for a series-RC type of integrator 
and storage network, and as a consequence, 
the over-all reliability and operation effi-
ciency is greatly increased. A much higher 
order of linearity and accuracy is also 
achieved with this type of device. 

37.6. SOME INDUSTRIAL APPLICA-
TIONS OF TELEMETRY 

H. R. Hovr 
(Great Lakes Pipe Line Co., 

Kansas City, Mo.) 
AND 

J. H. VAN HORN 
(Midwest Research Institute, 

Kansas City, Mo.) 

Some current techniques for telemetering 
process variables in those industries having 
widely distributed operations are presented, 
in particular, those associated with the petro-
leum industry. Telemetry systems employ-
ing carrier-telephone and microwave tech-
niques in the transmission of such variables 
as pressure, flow rate, levels, positions, etc. 
and operating from a wide variety of trans-
ducer elements are described. 

SESSION 38 

Audio 
(Organized by Professional Group on 

Audio) 

Chairman, D. W. MARTIN 
(Baldwin Co., Cincinnati, Ohio) 

38.1. SOUND SYSTEM FOR PLENARY 
CHAMBER OF UN GENERAL 

ASSEMBLY BUILDING 
C. W. GOYDER 

(Telecommunication Div., United 
Nations, N. Y.) 
L. L. BERANEK 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

The sound system for the plenary cham-
ber of the General Assembly Building of the 
United Nations in New York was especially 
designed to function properly in the unusual 
style of architecture of that room. The prin-
cipal design requirements were intelligibil-
ity, naturalness, concealment, and freedom 
from danger of feedback even when operated 
with automatic-volume control. Satisfactory 
speech intelligibility is attained by faithful 
reproduction of the frequency range between 
400 and 6,000 cps. Naturalness is assured by 
freedom from nonlinear distortion, uniform 
coverage of the hall at all frequencies, and by 
suitable employment of time-delay systems. 
Sound-level distribution and response tests 
have been performed and the data are pre-
sented in this paper. 

38.2. DEVELOPMENT OF A VARIABLE 
TIME DELAY 
KENNETH GOFF 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

This paper describes the design, con-
struction, and performance of a magnetic-re-
cording drum time-delay system. The device, 
which has been developed for use in such 
acoustic studies as noise localization, rever-
beration analysis, and others amenable to 
correlation techniques, utilizes conventional 
proportional recording. Two channels yield 
a relative time delay between their outputs 
which may be varied from minus 15 ms to 
plus 190 ms with an accuracy of ±0.2 per 
cent using the instrument dial. 

Principal attention in the paper will be 
paid to the following: 1. Obtaining a uniform 
layer of magnetic material by spraying with 
a dispersion of iron oxide. 2. Analyzing the 
effect of spacing between the magnetic ma-
terial and the head upon the processes of re-
cording the reproducing. 3. Developing a 
mechanical driving system as free from flut-
ter as possible. 

38.3. A FLUX-SENSITIVE HEAD FOR 
MAGNETIC RECORDING 

PLAYBACK 
D. E. W IEGAND 

(Armour Research Foundation, 
Chicago, Ill.) 

A playback head of special construction 
provides signals proportional to the flux 
from the recording medium, rather than its 
time derivative. Power from a high-fre-
quency oscillator is applied to the head. The 
output signal appears across a separate 
winding and is in the form of a modulated 
carrier, the carrier frequency being twice 
that of the oscillator. Its inherently flat re-
sponse extending to dc at the low-frequency 
end makes the head useful in many instru-
mentation applications, particularly in cases 
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where waveforms must be preserved, or 
when a recording is studied in detail by play-
ing back the record at greatly reduced speed. 
Full signal levels are preserved when the 
speed of the recording medium is reduced. 
In fact, the recording can be examined point 
by point by taking readings with the medium 
stationary. Signal levels are unusually high. 
This fact, and the elimination of the usual 
low-frequency equalization make the new 
head appear attractive in sound recording. A 
simple adaptor for playback of magnetic re-
cordings through a standard broadcast re-
ceiver requires, in addition to the drive 
mechanism, only a small oscillator feeding 
the head and a small transmitting-loop an-
tenna fed by the signal winding of the head. 
The oscillator is tuned to one-half the fre-
quency of a vacant spot on the radio dial. 

38.4. UNIAXIAL MICROPHONE 
H. F. OLSON, JOHN PRESTON, AND 

J. C. BLEAZEY 

(RCA Laboratories, Princeton, N. J.) 

A small unidirectional microphone has 
been developed with the following features: 
maximum sensitivity along the axis of the 
microphone, a high ratio of electrical output 
to size, a sharper directivity pattern than a 
cardioid, a directivity pattern that is inde-
pendent of the frequency and a blast-proof 
vibrating system. The high discrimination 
which this microphone exhibits to sounds 
which originate from the sides and rear 
makes it particularly suitable for long-dis-
tance-sound pickup in radio, television, 
sound-motion pictures and sound-reinforc-
ing systems. 

38.5. SOUND PRESSURE MEASURE-
MENTS BETWEEN 50 AND 

220 DB 
J. K. HILLIARD 

(Altec Lansing Corporation, Beverly Hills, 
Calif.) 

The paper will describe applications of 
a miniature-condenser high-intensity micro-
phone system in jet-rocket motor and indus-
trial-plant measurement. Small probe tubes 
will be discussed which enable measurements 
to be made at ambient pressures of 300 p.s.i. 
and temperatures around 2000° F such as 
occur in combustion chambers. A system will 
be described to monitor continuously the 
noise interference of jet-engine testing cells 
over an area of several square miles. 

SESSION 39 
Engineering Management 
(Organized by Professional Group on 

Engineering Management) 
Chairman, C. F. HORNE 

(Department of Commerce, 
‘Vashington, D. C.) 

39.1. GENERAL PROBLEMS OF 
ENGINEERING MANAGEMENT 
FACING THE ELECTRONICS 

INDUSTRY 
HARADEN PRATT 

(Telecommunications Advisor to the Presi-
dent, Washington, D. C.) 

The rapidity of the evolutionary develop-
ment which the electronics industry has ex-
perienced in a relatively few years, and the 

ramification in variety of uses and applica-
tions which has resulted, are dealt with from 
the point of view of the growing problems 
for engineering management consideration. 
It is emphasized that in addition to the 
many direct as well as allied fields there are 
also aspects such as education, training, so-
cial factors, research, invention, information 
dissemination, production, and marketing, 
all of which must be taken into account by 
management in order to plan and operate in-
telligently and efficiently. 

39.2. RESEARCH AND DEVELOPMENT 
PROBLEMS OF ENGINEERING 
MANAGEMENT IN THE ELEC-

TRONICS INDUSTRY 
M. J. KELLY 

(Bell Telephone Laboratories, Inc., 
New York, N. Y.) 

The management of a research and de-
velopment organization has in common with 
all industrial production organizations prob-
lems of human relations, fiscal control, and 
services auxiliary to the productive element 
of the organization. The extent to which 
these are different will be discussed. The pro-
gramming of the research and development 
activities, the organization and control of the 
programs, and the long-range building of 
professional man power are areas of manage-
ment in research and development that have 
unique characteristics. The paper will dwell 
principally on these areas of research and de-
veloping management. 

39.3. PRODUCTION ASPECTS OF 
ENGINEERING MANAGEMENT 

IN THE ELECTRONICS 
INDUSTRY 

W. A. MACDONALD 

(Hazeltine Electronics Corporation, 
Little Neck, N. Y.) 

There will be discussed the following: 
Three paramount factors in the problem of 
meeting a payroll; How it is possible to pro-
vide a uniform flow of products out of a 
plant, avoiding great peaks and valleys in 
productive output; Five necessary successive 
steps in a successful timing cycle; The elec-
tronics industry has entered the field of big 
business with related financial, personnel, 
and organizational problems, all the concern 
of management; Advantages of project re-
sponsibility for complex, custom-designed 
electronic equipment; Changes in the phi-
losophy of business management; Impor-
tance of true leadership; What money can-
not buy. 

39.4. WHAT THE MILITARY SERVICES 
EXPECT FROM ENGINEERING 
MANAGEMENT IN THE ELEC-

TRONICS INDUSTRY 
D. L. Purr 

(Air Research and Development Command, 
Baltimore, Md.) 

The military establishment makes use of 
electronics to augment and extend the physi-
cal and mental abilities of man. To maximize 
industry's contribution to defense there 
must be an understanding of the conditions 
in which military equipment must function. 
Environment problems may be grouped into 
logistic, personnel, and combat operations. 
Arising from the military environment, the 
following items need additional effort: a. in-

creased reliability along with mission per-
formance, b. increased ruggedness achieved 
simultaneously with weight and size reduc-
tion, e. "built in" ease of maintenance and 
adjustment, d. simplicity. 

The military establishment desires th2 
following contributions by engineering man-
agement: a. willing acceptance of military 
research, development, and production con-
tracts, b. design for the environment of the 
anticipated use, c. realistic research and de-
velopment schedules, d. realistic production 
schedules, e. plans for a switch to military 
production in the event of an emergency. 

SESSION 40 

Information Theory III— 
Coding 

(Organized by Professional Group on 
Information Theory) 

Chairman, W. R. BENNETT 

(Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.) 

40.1. A NECESSARY AND SUFFICIENT 
CONDITION FOR UNIQUE DE-
COMPOSITION OF CODED 

MESSAGES 
A. A. SARDINAS AND G. W. PATTERSON 

(Burroughs Adding Machine Co., 
Philadelphia, Pa.) 

This report gives a rigorous formulation 
to the question: What is the underlying con-
dition on a set of words or codes, so that all 
messages constructed with them may be de-
composed uniquely? A complete answer is 
given to this problem in the form of a test 
which may be applied to any set of words or 
codes contemplated for a coding scheme. 

40.2. A SYSTEMATIC SURVEY OF 
CODERS AND DECODERS 

B. LIPPEL 

(Signal Corps Engineering Laboratories, 
Fort Monmouth, N. J.) 

A number of coders and decoders will be 
described, and they will be organized in ac-
cordance with a classification system which 
recognizes three basic types of coders and 
three basic decoders. By means of feedback 
systems or other comparison schemes, all 
coders can be inverted to give decoders, and 
vice versa. Furthermore, basic converters 
can be combined with auxiliary converters, 
purely analog or purely digital, to change the 
analog mediums and the digital mediums be-
tween which the basic devices operate. 

40.3. METHOD FOR TIME OR 
FREQUENCY COMPRESSION-
EXPANSION OF SPEECH 

GRANT FAIRBANKS, W. L. EVERIT f, 
AND R. P. JAEGER 

(University of Illinois, Urbana, Ill.) 

A method has been developed which uti-
lizes, by sampling techniques, the inherent 
redundancy in verbal speech to compress it 
into shorter time intervals without change in 
its frequency spectrum or to transmit speech 
information in the same time over a narrower 
frequency band. 

The same device can be used to expand 
the time interval or frequency spectrum. A 
combination of two devices, one used to com-
press and the other to expand, permits trans-
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mission of speech signals over channels of 
limited bandwidth, and without delay. 

The device can also be used to tailor 
broadcast programs, initially recorded with 
an undesired duration, into an assigned time 
interval without change in the frequency 
spectrum or observable distortion. 

40.4. A NEW CODING SYSTEM FOR 
PULSE-CODE MODULATION 

A. G. FITZPATRICK 
(Burroughs Adding Machine Co., 

Philadelphia, Pa.) 

This paper describes a new coding system 
for pulse-code modulation in which the oper-
ations of sampling, quantizing, and coding 
are accomplished by means of two simple 
special-purpose tubes and a minimum of cir-
cuitry. The first of these tubes is a beam-de-
flection type with ten individual outputs. 
The second is a quantizing-coding tube in 
which crossed electric and magnetic fields 
produce ten stable, controllable positions of 
an electron beam, each with parallel binary-
coded outputs. Low cost and simplicity of 
this system will be compared with present 
systems. Adaptations of this same method to 
other analog-to-digital functions will be dis-
cussed. 

40.5. COINCIDENCE DETECTORS FOR 
BINARY PULSES 
CLARENCE GATES 

(California Institute of Technology, 
Pasadena, Calif.) 

The recovery of binary pulses when the 
signal-to-noise ratio is poor is investigated. 
The technique of using redundant channels 
for improving the effective signal-to-noise 
ratio is analyzed and optimum criteria de-
veloped for the two cases of interest; the 
first in which all channels are sampled for the 
precise value of signal in each before the de-
cision as to whether a pulse is present is 
made, and the second in which the decision is 
made first in each channel. Methods of cir-
cuit synthesis for the second case are given, 
and a beginning towards the analysis of 
higher order pulses is made. 

SESSION 41 

Broadcast and Television 
Receivers—II 

(Organized by Professional Group on 
Broadcast and Television Receivers) 

Chairman, R. M. BOWIE 

(Sylvania Electric Products Inc.. 
New York, N. Y.) 

41.1 FACTORS AFFECTING THE 
DESIGN OF VHF-UHF TUNERS 

E. H. BODEN 

(Sylvania Electric Products Inc., 
Emporium, Pa.) 

This paper reviews some of the present 
arrangements for tuning the vhf and uhf tel-
evision channels' performance and circuitry 
in the use of recently developed tubes which 
makes possible the design of a single unit 
that would tune both the vhf and uhf chan-
nels. Performance over the 82 television 
channels is reviewed. 

41.2. THEORY OF AFC 
SYNCHRONIZATION 

W. J. GRUEN 

(General Electric Co., Syracuse, N. Y.) 

Automatic frequency control (afc) has 
been widely used for the horizontal sweep 
synchronization in television receivers, and 
more recently for the color synchronization 
in the proposed NTSC color system. 

The paper deals with the theory of a gen-
eralized system in which the phase of local-
oscillator signal is compared to the phase of 
the transmitted-reference signal in a phase 
discriminator. The resulting control voltage 
is then passed through a control network to 
control the frequency of the local oscillator. 
Systems having either a zero, single or dou-
ble-time constant-control network are con-
sidered. The transient response, frequency 
response, and noise bandwidth. as well as the 
hold-in range and pull-in range of synchroni-
zation are presented. 

41.3. STANDARDIZATION OF PRINTED 
CIRCUIT MATERIALS FOR MECHA-

NIZED RADIO ASSEMBLY 
W. HANNAHS, J. CAFFIAUX, AND 

N. STEIN 
(Sylvania Electric Products Inc., 

Bayside, N. Y.) 

Conditions of use of "printed circuits" in 
radio and TV sets are critically examined 
with the purpose of developing standards of 
performance and comparison tests for wiring 
prefabricates and raw materials. 

Tests for etched, stamped, and flexibly 
backed copper-foil circuits are described, 
and test results given for the various types 
and makes reveal characteristic differences 
affecting their selection for various applica-
tions. Some standards are proposed toward 
unification of the requirements which repre-
sent both suppliers' and users' viewpoints. 

41.4. A COLOR TELEVISION RECEIVER 
FOR THE NTSC SYSTEM 

K. E. FARR 
(Westinghouse Electric Corporation, 

Metuchen, N. J.) 

The basic elements of color television 
transmission will be outlined, and the salient 
features of the NTSC system in its present 
form will be discussed. A receiver designed 
for this system will be described. The re-
ceiver circuits are divided into four basic 
groups: 1. the monochrome or brightness 
signal channel, along with sound, deflection 
sync, and agc, 2. the color decoder and video 
circuits, 3. the color sync circuits, 4. the de-
flection, convergence, and power supply cir-
cuits. 

The performance of this receiver will be 
discussed, and color photographs of color 
pictures taken from the picture-tube screen 
will be shown in the slides, as well as circuit 
details and photographs of the receiver. 

41.5. A SIMPLIFIED VIDICON 
TELEVISION CAMERA 

V. K. ZWORYKIN, L. E. FLOR?, AND 
W. S. PIKE 

(RCA Laboratories Division, Prince-
ton, N. J.) 

There are many everyday uses for a 
closed-circuit television system which have 
not previously been feasible even with avail-
able industrial equipment due to the cost of 

such units. The present paper describes a 
simplified camera using the vidicon pickup 
tube which, it is believed, will expand the 
usefulness in industry, commerce, and edu-
cation. The camera contains the vidicon it-
self and a video amplifier which provides a 
signal in the form of a modulated carrier. 
Power for operating the amplifier and de-
flecting the vidicon beam are obtained from 
a television receiver on which the picture is 
viewed. 

SESSION 42 

Microwaves III—Ferrites 
and Detectors 

(Organized by Professional Group on 
Microwave Theory and Techniques) 

Chairman, W. W. MUMFORD 
(Bell Telephone Laboratories, Inc., 

Murray Hill, N. J.) 

42.1. SPACE CHARGE DETECTOR 
FOR MICROWAVES 

A. B. BRONWELL, JOHN MAY, CHARLES NITZ, 
T. C. WANG, AND HILLIARD WACHOWSKI 

(American Society for Engineering Educa-
tion, Evanston, Ill.) 

This paper presents results of theoretical 
and experimental studies of the vacuum-
tube detector and converter for microwaves. 
Cylindrical diode tubes are used as detectors 
and converters at low-power levels and short 
wavelengths in the microwave spectrum. 
The theoretical studies treat the behavior of 
electrons in a space-charge cloud with super-
imposed dc and microwave fields. 

Solutions are obtained for the cylindri-
cal-diode space-charge equations in series 
form, based upon certain approximations. 
These solutions show the change in transit 
time and plate current resulting from super-
imposing the microwave field upon the dc 
field. 

42.2. LOW LEVEL SYNCHRONOUS 
MIXING 

M. E. BRODWIN, AND C. M. JOHNSON 
(The Johns Hopkins University, 

Baltimore, Md.) 
AND 

W. M. WATERS 
(Bendix Radio, Towson, Md.) 

A synchronous detection system utilizing 
the same oscillator to furnish power for two 
signal channels has been used to obtain sen-
sitivities of the order of 110 dbm at 100 kc, 
9 kmc, and 33 kmc. The energy from an un-
modulated RF source is divided into two 
channels. A portion of the energy is modu-
lated in the signal channel where the desired 
measurements take place. The rest of the 
unmodulated carrier is directed through the 
reference channel where its phase and am-
plitude may be controlled. The signal and 
reference powers are mixed in the detecting 
element and the audio component is ampli-
fied and metered. The qualitative theory is 
arrived at by approximating the nonlinear 
element with a power-series and a Fourier-
conductance representation. 

42.3. GUIDED WAVE PROPAGATION 
THROUGH FERRITIES AND ELEC-

TRON GASES IN MAG-
NETIC FIELDS 
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L. GOLDSTEIN, M. GILDEN, AND 
J. ETTER 

(University of Illinois, Urbana, Ill.) 

Guided-microwave propagation through 
certain anisotropic dielectrics has been the 
object of recent investigations. In these ex-
periments free electron gases and ferromag-
netic dielectrics in magnetic fields consti-
tuted the anisotropie media. The results 
show that, in general, both polarization 
transformation and resonance phenomena 
are observed. This paper reports further re-
sults on the magnetic resonances and Fara-
day-rotation effects in ferromagnetic dielec-
trics and in free electron gases immersed in 
magnetic fields. 

42.4. CAVITIES WITH COMPLEX 
MEDIA 

A. D. BERK, AND BENJAMIN LAX 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Expressions for the input and transfer 
impedances of cavities containing complex 
media, that is, media with tensor permeabil-
ity, conductivity, or permittivity, are de-
rived and discussed. It is shown that under 
certain conditions cavities of this sort pos-
sess the basic property of a gyrator. Special 
application of these results is made to the 
ferrites. 

42.5. RESONANCE IN CAVITIES WITH 
COMPLEX MEDIA 

BENJAMIN LAX, AND A. D. BERK 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

It is possible to study the tensor proper-
ties of such complex media as the ferrites and 
magneto-ionic gases by the use of resonant-
microwave cavities. The impedance method 
of analyzing a cavity with degenerate or 
overlapping modes suggests the scheme for 
measuring the pertinent components of 
either the permeability or the conductivity 
matrix of these media. A specific illustrative 
example is treated in which rotating modes 
are considered. 

SESSION 43 

Remote Control Systems 
(Organized by Professional Group on 

Radio Telemetry and Remote 
Control) 

Chairman, C. H. DOERSAM, JR. 

(Office of Naval Research, Port 
Washington, N. Y.) 

42.1. THE ORGANIZATION OF A 
DIGITAL REAL TIME 

SIMULATOR 

H. J. GRAY, JR. 
(Moore School of Electrical Engi-

neering, Philadelphia, Pa.) 

When a digital computer is used in a real 
time simulation problem, best results are not 
necessarily obtained with conventional ma-
chines. A typical set of thirteen first-order 
nonlinear differential equations was pro-
grammed for a machine similar to the Ray-
theon hurricane computer. Roughly 3,000 
memory positions were required and the 

time required for computation in one inte-
gration interval was found to be greater than 
0.22 second. Other studies indicated that 
the integration interval must be less than 
about one-tenth second. For various reasons, 
serial machines were considered over parallel 
machines. Several machine organizations 
were set up making use of one-address, three-
address, and four-address codes, special par-
titioning of the memory, use of auxiliary 
storage registers, special codes, a high-speed 
multiplier, a high-speed divider, more than 
one arithmetic unit, use of digital-differen-
tial analyzer techniques, etc. Computation 
times for the above problem were obtained 
and compared for the different machine or-
ganizations and an "optimum" computer 
was evolved which, subject to the same as-
sumptions as the hurricane with regard to 
programming, required about ten ms for one 
integration interval and after further manip-
ulation of the original equations, this time 
was reduced to about 7 ms. Roughly 2,000 
one-word memory positions were required. 

43.2. CONTROL SYSTEM ENGINEER-
ING APPLIED TO SUSPENSION 

SYSTEMS 
G. J. MARTIN AND R. JESKA 

(University of Michigan, Ypsilanti, 
Mich.) 

Automotive-suspension systems are stud-
ied by means of analogue-computing equip-
ment, and the measured results compared 
with performance. The system is viewed as a 
closed-loop control system rather than a con-
ventional open-ended passive system, which 
leads to new concepts of suspension synthe-
sis, using the techniques of control-system 
engineering. The control system is then 
translated into practical hardware. 

43.3. EXPERIMENTAL EVALUATION OF 
CONTROL SYSTEMS BY RANDOM-

SIGNAL MEASUREMENTS 

W. W. SEIFERT 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

Theoretical advances in the past decade 
indicated the advantages of random-signal 
calculations over sinusoidal and step-re-
sponse methods in control-system design, 
but practical application of random-signal 
measurements to experimental evaluation of 
control systems was relatively limited. At 
MIT the Dynamic Analysis and Control 
Laboratory has developed equipment and 
techniques for generating and morlitoring 
random signals. One recent application of 
this technique, the experimental evaluation 
of a rate servomechanism, is presented and 
the experimental results are correlated with 
approximate theoretical results. The prac-
tical advantages of random-signal measure-
ments are reemphasized and special atten-
tion given to the study of nonlinear systems 
under realistic operating conditions. 

43.4. EXTENSION OF CONVENTIONAL 
TECHNIQUES TO THE DESIGN OF 

SAMPLED-DATA SYSTEMS 

W. K. LINVILL, AND R. W. SITTLER 
(Massachusetts Institute of Technology, 

Cambridge, Mass.) 

Techniques developed in feedback-am-
plifier design and servomechanisms can be 
extended for design of sampled-data systems. 
A sampled-data system is made from only 
three kinds of linear elements all of which 
can be described either in the time or the fre-
quency domain. Flow graphs (or block dia-
grams) of sampled-data systems can be ma-
nipulated so as to reduce any complicated 
configuration to a simple equivalent configu-
ration without feedback. A simple compen-
sation procedure has been devised for sam-
pled-error-data servosystems which uses er-
ror coefficients and correlates transient re-
sponse with positions of system poles. 

43.5. GENERALIZED SERVOMECHA-
NISM EVALUATION 

W. P. CAYWOOD AND W ILLIAM KAUFMAN 
(Carnegie Institute of Technology, 

Pittsburgh, Pa.) 

Servomechanism-performance evalua-
tions for cases of statistically described sig-
nals have generally been made using the 
mean square of the error as a criterion of 
performance. There are many instances of 
applications of servos in which the mean 
square of the error holds little realism, such 
as in fire-control systems, and its use may 
result in a definitely inferior design or system 
adjustment. 

Described in this paper is an analytic 
method of evaluating the operation of any 
linear system having unvarying parameters 
and an unvarying criterion of the importance 
of the instantaneous-error magnitude. The 
method comprises expanding in a power se-
ries the curve of relative importance of error 
versus error and, as is shown in the paper, 
using the coefficients of the power series to 
determine a new series, each term of which 
incorporates the first or a higher-moment 
correlation function taken of the statisti-
cally described signal. The highest-moment 
correlation needed is the same order as the 
degree of the power series needed to satisfac-
torily represent the criterion. An application 
of the calculus of variations completes the 
method and allows determining the best sys-
tem adjustment. A magnetic-tape type of 
correlator to perform the higher-moment 
correlation is briefly described. 

43.6. A METHOD FOR REDUCING 
THE FORCED DYNAMIC ERROR 
OF CLOSED-LOOP SYSTEMS 

L. H. KING 

(Massachusetts Institute of Technology, 
Cambridge, Mass.) 

This paper illustrates a method for re-
ducing the forced-dynamic error in servo-
mechanisms by design based on error coeffi-
cients. After a brief review of the dependence 
of the forced-dynamic error upon error co-
efficients, the relationship between error co-
efficients and the parameters of a servo-
mechanism is derived. This relationship is 
then used to show how closed-loop systems 
can be modified to obtain favorable error co-
efficients, which reduce the forced-dynamic 
error. The method has been tested by simu-
lation, and photographs of simulator re-
sponse show how the effect of additional in-
tegrations can be achieved by error-coeffi-
cient adjustment. 
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Institute News and Radio Notes  

Calendar of 

COMING EVENTS 

IEE Symposium on Insulating Mate-
rials, London, Eng., March 16-18 

Optical Society of America Meeting, 
Hotel Statler, New York, N. Y., 
March 19-21. 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

IRE New England Radio Engineering 
Meeting, Storrs, Conn., April 11 

)th Joint Conference of RTMA of 
United States and Canada, Am-
bassador Hotel, Los Angeles, 
Calif., April 16-17 

IRE Seventh Annual Spring Techni-
cal Conference, Cincinnati, Ohio, 
April 18 

Symposium on Nonlinear Circuit 
Analysis, Engineering Societies 
Building, New York, N. Y., April 
24-25 

SMPTE Convention, Statler Hotel, 
Los Angeles, Calif., April 26-30 

URSI-IRE Meeting, National Bu-
reau of Standards, Washington, 
D. C., April 27-30 

NARTB Convention, Biltmore Hotel, 
Los Angeles, Calif., April 28-
May 1 

Electronic Components Symposium, 
Shakespeare Club, Pasadena, 
Calif., April 29-May 1 

1953 National Conference on Air-
borne Electronics, Dayton, Ohio, 
May 11-14 

1953 Electronics Parts Show, Conrad 
Hilton Hotel, Chicago, Ill., May 
18-21 

National Electronics Conference, 
Hotel Sherman, Chicago, Ill., 
September 28-30 

1953 IRE-RTMA Radio Fall Meeting, 
Toronto, Ont., October 26-28 

1954 Sixth Southwestern IRE Con-
ference and Electronics Show, 
Tulsa, Okla., February 4-6 

TECHNICAL COMMITTEE NOTES 
Under the Chairmanship of R. J. Wise, 

the Facsimile Committee met on December 
5, 1952. There was a discussion regarding 
the definition for "facsimile"; however, 
agreement could not be reached and it was 
decided to carry the matter over to the next 
meeting. The Chairman suggested that 
each member prepare a solution and pre-
sent it at that time. Pierre Mertz proposed 
that the term "effective band" be defined as 
a substitute for the term "nominal band" 
previously deleted. The proposal was ac-
cepted with the definition to read exactly 
as it is written in the IRE Standard, 42 
IRE 9. SI. Kenneth McConnell (alternate 

for A. G. Cooley) proposed a new definition 
entitled "facsimile band width," which was 
approved by the Committee. 

The Electron Devices Committee met 
on December 10, 1952, under the Chair-
manship of G. D. O'Neill. Chairman 
O'Neill presented to the Committee the 
comments of R. S. Burnap and A. C. Rock-
wood concerning the proposed modification 
of the definition for "accelerating electrode" 
by adding the noun "(accelerator)" before 
the definition proper. The comments noted 
that the use of a single noun to describe a 
particular function violated IRE standardiz-
ing policy, which is to use the single noun 
for structural names, for example, "anode," 
and to progress logically from such a funda-
mental specification to particular usages 
with modifying adjectives or adverbs. It 
was further pointed out that the 1950 
Electron Tubes Standard had not eliminated 
confusion over whether an electrode was an 
anode or a grid, depending on whether or 
not it drew current. Mr. Rockwood had re-
ferred to the minutes of a JETEC com-
mittee on cathode-ray tubes in which this 
difficulty was recognized, and had recom-
mended some joint action be taken to 
improve the definitions, based upon a 
generally acceptable philosophy. This mat-
ter was referred to R. B. Janes for further 
action and Chairman O'Neill suggested that 
a member of the JETEC committee be re-
cruited as a subcommittee member. It was 
decided that JETEC be notified of the 
change in attitude of Committee 7 toward 
the use of the shortened terms and that the 
definitiod in question is one of several 
which will be under review shortly for pos-
sible revision. Comments from the Stand-
ards Committee concerning the klystron 
definitions did not require action, with the 
exception of electronic efficiency. However, 
the discussion of electronic efficiency and 
circuit efficiency, revealed that these defini-
tions were redundant, in the opinion of the 
Committee, and it was decided that they be 
deleted. Output-circuit electronic efficiency 
was added to the list of klystron definitions. 
R. M. Ryder presented the final draft of the 
proposed methods of test for noise. L. S. 
Nergaard and W. J. Dodds presented a 
complete roster of definitions recently or 
currently under consideration by this Com-
mittee. 

On December 12, 1952, under the Chair-
manship of P. C. Sandretto the Navigation 
Aids Committee convened. R. E. Gray who 
is compiling a list of all the terms defined 
this year reported discrepancies in the exist-
ing definitions of deviation sensitivity, low 
clearance field, and true axis of the nutation 
field. Corrections were made by the Com-
mittee. Action on the terms crystal holder, 
crystal-video figure of merit, output noise 
ratio, and crystal current sensitivity were 
deferred until the next meeting. The Com-
mittee took up the second half of Harry 
Davis' list of terms, which were under con-
sideration for the remainder of the meeting. 

The Video Techniques Committee, under 
the Chairmanship of W. J. Poch, met on 
December 9, 1952. A. J. Baracket reported 

on the Subcommittee on Video Systems and 
Components. Reports on geometric distor-
tion and pickup-tube interlacing are ready 
for subcommittee action. A number of 
other reports are in preliminary stages of 
preparation. J. L. Jones summarized prog-
ress of the Subcommittee on Methods of 
Measurement of Video Transmission. Prom-
ising results have been obtained by the use 
of special signals for checking amplifier 
linearity and the preparation of a report 
has been initiated. Dr. Athey reported for 
the Subcommittee on Video Utilization. 
Several matters should come before the 
Subcommittee in the near future, such as a 
recommendation for a method of measure-
ment on X-ray radiation, a re-evaluation of 
L. D. Grignon's tutorial paper on video 
recording, and a report on the reaction from 
network representatives to the question-
naire submitted some time ago. It was sug-
gested that this Subcommittee review the 
proposed definitions in the field of video 
recording and make recommendations to 
the Video Techniques Committee for terms 
which should be standardized. 

The Radio Transmitters Committee 
met on December 12, 1952, under the 
Chairmanship of M. R. Briggs. Chairman 
Briggs summarized the work done with the 
Annual Review and expressed his apprecia-
tion to members for their cooperation in 
voluntarily having accepted assignments 
and for their promptness in submitting 
summaries to P. J. Herbst. Chairman 
Briggs read a letter from J. B. Heffelfinger, 
Chairman of Subcommittee 15.3, Double 
Sideband AM Transmitters, who reported 
that his group is still working to produce a 
rough draft of the Standards on Double 
Sideband Transmitters: Methods of Testing. 
Harold Goldberg, Chairman of Subcom-
mittee 15.4, Pulse-Modulated Transmitters, 
reported that his Subcommittee has com-
pleted the final draft of its proposed Stand-
ards on Methods of Measurement of Pulse 
Quantities. A. E. Kerwien, Chairman of 
Subcommittee 15.5, Single Sideband Radio 
Communication Transmitters, reported that 
during two recent meetings the group has 
attempted to define a number of terms of 
special significance to the single sideband 
transmitter field. Considerable progress has 
been made on a number of terms, which will 
enable the group to commence work on the 
methods of test soon. The remainder of the 
meeting was devoted to a review of the 
Proposed Standards on Methods of Meas-
urement of Pulse Quantities, as resubmitted 
by Subcommittee 15.4. Dr. Goldberg out-
lined the work done and pointed out that 
the recommendations made last January 
for the most part had been incorporated 
in the present draft. The comments result-
ing from the discussion by the Radio 
Transmitters Committee will be passed 
along to Dr. Goldberg's subcommittee for 
review at their next meeting. It was the 
general opinion that every effort should be 
made to submit the standard to the meas-
urements coordinator at an early date. 

The Standards Committee did not hold 
a meeting during the month of December. 
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IRE OFFICERS AND DIRECTORS AP-
POINTED FOR 1953 TERM 

The IRE Board of Directors, at its an-
nual meeting on January 7, 1953, New York, 
N. Y., appointed six officers and directors for 
the year 1953. 

Haraden Pratt, telecommunications ad-
viser to the President, was reappointed 
Secretary of the Institute, a post he has held 
since 1943. W. R. G. Baker, vice president 
of the General Electric Co., Syracuse, N. Y., 
was appointed Treasurer for the third suc-
cessive year. A. N. Goldsmith, consulting 
engineer, was appointed Editor, an office he 
has held since the IRE was founded in 1912. 

Appointed as directors for 1953 were 
R. D. Bennett, technical director, United 
States Naval Ordnance Laboratory, Silver 
Spring, Md.; W. R. Hewlett, vice president, 
Hewlett Packard Co., Palo Alto, Calif.; and 
A. V. Loughren, vice president in charge of 
research, Hazeltine Electronics Corp., Little 
Neck, L. I., N.Y. 

MIT OFFERS ELECTRONIC 
FELLOWSHIPS 

A number of Graduate and Advanced 
Research Fellowships is offered by the 
Massachusetts Institute of Technology 
for study and research in the field of elec-
tronics. These "Industrial Fellowships in 
Electronics" are sponsored jointly by a 
group of industrial organizations concerned 
with the advancement of electronics and its 
applications. 

Recipients of Student Fellowships 
will be awarded a stipend varying between 
$1,500 and $2,400, according to their experi-
ence and qualifications, and in addition will 
be granted a credit to meet the tuition fee. 
Advanced Research Fellowships will range 
from $3,000 upwards, according to the 
qualifications of the recipient. 

Applicants should communicate with 
e the Director, Research Laboratory of Elec-

tronics, Massachusetts Institute of Tech-
nology, Cambridge, Mass. Application 
should be made at least four months prior 
to the intended date of entrance. 

URSI-IRE MEETING SCHEDULED 
FOR APRIL 

A meeting of the USA National Com-
mittee of the International Scientific Radio 
Union (URSI) and the IRE Professional 
Group on Antennas and Propagation is being 
held at the National Bureau of Standards, 
Washington, D. C., April 27-30, 1953. 

Sessions of the meeting will be concerned 
with the topics of radio measurement meth-
ods and standards, tropospheric radio prop-
agation, ionospheric radio propagation, 
terrestrial radio noise, radio astronomy, 
radio waves and circuits (including general 
theory), and electronics. 
A preliminary program and advance 

registration forms will be available after 
March 16, 1953. These and further informa-
tion about the meeting may be obtained 
from A. H. Waynick, Secretary, USA Na-
tional Committee of URSI, The Pennsyl-
vania State College, State College, Pa. 

A certificate of recognition and pocket-size slide 
rule were presented to Vince Di Caudo (left). Akron. 
Ohio. by Irving Knapp on behalf of the Akron IRE 
Section. for Di Caudo's scholarship, interest, and 
achievement at the college of engineering, University 
of Akron. 

TECHNICAL CONFERENCE 
SCHEDULED IN CINCINNATI 

The Seventh Annual Spring Technical 
Conference, sponsored by the Cincinnati 
IRE Section, will be held April 18, 1953, 
Cincinnati, Ohio. 

The Conference, which is the only IRE 
technical conference national in scope and 
entirely devoted to television, will be of 
interest to all executives, engineers, and 
technical personnel in television and allied 
fields. Papers to be presented will include the 
latest information in various phases of the 
art and will deal with material unpublished 
to date. 

The list of speakers and papers to be de-
livered at the conference are as follows: 

Morning Session, April 18 

"Television and the Bell System," (speaker 
to be announced) 

"A High Powered UHF-TV Broadcast 
System," F. J. Bias, General Electric 
Co., Syracuse, N. Y. 

"The Design of TV Receivers Utilizing 
NON-Synchronous Power," G. D. 
Hu1st, DuMont Laboratories, Inc., 
Clifton, N. J. 

"Approach to Mechanized Assembly of 
Electronic Equipment Applicable to TV 
Receivers," L. K. Lee, Stanford Re-
search Institute, Stanford, Calif. 

Afternoon Session, April 18 

"The Selection and Amplification of UHF 
Television Signals," Wilson Boothroyd 
and John Waring, Philco Corp., 
Philadelphia, Pa. 

"Transient Considerations in the NTSC 
Color System," B. S. Parmet, Motorola, 
Inc., Chicago, Ill. 

"A Four Gun Tube for Color Television 
Receivers," John Rennick and Charles 
Heuer, Zenith Radio Corp., Chicago, 

"Latest NTSC Color System," (Orange 
Cyan Wide Band), R. D. Kell and 
A. C. Schoeder, RCA Laboratories, 
Princeton, N.J. 

All information regarding advertising 
exhibits should be directed to R. H. Leh-

man, the Baldwin Company, 1801 Gilbert 
Avenue, Cincinnati, Ohio. 

Matters of advance registration for the 
conference, including hotel, luncheon, and 
banquet reservations, should be directed to: 
A. C. Wahl, P.O., Box 8, Green Hills 18, 
Ohio. A late registration may be made at 
the conference. 

NONLINEAR CIRCUIT ANALYSIS 
SYMPOSIUM ANNOUNCED 

An international symposium on Non-
Linear Circuit Analysis will be held on 
April 23-24, 1953, at the Engineering 
Societies Building Auditorium, New York, 
N. Y. 

The symposium, organized by the Poly-
technic Institute of Brooklyn with the co-
operation of the IRE Professional Group on 
Circuit Theory and with the co-sponsorship 
of the Office of Naval Research, Air Re-
search and Development Command, and the 
Signal Corps, will be of particular interest to 
those working in the field of nonlinear sys-
tems. It is intended to cover the basic ex-
position of nonlinear phenomena and the 
fundamental mathematical methods of anal-
ysis, as well as illustrative applications to 
nonlinear electronic circuits, magnetic cir-
cuits, feedback systems, and feedback-
control systems. American and European 
authorities, who have made original con-
tributions to the art, will participate. 

No registration fee will be charged for 
admission to the Symposium. However, all 
persons interested in attending are urged to 
register early. Copies of the detailed pro-
gram, hotel accommodation information, and 
registration forms are available on request 
to: Polytechnic Institute of Brooklyn, 
Microwave Research Institute, 55 Johnson 
Street, Brooklyn 1, N. Y. 
A "Proceedings of the Symposium on 

Nonlinear Circuit Analysis" will be pub-
lished by October, 1953, at four dollars per 
copy. Members of the IRE Professional 
Group on Circuit Theory may obtain 
copies at three dollars per copy. Orders for 
the Proceedings, accompanied by check or 
money order made out to "Treasurer, Non-
linear Symposium," will be accepted in 
advance, at the above address. 

1953 IAS OFFICERS ANNOUNCED 

The Institute of the Aeronautical Sciences 
has announced the new officers for 1953. 
They are as follows. 
President: C. J. McCarthy, United Aircraft 

Corporation. 
Vice-Presidents: G. W. Brady, Curtiss-

Wright Corporation; C. L. Johnson, 
Lockheed Aircraft Corporation; J. S. 
McDonnell, Jr., McDonnell Aircraft 
Corporation; E. G. Stout, Consolidated 
Vultee Aircraft Corporation. 

Treasurer: P. R. Bassett, Sperry Gyroscope 
Company. 

Director: S. P. Johnston. 
Secretary: R. R. Dexter. 
Controller: J. J. Maitan. 

The men assumed the duties of their 
respective offices at the IAS Twenty-first 
Annual Meeting, January 26-29, 1953, 
Hotel Astor, New York, N. Y. 
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Professional Group 
News  
BROADCAST TRANSMISSIONS SYSTEMS 

The Boston Chapter of the Broadcast 
Systems Group held a meeting recently at 
Radio Station VCOP, Boston, Mass., P. K. 
Baldwin presiding. Twelve broadcast sta-
tions were represented. During the meeting 
a paper was presented on "The Future Pros-
pects of UHF Television," by W. Y. Pan, 
RCA Victor Division, and an RCA film was 
shown entitled, "Success Hill." 

COMMUNICATIONS SYSTEMS 
The Professional Group on Communica-

tions is planning a Symposium on Radio 
Communications, June 11-12, 1953, New 
York, N. Y. 

The program will include technical ses-
sions in the auditorium of the American 
Telephone and Telegraph Long Lines Build-
ing, New York City, and an inspection trip 
to the AT&T overseas radiotelephone trans-
mitting and receiving stations at Lawrence-
ville and Netcong, N. J. 

The Washington Chapter of the Com-
munications Group has been officially ap-
proved by the IRE Executive Committee. 
At the inaugural meeting held in February 
the following officers were elected: Chair-
man, C. L. Engleman, United States Navy; 
Vice Chairman, W. C. Boese, Federal Com-
munications Commission; Secretary, J. D. 
Wallace, Naval Research Laboratory. A 
documentary film, "Communications Sys-
tems of Operation Sandstone," was shown. 

ELECTRONIC COMPUTERS 

The Washington Chapter of the Electronic 
Computers Group has been officially ap-
proved by the IRE Executive Committee. 

At the chapter's inaugural meeting held 
at the PEPCO Auditorium, Washington, 
D. C., the following officers were elected: 
Chairman: C. V. L. Smith, Office of Naval 
Research; Vice Chairman, D. H. Jacobs, 
Jacobs Instrument Company; Secretary, 
R. J. Slutz. National Bureau of Stand-
ards. The program included a paper on 
"How the Univac Predicted the Election," 
by H. F. Mitchell, Jr., Eckert, Mauchly 
Division, Remington Rand, Incorporated. • 

The San Francisco Chapter of the Elec-
tronic Computers Group also has been ap-
proved by the IRE Executive Committee. 
T. H. Meisling, University of California, is 
chairman protempore. 

ENGINEERING MANAGEMENT 

An organizational meeting headed by F. 
W. Schor, Motorola, Inc., was held recently 
by the Chicago Chapter of the Engineering 
Management Group. The chapter has been 
officially approved by the IRE. 

Notice! 
ULTRASONICS PROFESSIONAL GROUP 
A petition to form an IRE Pro-

fessional Group on Ultrasonics has 
been received. The proposed Group 
will hold an informal meeting at the 
1953 IRE National Convention, 
Thursday from 1:30 to 2:30 p.m. in 
the Blue Room of the Grand Central 
Palace. All those interested in the ac-
tivities of such a professional Group 
are urged to attend. 

TRANSACTIONS OF IRE PROFESSIONAL GROUPS 

The following issues of Transactions are available from the Institute of Radio 
Engineers, Inc., 1 East 79 Street, New York 21, N. Y., at the prices listed below. 

Group IRE Non-
Sponsoring Publication Mem- Mem- mem-

Group bers bers bers• 

Airborne PGAE-4; "The Selectivity and $0.45 $0.65 $1.35 
Electronics Intermodulation Problem in UHF 

and Communication Equipment" 
(11 pages) 
PGAE-5; "A Dynamic Aircraft .30 .45 .90 
Simulator for Study of Human 
Response Characteristics" (6 
pages) 
PGAE-6; "Ground-to-Air Co- .30 .45 .90 
Channel Interference at 2900 
MC (10 pages) 

Antennas and 
Propagation 

PGAP-4; IRE Western Conven- 
tion, August, 1952 (136 pages) 

2.20 3.30 6.60 

Audio PGA-5; "Design Interrelations of .30 .45 .90 
Records and Reproducers," by 
H. I. Reiskind (8 pages) 
PGA-6; Editorials, Technical .80 1.20 2.40 
Papers, and News (42 pages) 
PGA-7; Editorials, Technical Pa- 
pers, and News (48 pages) 

.90 1.35 2.70 

PGA-8; July 1952 Issue (40 
pages) 

.80 1.20 2.40 

PGA-9; September-October Is- 
sue (28 pages) 

.60 .90 1.80 

PGA-10; November-December .70 1.05 2.10 
Issue (28 pages) 
Vol. AU-1, No. 1; January-Febru- 
ary Issue (24 pages) 

.60 .90 1.80 

Broadcast and 
Television 
Receivers 

PGBTR-1; Round-Table Discus- 
sion on UHF-TV Receiver Con-
sideration Presented at 1952 IRE 

.50 .75 1.50 

National Convention, March 6, 
1952, New York, N. Y. (12 pages) 

Circuit 
Theory 

PGCT-1; IRE Western Conven- 
tion August, 1952 (100 pages) 

1.60 2.40 4.80 

Electron 
Devices 

PGED-1; Papers from IRE Con- 
ference on Electron Tube Re-
search and IRE-AIEE Confer-
ence on Semiconductor Research, 
June, 1952 (32 pages) 

.80 1.20 2.40 

Electron 
Devices 

PGED-2; Papers on Electron De- 
vices presented at the IRE Con-
ference on Electron Tube Re-
search, Ottawa, Ont., Canada, 
June 16-17, 1952 and the IRE 

1.60 2.40 4.80 

Western Convention, Long Beach, 
Calif. (84 pages) 

Electronic PGEC-1; Papers presented at 1.50 2.25 4.50 
Computers Technical Sessions on Elec-

tronic Computers at Western 
Electronic Show and Convention, 
August 27-29,1952, Long Beach, 
Calif. (75 pages) ' 

Quality PGQC-1; Papers presented at 1.20 1.80 3.60 
Control 1951 Radio Fall Meeting, and 

1952 IRE National Convention, 
(60 pages) 

Vehicular Com- 
munications 

PGVC-2; Symposium on What's 
New in Mobile Radio (32 pages) 

1.20 1.80 3.60 

• Public libraries and colleges can purchase copies at IRE Member rates. 
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N. K. ZELAZO 

IRE People  
Nathaniel K. Zelazo (M'47—SM'52) has 

been appointed vice president of the Ketay 
Manufacturing Corporation of New York 

City and Los Ange-
les, designers and 
manufacturers of 
electronic equip-
ment. Mr. Zelazo's 
responsibilities in-
clude organizing in-
dustrial and govern-
ment sales, and 
co-ordinating the cor-
poration's research 
and development 
work. He was for-
merly with the De-

partment of Defense as acting chief of the 
special projects division in the Electronics 
Production Resources Agency, Washington, 
D. C., and closely associated with the Muni-
tions Board and its industry advisory com-
mittees. 

Mr. Zelazo was born in Lomza, Poland, 
and received the B.S. degree from the Col-
lege of the City of New York in 1940. He did 
graduate work at Columbia University and 
George Washington University. At the be-
ginning of World War II, Mr. Zelazo was 
associated with the Army Air Force in their 
procurement of aircraft instruments and 
later transferred to the Army Signal Corps 
Radar Laboratory at Belmar, N. J. From 
1942-1947, he was with the Bureau of Ships, 
Navy Department, as a project engineer on 
development of fire-control radar equip-
ments. From 1947-1950, Mr. Zelazo was 
head of the bureau's miniaturization unit 
and as a result of his activity, the Research 
and Development Board established a sub-
panel on miniaturization for which he served 
as the first secretary. Prior to leaving the 
Navy Department, Mr. Zelazo was systems 
engineer and electronic consultant to the 
Armament Division, Bureau of Aero-
nautics. 

Arthur Albert Dyson (A'33) has been ap-
pointed an Officer of the Most Excellent 
Order of the British Empire, according to 
Her Majesty's New Year Honours List. 

Mr. Dyson began his career as works 
manager for Pritchard and Simpson of New-
castle, England, in 1929. In 1932 he became 
works manager for Erie Resistor, Ltd., of 
London. He is now managing director and 
chief engineer of Eire Resistor. 

Gerard Lehmann (SM'44) has been 
elected president of the French National 
Committee of the International Scientific 
Radio Union (URSI) for the next three 
years. 

Mr. Lehmann was born in Paris, France, 
on April 6, 1909. After receiving his degree 
in engineering from the École Centrale, in 
1931, he became associated with the Sadir 
Company as a technical director, building 
vhf communications and radio navigation 
equipment. 

After serving with the French Army until 
1940, he joined the Lyon laboratory of Le 
Matériél Téléphonique. In 1943 he came to 
the United States and worked as a research 
engineer with Federal Telephone and Radio 
Laboratories. He later returned to Le 
Matériél Téléphonique in France. 

In addition to research work, Mr. 
Lehmann has taught at the École Central and 
was appointed professor of direction finding 
and radio navigation at the École Supérieure 
d'Électricité. At present he is the scientific 
director of Laboratoire Central de Télé 
communications, Paris, France. 

Bernard Hecht (M'45) has entered the 
field of quality control consulting, specializ-
ing in the problems of electronics industry. 

Mr. Hecht re-
ceived the B.E.E. de-
gree from the School 
of Technology City 
College of New York, 
and the M.S. degree 
from the University 
of Pennsylvania. At 
the beginning of 
World War II, he was 
a civilian officer in 
charge of radio in-
spection for the Sig-
nal Corps. In 1943 he 

was selected to represent the United Army. 
Navy Specification Program for electronic 
components, embracing the standardization 
of tubes, resistors, capacitors, and trans-
formers. Later, he was assigned to aid in the 
reconversion to peacetime production the 
plant operation of the International Re-
sistance Company. He has managed quality 
control for such firms as the Starrett Tele-
vision Corporation and RCA Victor. 

Mr. Hecht has lectured on quality con-
trol subjects at Temple, Princeton, and 
Rutgers Universities. He is a member of Tau 
Beta Pi, and a senior founding member of 
the American Society for Quality Control. 
He has served as Vice Chairman of the IRE 
Professional Group on Quality Control. 

BERNARD HECHT 

H. B. Steinhauser (M'51) has been 
named manufacturing engineer of the Du-
mont Laboratories, Inc., instrument divi-
sion. 

Mr. Steinhauser was born in Norwich, 
N. Y., on July 25, 1914, and received the 
E.E. degree at Rensselaer Polytechnic In-
stitute in 1934. In 1935 he became a junior 
radio engineer at the General Electric Com-
pany in Bridgeport, Conn., and then trans-
ferred to the Western Electric Company in 
Kearny, N. J., as test maintenance engineer. 
In 1938 he joined the Sperry Gyroscope 
Company as a production engineer, and in 
1944, he became associated with the Boon-
ton Radio Corporation as production mana-
ger. He later became administrative assist-
ant to the general manager. 

Mr. Steinhauser was a senior engineer 
with the Instrument Division of Dumont 
Laboratories, Inc., before his promotion. 

Earl G. Ports (A'25—M '33—SM '43), 
assistant technical director of Federal 
Telecommunication Laboratories, 

Inc., Nutley, 
N. J., died re-
cently at his 
home in Liv-
ingston, N. J. 

Mr. Ports 
was born in 
Hanover, Pa., 
on August 14, 
1901. He re-
ceived the B.S. 
degree in elec-
trical engineer-
ing in 1923, 

and the M.S. degree in physics in 
1925, at Gettysburg College. 

Serving on the engineering staff of 
the Bell Telephone Laboratories until 
1929, he joined the International 
Telephone and Telegraph Corpora-
tion as an engineer with the Inter-
national Communication Labora-
tories. In 1932, he became a trans-
mitter engineer with the Federal 
Telegraph Company, Newark, N. J., 
and in 1934, he was appointed chief 
engineer. In 1942, Mr. Ports became 
manager of the communications prod-
uct division of the Federal Telephone 
and Radio Corporation. He later held 
the positions of technical director, as-
sistant vice president, and chief en-
gineer and assistant manager of the 
radio division at FTR. 

In 1947, Mr. Ports received the 
Navy Department's Certificate of 
Commendation for outstanding as-
sistance in organizing and supervising 
the radio engineering staff at FTR, 
engaged in the development of radio 
transmitters, receivers, and direction 
finders for the United States Navy. 

Mr. Ports served on the IRE 
Committees of Annual Review, 
Standards, and Transmitters and An-
tennas. He also served on committees 
of the Radio and Television Manu-
facturers Association, Radio Techni-
cal Commission for Aeronautics, 
National Electrical Manufacturers 
Association, and the American Stand-
ards Association. He was a fellow of 
the American Institute of Electrical 
Engineers. 

E. G. PORTS 

Alex A. Javitz (A'48) has been named 
special features editor of Electrical Manu-
facturing. He was previously associate editor 
of the publication. 

Mr. Javitz was born in New York, N. Y., 
and attended Columbia University. He re-
ceived the B.S. degree in 1918 from the 
Cooper Union School of Engineering. 

He is a member of the American Chem-
ical Society, the Society of Plastics Engi-
neers, the Inter-Society Color Council, and 
the Conference on Electrical Insulation. 
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R. R. Thalner 
254 Rano St. 
Buffalo, N. Y. 
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Hans Scharla-Nielsen 
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Univ. of Kansas 
Lawrence, Kan. 
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C. W. Rook 
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LITTLE ROCK (5) 
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Los ANGELES (7) 

LOUISVILLE (5) 
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PHOENIX (7) 

PITTSBURGH (4) 
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J. K. Hallenburg 
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Houston, Tex. 
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Indianapolis, Ind. 
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Mrs. G. L. Curtis 
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J. E. Wylie 
2701 N. Pierce 
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J. D. B. Moore 
27 McClary Ave. 
London, Ont., Canada 

B. S. Angwin 
238 N. Frederic St. 
Burbank, Calif. 

G. W. Yunk 
2236 Kaelin Ave. 
Louisville, Ky. 

M. C. Scott, Jr. 
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Miami, Fla. 

H. J. Zwarra 
722 N. Broadway 
Milwaukee, Wis. 

R. W. Cooke 
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Montreal, P. Q., Canada 
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107 S. Washington 
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A. B. Giordano 
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• Numerals in parentheses following Section designate Region number. 
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(Chicago) 
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(Kansas City) 
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Secretary 
C. M. McKinney 
Texas Tech. College 
Lubbock, Tex. 

R. L. Riddle 
Penn. State College 
State College, Pa. 

C. B. Lax 
Sergeant Jasper Apts. 
Charleston, S. C. 

R. C. Haraway 
603 College Hill Apts. 
Huntsville, Ala. 

C. G. Landis 
Safe Harbor, Box 6 
Conestoga, Pa. 

B. F. Tyson 
49-16 Douglaston Pkwy. 
Douglaston, N. Y. 

G. F. Senn 
81 Garden Rd. 
Little Silver, N. J. 

P. S. Christaldi 
Box 111 
Clifton, N. J. 

Eli Blutman 
6814 Glacier Dr. 
Riverside, Calif. 

J. V. Granger 
772 Paul Ave. 
Palo Alto, Calif. 
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Rome, N. Y. 
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South Bend, Ind. 
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Winnipeg, Canada 

Professional Groups  
Chairman 

AIRBORNE ELECTRONICS 

ANTENNAS AND PROPAGATION 

AUDIO 

BROADCAST AND TELEVISION 
RECEIVERS 
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Chairman 
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Eugene Mittlemann 
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Sylvania Electric Products Inc. 
Bayside, L. I., N. Y. 
I. G. Easton 
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Nashville, Tenn. 
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Washington, D. C. 
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The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number and is not to be confused 
with the Decimal Classification used by the 
United States National Bureau of Standards. 
The number in heavy type at the top right is 
the serial number of the Abstract. DC numbers 
marked with a dagger (t) must be regarded as 
provisional. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.21-14: 534.321.9 302 
0 Critical (wave-) Length for the Propagation 

of Free Waves in a Viscous Fluid—C. Trues-
dell. (Compt. Rend. Acad. Sci. (Paris), vol. 235, 
pp. 702-704; October 6, 1952.) A re-examina-
tion of the theories of Stokes and others leads 
to the conclusion that ultrasonic vibrations of 
wavelength less than a critical value, dependent 
on the viscosity of the medium, will be over-
damped and will not be propagated. Values of 
the critical wavelength are given for several 
fluids; the value for water at 15°C is S X 10" 
cm. 

534.32: 621.396.619.11/.13 303 
The Limits of Perception of Amplitude- and 

Frequency-Modulation of a Pure Tone—E. 
Zwicker. (Akus. Beihefte, no. 3, pp. 125-133; 
1952.) Measurements were made on tones of 
different pitch and loudness as a function of the 
modulation frequency (j). Below a certain 
value of f, about 30 cps for low tones, rising to 
1 kc for tones around 10 kc, AM is perceived 
more readily than FM, but above this limiting 
frequency no difference between AM and FM 
is perceptible. The effect of the slope of the re-
sponse curve of a transmission system on the 
perceptibility of FM was also investigated. 

534.322.1:621.3.018.78 304 
The Perception of Nonlinear Distortion in 

the Transmission of Musical Two-Tone Combi-
nations—R. Feldtkeller. (Akus. Beihefte, no. 3, 
pp. 117-124; 1952.) In comparisons of the 
timbre of a sustained fifth before and after 
transmission through a nonlinear system, 
changes of a few parts per thousand are per-
ceptible in the case of third-harmonic distor-
tion, and of a few per cent with second. 
harmonic distortion. Loud high-pitch combina-

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February 1952, through January 1953, may be obtained 
for 3s. 9d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London, S.E., England. This Index includes a list of the journals abstracted 
together with the addresses of their publishers. 

tions are most susceptible to distortion. Har-
monics due to the transmission system not only 
change the timbre but also render errors of in-
tonation more evident. 

534.615-14 305 
Acoustic Particle-Velocity Measurements 

in Liquids with the Rayleigh Disk—A. K6sters. 
(Akus. Beihefte, no. 3, pp. 171-174; 1952.) 
Tests by two methods confirm Wood's correc-
tions (3945 of 1935) of the KtSnig formula for 
Rayleigh-disk measurements. The results are 
not in agreement with King's theory (638 of 
1936). Rigid disks are found necessary for re-
liable measurements. Disk rotation is inde-
pendent of the viscosity of the surrounding 
liquid. 

534.75 306 
The Memory for Acoustic Effects—F. 

Enkel. (Tech. HausmiU. Nordwasch. Rdfunks, 
vol. 4, pp. 142-143; July/August, 1952.) Sub-
jective tests show that there are two different 
types of musical memory, termed respectively 
"linear" and "polar." The former discriminates 
on the basis of pitch differences and the latter 
on the basis of harmonic relations. 

534.844.1 307 
Composite Cathode Ray Oscillograph Dis-

plays of Acoustic Phenomena and their Inter-
pretation—T. Somerville and C. L. S. Gilford. 
(BBC. Quart., vol. 7, pp. 41-53; 1952.) A 
microphone receiving the test sound feeds a 
logarithmic amplifier; the dc output is applied 
through a directly coupled amplifier to the 
y-plates of a cro with a variable-speed timebase 
triggered at the end of a tone pulse. Reverbera-
tion time is read directly on a graticule scale 
aligned with the trace. Reverberation times 
<0.1 second have been measured. By photo-
graphing succeeding traces as the frequency is 
increased, "pulsed glide displays" are obtained. 
The interpretation of these is discussed and 
their use in studying structural vibrations is 
illustrated. See also Radio Commun. (formerly 
FM-TV), vol. 12, pp. 22-23, 43, 28, 30, and 22-
23, 38; June-August, 1952. 

534.845 308 
Resonance-Type Absorbers for Water-

Borne Sound—E. Meyer and H. Oberst. 
(Akus. Beihefte, no. 3, pp. 149-170; 1952.) The 
materials investigated were rubber sheets 
4 mm thick backed by steel plates of various 
thicknesses. The rubber contained cylindrical 
air cavities acting as resonant absorbers, the 
number of cavities per unit area being adapted 
to the thickness of the steel backing plate to 
obtain maximum absorption. Amplitude reflec-
tion factors of under 10 per cent, corresponding 
to energy absorption of over 99 per cent, have 
been obtained in the frequency range 9-18 kc. 
Measurement technique is described. Results 
are shown in numerous curves. 

534.845 309 
Helmholtz Resonators as Acoustic Treat-

ment at the New Swansea Studios—F. L. 
Ward. (BBC. Quart., vol. 7, pp. 174-180; 
Autumn, 1952.) Description of the fitting of 
resonators for sound absorption in a large 
orchestral studio. The resonators consist of 
hollow plaster castings with flanged plaster 
backs, and project from the wall surface. Parti-
tions divide each unit into eight equal cavities; 
cardboard tubes, of adjustable length and di-
ameter, are inserted through holes in the front 
of the unit and serve to vary the cavity reso-
nance frequency. Fabric is fitted across the 
mouths of the tubes to vary the neck resistance. 
Results of absorption measurements in the 
studio are to some extent inconsistent with 
theory. Performance tests indicate that there is 
little masking by the bass instruments; the 
adequate sound diffusion results in good tone 
quality and enables performers to hear each 
other easily. 

534.845:534.414 310 
Acoustic Resonators as Sound Absorbers— 

A. Lauber. (Tech. Mitt. schweiz. Telegr. 
TelephVeruy., vol. 30, pp. 209-213; July 1 
1952. In German and French.) Two types of 
resonator have been tested in the laboratory 
and in practice: (a) tubes of four different 
lengths, with overlapping response curves, and 
with characteristic impedance matched at the 
open end by means of cotton-wool pads; (b) 
cavity bricks with holes, constituting Helm-
holtz resonators. In contrast to porous ab-
sorbers, the absorption of these resonant types 
depends on the room damping. They are par-
ticularly applicable for frequencies below 200 
epa. 

534.845.2 311 
Building-Material Acoustics: Comparative 

Measurements—G. Becker, G. Bobbert and 
H. Brandt. (Akus. Beihefte, no. 3, pp. 176-180; 
1952.) A report of measurements, carried out in 
eight different establishments, on typical 
building materials and floor structures, using 
both airborne and impact sound. The accuracy 
of the various measurements is discussed in 
relation to the methods adopted, methods using 
airborne sound resulting in lower mean errors 
of individual measurements than those for im-
pact sound. 

621.395.623.42: 534.6 312 
The Suitability of Dynamic Headphones for 

Measurements on Frequency-Modulated 
Tones—E. Zwicker and G. Gâssler. (Akus. 
Beihefte, no. 3, pp. 134-139; 1952.) Resonances 
in the ear passage are found to be highly 
damped and of low intensity. By using a pair of 
equalizer networks with headphones, the fre-
quency response curve of the combination can 
be made level to within ± 3 db from 20 cps to 
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15 kc, so that the arrangement can be used for 
measurements of FM tones. 

621.395.623.7 313 
Metal-Cone Loudspeaker—F. H. Brittain. 

(Wireless World, vol. 58, pp. 490-492; De-
cember, 1952.) Continuation of description 
noted in 18 of February. The cone, of diameter 
6 inches, is sufficiently rigid without being too 
heavy. The speech coil is of diameter 1 inch 
and is wound on a turned duralumin former 
welded to the cone. Methods of mounting in a 
closed box or vented cabinet or in conjunction 
with an acoustic labyrinth are discussed. 

621.395.623.75 314 
Horn-Loaded Loudspeakers—D. J. Plach 

and P. B. Williams. (Proc. NEC (Chicago), 
vol. 7, pp. 108-114; 1951.) 

621.396.645:621.395.625.2 315 
A Gramophone Pickup Pre-amplifier—E. J. 

Miller. (Electronic Eng., vol. 24, pp. 498-499; 
November, 1952.) Description, with detailed 
circuit, of an amplifier whose frequency-re-
sponse curve can be adjusted to suit records 
with the N.A.B. characteristic or with the char-
acteristics favored by the E.M.I. and Decca 
groups of companies. 

681.8 316 
Wear of Phonograph Needles—B. B. 

Bauer. (Proc. NEC (Chicago), vol. 7, p. 120; 
1951.) Summary only. 

789.983 317 
An Electronic Music Box—E. L. Kent and 

C. J. Tennes. (Proc. NEC (Chicago), vol. 7, pp. 
115-119; 1951.) Description of an instrument 
using tube tone generators, with independent 
controls for timbre, loudness, vibrato, and slur 
from one note to another. Keying is effected by 
a perforated roll of paper. 

789.983 318 
The Clavioline—G. H. Hillier. (Electronic 

Eng., vol. 24, pp. 454-455; October, 1952.) De-
scription, with detailed circuit diagrams, of a 
small keyboard electronic instrument covering 
five octaves. Only individual notes can be 
played. Eighteen stops for adjustment of tone 
quality, vibrato, etc., enable various instru-
ments to be simulated. 

ANTENNAS AND TRANSMISSION LINES 

621.392:621.396.67 319 
Antiresonant H.F. Transmission Lines: In-

put Impedance Characteristics—H. M. Barlow. 
(Wireless Eng., vol. 29, pp. 334-335; December, 
1952.) Discussion on paper noted in 2430 of 
1952. 

621.392.21.09 320 
The Launching of Electromagnetic Waves 

on a Cylindrical Conductor—R. B. Dyott. 
(Prot. SEE, part III, vol. 99, pp. 408-413; 
November, 1952.) The efficiency of the launch-
ing process is found to depend on the apex 
angle and the aperture of the horn used, and 
the power loss in the process is probably due to 
the generation of complementary waves which 
dissipate their energy as heat in the conductor. 
Details are given of experiments on a surface-
wave transmission line, using a wavelength of 
6.5 cm and suggestions are made for reducing 
the launching loss. 

621.392.26 321 
Electromagnetic Propagation in Two-Di-

electric-Layered Parallel-Plane Waveguides— 
J. van Bladel and T. J. Higgins. (Proc. NEC 
(Chicago), vol. 7, pp. 601-607; 1951.) Formulas 
are derived for the modes and eigenvalues of 
infinitely wide parallel-plane waveguides partly 
filled with solid dielectric, and from these 
formulas graphs are plotted of cut-off fre-
quency for a range of geometrical and dielectric 
parameters. The characteristics of such wave-
guides are discussed and applications of these 

and corresponding rectangular waveguides are 
suggested. 

621.392.26:621.315.61 322 
Radiation from a Dielectric Wave Guide— 

R. M. Whitmer. (Jour. Appt. Phys., vol. 23, 
pp. 949-953; September, 1952.) Continuation 
of the analysis noted in 17 of 1949. The modal 
efficiency of a dielectric slab is defined as the 
ratio between the power propagated in a mode 
(only one mode being propagated) and the sum 
of the guided and radiated powers; values of 
this efficiency are plotted for a range of parame-
ters. In practice cylindrical rather than slab 
guides are used; similar values of efficiency are 
to be expected, viz., up to 80-90 per cent. 

621.392.26:621.396.677 323 
Shunt Conductance of a Waveguide-Fed 

Slot—H. J. Venema. (Proc. NEC (Chicago), 
vol. 7, pp. 568-581; 1951.) A method is de-
scribed for calculating the shunt conductance 
of a rectangular slot in a perfectly conducting 
infinite plane, the slot being excited by means 
of a rectangular waveguide normal to the 
plane The shunt conductance is given in terms 
of the aspect ratio of the slot and the excitation 
frequency. Experimental results confirm the 
theory. 

621.396.67 324 
A Dipole with a Tuned Parasitic Radiator— 

R. King. (Proc. I EE, part III, vol. 99, pp. 406-
407; November, 1952.) Discussion on paper 
abstracted in 1202 of 1952. 

621.396.677.2.029.64 325 
Contribution to the Study of Dielectric 

Aerials—M. Bouix. (Ann. Télécomnsun., vol. 7, 
pp. 217-238, 276-295, 336-348 and 350-363; 
May-September, 1952.) Practical arrange-
ments of cylindrical and tapered dielectric-rod 
antennas are described and their radiation 
fields discussed. Coupling is effected by means 
of a circular aperture in a rectangular wave-
guide. Measurements of coupling impedance at 
wavelengths of 3 and 10 cm are reported; de-
tailed descriptions are given of measurement 
apparatus and of a method for recording radia-
tion diagrams. The theory of the dielectric 
radiator is then developed. A treatment of 
Schelkunoff's equations relative to an infinite 
cylinder is applied to derive a series of curves 
giving design parameters for EMii-mode propa-
gation. An infinite number of modes exist, for 
one of which there is no cut-off frequency. 
Numerical calculations are made for materials 
with a specific dielectric constant, including 
polythene, and design curves are given. Field 
equations are derived for transmission lines 
consisting of an outer dielectric coating on (a) 
a cylindrical conductor, (b) another dielectric, 
including the case of an air-filled tube. A theo-
retical treatment of the coupling and the gain of 
different arrays is given, with notes on practical 
designs. 

621.396.677.3 326 
Parabolic Aerials with Extremely Good 

Matching—O. Laaff. (Fernmeldetech. Z., vol. 
5, pp. 406-411; September, 1952.) The effect of 
the impedance of a radiating element located in 
front of a parabolic reflector is analyzed, and it 
is shown how this effect can be eliminated or, 
alternatively, used for matching the radiator 
to its feeder. The effect of axial defocusing of 
the radiator is discussed, and the reduction of 
parabola reaction on the radiator by means of a 
compensating disk a little distance in front of 
the vertex of the parabola is shown by a set of 
curves for a parabola 3 m in diameter and focal 
length 75 cm. The effect of a compensating disk 
on the radiation diagram is also considered. 

621.396.677.5 327 
The Radiation Resistance of a Small Hori-

zontal Loop Antenna over a Conducting Plane 
—R. M. Powell. (Proc. NEC (Chicago), vol. 7, 

pp. 582-597; 1951.) The radiation component 
of the resistance of small loop antennas is meas-
ured at uhf by shielding the loop to prevent 
radiation, and substituting a known or cal-
culable load resistance for the series radiation 
resistance of the loop. Measurements in the 
range 300-400 mc are checked by an indirect 
method. The accuracy of the measurements is 
to within about ± 5 per cent. 

CIRCUITS AND CIRCUIT ELEMENTS 

519.242:621.3 328 
Theory of the Prediction and Filtering of 

Stationary Time Series according to Norbert 
Wiener—H. Jacot. (Ann. Télécommun., vol. 7, 
pp. 241-249, 297-303 and 325-335; May-
August, 1952.) Digest of Wiener's book "The 
Extrapolation, Interpolation and Smoothing of 
Stationary Time Series, with Engineering Ap-
plications" (2465 of 1950). 

621.314.13:535.215 329 
Equipment for Amplification of Weak 

Photoelectric Currents—P. Dumontet. (Jour. 
Phys. Radium, vol. 13, Supplement, pp. 127A-
128A; July/September, 1952.) Description, 
with detailed circuit diagram, of equipment 
using a double electrometer tube (Mazda Type 
E2) the currents in which are modulated by a 
square wave applied to the extraction grids, the 
photoelectric voltage being applied to the con-
trol grids. 

621.314.25 330 
Changing the Phase of a Low-Frequency 

Sinusoid—P. Huggins. (Electronic Eng., vol. 
24, pp. 462-464; October, 1952.) Description of 
various methods suitable for manual or auto-
matic control, or combined automatic and 
manual control, of the phase of a sinusoidal 
low-frequency voltage. 

621.314.25: 621.392.26 331 
Modified Magic-Tee Phase Shifter for 

Microwaves—R. H. Reed. (Tele-Tech, vol. 11, 
pp. 50-52; June, 1952.) The modified unit de-
scribed lias the symmetrical arms parallel to 
each other, thus allowing both short-circuiting 
plungers to be linked to a common drive. The 
E- and H- plane arms are replaced by "odd" 
and "even" coupling slots. Owing to the 
existence of several sources of impedance mis-
match in the complete phase shifter, which uses 
a second magic-T junction, a special alignment 
procedure is necessary. 

621.314.3t 332 
Basic Operating Principles of Magnetic 

Amplifiers—E. V. Weir. (Proc. NEC (Chicago), 
vol. 7, pp. 235-240; 1951.) 

621.314.3t 333 
Low-Input-Power-Level Magnetic Ampli-

fiers—L. W. Buechler. (Prot. NEC (Chicago), 
vol. 7, pp. 254-259; 1951. 

621.314.3t 334 
Rules of Similitude for Magnetic-Amplifier 

Systems—L. A. Finzi and H. L. Durand. (Proc. 
NEC (Chicago), vol. 7, pp. 498-514; 1951.) 
Rules are established which enable the prop-
erties of magnetic-amplifier systems to be de-
duced from the results of suitable tests on a 
"model" amplifier or analogue computer. The 
method covers cases in which model and proto-
type have different core materials and different 
circuits. 

621.314.3t:621-526 335 
The Application of a 60-Cycle Magnetic 

Amplifier to a Position-Indicating Servo-
mechanism—A. E. Schmid. (Proc. NEC 
(Chicago), vol. 7, pp. 515-522; 1951.) 

621.314.3f 336 
A Magnetic Amplifier of High Input Im-

pedance—G. M. Ettinger. (Proc. NEC (Chi-
cago), vol. 7;pp. 523-528, 1951.) 
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621.314.3t 337 
Use of the Flux-Charge Concept in Mag-

netic-Amplifier Analysis—P. M. Kintner. 
(Proc. NEC (Chicago), vol. 7, pp. 529-536; 
1951.) 

621.314.31 338 
A Series Magnetic Amplifier with Inductive 

Loading—T. G. Wilson. (Elec. Eng. (N. Y.), 
vol. 71, p. 729; August, 1952.) Analysis and 
discussion of the manner in which the current 
waveform is affected by varying the circuit 
resistances, inductances or control voltage. 
Digest only; full paper to be published in 
Trans. Amer. IEE, vol. 71; 1952. 

621.396.729 339 
A Synchronizing Circuit for Variable Input 

Voltages—P. A. V. Thomas. (Electronic Eng., 
vol. 24, p. 509; November, 1952.) Description 
of a circuit suitable for use with a cro. 

621.316.86 340 
Boroncarbon Resistor Characteristics—G. 

Kende. (Tele-Tech., vol. 11, pp. 48-49; 75; 
August, 1952.) Further developments are 
described leading to the mass production of 
kW resistors with extremely stable charac-
teristics. See also 583 and 2365 of 1951 (Gris-
dale el al.). 

621.316.86 341 
Shaping of Nonlinear-Resistor Character-

stics—J. J. Baruch. (Proc. NEC (Chicago), 
vol. 7, pp. 537-541; 1951; Tele-Tech, vol. 11, 
pp. 42-43, 88; June, 1952.) Feedback circuits 
are described which enable a wide variety of 
characteristics to be obtained with a single re-
sistive element. 

621.316.86:537.312.092 342 
Effect of Pressure on the Resistance of a 

Thermistor—P. Tavernier and P. Prache. 
(Jour. Phys. Radium, vol. 13, pp. 423-426; 
July/September, 1952.) Measurements at 
canstant temperatures from 30° to 70°C and 
pressures up to 5,000 kg/cm' show that the 
relative diminution of the resistance of a 
thermistor for a given change of pressure is 
practically independent of temperature and is 
given by the formula .C.R/Ro —4.6X10° P, 
P being expressed in kg/cm'. 

621.318.57 343 
All-Triode Electronic Switch—C. W. Spin-

dler, Jr. (Electronics, vol. 25, pp. 172, 174; No-
vember, 1952.) The basis of the arrangement 
described is a gate circuit using two high-µ 
triodes cathode-coupled respectively to two 
high-transconductance triodes, the grids of the 
latter being coupled to the anodes of a multi-
vibrator. 

621.319.4:621.315.614.6 344 
Metallized-Paper Capacitors—H. Elsner. 

(Bull. schweiz. elektrotech. Ver., vol. 43, pp. 
721-727; September 6, 1952. In German.) Re-
view of the development, construction and 
characteristics of this type of capacitor, par-
ticularly those using impregnated paper. Test 
methods are noted. 

621.319.4:621.315.614.64 345 
High-Temperature Operation of Metal-

lized-Paper Capacitors—L. Kahn. (Proc. NEC 
(Chicago), vol. 7, pp. 561-567; 1951.) Discus-
sion of results obtained with capacitors im-
pregnated with aerolene, a solid polyester, 
which permits operation at 100°C without 
derating, and up to I25°C with a derating of 
25 per cent, the capacitance value at 125°C 
being 15 per cent higher than at room tempera-
ture. 

621.392.087.6 346 
An Electronic Square-Law Circuit for Use 

with a Graphic Recorder—M. J. Tucker. (Elec-
tronic Eng., vol. 24, pp. 466-468; October, 
1952.) The curvature of tube characteristics is 

used to produce an output voltage proportional 
to the square of the input voltage. Circuit de-
tails are given of a mean-square-value meter 
suitable for graphic recording of the output. 

621.392.5: 534.321.9: 534.133 347 
Performance of Ultrasonic Vitreous Silica 

Delay Lines—M. D. Fagen. (Proc. NEC 
(Chicago), vol. 7, pp. 380-389; 1951.) See 2462 
of 1952. 

621.392.5.018.75 348 
The Synthesis of a Network to have a Sine-

Squared Impulse Response—W. E. Thomson. 
(Proc. IEE, part III, vol. 99, pp. 373-376; 
November, 1952.) The method of moments, of 
the "mean moment" type used by Moss (619 of 
1952), is applied to the problem of designing a 
network with an impulse response of prescribed 
form. The method is not applicable in all cases, 
but is particularly suitable for the design of a 
low-pass system with not too sharp a cut-off 
and not too oscillatory an impulse response. 
Calculation for the case of the sine-squared 
pulse results in design data for a ladder net-
work of 3 inductors and 6 capacitors, with 
resistive terminations. The discrepancy be-
tween the impulse-response curve and the 
exact sine-square curve at no point exceeds 2 
per cent of the peak amplitude of the pulse. 

621.392.52: 518.4 349 
New Graphical Methods for Analysis and 

Design—W. Saraga. (Wireless Eng., vol. 29, 
p. 334; December, 1952.) Reply to comment by 
Schneider (2751 of 1952) on paper noted in 1546 
of 1952 (Saraga and Fosgate). 

621.392.52:621.3.015.3 350 
The Transient Response of R.F. and I.F. 

Filters to a Wave Packet—A. W. Gent. (Proc. 
IEE, part III, vol. 99, pp. 414-416; Novem-
ber, 1952.) Summary only. Analysis based on 
Fourier-integral transforms is applied to two 
particular circuits: (a) a single stage of tuned-
anode coupling; (b) a single stage of tuned-
transformer coupling. The analysis is valid for 
circuits of any bandwidth. Particular attention 
is paid to the build-up time of a transient, 
which for a band-pass network is usually as-
sumed to be inversely proportional to the net-
work bandwidth. The analysis shows that this 
assumption is correct for the tuned-anode 
coupling circuit if the ratio of the half-band-
width to the resonance frequency is less than 
unity. For the tuned-transformer circuit, how-
ever, the rule does not hold good, since for a 
given bandwidth there are many possible 
transfer impedances, and hence transient 
responses. The rule should therefore only be 
applied to circuits to which its application is 
shown to be legitimate. 

621.392.52.029.426 351 
High-Q Low-Frequency Resonant Filters— 

J. S. Brown and W. Thayer, Jr. (Proc. NEC 
(Chicago), vol. 7, pp. 92-96; 1951.) Two 30-cps 
resonant filters are described in which a 
Q-factor >1,000 is obtained by application of 
positive feedback. Normal methods used for Q 
measurement are of little use on these circuits. 
A method based on the relation of Q to the 
transient response is described. 

621.396.6 352 
Printed Unit Assemblies for TV—W. H. 

Hannahs and N. Stein. (Telc-Tech, vol. 11, 
pp. 38-40, 120; June, 1952.) Etching and silk-
screening techniques, and their suitability for 
the production of various circuit elements, are 
discussed. Experimental results are quoted 
which show that the performance of etched 
coils compares favorably with that of wire-
wound coils. 

621.396.6 353 
Etched Circuits—( Wireless World, vol. 58, 

p. 488; December, 1952.) A brief note on the 
Technograph system for producing printed 

circuits and components, with special reference 
to the production of mains transformers. 

621.396.61:621.357.7 354 
Printed Circuits for Home Radio Receivers 

—E. Waverling. (Electronics, vol. 25, pp. 140-
142; November, 1952.) Units for 5-tube super-
heterodyne sets are produced by plating con-
ductors on to a plastic base in which holes have 
been punched previously. The walls of the 
holes are plated at the same time, thus provid-
ing connections and terminal points. 

621.396.6.002.2 355 
New Developments in the Auto-sembly 

Technique of Circuit Fabrication—S. F. 
Danko. (Proc. NEC (Chicago), vol. 7, pp. 542-
550; 1951.) Various applications of the tech-
nique previously described [2949 of 1951 
(Danko and Lanzalotti)] are reviewed. New 
copper-faced plastics are suitable for produc-
tion of equipment for operating temperatures 
up to 200°C. Use of a solder-resistant paint or 
lacquer enables joints only to be soldered in the 
solder-dip process. Typical examples of circuits 
and assemblies produced by this method are il-
lustrated. 

621.396.611.1:518.4 356 
Graphical Analysis for Circuits containing 

Overdriven Vacuum Tubes—R. J. Parent. 
(Proc. NEC (Chicago), vol. 7, pp. 263-274; 
1951.) Methods of approach and graphical 
constructions for use in analysis of circuits 
such as those used for pulse forming and wave 
shaping are described, with applications to 
particular circuits. 

621.396.611.21 357 
Thickness Vibrations of Piezoelectric Crys-

tal Plates—R. Bechmann. (Arch. ele/cg. über-
tragung, vol. 6, pp. 361-368; September, 1952.) 
Continuation of investigation noted in 150 of 
1941. The retroaction occurring in piezoelectric 
processes modifies not only the modulus of 
elasticity but also the direction of motion. The 
influence of this secondary effect is studied and 
a complete theory of the mechanical-electrical 
oscillating system is developed for plates of 
infinite area. For plates of finite area the ampli-
tude distribution becomes nonuniform; the 
effect of this modification is studied in relation 
to the equivalent circuit. 

621.396.611.21:621.3.018.3 358 
A Method of Analysis of Fundamental and 

Overtone Crystal-Oscillator Circuits—F. G. R. 
Rockstuhl. (Proc. I EE, part III, vol. 99, pp. 
377-388; November, 1952.) Use of the method 
of loci facilitates comparison between (a) the 
Pierce-Miller and (b) the Pierce-Colpitts type 
of crystal-oscillator circuit. Type (a) is much 
more suitable for harmonic oscillation and very 
high frequencies because it requires less mutual 
conductance. Type (b) is, under certain condi-
tions, particularly suitable for frequency 
standards. Circuits with the crystal connected 
between anode and cathode have, under certain 
conditions, low power dissipation in the crystal. 
Conditions for frequency stability are analyzed 
and a simple and accurate method of determin-
ing crystal parameters is described. 

621.396.611.3:621.394/.395.44 359 
Broad-Band Coupling Unit for Power-Line 

Carrier with Associated Potential Device— 
J. A. Doremus, R. P. Crow and W. H. Freeman. 
(Elec. Eng. (N. Y.), vol. 71, pp. 707-713; 
August, 1952.) 

621.396.611.4 360 
Some Perturbation Effects in Microwave 

Cavities operating in Degenerate Modes— 
S. K. Chatterjee. (Jour. Indian Inst. Sci., Sec-
tion B, vol. 34, pp. 77-87; July, 1952.) Theo-
retical investigation of the perturbation caused 
by introducing a metal rod into a cylindrical 
cavity operating in the companion modes 
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TEem and TM 11 ,.. The changes in Q-value and 
resonance frequency are different for the two 
modes. The magnitudes of these changes as 
dependent on the radius and depth of insertion 
of the rod are considered. 

621.396.612.1 361 
Precalculation of the Mains Loading in the 

Design of High-Frequency Generators using 
Quenched Sparks—\V. Besthorn. (Elektrotech. 
Z., Ed. A, vol. 73, pp. 482-484; August 1, 
1952.) The power required to drive a HF gener-
ator of the air-blast quenched-spark type is 
determined from consideration of the generator 
equivalent circuit. Such generators are fre-
quently used for HF inductive heating. 

621.396.615.016.35:621.396.822 362 
The Effect of Noise on the Frequency 

Stability of a Linear Oscillator.—R. M. Lerner. 
(Proc. NEC (Chicago), vol. 7, pp. 275-286; 
1951.) The standard conditions for a sinusoidal 
oscillation are that the attenuation and net 
phase shift around the closed loop be zero. 
Random fluctuations are relied upon to start 
the oscillation. If the level of oscillation is to 
remain finite in the continued presence of noise, 
the oscillating loop must have some attenua-
tion, and functions like a highly regenerative 
amplifier with a loop gain very nearly unity. 
Accordingly, the oscillator produces not a 
single frequency, but rather a narrow band of 
noise that causes instability in the magnitude 
and in the apparent frequency of the output. 
These instabilities are discussed for oscillators 
in which all elements are linear except for some 
slow-acting amplitude control. The bandwidth 
of the noisy oscillation can be predicted from 
easily measured system characteristics. Several 
methods of defining the frequency of the output 
are considered with special reference to pre-
cision measurements. In general the measured 
frequency departs from the zero-phase-shift 
criterion and is dependent on the measuring 
equipment. Methods of minimizing instabil-
ities due to noise are investigated. 

621.396.615.142.2 363 
The Effect of Long Transmission Lines on 

Klystron Oscillators—J. Cohn. (Proc. NEC 
(Chicago), vol. 7, pp. 46-58; 1951.) Discussion 
of effects occurring when the oscillator load is 
several wavelengths away from the tube. 
Equivalent circuits are applied to analysis of 
the FM distortion and of the discontinuities in 
the klystron characteristics. Experimental 
results are presented which corroborate the 
theory. 

621.396.615.17.015.7 364 
A Hard-Valve Pulse Generator—D. A. 

Levell. (Electronic Eng., vol. 24, pp. 507-509; 
November, 1952.) Description, with circuit de-
tails, of a triggered generator producing pulses 
of width variable from 0.7 to 12.8 as. Slight 
modifications result in (a) a free-running gen-
erator, (b) a triggered generator of 5-ms pulses 
which is easily converted to free running with 
a repetition period of 10 ms. Pulses of either 
polarity can be used for triggering. 

621.396.645 365 
A Design for a Constant-Volume Amplifier 

—G. J. Pope. (Electronic Eng., vol. 24, pp. 
464-465; October, 1952.) The so-called con-
stant-volume amplifier is used extensively on 
overseas telephone circuits so that a reasonable 
modulation depth can be used without the risk 
of overmodulation. Circuit details are given of 
an amplifier which is simple to set up and re-
liable in operation and which uses a cathode-
follower circuit as a variable impedance. The 
results obtained are comparable to those given 
by conventional networks using metal-rectifier 
bridge networks. 

621.396.645 366 
A Feedback-Pair Video Amplifier—V. H. 

Attree. (Electronic Eng., vol. 24, pp. 504-506; 
November, 1952.) Details are given of a cir-
cuit with a gain of 100, frequency range 8 cps-
8 mc, and midband output linear up to 50 y 
rms. 

621.396.645 367 
Cathode-Follower as High-Impedance In-

put Stage—D. A. Bell and H. O. Berktay. 
(Wireless Eng., vol. 29, pp. 313-316; December, 
1952.) If a cathode-follower is used as the first 
stage of an amplifier in order to raise the input 
impedance, the conductance of the grid-leak 
(between grid and cathode) may not be neg-
ligible compared with the conductance of the 
source (between grid and earth) from which 
the signal is derived. The noise performance 
under these conditions is examined, both in 
terms of the cathode-follower regarded as a 
1:1 voltage device and in terms of the "noise 
figure," which takes account of the difference 
between input and output impedances. 

621.396.645:621.396.822 368 
Amplifier Noise, particularly in the Audio-

Frequency Range—K. S. Nordby. (Tech. Mitt. 
schweis. Telegr.-TelephVerw., vol. 30, pp. 185-
197; June 1, 1952.) Noise in input stages is in-
vestigated; Nyquist's formula is taken as start-
ing point, and only simple mathematics is used. 
Noise in resistors is dealt with by the usual de-
vice of substituting an equivalent noise voltage 
source in series with a noise-free resistor. The 
input circuit of a capacitor microphone is con-
sidered particularly; its noise voltage is de-
termined largely by the slope and position of 
the low-frequency flank of the response curve. 
Noise in oscillating circuits is associated with 
the damping resistance. Formulas are given 
for calculating the equivalent noise resistance 
of tubes; for the same operating point, a tube 
produces much more noise in the AF range 
than at higher frequencies. The signal/noise 
ratio of a circuit with ideal input transformer 
is considered and the condition for obtaining 
maximum sensitivity is derived. 

621.396.645.37.024 369 
D.C. Amplifiers with Low-Pass Feedback— 

J. A. Colis. ( Wireless Eng., vol. 29, pp. 321-325; 
December, 1952.) Brockelsby (1910 of 1949) 
and Mayr (3110 of 1949) have shown how to 
design a voltage amplifier of high stability and 
with a response curve of maximum flatness, but 
their method has the disadvantage that the 
amplifier must have a particular value of loop 
gain. If the loop gain is varied, the over-all 
frequency response will be seriously affected 
and the amplifier may be unstable if used as an 
integrator or differentiator. The method is 
extended to cover the case of a dc amplifier 
with a low-pass feedback network. The gain of 
such an amplifier can be varied over a wide 
range without appreciable effect on the over-all 
frequency response, so that it can be used as a 
stable differentiator or integrator. The output 
noise level may limit the field of application. 

GENERAL PHYSICS 

53.08:001.61 370 
Representation of Experimental Results by 

Equations. Linearized Empirical Laws—L. A. 
Sackmann. (Compt. Rend. Acad. Sci. (Paris), 
vol. 235, pp. 689-691; October 6, 1952.) An 
analytical method is discussed for determining 
the form of the equation representing the 
measurements of a dependent variable as a 
function of an independent variable; the ac-
curacy with which values can hence be found 
for the numerical co-efficients is examined. 

53.08:001.61 371 
Representation of Experimental Results by 

Equations. New Useful Formulae—L. A. Sack-
man. (Comp!. Rend. Acad. Sel. (Paris), vol. 235, 
pp. 783-784; October 13, 1952.) Methods are 
outlined for determining the co-efficients of 

equations fitting a series of observed values, 
weighted or not weighted. 

535.37:539.2 372 
Transfer and Transport of Energy by 

Resonance Processes in Luminescent Solids— 
T. P. J. Botden. (Philips Res. Rep., vol. 7, 
pp. 197-235; June, 1952.) Experiment shows 
that the ratio between the efficiencies of activa-
tor and sensitizer fluorescence increases with 
increasing sensitizer concentration. This is at 
variance with theory. An explanation is given 
and a theory is developed that accounts for the 
temperature dependence of the energy transfer. 
Part I: 1882 of 1952. 

535.42 373 
The Uniqueness of the Solutions in the 

Rigorous Theory of Diffraction—H. 116n1 and 
A. W. Maue. (Z. Phys., vol. 132, pp. 569-578; 
August 19, 1952.) The solutions previously 
given by FRMI (2182 of 1952) not only satisfy 
the usual conditions, but also meet the require-
ment that no subsidiary wave fields be radiated 
from the edges of the aperture, so that the 
uniqueness of the solutions is established. 

535.42:538.566 374 
A Simplifying Technique in the Solution of 

a Class of Diffraction Problems—D. S. Jones. 
(Quart. Jour. Math., vol. 3, pp. 189-196; Sep-
tember, 1952.) Considerable simplification of 
the treatment of diffraction problems leading 
to Wiener-Hopf integral equations results from 
taking the transform before applying the 
boundary conditions. This is demonstrated by 
consideration of (a) the Sommerfeld problem 
for the semi-infinite plane, (b) the diffraction 
of small-amplitude sound waves by a semi-
infinite rigid cylinder, (c) the diffraction of a 
plane em wave by a finite waveguide, (d) a vec-
tor field. 

535.767:535.88 375 
New Direct-Vision Stereo-projection Screen 

—W. W. Jennings and P. Vanet. (Jour. Soc. 
Mot. Pic. Telev. Eng., vol. 59, pp. 22-27; July, 
1952.) Russian work on stereo-projection 
screens is briefly described and a more detailed 
account is given of a system developed in 
France by F. Savoye (see Rev. Photographie 
Optique, p. 23; February, 1951). This uses a 
rotating cone-shaped grill moving round the 
screen, thus enabling collective direct vision of 
stereoscopic pairs in either monochrome or 
color. 

537.291 376 
Motion of Gaseous Ions in a Strong Electric 

Field: Part 2—G. H. Wannier. (Phys. Rev., 
vol. 87, pp. 795-798; September 1, 1952.) The 
theory previously given for uniform ion den-
sities (97 of 1952) is extended to deal with non-
uniform densities. Errata in the earlier paper 
are indicated. 

537.311.3: 538.63 377 
Mechanism of Resistance Variation in a 

Magnetic Field—A. Nedoluha and K. M. 
Koch. (Z. Phys., vol. 132, pp. 608-620; August 
19, 1952.) A model with two layera having 
different resistances and resistivities is proposed 
to explain the Hall effect and the variation of 
resistance of a material subjected to an electric 
field. 

537.311.31:538.639 378 
Theory of the Electrical Conductivity of 

Metals in a Magnetic Field—Yu. B. Rumer. 
(Zh. Eksp. Teor. Fiz., vol. 22, pp. 214-222; 
February, 1952.) Formulas are derived for 
determining the resistance of metals in a 
transverse and in a longitudinal magnetic field, 
taking into account the quantization of the 
movement of electrons in a magnetic field. 

537.311.4 379 
Theory of the Contact between a Metal and 

a Semiconductor for a Large Contact Potential 



438 PROCEEDINGS OF THE I.R.E. March 

Difference—A. I. Gubanov. (Zh. Eksp. Teor. 
Fiz., vol. 22, pp. 204-213; February, 1952.) 
The I/V characteristics for the contact between 
a metal and a semiconductor is calculated for 
the case when the contact potential difference 
is so great that the type of conduction of the 
semiconductor near the contact is altered from 
the electron to the hole type. The calculations 
cover the cases of plane, knife-edge and needle 
types of contact. 

537.525: 537.533.79 380 
Determination of Electron Density and 

Collision Frequency in a Gaseous Discharge by 
Microwave Propagation Measurements—L. 
Goldstein, M. A. Lampert and R. H. Geiger. 
(Elec. Commun., vol. 29, pp. 243-245; Septem-
ber, 1952.) The gaseous discharge to be meas-
ured fills a section of waveguide several wave-
lengths long, and measurements are made of 
the absorption and phase shift of a low-power 
microwave signal passing through the dis-
charge. Results aré quoted for Ar at pressures 
respectively of 0.5 and 2.0 mm Hg. 

537.525:621.385.2 381 
Reliability of Probe Measurements in Hot 

Cathode Gas Diodes—G. Wehner and G. 
Medicus. (Jour. Ape Phys., vol. 23, pp. 1035-
1046; September, 1952.) Erroneous results may 
be obtained due to the work function of the 
probe altering during the measurements. Par-
ticularly when investigating tubes with oxide 
cathodes, the measurement must be made im-
mediately after cleaning the probe. In the 
experiments described, a cro plotter was used 
which took only some seconds to record the 
whole probe characteristic. In contrast to 
results obtained by other workers, no deviation 
from the Maxwellian velocity distribution of 
the plasma electrons was observed over a range 
of nearly four orders of magnitude of probe 
current. 

537.533:538.566 382 
Theory of the Propagation of Waves in an 

Electron Beam—L. N. Loshakov. (Zh. Tekh. 
Fis., vol. 22, pp. 193-202; February, 1952.) An 
approximate theory is developed for the 
propagation of ern waves in a waveguide filled 
with a dielectric, when an electron beam passes 
through it. It is assumed that electrons can 
move freely along the waveguide in the dielec-
tric and that they form a beam completely 
filling it. With certain assumptions, the types 
and characteristics of the waves which can 
travel in such a system are determined for 
various conditions. The results obtained can 
be generalized so as to cover the case of an arbi-
trary transmission line. 

537.533.1:538.691 383 
The Motion of Electrons in the Field of a 

Uniformly Wound Toroid—S. G. Nilsson. 
(Ark. Fys., vol. 4, pp. 347-351; August 16, 
1952.) The focusing properties of the toroid are 
investigated theoretically in relation to beta-
particle or other spectroscopes. 

537.533.8:621.385.833 384 
Secondary Electron Emission from Certain 

Metals under the Impact of Positive Lithium 
Ions—G. Couchet. (Compt. Rend. Acad. Sri. 
(Paris), vol. 235, pp. 944-946; October 27, 
1952.) An arrangement for measuring the emis-
sion is described and results are given for some 
metals used in electron microscopy. 

537.562 : 533.15: 551.510.535 385 
The Relation between Electrical and Diffu-

sion Currents—M. H. Johnson. (Jour. Geophys. 
Res., vol. 57, pp. 405-412; September, 1952.) 
A linear relation is derived between (a) the 
electric current through a conducting gas in a 
magnetic field and (b) the currents due to 
diffusion of the charge carriers in the gas. From 
this relation the vertical displacements of the 
Ionosphere E layer due to lunar effects are de-

termined from the current system inferred 
from the lunar changes of the geomagnetic 
field. Both the amplitude and phase of the dis-
placement are consistent with observations if 
it is assumed that the main lunar current flows 
in the lower part of the E layer, and that 
approximately equal numbers of ions and 
electrons are present at the point of observa-
tion. 

537.562.001.11 386 
Theory of the Plasma in a Rarefied Gas 

when the Current Strength varies—V. L. 
Granovski. (Zh. Eksp. Teor. Fis., vol. 22, pp. 
3-10; January, 1952.) General equations for 
relatively slow processes in a plasma are applied 
to the calculation of the concentration of elec-
trons and ions when the strength of the current 
through the gas varies. The partial de-ioniza-
tion of the gas when the current decreases, and 
the residual concentration of electrons and ions 
after the current ceases to flow, are deter-
mined. 

538.26 387 
Calculation of the Leakage Flux of the 

Pendent-Armature Relay—J. W. Cohen and 
H. Grosser. (Commun. News, vol. 12, pp. 125-
131; June, 1952.) The magnetic conductivity 
of the space between core and yoke is deter-
mined by application of Southwell's relaxation 
method. 

538.311:621.318.42:513.647.1 388 
Investigation of Electromagnetic Waves 

Guided by Helical Conductors—É. Roubine. 
(Ann. Télécommun., vol. 7, pp. 206-216, 262-
275 and 310-324; May-August, 1952.) Full 
theoretical analysis of the propagation of ern 
waves along helical conductors. Shorter ver-
sions of parts of the paper have previously been 
abstracted. The continuous-cylinder approxi-
mation (1350 and 2691 of 1951) gives a solution 
in good agreement with experimental results at 
frequencies sufficiently low, and with the ac-
tion of a narrow-beam traveling-wave tube. 
The second method of analysis (2978 of 1951), 
based on the infinitely-thin-wire concept, 
leads to difficulties in calculation but has more 
general application and is apparently correct 
to the second order of approximation. Its ap-
plication to delay lines is illustrated. Results 
obtained by the two methods are compared 
(1580 of 1952) and discussed with reference to 
experimental measurements. 

538.56: 535.212 : 621.396.677 389 
Reflection of Microwaves from Metal-Plate 

Media—J. J. Brady, M. D. Pearson and S. R. 
Peoples. (Jour. Appt. Phys., vol. 23, pp. 964-
975; September, 1952.) Experiments were 
made, using frequencies in the 3-cm band, to 
verify the theory worked out by Lengyel (1879 
of 1951). Waveguide assemblies of various 
depths were used, with the reflecting surfaces 
normal to the plates. For single-surface meas-
urements the absorbing wedges described by 
Ruze and Young (1880 of 1951) were used. 
Phase and:amplitude of the reflection co-efficient 
were determined for angles of incidence 10°, 
25° and 35° and for various ratios between 
plate separation and wavelength. Double-
surface ("slab") measurements were also made, 
using assemblies of parallel plates instead of 
square waveguides. 

538.566:517.942.82 390 
The Propagation of the Wave Front in a 

Dispersive Medium—M. Marziani. (R.C. 
Accad. nos. Lincei, vol. 12, pp. 683-687; June, 
1952.) The problem 'is :investigated theoreti-
cally, by means of the Laplace transformation, 
for the general case of a plane em wave in a 
homogeneous medium. 

539.153 391 
A Soluble Problem in Energy-Bands—J. C. 

Slater. (Phyr. Rev.. vol. 87, pp. 807-835; Sep-

tember 1, 1952.) "The problem of an electron 
moving in a periodic simple cubic potential of 
the form cos x-1-cos y-Fcos z is investigated, 
with particular attention to the nature of the 
wave functions, %Vannier functions, degeneracy 
of overlapping bands, etc." 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

522.1(54)551.510.535 392 
Kodaikanal Observatory (1901-1950)— 

(Indian Jour. Mel. Geophys., vol. 2, pp. 85-95; 
April, 1951.) An indication is given of the scope 
of the work carried on at this solar physics ob-
servatory, and of results so far achieved. Mag-
netic, meteorological and seismological ob-
servations are made, and the imminent 
commencement of ionosphere soundings is re-
ported. 

523.5: 621.396.9 393 
Double-Doppler Study of Meteoric Echoes 

—L. A. Manning, O. G. Villard, Jr. and A. M. 
Peterson. (Jour. Geophys. Res., vol. 57, pp. 
387-403; September, 1952.) Both the ampli-
tude and phase of the signal returned from a 
meteor trail can be determined independently 
by use of a twin-channel Doppler system, de-
tails of which are presented. The technique has 
direct application to the determination of the 
drift of meteor trails, and to analysis of the 
spectra of echoes which exhibit amplitude 
fading. 

523.746«1951" 394 
Final Relative Sunspot-Numbers for 1951— 

M. Waldmeier. (Jour. Geophys. Res., vol. 57, 
pp. 413-415; September, 1952.) 

523.746"1952.04/.06" 395 
Provisional Sunspot-Numbers for April to 

June, 1952—M. Waldmeier. (Jour. Geophys. 
Res., vol. 57, p. 419; September, 1952.) 

523.8:621.396.822550.385 396 
Scintillation of Radio Stars during Aurorae 

and Magnetic Storms—C. G. Little and A. 
Maxwell. (Jour. Atmos. Terr. Phys., vol. 2, 
pp. 356-360; 1952.) During aurorae the rate of 
scintillation is four times that during normal 
conditions, probably as a consequence of a 
fourfold increase in the drift speed of the iono-
sphere irregularities causing the scintillations. 
More generally, the scintillation rate and the 
speed of the ionosphere irregularities are ap-
proximately proportional to the K index of 
geomagnetic activity. 

550.38"1952.04/.06" 397 
Cheltenham Three-Hour-Range Indexes K 

for April to June, 1952—R. R. Bodle. (Jour. 
Geophys. Res., vol. 57, p. 419; September, 
1952.) 

550.38"1952.07/.08" 398 
Indices of Geomagnetic Activity of the 

Observatories Abinger, Eskdalemuir and Ler-
wick, July and August 1952—(Jour. Atmos. 
Terr. Phys., vol. 2, pp. 363-364; 1952.) 

550.384.3 399 
Secular Variation of the Magnetic Field at 

Colaba and Alibag—S. K. Pramanik. (Jour. 
Geophys. Res., vol. 57, pp. 339-355; September. 
1952.) 

550.385"1952.01/.06" 400 
Principal Magnetic Storms [Jan.-June 

19521—(Jour. Geophys. Res., vol. 57, pp. 420-
422; September, 1952.) 

550.386 401 
International Data on Magnetic Disturb-

ances, First Quarter, 1952—J. Bartels and J. 
Veldkamp. (Jour. Geophys. Res., vol. 57, pp. 
416-418; September, 1952.) 

551.510.5:546.17-1 402 
Nitrogen in the Upper Atmosphere—S. Dell. 

(Jour. Atmos. Terr. Phys., vol. 2, pp. 309-323; 
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1952.) The probable distribution of atomic N 
is investigated theoretically; the method of 
calculation adopted is a modification of that 
used by Penndorf in investigating the dis-
sociation of oxygen (2224 of 1949). Within the 
height range 70-170 km the predissociation 
mechanism suggested by Herzberg and Herz-
berg (Nature (London), vol. 161, p. 283; 1948) 
operates, while in the range 200-400 km a dis-
sociative recombination suggested by Mitra 
(Nature (London), vol. 167, p. 897; 1951) is 
effective. In the lower region there is a sharp 
maximum in the distribution curve at about 90 
km; in the upper region the concentration in-
creases monotonically with height. The total 
number of N atoms in a vertical column of 
cross section 1/cm2 is calculated to be about 
10". 

551.510.53(54) 403 
Physical Properties of the Upper Atmos-

phere over India—P. Koteswaram. (Indian 
Jour. Mel. Geophys., vol. 2, pp. 101-112; April, 
1951.) The height/temperature curve for 
Central India from ground up to 100 km has 
been constructed using data obtained from 
balloon measurements and sound-propagation 
experiments. The isothermal region found in the 
lower stratosphere over middle latitudes does 
not exist over India, the temperature increasing 
steadily above the tropopause. A comparison 
of data for India and for Europe indicates that 
summer east winds over North India extend 
up to about 30 km, with strong westerly winds 
aloft. 

551.510.535 404 
Dynamic Phenomena in the Ionosphere— 

K. Bibi. (Comp:. Rend. Acad. Sci. (Paris), vol. 
235, pp. 734-736; October 6, 1952.) Records of 
F-layer height obtained with the rapid-sweep 
sounder at Freiburg show trace detail indica-
tive of transient ionospheric variations. Various 
types of deformation of the trace are noted. 
These short-lived disturbances are nearly al-
ways propagated from a high level downwards. 

551.510.535: 523.32 405 
An Effect of the Moon on the Median 

Height of the Ionosphere F: Layer—R. Eyfrig. 
(Comp:. Rend. Acad. Sri. (Paris), vol. 235, 
pp. 736-737; October 6, 1952.) At Huancayo, 
on the magnetic equator, there is a lunar effect 
amounting to several per cent on the median 
height of the F2 layer during local summer; the 
effect is very much smaller in winter. At 
Freiburg, in a moderate latitude, the effect is 
extremely small if it exists at all. 

551.510.535:523.745 406 
The Solar Control of the E and F1 Layers at 

High Latitudes—J. C. W. Scott. (Jour. Geo-
phys. Res., vol. 57, pp. 369-386; September, 
1952.) The monthly-mean critical frequencies 
of the E and F1 layers at high latitudes vary 
diurnally with solar zenith angle according to a 
modified Chapman law. Measurements of the 
seasonal, latitude, and solar-cycle phase de-
pendence of the E-layer sensitivity to solar 
zenith angle and subsolar frequency are shown 
graphically. In the auroral zone, E-layer sensi-
tivity to solar zenith angle is very low, but to 
the north of the zone it has the Chapman 
theoretical value. 

551.510.535: 523.8: 621.396.822 407 
Ionospheric Refraction of 81.5-Mc/s Radio 

Waves from Radio Stars—F. G. Smith. (Jour. 
Terr. Phys., vol. 2, pp. 350-355; 1952.) 

An estimate of the total ionization of the F 
layer can be deduced from the refraction of 
radiation from radio stars caused by horizontal 
gradients of ionization occurring during normal 
diurnal variations in the layer. Interferometer 
measurements of the apparent positions of four 
radio stars are reported and the results are 
compared with calculated values based on 
ionospheric soundings; agreement is found if 

certain plausible assumptions are made regard-
ing the vertical distribution of electrons about 
the maximum-concentration level of the F 
layer. 

551.510.535: 537.562 : 533.15 408 
The Relation between Electrical and Diffu-

sion Currents—Johnson. (See 385.) 

551.510.535:551.594.12 409 
A Procedure for the Determination of the 

Vertical Distribution of the Electron Density in 
the Ionosphere—J. M. Kelm:). (Jour. Geophys. 
Res., vol. 57, pp. 357-367; September, 1952.) 
Description of a method based on application 
of the Gauss-Christoffel quadrature formula to 
the numerical integration of the well-known 
integral for "true" reflection height as a func-
tion of group height. The earth's magnetic 
field and the effects of electron collisions are 
neglected, ray theory is assumed applicable and 
the electron-density/height curve is assumed 
to have no maxima or minima in the region 
considered. 

551.510.535: 621.396.11.029.51 410 
A Method for Obtaining the Wave Solutions 

of Ionospherically Reflected Long Waves, in-
cluding All Variables and Their Height Varia-
tion—J. J. Gibbons and R. J. Nertney. (Jour. 
Geophys. Res., vol. 57, pp. 423-426; September, 
1952.) Discussion on 137 of 1952. 

LOCATION AND AIDS TO NAVIGATION 

621.396.9: 526.921X 534.88 411 
Optimum Signal Characteristics for Dis-

tance Measurement by Echoes—L. Batchelder. 
(Proc. NEC (Chicago), vol. 7, pp. 29-38; 1951.) 
Carrier frequency, pulse duration and shape, 
properties of the medium, and target charac-
teristics of radar and sonar systems are con-
sidered with particular reference to range and 
to measurement accuracy. Application is made 
to design of echo-sounding equipment. 

621.396.932/.9331.088 412 
Dynamic Aspects of Errors in Radio Navi-

gational Systems, particularly in Cases of Fast-
Moving Receivers and Transmitters—H. 
Busignies. (Elec. Commun., vol. 29, pp. 226-
228; September, 1952.) A general discussion, 
including consideration of the effect of reflec-
tions from the surface of the earth. Accuracy 
can be effectively improved by sacrificing 
bandwidth for integration time. Errors due to 
reflections can be averaged out by radiating a 
frequency spectrum such that the various re-
flected components are received random phases. 
Integration can then be applied over the fre-
quency spectrum. 

621.396.933 413 
Glide-Slope Receiver—R. C. Davis. (Elec. 

Commun., vol. 29, pp. 219-225; September, 
1952.) Description, with performance specifica-
tion, block diagram, and some circuit details, 
of the new Type-154A receiver operating in the 
range 329.3-335.0 mc. Twenty frequency-
determining crystals are provided and may 
be selected individually by means of a bank of 
11 relays. With the exception of the voltage-
regulator tube, the 12 tubes used are all of the 
"reliable" type developed for airline use. 

621.396.933.2 414 
The Origin of Errors in Airborne M.F. 

Direction Finding—J. H. Moon. (Marconi 
Rev., vol. 15, pp. 97-113; 3rd Quarter, 1952.) 
The importance of accurate ground calibration 
is emphasized, and a description is given of a 
combined compass base and DF calibration 
site where no reinforcing steel is used. Bearings 
taken in the air wander more than those ob-
tained in ground tests; the difference is at-
tributed to the deviation of the aircraft from 
the even-keel attitude. Operational tests indi-
cate that an accuracy within ±2° can be 
achieved if proper attention is paid to details. 

Correct design and location of the sense an-
tenna are important if the DF indicator is to 
reverse immediately above a radio beacon. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

535.215 X 535.343.21:546.22.19 415 
Optical and Photoelectric Properties of 

Orpiment (AS2S3)—G. I. Rekalova. (Zh. Tekh. 
Fis., vol. 22, pp. 143-147; January, 1952.) Ex-
periments were conducted to investigate the 
spectral distribution of absorption and of 
photocurrent in monocrystals of orpiment at 
the temperature of liquid air. Contrary to the 
normally observed disappearance of photo-
conductivity when idiochromatic crystals are 
illuminated by wavelengths in the absorption 
band, an increase in the photoconductivity 
was observed over an interval of more than 
120 mg from the long-wave boundary of the 
absorption band in the direction of the shorter 
waves. In the region of weak absorption, from 
437 met, the law of quantum equivalent does 
not hold good, and the photocurrent in this 
region is proportional to the absorbed energy. 

535.215:546.3-1-86-36 416 
Optical Factors and Effective Depth in the 

Photoeffect of Antimony-Caesium Cathodes— 
B. I. Dyatlovitskaya. (Zh. Tekh. Fis., vol. 22, 
pp. 84-100; January, 1952.) The correlation 
between the optical properties of an Sb-Cs 
cathode and the photoeffect is made more de-
finite, and from comparison of experimental 
and calculated data on the dependence of the 
photoeffect on the thickness of the layer, the 
character of the movement of excited photo-
electrons inside the layer is established and the 
corresponding depth of emission of photo-
electrons is determined. Certain peculiarities 
of the photoeffect of an Sb-Cs cathode are dis-
cussed on the basis of calculations of the ab-
sorbed energy. 

535.343:546.24-1:548.55 417 
Optical Polarization in Single Crystals of 

Tellurium—J. J. Loferski. (Phys. Rev., vol. 87, 
pp. 905-906; September 1, 1952.) Measure-
ments of the infrared transmission of Te 
crystals show that the position of the absorp-
tion edge, as well as the amount of radiation 
transmitted at longer wavelengths, depends 
markedly on the polarization of the incident 
light. The value of about 5.3 for the refractive 
index at 6µ is somewhat higher than that found 
by Moss (2230 of 1952) for Te films. 

535.37:546.472.84:537.29 418 
Field-Dependent Fluorescence of Vitreous 

Zn2SiO4 Phosphor—A. Bromley and J. E. 
Rosenthal. (Phys. Rev., vol. 87, p. 1125; 
September 15, 1952.) The lowest alternating 
voltage at which luminescence was observed 
varied from 100 I., to 500 v, depending on the 
thickness and other parameters of the sample 
At a fixed voltage the light output varied by a 
factor <5 in the frequency range 120 cps-
16 kc. See also 3439 of 1952 (Piper and Wil-
liams). 

537.311.33:061.3 419 
Seventh Conference on the Properties of 

Semiconductors (Kiev, 14th-21st October 
1950)—(Bull. Acad. Sci. U.R.S.S., sér. phys., 
vol. 16, pp. 5-138 and 139-232; January/Feb-
ruary and March/April, 1952.) Full text of the 
papers given. See also 2728 of 1951. 

537.311.33:537.568 420 
Statistics of the Recombinations of Holes 

and Electrons—W. Shockley and %V. T. Read, 
Jr. (Phys. Rev., vol. 87, pp. 835-842; Sep-
tember 1, 1952.) The statistics of the recombina-
tion of holes and electrons in semiconductors 
are analyzed on the basis of a model in which 
the recombination occurs through the mecha-
nism of trapping. A trap is assumed to have an 
energy level in the energy gap so that its 
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charge may have either of two values differing 
by one electronic charge. The dependence of 
lifetime of injection carriers upon initial con-
ductivity and upon injected carrier density is 
discussed. 

537.311.33: 546.28-1 421 
An Application of the Cellular Method to 

Silicon—D. K. Holmes. (Phys. Rev., vol. 87, 
pp. 782-784; September, 1952.) The method 
used by Mullaney (1576 of 1945) is applied to 
the determination of the lowest energy limit of 
the conduction band and also the highest limit 
of the filled band; the effective mass of the 
conduction electrons is then deduced. 

537.311.33:546.28-1:548.55 422 
Silicon Single-Crystal Rods—H. Klein-

knecht. (Naturwiss., vol. 39, pp. 400-401; Sep-
tember, 1952.) Single-crystal rods obtained 
from a melt in a quartz crucible by use of a seed 
crystal are described. The conductivity was 
p-type at the start of the crystal, then n-type 
nearly to the other end, finally reverting to p-
type. The latter inversion is attributed to ad-
mixture of Al from the melt. 

537.311.33: 546.289-1 423 
Temperature Dependence of the Backward 

Current of p-n Junctions in Germanium—D. 
Geist and K. Seiler. (Naturwiss., vol. 39, p. 401; 
September, 1952.) Rectifiers of the p-n type 
with Sb as donor and Al as acceptor impurities 
were investigated. // V characteristics for tem-
peratures of —70°, 27° and 60°C show a satura-
tion current varying expontentially with tem-
perature for low voltages. At high voltage 

v) the characteristics coalesce, the cur-
rent increasing very rapidly. 

537.311.33:546.289-1:535.343:535.61-15 424 
New Infrared Absorption Bands in p-Type 

Germanium—H. B. Briggs and R. C. Fletcher. 
(Phys. Rev., vol. 87, pp. 1130-1131; September 
15, 1952.) Absorption bands at 3.4 µ and 4.7 ¿a 
are reported for Ge samples to which p-type 
impurities had been added. 

537.311.33:546.289-1:537.565 425 
Mobility of Electrons in Germanium—P. P. 

Debye and E. M. Conwell. (Phys. Rev., vol. 87, 
pp. 1131-1132; September 15, 1952.) Measure-
ments at room temperature on samples in vari-
ous conductivity ranges have given higher 
mobilities than any previously found. In the 
range of resistivity for which drift mobility 
values are available, the results are in substan-
tial agreement with those of Haynes and 
Shockley (1928 of 1951). 

537.311.33:546.289-1:538.632 426 
Interpretation of the Low-Temperature 

Hall Curve of a Degenerate Germanium 
Sample—D. M. Finlayson, V. A. Johnson and 
F. M. Shipley. (Phys. Rev., vol. 87, pp. 1141-
1142; September 15, 1952.) Measurements on 
n-type Sb-doped samples of Ge show a maxi-
mum of the Hall co-efficient near 120°K, with a 
20 per cent drop from 116°K to 1.3°K. The re-
sults are discussed in relation to energy levels 
and carrier density. 

537.311.33.001.8 427 
Semiconductors and their Applications— 

J. M. Moulon. (Ann. Télécommun., vol. 7, pp. 
364-374; September, 1952.) A brief review of 
modern theories of the conductivity and rec-
tifying properties of semiconductors, with dis-
cussion of their applications in thermistors, 
various devices for physical and electrical 
measurements, and in transistrons of the point-
contact and p-n-junction types. 

539.234:533.5 428 
Uniform Metallization of Surfaces by 

Thermal Evaporation, using a Single Emissive 
Source or Several Sources—P. Prugne and P. 
Léger. (Jour. Phys. Radium, vol. 13, supple-
ment, pp. 129A-130A; July/September, 1952.) 

Description of a method which effectively 
realizes a circular emissive source by rotation 
of the target at 50 rpm, the source remaining 
stationary. 

539.234: 537.311.31 : 546.77 429 
Protection of Thin Layers of Molybdenum 

by a Coating of SiO obtained by Evaporation in 
Vacuum—C. Feldman. (Compt. Rend. Acad. 
Sci. (Paris), vol. 235, pp. 706-707; October 6, 
1952.) The variation of resistivity with time is 
shown in graphs for Mo films with and without 
a SiO coating, in air at ordinary temperature, 
also for three similar coated Mo films kept re-
spectively in vacuum, in dry air at ordinary 
temperature, and in dry air at the temperature 
of liquid N. The usefulness of the results for 
studying the oxidation of the Mo film is indi-
cated. 

539.234:546.59 430 
Preparation and Properties of Thin Metal 

Films—G. Ranc. (Le Vide, vol. 7, pp. 1211-
1219; July/September, 1952.) A more detailed 
account of the work on evaporated gold films 
noted in 2739 of 1951 and 172 of 1952 (Colom-
bani and Ranc). 

546.217: 621.317.335.3.029.64 431 
Some Preliminary Studies of the Rapid 

Variations in the Index of Refraction of Atmos-
pheric Air at Microwave Frequencies—C. M. 
Crain and J. R. Gerhardt. (Bull. Amer. Met. 
Soc., vol. 31, pp. 330-335; November, 1950.) 
Report of results obtained with the equipment 
previously described [2565 of 1950 (Crain)]. A 
marked correspondence is noted between air 
temperature and moisture content, which 
largely determines the microwave refractive 
index. 

546.431-1:532.72 432 
Diffusion of Barium in Barium Oxide— 

R. W. Red ington. (Phys. Rev., vol. 87, pp. 1066-
1073; September 15, 1952.) Diffusion of Ba in 
single crystals of BaO was measured in the 
temperature range 550-1520°K. Two diffusion 
processes were found, defects being responsible 
for both. 

546.814 + 546.824+ 546.8341-3 :621.317.011.5 
433 

Polarization and Dielectric Losses of Zircon-
ates, Stannates and Certain Titanates of Bi-
valent Metals—G. A. Smolenski. (Zh. Tekh. 
Fiz., vol. 22, pp. 3-11; January, 1952.) 

549.514.63:548.55: [535+537 434 
Electrical and Optical Properties of Rutile 

Single Crystals—D. C. Cronemeyer. (Phys. 
Rev., vol. 87, pp. 876-886; September, 1952.) 

621.3.014.12:621.3.012.3 435 
Universal Skin-Effect Chart for Conducting 

Materials—II. A. Wheeler. (Electronics, vol. 25, 
pp. 152-154; November, 1952.) Formulas and a 
chart are given for finding the depth of pene-
tration of current in some metals and solutions 
(including sea water) and in ground, at fre-
quencies from 1 cps to 1,000 kmc. 

621.3.042.15 436 
Magnetic-Powder Cores for Military Com-

munication Equipment—E. Both. (Tele-Tech., 
vol. 11, pp. 36-38, 105; August, 1952.) Discus-
sion of core requirements, characteristics and 
shortcomings of present-day materials, and 
suitable tests of stability under severe condi-
tions regarding temperature, humidity, etc. 

621.314.632 437 
Effect of Minority Carriers on the Break-

down of Point-Contact Rectifiers—E. Billig. 
(Phys. Rev., vol. 87, pp. 1060-1061; September 
15, 1952.) "On the application of short high-
voltage pulses to point-contact rectifiers in the 
inverse direction, thermal instability is ob-
served. Intrinsic conduction due to the thermal 
generation of electron-hole pairs and the sub-

sequent passage of minority carriers (which are 
not affected by the potential barrier) is sug-
gested as the cause of electrical breakdown." 

621.315.612:621.315.62 438 
The Properties of Semiconducting Ceramic 

Glaze—D. H. Lucas. (Brit. Jour. Appt. Phys., 
vol. 3, pp. 293-296; September, 1952.) Further 
investigations were made of the glazes previ-
ously described by Forrest (1061 of 1948). Sur-
face resistivity and contact resistance were 
measured over the temperature range —177° to 
+110°C. Rectification experiments and ther-
moelectric-power measurements indicate that 
the glazes are n-type semiconductors. Observed 
deterioration in service is attributed to electro-
lytic corrosion at the interface with surface 
films of water. 

621.315.612.4:537.315.6 439 
Potential Distribution in Barium Meta-

titanate and Other Ceramic Dielectrics—E. V. 
Singakov and B. K. Chernyi. (Zh. Tekh. Fiz., 
vol. 22, pp. 265-267; February, 1952.) In in-
vestigations of the electrical conductivity of the 
titanates of metals of the second group, a fall of 
current with time is observed. In order to es-
tablish the cause of this phenomenon, the po-
tential distribution in polycrystalline samples 
of TiO2, (Ba-Sr)TiO3 and BaTiO3 was deter-
mined. The potential distribution in all the 
samples investigated remains linear for a wide 
range of temperatures and does not depend on 
the time during which the sample remains in an 
electric field. The fall of current is probably due 
to the presence of inhomogeneities uniformly 
distributed in the volume of the dielectric. In 
the case of barium metatitanate and 
(Ba-Sr)TiO3, the formation of local volume 
charges may also be partly responsible for this 
phenomenon. 

621.315.616:621.319.4 440 
Polyethylene Terephthalate as a Capacitor 

Dielectric—M. C. Wooley, G. T. Kolunan and 
W. McMahon. (Elec. Eng. (N. Y.), vol. 71, pp. 
715-717; August, 1952.) An account of the 
properties which make this material, also 
known as "mylar," particularly suitable as a 
capacitor dielectric. See also 667 of 1951 
(Reddish). 

621.396.611.21 441 
Some Notes on the Design and Application 

of Quart Crystals—R. A. Spears. (Strowger 
Jour., vol. 8, pp. 99-105; July, 1952.) Tempera-
ture characteristics of plates of different cuts 
are discussed and flexure types of crystal for 
frequencies from 50 kc downwards are de-
scribed. The relation between surface displace-
ment and aging effects is considered briefly and 
typical crystal units, with dimensions and 
operating frequencies and temperatures, are 
illustrated. 

621.396.611.21:549.514.51:532.111 442 
Piezoelectric Resonance of Quartz up to 

5000 atm—J. P. Pérez and P. Johannin. (Jour. 
Phys. Radium, vol. 13, pp. 428-429; July/Sep-
tember, 1952.) Experiments with a Y-cut crys-
tal, immersed in petroleum ether and executing 
transverse oscillations parallel to the x direction 
(initial frequency 3.265 mc), show that the fre-
quency decreases linearly with increasing hy-
drostatic pressure, the decrease being 3.1 parts 
in 10, per kg/cm,. See also 1350 of 1952 
(Michels and Pérez). 

666.1:621.317.374 443 
Some Experiments and Theories on the 

Power Factor of Glasses as a Function of their 
Composition: Part 3—J. M. Stevels. (Philips 
Res. Rep., vol. 7, pp. 161-168; June, 1952.) An 
investigation of borosilicate glasses at frequen-
cies of 1.5 mc and 24 kmc. Part 2: 3031 of 1951. 
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517.65:621.396.11 444 
A Table of %/(ir) eerie Ji," dX 

for Complex Values of p—P. C. Clemmow 
and C. M. Munford. (Phil. Trans. A, vol. 245, 
pp. 189-211; September 16, 1952.) "In the 
theory of wave propagation the above function 
has applications for which p may be complex 
within a certain range of argument. Tables of 
the real and imaginary parta of the function 
are given to four decimal places, for values of 
p I from 0 to 0.80 at intervals of 0.01, and for 

values of arg p from 0° to 45° at intervals of 

519.24:621.396.822 445 
On the Theory of Prediction of Nonstation-

ary Stochastic Processes—R. C. Davis. (Jour. 
Ape Phys., vol. 23, pp. 1047-1053; Septem-
ber, 1952.) "We consider the following problem 
of prediction: During a finite time interval T 
the real valued function S(1)-1-N(1) is observed, 
in which S(1) is a signal and N(t) is a linearly 
superimposed noise disturbance. The problem 
is to predict the value of a given linear func-
tional of 5(1), the predictor formula having 
certain preassigned 'optimum properties' 
among a certain class of predictors." 

681.142 446 
The Whirlwind I Computer—R. R. Everett. 

(Elec. Eng. (N. Y.), vol. 71, pp. 681-686; 
August, 1952.) Description of a high-speed 
digital computer developed at the M.I.T., 
mainly for applications to control and simula-
tion; an indication is given of some of the prob-
lems actually handled by the machine. 

681.142 447 
The Physical Realization of an Electronic 

Digital Computor—A. D. Booth. (Electronic 
Eng., vol. 24, pp. 442-445; October, 1952.) 
Continuation of previous papers (3179 of 1949 
and 1184 of 1951), giving descriptions of (a) the 
multiple-shift instruction methods, (b) the 
multiplier, (c) the function table, (d) the con-
trol system. Input-output devices for com-
puters under development in the Birkbeck 
College research laboratory will be considered 
in the final article of this series. 

681.142 448 
Diode Limiters simulate Mechanical Phe-

nomena—C. D. Morrill and R. V. Baum. 
(Electronics, vol. 25, pp. 122-126; November, 
1952.) In analogue computers for simulating 
nonlinear systems characterized by discrete 
operating states, diodes are preferred to relaye 
on account of their higher speed. Basic circuits 
are described and applications are shown to the 
study of cam-operated engine tubes and the 
simulation of static and coulomb friction. 

681.142 449 
Multi-stable Magnetic Memory Systems— 

J. D. Goodell and T. Lode. (Proc. NEC 
(Chicago), vol. 7, pp. 378-379; 1951.) See 1949 
of 1952. 

681.142 450 
A High-Precision Analog-to-Digital Con-

verter—B. Lippel. (Proc. NEC (Chicago), vol. 
7, pp. 206-215; 1951.) 

681.142 451 
A Precise Electronic Function Generator— 

C. N. Pederson, A. A. Gerlach and R. E. 
Zenner. (Proc. NEC (Chicago), vol. 7, pp. 216-
227; 1951.) 

681.142 452 
Photoformer Design and Performance— 

E. J. Hancock. (Proc. NEC (Chicago), vol. 7, pp. 
228-234; 1951.) 

681.142:519.272.119 453 
An Analogue Electronic Correlator—J. F. 

Reintjes. (Proc. NEC (Chicago), vol. 7, pp. 
390-400; 1951.) Description of equipment pro-

viding up to 110 points on the correlation 
curve of signals with frequency components in 
the range 500 cps-100 kc. Operation is based on 
the principle of discrete sampling, in pairs, of 
the input signal at periodic intervals. The de-
lay, multiplication, and integration processes 
involved are carried out, for each pair of sam-
ples, by use of pulse techniques. 

681.142:621.385.5 454 
Germanium Photodiodes read Computer 

Tapes—L. Packer and W. J. Wray, Jr. (Elec-
tronics, vol. 25, pp. 150-151; November, 1952) 
A digital-computer input arrangement using 
Ge photodiodes of diameter 0.080 inch mounted 
six abreast above 6-channel tape enables up to 
1,000 characters/seconds to be read. A repre-
sentative value of peak signal voltage from a 
1N77 photodiode is 1.75 v. Plug-in amplifier 
units associated with the photocells are de-
scribed. 

MEASUREMENTS AND TEST GEAR 

531.761:537.525.4 455 
Electronic Spark Timing Device—A. Bar-

d6cz and A. Kemény. (Acta Tech. Acad. Sci. 
hungaricae, vol. 3, pp. 389-392; 1952. In Eng-
lish.) A variable-frequency multivibrator con-
trols the rate of the periodic discharge of a ca-
pacitor through a thyratron. The discharge 
current passes through the primary of a Tesla 
transformer which gives sparks that are used to 
produce time marks on oscillograms. The spark 
recurrence frequency can be varied from the 
mains frequency to that of any subharmonic. 

621.3.018.4(083.74) 456 
Industrial Frequency Standard—H. W. 

Kline. (Electronics, vol. 25, pp. 130-131; No-
vember, 1952.) A 1-mc frequency standard is 
obtained by means of an oscillator-divider 
locked to the 5-mc carrier from WWV, using a 
tuned-RF receiver with input filter and clipper 
to eliminate the effect of noise. Lower or higher 
frequencies for laboratory use are obtained by 
means of multivibrators. 

621.317 457 
Techniques in the Measurement of Several 

Components—I. Bady. (Proc. NEC (Chicago), 
vol. 7, pp. 551-560; 1951.) Methods are de-
scribed for measuring (a) temperature co-effi-
cients of a large number of capacitors, (b) re-
sistance and capacitance of resistors from 300 SI 
to 1 M 12 over the range 100-400 mc, (c) trans-
mission unbalance of RF cable over the range 
1-160 mc. 

621.317.323.012.3:621.392.26 458 
Charts for Coaxial-Line Probe Measure-

ments—P. H. Smith. (Proc. NEC (Chicago), 
vol. 7, pp. 191-203; 1951.) Charts are provided 
for evaluating the impedance, voltage swr, etc., 
along a RF transmission line from probe meas-
urements of relative current or voltage at three 
points along the line with spacings known in 
terms of wavelength. 

621.317.33.028.3 459 
Measurement of Resistances above 10 ,29— 

K. H. Winterling. (Arch. tech. Messen, pp. 171-
174 and 221-224; August and October, 1952.) 
Review of galvanometer and electrometer 
methods, including bridge methods and capaci-
tor charge or discharge methods. 

621.317.334:621.317.733 460 
The Advantages of the Mutual-Inductance 

Bridge for Measurements of Ferromagnetic 
Cores—H. Wilde. (Arch. elekt. übertragung, 
vol. 6, pp. 354-360; September, 1952.) Analysis 
is given for the mutual-inductance bridge cir-
cuit (see also 196 of 1952). To avoid magnetic 
leakage the core is wound with coaxial cable of 
over-all diameter 0.6 mm, the outer conductor 
forming the primary winding and the inner con-
ductor the secondary. The influence of cable 
capacitance and of the error angle of the bridge 

is calculated and discussed. The frequency 
range is 1 cps-10 mc for the particular cable 
used. 

621.317.335.029.63/.64 461 
The Determination of Complex Dielectric 

Constants of Absorptive Liquids by Microwave 
Interferometry—F. H. Branin, Jr. (Jour. Ape 
Phys., vol. 23, pp. 990-997; September, 1952.) 
Measurements are made by means of a probe 
traveling along a slotted coaxial line filled with 
the dielectric liquid. Using a traveling-wave 
method, absolute measurements of wavelength 
and absorption index are made simultaneously 
and from them the dielectric constant is com-
puted. Alternatively a standing-wave method 
can be used, in which case the absorption index 
is found graphically from the power swr. For 
low-loss media a simplified standing-wave 
method can be used, in which the absorption 
index is found from the widths of successive 
minima of the standing wave. 

621.317.336:621.392.26 462 
Three-Probe Method of Impedance Meas-

urement—W. J. Duffm. (Wireless Eng., vol. 29, 
pp. 317-320; December, 1952.) Measurements 
of the swr in a waveguide are usually effected 
by means of a slotted section with a traveling 
probe. The use of three fixed probes, inserted 
through very small apertures in the waveguide 
walls, minimizes some sources of error, and con-
siderably reduces the time required for a set of 
readings. The probe separations are X0/8, where 
X, is the wavelength in the waveguide, this 
separation giving a simple expression for the 
load impedance. Suitable apparatus is de-
scribed and the method of calibration outlined. 

621.317.336.029.64: 537.52 463 
Methods of Measuring the Properties of 

Ionized Gases at High Frequencies: Part 3— 
Measurement of Discharge Admittance and 
Electron Density—D. J. Rose and S. C. Brown. 
(Jour. Appt. Phys., vol. 23, pp. 1028-1032; 
September, 1952.) Methods applicable to dis-
charges in both high-Q and low-Q resonant 
cavities are described. An equivalent-circuit 
representation of the system is used which is 
valid as long as the presence of the discharge 
only slightly modifies the resonance frequency 
of the cavity. Part 2: 3489 of 1952. 

621.317.337:621.396.611.2 464 
High-Q Measurement—W. J. Spaven. 

(Electronics, vol. 25, p. 166; November, 1952.) 
For values of Q >1,000 the value is determined 
by pulse excitation of the resonant circuit. A 
chart is provided for use in solving the equation 
giving Q in terms of the observed decrement of 
the oscillation. 

621.317.337:621.396.611.4 465 
A Sweep-Frequency Method of Q Measure-

ment for Single-Ended Resonators—E. D. 
Reed. (Proc. NEC (Chicago), vol. 7, pp. 162-
172; 1951.) A method is described in which an 
oscillographic display of reflected power and 
incident power as functions of frequency is 
used to determine the internal and external Q of 
a cavity resonator. The Q of the cavity when 
loaded only by its own losses is termed the in-
ternal Q, the external Q applying to the cavity 
(considered lossless) loaded only by a matched 
transmission line. The method avoids the 
point-by-point determination of voltage swr 
necessary in methods hitherto used and can 
give rapid and accurate results. 

621.317.34 466 
Ratio Meter measures Reflection Coef-

ficient—L. A. Rosenthal, J. L. Potter and G. M. 
Badoyannis. (Electronics, vol. 25, pp. 136-139; 
November, 1952.) An arrangement is described 
in which two circuits, each comprising an am-
plifier and rectifier, are connected respectively 
to the two coils of a ratio meter, details of which 
are given. When measuring the reflection co-
efficient of HF transmission systems, signals 
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proportional respectively to the incident and 
reflected waves are fed to the two circuits, and 
their modulation components are compared by 
the ratio meter, which can be calibrated in 
terms of reflection co-efficient or voltage awn 
The arrangement is suitable for permanent in-
stallation in a HF transmission line. 

621.317.341:621.392.21 467 
A Simplified Method for Measuring the At-

tenuation of Balanced Transmission Lines— 
R. C. Powell. (Proc. NEC (Chicago), vol. 7, pp. 
287-290; 1951.) Limitations of methods nor-
mally used for measuring the attenuation of 
coaxial and shielded lines, when used for 
measurements on unshielded balanced lines, 
are reviewed. A method suitable for measuring 
the attenuation of unshielded lines to within 
1 per cent is described. 

621.317.343.3:621.392.26 468 
A Recording Broad-Band Waveguide Re-

fiectometer—A. L. Witten and R. E. Henning. 
(Prot. NEC (Chicago), vol. 7, pp. 173-180; 
1951.) Description of equipment which records 
on a chart the reflection co-efficient of a circuit 
component under test over the frequency band 
4.25-6.0 kmc. The energy reflected by the test 
item is isolated by means of a specially designed 
high-directivity coupler. Barretter detection, 
followed by narrow-band AF amplification, is 
used to ensure square-law detection and con-
stant detection sensitivity. A circuit deriving 
the square-root of the amplifier output voltage 
furnishes direct-reading chart indications of 
reflection co-efficient. 

621.317.35:621.396.619.11:373.62 469 
Mechanical Synthesis of the Amplitude-

Modulated Wave—A.. M. Hardie. (Wireless 
Eng., vol. 29, no. 351, pp. 326-333; December, 
1952.) Description of demonstration apparatus, 
constructed almost entirely from standard 
Meccano parts, for synthesis of an AM wave 
from three components with any relative 
amplitudes and phases. 

621.317.35:621.396.619.16 470 
Narrow-Band Spectrum Analysis of a 

Pulse-Position-Modulated Signal—L. H. 
Lloyd. (Proc. NEC (Chicago), vol. 7, pp. 291-
298; 1951.) Investigation of the capabilities and 
limitations of the sound spectrograph for ob-
taining relative frequency and position data 
from signals consisting of pairs of short pulses. 

621.317.4:621.3.042.143 471 
Magnetic-Amplifier Gapless-Core Tests— 

J. R. Conrath. (Electronics, vol. 25, pp. 119-
121; November, 1952.) A production test 
method is described in which the core is sub-
jected to conditions similar to those encoun-
tered in operation. Windings for test purposes 
are obtained by passing a multipin plug 
through the core window and into a socket. 

621.317.41 472 
Method for Determining Magnetic Mo-

ments and for Measuring Susceptibilities and 
Permeabilities—S. J. Barnett. (Jour. Appl. 
Phys., vol. 23, pp. 975-976; September, 1952.) 
Two similar solenoids A and B, connected in 
series-opposition through a measuring circuit, 
are arranged within a third solenoid producing 
a uniform field. The specimen is first placed 
within A and then moved quickly to B; from 
the resulting galvanometer throw the suscepti-
bility is found directly. As compared with the 
permeameter method this method has the ad-
vantage, when testing materials of low perme-
ability, of giving the difference between the 
permeability of the specimen and that of air, 
rather than the ratio between the two. 

621.317.7.087.6 473 
Continuous Recorder Keep-Alive Circuit— 

R. L. Ives. (Electronics, vol. 25, pp. 161-163; 
November, 1952.) The performance of a pen 
recorder is improved by injecting an auxiliary 

10-cps signal into the system to keep the pens 
in constant motion. A circuit comprising multi-
vibrator with four independent cathode-fol-
lower outputs for producing this signal is de-
scribed. 

621.317.72:621.316.722.4 474 
Precision Megohm Ratio Unit for High 

Voltage Measurements—J. N. Harris. (Rev. 
Sci. Instr., vol. 23, pp. 409-413; August, 1952.) 
Description of the construction of a ratio box 
consisting of 100 10-1d2 manganin units in an 
oil bath maintained at 33°C, and capable of 
continuous operation at voltages up to 5 kv. 

621.317.723:621.314.58 475 
Theory of the Vibrating Condenser Con-

verter and Application to Contact Potential 
Measurement—J. R. Anderson and A. E. 
Alexander. (Ans:. Jour. Appl. Sri., vol. 3, pp. 
201-209; September, 1952.) Analysis indicates 
that provided the load impedance is large 
compared with that of the capacitor, the har-
monic content of the ac signal generated is 
small even for large changes of capacitance. 
The magnitude of the generated signal de-
creases as the load impedance decreases. 

621.317.729:537.291 476 
Automatic Tracer for Electron Trajectories 

—F. Cassanas and P. Barchewitz. (Jour. Phys. 
Radium, vol. 13, supplement, pp. 73A-83A; 
July/September, 1952.) Theory and description 
of electrolyte-tank equipment producing plane 
trajectories, with typical examples of its appli-
cation. 

621.317.73.029.55/.62 477 
The Refiectometer for Measurements in 

the Short-Wave Range—J. Grosskopf. (Fern-
meldetech. Z., vol. 5, pp. 307-313; July, 1952.) 
Theory is given for a new type of directional 
coupler consisting of a stretched wire antenna 
arranged parallel to and between the conduc-
tors of a coaxial line, and terminated at both 
ends by its characteristic impedance. The use-
ful frequency range is from 10 to 300 mc. De-
tails are given of construction and performance. 

621.317.73.029.62/.63 478 
Impedance-Measuring Equipment for the 

50-500-Mc/s Range—J. E. Houldin. (Proc. 
IEE (London), part III, vol. 99, pp. 389-399; 
November, 1952.) Description of equipment 
for comparison of the modulus of an unknown 
impedance with that of a standard impedance 
consisting of a 100-11 0.1-w resistor with con-
stant and minimum length of lead. From 
measurements of (a) the resonance impedance 
of an oscillatory circuit without and with the 
unknown impedance in parallel, (b) the im-
pedance of a capacitor without and with the 
unknown in parallel, both the resistive and 
reactive components of the unknown im-
pedance can be determined. Simplification of 
the general method is possible for several im-
portant cases. Typical results for high-value 
admittances, low-, medium-, and high-value 
conductances, and reactances of short-circuited 
transmission lines, are given. 

621.317.733 479 
The Wien Bridge and Some Applications— 

C. F. Brockelsby. (Electronic Eng., vol. 24, pp. 
450-453; October, 1952.) Analysis of the char-
acteristics of the Wien bridge and discussion of 
its application to distortion measurement, 
wave analysis, and stabilization of the fre-
quency of an oscillator. 

621.317.735 480 
An Electronic High-Voltage Insulation 

Tester—L. R. Hulls and K. A. Mackenzie. 
(Electronic Eng., vol. 24, pp. 500-503; No-
vember, 1952.) Description, with detailed cir-
cuit diagram, of equipment providing a voltage 
continuously variable from 500 y to 10 kv dc, 
together with means for measuring resistance 
values up to 2.5 X 101111, and an aural indication 

of the ac component of leakage or ionization 
current through the test specimen. 

621.317.738.029.62 481 
An Instrument for Dielectric Measure-

ments in the Frequency Range 100-300 Mc/s— 
D. L. Hollway and G. J. A. Cassidy. (Proc. 
IRE (London), part III, vol. 99, pp. 364-372; 
November, 1952.) Description of a short-
circuited coaxial line of adjustable length, per-
mitting measurements at different frequencies. 
The line is terminated by a parallel-plate ca-
pacitor with a disk sample of the material 
under test as dielectric. All measurements are 
based on AF calibrations of the measurement 
capacitors. Frequency corrections are analyzed 
and possible errors discussed. 

621.317.75 482 
The Monitoring of High-Speed Waveforms 

—J. G. McQueen. (Electronic Eng., vol. 24, pp. 
436-441; October, 1952.) Description of 
Metropolitan-Vickers Type-500 equipment de-
signed for observation of recurrent waveforms 
having frequency components up to 300 mc. 
The recurrence rate should preferably be 
>100/second. Waveforms with amplitudes as 
low as 0.1 y are displayed without distortion 
and two concurrent waveforms can be viewed 
simultaneously. Loading of the circuit produc-
ing the waveform is negligible. The waveform 
voltage is not used to deflect the beam in a cr 
tube, but is applied to a circuit capable of 
measuring its instantaneous amplitude at a 
selected point of the waveform. Each measure-
ment is used to derive one y co-ordinate of a 
graph of the waveform and each co-ordinate 
persists for a considerable fraction of the recur-
rence period. The graph is traced relatively 
slowly by slightly changing the position of the 
selected point along the waveform at each re-
currence. The x co-ordinates of the graph are 
produced by a deflection synchronized with the 
position of each selected point. The equipment 
can be used either with or without its additional 
anti-jitter unit. Applications to investigation of 
the build-up of oscillations in a magnetron, 
break-through in a tr switch to which a mag-
netron output is applied, build-up of a pulsed 
150-mc oscillator, and waveforms associated 
with a blocking oscillator, are illustrated. 

621.317.772 483 
A Precision Phase Comparator for Use at 

Low Radio Frequencies—B. G. Pressey, C. S. 
Fowler and R. W. Mason. (Proc. IEE (Lon-
don), part III, vol. 99, pp. 413-414; November, 
1952.) Summary only. A calibrated phase 
shifter, such as an inductive goniometer, is con-
nected in turn to the two cw sources whose 
phase difference is required, and adjusted with 
reference to an auxiliary source of the same 
frequency so as to obtain a convenient pattern, 
such as a straight line, on the screen of a cro. 
The difference between the successive goniome-
ter settings then gives the required phase dif-
ference. Refinements of the method, resulting 
in increased accuracy of measurement, are de-
scribed in detail. Modifications enabling the 
equipment to be used at any one frequency in 
the range 30 kc-3 mc, or over a range of fre-
quencies, are suggested. 

621.317.794.029.5 484 
A Simple Bolometer for Dissipation Meas-

urements—V. J. Tyler. (Marconi Rev., vol. 15, 
pp. 114-117; 3rd Quarter, 1952.) Description of 
an instrument constructed from small squares 
of Cu foil, each tinned on one side and painted 
matt black on the other, arranged in a frame 
with adjacent squares facing in opposite direc-
tions, and with alternate Cu and eureka con-
nections. Direct measurements can be made of 
the power dissipated by the anode of a small 
tube. 

621.396.615 485 
Two-Range Test Oscillator --il. B. Dent. 
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(Wireless World, vol. 58, pp. 508-511; Decem-
ber, 1952.) A compact unit is obtained by using 
a double-triode tube with the two sections 
functioning as separate oscillators, e.g. in the 
100-mc and 10-mc bands respectively. The de-
sired range is selected by switching the hv 
supply to the appropriate anode. Modulation 
voltage is applied across a common resistor to 
which the two grid leaks are connected. Design 
details and component values are given. 

621.396.615.029.62/.63 486 
Wide-Band Sweep Generator for V.H.F. 

and U.H.F. TV—H. A. Finke and F. Blecher. 
(Tele-Tech., vol. 11, pp. 52-54, 75; August, 
1952.) Description of a generator covering the 
range 35-900 mc. Tuning is effected by means 
of a variable shorted transmission line from 900 
to 150 mc and by a variable inductor down to 
35 mc. Capacitor plates mounted at the end of 
a vibrating reed provide a frequency sweep of 
over 30 mc in the uhf range. 

621.396.615.14:621.317.75 487 
A Sweep-Frequency Oscillator for the 

U.H.F. Television Band—J. A. Cornell and 
J. F. Sterner. (Proc. NEC (Chicago), vol. 7, 
pp. 433-439; 1951.) See 2285 of 1952. 

621.396.615.17.015.7 488 
Simple Pulse Generator for the Study and 

Testing of Amplifier, Selector and Counter 
Circuits, as well as Delay Lines—A. Fréon and 
A. Martin. (Jour. Phys. Radium, vol. 13, p. 
427; July/September, 1952.) Outline descrip-
tion of equipment using a mains-fed rectifier 
with a polarized relay for periodic charging and 
discharging of a capacitor. The discharge takes 
place through a resistor, the pulse voltage 
across which is adjustable by means of a po-
tentiometer across the output terminals of the 
rectifier. Pulse duration is variable from 1 ms 
to about 0.5 us; recurrence frequency is that of 
the mains. 

621.396.615.17.015.7:681.142 489 
Test Pulse Generator for Digital Comput-

ers—A. A. Gerlach. (Electronics, vol. 25, pp. 
158-160; November, 1952.) Description of a 
generator which can be arranged to give a wide 
variety of random pulse outputs. Pulse dura-
tion is variable from about 2 to 40 as, and am-
plitude up to about 60 v. Gate circuits and 
multivibrators are constructed as plug-in units. 
Pulses as short as 0.1 zs are obtained by using 
blocking-oscillator output circuits in place of 
cathode followers. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.784:538.31 490 
Electric Micro-dynamometer—T. Heim. 

(Microiecnic, vol. 6, pp. 197-208; 1952.) De-
scription of an instrument with nine ranges, 
for torque measurements from about 10-4 to 
3 g.cm. The torque to be measured is balanced 
by varying the current through a coil which 
can rotate in a radial magnetic field, as in a 
moving-coil galvanometer. 

534.15+ 539.431] : 629.135 491 
Aircraft-Vibration Research—D. M. Corke. 

(Electronic Eng., vol. 24, pp. 518-522; Novem-
ber, 1952.) An outline of various test methods 
involving electronic applications. 

534.321.9.001.8 492 
Method of Eliminating Parasitic Waves in 

Ultrasonic Flaw Testing of Metal Articles—L. 
Beaujard. (Comp:. Rend. Acad. Sei. (Paris), 
vol. 235, pp. 804-806; October 13, 1952.) The 
parasitic echoes are found to be due to surface 
waves passing directly from transmitter to re-
ceiver. They can be practically eliminated by 
using a cro with a long-persistence screen. 

534.321.9.001.8: 678.1 493 
Ultrasonic Techniques in the Rubber In-

dustry—R. G. Patton and P. Hatfield. (Elec-

Ironic Eng., vol. 24, pp. 522-525; November, 
1952.) An account of methods of detection of 
internal air films in rubber products, and 
measurement of rubber thickness when only 
one surface is accessible, using ultrasonic waves 
of frequencies in the range 50-250 kc. 

538.24.001.8:659.24/.25 494 
The Notched-Disk Memory—J. Rabinow. 

(Elec. Eng., (N. Y.), vol. 71, pp. 745-749; 
August, 1952.) Devices developed at the N.B.S. 
are described in which information is stored 
magnetically. Pulses are recorded on both sides 
of coated Al disks threaded on a horizontal ring 
surrounding a vertical shaft carrying magnetic 
heads which can be rotated into association 
with any desired ring. Data can be recovered in 
a time of the order of 0.5 second. 

539.16.001.8 495 
Nucleonics and Industrial Applications— 

D. Taylor. (Electronic Eng., vol. 24, pp. 533-
535; November, 1952.) 

539.165/.1661.001.8: 531.717.1 496 
Beta-Particle and Gamma-Ray Thickness 

Gauges—M. G. Hammett and H. W. Finch. 
(Electronic Eng., vol. 24, pp. 536-539; Novem-
ber, 1952.) 

551.508.11:621.396.9 497 
An Improved Fully Electric Radiosonde— 

IC. Sittel and E. Menzer. (Bull. Amer. Mel. 
Soc., vol. 31, pp. 341-346; November, 1950.) 
Details are given of the equipment used for 
pressure, humidity and temperature measure-
ments, and of the motor-driven switching sys-
tem used for feeding data to the transmitter. 

621.317.083.7 498 
A Ten-Channel Pulse-Code Telemetering 

System—A. J. Bayliss. (Electronic Eng., vol. 
24, pp. 485-489; November, 1952.) 

621.318.57 499 
Speed-Sensing Relay—J. H. Porter. (Elec-

tronics, vol. 25, pp. 174, 176; November, 1952.) 
In an arrangement for triggering a circuit at 
predetermined speeds of a motor, the speed is 
sampled photoelectrically and the resulting al-
ternating voltage is fed to a thyratron through 
an adjustable frequency-sensitive network. 

621.365.55t 500 
Correlation of Temperature and Electric 

Fields in a Material undergoing Dielectric 
Heating—J. A. M. Lyon and T. F. Dunsheath. 
(Proc. NEC (Chicago), vol. 7, pp. 475-488; 
1951.) Assuming that the loss factor can be 
expressed as a second-degree function of tem-
perature and that the thermal conductivity of 
the material is very small, an expression relat-
ing temperature, electric-field strength, and 
time is derived. The expression was checked by 
measurements made during the heating of a 
wedge-shaped plastic sample. 

621.38:621.791.052 501 
A Simple Electronic Weld Timer for Spot 

Welding Machines—F. Gerspacher. (Brown 
Boyen i Rev., vol. 39, pp. 140-142; April, 1952.) 
Description, with schematic circuit diagram, of 
equipment using two ignitrons for accurate 
control of weld-current times for powers up to 
about 100 kva and spot welds up to 180/min-
ute. 

621.38:621.791.7 502 
Electronics in Resistance Welding—P. 

Huggins. (Electronic Eng., vol. 24, pp. 526-529; 
November, 1952.) Discussion of various types 
of welding machine and of electronic systems 
for weld timing control and automatic com-
pensation of mains-voltage fluctuations. 

621.38.001.8: 669-427.4 503 
Electronic Inspection of Wire Ropes— 

(Electronic Eng., vol. 24, p. 529; November, 
1952.) Short note on equipment for inspection 

of every inch of a wire rope such as those used 
in mines, without interruption of service. 
Faults not detectable by routine visual inspec-
tion are easily detected. 

621.38.001.8:677 504 
The Applications of Electronics in the Tex-

tile Industry—A. A. Atkins. (Electronic Eng., 
vol. 24, pp. 530-532; November, 1952.) Appli-
cations in the manufacture and processing of 
yarn are particularly noted. 

621.384.6: 614.48:1641 + 615.7 505 
Electron Beams sterilize Food and Drugs— 

E. A. Burrill and A. J. Gale. (Electronics, vol. 
25, pp. 98-101; November, 1952.) Packaged or 
bulk material is irradiated by a hv electron 
beam which is swept through an 8° arc 200 
times/second. The electrons are accelerated by 
the voltage of 2 mv produced by a Van de 
Graaff generator, and emerge from the ac-
celerator tube through a thin Al window. 

621.384.611 506 
Notes on the 225-cm Cyclotron at the Nobel 

Institute for Physics, Stockholm—H. Atterling 
and G. Lindstrbm. (Ark. Fys., vol. 4, pp. 559-
563; August 19, 1952.) Report of the initial per-
formance of the cyclotron previously described 
by Atterling (2254 of 1951). 

621.384.62 507 
The Linear Electron Accelerator—D. W. 

Fry. (Philips Tech. Rev., vol. 14, pp. 1-12; 
July, 1952.) A general account, illustrated by 
reference to the 2-m corrugated-waveguide ac-
celerator at Harwell. By feeding back RF 
power, high electron energies can be obtained 
with shorter structures. 

621.384.62 508 
A 1.5 MV Accelerator for Heavy Particles 

with Analyzing Magnet for Use in Nuclear Re-
search—C. Mileikowsky and R. T. Pauli. 
(Ark. Fys., vol. 4, pp. 287-298; August 16, 
1952.) Detailed description of equipment in-
stalled at Stockholm, comprising accelerator 
tube fed by a cascade generator working under 
ordinary pressure. 

621.384.62 509 
Multiple-Cavity Linear Electron Accelera-

tor—B. L. Miller. (Rev. Sci. Instr., vol. 23, pp. 
401-408; August, 1952.) Description of an ac-
celerator comprising five cylindrical resonators 
operating in the TM010 mode, and producing 
beams with energies up to 1.4 mev. 

621.385.833:537.291 510 
Paraxial Electron Trajectories in Electro-

static Lenses—C. Fert. (Jour. Phys. Radium, 
vol. 13, supplement, pp. 83A-90A; July/Sep-
tember, 1952.) Description, with examples, of a 
simplified method of tracing paraxial trajec-
tories by use of transformation matrices or 
tables characteristic of intervals or surfaces, 
following a classical optical method. 

621.385.833:537.291 511 
A Method of Calculating Trajectories in 

Electron Optics. Generalization to Homogene-
ous Linear Differential Equations—F. Bertein. 
(Jour. Phys. Radium, vol. 13, supplement, pp. 
91A-98A; July/September, 1952.) 

621.387.4:621.385.83 512 
The 6BN6 Gated-Beam Tube as a Fast 

Coincidence Circuit—J. Fischer and J. Mar-
shall. (Rev. Sci. Instr., vol. 23, pp. 417-420; 
August, 1952.) 

PROPAGATION OF WAVES 

621.396.11 513 
Deformation of Electromagnetic Pulses 

Propagated in the Ionosphere—B. N. Gersh-
man. (Zh. Tekh. Fis., vol. 22, pp. 101-104; 
January, 1952.) A formula (2) is quoted de-
termining the waveform of a pulse which has 
passed through the ionosphere. The deforma-
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tion experienced by such a pulse has previously 
been calculated to a first approximation. Cor-
responding second-approximation formulas are 
now derived. For the main part of the pulse, 
the difference between the amplitudes calcu-
lated in accordance with the two approxima-
tions is not greater than 2 per cent. The more 
exact formulas give a clearer picture of the 
phenomena and, in particular, indicate that the 
pulse becomes asymmetrical. 

621.396.11:551.510.535 514 
The Quasi-Transverse (Q.T.) Approxima-

tion to Appleton's Magneto-Ionic Equation—J. 
D. Whitehead. (Jour. Atmos. Terr. Phys., vol. 2, 
pp. 361-362; 1952.) It is shown that the usually 
accepted form of Booker's quasi-transverse ap-
proximation (3306 of 1935) to Appleton's equa-
tion (1933 Abstracts) is incorrect; the correct 
form is given. 

621.396.11:551.510.535 515 
A Physical Interpretation of the Corrected 

Quasi-Transverse Approximation for the Ordi-
nary Wave—F. Lied. (Jour. Almos. Terr. 
Phys., vol. 2, p. 362; 1952.) An interpretation 
of the approximation given in 514 above. 

621.396.11.029.51:551.510.535 516 
Theoretical Group Heights of Reflection of 

150-kcis Radio Waves Vertically Incident on 
the Ionosphere—N. Davids. (Jour. Atmos. 
Terr. Phys., vol. 2, pp. 324-336; 1952.) The 
group heights of reflection for 250-ps Gaussian 
pulses of 150-kc radiation are calculated using 
a wave-theory treatment including coupling, 
and an ionosphere model of Chapman type. 
The results obtained by Gibbons and Nertney 
(137 of 1952) on cw are extended by taking ac-
count of dispersion, the characteristics of tha 
received pulse being determined by means of a 
response function developed from a suitable 
Fourier-Hermite series. The rapid changes of 
polarization near the lower edge of the E layer 
(the "coupling region") give rise to reflection 
under suitable conditions, i.e. late night hours 
associated with low fcE; but since dispersion is 
slight, group retardation should be almost 
negligible. At a higher level in the E layer the 
refractive index for one of the wave components 
varies rapidly, and time delays are large for 
models with low fcE. Results obtained from the 
theory are in good agreement with observa-
tions. 

621.396.11.029.51:551.510.535 517 
Wave Solutions, Including Coupling, of 

Ionospherically Reflected Long Radio Waves 
for a Particular E-Region Model—J. J. Gib-
bons and R. J. Nertney. (Jour. Geophys. Res., 
vol. 57, pp. 323-338; September, 1952.) An ex-
tension of previous work (137 of 1952), the 
same ionosphere model being assumed. The 
method of variation of parameters is used to 
obtain approximate solutions of the wave 
equation for the case of coupling of the ordi-
nary and extraordinary waves. The effect of 
coupling is to cause a wave traversing a cou-
pling region to excite a new wave in the same di-
rection as that of the incident wave, and also a 
back-scattered wave in the reverse direction. 
In the case of 150-kc waves, the coupling effects 
occur for electron densities around 300/ems, 
corresponding to the classical reflection level for 
the ordinary wave. The solutions obtained indi-
cate that the assumed model may be satisfac-
tory as regards group heights and the return of 
at least two echoes of a single incident pulse, 
but that for satisfactory explanation of ab-
sorption and polarization effects an electronic 
D region must be assumed below the E region. 

621.396.11.029.51:551.510.535 518 
A Method for Obtaining the Wave Solutions 

of Ionospherically Reflected Long Waves, In-
cluding All Variables and Their Height Varia-
tion—J. J. Gibbons and R. J. Nertney. (Jour. 

Geophys. Res., vol. 57, pp. 423-426; September, 
1952.) Discussion on 137 of 1952. 

621.396.11.029.53/.55:551.510.535 519 
The Causes of Excessive Absorption in the 

Ionosphere on Winter Days—W. Dieminger. 
(Jour. Atmos. Terr. Phys., vol. 2, pp. 340-349; 
1952. In German.) In a previous paper by 
Dieminger and Hoff mann-Heyden (2317 of 
1952) it was suggested that echoes observed on 
frequencies in the range 1.6-4 mc, due to re-
flections at heights of 75-100 km, were related 
to the abnormally high absorption experienced 
by waves traversing the ionosphere on some 
days in winter. Further investigations, now 
reported, confirm this view. The echoes are 
produced by a partial reflection at a sharp 
boundary of an ionized region extending down 
from the E layer to heights of 75-90 km. Solar 
control is indicated, but no conclusive explana-
tion is yet available. Echoes produced by re-
flection at 95 km at night-time are attributed 
to meteoric-dust ionization. 

621.396.11.029.58: 551.510.535 520 
Radio Links covering Very Great Dis-

tances—E. Harnischmacher and K. Rawer. 
(Comp:. Rend. Acad. Sci. (Paris) vol. 235, pp. 
709-711; October, 1952.) Observations ob-
tained on links with the antipodes using de-
cametre waves indicate lateral deflections due 
to ionospheric reflections. It seems possible 
that reflection occurs in a nearly horizontal 
plane at regions of horizontal ionization gradi-
ent at certain times of the day, e.g., around sun-
rise. An estimate is made of the decrease of 
received field strength caused by the deflection 
thus produced. This type of propagation may 
explain certain observations of reception at fre-
quencies above the muf. 

621.396.11.029.62 521 
Optical Refraction and U.S.W. Propagation 

in the Baltic Area in the Spring of 1952—E. A. 
Lauter and G. Bartels. (Z. Met., vol. 6, pp. 215-
220; July, 1952.) An unusual case of anomalous 
optical refraction observed April 17, 1952 dis-
cussed in relation to the prevailing weather 
conditions and radio propagation at a fre-
quency of 90.7 mc over the 180-km path from 
Copenhagen to Kühlungsborn. Both vertical 
and horizontal inhomogeneities of the lower 
atmosphere have an important influence on 
propagation. High values of received field 
strength do not always accompany abnormal 
optical refraction, but were observed through-
out the season whenever there was a marked 
inversion over the Baltic. 

621.396.8:621.3.018.41(083.74) 522 
World-Wide Standard-Frequency Broad-

cast Reception—E. L. Hall. (Tele-Tech., vol. 
11, pp. 46-48, 99 and 64-65, 126; June and 
July, 1952.) A report of some thousands of ob-
servations during 1950 of the reception of 
WWV and WWVH signals at places distrib-
uted over a large part of the surface of the 
earth, and of a few observations made in U.S.A. 
and in Hawaii of the reception of 5-mc and 
10-mc signals from station MSF (Rugby, 
England). Analysis of the available data indi-
cates that (a) the 5-mc transmissions are gen-
erally useful for shorter distances during day-
light and for a few thousand miles at night, 
(b) the 10-mc transmissions are useful for 
longer distances and do not show the pro-
nounced day-time attenuation noted with 5-
mc signals, (c) the 15-mc signals are useful for 
distances from a few hundred to 10,000 miles, 
day or night. Reception range is affected by 
changes in sunspot numbers, by season of year, 
ionosphere disturbances, and local conditions 
of atmospheric or man-made electrical noise. 

621.397.26.029.63:621.396.81 523 
Broadcasting TV in the U.H.F. Band—J. 

Epstein and D. W. Peterson. (Electronics, vol. 
25, pp. 102-109; November, 1952.) An investi-

gation was made of the coverage obtainable 
using frequencies of 530.25 and 850 mc; the 
difference between propagation conditions at 
these frequencies and at 85 mc is emphasized. 
Values of received field strength calculated 
from theory are presented for comparison with 
the observed values, which are lower. Two dis-
tance ranges are considered, viz. 1-5 and 5-21 
miles respectively. Transmitting antennas with 
strong vertical directivity were used, the 850-
mc antenna being also horizontally directive. 
Tilting the beam slightly downward was found 
to increase received field strength, so that the 
required coverage could be achieved with nar-
rower vertical beam-width. Difficulties in-
volved in making measurements in built-up 
areas are discussed; in the experiments a X/2 
dipole antenna with plane reflector was used. 
Small-aperture receiving antennas should be 
used to avoid field-distortion effects. 

621.397.81 : 621.317.328:629.135.4 524 
Measuring TV Field Intensities by Heli-

copter—Preston. (See 576.) 

RECEPTION 

621.396.621 525 
La Météo assigns First Place to a French 

Communications Receiver—(Électronique 
(Paris), nos. 68/69, pp. 43-45; July/August, 
1952.) Description of a WIT R/T receiver 
covering the range 1.94-30.8 mc in seven wave-
bands, and selected by the French Meteoro-
logical Office as the most robust and most easily 
demountable. 

621.396.621.54 526 
Design of Slug-Tuned Superheterodyne 

Receivers—P. S. VVessels. (Electronics, vol. 25, 
pp. 176-202; November, 1952.) Design pro-
zedure_ are given whereby the RF and oscil-
tator coils can be made to tune with a suffi-
ciently constant frequency difference by proper 
choice of the diameter of the tuning cores. Band 
coverage and oscillator circuits are discussed. 

621.396.621.54:621.396.822 527 
Second-Detector Signal-to-Noise Improve-

ment—L. S. Schwartz. (Proc. NEC (Chicago), 
vol. 7, pp. 141-150; 1951; Tele- Tech. , vol. 11, 
pp. 56, 107; October, 1952.) Signal and noise 
levels in each functional division of a superhet-
erodyne receiver are analyzed, the discussion 
being limited to radar types of pulse receiver 
and to signals not less than the noise, both sig-
nal and noise being large enough to cause linear 
operation of the second detector. Formulas are 
derived from which the noise figure of the re-
ceiver can be calculated, knowing only the 
signal/noise ratio at the output and the gain 
and loss parameters of the receiver. The theory 
is checked by measurements on a pulse re-
ceiver. 

621.396.622:621.396.619.11 528 
Synchronous Detection of Amplitude-

Modulated Signals—J. P. Costas. (Proc. NEC 
(Chicago), vol. 7, pp. 121-129; 1951; Tele-Tech, 
vol. 11, pp. 55-57, 119; July, 1952.) The detec-
tion of periodic signals in noise by the method 
of correlation has been shown to give large im-
provements in signal/noise ratio. If an AM 
carrier wave is to be detected, correlation 
methods lead to synchronous AM detection. 
Demodulation is performed by generating in 
the receiver a sinusoidal oscillation with the 
same frequency and phase as the incoming car-
rier, and multiplying the incoming signala by 
the local-oscillator voltage. If in addition a 
second synchronous detection system is ap-
plied, with the oscillator in phase quadrature 
with the signal, considerable adjacent-channel 
interference suppression results from proper 
combination of the in-phase and quadrature 
detector outputs. Discussion shows that dab 
signals, when properly received, are in general 
less susceptible to adjacent-channel interfer-
ence or jamming than ssb signals. 



1953 Abstracts and References 445 

621.396.622:621.396.822 529 
Input versus Output Signal-to-Noise Char-

acteristics of Linear, Parabolic, and Semi-
cubical Detectors—A. H. Schooley and S. F. 
George. (Proc. NEC (Chicago), vol. 7, pp. 151-
161; 1951; Tele-Tech, vol. 11, pp. 60-63, 75; 
July, 1952.) 

621.396.622.71.029.64:537.562 530 
An Ionized-Gas Energy Detector for Micro-

waves—H. Burroughs and A. B. Bronwell. 
(Proc. NEC (Chicago), vol. 7, pp. 598-600; 
1951; Tele-Tech, vol. 11, pp. 62-63, 123; 
August, 1952.) An ionized-gas diode has been 
found to serve as an effective detector or 
heterodyne mixer of microwave signals. The 
gas is ionized by application of direct voltage 
to the diode terminals. When used in a wave-
guide, operation is independent of the wave-
guide mode. 

621.396.82:621.396.619.11/.13 531 
Interference caused by Interfering Trans-

mitters—M. Kulp. (Arch. elekl. übertragung, 
vol. 6, pp. 388-389; September, 1952.) Adden-
dum to 2325 and 2886 of 1952. More accurate 
formulas can now be derived for certain of the 
cases considered, as a result of exact relations 
having been found between the Bessel functions 
involved. 

621.396.822:519.241.1 532 
Autocorrelation Function and Power-Den-

sity Spectrum of Clipped Thermal Noise. Filter-
ing of Simple Periodic Signals in such Noise— 
L. Robin. (Ann. Télécommun., vol. 7, pp. 375-
387; September, 1952.) Analysis is presented 
relative to the noise resulting from passage of 
random noise, with a Gaussian distribution and 
uniform power-density spectrum in the fre-
quency range considered, through a nonlinear 
clipping circuit. Two methods of determining 
the autocorrelation function of the clipped 
noise voltage have been used, an approximate 
statistical method due to Ville and a purely 
mathematical method based on the characteris-
tic function (2168 and 2169 of 1945 (Rice)]. 
The latter method is preferred, as it gives the 
required function in the form of a convergent 
power series, the successive coefficients being 
respectively proportional to the square of the 
error function and of its successive derivatives 
of odd order. A formula, due to Mehler, on the 
series of products of Hermite polynomials, 
enables this series to be replaced by a fairly 
simple definite integral and finally by the sum 
of functions which are tabulated or easily cal-
culated numerically. The power-density spec-
trum is given by the Fourier transform of the 
correlation function. The spectrum is shown to 
consist of the limited uniform spectrum existing 
before clipping, with reduced ordinates, with a 
superposed continuous spectrum extending to 
infinity and rapidly decreasing. 

The filtering of a periodic rectangular signal 
plus noise by passage through a correlator is 
examined by the characteristic-function meth-
od. The autocorrelation function is obtained in 
the form of the sum of convergent power series. 
Hence in the steady state the autocorrelation 
function is found to be represented by a peri-
odic succession of isosceles triangles whose 
height decreases as clipping is increased. 

STATIONS AND COMMUNICATION 
SYSTEMS 

061.3:621.39 533 
The Work of the 16th Plenary Assembly of 

the Comité Consultatif International Télé-
phonique, Florence, 22nd to 27th October, 
1951—A. Langenberger. (Tech. Mitt. schweis. 
Telegr.-TelephVerw., vol. 30, pp. 214-225; 
July, 1952. 

[621.396.97.029.62+621.397.61.029.62:061.3 
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European Broadcasting Conference, Stock-
holm, 1952—H. Pressler. (Fernmeldetech. Z., 

vol. 5, pp. 417-420; September, 1952.) Report 
of the proceedings. See also 3560 of 1952 
(Stepp). 

621.39.001.11:519.272 535 
The Autocorrelation Function from the Er-

godic Hypothesis—R. O'Neill, H. M. Thaxton 
and S. Cutler. (Proc. NEC (Chicago), vol. 7, 
pp. 74-77; 1951.) 

621.39.001.11:536.758 536 
Concept of Entropy in the Calculus of Prob-

ability—A. Fromageot. (Ann. Télécommun., 
vol. 7, pp. 388-396; September, 1952.) In order 
to measure the quantity of information, Shan-
non has introduced a quantity whose mathe-
matical expression is that of entropy in statisti-
cal mechanics. Different types of random phe-
nomena for which an entropy can be defined 
are here distinguished and their principal prop-
erties are indicated. Application is made to the 
theory of communication in the presence of 
noise. 

621.394.324.001.11:519.272 537 
Application of the Ergodic Hypothesis in 

Calculating the Autocorrelation Function of 
Teletype Signals—S. Cutler, R. O'Neill and H. 
M. Thaxton. (Proc. NEC (Chicago), vol. 7, pp. 
78-84; 1951. 

621.395.659:621.387.032.212 538 
Some Applications of Cold-Cathode Tubes 

to Switching Systems—S. Simon. (Elec. 
Commun., vol. 29, pp. 207-218; September, 
1952.) The structure and characteristics of 
Type-2313 cold-cathode relay tube, and some 
of its applications to telephone switching, par-
ticularly the rotary system, are described. 

621.396(43) 539 
Established Radio Services of the West Ger-

man Post Office—(Funk- Technik (Berlin), vol. 
7, p. 498; September, 1952.) A detailed list of 
the short-wave and long-wave transmitters and 
facilities for oversea telephony, telegraphy and 
teleprinting, and for radio services within 
Europe, including diplomatic news and press 
services. 

621.396.323:621.396.82 540 
Experimental Investigation of the Smallest 

Separation Permissible between the Frequen-
cies of Two Radiotelegraph Transmissions—A. 
Niutta. (Poste e Telecomunicazioni, vol. 20, pp. 
272-277; June, 1952.) The Italcable Co. in col-
laboration with the Dutch Post Office have 
made tests on teletype transmissions, using fre-
quencies around 13 mc. Standard phrases and 
characters were transmitted by a frequency-
shift transmitter; tables are presented of the 
number of errors recorded at the receiver for 
different values of the frequency separation and 
relative strength of a disturbing AM (on-off) 
transmitter. The results indicate that 1 kc is 
the smallest frequency separation permissible 
when the received field strengths from the two 
transmitters are about equal. For complete 
protection of one frequency-shift transmission 
against another, a separation of 2 kc is prob-
ably necessary. 

621.396.5 541 
Single-Sideband System for Overseas 

Telephony—N. F. Schlaak. (Electronics, vol. 
25, pp. 146-149; November, 1952.) The system 
described operates in the frequency range 4-23 
mc and provides 4 channels. Peak power out-
put of the transmitter is 4 kw. Improvements 
with respect to earlier equipment include push-
button selection of any of 10 preselected fre-
quencies, use of varistors as modulators, a de-
vice to ensure full use of output whatever the 
number of channels in use, and reduction of 
out-of-band radiation and interchannel cross-
talk. The companion receiver is described 
briefly. 

621.396.5 : 621.396.931 542 
The Suitability of the 1.6-3-ede/s and 

II.S.W. Bands for the Development of the 
Rhine Radiotelephone Service—W. Kronjâger 
and H. Wallor. (Fernmeldetech. Z., vol. 5, pp. 
301-306; July, 1952.) Experimental work on 
the system for connecting ships on the Rhine 
with the public telephone service was begun in 
1948, using the 1.6-3-mc band. Reception was 
good in the daytime, apart from atmospherics 
in summer, but was spoiled at night by inter-
ference from distant stations on this waveband. 
It was decided in 1950 to go over to the usw 
band, and experiments were started to decide 
the merits of the 2-m, 4-m and 7-rn bands. 
Field-strength measurements in the hilly region 
between Rildesheim and Coblentz and around 
Mannheim are reported. AM and FM systems 
were compared, FM showing several ad-
vantages. Use of the 2-m rather than the 4-m or 
7-m bands would offer the advantage that 
equipment for the harbor radio service could be 
used. 

621.396.619.16 543 
Delta Modulation, a New Modulation Sys-

tem for Telecommunication—J. F. Schouten, 
F. de Jager and J. A. Greefkes. (Commun. 
News, vol. 12, pp. 115-124; June, 1952.) See 
2603 of 1952. 

621.396.621:621.316.726:621.396.931.029.62 
544 

A V.H.F. Multiband Panoramic Receiver— 
E. W. Crompton. (Electronic Eng., vol. 24, pp. 
478-484; November, 1952.) The AM system 
developed for county police and fire services 
(228 of 1949 (Brinkley)) involves the use of 
several (usually three) unattended vhf trans-
mitters about 10-30 miles apart, operating on 
frequencies in the band 90-100 mc with spac-
ings of 7-12 kc. A detailed description is given 
of equipment for monitoring the radiation, 
modulation and frequency spacing of four such 
county systems simultaneously. The signals 
from the different transmitters are displayed in 
the form of pulses on the screens of two double-
beam cr tubes. Carrier power determines the 
pulse amplitude, and the degree of modulation 
is given approximately by the pulse width. A 
simple method for determining the frequency 
separation of any two transmitters is described. 

621.396.65 545 
Result of a Tour of Inspection of Radio 

Links in the U.S.A.—E. Dietrich. (Fernmelde-
tech. Z., vol. 5, pp. 327-332; July, 1952.) Report 
of a survey made in October 1951. Station 
buildings are particularly discussed and illus-
trations are shown; some of the most modern 
antenna towers are of steel. 

621.396.65 : 621.395.44 546 
An Experimental Radio-Telephone Link 

between Eindhoven and Tilburg—J. M. van 
Hofweegen. (Commun. News, vol. 12, pp. 144--
152; June, 1952.) Detailed description of the 
new FM transmitter and receiver designed for 
the 15-channel PIT link between two factories 
30 km apart. Operating frequency is about 300 
mc, channel bandwidth 4 kc, and power de-
livered to a Vagi antenna 20 w. Afc is applied 
magnetically to the oscillator coil, which is 
shunted by a NTC resistor (303 of 1950) ensur-
ing correct operation when the transmitter is 
cold. Noise figure of the receiver referred to 
input and detector circuits is about 8. 

621.396.65.029.62/.63 547 
V.H.F. Radio—E. G. Hamer. (Wireless 

World, vol. 58, pp. 519-523; December, 1952.) 
A review of various systems in use, including 
mobile and fixed services, both broadcasting 
and multichannel. The relative merits of FM 
and AM in different cases are considered. 

621.396.66:621.396.97 548 
B.B.C. New Automatic Unattended-Trans-

mitter Technique—F. A. Peachey, R. Toombs 
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and C. Gunn-Russell. (Electronic Eng., vol. 24, 
pp. 446-449 and 490-492; October and No-
vember, 1952.) A description is given of the 
operating principles of (a) equipment providing 
automatic monitoring of an unattended trans-
mitter over the line linking it to its parent sta-
tion, (b) monitoring equipment for stations 
with several transmitters operating in parallel, 
each transmitter being checked by its own self-
contained monitor, as in the case of the two-
unit 150-kw transmitter at Daventry (2924 of 
1952). Details have previously been given 
[1491 of 1951 (Rantzen et al.)] of the line type 
of monitor. 

SUBSIDIARY APPARATUS 

621-526 549 
Design of Damper-Stabilized Instrument 

Servomechanisms—J. F. Koenig. (Proc. NEC 
(Chicago), vol. 7, pp. 24-28; 1951.) 

621.526:621.3.012.8 550 
A Transient Approach to the Solution of a 

Linear Servomechanism by an Equivalent Net-
work—S. P. Tung. (Proc. NEC (Chicago), vol. 
7, pp. 7-13; 1951.) 

621-526:621.3.016.352 551 
Stabilization of Variable-Carrier-Frequency 

Servomechanisms—IC. Schurr. (Proc. NEC 
(Chicago), vol. 7, pp. 14-23; 1951.) 

621.311.6:621.316.722.1 552 
Highly Stable Power Supply—G. Cosci and 

K. Franz. (Rev. telegr. Electronica (Buenos 
Aires), vol. 40, pp. 473-475; August, 1952.) De-
scription of equipment giving voltages adjust-
able between 200 and 300 y with loads up to 
100 ma; the variation of output voltage is of 
the order of 1 part in 10-4 for line fluctuations 
of 10 per cent. The dc output resistance is 
0.1411 and the residual hum voltage <0.2 mv. 
A VR75 tube is used as voltage comparison 
standard. The feedback circuit includes two 
pentode stages and a cathode-follower stage 
comprising two triodes in parallel. 

621.311.6.027.7 553 
High-Voltage Power Supplies—(Electronics, 

vol. 25, pp. 170, 172; November, 1952.) Two 
units are described: (a) an interrupted RF 
oscillator with rectifier-tripler, and (b) a con-
tinuous RF oscillator with rectifier doubler. 
Both give an output of about 200 µA at 25 kv 
and both include low-loss transformers with 
ferroxcube cores. (a) is housed in an oil-filled 
container; (b) is larger, and dispenses with oil. 

621.316.722.1 554 
A Variable-Voltage Stabilizer employing a 

Cold-Cathode Triode—F. S. Goulding. (Elec-
tronic Eng., vol. 24, pp. 493-497; November, 
1952.) A circuit is described in which a cold-
cathode gas-filled triode acts as a dc amplifier. 
Such an arrangement has desirable character-
istics as a voltage stabilizer in low-current cir-
cuits. A portion of the output voltage of a 
source is compared with a reference voltage, the 
difference being used to control the current 
through the parallel-connected stabilizer tube 
so that the output voltage is maintained at a 
constant value. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.26 555 
Experimental U.H.F. Broadcast—R. P. 

Wakeman. (Electronics, vol. 25, pp. 168, 170; 
November, 1952.) Brief account of a school 
television broadcast made in April 1952. The 
video equipment was a standard DuMont dual 
orthicon camera chain. Signals were beamed on 
7 kmc from the point of origin to the New York 
uhf broadcasting transmitter (558 of 1952) 12 
miles away. The uhf antenna system comprised 
two slotted waveguides arranged back to back. 
Commercial vhf receivers were used with uhf 
converters; antennas were 12-element broad-
side arrays with reflectors. 

621.397.26.029.63:621.396.81 556 
Broadcasting TV in the II.FI.F. Band--

Epstein and Peterson. (See 523.) 

621.397.3 557 
Some Recent Developments in Photo-

Telegraphy and Facsimile Transmission—J. 
Bell, J. A. B. Davidson and E. T. A. Phillips. 
(Proc. I EE (London), part III, vol. 99, pp. 
344-359; November, 1952. Discussion, pp. 
359-363.) An account of recently produced 
equipment, including machines for 500-
lines/inch scanning and electrochemical receiv-
ing and monitoring equipment. 

621.397.3 558 
The Transmission of Pictures by Radio— 

A. W. Cole and J. A. Smale. (Proc. I EE 
(London), part Ill, vol. 99, pp. 325-334; No-
vember, 1952. Discussion, pp. 359-363.) A re-
view of picture-telegraphy developments since 
1842, and particularly of radio methods since 
the first transatlantic tests in 1924. 

621.397.3:621.394.9 559 
A Photo-Telegraph Transmitter-Receiver 

utilizing Subcarrier Frequency Modulation— 
R.. O. Carter and L. K. Wheeler. (Proc. 1EE 
(London), part III, vol. 99, pp. 335-343; No-
vember, 1952. Discussion, pp. 359-363.) De-
scription of equipment using the same mechani-
cal and optical system for transmission and 
reception. Drum speed is controlled by a 
crystal oscillator. 

621.397.5 560 
The Northern Television Outside Broad-

casts—W. D. Richardson. (BBC. Quart., vol. 7, 
pp. 55-61; Spring, 1952.) Description of techni-
cal arrangements in connection with the 
inauguration of the Holme Moss transmitter, 
October 1951. 

621.397.5:535.623/.624 561 
Definitions for Colour Television—(Efec-

Ironics, vol. 25, pp. 208, 236; November, 1952.) 
Approved working definitions submitted to the 
U. S. N.T.S.C. in June 1952 are presented. 

621.397.5:535.88 562 
Instantaneous Theater Projection Tele-

vision System—V. Trad and R. Muniz. (Jour. 
Soc. Mot. Pic. Telev. Eng., vol. 59, pp. 125-
139; August, 1952.) Description, with circuit 
details, of a dual projection system of the 
Schmidt type. A simple control box mounted in 
the cinema projection chamber provides almost 
instantaneous change-over in case of break-
down of either unit. An automatic brightness-
control circuit is included in the equipment. 
The mechanical design facilitates operation 
and maintenance. 

621.397.5:612.84 563 
The Significance of Adaptation of the Eye 

for Television Transmission—P. R. Arendt. 
(Fernmeldetech. Z., vol. 5, pp. 411-416; Sep-
tember, 1952.) Discussion of the character-
istics of the human eye as regards its sensitiv-
ity to light stimulus, response to changes of 
intensity, perception of contrast, etc., in rela-
tion to the optical characteristics of television 
systems. 

621.397.5:621.396.712.2/.3:061.4 564 
Exhibition Broadcasting Studios—G. T. 

Myers and I. Newbiggin-Watts. (BBC. Quart., 
vol. 7, pp. 181-192; Autumn, 1952.) Descrip-
tion of the arrangement and construction of 
the studio and control room for television 
broadcasts from the Radio Exhibition, London, 
1951. 

621.397.6:621.396.615.17 565 
Grey-Scale Generator—G. E. Hamilton 

and R. Ilowite. (Electronics, vol. 25, pp. 143-
145; November, 1952.) A thyratron circuit Is 
described for generating a stepped signal, cor-

responding to a standard scale of graded greys, 
for investigating the transfer characteristics of 
television circuits. The signal includes blanking 
and synchronizing pulses. With this method of 
testing, operation conditions are the same as 
for picture signals, and there is no need to 
disable clamping circuits. The standard signal 
may be included on the film, when making 
photographic records of television, to provide 
a control. 

621.397.61 566 
Experimental 850-Mc/s TV Transmitter-

-G. A. Olive. (Electronics, vol. 25, pp. 110-
115; November, 1952.) Description of the 
transmitter at station KC2XCY, near Bridge-
port, Conn. A grounded-grid Type-6161 forced-
air-cooled coaxial triode with single-tuned 
cavity is used for the final stage, with grid 
modulation. Neutralizing requirements are 
analyzed in detail. The peak power output of 
the modulated vision transmitter is 300 w, 
and the antenna gain is 19.2 db. When running 
unmodulated the output power is 200 w, the 
anode-circuit efficiency of the final stage being 
then about 58 per cent. Phase modulation on 
the Serrasoid principle is used in the sound 
transmitter, which operates on 854.5 mc and 
has a power output of 150 w to an antenna with 
a gain of 16.2 db. The circuit for preventing 
relative drift between sound and vision carrier 
frequencies is described particularly. 

621.397.61:621.396.619.2 567 
A Comparison of High-Level with Low-

Level Modulation for Television Transmitters 
V. J. Cooper. (Marconi Rev., vol. 15, pp. 118-
137; 3rd Quarter, 1952.) A detailed study is 
made of various possible methods of achieving 
a 50-kw television transmitter, based on the 
performance to be expected from a representa-
tive selection of available tubes. It is assumed 
that the minimum possible bandwidth is pro-
vided conforming to the B.B.C. asymmetrical 
transmission characteristic; this assumption 
implies that there should be no external 
response-shaping filters. With low-level modu-
lation the main problem is to achieve adequate 
coupling and . bandwidth in the intervalve 
circuits; the possibilities of double-tuned and 
triple-tuned couplings are examined in relation 
to both 405-line and 625-line standards. While 
under laboratory conditions the low-level 
system can show a small saving of initial cost, 
the high-level system is preferable in general 
because it is simpler to maintain. 

621.397.61:621.396.619.2 568 
Low-Level Modulation—( Wireless World, 

vol. 58, pp. 512-514; December, 1952.) A 
comparison is made between low-level and 
high-level modulation systems, with particular 
reference to the B.B.C. television transmitters 
at Kirk O' Shotts and Wenvoe on the one hand 
and Sutton Coldfield and Holme Moss on the 
other. The low-level system costs less and is 
more adaptable. 

621.397.62:621.311.69 569 
High-Tension Generators for Large-Picture 

Projection Television—J. J. P. Valeton. 
(Philips Tech. Rev., vol. 14, pp. 21-32; July, 
1952.) Four methods are discussed for generat-
ing voltages of 5 kv and over. For producing a 
picture 3 m X 4 m, a voltage of 50 kv is re-
quired; the method used in this case involves 
the rectification of a sinusoidal voltage of fre-
quency 20-30 kc, generated by an oscillator 
incorporating a coil with ferroxcube core. With 
this arrangement the direct voltage is main-
tained steady from no-load to full-load condi-
tions, and there is a rapid fall when full load 
is exceeded. The oscillator and rectifier are 
described; steps are taken to ensure a low in-
ternal resistance. Details, with illustrations, 
are given of two experimental 50-kv generators 
supplying 0.45 ma and 1.5 ma respectively. 
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621.397.62:621.316.726:621.317 570 
Evaluating A.F.C. Systems for Television 

Receivers—G. Howitt. (Electronics, vol. 25, 
pp. 132-135; November, 1952.) Description of 
measurement techniques and circuits for as-
sessing the performance of AFC systems used 
in conjunction with horizontal-deflection cir-
cuits. 

621.397.62:621.396.662 571 
Performance and Design of a Compact 

U.H.F. Tuner—H. F. Rieth. (Tele-Tech, vol. 
11, pp. 42-43, 80; August, 1952.) Description 
of a frequency-converter attachment which 
uses a shorted transmission line for continuous 
tuning from 470 to 890 mc. Its associated IF 
amplifier, with 21-db gain, feeds directly into 
the vhf receiver. 

621.397.621 572 
Improved Blanking Circuit—S. Cuker. 

(Electronics, vol. 25, pp. 260, 264; Novem-
ber, 1952.) With the higher voltages used in 
large-screen picture tubes, an increase of re-
trace time is unavoidable, necessitating blank-
ing of the horizontal retrace. To eliminate the 
so-called "curtain effect" thereby introduced, 
the retrace blanking is made proportional to 
the brightness level. A suitable circuit is 
shown. 

621.397.621:621.318.23 573 
Fundamentals of the Permanent-Magnet 

Focusing System for Cathode-Ray Tubes— 
K. Jekelius. (Fernmeldelech. Z., vol. S, pp. 320-
326; July, 1952.) Formulas are derived from 
which, in conjunction with measured correction 
factors, the parameters of simple permanent. 
and energized-magnet electron lenses can be 
calculated with good accuracy. To avoid astig-
matism in permanent-magnet lenses, attention 
must be paid to geometrical and magnetic 
symmetry and care must be taken that the 
external field is not made asymmetrical by the 
presence of iron parts. 

621.397.621:621.318.4 574 
Deflector-Coil Construction—W. T. Cock-

ing. (Wireless World, vol. 58, pp. 480-486; De-
cember, 1952.) Detailed illustrated description 
of a method based on winding a flat slab coil 
and bending it to the required shape, using a 
special winding former and simple bending jig 
adapted for the production of both line-
deflection and frame-deflection coils. 

621.397.621.2:535.623 575 
The 3-Gun Shadow-Mask Color Kinescope 

—H. B. Law. (Elec. Eng. (N. Y.), vol. 71, 
pp. 723-728; August, 1952.) See 844 of 1952. 

621.397.81: 621.317.328: 629.135.4 576 
Measuring TV Field Intensities by Helicop-

ter—J. G. Preston. (Tele- Tech, vol. 11, pp. 64-
65, 114; June, 1952.) Measurements carried 
out in a helicopter, using a retractable hori-
zontal resonant loop as receiving antenna 
mounted well below the fuselage, were found 
very reliable. Reflection and terrain effects 
which interfered with measurements at ground 
level were avoided, so that the effect of antenna 
modifications on the radiation pattern could be 
quickly and accurately determined. 

621.397.828 577 
Bus-Bell Interference—( Wireless World, 

vol. 58, p. 511; December, 1952.) Simple 
methods are indicated for preventing inter-
ference with television reception due to opera-
tion of the stop-start bell on buses. 

621.397.5 578 
Television. [Book Reviewl—F. Kerkhof and 

W. Werner. Publishers: Cleaver-Hume Press, 
London. 475 pp., 50 e. (Wireless Eng., vol. 29, 
p. 336; December, 1952.) A translation. See 
2643 of 1952. 

TRANSMISSION 

621.396.619.27:621.3.011.21 579 
The Performance of Rectifier Modulators: 

Part 1—The Input Impedance of Rectifier 
Modulators with Frequency-Selective Termi-
nations—D. G. Tucker. (Proc. I EE (London), 
part III, vol. 99, pp. 400-402; November, 
1952.) "The calculation of the input Impedance 
appears to be impracticable in the general case; 
but in special cases where the terminating im-
pedances can be restricted to zero or infinity or 
to a pure resistance at the various frequencies 
which can exist in the circuit, and where the 
resistance/time function of the rectifier can be 
expanded as a Fourier series independent of the 
signal frequencies, i.e., controlled solely by the 
carrier, calculation is possible, and a selection 
of results is tabulated." 

621.396.619.27:621.3.011.21 580 
The Performance of Rectifier Modulators: 

Part 2—Carrier-Leak Control in Rectifier 
Modulators by the use of a D.C. Meter—D. G. 
Tucker. (Proc. I EE (London), part III, vol. 
99, pp. 402-404; November, 1952.) Monitoring 
of carrier leak in a modulator of the shunt type 
can be effected by means of a dc meter meas-
uring the dc component of the leak. For very 
accurate results the back impedance of the 
rectifiers must be very high or else compara-
tively well balanced. This method should 
enable leak voltages of the fundamental carrier 
frequency to be maintained at a level 40 db 
below the carrier voltage. The method is not 
suitable for use with ring modulators. 

621.397.61 581 
Experimental 850-Mc/s TV Transmitter— 

Olive. (See 566.) 

621.397.61:621.396.619.2 582 
A Comparison of High-Level with Low-

Level Modulation for Television Transmitters 
—Cooper. (See 567.) 

621.397.61:621.396.619.2 583 
Low-Level Modulation—(See 568.) 

TUBES AND THERMIONICS 

537.533.8 584 
Angular Distribution of Secondary Elec-

trons from Nickel—J. L. H. Jonker. (Le Vide, 
vol. 7, pp. 1230-1238; July/September, 1952.) 
See 1769 of 1952. 

621.314.7 585 
Transistors Operate at 300 Mc/s—G. M. 

Rose and B. N. Slade. (Electronics, vol. 25, 
pp. 116-118; November, 1952.) Point-contact 
transistors are considered. Operation at higher 
frequencies can be achieved by reducing the 
spacing between the emitter and collector elec-
trodes, but limits are set by mechanical diffi-
culties and stability considerations. Instability 
is due to a positive-feedback effect which can 
be controlled by suitable choice of Ge resistiv-
ity. Oscillations at frequencies up to 302 mc 
have been achieved with transistors having an 
electrode spacing of about 0.0005 inch. 

621.314.7:621.396.822 586 
Blocking-Layer Interaction and Statistical 

Fluctuations in Crystals with Three Electrodes 
[TransistronsJ—H. F. Mataré. (Jour. Phys. 
Radium, vol. 13, supplement, pp. 1I2A-127A; 
July/September, 1952.) A brief review is given 
of the development in America of transistors 
and in France of transistrons, and measurable 
parameters are defined which determine the 
characteristics of transistrons under given 
operation conditions, such as the short-circuit 
stability, the power amplification, and the 
interaction factor. This factor is simply re-
lated to the fraction of the emitter current 
carried by the holes, which was introduced by 
Shockley for calculations on filament-type 
transistors. An equivalent circuit is developed 
which enables a calculation to be made of the 

output noise voltage. The physical mechanism 
which is the cause of the high noise level is dis-
cussed. Mathematical theory previously given 
(2928 of 1952), including derivation of the 
Einstein-Fokker-Planck equation for the den-
sity probability of scleronomic systems in the 
case of statistical fluctuations, is here repeated. 

621.385: 168.2 587 
Electron Tubes for Industry and Research 

—C. C. Gee. (Electronic Eng., vol. 24, pp. 5-10-
544; November, 1952.) Electron tubes are 
classified into seven fairly distinct groups, 
with notes on the principal applications of each 
of the many sub-groups. The last main group, 
a miscellaneous one, includes ionization-type 
vacuum gauges, electron microscopes and par-
ticle accelerators. 

621.385.029.6:621.396.9 588 
U.R.F. Valves for 3-cm Radar Equipment— 

R. Musson-Genon. (Le Vide, vol. 7, pp. 1220-
1229; July/September, 1952.) Descriptions are 
given of suitable magnetrons, reflex klystrons 
and T.R. and A.T.R. switches. See also 2044 
(Musson-Genon et al.), 2066 (Lazzeri) and 2069 
(Chantereau et al.), all of 1951. 

621.385.032.21:061.3(47) 589 
Conference on Cathode Electronics—I. 

Dykman. (Zh. Tekh. Fiz., vol. 22, pp. 175-182; 
January, 1952.) Summaries are given of the 
papers read at a conference held in Kiev on 
4th-9th June 1951. The papers are grouped 
under the following headings: (a) general ques-
tions on the operation and structure of cath-
odes, (b) photoelectric effect, (c) secondary 
electron emission, (d) thermoelectron emission, 
(e) cathodes under discharge conditions or 
ionic bombardment. 

621.385.032.216:621.386 590 
A Study of the Oxide-Coated Cathodes by 

X-Ray Diffraction Method: Part 1—E. 
Yamaka. (Jour. Appt. Phys., vol. 23, pp. 937-
940; September, 1952.) See 1158 of 1952. 

621.385.032.216.2 591 
Latest Disc-Cathode Developments—(Elec-

Ironies, vol. 25, pp. 236, 252; November, 
1952.) Cr-tube cathodes are described in which 
a ceramic disk is used as insulator between 
cathode and first grid. Improvements intro-
duced include the use of more efficient alloys 
for cathode caps, techniques for maintaining 
critical spacings constant during long produc-
tion runs, reduction of electron leakage across 
the ceramic disk and between heater and 
cathode, and elimination of heater shrinkage 
caused by damage during insertion. 

621.385.032.24:537.533 592 
Origin of Thermal Grid Emission and In-

vestigations on its Elimination—H. Klippen. 
(Nachr Tech., vol. 2, pp. 246-247; August, 
1952.) The results of investigations of grid 
currents in tubes with grids and anodes of 
various materials and constructions show that 
such currents can be largely reduced by using 
grid materials with a high work function, by 
adopting a form of construction in which grid 
heating by radiation from the cathode is 
avoided as far as possible, and by choice of a 
suitable cathode-activation process. 

621.385.1.032.212 593 
Inertia Effects in Cold-Cathode Tubes— 

M. O. Williams. (Strainer Jour., vol. 8, pp. 
106-117; July, 1952.) The type of discharge in 
cold-cathode tubes is examined both for the 
current-growth and current-decay periods. 
Measurement methods are outlined and typical 
oscillograms of current rise and decay with re-
current pulses are shown. Investigations with 
small-amplitude ac superimposed on the dc 
glow discharge reveal inertia effects of consider-
able magnitude and also complex-impedance 
effects. Results obtained on several types of 
tube are given in graph form; they show tour-
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prisingly high values of apparent inductance 
and appreciable values of effective resistance. 
The origin of the quadrature current in such 
tubes is discussed. 

621.385.5 594 
The Communications Valve C3m, a Com-

mercial Amplifier Pentode with Universal Ap-
plications—F. Malsch. (Fernnteldetech. Z., vol. 
5, pp. 314-318; July, 1952.) This indirectly 
heated pentode was developed in connection 
with the German V60 carrier-frequency system, 
but has found many other telephony applica-
tions, being suitable both for AF and for RF up 
to 500 kc. Construction and characteristics are 
described; an average life time of 10,000 hours 
is guaranteed. 

621.385.5 595 
Proper Use of the Triode-Hesode Valve 

Type ECH42—R. de Saint-André. (TSF et 
TV, vol. 28, pp. 258-262, 266; September, 
1952.) The uses of the tube as a frequency-
changer and as a phase inverter are described, 
with full details of the operating character-
istics. 

621.387 : 621.316.722.1 596 
A Study of the Characteristics of Glow-

Discharge Voltage-Regulator Tubes—F. A. 
Benson. (Electronic Eng., vol. 24, pp. 396-401 
and 456-460; September and October, 1952.) 
Report and discussion of tests carried out on 
14 types of voltage-regulator tube, using from 
2 to 36 samples of any single type. Detailed 
studies were made of the variations of striking 
and running voltages for both short-period and 
long-period operation, hysteresis effects, vol-
tage jumps, and the effects of temperature, 
overload currents, vibration, stray magnetic 
fields, and storage. It is concluded that though 
modern high-stability types show substantial 
improvement over earlier designs, glow-
discharge tubes are not suitable for use in pre-
cision power-supply circuits unless they are 
specially selected and used under carefully 
controlled conditions. 

621.396.615.141.2 597 
A Statistical Approach to the Space-Charge 

Distribution in a Cut-Off Magnetron—G. Hok. 
(Jour. Appt. Phys., vol. 23, pp. 983-989; Sep-
tember, 1952.) The state of a magnetron with 
anode voltage below nominal cut-off value is 
not initially strictly steady, and electron inter-
actions in the interelectrode space produce a 
drift away from the initial condition. The 
steady state finally reached depends on the 
ratio of anode voltage to cut-off voltage. The 
electron distribution function is complicated, 
and only a qualitative picture of this distribu-
tion is presented. 

621.396.615.141.2 598 
Mode Interactions in Magnetrons—R. R. 

Moats. (Tele-Tech, vol. 11, pp. 39-41, 88; 
July, 1952.) A measure of the strength of any 
oscillation mode is its ability to persist against 
possible competition from other modes or 
against the destructive effect of excess anode 
voltage. The principal factor determining the 
strength of a mode is the effectiveness of feed-
back. Van der Pol's theory of nonlinear feed-
back oscillators is outlined and its bearing on 
magnetron oscillations is discussed. Experi-
ments on mode interaction and mode transition 
are described. The results obtained indicate 
that the essential requirement for quick start-
ing of oscillations under pulse conditions, and 
for stability with or without the presence of 
other modes, is the establishment and main-
tenance of effective electron bunching in the 
desired mode. 

621.396.615.141.2 599 
Study of the Magnetron in the Cut-Off 

Condition: Part 2—P. Fechner. (Ann. Radio-
¿led., vol. 7, pp. 199-220; July, 1952.) Taking 
account of the static space-charge distribution 
described in part 1 (3619 of 1952), the effects 
of a HF em wave on the electrons are analyzed. 
In a multicavity magnetron four resonance fre-
quencies for the electrons in the electron cloud 
are found possible. One resonance frequency 

results from an effect of the radial component 
of the HF field, the other three from phenom-
ena due to the tangential component of the 
field at the mouth of each cavity. Experiments 
are described which confirm the accuracy of 
the formulas obtained, and hence verify the 
theory of the distribution of space-charge 
density. The method used for observation of 
the electron distribution in the interelectrode 
space of the magnetron permits study of the 
space charge without distortion. 

621.396.615.142.2 600 
New Pulse Klystron Amplifier for the 960-

1215-Mc/s Region—C. Veronda. (Eke. Eng. 
(N. Y.), vol. 71, pp. 686-689; August, 1952.) 
Description of the SAL-39, a three-resonator 
cascade-amplifier klystron developed for use in 
air-navigation aids. Beam focusing by space 
charge is basic to the design. See also 2393 of 
1952 (Learned and Veronda). 

621.396.615.142.2 601 
Construction, Properties and Mode of Op-

eration of Drift Valves (Klystrons), and Prob-
lems of their Application—R. Gebauer and H. 
Kosmahl. (Z. angew. Phys., vol. 4, pp. 267-280; 
July, 1952.) A comprehensive review. 38 refer-
ences. 

MISCELLANEOUS 

44-3:621.396 602 
Detailed English-French Radio Lexicon— 

P. A. Boursault. (TSF et TV, vol. 28, pp. Doc. 
tech. 1-2; September, 1952.) A first selection of 
useful English terms (letters A-C) with French 
equivalent, taken from a radio glossary com-
piled by the author; to be continued in succeed-
ing issues. 

621.39:061.3 603 
I.R.E. [Australia] Convention, 1952—(Proc. 

I.R.E. (Australia), vol. 13, pp. 319-329; Au-
gust, 1952.) Summaries are given of the papers 
presented. 



SLANT your 
requirements to 

INSTRUMENT CORP. 
OF AMERICA 

for miniature 

CO 1111 NN/lee,/ ;11/ 
This Instrument Corporation of America 
plant contains the most modern and 
complete facilities available anywhere in 
the world for the exclusive production 

\\.,,L,.:...._‘ .... 

of Miniature Slip-Ring and Commutator 
Assemblies to precision standards. It is 
now in full scale production to meet your 
requirements in the fastest possible 
time at the lowest possible cost. 

ALL TYPES OF CONSTRUCTION NOW AVAILABLE 
INCLUDING MOLDED OR FABRICATED TYPES 

Assemblies of these types can be 
supplied at low cost. Quality is the 
highest in the industry. Dimen-
sional accuracy and other charac-
teristics are excellent and these 
units are highly recommended 
for instruments such as synchros. 

ONE PIECE ELECTRO-PLATED 
TYPES FOR EXTREME ACCURACY 

Wherever extreme dimensional 
precision, accurate concentricity 
and high dielectric qualities are 
required, the electro-deposition 
method is recommended ... 
the production of which is 
licensed under an exclusive 
arrangement with the 
Electro Tec Corporation. 

rv• . 

TYPICAL 

SPECIFICATIONS: 

Sizes: .035" to 24" 
Cylindricol or Flat 

Cross-sections: .005 to 
060" or more 

Finish: Polish to 4 
Micro-Inches or Better 

Breakdown: 1000 V or More 

Hi-Pot Inter-Circuit 

Ring Hardness: 60 to 70 Brinell 

Rotation Speeds: To Over 12000 RPM 

Surface Protection: Palladium and Rho. 
dim or Gold Prevent Tarnish, Minimize Wear 

Our engineering staff is at your 
service of all times for consultation 

INSTRUMENT 
CORPORATION 
OF AMERICA 

BLACKSBURG • VIRGINIA 
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ACCURATELY CALIBRATED 
...in both TIME and AMPLITUDE 
With the TEKTRONIX Type 315-D you read time intervals and amplitudes directly 

from the screen. In the actual-size photograph above the time base setting is 
20 psec division, showing the time interval between the small pips to be 10 'sec; 

between the large pips, 50 //sec. Vertical sensitivity is set at 0.5 yjdivision, 

showing the amplitude of the small pips to be 1 volt, and the amplitude of the 
large pips to be 2.5 volts. 

Twenty-four calibrated time bases: 0.1, 
0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500 

microseconds/division, 1, 2, 5, 10, 20, 50, 100, 
200, 500 milliseconds division, 1, 2, 5 sec-

onds/division. Calibration accuracy 3% or 
better except at 0.1, 0.2, 0.5 µsec div and 1, 2, 
5 sec/div where accuracy is within 5%. Un-

calibrated time base continuously variable from 
approximately 0.1 µsec div to 10 sec/div. 

Twelve calibrated vertical sensitivity posi-
tions: 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 

10, 20, 50 volts/division. When set on any one 

position by means of a front panel screwdriver 
control all other positions will fall within 3% 

of this accuracy. Choice of ac or dc coupling 
except in the 3 most sensitive positions. Sensi-

tivity continuously variable but uncalibrated 
from approximately 0.01 v/div to 100 v/div. 

OTHER CHARACTERISTICS OF THE TYPE 315-D 
Vertical Bandwidth - dc to 5 mc 

Risetime - 0.07 µsec 

Voltage Calibrator - square wave, 
approx. 1 kc 

Attenuator Probe - 10x, small, insulated 

3" CRT - high-definition, flat-faced 

Graticule - edge lighted, 1/4 - divisions 

5x Magnifier - expands time base to 

right and left of center 

Direct Coupled Unblanking 

Trigger Amplitude Discriminator 

Size - 12%" high, 8%" wide, 18 1/4" deep 

Weight - only 36 lbs. 

Type 315-D - for use on 50-60 cycle line only - $770 

Type 315-D - for use on 50 to 800 cycle power line- $785 

PRICES F.O.B. PORTLAND, OREGON 

Call or write your TEKTRONIX Field Engineer for a demonstration of the Type 315-D 

See and try the Type 315-D and other TEKTRONIX instruments at the March I.R E. show 

TEKTRONIX, Inc. 
P. 0. Box 831 A, Portland 7, Oregon • Cable: TEKTRONIX 

See Us at Booth 2-401, 2-402 

Industrial Engineering 
Notes 

(Continued from page 87A) 

mercial manufacturers. The survey shows 
an expanding market for radiation instru-
ments outside of the AEC program as 
well as within AEC installations. Accord-
ing tá the survey, military agencies of the 
government now provide about 50 per 
cent of the total market; the AEC and its 
principal contractors provide about 30 per 
cent of the total market; and the remainder 
is accounted for by private industry uni-
versities, hospitals and research institutes, 
civil defense, export, and uranium ore 
prospecting. The AEC survey is believed 
to cover more than 90 per cent of the radi-
ation instrument industry in terms of 
business volume. Seven companies with 
probable business volume in excess of $1 
million each in 1952 account for about 50 
per cent of the industry's activity. More 
than 50 patents in the field of radiation 
instruments are owned by the government 
and held by the AEC. A total of 51 non-
exclusive, royalty-free licenses have been 
granted on these patents. Application for 
such licenses may be made to the Chief, 
Patent Branch, Office of the General 
Counsel, U. S. Atomic Energy Commis-
sion, Washington, D. C. 

NEW TV GRANTS BY FCC 

The Federal Communications Com-
mission granted construction permits for 
40 new television stations for the period 
December 31-January 23, including the 
first in Wyoming. To date, only Vermont 
and New Hampshire now remain without 
authorizations or stations. In all, 316 
television stations have been authorized 
by the FCC, 208 since the freeze was lifted 
and 108 previously operating outlets. 

The following new TV construction 
permits were authorized during the period 
December 3I-January 23: 

Altoona, Pa., The Gable Broadcasting 
Company, Channel 10, 316 kw visual, 
160 kw aural 

Bakersfield, Calif., Bakersfield Broadcast-
ing Company, Channel 20, 20.5 kw 
visual, 11 kw aural 

Bangor, Maine, Community Telecasting 
Service, Channel 5, 1.9 kw visual, 
0.95 kw aural 

Bellingham, Wash., KVOS Inc., Channel 
12, 16 kw visual, 8 kw aural 

Billings, Mont., Rudman-Hayutin Tele-
vision Company, Channel 8, 12 kw 
visual, 6.2 kw aural 

Boise, Idaho, Idaho Broadcasting & Tele. 
vision Company, Channel 9, 32 kw 
visual, 16 kw aural 

Boise, Idaho, KIDO Inc., Channel 7, 51 
kw visual, 26 kw aural 

Buffalo, N. Y., Buffalo-Niagara Television 
Corporation, Channel 59, 91 kw 
visual, 51 kw aural 

Butte, Mont., Copper Broadcasting Com-
pany, Channel 4, 14.5 kw visual, 7.3 
kw aural 

Cheyenne, Wyo., Frontier Broadcasting 
Company, Channel 5, 5.2 kw visual, 
2.65 kw aural 

98A 
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New X-Band 

Test Equipment 
ADDITIONAL INSTRUMENTS 

ADDED TO MICROLINE• 

INSTRUMENT 

Adapter 

Adjustable Short 

OTHER X-BAND 

MICROLINE 

INSTRUMENTS 

PER yDIVISION OF THE SPERRY CORPORATION 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

MODEL 

167A, 486A 

377 

173, 174, 183 
152A, 134A 

184 

170, 171 

360A 

234, 235, 236 

126, 273 

145 

379 

165A, 166A 

406 

150, 246 

146, 178 

Attenuator 

Barretter Mount 

Waveguide Bends 

Detecting Section 

Directional Coupler 

Frequency Meter 

Impedance Meter 

Mixer 

Waveguide Tee 

Magic Tee 

Termination 

Transformer 

MUM 8019.41,1 

• 

Model 219C Waveguide Thermistor Mount 

This instrument is used in conjunction 
with accessory equipment to measure and 
monitor microwave power at average 
power levels as low as 10 microwatts. It is 
particularly useful in the measurement of 
pulsed power. This thermistor mount is 
recommended for use with the Microline 
Model 123B Wattmeter Bridge. 

Frequency Range 8.5-9.6 kmc. 
Maximum VSWR 1.5 
Operating Resistance 135 ohms 
Maximum Power 

Rating 10 mw. 
Waveguide Size RG-52/U (1" x 1/2 ") 

Model 495 Adjustable Termination 

This instrument is specially adapted for 
use in precise microwave measurements 
where the quality of excellent impedance 
matching over a broad band is essential. 
The design of Model 495 provides for 
independent control of phase and ampli-
tude of the reflection coefficient of the 
load. It is particularly useful in applica-
tions requiring a termination of minimum 
power reflection, a movable termination 
where the reflection from the termination 
can cause error in measurements, or as 
a means of matching low standing wave 
ratios to obtain the smallest possible 
reflections. 

Frequency Range 
VSWR Range 
Phase Variation 
Waveguide Size 
Power Rating 

8.1-12.4 kmc. 
1.005 —1.15 
360° 
RG-52/U (r z 1/21 
5w. 

Our nearest district office will be glad to 
supply complete information upon request. 

*TAT. no. U.S. PAT. OF, 

VISIT THE SPERRY exhibit at The Radio 
Engineering Show, Grand Central Palace, 
March 23-26. 

GREAT NECK. NEW YORK • LOS ANGELES • SAN FRANCISCO • SEATTLE • CLEVELAND • NEW ORLEANS • BROOKLYN 

IN CANADA • SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 
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METAL PLASTIC ASSEMBLIES 
To produce the intricate assemblies of metal and plastic 
so essential in gear of all kinds, facilities include a com-
bination of metal stamping and plastic production. A 
highly trained staff is available for any military or com-
mercial requirement. 

The list below comprises the products of both Cinch and Howard B. 
Jones Division. They are indicative of their wide scope and also 

indicate the myriad of variations and redesigning that are possible 

with this background of production experience. 

SOCKETS: Tube (Receiver, Transmitter and Special): Battery. 
all types • C-R Tube • Crystal • Electrolytic • Glass Type; 4 to 7 
prong laminated • Infra-red Ray Tube • High Altitude Airborne Types 
• Kinescope; Magnal, Duodecal. Diheptal • Loktal-Miniature-Multiplug-
Noval-Octal (Molded bakelite, steatite, teflon, Kel-F and laminated) 
• Plexicon • Printed Circuit • Special Sockets to Specs • Sub-Minia-
ture; Hearing Aid Types • TV; 110V Circuit Breakaway • Vibrator • 
Pencil Tube Transistor • Diode 

ANTENNA JACKS 

BANANA PINS AND JACKS 

BARRIER TERMINAL STRIPS 
FANNING STRIPS 

BATTERY PLUGS & SOCKETS 
BINDING POSTS 

DIODE SOCKET 

CONNECTORS. MULTI CONTACT 

FUSE STRIPS. BLOCKS & BOARDS 
GRID CAPS 

GRID CAP SHIELDS 

HERMETICALLY SEALED TUBE 
SOCKETS 

METAL STAMPINGS 

MICRO-CONNECTORS 

MOUNTING DEVICES 

PHONO TIP JACKS 

PRINTED CIRCUIT. CONNECTORS 

SHIELDS. TUBE-MINIATURE & 
NOVAL & BASES SOLDERING 
LUGS-200 VARIATIONS 

STRAP NUTS 

TRANSISTOR SOCKET 

TUBE HOLDERS SPRING TYPE 

VIBRATOR PLUGS AND SOCKETS 

TERMINAL ASSEMBLIES: Blocks, boards in laminated and molded, as-
sembled with lugs, pins, screw terminals, contacts, clips, t  lugs 
and other hardware to specifications. 

AT THE IRE-NATIONAL CONVENTION: 
BOOTH No. 505 & 506 

Una% 

At electronic corn. 

panent jobbers — 

everywhere. 

CINCH MANUFACTURING CORPORATION 
(026 South Homan Ave. Chicag• 24, 111404 

1.0b9.0 .0,, 09 UnIted•Cer, to 
C•fp000ti.n, Corelbridet Mo" 

r," 
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(Continued front page 98.4) 

Columbia, Mo., The Curators of the U. of 
Missouri, Channel 8, 205 kw visual, 
105 kw aural 

Dallas, Tex., UHF Television Company, 
Channel 23, 220 kw visual, 115 kw 
aural 

Fargo, N. D., WDAY Inc., Channel 6, 7 
kw visual, 35 kw aural 

Festus, Mo.. Ozark Television Corpora-
tion, Channel 14, 170 kw visual, 89 
kw aural 

Great Falls, Mont., Buttrey Broadcast 
Incorporated, Channel 5, 8.9 kw 
visual, 4.5 kw aural 

Greenville, S. C., Greenville Televi›ion 
Company, Channel 23, 22 kw visual, 
11 kw aural 

Harrisburg, l'a., Harrisburg Broadcasters 
Inc., Channel 71, 220 kw visual, 110 
kw aural 

Jamestown, N. V., James Broadcasting 
Company, Incorporated, Channel 58, 
100 kw visual, 56 kw aural 

Kansas City, Mo., Empire Coil Company, 
Incorporated, Channel 25, 93 kw 
visual, 51 kw aural 

Kingston, N. Y., Kingston Broadcasting 
Corporal ion, Channel 66, 25 kw 
visual, 13.5 kw aural 

Lafayette, Ind., W FAN' Incorporated, 
Channel 59, 20 kw visual, 105 kw 
aural 

Lakeland, Fla., WON N-"rv, Incorporated, 
Channel 16, 85 kw visual, 43 kw 
aural 

Lawton, Okla., Oklahoma Quality Broad-
casting Company, Channel 7, 10 kw 
visual, 5 kw aural 

Louisville, Ky., Robert W. Rounsaville, 
Channel 41, 240 kw visual, 125 kw 
aural 

Meridian, Miss., Mississippi Broadcasting 
Company, Channel 30, 210 kw visual, 
110 kw aural 

Muskegon, Mich., Versluis Radio & Tele-
vision Incorporated, Channel 35, 270 
kw visual, 140 kw aural 

Neenah, Wis., Neenah-Menasha Broad-
casting Company, Channel 42. 15.5 
kw visual, 8.3 kw aural 

New London, Conn., The Thames Broad-
casting Company, Channel 26, 105 kw 
visual, 54 kw aural 

Northampton, Mass., Regional Television 
Corporation, Channel 36, 21.5 kw 
visual, 11.5 kw aural 

l'ittsburgh, Pa., J. Frank Gallaher, Loren 
Berry, and Ronald B. Wotxlvard, a 
Partnership, Channel 47. 230 kw 
visual, 120 kw aural 

l'ittsburgh, Pa., Telecasting Company of 
Pittsburgh, Pa., Channel 16, 89 kw 
visual, 50 kw aural 

Reno, Nev., Nevada Radio-Television 
Incorporated, Channel 8, 3 kw visual, 
1.5 kw aural 

Rochester, Minn., Southern Minnesota 
Broadcasting Company, Channel 10, 
105 kw visual, 54 kw aural 

Salinas, Calif., Salinas-Monterey Televi-
sion Company, Channel 28, 105 kw 
visual, 60 kw aural 

(Continued on page 102.4) 

Problem: The Advance Electric and Relay Co. 
of Burbank, California... .was called upon by 
the military to produce a hermetically sealed 
relay to very tight size and weight specifications. 
This called for eliminating traditional internal 
bracing. 

Solution: A Fusite glass-to-steel plug-in type hermetic 
terminal played a large part in the design of the Ad-
vance"Tiny Mite" Relay. Working in close cooperation, 
Fusite adapted its standard octal plug-in terminal to 
a projection welded bracket on which the entire relay 
mechanism was hung. Thus the terminal became a 
structural part as well as a seal. 

Because of their extreme rugged construction, Fusite 
terminals are often being called on to do more than 
conduct electricity in and out of sealed units. 

WU(' WO .AThie. 
tebeInt, 

• 

L5_ 

Moral: When you have a problem in hermetic sealing, let the 
Fusite engineers in on it early in the game. Chances 
are we can save you time and money in the design of 
your electrical product. 

WRITE for catalog or tell us your needs 
for actual samples. Dept. 8-1. 

Visit the Fusite Display at Radio Engineering Show 
N. Y. C. March 23-26. Booth 3-109. 

THE FUSITE CORPORATION 
6028 FERNVIEW AVE. CINCINNATI 13,0H10 
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* Single deck, single pole, 
36 or 60 positions 

* Easily Ganged/ 

* Large Current Capacity 

* Non-Shorting with Detent 

* Isolated Shaft 

* Four Point Mounting 

Here's the answer to complicated range or cir-
cuit switching/ problems in high quality test 
equipment or experimental apparatus. 

A number of these single deck switches may be 
ganged to provide additional poles. Both switches 
have a special detent which also provides the 
non-shorting action. The rotor arm is actually 
lifted as it moves from one contact to the next. 
This iShallcross design provides more usable 
contacts in less space than conventional non-
shorting switches. Write for prices and drawings. 
Shallcross Manufacturing Co., 524 Pusey Ave., 
C'ollingdale, Pen na. 

SPECIFICATIONS 
Types 10061-S (60 pos.) and 10054-S (36 pos.) 
Shaft Extension: 1" beyond spacers 
Size: 17/8" sq. X 11/2 " d. 
Insulation: Phenolic. Isolated shaft. 
Avge. Contact Resistance: 0.006 ohms max. 

Type 10061-S 10054-S 

Voltage Breakdown: 
Current Capacities 

Carrying -- 
Breaking— 

1500 v. 

30 amps. 
2 amps. at 
110 v. a-c 

2500 v. 

40 amps. 
3 amps. at 
110 v. a-c 

Coming to the I.R.E. Show? See us at Booths 2-210 and 2-211 

Icross 

Industrial Engineering 
Notes 

(Continued from page 10IA) 

Sandusky, Ohio, Lake Erie Broadcasting 
Company, Channel 42, 18 kw visual. 
9.1 kw aural 

Santa Fe, N. M., Greer & Greer, Channel 
2, 54 kw visual, 27 kw aural 

St. Cloud, Minn., Granite City Broad-
casting Company, Channel 7, 23.5 kw 
visual, 12 kw aural 

St. Louis, Mo., Broadcast House In-
corporated, Channel 36, 275 kw 
visual, 145 kw aural 

%Vatertown, N. Y., The Brockway Com-
pany, Channel 48. 185 kw visual. 100 
kw ;turd 

Wichita Falls, Tex., Wichita Falls Tele-
vision Incorporated, Channel 6, 22.5 
kw visual, 11.5 kw aural 

ATLANTA 

'High Gain Antenna for Use in Television ai 
WSB-TV," by R. A. Holbrook. WSB-TV; Decent 
ber 19. 1952. 

BEAUbtONT -PORT ARTHUR 

"The Research and Development Program ot 
Military Establishment at Texas University." by 
Dr. C P. Bonet. exas University; and Election 
of Officers; December 15, 1952. 

Ctitc*Go 

"Electronic Music—Past. Present and Future," 
by E. L. Kent. C. G. Conn. Ltd.; December 19, 

1952. 
CINCINNATI 

'Man-Made Heat Waves," by A. G. Billin. 
I.iebel Flarsheim Company; December 16. 1952. 

CLEVELAND 

"Problems of Electronic Recording in the 
Medical Sciences." by R. S. Alexander. Western 
Reserve; November 20, 1952. 

"Psychology of the Design of Electrical In-
struments." by D B. Sinclair. General Radio 
Company; December 18, 1952. 

COLUMBUS 

"Space Travel." by F. McLean Malleit 
Faculty. Ohio State University; December 2, 1952 

"Energy in Action." presented by the We,n 
ingliouse Company; Decembei 16, 1952. 

CONNECTICUT VALLEY 

"Engineering in Medicine." by J. H. Henri 
Faculty. Vale University; November 11. 1952. 

*Measurements of Piezoelectric Constants." 
by W. L. Skeet, Student, Wesleyan University. and 

"Use of Barium Titanate in Condensers. Trans-
ducers, Dielectric Amplifiers and Storage Devices." 

by W. P. Mason. Bell Telephone Laboratories: 

November 20. 1952. 
'Radio Television Interference Control.' by 

P. Rand and A. Riley. Remington Rand. Inc.: 
December 11, 1952. 

DAYTON 

"Electronics in Music." by George Hadden. 
Minshall-Estey Company; January 8, 1953. 

DENVER 

"Results of Cheyenne Mountain Measurements 
Transmitting and Receiving Facilities Used in 
Tropospheric Propagation Studies at Cheyenne 
Mountain Field Station," by A. P. Barsis and M. T 
Decker. National Bureau of Standards; '1046 eui 

(Continued on Page 106A) 
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ERIE CERAMICONS, 

Style 

ERIE TUBULAR CERAMICONS* 

 ,v4  
Erie "GP" * Molded Insulated Ceramicons 

5 MMF-5,000 MMF 

Erie "GP" Dipped Insulated Ceramicons 
5 MMF-5,000 MMF 

Erie "GP" Non-Insulated Ceramicons 
5 MMF-5,000 MMF 

Temperature Compensating 
Molded Insulated Ceramicons 

0.5 MMF-550 MMF 

Temperature Compensating 
Dipped Insulated Ceramicons 

0.5 MMF-1,800 MMF 

Temperature Compensating 
Non-Insulated Ceramicons 

0.5 MMF-1,800 MMF 

.55 

(;•:«ge 

Style 557 Style 3130 

1.5-7 MMF 5-30 MMF 
3-12 MMF 8-50 MMF 
5-25 MMF 65-95 MMF 

150-190 MMF 

ERIE CERAMICON TRIMMERS 

Style TS2A 

1.5-7 MMF 5-20 MMF 
3-12 MMF 4-30 MMF 
3-13 MMF 7-45 MMF 

y Style 531 and 532 
4 0.5-5 MMF 

1-8 MMF 

'+ 1 

I(e....;' c ‘ 

Style 3115 tut, 
0.5-3.0 MMF 
1.0-4.0 MMF 
Style 3139 

2.0-6.0 MMF Style 3132 
1.0-3.8 MMF 

Style 535 
0.7-3.0 MMF 

(?" 

Style 
327 

ERIE FEED-THRU CERAMICONS 

Style 
II 2405 

Style 
2404 

5 MMF-1,000 MMF 
5 MMF-1,500 MMF 

Style 
2416 

Style 
2418 

ERIE DISC CERAMICONS 
Temperature Compensating, By-Passing, and High Voltage 

Style 
831 

Style Style 
801 811 

Up to .01 MFD 

Style 
812 

ERIE STAND-OFF CERAMICONS 

11, 
I: 11 

V, 
• 

Style 
2322 2336 

Style 
318 

Style 

I. 
• 
ets 

319 
Style Style 
325 326 Style 

323 and 324 
5 MMF-5,000 MME 

ERIE BUTTON* MICA 
CAPACITORS 

15 MMF-6,000 MMF 

ERIE PRINTED 
CIRCUITS 

_ 

I R j R 

[ i f '" ii fill 
j ii IlIrr 
Standard, Integrator, Filter, 

and Coupling Circuits 

ERIE HIGH VOLTAGE CERAMICONS 

Style 
412 

10 and 20 KV.-500 MMF 

ERIE CUSTOM MOLDED PLASTICS 

Custom Injection Molded Plastic Knobs, Dials, 
Bezels, Name Plates, Coil Forms, etc. *Ceramicon, Hi-K, GP, Button, and Plexicon are registered trade names of Erie Resistor Corporation. 

le • 1 
RESISTOR CORP. 

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION 

Main Offices: ERIE, PA. 
Sales Offices Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, III. 

Detroit, Mich. • Cincinnati, Ohio • Los Angeles, Calif. 

C- - 0..•••••••1 ••• .e . • es • s• aea • e •I eel 



VRIBM er 

AVIATION CORPORATION 

HO\ 

Whether you are seeking the ultimate ceil-
ing of flight or sounding the depths of the 

seas . . . whether your interests are faster 

transportation or factory automation . . . 
whether you are forwarding industrial 

progress or national defense, electronics and 
Bendix can speed you to your goal. Bendix 

produces electronic devices and components 
for industries of every type—and Bendix 

engineers are constantly revealing new 

applications of this useful science. 

When you attend the I.R.E. show, take 

the opportunity of learning more about the 

various Divisions of Bendix that offer 

specialized engineering experience and 

facilities for the development and produc-
tion of electronic devices. Be sure to visit 

the Bendix Exhibit. 
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at the I.R.E. show 
GRAND CENTRAL PALACE 

New York City 

March 23 to 26 

The divisions of Bendix exhibiting at this show are complete entities 
with their own manufacturing. research, sales and service organiza-
tions . . . although each can and does call on the knowledge and 
facilities of other divisions. This system makes possible a wide 
range of useful developments and also permits specialization to 
meet the needs of specific industries. 

-73endbe-Radio 
BALTIMORE 4, MD. 

l00e7c of the nation's airlines and libre 
than 15 of the major railroads depend 
on Bendix Radio for precision electronic 
equipment. 
Bendix Gr I Controlled Approach 
is world famous. The Bendix radio com-
pass is standard for the aviation indus-
try. Bendix VHF coin lllllll irations and 
V CM navigation equipment are also 
recent Bendix developments. 
See the IIF 2-way e ions 
units for mobileserviceand the360chan-
nel VIIF aircraft receiver on display. 

-Fen Y 
SCINTILLA MAGNETO DIVISION 

SIDNEY, N. Y. 

Bendix Seinflex Electrical Connectors 
have been an immediate success 
wherever used. Completely pressurized 
electrical connectors are for all contact 
sizes and pin arrangements and have 
full A.N. approval. 
Another recent development is the 
Bendix ignition analyzer that cheeks 
eflitieney of both ignition  Is and 
spark plugs and actually predicts per-
forinance failures before they occur. 

adj 

 N. J. 

The Red Bank Division produce* special 
purpose electron tubes and rotary power 
supplies. Units are designed for utmost 
durability to meet exacting require-
ments, and special purpose tubes such 
as Klystrons voltage regulators and 
spark gaps are available for non-
standard applications. Rotary power 
supplies for operation from D.C. 
sources are prodin,ed in a wide variety 
of outputs—either A.C. or D.C.— 
regulated or unregulated. 

Ziesellomyy• 
TETERBORO, N. J. 

Eclipse-Pioneer Division is one of the 
world's most prolific and versatile sup-
pliers to precision industries. Famous 
for over 30 years for the quality and 
design superiority, Eclipse-Pioneer is 
today a major supplier of Gyroscopes. 
SVIlalrog4, Low Inertia Motors, Rate 
Generators. special purpose Amplifiers, 
and other precision components for 
servomechanism and computing equip-
ment to the electronic industry—am/ 
manufacturing capacity is now available 
for these specialized products. 

nitrÀ • IenItIOIS 

NORTH HOLLYWOOD, CALIF. 

The Pacific Division provides a striking 
example of Bendix talent ill corn' g 
advance engineering design with pro-
duction facilities to provide ioniorrow's 
products today. This is well illustrated 
by the Pacific Division's outstanding 

leadership in the fields of sonar, tele-
metering air-borne radar. hydraulic 
servomechanisms and radio control. Be 
sure to get a copy of the booklet "Elec-
tronic Progress at Bendix Pacific" at 
the Bendix booth. 

PROCEEDINGS OF TIIE I.R.E. .ilarclt, 195i 



MISSION: To eliminate the needless waste of 
manpower, machines, and technical skill in the 
modification of servo components. 

In applying servo systems to their opera-
tions, many engineers are restricted by "stock" 
components. They either sacrifice efficiency 
by building systems around the components 
available, or waste manpower, machines, and 
skill in modifying units to make them useable. 

It is the mission of the Transicoil Corpora-
tion to provide precision components for each 
particular servo application . . . ready for im-
mediate application . . . with all the accuracy 
and efficiency for which they are designed. 

REFERENCE: Technical catalog "Precision 
Components" available upon request. 

During the I.R.E. Show, see us at the Belmont Plaza Hotel, Suites 744, 745, 746. 

KA LI 
CORPORATION 107 GRAND STREET 

NEW YORK 13, N. Y. 

(Continued from rage 1024) 

4 kw Klystron Transmitter at Cheyenne Mountain 
Field Station." by C. F. Peterson. National Bureau 
of Standards: January 9, 1953. 

DES MOINES-AMES 

"The Boolean Algebra Applied to Switchine 
Circuits," by A. B. Kassander, Faculty. Iowa State 
College: December 11. 1952 

DETROIT 

"Upper Atmospheric Research (Signal Corps 
Rockets)." by Fred Bartman, Faculty. University 
of Michigan: election of officers: December 19, 
1952 

EMPORIUM 

"Eisenhower's Problems in Korea." by J. A 
Gathings, Faculty. Bucknell University: election of 
officers: December 16, 1952 

EVANSVILLE-O‘VENSBORO 

'Super Fringe Propagation of TV Signals." 
by L. E. Raburn. Electronic Research. Inc.: 
December 10. 1952. 

"A Creative Approacl. to Design Problems." 
by I.. W. Guth. General Electric Company: 
January 14, 1953. 

FORT WAYNE 

"F.B.I. in Peace and War." by D. S. Horth. 
Federal Bureau of Investigation; January 6. 1953. 

HAWAI I 

"Cosmic Disturbances." by Grote Reber. Re 
search Corporation of New York; October 8, 1952. 

'Super-Imposed Radio Communications on 
Power Transmission Systems,' by Jack Barbel 
Westinghouse Electric and Manufacturing Com-
pany; November 20. 1952. 

"Design and Operational Characteristics of 

Radar Systems." by L. M. Baxter. General Electric 
Company: December 10. 1952. 

LITTLE ROCK 

"UHF Tuners for TV Receivers." by W. J 
Stolze. P. R. Mallory and Company; `Report on 

Status of New Little Rock Television Station." by 
J. H. Tudor. Little Rock Telecasters. Inc.; and 
election of officers; October 9, 1952 

Los ANGEI.ES 

'Nuclear Reactor Kinetics and Control,' b% 
W. E. Parkens. North American Aviation. Inc.; 
January 6. 1953. 

LOUISVILLE 

"NTSC System of Color with Accent on Colo: 
Receiver Design," by R. B. McGregor: January 9 
1953. 

NEW YORK 

'Tropospheric Propagation Well Beyond the 
Horizon," by T J. Carroll, Massachusetts Insti-
tute of Technology; December 3, 1952. 

OKLAHOMA CITY 

"A Cage Type VHF Antenna for the Phase 
Comparison Omnidirectional Radio Range (VOR)," 
by F. J. Lundberg, Federal Telecommunicatior 
Laboratories; October 14. 1952. 

"Atomic Power Plants." by R. G. Lorraine. 
General Electric Company; November 18, 1952. 

"Magnetic Resonance," by K. K. Darrow, Bell 
Telephone Laboratories: December 2. 1952 

OTTAWA 

Urnature 
Control Motors 

Mole and Geai 
Train Assemblies 

Motor, Generator, and 
Gear Train 

Combinations 

Servo 
Amplifiers 

"Research Establishments," by Sir Robert 
Watson-Watt. Adalia Limited; January 12. 1933. 

(Continued on page 1084) 
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Simplify your 

production procedure 

with High-precision 

for Electrical 

and Electronic Applications 

'Fo combine ceramic and metal parts into one permanent 
unit, Stupakoff draws upon extensive experience with 
both materials. Methods of assembly employed by 
Stupakoff include: metallizing, soldering, pressing, spin-
ning and others. Among the metals assembled to ceramics 
are silver, copper, brass, stainless steel and timonel. 
The rotor shafts shown above consist of metal hands 

attached securely to ceramic rods, and exemplify 
St upakoff precision manufacture. On a mass production 

basis, concentricity of components, for example, are held 
to less than + 0.001 in. Likewise, the st rains and spreaders. 
stand-offs and trimmers shown below meet the exacting 
requirements of the service for which they are made. 

Stupakoff high-precision ceramic assemblies offer 
many opportunities to reduce costs, increase production 
and improve electrical and electronic equipment. 
We will be glad to discuss your requirements with 

you and to submit samples for your inspection. 

STUPAKOFF 
CERAMIC & MANUFACTURING CO. 

LATROBE, PENNSYLVANIA 

See Us at Booth 3-105, Radio Engineering Show, March 23-26 



FAST...economical assembly of motors, gear trains, 
electro -mechanical computing and transmission devices 

with mechanical development 

apparatus 

Servomechanisms, Inc., versatile Mechani-

col Development Apparatus is intended 

for numerous applications in the 

research, instrumentation, and servo 

control fields. Typical applications 

of these precision built components 

include analog computers, signal 

generators, process programmers 

... Assembly is made with 

standard tools . each com-

ponent is designed for 

repeated use 

A typical develop-
ment assembly in-
cluding servo motors 
and synchros. 

SERveetAuispAs 
INC. 

PACKAGED FUNCTIONAL COMPONENTS 

Mounting find -Bear 
Blocks 

ese 

and Gears 

Limit stop, Couplings, 
Lead screws, ClutÇ 
Dials, Cams, Swit 

Write for Descriptive 
literature MDA-200 

NEW CASSEL, NEW YORK • POST & STESVART AVENUES, WESTBURY, N.Y. • EL SEGUNDO, CALIFORNIA 

,Continfird from page 106A) 

PHILADELPHIA 

"Switching Circuits for Automatic Control," 
by William Keister, Bell Telephone Laboratories; 
December 4. 1952. 

PITTSBURGH 

"Recent Developments in Broadband Micro-
wave Amplifiers." by M. E. Hines. Bell Telephone 
Laboratories; December 15. 1952. 

"Statistical Processes in Communications En-
gineering," by L. A. DeRosa. Federal Telecom-
munications Laboratories; January 12. 1953. 

PORTLAND 

"Pioneering in UHF Television." by Russel 

Olson. Station K.PTV; "High Power Klystrons for 
UHF Television," by H. M. Stearns. Varian Associ-
ates; November 24. 1952. 

"Germanium. The Magic Metal." by Fredrick 

Brown, Faculty. Reed College; "Model 2-C 'din-
synchrovisor" by J. M. Henry and IC. R. Moore 
(both talks tapescrip;t0; December 11. 1952. 

l'R I NCETON 

"Nondestructive Testing." by R. C. McMaster, 
Battelle Memorial Institute; January R. 1953 

ROCHESTER 

"Present and Future Fabrication Techniques 
of Printed Electronic Circuits." by William Tus-
cany, Globe Union. Inc.; November 20. 1952. 

"Television and High Fidelity," by C. J 

Hunt and J. W. Farrell, Stromberg Carlson Com-
pany; December 9, 1952. 

"Life Begins with Love." by Rev. J. F. 
Murphy. St. John Fisher College; December 16. 
1952. 

SACRAMENTO 

"Some Interesting Aspects of Amplitude Modu-

lation." by J. L. Reinartz, Mite' McCullough. Inc.; 
November 21. 1952. 

"What is New in Science and Engineering." 
by E. S. Lee. Editor. General Electric Review: 
December 11, 1952. 

SALT LAKE 

"Research—Industry's Indispensable In-
gredient." by F. R. Benedict, Westinghouse Elec-
tric Corporation; October 3. 1952. 

"Mountaià Top Television," by J. M. Bald-
win, KDYL-TV. and V. E. Clayton. KSL-TV; De-
cember 15, 1952. 

SAN ANTONIO 

"Recent Developments in Radar Weather." by 
John Gerhardt. University of Texas; October lb. 
1952. 

SAN Digno 

"Sea Surface Properties." by S. Q. Duntley, 
Scripps in.titute of Oceanography; December 16. 
1952. 

SAN FRANCISCO 

"Computer Engineering in Northern Cali. 
fornia," by P. Morton and Turben Meisling, Uni-
versity of California; J. L. Cori. Berkeley Scientilit 
Company; C,. B. Greene. Marchant Research; 
Jerre Noe. Stanford Research Institute; and I.. D 
Stevens, IMB Corporation; November 12. 1952 

"Radiation Theory in Retrospect," by S. A. 
Schelkunoff. Bell Telephone Laboratories; December 
10. 1952 

SCHENECTADY 

"Broadcast Station Monitoring Equipment." 

by H. R. Summerhayes. Jr.. General Electric Corn-
patty; October 20. 1952. 

•Subminiaturization in Airborne Equipment." 
by D. W. Bulger and B. Pundick. General Electric 
Company; November In. 1952. 

(Continued on page 116A) 
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VARIAN X-BAND RADAR K LYSTRONS 

/Preset 
,eree:oet 

guaranteed specifications — quantity prices — assured delivery 

Rugged local oscillator for mobile radar. 

Highly non-microphonic. Shaft tuner; no 

chatter or backlash; excellent for motor-

...,  

V-260 tuned systems. Reflex, 8.5-10.0 kmc, re-
placing Varian V-50. 

V-280 

For radar, beacon or low-power transmit-

ter operation under severe mechanical 

punishment. Lock-nut tuner holds the tube 

on frequency even under shocks of sev-

eral hundred g. Reflex, 8.5-10.0 kmc, re-

placing Varian V-51. 

V-270 

V-290 

For high altitude or high humidity applica-

tions. Silicone-rubber-potted base and re-

flector connections instead of conventional 

base and reflector cap. Electrically identi-

cal with V-260 and V-280. 

 .01 

X-13 

Reflex tube for test and measurement work 

at x-band. Integral tuner covers the full 

frequency range, 8.2-12.4 kmc. Typical 
power output is 150 mw over the band, 

500 mw at center frequency. 

See them in Booth 1-617, New York IRE Show 

0 4 VARIAN associates 
990 VARIAN STREET SAN CARLOS , CALIFORNIA 

Detailed data sheets available. 

Write Varian Associates, 

Code AACP, 990 Varian Street, 

San Carlos, California 

TRADE MARK representatives in principal cities 



EL TRONIC 

TYPE VC-1257 
Hydrogen filled, zero bias 
thyratron with hydrogen 
generator for generation of 
pulse power up to 40 
Megawatts.. 

At the I.R.E. Show-

Booth No. 4-512! 

Hydrogen Thyratrons 

—for Pulse 
Voltage 

Generation 
0.50 
amps 

TYPE 5948/1754 TYPE 5949/1907 
Hydrogen filled. zero bias Hydrogen filled, zero bias 
thyratron with hydrogen thyratron with hydrogen 
reservoir for generation of reservoir for generation of 
peak pulse power up to peak pulse power up to 
12.5 megawatts. 6.25 megawatts. 

TUBES 

TYPE VC-1258 
Zero bias miniature hydro-
gen thyratron for the 
generation of peak pulse 
power up to 10 KW. 

• CHATHAM specializes in the develop-

ment, design, and construction of custom-

built electronic equipment to exactly meet 
customers' requirements. Our capable staff 

of engineers will furnish prompt estimates 
or, if desired, will call to discuss your prob. 
lem personally. Call or write today. 

Pulse life test equipment 
built by CHATHAM checks 
receiver type tubes under 
pulse conditions. 

20 Megawatt Hydrogen Thy-
ratron Test Equipment built 
by CHATHAM to customers' 
specifications, 

ELECTRICAL DATA• 

Type 

Maximum Peak 

Forward Anode 

Potential 

Maximum Peak 

VC-1258 

1000 

volts 

20 
Anode Current amps 

Maximum Average 

Anode Current 

Maximum Heating 

Factor 

(epy s prr x ib) 

Nominal Filament 
Power 

Hydrogen 

Reservoir 

0.05 

amps 

1.0x108 

12.5 
Watts 

No 

5949/1907 

25000 
volts 

500 
amps 

6.25x10 

95 
wrath 

Yes 

5948/1754 

25000 

volts 

Yes 

W-1257 

38000 
volts 

2000 
amps 

230 
wafts 

'More detailed information on electrical end mechanical 
data will be supplied on request. 

Yes 

• A NEW CONCEPT OF HYDROGEN 
THYRATRON DESIGN! The tubes il-
lustrated represent a departure from 
conventional hydrogen thyratron de-
signs and are a result of several years 
of concentrated development work. 

They are primarily em-
ployed in the generation 
of peak voltages with 
durations in the order of 
microseconds. 

arMlallree 

5 Megawatt 
radar mod-
ulator built 
by CHA-
THAM to 
rigid gov-
ernment 
standards. 
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SISSUSISJ 
N D 

Ruggedized 
Type Tubes 

et• The following 
tubes fully conform 
to JAN specifica-
tions and can be 
supplied promptly, 
usually direct from 
stock: 

E O Ú U P M E PICT - 
Electronic Tubes 

5R4WGY 2D21 W 
6AL5W 0C3W 
6H6WGT OD3W 
25Z6WGT 2050W 

TYPE 719-A HIGH VACUUM 
CLIPPER DIODE 
This tube is used primarily for clipper diode 
service in hard tube modulator circuits. Filament 
7 volts, 7 amps ... Inverse peak anode voltage 
25 kv, Max., peak anode current 10 amps, Max.. 
anode dissipation 75 watts. 

TYPE 1Z2 RECTIFIER 
A small bulb high voltage vacuum rectifier. Low 
cathode heating power and low dielectric losses 
make tube suitable for radio frequency supply 
circuits. Filament 1.5 volts. .290 amps ...In-
verse peak anode voltage 20,000, average plate 
current 2 ma.... peak plate current 10 ma. 

TYPE 1846 REGULATOR 
A cold cathode glow discharge tube designed for 
voltage stability. DC operating voltage 82 volts, 
operating current range 1 ma minimum, 2 ma 
maximum. Regulation 3 volts. 

• TYPE 1S22 (illus-
trated) is a mechan-

ically actuated. 

single-pole, double-

throw, glass vacuum 

switch. This and 

other types can be 

supplied. 

TYPE 395-A COLD CATHODE 
GAS TRIODE 
Requires no filament supply and is used in many 
grid controlled rectifier and relay applications. 
Maximum D.C. anode current— 10 ma. 
Maximum D.C. anode voltage-150 volts 

TYPE 4532 RECTIFIER 
A rugged half-wave Xenon filled rectifier. Oper-
ates in any position throughout an ambient tem-
perature range of — 75°C to +90°C. Filament 
5 volts, 7.5 amp... Inverse peak anode voltage 
10,000 average anode current 1.25 amps. 

TYPE 394-A THYRATRON 
A Mercury vapor and Argon filled thyratron for 
grid controlled rectifier service. Operates over 
wide ambient temperature range. Heater 2.5 
volts, 3.2 amps... Inverse peak anode voltage 
1250, average anode current 640 ma. 

TYPE 3B28 RECTIFIER 
This rugged half-wave Xenon filled rectifier will 
operate in any position and throughout an am-
bient temperature range of — 75°C to +90°C. 
Filament 2.5 volts, 5.0 amps... Inverse peak 
plate voltage 10,000, average anode current .25 
amp. 

Chatham Vacuum Switches 
SPECIFICATIONS 

HOLD OFF VOLTAGE: Internal-10,000 volts rem; E•ternal• (at 27,000 feet altitude)-

10,000 volts rms. External' (at 40,000 feet altitude)-7,500 volts rms. 

INTERRUPTING RATING, RESISTIVE LOAD: 1,000 operations life at 10,000 v, ac, uni— 

t() amp, ac, rms. 1,000,000 operations life at 10,000 r. oc, rms — 2 ornzt, oc, rms; 

500,000,000 operations life at 10,000 v, oc, rms-0.1 amp, oc, rms. 

NET WEIGHT (approx.) _ 

MAXIMUM LENGTH (overall) _ ins. MAXIMUM THICK. (overell)______Iez ins. 

•cot 50% humidity 

2 ozs. MAXIMUM WIDTH (overall)....__.4zi ins. 

 Mine" 

HIGH VOLTAGE VACUUM FUSES 

Can be supplied by Chatham to exact customers' specifications if or-
dered in adequate quantity. Call or write for full particulars and quotes. 

s-, 
CHATHAM ELECTRONICS CORP. 
475 WASHINGTON ST., NEWARK 2, NEW JERSEY 

At the 
I.R.E. Show 

Booth No. 4-512! 

/le NO 
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end' MIS 
ArritE 

&eel kr a-4-f re/ 

New 
GL-6283-2 50-w G-E driver tube for 
u-h-f transmitters. Air cooled, compact, 

up-to-the-minute in design. Can be in-
stalled in seconds ! 

Tom in Power./ 
GL-6237 through GL-6242-15-kw 
klystrons for final transmitter power stage. 
The 6 types in order handle all frequencies 
470 mc to 890 mc. G-E klystrons are the 
highest-power u-h-f TV tubes, giving superior 
transmission at 200 kw E.R.P. 

lI et -Ir• 
77"rv  

< oisik-I'v, 
F ELECTRICAL 

et:tans te 
eLe. 

eirweati...ertiseermay 

:411M11111111111•116._ _,A1111111•1 
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MAKE ItEdoese wars 
SI/OWl 

TV DESIGNERS: see these—and other —G-E pace-

setting u-h-f types at the March I.R.E. Show. Get 

all ratings and characteristics! TV MANUFACTUR-

ERS: learn how G-E tubes can help you successfully 

(1) meet stiff 1953 price competition, (2) establish 

new, higher standards of equipment performance, 

both transmission and reception! 

6AJ4 

;‘r-13". 
6AF4 

82- aanne/ e'er &odes 
Trio of G-E tuner tubes for TV receivers, with 
a combined v-h-f, u-h-f frequency range that 
makes single-dial 82-channel tuning practical 
and economical. 

GENERAL ELECTRIC 
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CHOOSE SYNKOTE CABLE AND WIRE 
for Value — for Service — for Dependability 

FIRST IN COMMUNITY 
TV: this ultra-rugged 
Synkote coax cable (RG 
5 9/U and 1 1/U) is 
double-shielded and 
double-jacketed, transmits 
signals over long dis-
tances with virtually no 
radiation losses. 

30 CONDUCTOR CABLE: 
—a Synkote custom-engi-
neered cable designed 
and manufactured from 
simple specifications read 
over the telephone. Diffi-
cult-looking, but "duck-
soup"toPlastoidengineers. 

NEW FOR UHF: Synkote 
"Ovaltube" twin-lead is 
a tubular air-dielectric 
construction, features low 
attenuation. Fits ordinal.) 
hardware, can be made 
weathertight in seconds. 
Uniquely practical, noth-
ing else like it. 

"JUMBO" TWIN-LEAD:-
185 mil web—the strong-
est TV lead-in ever in-
troduced. Withstands 

gales, extreme heat, cold 
and humidity. Low loss — 
gives excellent reception 
in fringe oreas. 

1. 

2. 

3. 

4. 

5. 

Choose for Dependable Construction 
You want to be sure that the wire you buy will give 
dependable service. SYNKOTE wire is warranted by 
Plastoid to be made of the finest materials, and will 
meet all applicable specifications. 

Choose for Engineering Know-How 
Possibly, you may know what general characteristics you 
desire, but not how to put these into wire. Plastoid's 
large staff of engineers can transform your generalized 
requirements into a finished wire or cable. Simply 
give us your electrical and physical requirements — 
we'll design the cable. 

Choose for Rapid Delivery 
Plastoid's modern manufacturing facilities mean faster 
production. .. more rapid deliveries to you. 

Choose for Friendly Service 
You'll find everyone at Plastoid — executive, salesman 
or engineer — friendly, warm and informal ... pleasant 
to work with and eager to do business with you. 

Choose for Reasonable Cost 
Remember, "bargains" seldom save you money. In the 
long run, it pays to pay a fair price and get dependable 
wire. For true wire economy specify SYNKOTE 
— manufactured only by Plastoid Corporation, 
Long Island City, New York 

See us at Booth 4-305, Radio Engineering Show, March 23-26 

"Manufactured by the mile- tested by the inch" PEA ST 
plant: HAMBURG, N. J. • offices: 42-61 24th St., Long Island City, N.Y. 
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Z e 550 TO 3800 MEGACYCLES 
with Sylvania 6BM6 Broadband 

Tunable KLYSTRONS 
Sylvania now offers 4 different Klystron types, designed for external cavity 
resonators covering a frequency range from 550 to 6500 megacycles. 

Types 6BM6 and 6BL6 are designed for CW applications, while types 
5836 and 5837 may also be used in pulse modulated oscillation. 

Sylvania Klystrons provide continuous tunable output over wide ranges 
of the micro-wave spectrum. New illustrated catalog gives complete specifi-
cations. Mail the coupon for your copy now. 

We also welcome your inquiries regarding the designing of cavities for 
various types of circuits. 

Typical Power Output vs. Frequency Characteristics 
For Type 613M6 

RESONATOR 
MODE VOLTAGE  

13á 325 VOLTS 

23á 300 VOLTS 

 , tee  

1000 2000 3000 
FREQUENCY (MEGACYCLES) 

SYLVAMA 
ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT; FLUO-
RESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 

/rep, 
rti r4,4 

4'3 

-1)-eett. 

Sylvania Electric Products Inc. 
Dept. 3E-4503, 1740 Broadway 
New York 19, N. Y. 
Please send me new catalog describing Sylvania's line ol 
Reflex Klystrons. 

Name  

Street  

City Zone_S ,ate 
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we don't shrink heads... 

but we do shrink 

Fa retnerc! 
If you think Jivaro Indians were experts at 
shrinking things . . . (human heads, that is) . 

look what STANCOR engineers have done with 

transistor transformers! Recently they 

designed and are now producing the smallest 

transformer ever built! 

How big is this new transformer? Well, it's just 

Yt" x x :W and it weighs only 0.07 

ounce. Designed especially for transistor 

applications, this unit is no larger than the 

transistor it powers. 

It is one of a series of transistor transformers, 

being built by Stancor, for development and 

commercial applications. If you are planning to 

use transistors, take advantage of Stancor's 

knowledge of engineering and manufacturing of 

ultra-miniature transformers. 

STANCOR 
TRANSISTOR 

TRANSFORMERS 

These stock transistor transformers are available 
through your Stancor distributor: 

TYPE APPUCATION PRI. IMP. SEC. IMP. 

Um•110 Interstoge 20,000 1,000 

Um-111 Output or matching 1,000 60 

UM-112 Nigh imp. mic. to 
emitter 200,000 1,000 

Other transistor transformers built to your specia 
requirements, are available for original equipment 
production only. Write for Bulletin 462. 

STANCOR TINYTRANS 
Miniature, cased audio transformers 

Here are four new cataloged high fidelity transformers 
for use where space is at a premium. These units have 
a frequency response of ± 1 db, 30 20,000 cps. They 
are impregnated and sealed in • 7i¡• square, drawn 
aluminum can, with le terminals mounted on • 
phenolic terminal board. Total height is k's 

TYPE APPUCATION PRI. IMP. SEC. IMP. 

TM 1 Mic., pickup or line 50, 200 250, 50,000 
to single grid. 500/600 

TT-12 Mic., pickup or line 50, 200 250, 50,000 
to push-pull grids. 500 600 

TT-I3 Dynamic ink., to 
single grid. 

7.530 50,000 

11.14 Single plate to 
single grid. 

15,000 60,000 

Ask your Stancor Distributor for Bulletin 463 on Stancor Tinytrans, or write us for your free copy. 

STANDARD TRANSFORMER CORPORATION 
3582 ELSTON AVENUE • CHICAGO 18, ILLINOIS 

EXPORT SALES Roburn Agenciel, Inc , 39 Warren Street, New York 7, N. Y. 

Section Meetings 
(Continued from page 108A) 

"Radio Communication in Industry," by J. A. 
McCormick, General Electric Company; December 
10, 1952. 

"Processing and Pressing of Transcriptions and 
Phonograph Records." by K. R. Smith. Allied Rec 
ord Company; January 12, 1953. 

SYRACUSE 

"UHF Television," by C. G. Lloyd, General 
Electric Company; January 8. 1953. 

TOLEDO 

"Present Status of Transistor Development." 
by J. A Morton. Bell Telephone Laboratories 
lanuary 14. 1953 

TORONTO 

"Antennae for Circular Polarization," by 
George Sinclair. Sinclair Radio Laboratories: Janu-
ary 5. 1953 

TULSA 

"Fundamental Theory ot Transistors," by 
W. A Adcock, Stannlind Oil and Gas Company: 
December 17. 1952. 

VANCOI"VER 

"Electronic Equipment on Jet Transports tot 
Trans-Pacific Service," by Phil Kenney, Canadian 
Pacific Airlines; November 17, 1952. 

"Germanium Devices," discussed by L 
Kersey: December IS. 1952. 

WASHINGTON. D. C. 

"Recent Developments in Vibrators and Vibra 
tor Power Supplies." by Joseph Mas. Vibration Re-
search Laboratory; December 8. 1952 

WILLIAMSPORT 

"The Application of Transistors to Home Re-
ceiver Design." by R. A. Jacobs. Westinghouse 
Electric Corporation; November 19. 1952 

SUBSECTIONS 

AMARILLO-LUBBOCK 

Demonstration and Lecture on "Microwaves.' 
by C. M. McKinney. Faculty. Texas Technological 
College; December 17. 1952. 

CENTRE COUNTY 

"Retrospect." by L. A Poggett, Faculty' 
Pennsylvania State College; October 21, 1952 

"Discussion of Aims of Subsection." by Carl 
Vols. Chairman of Centre County Subsection: 
November 18. 1952. 

"Ignitron Rectifier in Electric Locomotives." 
by W. M. Hutchison, Westinghouse Electric Cor-
poration; `Comparison of Electric Locomotives." 
by S. V. Smith. Pennsylvania Railroad; December 
16, 1952 

LONG ISLAND 

'Magnetic Amplifier Servo Applications," by 
S. B. Cohen. Sperry Gyroscope Company; Decem-
ber 9. 1952. 

MID-H t 'OSOS 

'Guided Missiles." by J. Fletcher. Hughes Air-
craft Company; December 16. 1952 

NORTHERN NEW JERSEY 

•A Survey of Magnetic Amplifiers," by George 
Wolf. General Electric Company; December 10. 
1952. 

PALO Am> 

Symposium on "Non-Vacuum Tube Ampli. 
fiers" Speakers: H. E. Hollman. Naval Air Mix 
sile Test Center; O. J. M. Smith. Faculty, Uni-
versity of California: H. M. Zeidler, Stanford Re 
search Institute; December 3. 1952. 

%Victims 

"Induction Heating," by F. R. Hunter. Allis 
Chalmers Manufacturing Company; "Spot-Welding 
and Electronics," by H. R. Sartin. Boeing Airplane 
Company; December 6. 1952 
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All the gadgets or combination tools in the world will not insure 

the correct installation of your wire terminations day in, day out, 

on the line. Its the extra factor of assurance that counts! AMP tools 

and terminals are made to use together. They're made so that 

you can be sure that you have a correctly installed termination. 

AMP application tools and dies and automatic machines are so 

designed that at the point of application you can control accuracy 

and uniformity within +.003'. Remember: In wire termination 

there is no short cut to precision and foolproof production! 

Shown below: AMP CERTI-CRIMP• hand tools—will not release 

until proper crimping pressure has been reached. (Below right) the 

AMP INSPECTO-MASTER* gives continuous inspection at point of 

terminal application. Write to AMP for information about these 

and other recent developments in wire termination. 

A-MP CONTROLL 

r WIRE TERMINATIO 

«111, 

YOU CAP 
COUNT 0 

AMP 

AIRCRAFT-MARINE PRODUCTS, INC. 
2100 Paxton Street, Harrisburg, Pa. 

Conodan repre,entarive' 

1553 Eglinton AV, West Office 1-A Toronto, Ontoroo 

AMP Trod'-Mork Reg. U.S. Pot. Off. 



Pr IIrpo, 

BALLANTINE SENSITIVE INVERTER 
..for the precise measurement of small DC potentials 

• Built-in Calibrator 

• High Sensitivity 

• High Input Resistance 

• Polarity Sensing 

See the display of 

BALLANTINE VOLTMETERS 

and ACCESSORIES 
Booth No. 1412 at I. R. E. Show 

MODEL 300 

3 

AC OtIrfkr, ,OOTRO, 

Ide 

VOLTS O FULL SCALE 

• 

4 

VOLTAGE RATIO 

DC TO At Doi 

The Ballantine Model 700 Sensitive Inverter adapts FOR THE 
ACCURATE MEASUREMENT OF SMALL DC POTENTIALS any 
AC voltage measuring device which is sensitive to 60 cycle voltages in 
the range 100 microvolts to 10 volts and which has an input impedance 
of 50,000 ohms or more. It may be used also as an ultra-sensitive trans-
ducer in servo-mechanisms and in telemetering systems. 

The built-in calibrator eliminates the major errors of the AC volt-
meter used with the inverter. 

When used ahead of multimeters or diode voltmeters, levels as low 
as I millivolt DC can be measured with not less than 10 megohms loading. 

For maximum DC sensitivity and stability the BALLANTINE 
SENSITIVE ELECTRONIC VOLTMETERS, Models 300 (as illustrated), 
302B, 3/OA, and 3/4, are recommended for use with the inverter, in which 
case DC levels as low as 10 microvolts may be measured. 

MODEL 700 INVERTER SPECIFICATIONS 

INPUT VOLTAGE RANGE lOpv-100v (Sensitive to Ipv) 
VOLTAGE RATIOS (DC INPUT TO AC RMS OUTPUT)  . .1:100 and 10:1 
ACCURACY OF VOLTAGE RATIOS (>100W INPUT) 1% 
ACCURACY OF CALIBRATOR 
INPUT RESISTANCE DC SOURCE ..I0 meg min for 1:100; 50 meg for 10:1 
INPUT IMPEDANCE AC SOURCE More than 200K all frequencies 
INPUT NOISE LEVEL Approx 3pv 
MAX AC OUTPUT LEVEL 10 volt RMS 
MAX DISTORTION IN OUTPUT 2% 
RESPONSE TIME 025 second 
POWER 105-125 volt; 50-70 cps; 15 watt 

Write for complete information for this and other 
Ballantine Electronic Measuring Instruments. 

o  25% 

iL 

IIALLAfTNE LASCOUTODIED INC 

DOODIOrt .11.111“, 

SENSITIVE INVERTER 

Off 

' 

&VD • • 
CAL oo, 
'CO DLL op, 

.0.1 

MODEL 700 

ADDITIONAL FEATURES: 

• Distortion-free output 

• Low noise level 

• Accurate for 50 to 70 cps 

line frequency range 

• Insensitive to 60 cycle 

magnetic fields 

BILLANTINE LABORITORIES. INC. 
102 Fanny Rd.. Boonton. N.J. 
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ElectronTubelkee 
do business Wh 
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0 
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ti 
Tung-Sors Modern manufacturing techniques 
and advanced quality control methods assure 
you of a product that is second to none. 
Tung-Sol makes tubes—no sets—no equip-
ment—just tubes. We do not compete with 
our customers. Tung-Sol design, development 
and application engineers work closely together 
for the sole purpose of producing a better tube 
so that you can make a better product. En-
gineering assistance is strictly confidential. 
Tung-Sol service by competent field sales repre-

sentatives is nationwide. A Tung-Sol delivery 
promise is a promise. Closest cooperation is 
maintained to keep deliveries up to your pro-
duction schedule requirements. 

Booth No. 4-715. Radio Engineering Show. 
Grand Central Palace. New York. March 23-26. 

TUNG-SOL ELECTRIC INC. 
Newark 4, N. J. 

Sales Offices: Atlanta, Chicago, Culver City 
(Los Angeles), Dallas, Denver, Detroit, Newark 

TUNG-SOL MAKES: ALL-GLASS SEALED BEAM LAMPS • MINIATURE LAMPS • SIGNAL FLASHERS 

PICTURE TUBES • RADIO • TV AND SPECIAL PURPOSE ELECTRON TUBES 

, 
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MALLORY 
wire wound 

Potentiometers 
and Rheostats 

Military and Commercial 
Types 

New 

Technical Information 

Bulletin Available 

New Mallory Bulletin 76-3 contains 
complete data on both Military 
and Commercial "Isvpe Rheostats 
and Potentiometers'. \\ rite for your 
copy today. 

To meet the exacting requirements of military specifications, 
Mallory potentiometers are especially designed to conform 
to specification JAN-R-19 for the following types: 

RA20-2 watts—Insulated rotor 
RA25-RA30-1. watts—Insulated rotor 

In addition, Mallory C and QC controls of the 2-watt grounded 
rotor type—formerly covered by specification JAN-R-19, 
style RAI5—are also available. 

Into these military-type potentiometers go the same engi-
neering know -how and production skill that has made 
Mallory potentiometers the standard of qualit y in industrial 
and electronic fields. 

Precision built Mallory potentiometers and rheostats are 
used extensively in precision test equipment ...special medical 
and laboratory electric and electronic devices ... and in nu-
merous applications for aircraft. marine and radio trans-
mitting ami receiving equipment. 

Expect more... 

Get more from MALLORY 

Parts distributors in all major cities stock Mallory standard components for your convenience. 

MALLORY 
P. R. MALLORY CO..Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical — Resistors • Switches • Television Tuners • Vibrators 

Electrochemical—Capacitors • Rectifiers • Mercury Dry Batteries 

Metallurgical—Contacts•Special Meta Is and Ceramics•Welding Materials 

P. R. MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 
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Specifically designed and built to performance 
standards far beyond present concepts of 

potentiometer design, CANCPOT 
Instrument-Quality potentiometers are ready 

to solve multiple potentiometer problems. 
Rugged, aluminum-housed units with low 

torque, high performance; and long-life 
accuracy, cANcpars are presented in two 

sizes to fill all requirements. CANCPOT EXTRAS 
include solid, stainless steel shafts, toroidally 

wound coils for up to 360° windings, shielded 
ball bearings, syncro or screw type mounting, 

and adaptability to non-linear functional 
windings. Built without any bulky external bolts, 

clamps or rings, the CANCPOTS lend themselves 
to an unsurpassed versatility of design applications. 

For catalog and engineering data 
on these and other 

fine instruments write: 

Giannini INSTRUMENT QUALITY 

Self-locking screwdriver-actuated phasing 

adjustment. Each section easily adjusted to 

moximum resolution (one wire) in ± 11 ° range. 

21/7" diameter; 1/4 " shaft; 2,000 to 300,000 

ohms per section; 4 watts 01 25 ° C; 

1 to 6 sections; body length 4.8" max. 

SPECIFICATIONS 

RESISTANCE: 2,000 to 300,000 ohms/section (+ 5%). 
urtuidure's + 0.3% of total resistance. 
'own RATING: 4 watts per section at +25°C ambient. 
ELECTRICAL CONTACT ANGLE: 356 standard. (Any 
winding angle up to 360' on order). 
MECHANICAL SHAFT ROTATION: 360' continuous. 
TORQUE: Starting torque for 6-section unit: 1.2 oz.-in. 
TIMPIRATURI RATING: Operating range from — 55°C to 
+71°C ambient. 
ACCELERATION: Will function during acceleration of 50G, 
applied along any axis. 
WEIGHT, 4 oz. 'section. 

MODEL 83193 

Compact-rugged-accurate. A smaller version 

of the GANGPOT without the phasing feature. 

Diameter 11/4 "; 1/4" shaft; aluminum housing; 

500 to 70,000 ohms per section; 1 to 6 

sections; body length 3.5" max.; dual mounting; 

linear or non-linear windings up to 360 available. 

SPECIFICATIONS 

RESISTANCE: 500 to 70,000 ohms/section (± 5%). 
LINEARITY: 0.5% of total resistance. 
row!, RATING: 2 watts per section at +25°c ambient. 
ELECTRICAL CONTACT ANGLE: 354' standard (Any 
winding up to 360 on order), with the brush non - shorting. 
MECHANICAL SHAFT ROTATION: 360' contintious. 
TORQUE: Starting: less than 0.6 oz.-in. for a 6-section unit. 
TEMPERATURE itanwo: Operating range from — 54°C to 

71 C ambient. 
ACCELERATION: Will function during acceleration of 50G, 
applied along any axis. 
WRIGHT: I oz. per section. 

for modifications of fiandord specifications, 

please forward requirements. 

POTENTIOMETERS 

G. M. GIANNINI 8. CO. INC., PASADENA I, CALIFORNIA—EAST ORANGE, NEW JERSEY 
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Performing in 

8,000,000 
Television receivers. 

TVdS 

giaéldedid 

. . . Specified as original equipment by approxi-
mately 40 per cent of the industry . . . confirming 
Standard Coil's position as the world's largest 
manufacturer of TV tuners. 

All "Standard" tuners are easily and economi-
cally adaptable to any UHF station without any 
major adjustment. 

Call on Standard Coil for diversified, prompt, 
economical production—whatever your require-
ments in the electronic field. 

Alafflilad4eleCÉ h qtreeez 

TV Components 
Picture I. F. Transformers 
Cathode Trap Coils 
Video Peaking Coils 
Heater Choke Coils 
Sound I. F. Transformers 
Sound Discriminator 

Transformers 
Horizontal Oscillator Coils 
Horizontal Linearity 

Control Coils 
Width Control Coils 
I. F. Strips 
Flyback Transformers 

Radio and 

Miscellaneous 

Components 

I. F. Transformers 

R. F., Oscillator & 
Solenoid Coils 

Antenna Loops 

Ferrite Core Antennas 
Permeability Tuning 

Pre-selector 

Assemblies 
Miscellaneous Electro-

Mechanical Assemblies 

COIL PRODUCTS CO. INC. 

122.‘ 

CHICAGO • LOS ANGELES • BANGOR, MICHIGAN 

PROCEEDINGS OF THE I.R.S. March. 1953 



A visit with us will prove how we Control Uniformity 
in the manufacture of Metal-to-Glass Vacuum Seals. 



Vexes-. 
COUNTING 

PLUS CONTROL 
AT RATES TO 

40,000 CPS 
WITH 

PRESET COUNTERS 

--

DESCRIPTION—The Berkeley Preset Counter is an electronic decade with 
provisions for producing an output signal or pulse at any desired preset count 
within the unit's capacity. Any physical, electrical, mechanical or optical 
events that can be converted into changing voltages can be counted, at rates 
from 1 to 40,000 counts per second. Total count is displayed in direct-reading 
digital form. Presetting is accomplished by depressing pushbuttons corres-
ponding to the desired digit in each column. Model 730 Preset Decimal 
Counting Units are used. These are completely interchangeable plug-in units 
designed for simplicity of maintenance and replacement. 

APPLICATIONS—Flexibility and simplicity of operation make the Berkeley 
Preset Counter suitable for both production line and laboratory use. It has 
practical applications wherever signalling or control, based on occurrence of 
a predetermined number of events or increments of time is desired. Output 
signals from the unit can be used to actuate virtually any type of process con-
trol device, or to provide aural or visual signals. 

SPECIFICATIONS 

MAX. COUNT CAPACITY 

422 423 424 425 426 

100 1000 lo,000 100,000 1,000,000 

INPUT SENSITIVITY (MIN.) ± 1 v. to ground, peak; at least 2 µ sec. wide 

OUTPUT Choice of pos. pulse and relay closure, or pos. pulse. SPST 
relay closure approx. /30 sec; pulse output is + 125 v. 
with 3 p sec, rise time and 15 p sec. duration. 

PANEL DIMENSIONS 151/2 " x 83/4 " 19" x 83/4 " 
OVERALL DIMENSIONS 161/2 " x 101/4 " x 13" 203/4 " x 101/2 " x 15" 
POWER REQUIREMENTS 117 v. ± 10% @ 90w. 117 v. ±: 10% @ 180 w. 

PRICE (F.O.B. FACTORY) $375 $450 $595 $695 $795 

Model 

For complete information, please request Bulletin 203 

Êwtheleif Scien* 
division of BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVENUE • RICHMOND, CALIFORNIA 

"DIRECT READING DIGITAL PRESENTATION OF INFORMATION" 

What to see at the 
Radio Engineering Show 

(Continued trom 1,1ge f.-1) 

Firm Booth 
Hogue Electric Mfg. Co., Paterson 3, N.J. 4-205 
Magnetic Amplifier systems for voltage 
regulation of generators and power sup-
plies and speed and position control of 
r).C. motors, quality selenium rectifiers. 
400 cps supplies and D.C. supplies. 

Bomar Laboratories, Inc. 
Beverly, Mass. 

1-907 
For Gas So itching Tubes--Boinac 
has available an extensive line of TR, 
ATR, Pre-TR and Attenuator tubes 
covering all the frequency bands and 
power levels in use. Many types are 
in high level production; specialized 
types can be ,eipplitql on short notice. 

Bond Electronics Corp. 
Springfield, N.J. 

1-611 

Wire-wound resistors—coils and 
associated assemblies. 

Boonton Radio Corp. 
Boonton, N.J. 
2-251 & 522 

Q•Meters—Low Frei' henry ami VHF, FH•ANI 
Signal Generators. Signal Generators for 
Teleinetering. irrraf1 Nas into ion Receiver 
Siena I Generators. High Frequency Bridge«, 
i re raf t Instrument Landing System Signal 

Generators. S• Ka nil Radar Test Sets, In-
struments for Measuring Low Loss Insulating 
Materials. 

Borg Equipment Div. 
George W. Borg Corp. 

Janesville, Wis. 
2-517 

Borg Micropot Potentiometers, 
Borg Micropot Ten Turn Count-
ing Dials, Precision Frequency 
Standards. 

W. H. Brady Co., Chippewa Falls, Wis. 2-503 
Itradv self-sticking industrial products in-
cluding wire markers, special markers. 
lope markers, safety signs, masks and 
printed roll tape. 
William Brand Co., Inc., Willimantic, 
Cunn. 4-519 

Turbo Electrical Insulating Materials— 
Varnished Tubing. Saturated Sleeving, 
Turbotuf Tubing and Sleeving. etc.; Turbo. 
therm Insulated Plastic Wire. Extruded 
and Varnished Cambric Markers, etc. 
H. Braun Tool & Instrument, Inc., 140 

5th Ave., Hawthorne, N.J. 4424 
Beryllium copper and other metal stamp-
jugs, electronic contacts—grounding strips 
dat-springs-diaphragms. Aircraft propel-
ler precision parts and other metal fabri-
cation. 
B no's Technical Book Dept., New 
York 36, N.V. 2-501 & 502 

Technical books of all publishers in the 
fields of radio. television, electronics and 
nucleonics—including the related fields of 
mathematics and physics. 

(Continued on page 128A) 
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Most ferrite core users have learned by 

costly experience, that it's one thing to . 
obtain satisfactory samples—but quite 
another thing to have these sample cores 
reproduced in production quantities. 
But not at Stackpole! 

Stackpole Ceramag ferrite cores are 
outstandingly uniform in every physical 

and electrical respect. The production 
unit is exactly like the sample. Each 
production unit is exactly like the other. 

In short, Stackpole has perfected 

control of the complicated problems involved 
in handling ferrite materials. The result spells 

cores of outstanding uniformity in their elec-
trical characteristics, highly accurate physical 

tolerances and with the ability to withstand 

exceptionally high temperatures without 
permeability change for many specific uses. 

Write for Stackpole 
Ceramag Bulletin 

FIXED AND VARIABLE 

RESISTORS—LINE IL 

SLIDE SWITCHES 

CERAMAG® ferrite CORES 

IRON CORES 

($ide-tnolded, sleeve, cup, choke coil, 

threaded and conventional types) 

Electronic Components Division 

STACKPOLE CARBON COMPANY • St. Marys, Pa. 
MOLDED COIL FORMS— 

"GIMMICK" CAPACITORS, etc. 

eve you investigated 
....hese potential NEW 

Ceramag core uses? 
HIGHER TEMPERATURE OPERATION 

New equipment designed and sealed in ni-

trogen, due to high ambient temperatures 

imposed by miniaturization, poses a real 

temperature problem for permeability tuning 
cores as w•Il as for l-F transformer and R-F 

cores. This is solv•d handily by Stockpot' 

Ceramag cores thanks to the fact that they 

stand higher temperatures and show less 

drift than high-permeability iron cores. 

Ceramag cores assure high permeability with 

low losses in he supersonic-frequency range. 

Used as center cores in powdered iron pot 

cores operating at less than 1 megacycle, 

Ceramag increases L by approximately 100% 

and increases CI on the order of 50%? 

INCREMENTAL PERMEABILITY 

APPLICATIONS 

Recoup Ceramag is more easily saturated 

than conventional core materials, it is ideally 

suited for pulse generation, magnetic ampli-

fying and incremental permeability tuning. 

Recent experience indicates that th, unique 

characteristics of Stockpot' Ceramag help 

materially in minimizing "hash" and inter-

ference when the cares are used in th• 

nIt« systems of electrical equipment 

and tools. Inquiries ore invited. 
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er SORENSEN 

AC Regulo 

Model S 

8-14obatron 

Model 50088 

11 

AC REGULATORS 

Models available 
1-4-15 

(numbers denote 
VA capacities) 

150S 

250S 
500S (-2S) also 

1000S (-2S) also 
2000S 

3000S (-25) also 
5000S (-25) also 

100005 (-25) also 

15000-2S 

STANDARD UNITS AND SPECIFICATIONS 

Input 95-130 VAC, 14), 
in "-2$" models 

50.60—', 190-260 VAC 

Output 115 VAC :L-5%; 230 VAC with "-2$" models 

Reg. accuracy -170.1% against line or load 

Distortion 2% — 3% max. 

P. F. range 

load range 

Miscellaneous 

NOISATRONS• • 
(DC Supplys—low voltage) 

Models available 
(numbers indicate 
voltage & current) 

E-6-5A 

E-6-15A 

E-6-40A 

E-6-100A 

E-12-5 Also Model 

E-12-15 SWR-5 with 

E-12-50 output either 

E-28-5 6VDC @ 

E-28-10 10 amp 

E-28-30 or 

E-28-70 12VDC @ 

E-28-150 5 amp 

E-28.350 

E-125-10 

E-200-5 

Down to 0.7 

0 to full load 

Fully protected against overload or over-
voltage. Models 150S, 2505, 500S, 10005, 
50005, 10000S, and 15000-25 are self-
contained. Cabinets available for others. 

Input 95 — 130 VAC, 14., 50-60-- In heavy cur-
rent 28-volt series-115/208, 34'. 
wire, Wye. 

Reg. accuracy ±.-0.2% against line or load changes 

Ripple 1% RMS max. 

Load range 1/10 to full load 

Output range Adiustable -J-10%; down to —25% at 
lesser accuracy 

Recovery time 0.2 seconds— this value includes charging 
time of filter circuit for most severe change 
in load or input conditions. 

Miscall 

Note 

400~ EQUIPMENT:  

LINE REOULATORS 

Fully protected against overload and over-
voltage. 
Normally for rock mounting — cabinets 
available. 
Normal finish — gray wrinkle. 
Meters standard in some models; available 
in all. 

"A" models output either 6 or 7 volts. 

Similar to 60~ regulators except: 
Accuracy ±-0.5%; distortion 5% max.; 
VA capacities 250, 500, 1200, 2500. 

NOIATRONS• • 
Same general specifications as 60^- Nobatrons. 
Models 6VDC @ 40 amp, 12VDC (g) 10 amp., 
28VDC @ 10 amp. 

IhNOSATRONS•• 

(DC Supplys — 

high voltage) 

Variable Auto 
Transformer 

Ranger 

Model 811400 

Input 105-125 VAC, 14), 50— 60~. 

Load range 0—full load 

2i99Ie 10 mv (20 mv in 1000118) 

Model 

VDC 

32588* 

0-325 

0-125 

50088* 52088" 

0-500 200-500 

0-300 0-200 

56088• 

0-500 

0-200 

100088' 

200-1000 

0-500 

• meters furnished as standard equipment. 
regulation accuracy -±0.5% 
bias supply 0-150 VDC g) 0.5Ma (except model 
100088) 

•' no meters, no bias supply 
regulation accuracy ±-1.0% 

All have 6.3 VAC, 6-10 amperes, unregulated, C.T. 
except Model 100088 

''enree-veneeenrAntt.." 

*"Isotronic" is a registered trademark denoting the elec-
tronic regulation and control of voltage, current, power, 
and frequency. 

•• Reg. U. S. Pat. Oft. by Sorensen & Co., Inc. 

SEE US AT BOOTH 2-318, 319, I.R.E. SHOW MARCH 23-26 



PRODUCTS 
STANDARD UNITS AND SPECIFICATIONS 

RANGERS 

(Full-range-variablo 
DC Supplys) 

Input ronge 

Reg. accuracy 

Ripple 

Output 

95 — 130 VAC, 14,, 50 — 60—. 

-I-0.25% at any voltage setting. 

1% RMS max. 

Model SR-100 

VDC , 3-135 

Amps 1-10 

±0.01% ACCURACY MODELS 

SR-30 SR-2 

3-30 100-300 

330 linsUOiee 

Super-accurate 

AC Line Regulator 

Model 1001 

Load range 
Input volt. range 
Load P. F. range 
Output voltage 
Distortion 
Time constant 
Reg. accuracy 

O-1000 VA 
95 — 130 VAC, 14,, 55 — 65--
0.7 lagging to 0.95 leading 
115 VAC, 1rts (adjustable from 110-120 volts) 
3% max. 
0.1 seconds 
+0.01% 

DC Power Source for 
Spearophotometers 

Model E-6/2-5 Nobotron 

Input volt. range 
Output 
#1 for lamp 
#2 for filament 
#3 for bias 

Filtering 
#1 
#2 & 3 

Reg. accuracy 
Time constant 

95.130 VAC, 14), 50-60 cycles 

6VDC adjustable -±10% at 5 amperes 
6VDC at 100 Mo. 
2VDC adjustable -t-10% et 100 Ma. 

1% max. 
0.05% max. 
+0.01% against line changes 
0.1 seconds under most severe line changes 

FREQUENCY HANGERS 

MODELS 

FCD250 
FCD500 
FCD1000 

(the above change 50-
60 cycles to 400 cycles; 
capacities of 250, 
and 1000 VA. Input 
230 YAC ± 105,, 10, or 
208 VAC ± 10‘70, 115.) 

FC1000 

(the above changes 50-
60 cycles to 60 cycles 
regulated; capacity 1000 
VA. Input 105-125VAC, 
10.) 

Input voltage 

Input frequency 

105-125 VAC, 10 

50-60 cycles 

Output voltage 

Output frequency 

115 VAC, 10, adjustable between 
110-120 VAC 

60 and 400 cycles *10% 

Output voltage 
regulation *1.0% 

Output frequency 
regulation 

1-- I% in standard model 
*0.01% with auxiliary frequency standard 

0.1 to full load Load range 

Distortion 5% maximum 

P. F. range 

Time constant 

Down to 0.5 lagging 

0.5 seconds 

Envelope 
modulation 2% maximum 

DC POWER SUPPLIES 

INPUT 

DUAL OUTPUT (Model 350B) TUBELESS—GERMANIUM (Model 300G) 

105 - 125 VAC, 50 • 60.•-• , 12. 

OUTPUT 

Input 0-125 VAC, 10, 50-600. 

1. 175-350 VDC @ 0-60 Ma simul-
taneously from two independently 
adjustable outlets. 

2. 175-350 VDC @ 0-120 Ma from 
one outlet. 

3. 0-175 VDC @ 0-60 Ma from one 
outlet. 

4. 6.3 VAC @ 5 amps., C.T., un-
regulated. 

OUTPUT REG. 

RIPPLE 

SIZE 

1:1.0% max. or 1.5 volts (which. 
is greater). 

10 mv 

13" x 7y§" x 8" 

Output 0-300 VDC 

Load range 

Ripple 

O • 0.6 amps. 

2% at 300 v. to 5% at 100 y. 

Regulation No line regulation. 't 1.0r,i with output 
voltage setting between 100 and 300 VDC 
with a load change from .06 amperes to 
0.6 amperes. Useful performance available 
at lower output voltages (typical data 
available upon reqt 

0-125 VAC @ 115 volts input. 5 ampere 
capacity. Not available simultaneously 
with DC output. 

AC output 

mechanical—no meters. Size 12" s 8 x 8". 

COAST TO COAST 
Authorized Sorensen representatives and 
their field engineers are listed below. 
Find the one located nearest you — don't 
hesitate to call on him for consultation 
and advice. 

CALIFORNIA — HOLLYWOOD 
Neely Enterprises 
7422 Melrose Ave.; Phone Whitney 1147 

CALIFORNIA — SACRAMENTO 
Neely Enterprises 
1317-15th St.; Phone Gilbert 2-8901 

CALIFORNIA — SAN FRANCISCO 
Neely Enterprises 
2830 Geary Blvd.; Phone Walnut 1-3960 

COLORADO — DENVER 
Ronald G. Bowen 
852 Broadway 

D.C. — WASFUNGTON 
Burlincame Associates F, L. Harman 
2017 S St., NW.; Phone Decatur 8000 

FLORIDA — FORT MEYERS 
Arthur H. Lynch & Associates 
P. 0. Box 466, Phone 5-6762 

GEORGIA — ATLANTA 
Floyd Fausett & Son 
777 Pinehurst Terr.; Phone Raymond 3104 

ILLINOIS w• CHICAGO 
Loren F. Green & Associates 
4 949 W. Diversey Ave.; Ph. Notional 2-2370 

KENTUCKY 
H. A. Watson, Jr. 
817 Citizens Bldg.; Cleveland, Ohio 

MASSACHUSETTS — BOSTON 
Burlingame Associates — P. G. Yewell 
270 Commonwealth Ave.; Ph. Kenmore 6-8100 

MICHIGAN — DETROIT 
S. Sterling Company 
15310 W. McNichols Rd.; Ph. Broadway 3-2900 

MISSOURI ...SAINT LOUIS 
Harris Hanson Co. 
5506 S. Kings Highway 

NEW MEXICO — ALBUQUERQUE 
Neely Enterprises 
107 S. Washington St.; Phone 5.8731 

NEW YORK — SYRACUSE 
Burlingame Associates — J. D. Ryerson 
712 State Tower Bldg.; Phone 2-0194 

NEW YORK — NEW YORK 
Burlingame Associates 
103 Lafayette St.; Phone Digby 9-1240 

NORTH CAROLINA CHARLOTTE 
James L. Highsmith 
P. 0. Box 1011; Phone 5-643 6 

OREGON — PORTLAND 
The James L. Kearns Co. 
P. 0. Box 5108; Phone East 4331 

PENNSYLVANIA — PHILADELPHIA 
Burlingame Associates — Ivan Robinson 
7060 Garret Rd. (Upper Darby); 
Phone Flanders 2-1597 

PENNSYLVANIA — PITTSBURGH 
H. E. Ransford & Co. 
Grant Bldg.; Phone Grant 11880 

TENNESSEE KNOXVILLE 
A. R. Hough 
P. O. Box 1452; Phone 8-4312 

TEXAS — HOUSTON 
Earl W. Lipscomb & Associates 
2420-B Rice Blvd.; Phone Linden 9303 

TEXAS — DALLAS 
Earl W. Lipscomb & Associates 
5103 W. Lovers Lane; Phone Elmh•irst 5345 

CANADA — TORONTO, ONT. 
Charles W. Pointon 
1926 Gerrard St., East.; Phone Oxford 7435 

eee e SORENSEN See Us at Booth 2-3 1 8, 319 
I.R.E. Show, March 2 3-2 6 

SORENSEN AND COMPANY • 37% FAIRricin AVE.. ÇTAMFORr) rnhei, 



Ques: 
When is Steatite 

Better Than Steatite? 

—and here's why! 

1. Any material that is kept 
under' perpetual research and re-
development, as "Lavite" Steatite 
has always been, is naturally 
superior to like material pro-
duced to conventional standards. 

2. Your parts (trimmer bases, 
coil forms, strain reliefs, tube base 
sockets and hundreds of others), 
produced in "Lavite" Steatite may 
be extruded or pressed, and in 
either case machined to close tol-
erances. 

3. Being a product of private 
research, you are assured labora-
tory control in every step of 
production. 

4. Selection of specific properties 
is no problem. 

5. Unusual shapes and mechani-
cal oddities are accepted as 
routine. 

6. Perhaps metallizing of your 
parts will help you cut assembly 
time—a Steward Specialty. 

Remember—Steward's Engineers 
are Your Engineers. Use them 
often. Our recommendations are 
a service to you—no obligations. 

• Ask for booklet giving char-
acteristics of all "Lavite" Ceramics 
("Lavite" Steatite, "Lavite" Titan-
ates, 'Lavite" Ferrites and others), 

D. M. STEWARD 

MANUFACTURING CO. 
3605 Jerome Avenue, Chattanooga, Tenn. 

Sales Offices in Principal Cities 

What to see at the 
Radio Engineering Show 

(Continued from page 124A) 

Firm Booth 

Ersin Multicore Solders 
Div. of British Industries 

New York 13, N.Y. 

2-515 
"AVO" Line of Douglas and Mac-
adie Coil Winding Machines, Widney-
Dorlec Cabinets, "Expamet" Ex-
panded Aluminum Grill Material, 
Germanium Diodes. Srienium Recti-

N fiers, KT 66 Tube-. 111
111

111
111

111
111

II1
1,1

1t,
111

111
111
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Brooks & Perkins, Inc., Detroit 16, Mich. 1-706 
Magnesium assemblies for electronic sys-
tems—radar reflectors, pillbox-type wave 
guide, electronic housings, military equip-
ment, missile air-frame assembly, teletype-
writer housings. 

Brown Electro-
Measurement Corp. 
Portland 15, Oregon 

4-917 
PRODUCTS: Dekapots and Deka-
stats—Precision high resolution po-
tentiometers and rheostats featuring 
the BECO DEKADIAL. Portable and 
laboratory Impedance Bridges. Bat-
tery and ac operation null amplifiers. 
Miniature precision decade boxes. 

Browning Laboratories, Inc., Winchester. 
Mass. 2-10f & 107 

Introducing our new—Models OL-23 Oscil-
losynchroscope; 0A-16 Oscillosynchro-
scope; TVN-11 Power Supply: TAA-16B 
SVVR Amplifier; MD-33 Frequency Modula-
tion Monitor; RJ-42 FM-AM Tuner. 

Brush Electronics Co. 
Cleveland 14, Ohio 
1-809, 810, & 811 

Synthetic Prezo-Electric Materi-
als, Acoustic Products, Mag-
netic Recording Components. 
Industrial and Laboratory In-
struments and Hypersonic Gen-
erator and Transducer. 

H. Il. Buggie and Co. 
Toledo I, Ohio 

l-520 
Many types of special and 
standard connectors (Recepta-
cles and plugs ) cable assemblies 
and component parts for the 
electronics industry. 

BURLINGAME ASSOCIATES 
LABSCOPE 

haledy 

precision 
equal-amplifier 
OSCILLOSCOPES 

cold-cathode, indus-
trial CONTROLS and 
COUNTERS—totalizing 
and preset 

BOOTHS: 2-135-136 

(Continued on Page 130A) 
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delivery 

pric 

TRU-OHM VITREOUS 
ENAMELED RESISTORS 
— A complete line ready 

for shipment! 

e 

NOW Available! 
50 watt - 75 watt - 100 watt - 150 watt 

(25 watt available shortly) 
Special Features: -

* tapered windings 

* switch combinations 

* off positions 

* special shaft assemblies 

* tandem assemblies 

May we have your prints 
for quotations and sam-
pling? Prompt and cour-
teous service is assured. 

we guarantee immediate delivery regardless of 

quantity, value and sizes. 

guarantee that our prices will always save 

ou money 

quality e guarantee our engineering techniques and 

lection of materials will provide the finest 

oducts available. 

approva guarantee to meet the requirements 

the most rigid specifications. 

TRU-OHM RHEOSTATS and RESISTORS are approved by the 

foremost manufacturers for civilian and 9overnment applications. 

etiem PRODUCTS 
Division of 

Model Engineering 
& Mfg., Inc. 

2800 N. Milwaukee Avenue, Chicago 18, III. 
Factory: Huntington, Indiana 
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here's how a 

LEDEX ROTARY SOLENOID 

operates... 

/he magnetic pull moves the armature along the 
Solenoid axis. This action is efficiently converted into 
o rotary motion by means of ball bearings on inclined 
roces. The inclined ball races are made to compensate 
for the magnetic pull increase as the Solenoid air gap 
closes, thereby providing substantially constant torque 
throughout the Solenoid stroke. The rotary snap-action 
power of the Ledex can be efficiently harnessed with a 
minimum of linkages, through the use of one or more 
standard features available on all models 

here's why LEDEX 

ROTARY SOLENOIDS 

are dependable! 

tj 

As can be seen from the exploded view, Ledex Rotary 
Solenoids are simply constructed with few moving parts. 
All parts are manufactured to exacting tolerances and are 
carefully inspected and assembled. 

The copper wire coil, the heart of the Solenoid, was 
developed especially for this product. It is wound by a 

\ precision winding process that puts a maximum amount 
of magnet wire into available space . . . giving tre-
mendous power to compact Ledex Rotary Solenoids. 

six basic LEDEX 

ROTARY SOLENOIDS 

to choose from! 

Model Number 2 3 5 6 7 

11/8  1)(4" 17/8" 2%" 234  3%" Diameter  

Torque lb.- in.* % 1 5 10 25 50  

Weight lbs. I%  1/2 1 2y, 4%  

•45 ° stroke intermittent duty. 

Engineering data is available upon 
Write for descriptive literature today! 

request. 

123 WEBSTER STREET, DAYTON 2, OHIO 

t\ 

What to see at the 

Radio Engineering Show 

(Continued from page 128,4) 
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Burlington Instrument Co. 

Burlington, Iowa 

2-323 

AC and DC Electrical Indicat-

ing Instruments. 

•=à 
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Firm Booth 
Burroughs Adding Machine Co., Phila-
delphia 23, Pa. 4-921 

Computer components;Pulse control units; 
computation services. 

TRUSTWORTHY NAMES IN 

ELECTRICAL PROTECTION 

Bussmann Mfg. Co., St. Louis 7, Mo. 3-120 
Buss Fuse Display will show small dimen-
sion fuses of various types. Fusetron dual-
element (slow blowing) fuses, fast acting 
fuses for instrument protection—and fuses 
of all types for the protection of television, 
radio, controls, avionics, and automobiles. 
Plus many kinds of fuse blocks, fuse clips 
and fuse holders. 

CGS Laboratories, Stamford, Conn. 2-125 & 126 
Increductor controllable inductors—no mov-
ing parts. Dynamic display showing wide 
range of response, operation at high and 
low frequencies, fast response, Q-meter 
demonstration. Microwave miniaturized S. 
Band cavity oscillator using pencil tube 
series, ruggedized to meet up to 1000 G 
acceleration. Stable to -I- 2 nic under all 
operating conditions. 

C & H Supply Co., Seattle. Wash. 3-526 
Metal-Cal. identification name plates and 
circuit diagrams. 

The Calidyne Co., Winchester, Mass. 2-518 
VIBRATION TEST EQUIPMENT— Cali. 
dyne electro-dynamic Shakers-25 pound, 
600 pound, 1250 pound, and 2500 pound force 
output. Accelerometer and Velocity Pickup 
Calibration Systems. Accelerometers and 
Accelerometer Couplers. Vibration Meter 
and Signal Monitor for velocity signal 
generators. Vibrascope, Calivolter. 

Cambridge 

Thermionie Corp. 

Cambridge 38, Mass. 

2-218 

Electronic Components, Termi-
nals, Terminal Boards, Coils, 
Coil Forms, Insulated Units, etc. 

Canadian Radium & Uranium Corp., 630 
Fifth Avenue, New York 20, N.Y. 4-522 

Consult us on all luminous applications to 
instrument dials, panels and all other 
components. We manufacture complete 
dials, panels, etc.. to your specification. 

(Continued on page 132A) 
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Our broad experience in metal-
ceramic combinations is avail-
able to you on your request. 

5 1 ST YEAR OF CERAMIC LEADERSHIP 

Lead-Through Hermetic Terminals 
(Designed for soft-soldering) 

Superior ceramic terminals for hermetic seals are 

now available in an AlSiMag Alumina Body which 

meets L5A Requirements of JAN-I-10 specifications. 

Some sizes and styles are carried in stock ... or 

they can be custom made for your specific require-

ments. STOCK ITEMS ARE SHOWN IN BULLETIN 

NO. 524, SENT ON REQUEST. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

OFFICES. METROPOLITAN AREA : 671 Brood St., Newark, N. J., Mitchell 2-8159 • SYRACUSE, N. Y.: 330 Arlington Ave., Phone 76-5068 • CLEVELAND: 5012 Euclid Ave., Room 2007, Express 1-6685 

NEW ENGLAND: 1374 Moss. Ave., Cambridge, Mass., Kirkland 7-4498 • PHILADELPHIA: 1649 N. Broad St., Stevenson 4-2823 • ST. LOUIS: 1123 Washington Ave., Garfield 4959 

CHICAGO: 228 N. LaSalle St., Central 6-1721 • SOUTNWM. Inhn à nr.on RRIC ruin!. 0050 • Inc Autru c4n, u n. 



new 

HEPPNER 
"GUARANTEED COUNT" ELECTRO-DYNAMIC 

speakers 
With EXCLUSIVE "No-Rub" Voice Coil 

ABSOLUTE UNIFORMITY TO YOUR SPECIFICATIONS BECAUSE: 

• EACH FIELD COIL GUARANTEED TO CONTAIN GIVEN NUMBER OF 

TURNS within standard tolerance. Quality fully controlled 
because all coils are wound by Heppner. No wire-stretching 
or other quality-reducing shortcuts. Resistance and wire 
size to your exact specifications. 

• THE EXCLUSIVE HEPPNER PERFECTLY ROUND "NO-RUB" VOICE 

COIL is now available in Electro-Dynamic Speakers. This 
coil is installed perfectly round by means of a Heppner 
developed process which eliminates all egg-shaped coils 
which cause rubs. 

Electro-Dynamic Speakers are available with or without 
bucking coils, transformers, plugs and/or brackets to your 
specifications. 

Engineered for efficiency and fine acoustical performance. 
Exceptionally thorough final inspection. 

Write for 

further information today. 

Available in 3", 4", 5", 6%", 

10", 12" sizes. 

HEPPNER  
MANUFACTURING COMPANY 
Round Labe, Iffinols(50 Wes Northere,t Cl Chicago) 
Phone: 6-2161 
SPECIALISTS IN ELECTRO-MAGNETIC DEVICES 

Representatives: 
James C. Murreleworth 
506 Richey Ave., W., Collingsmaiad, N. J. 
Ralph Harley 
2417 Kenwood Ave., Ft. Wayne 3, Indiana 
liv. M. Cochrane Co. 
408 So. Alvarado St., Los Angeles. California 

What to see at the 
Radio Engineering Show 

Coutientel fr,en page 1304) 

Cannon Electric Co. 
Los Angeles 31, Calif. 

2-512 
The widest selection of multi-contact 
electric connectors, including Mil 
Spec. types "AN," etc. Audio types 
P, 0, X, XK, XL, U. Subminiatures 
will be featured, together with her-
metic sealed also in sub-miniature. 
DC Solenoids are included in the 
exhibit. 

Capitol Radio Engineering Institute, 
Washington 10, D.C. 3-106 

CREI home study courses in Radio. Elec-
tronics and Television Engineering. 
Carboloy Dept., General Electric Co., De. 

troit .32, Mich. 1-601 
Carboloy Permanent Magnets, Carboloy 
Thermistors, and some suggested applica-
tions of these products. The display will 
also include one or two customer participa-
tion units. 

eninnimmuuntimiirlip nwinto ,,linillintliummunin1111111t_s 

-5= Cargo Packers, Inc. 
Brooklyn 11, N.Y. 

-1-802 
Custom engineered packaging for the elec. 
ironies industry featuring climate proof and 
shock proof designs for all applications— 
military and civilian. See fresh new ap-
proaches to transmitter tube and magnetron 
pack design. Specializes in packaging and 
packing of extremely delicate, sensitive elec-
tronic assemblies and components. 

Centralab 
A Div. of Globe-Union Inc. 

900 East Keefe Ave. 
Milwaukee 1, Wisconsin 

SINCE 1922 
"First in Components Research" 

Centralab Div. of Globe-Union, Inc., Mil-
waukee 1, Wis. 2-403 & 404 

The latest engineering developments and 
items produced by the pioneer and leader 
in electronic components. On display are 
new variable resistors, ceramic capacitors, 
rotary tone, lever, slide, and power 
switches, ceramic insulators and forms. 
and printed electronic circuits. Commercial 
and Military applications are covered. 

Century Geophysical Corp., Dallas, Texas. 3-203 
Recording Oscillographs, Recording Gal. 
vanometers, Linear-Integrating Amplifiers, 
Carrier Amplifiers. 

Chase Resistor Co., Morristown, N.J. 4-712 
Miniature hermetically sealed deposited 
carbon resistors for high temperature ap-
plication. Rod and Disc, coated resistors 
for Microwave frequencies. Glass scaled 
helium filled resistors for precision net-
works. 

Chatham Electronics Corp. 

Livingston, N.J. 

4-512 

Electronic Tubes and Portable 
Equipment Units. 

132A 
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Winchester le ctron ics Incorporated 

ELECTRICAL CIRCUIT 
CONNECTORS 

..can solve your toughest weight and space problems! 

SERIES "A" 

1/2 ACTUAL SIZE 

SERIES 

"HM RE" 

ACTUAL 

SIZE 

SERIES "SMRE" 

ACTUAL SIZE 

SERIES 
"CR" 

1/2 ACTUAL 

SIZE 

SERIES "MR[" 

1/3 ACTUAL esze 

Our Engineering and Development Department can 
help you with your requirements tor special connectors. 

DESCRIPTION Types Available 

LIGHTWEIGHT 

AIRCRAFT TYPE 

Polarized; Rack. Panel 
or Cable mounted—with 
I loud or Clamp and Cable 
st rain relief. 

Receptacle Plug 

AIS A7P 
AIOS AlOP 
A1SS Al5P 
Ales Al8P 

(Figures in above Code 
Nos. Inditate number of 
contactS.) 

HERMETIC PLUG 

Each special contact fused 
in giants into special base 
plate provided for sol-
dering into a rectangular 
hole in an hermetically 
sealed housing or bulk-
head. Used with Stan-
dard "MBE" Receptacle. 

Plug 

HMRE7P-G 
HMRE9P-G 
HMRE14P-G 
HMRE18P-G 
HMRE20P-G 
HMRE21P-G 
HMRE26P-G 
HMRE34P-G 
HMRFOIP-G 
HMRESOP-G 

(Used with Standard 
MR E Receptacles) 

SUB-MINIATURE 

For Aircraft. Instruments 
and Portable Equipment 

Light weight. Polarized, 
Self-aligning with me-
nial guide pins. Rack. 
Panel or Cable mounted 
with loon and Cable 
strain relief. 

Receptacle Plug 

SMRE7S-G SMRE7P-G 
SMRE14S4 SMIE14P.G 
SMRE20S-6 SMRE2OP•G 
StARE26S-G SMRE26P-G 
SMRE29S4 SMRE29P-G 
SMRE34S-G SMRE34P-G 

(Other sizes to meet 
your requirements) 

MINIATURE 

PRESSURE-TIGHT 

This connect n- is it 
.4 several revolt designs 
requiring a miniature 
connector (1" dia. z 1.36. 
lath.) in an aluminum 
die-cast shell. It is 
sealed with neoprene 
,askets around the in-
serts and around each 
initact for pressure-tight 
'instruction. 

Receptacle 

(Panel) 

Plug 

(Cable) 

CRS-25 CRS-2P 

(Standard type, pin 
contacts in Plug) 

CRS-2P-R CRS-21-R 

(Reversed type. Pint 
contacts In receptacle) 
(6 contacts 2O AWG) 
(2 contacts 818 AWG) 

MINIATURE 

For Aircraft, Instruments 
and Portable Equipment 

Light weight, Polarized. 
Self-aligning with spe-
cial guide pins. Rack. 
Panel or Cable mounted 
with hood and Cable 
strain relief. 

Receptacle Plug 

MRE7S-G MRE7P-G 
MRE8S-G MRE8P-G 
MRE9S•G MRE9P-G 
MRE12-2S.G MRE12-2P-G 
MRE14S-G MRE14P-G 
MRE18S-G MRE18P-G 
MRE20S-G MRE20P-G 
MRE21S-G MRE21P-G 
MRE26S-G MRE26P-G 
MRE34S•G MRE34P-G 
MRE411-G MRE41P-G 
MRESOS-G MRESOP-G 
MRE75S-G MRE75P-G 

MANY FEATURES are covered by our Pat. No.'s 161900, 162795, 
2411861, 2466:370, 2511080, 2526325, 2532538. Other Pats. Pend. 
MONOBLOC* CONSTRUCTION eliminates unnecessary creepage paths 
and reduces possibility of moisture and dust pockets and provides 
stronger molded parts. 
MOLDED MELAMINE body parts insure greater mechanical strength 
and high dielectric and are resistance. 
PRECISION MACHINED CONTACTS are gold plated over silver for con-
sistent electrical conductivity, prevention of corrosion and ease in 
soldering. 

Connectors &components meet applicable government specifications. 
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SERIES "SA" 

SERIES "B" 

2/3 ACTUAL SIZE 

SERIES 

ACTUAL 

SIZE 

SERIES "ORE" 

2/5 ACTUAL SI r 

SERIES 

4/5 

ACTUAL 

SIZE 

SERIES "F" 

S/n ACTUAL SIZE 

Write or telephone our 
Engineering Department 
for information on the 
above or other connect-
ors—or for consultation 
on difficult connector 
problems. Many other 
standard and special 
types available. 

•Tr.le Slack 

West Coact Emrich: 

1729 WILSHIRE 
BOULEVARD 

SANTA MONICA. 
CALIFORNIA 

DESCRIPTION 

MINIATURE INSERT IN 

SPECIAL SHELL 

Aluminum vile-cast shells 
available in 37A" and 
1-7/32" dia. with imyo-
net locking for quick 
engage and disengage. 
Shells have synthetic 
rubber gasket'n. Flanges 
permit nuninting of re-
ceptacle in panel or 
housing and special gland 
construction provides ca-
ble entry in plug. 

Types Available 

Receptacle Plug 
(Panel) (Cable) 

8125 8I2P 
1114S 814P 
82IS 824P 
(Standard type. Pin 
contacts in plug.) 

812P-R 812S-R 
1114P-R 814S-R 
824P-R 824S-R 
(Reversent type, pin 

contacts in receptacle.) 
(Figures in above Code 
Nos, indicate number of 
contact..) 

LIGHTWEIGHT 

AIRCRAFT 

SMALL 

Polarized: Rack. Panel 
or Cable mounted—with 
Ilood or Clamp and 
Cable strain relief 

Receptacle Plug 

SAM SA7P 
SA1OS SA1OP 
SA1SS SAISP 
SAM SA18P 

(Figures in above Code 
Nos, indicate number of 
contacts.) 

HERMETIC PLUG 

(Round Hole) 

Special contacts fused In 
glass Into special base 
plate provided for sol-
dering into a round hole 
in an hermetically sealed 
housing ier bulkhead. 
l'sed wit h Standard "M'• 
Receptacle. 

Plug 

HAW 
HMSP 
IfM7P 

(Used with Standard 
M45. MSG or M7S 

Receptacles) 

QUICK-

DISCONNECTING 

SELF-ALIGNING 

Spring - bailed contacts 
for ease in separation. 
Self-aligning with sne-
(dal golnle pins. Rack. 
Panel or Cable mounted 
vvith flonint and Cable 
strain relief. 

Receptacle Plug 

°REIS CIRE6P 
CIRE12S CIRE12P 
ORE18S ORE18P 
ORE24S ORE24P 
ORE345 ORE34P 
CIRE208S ORE208P 
AORE12S AORE12P 
MAORE18S MAORE181 

MINIATURE 

For Aircraft. Instruments 
and Portable Equipment 

Light weight. Polarized, 
Locking Ring. Panel or 
Cable mounted with 
Iinmd and Cable strain 
relief, 

Receptacle Plug 

SM2S SM2P 
MIS NIP 
MSS MSP 
PM6S PM6P 
MIS IMP 
MSS M9P 
M12S MI2P 
M48S 

(Figure. In above Code 
Nos. indicate number of 
cont arts. 

SPECIAL CONNECTORS 

Unique design permits 
the use of two sizes of 
wire — tie, and 814 
A WC—and assures uni-
form electrical and mat-
ing characteristics. 
Light-weight. polarized 
and panel mounted. these 
connectors are available 
with or without guides. 

Receptacle 

F5S-G 
F25-8P-G 
F9S-9P-G 

Plug 

FSP-G 
F2P-11S-G 
F9P-95-G 

(Figures in above Code 
Indicate number of 

contacts. First figure for 
820 ASV(. second figure 
for in4 AVG.) 

WINCHESTER 

ELECTRONICS 
INCORPORATED 

GLENBROOK, CONNECTICUT, U.S.A. 
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CUBIC'S SIDED COVERAGE 
I ls 

/ I PROVIDES YOU WITH THE 

WORLD'S FINEST PRECISION 

• MICROWAVE & 
RADAR 

COMPONENTS 
• ELECTRONIC 
INSTRUMENTS & 
TEST EQUIPMENT 

CUBIC MICROWAVE ENGINEERS —specialists in the 
field since the inception of Radar in World War 11 
—start with electronic problems and ideas, and 
convert them into the most accurate precision-built 

electronic instruments and equipment! We welcome inquiries—not only in connection 
with our rapidly developing list of products—as represented below—but on ideas, 
problems, or design of microwave assemblies of your own specification you may 
want developed and produced. 

MICROWAVE 
CALORIMETRIC 
WATTMETER 

portable ... for lab and field use ...to 
measure absolute microwave power. 

Frequency Range: 2600 MC 
to 26500 MC 
Max. VSWR: 1.1 
Max. Perak Power: 600 KW 

COAXIAL 
CALORIMETRIC 
WATTMETER 

Frequency Range: 200 MC to 3000 MC—Max. VSWR: 1.5 over range—Max. Peak Powers 

I 5/,'" Coaxial rating 

MICROWAVE (X-BAND) 4 PULSE MEASURING 
WATTMETER 

ELECTRONIC DIRECT- k 
READING PHASE METER r 
Frequency Range: 20 to 50,000 cycles 
0-360 degrees 

..3 

for measuring peak power of microwave 
pulses from signal generator; or radar systems. 

Shown at left are a few or our 
standard microwave components 
available as catalog items. Special 
purpose wave guide assemblies de-
signed to customer's specs can also 
be produced. 

evoted Exclusively to Electronics tà. 

SCOTT 8, CANON 
SAN DIEGO 
CALIFORNI 

What to see at the 
Radio Engineering Show 

(Continued from page 131.4) 

Chester Cable Corp. 

Chester, N.Y. 

4-704 

Electrical wires and cables. 

Chicago Telephone 
Supply Corp. 
Elkhart, Ind. 4-608 

For your military and commercial re-
quirements a complete line of wire-
wound and carbon composition vari-
able resistors will be shown. JAN-R-
19, JAN-R-94 and other military 
types of variable resistors available 
for immediate delivery from stock 
will also be displayed. 

Ciba Company, Inc., New York 14, N.Y. 4-908 
Resins and adhesives of interest to the 
electronics industry—Araldite, Redux. 
Cibanite. 

Harold B. Jones Div. 
Cinch Mfg. Corp. 

Chicago 24, Ill. 

2-505 ék 506 

Electrical Connecting Devices. 

C. P. Clare & Co. New York 17, N.Y. 2-30f 
Relays for electric, electronic, and in-
dustrial uses. Hermetically sealed relays. 
Stepping switches. Lever keys and push 
keys. 
Clarostat Mfg. Co., Inc., Dover, N.H. 

2-507 & 508 
Precision Potentiometers—Miniature Com-
position Potentiometers — Wire-Wound 
Miniature Potentiometers. Resistors and 
Resistance Devices for Communications— 
Radar—Aircraft—Television and Radio 
and Home Appliances. 

E 

É 
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Cleveland Container Co. 
Cleveland 11, Ohio 

Clevelite the paper base laminated 
phenolic tube—various grades and 
fabrications—also "Torkrite" the an-
swer to stripping and torque prob-
lems encountered in coil forms re-
quiring the use of iron cores or metal 
inserts. 2-309 
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Sigmund Cohn Corp. 
Mount Vernon, N.Y. 

2-214 

Precious metal products, very 
small wires, gold plated wires, 
and enameled wires; gold and 
rhodium plating solutions. 

(Continued on page 136A) 
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PRECISION 
IS THE WATCHWORD 

TODAY IN ELECTRONICS 
... as technological 
advancements call for 

circuits of increasing accuracy 
and dependability! 

• • 

C 1 — 683 mmf. 
500VDCW 
char. "F" 

Elmenco 

• 

The key to 
high precision and stability 

lies in proper selection of mica capa-
citors, mode possible through our 
ability to provide ANY CAPACITY 
at ANY TOLERANCE with the highest 
characteristics within the ranges speci-
fied for molded mica capacitors. 

SINGLE UP TO DUAL UP TO 
15000 MMF 30000 MMF 

TRIPLE UP TO 45000 MMF 

Any Capacity 
Any Tolerance (to 0.5%) 

JAN Characteristic "F" or Better 
for Most Capacity Values. 

All capacitors are ELMENCO 

and are manufactured in ac-
cordance with JAN-C-5 specifi-
cations. Known the world over 
for their reliability under all 
operating conditions, ELMENCO 
CAPACITORS are chosen by 

manufacturers requiring the 
highest quality components for 
their products. 

Write for our free descriptive catalog 
and for information regarding your 
special product requirements. 

ARCO 
ELECTRONICS INC. 

• eeeeeeeee 
• 

103 LAFAYETTE ST., N. Y. 13, N. Y. 

WE WILL BE AT BOOTH 4-308 
AT THE I.R.E. SHOW 

PROCEEDINGS OF THE I.R.E. March, 1953 

TODAY'S COMMUNICATION TREND 

IS TOWARD SINGLE-SIDEBAND 
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TRIPLE-DIVERSITY 
SINGLE.SIDEBAND 

MODEL 155 

- e 
«et**. 

I; • 
*-111•41re 

ekà., 

be_ 
SINGLE.SIDEBAND 

MODEL 47 
RECEIVER 

ee ete 

BOOTH 
4-808 

I.R.E. SHOW 

GRAND CENTRAL 
PALACE • N.Y.C. 
MARCH 23-26 

• 

The Crosby Triple-Diversity Single-Sideband Receiver, Model 155 
(left), and Single-Sideband Receiver, Model 47 (right), provides the 
ultimate in performance for long-range radio reception. Receives all 
forms of double and single-sideband transmission including reduced-
Carrier single-sideband transmission and amplitude-modulation or phase-
modulation transmission. 

For program, voice, tone-multiplex and twin-channel operation: 
optimum performance in rejecting interference; protected against 
jamming; precision performance. 

The equipment is approximately one-third the size, weight and cost 
of single-sideband receiving equipment heretofore available, yet pro-
vides a new standard of performance under severe conditions of 
interference and fading. 

The complete triple-diversity equipment, Model 155, is contained in 

one standard-size cabinet rack. The Model 47 single-sideband receiver 
requires only 28" of vertical panel space. 

• Send for our descriptive booklets on this 
equipment, giving complete details. 

11 
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Broadcast 

List Price $125.00 

Here Are the NEW 

Hi-Fidelity Slender Series 

Bi-Directional Gradient' Microphones! 

"315" 
General Purpose 

List Price $75.00 

• These microphones outperform all other "slender" microphones—because of their advanced 
acoustical, electrical and mechanical features. Both models permit greater performer freedom (per-
former.; can stand at a 73% greater distance from the microphone!) The "300" and "315" wil pick 
up voice and music from front and back —yet discriminate against unwanted noises from the sides. 
They reduce reverberation and the pickup of distracting random,' noises by 66%! 

• Model "300" Broadcast is specially designed to meet the exacting requirements of TV, radio 
broadcasting, and recording. It has a special "Grayje" subdued. non-reflecting finish that blends 
into the background, gives the spotlight to 
the performer. lias a "Voice-Music" switch 
for perfect reproduction of the soloist work-
ing at close range, or for the distant instru-
ments of the orchestra. Special vibration. 
isolation unit eliminates "handling" noises 
and the pickup of floor vibrations. Model 
"315" General Purpose is similar in size. 
design and technical features to the Model 
"300." It is finished in rich, soft chrome— 
ideal for those public address applications 
where its streamlined design and beauty 
lend prestige to any setting in which it is used. 

IMPEDANCE TABLE OUTPUT LEVEL 

L-35-50 ohms 59.5 db below 1 Milliwatt 
per 10 mirrobar signal 

M-150-250 ohms 
60.0 db below 1 Milliwatt 

per 10 microbar signal 

H—High 
59.5 db below 1 volt per 

microbar 

SHURE BROTHERS, Inc. * Manufacturers of Microphones and Acoustic Devices 

225 West Huron Street, Chicago 10, Illinois • Cable Address: SHUREMICRO 

What to see at the 
Radio Engineering Show 

(Continued from page 134A) 

Coil Winding 
Equipment Co. 

Oyster Bay, L.I., 

3-521 

WX WINDING MACHINE 
Continuously Variable Cain for Lattice Wind-
log. Continuously Variable Wire Spacing on 
Bobbons, Transformers, & Single Layer Coil ,. 

Coil Winding Equipment Co., Oyster Bay, 
N.Y. 3-521 

Showing the latest developments in equip-
ment for the winding of coils—Equipment 
for Laboratory. Schools, and Production. 
Engineering help on special problems. 
Special designs for winding stator coils. 
self-supporting layer wound coils, and 
coils with cotton inter-weaving. Unique 
cam design provides variable throw with-
out backlash at high speeds. 

Collins Radio Co. 
Cedar Rapids, Iowa 

1-801 & 806 

Transmitting, Communications 
and Electronic Equipment. 

linamiummuummininumminimunmmuununniniumuummummunimummimur-

Communication 
Measurements Lab., Inc. 

Plainfield, N.J. 
4-118 

Electronic Generators, Power 
Supplies, Rotobridge, Strobo-

E scope, Megohmmeter and 
Printed Circuit Package. 

3 

3 

LIIIII111111111111111111111111111Irlinniiii 1111,-; 

Condenser Products Co., Chicago 26, III. 2-112 
Plasticon Capacitors. 

Connecticut Telephone & Electric Corp., 
Meridien, Conn. 3-307A 

Signal generator covering the complete 
rage of VHF to UHF frequencies. Hand 
microphone. Miscellaneous head set and 
hand sets. Miniature motors. Carrier equip-
ment consisting of ringer filter units and 
voice frequencies line unit. Decibel meter. 

Consolidated Engineering Corp., Pasadena 
16, Calif. 4-413 & 415 

"Sadie" data processing equipment, analog 
to digital converters, recording oscillo-
graphs, vibration meters, pickups and 
transducers, leak detector (mass spectrom-
eter type), micromanometer, vacuum 
gauge, and other electronic analytical in-
struments. 

Consolidated Vacuum Corp., Rochester 3, 
N.Y. 2-408 & 409 

Featuring new 16 head high speed rotary 
exhaust machine for electron tubes; small 
compact, semi-automatic frequency crys-
tal coater; 10-Port Vacuum Manifold Sys-
tem for leak testing and backfilling her-
metics. Also expanded range Philips vacu-
um gauge, halogen sensitive leak detector, 
plus accessory high vacuum equipment 
items. 

L. L. Constantin & Co., Lodi, N.J. 4-422 
Manafacturing Engineers specializing in 
all varieties of metal-to-glass vacuum 
seals. Included in the complete line are 
crystal holders, multi-pin headers, single 
terminals, single and seals, multi-pin con 
plugs, vacuum coating equipment and pre-
cision parts. 

(Continued on page 140A) 
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FREQUENCY CONTROL r\ 
FOR MILITARY Xlr ICATION 

?An BLILEY FREQUENCY OP RATING 

CRYSTAL CRYSTAL RANGE RATURE 

UNIT HOLDER MEGASJIS SP(Centigrade) 

FREQUENCY 

TOLERANCE OVER 

OPERATING RANGE 

' 

1' 

__CR 
.. 

Y111 

0 

CR-15 Aloe /8g70.19999 -40° to +70° + .01% 

CR-16 

CR-18 

CR-19 

AR23W 0.080 - 0.19999 -40° to + .01% 

BH6A 0.8 - 15.0 gail-0113 0° + .005% 

BH6A -55° to +90* + .005% 

CR-23 416/9 .0 - 75.0 -55° to +90° + .005% 

CR-24 

CR-27 

BtI7A 15.0 - 50.0 -55° tc,TMIlr + .005% 

BH6A 0.8 - 15.0 ... 00 "Mr ± .002% 

CR-29 

BH6A +70° to +80° + .002% 
CR-28AR2 

4it . 80 - 0.19999 +70° to +80° 

CR-30 AR23W 0.080 - 0.19999  ei-±iies 
CR-32 BH6A 10.0 - 75.0 .... ° + .002% 

-33 BH6A 1 0110 le -55° to +90° + .005% 

CR-35 BH6A Jei 1r800 - 20.0 +80° to +90° + .002% 

4,51,tee 
7 ± .02% 

CR-36 BH6A 0.800 - 15.0 + 0° to + 0° 

CR-37 BH9A 0.091 - i ' 0° 

CR-42 BH9A 0.1 . iy_: to 80° + .003% 

CR-44 BH6A 015.' iell +80° to +90° + .002% 

CR-45 BH6A 0.455 -40° to +70° + .02% 

CR-46 BH6A 0.2 - 0.500 -40° to +70* + .01% 

CR-47 BH6A 0.2 - 0.500 +70° to +80* ± .002% 

BULLETIN NO. 43 CONTAINS A QUICK 

REFERENCE INDEX FOR MILITARY TYPE 

CRYSTAL UNITS ---SENT UPON REQUEST  

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING, ERIE, PA. 

PROCEEDINGS OF TIIE I.R.R. March. 12); 
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horizons unlimited  

Inhibitions must be stifled if creative development is to have full 

freedom of expression. Only with a young, imaginative, 

"of course it can be done" attitude are the 

great advances of this modern era accomplished. 

_teta-y 
has earned its place among the leaders in precision instrumentation 

on the record of its virile development and production staffs. 

Throughout its cumulative years of accomplishment, Ketay has confined 

its efforts to the development, engineering, and production of new 

types of electro-mechanical and electronic equipment. 

Today, industrial and government orders almost fill the Ketay 

plants on both coasts. Currently in production is the miniaturized 

highly precise Ketay Resolver—a type which opens new 

horizons in automatic control operations. Ketay de-

velopments are geared to performance above and 

beyond present military standards—which, in turn, 

were set by earlier Ketay product capabilities. 

Tomorrow, and for many tomorrows to come, 
Ketay is dedicated to a relentless search for new ways 
to solve the electronic problems of American Industry. 

1953 Radio 
Engineering 

Show 

EximmoR 

etay- MANUFACTURING CORP. 
iew York, N.Y. Hawthorne, Cal. 

Executive officer: 555 Broadway, New York 12, N.Y. 

DESIGN 

DEVELOPMENT 

SYNCHROS SERVOS 

RESOLVERS MAGNETIC AMPLIFIERS 

AUTOMATIC CONTROL SYSTEMS 

ELECTRONIC EQUIPMENT 

=ECM= of precision instruments 

1•NO PAULI 

KI• rd. cori, VISIT BOOTH No. 4-711 at the Radio Engineers Show 
.•,DORI • Ofl• MOM 
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EXPANDING 
PRODUCTION 
in Toro ids & Filters 
At every management meeting in Burnell & 
Company there is an unseen but highly respected 
visitor. He is the spectre of all our customers 
and his opinions carry weight. Recently he 
suggested that in addition to our other expan-
sion measures that we must find a way to im-
prove deliveries for emergency and special 
sample orders. Our solution is certainly not 
original but no less effective. 

Burnell & Company's new sample department 
has been able to produce audio filters from 
proverbial 'scratch' to the customer's waiting 
hands in as little as ten days! 

Frankly, this cannot always be accomplished 
but our average has been ranging between 
three to four weeks for emergency samples and 
four to six weeks for regular prototypes in-
stead of the former twelve weeks of the pre. 
sample department (lays. 

Adding this to our new winding department 
and our new testing and finishing departments 
the sum total has been a still better product at 
a better delivery than ever before. 

Mh el no Inv 

iireooqb 

IUiU&41 
" BEIM ir 

it 141 

Êi4.44ieil eaefreriaeuf 
YONKERS 2, NEW YORK 

EXCLUSIVE MANUFACTURERS OF COMMUNICATIONS NETWORK COMPONENTS 
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THE HIGH-PRECISION 
[LINEAR POTENTIOMETER 

L, miCROPOT 
precision ten-turn potentiometer 

AP-

BORG MICROPOT TEN-TURN POTENTIOM-

ETER: Built to fit the specifications of control 

system engineers and designers . . . con-

structed with Micro accuracy for precise 

voltage adjustments ... featuring an assem-

bly scientifically designed, machined, assem-

bled and automatically machine tested for 

linearity of 210.1% and 0.05%, zero-

based. MICROPOTS ARE AVAILABLE IN 

1.15 to 3 OHM and 30 to 250,000 OHM 

RANGES FOR IMMEDIATE SHIPMENT. 

BORG MICRODIAL: Two concentrically 

mounted dials: one for counting increments 

of each turn and the other for counting turns 

. . . delivered completely assembled with 

dials synchronized. Outstanding features 

include smooth, uniform action ... no back-
lash between incremental dial and poten-

tiometer contact . . . less wear, only one 

moving part aside from the two dials . . . 

contact position indicated to an indexed 

accuracy of 1 part in 1,000. 

SEE US AT BOOTH 2-517 AT 

THE I. R. E. SHOW, NEW YORK 

BORG 
MICRODIAL 

746-A 

A precision ten-turn indi-
cating dial assembly. Has 
screw locking device on 
operating knob. 

BORG 
MICRODIAL 

746-13 

Same as 746-A but has 
knurled locking screw 
mounted externally to 
operating knob, 

BORG EQUIPMENT DIVISION 

THE GEORGE W. BORG CORPORATION 
Janesville • Wisconsin 

What to see at the 
Radio Engineering Show 

(Continued from page 13óA) 

VACUUM SEALED CRYSTAL HOLDERS 

METAL to GLASS VACUUM SEALS 

MULTI-PIN HEADERS SINGLE TERMINALS 

MULTI-PIN CON PLUGS SINGLE END SEALS 

booth 4.422 (/) 
1)(). Grand Central 

Palate 

Continental Carbon, Inc., Cleveland 11, 
Ohio 2-133 

"Nobleloy" Precision Metal Film Resist-
ors; Composition Resistors; Low Power 
Wire Wound Resistors; Auto Radio Capac• 
itors and Suppressors; Oil Burner Sup-
pressors. 

Continental Connectors 4-125 
Continental Connectors, by DeJur-Amsco 
Corporation, Long Island City, displays 
its complete line of precision multi-contact 
connectors, stand-off terminals, and termi-
nal blocks. Engineers will be present at 
the booth to discuss specific problems re-
lating to connector applications. Engineer-
ing bulletins will be available. 

Continental Diamond Fibre Co., Newark 
48, Del. 4-603 

Manufacturing and fabricating of electri-
cal insulation, molded and laminated 
plastics. 

Copperweld Steel Co., Flexo Wire Division, 
Glassport, Pa. 4-911 

Copperweld Steel Company's exhibit in 
booth No. 4-911 depicts the making of 
Copperweld Wire by the unique Molten-
Welding process. Samples of Copperweld 
Fine Wires will be featured together 
with Copperweld Radio and Television 
Products such as ground rods and clamps. 
antenna wire, guy wire, and grounding 
wire. 

Cornell-Dubilier 

Electric Corp. 

1-807 él 808 

Capacitors, antennas, rotators, 
vibrators converters, etc. 

Corning Glass Works, Corning, N.Y. 
1-416-418 & 420 

Glass bulbs for applications in all fields 
of electronics: metallized glassware for 
radio and television components. 

The R. W. Cramer Co., Inc., Center-
brook, Conn. 3-504 & SOS 

Synchronous timing motors, Interval 
timers, time delay relays, cycle timers, 
percentage timers, Hermetically sealed air-
craft type time delay relays, reclosing re-
lays, running time meters, and miscel-
laneous electric timing devices. 

Crest Labs., Inc., New York, N.Y. 4-128 
See: Microtran Co. 

Crosby Laboratories, Inc. 
Hicksville, L.I., N.Y. 

4-808 
Single Sideband and Exalted-Car-

rier Receivers. 
FM Multiplex Equipment 
Stereophonic Sound Equipment 
Phase Modulator 
Research & Development Facilities 

(Continued on page 142A) 
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ELECTRONICALLY REGULATED ELECTRONICALLY REGULATED ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

ALSO 
AVAILABLE 

STANDARD 
RACK 

MOUNTING 

MODEL 50-R 
PANEL SIZE 
10 , e" o 19" 
DEPTH 14.. 4" 

BENCH MODEL 50 

• INPUT: 105-125 VAC, 50-60c 

• OUTPUT #1: 0-500 VDC at 
500 ma regulated 

• OUTPUT #2: 0-50 VDC, 
0-200 VDC Bias Output. 

• OUTPUT #3: 6.3 VAC at 
5A unregulated 

• OUTPUT #4: 6.3 VAC at 
5A unregulated 

• RIPPLE OUTPUT: Less than 
8 millivolts rms 

For complete information write for Sulletin SOS 

LAMBDA ELECTRONICS 
COR P OR A T ION 

CORONA NEW YORK 

' ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

LABORATORY 
POWER SUPPLIES 
I 0 0 0 0 0 0 0 C 0 0 0 0 00. 0 
0 0 0 

0 0 0 
IRE SHOW.° 

0 
-,-)......00.0,00 

MARCH 23-26 f53 

GRAND CENTRAL PALACE 

NEW YORK CITY 

LAMBDA ELECTRONICS 
COR /OR A E ION 

CORONA NEW YORK 

r ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

LABORATORY 
POWER SUPPLIES 

BENCH 
MODEL 25 

• 
STABLE • INPUT: 105 to 125 VAC. 
• 50-60 cy 

DEPENDABLE 

• • OUTPUT #1: 200 to 325 
MODERATELY 

PRICED Volts DC at 100 ma . 

reg ulated 

• OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

WIDTH 14„ • RIPPLE OUTPUT: Less 

DEPTH 6" than 10 millivolts rms 
HEIGHT 8" 
WT: 17 LBS. For complete information write 

for Bulletin N-SS 

LAMBDA ELECTRONICS 
COR POR A T ION 

CORONA NEW YORK 

ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

7#4. ribo tat-

STANDARD 
RACK 

MOUNTING 
PANEL SIZE 
10 ,2" w 19" 
DEPTH 9" 

WEIGHT 3à LIS 

RACK MODEL 32 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT #1: 200 to 325 
VDC at 300 ma regulated 

• OUTPUT #2: 6.3 Volts AC 
CT at 5A unregulated 

• OUTPUT #3: 6.3 Volts AC 
CT at 5A unregulated 

• RIPPLE OUTPUT: Less than 
10 millivolts rms 

For completa information write 
for Bulletin N-25 

L11111111 ELECTRONICS' 
CORPOR A T IONI 

CORONA NEW YORK 

J 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

• 
MODEL 28 
STANDARD 

RACK 
MOUNTING 

PANEL SIZE • 
19" 

WEIGHT 16 LIS. 

RACK MODEL 28 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT #1: 200 to 325 
I Volts DC at 100 ma 

regulated 

OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

RIPPLE OUTPUT: Less 
than 10 millivolts rms 

For complete information write 
for Bulletin N-8S 

LIIIBDI ELECTROIICS 
CORPORA T ION 

CORONA NEW YORK 

RACK MODEL 33 

• 
STABLE • INPUT: 105 to 125 VAC, 
• 50-60 cy 

DEPENDABLE 
• 

• OUTPUT #1: 100 to 200 MODERATELY 
PRICED VDC at 300 ma regulated 
• 

• OUTPUT #2: 6.3 Volts AC 
CT at 5A unregulated 

: STANDARD 
; RACK 

MOUNTING 
PANEL SIZE 
10V2" o 19" 
DEPTH 9" 

WEIGHT 3à LIS 

• OUTPUT #3: 6.3 Volts AC 
CT at 5A unregulated 

• RIPPLE OUTPUT: Less than 
10 millivolts rms 

For complete information write 
for Bulletin N-3 

L11111111 ELECTRONIC-S1 
CORPOR A T I 

CORONA NEW YORK 

1 
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SHOCK "D VIBRATION What to see at the 
Radio Engineering Show 

NEWS 

HERE'S THE SECRET 
... of a NEW 

wire-mesh isolator 

that won't change 

on the job! 

The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex-
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because the load-
bearing spring returns the damper to its normal position on 
every cycle. 

• Very light weight — helps you reduce the weight of 
mounted equipment. 

• Hex top — simplifies your installation problems. 
• High isolation efficiency — meets latest government 

specifications (JAN-C-172A, etc.) — gives your equip-
ment maximum protection. 

• Ruggedized — to meet the shock-test requirements of 
military specifications. 

• Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 

Compare these unit isolators with any others — by making 
your own tests, or on the basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 

See these new isolators in action, and discuss their applications 
with us, at the New York I.R.E. Show. 

THE BAR R Y CORP. 
718 PLEASANT ST., WATERTOWN /2, MASSACHUSETTS 

SALES REPRESENTATIVES IN 
Atlanta Baltimore Chicago Cleveland Dallas Dayton Detroit Los Angeles Minneapolis New York 

Philadelphia Phoenix Rochester St. Louis San Francisco Seattle Toronto Washington 

(Continued from page 140A) 

Crucible Steel Co. of America, New York 
17, N.Y. 4-203 & 204 

Permanent magnets. castings. 

Curtis Development & 
Mfg. Co. 

Milwaukee 16, Wis. 

3-514 

Curtis Terminal Blocks: 
For Every Purpose 
Factory Assembled or 
Kit Form. 

DX Radio Products Co., Inc. 
Chicago 47, 

3-502 
Toroid Coils, Speakers, TV 
Tuners Ion Traps, Crystals, RF 
& IF Transformers, Coil Assem- E 

E blies, TV Deflection Yokes and e 
TV Horizontal OutPut Trans- E 
formers. 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111115 

E 

Dale Products, Inc. 
Columbus, Nebr. 

4-129 
A Deposited Carbon Resistor Furnace in 
operation at our Booth. Also displaying 
Miniature Precision Power Resistors in 
wattage ranges from 2 watts to 250 watts 
with temperatures coefficient of less than 
0.000021 °C and accuracy as close as .1%— 
Also • complete showing of precision de-
posited carbon monitors. 

The Daven Co. 
191 Central Ave. 
Newark 4, N.J. 

1-118, 119 
Audio, Video, and R. F. Attenuators, 
Precision Wire Wound Resistors, Ro-
tary Switches, Vacuum-Tube Voltme-
ters, Distortion Meters, Transmission 
Measuring Sets, Power Output Me-
ters, Laboratory Test Equipment. 

Bryan Davis Publishing Co., Inc., New 
York 17, New York 2-201 

Magazine and books. "Service." 

Decade Instrument Co. 
Caldwell, N.J. 

4-905 
Frequency converters for use 
with frequency counters—"Dec-
aviders," Decade - Switched 
Sweeping Oscillators—"Deca-
Sweeps," and Decade-Switched 
Oscillators—"Decalators." 

DeJur-Amsco Corporation, Long Island 
City, N.Y. 4-125 

Precision potentiometers, meters, rheostats, 
and other electronic equipment designed to 
meet the exacting requirements of con-
temporary electronic needs. Engineers will 
be present at the booth to discuss specific 
application problems relative to all DeJur 
products. Complete technical literature 
available at booth. 

(Continued on page 144A) 

See Lis in Booths 2-312, 313, IRE Show, March 23-26 
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PANELS, LIDS, DOORS 
MADE RF-TIGHT 

BY LOW COST METHOD 

Electronic Weatherstripping, made of 
knitted wire mesh compressed to required 
sizes and shapes, effectively "shields" 
these openings against RF leakage just 
as weatherstrips seal doors and windows. 

Openings such as these are necessary 
for operating and servicing the electronic 
equipment housed in the metal cabinet. 
Yet these same openings destroy the full 
shielding efficiency which an "unbroken" 
metal container would otherwise provide. 
Careful machining of mating surfaces at 

"Thermatron built by Radio Receptor Co, Inc." 

these openings is an obvious answer. But 
such work is expensive, and the initial 
close fit is often destroyed by repeated 
openings and closings, by warping of the 
lid or door and by corrosion of the mating 
surfaces. Numerous latches, screws, bolts 
and other fasteners, closely spaced, will 
help keep these joints RF tight, but they 
are a time consuming nuisance whenever 
the cabinet must be opened and closed, 
and they are also expensive to purchase 
and install. 

Metex Electronic strips and gaskets 
eliminate these objections. Being made of 
metal, they are conductive; and being 
knitted they are resilient and conform to 
normal surface irregularities. They actu-
ally "block" the otherwise leaky openings 
with a gasket of flexible metal, and make 
the cabinet as effective a conductive 
shield as if the openings had never 
been made. 

Metex electronic strips and gaskets are 
easy to install. Not only are they inex-
pensive, but their use may well save more 
than their cost by eliminating many opera-
tions that would otherwise be necessary. 
They are available in different shapes, 
dimensions and resiliencies to meet the 
varied requirements of specific electronic 
applications and can be made of metals 
or alloys selected to meet actual or antici-
pated corrosive conditions. 

A bulletin giving detailed information 
is available on request from the manufac-
turer, Metal Textile Corporation, 
East First Avenue, Roselle, N. J. 

1
 .,) A s 
)1j ollid 
SHIELDED ENCLOSURE 

for Suppressing R-F Interference 

I ere it is! The answer to the electrical engineer's 
increasing demand for a copper sheet enclosure to suppress 
radio interference. 
Developed by RFI, it was later subjected to comprehensive 

tests by an independent laboratory, the Hopkins Engineering 
Co. of Washington, D.C. This firm transported a typical unit to 
six different high-power transmitting stations. At each station, 
the Uniform Field Method of testing was employed. Results 
are shown conservatively plotted above. In actual use, even 
greater attenuation may be expected. 
Standard RFI enclosures are now available in eight easily. 

installed sizes ranging from 6 x 8 x 8 to I 5 x 10x 8.Various services 
such as light, water, power, gas, and transmission lines can be 
brought into the room. Full details are available in our free 
bulletin. Write for your copy today. 

SHIELDED ENCLOSURES, Inc. 
3634 N. Lawrence Street Philadelphia 40, Pa. 

II L1,11 LI. During the 1. R. E. Show see us at the Belmont Plaza Hotel 
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What to see at the 
Radio Engineering Show 

(Continued from page 142A) 

1 J L  

r r -Iï -r 

See us at 
BOOTH 2-212 

Radio Engineering Show 

MARCH 23-26 
Grand Central Palace 
New York City 

•  

Microwave 
Assemblies, 
Radar Components, 
and Precision 
instruments . 
manufactured to 
your Blueprints 
and Specifications. 

N. R. K. MFG. & ENGINEERING CO. 

4601 WEST ADDISON STREET • CHICAGO 41, ILLINOIS 

AXIAL LEAD RESISTORS 

This is it! Truly non-corrosive joints, precision wire wound. Complete 
protection from chassis or mounting surfaces, and made to all standard 
tolerances in a wide range of alloys to meet requirements of varying re-
sistance values. Insist on Bond . . . your bond of perfect performance! 

Toroidal 
Industrial 
Solenoid 
Bobbin 
Radio 
Television 
Coils 

Made to all 
standard tol-
erances and 
precision 
wound in a 
wide range 
of alloys. 

Size Range Of The New Bond Axial Lead resistors: 

z a. 
» 

-a RESISTANCE POWER 
-a  

RANGE RATING X; 
Z 5 it 

MIN.MAX.  
MEG COMM. JAN. .... fli .." > • e 

0 OHMS OHMS 

;r• 
o 
z u > Z 

1515 'Ms 3/4  1.0 0.42 1/4 'A RB51 

1516 11/4. % 1.0 0.85 1/4 1/4 RB51 

1517 1. % 1.0 1.25 1.0 

201 l'As  TÁ. 1.0 1.15 % 1/4 RB51 

Note: All Bond Resistors ore impregnated to meet JAN-R-93 

specification:. 

Send me free catalog and engineer-

ing bulletin. 

Name  

Address  

I City State  

Billie 
ELECTRONICS CORPORATION 
60 SPRINGFIELD AVENUE 

SPRINGFIELD, NEW JERSEY 

j  

DeJur-Amseo Corp. 
Long Island City 1, N.Y. 

1-125 

Delur potentiometers, rheostats, 
panel instruments CONTINEN-
TAL, connectors. 

Tobe Deutschmann Corp., Norwood, Mass. 
3-5» 

Capacitors, metallized paper, oil and wax 
impregnated paper, molded _paper, high 
temperature, Filters: Radio TV-Noise sup-
pression, low pass, high pass, band pass. 
audio. Special products, pulse forming net-
works, pulse capacitors, delay lines, toroi-
dal coils. 

5_ 

g 

Dialight Corp., 
Brooklyn 37, N.Y. 

1-504 
Sub-miniature indicator lights in non-dim-
mer, dimmer (complete or semi-blackout), 
polaroid and light shield types. Also featur-
ing the New subminiature Press•tretest light. 
Plastic plate edge lighting assemblies with a 
choice of filter colors. Warning, signal, in. 
dicator, pilot light assemblies for neon and 
incandescent lamps. 

2 

a 

Diamond Mfg. Corp., Wakefield, Mass. 4-309 
RF coaxial cable connectors and associates 
components. 

Digital Instrument Co., Inc., Coral Gables. 
Fla. 4-111 

Digital decade counters, time base genera-
tors, preset counters, cycling counters, nu-
clear scalers, industrial counters. 

Wilbur B. Driver Co. 
Newark 4, N.J. 

2-103, 104 

Filament Grid Wire 
Carbonized Nickel for Anodes 
Wire & Ribbon Resistors 
Glass to Metal Seals 

Wilbur B. Driver Co., Newark 4, N.J. 
2-103 & 104 

Melters and Manufacturers of Alloys for 
the following electronic applications: 1-
Filament 2-Grid Wire 3-Carbonized Nickel 
for Anodes. Wire and Ribbon 4-Resistors 
5-Glass to Metal Seals. Alloy Names; 
Evanohm, Tophet. Cupron, Radiocard, Syl-
valoy, Modified Hilo, Cobanic, Rodar, Nil-
stain, Balco, Manganin, #60, #90, #180 
Alloy. 

Allen B. Du Mont 
Laboratories, Inc. 

Instrument Division 
760 Bloomfield Avenue 

Clifton, N.J. 
1-212, 213 

General Purpose C•R Voltmeter; General Pur-
pose Dualbeam Oscillottraph; High-voltage. 
high frequency C-R Oscillograph; C-R oscil-
lograph accessories and oscillograph-record 
cameras; tight-tolerance C-R tubes; special 
C•R tubes; new photomultiplier tubes. 

(Continued on Page 150A) 
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At the I.R.E. Show 

BOOTH #4-215--4th Floor 

f An assembly with 14 
concentric, hard silver 
rings electro deposited 
into machined plastic 
blank. Dovetail locks 
rings in place. Ma-
chined blank insures 
accuracy. Diameter ap-
prox. 11", thickness 
approx. 5/16". 

mt An assembly with 30 
rings of various widths 
to accommodate various 
current requirements. 
Unit is approx. 4-5/16" 
long, designed for 
flange mounting. 

«è Cylinder type assem-
bly approx. 33/4" long 
with 24 hard silver 
rings. 15/8" 0.D. with 
wail thickness less than 

1/4 ". 

*PATENTS 

PENDING 

W Cylindrical assembly 
with 25 rings. Three 
wide rings accommo-
date /orge contact area 
brushes for high current 
capacity. Length 14", 
0.0. approx. 53/e", 

Our Engineering Department 
is available for consultation 
on any of your slip ring 

problems without obligation, 

• LOWER IICOST • CLOSE OLERANCES 
• ONE-PIE E CONSTRUCT N • JEWEL-

LIKE FINISH • UNIFORM RING HARDNESS 

• REDUCED WEIGHT 

Now a Complete Service 

in all sizes of Slip Ring Assemblies 

ELECTRO TEC is now tooled up, with new expanded facilities for pro-
duction of large Slip Ring Assemblies to exact customer specification. 
Sizes range up to 24" in diameter, either cylindrical or disc type. 

The exclusive ELECTRO TEC PROCESS—the electro-deposition of 
hard silver rings into an accurately machined plastic blank—consistently 
yields a high degree of dimensional accuracy, excellent concentricity, and 
a jewel-like ring finish. This process also eliminates expensive tooling 
and mold charges, frequently lowers costs to 30% of other methods of 
manufacture. The silver rings are uniformly hard for long life-75-90 
Brinell. 

ELECTRO TEC one-piece construction precludes dimensional varia-
tion due to accumulated errors. The plastic base is fully cured before 
rings are plated into it, thus preventing separation of base material from 
the rings. 

ELECTRO TEC LARGE SLIP RING Assemblies are widely used in 
Radar Equipment, Fire Control Systems, Test Tables and many other 
critical applications. Light weight combined with rugged durability 
recommends their use in airborne applications. 

Every user knows the ELECTRO TEC reputation for quality and 
superiority in miniature and sub-miniature slip ring assemblies. 

ELECTRO TEC CORPORATION 
SOUTH HACKENSACK • NEW JERSEY 
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. . . . world's 
largest producer 
of TEST LEADS 
and PROBES! 
INSULINE manufactures over 2000 items for 

the radio, automotive, electronic, aircraft, television 
and marine industries. For over 30 years, 

INSULINE has been the leading producer of 

test leads and probes (standard and special types) ... 
outselling the combined production of the 
next three leaders. 

Whether it be test leads, probes, tools, metal goods 
or antennas, insist on INSULINE . . . 
a respected name since 1921. 

Write Dept. IRE-3 for latest catalog, 

illustrating and describing one of 

the largest selections of electronic 

equipment made by one manufacturer. 

Visit our 

Booth No. 2-202 

at the 

I.R.E. Show 

You will find a plug, jock or connector for 

your specific need in our latest catalog. 

INSULINE products are sold through radio 

and electronic jobbers throughout the United 
States and Canada. 

•Dz 

insuline 
CORPORATION OF AMERICA 
INSULINE BUILDING • 36-02 35th AVENUE • LONG ISLAND CITY, N. Y. 

West Coast Branch and Warehouse: 

1335 South Flower Street, Los Angeles, Calif. 

Exclusive Canadian Sales Agents: CANADIAN MARCONI COMPANY, Toronto 

Phono Needle Test Leads Laboratory Test Leads 

Slim Handle Test Leads 

PLUGS 

Unbreakable 
Test Leads 

CONNECTORS 

PROCEEDINGS OF THE I.R.E. March, 1953 



Keep T' S on leme 
,eloy eepaegete ,‘ 

Tested and with— 
Approved 

- Beyond 
Specification 

Chester ENGINEERED plastic insu-
lation, laboratory and field tested to 
more than meet specifications provides 

both easier working qualities and 
longer service life. These rugged plas-

tic coatings offer maximum immunity 
to abrasion, weather, oil and most 

chemicals. Smooth and pliable, they 
pull through channels and conduit 

JAN -C-76 
WIRES' 

SRIR, SRHV, SRRF, WL 

105°C, 90°C, 80°C 
UL APPROVED; 

120°C' 

FLEXIBLE 
CORD 

 —..seC=Bzwitg 

•Solid colors or spiral marking 

TV LEAD-IN keniiiTE 
WIRES 

COMMUNICATION 
WIRES & CABLES 
TO SPECIFICATIONS 

VISIT US At 

I.R.E. SHOW 
BOOTH 4-704 

FOURTH FLOOR 

easily and offer excellent appearance 
in open wiring. Chester single or multi-

conductor wires and cables are avail-

able for electrical, electronic, TV, 

radio, telephone and many other in-
dustries. Call or write for illustrated 
bulletins, today! 

LACQUERED 
AND 

NYLON WIRES 

SHIELDED 
WIRES & CABLES 

1.>  
INSTRUMENT 

WIRES 

COAXIAL 
CABLE 

SPECIAL 
WIRES & CABLES 
TO SPECIFICATIONS 

HAS THE ANSWERS — Plasticord and Cote Wires wires are available in standard construc-

tions or custom built to specations. For a practical solu-

tion to unusual insulated wiring problems, call or write. 

CHESTER CABLE CORP 
CHESTER NEW YORK 

REGISTERED 
U.S.PAT.OFF. 
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COMPLETE 
CIVILIAN LINE 
Exceptionally good delivery cycle on 

civilian orders due to tremendous 

mass production facilities. 

TYPE GC-45, 15/16" diameter variable 
composition resistor. Wattage rating: 
1/2 watt for resistances through 
10,000 ohms, 1, 3 watt for resistances 
over 10,000 ohms through 100,000 
ohms, 1/4 watt with 500 volts maxi-
mum across end terminals for resist-
ances over 100,000 ohms. Available 
with or without illustrated attached 
switch and in concentric shaft tandem 
construction C2-45 as shown above. 

REPRESENTATIVES 
Henry E Sanders 
McClatchy Bldg. 

69th 5 Market St 
Upper Darby. Penna 

Phone. Flanders 2-4420 

W. S Harmon Company 
1638 So La Cienega Blvd. 

Los Angeles 35, California 
Phone Bradshaw 2-3321 

John A Green Company 
6815 Oriole Drive 

Dallas 9. Texas 

TYPE GC-35, 1 1/8" diameter variable 
composition resistor. Wattage rating, 
3/4 watt for resistances through 
10,000 ohms, 2.3 watt for resistances 
over 10,000 ohms through 25,000 
ohms, 1/2 watt with 500 volts maxi-
mum across end terminals for resist-
ances over 25,000 ohms. Available 
with or without illustrated attached 
switch and in concentric shaft tandem 
construction C2-35 as shown above. 

NEW HIGH QUALITY MINIATURIZED 
-DIME-SIZE- CIVILIAN CONTROL— 
Performance Fully Equals larger 
Types. 
TYPE 70, 3/4- diameter variable 
composition resistor. Wattage 
rating: .3 watt for resistances 
through 10,000 ohms, .2 watt with 
350 volts maximum across end 
terminals for resistances over 
10,000 ohms. Also available in 
concentric shaft tandem construc-
tion C45-70 as shown above. 

PE GC-252, 2 watt, 1 17/64" diam-
er variable wirewound resister. 

Available with or without illustrated 
attached switch and in concentric 
shaft tandem construction C2-252 
as shown above. 

Typical concentric shaft tandem with panel and 
rear sections operating separately from 
concentric shafts (TYPE C45-70 ILLUSTRATED). 
Similar construction available for all 
military resistors. 

IN CANADA 
C c Meredith & Co 
Streetsville. Ontario 

SOUTH AMERICA 
Jose Luis Pontet 
Buenos Aires. Argentina 
Montevideo Uruguay 
Rio de Janeiro. Brazil 
Sao Paulo, Brazil 

OTHER EXPORT 
Sylvan Ginshury 
8 West 40th Street 
New York 18, N. 

E E C2-25 

TYPE GC-25, 4 watt, 1 17/32" diam-
eter variable wirewound resister. 
Available with or without illustrated 
attached switch and in concentric 
shaft tandem construction C2-25 os 
shown above. 

/87 -.1e oo," 
OR 

.202 

/56 

TYPE (4.5- 70 

ENLARGED .51-1Arr 

ENO VIE W 



Describes Electrical and Mechanical characteristics. 
Special Features and Constructions of o 
complete line of variable resistors for military 
and civilian use. Includes dimensional drawings 
of each resistor. Write today for your copy. 

TYPE 45, (JAN-R-94, Type RV?) 
1/4 watt,I5/16"diometer von. 
able composition resistor. 
Also available with other 
special military features not 
covered by JAN-R-94 includ-
ing concentric shaft tandem 

construction. Attached switch 
can be supplied. 

TYPE 35, (JAN-R.94, Type RV3) 
1/2 watt 11/8"diameter vari-
able composition resistor. 
Also available with other 
special military features not 
covered by JAN-R• 94 includ-
ing concentric shaft tandem 
construction. Attached switch 
can be supplied. 

TYPE 252,(JAN-R-19, Type R A70J 
2 watt, 1 17/6 4" diameter 

variable wirewound resistor. 
Also available with other 
special military features not 
covered by JAN-R-19 includ-
ing concentric shaft tandem 

construction. Attached switch 
con be supplied. 

TYPE 2S, (JAN-R-19, Type RA30) 
(Alayelsebroused es Type ItA25) 
4 watt, I 17/32" diameter 
voriabJe wrreurOvred resistor. 
Also available with other 
special military features not 

covered by JAN-R-19 includ-
ing concentric shaft tandem 

construction. Attached switch 
can be supplied. 

COMPLETE 
MILITARY LINE 

Immediate delivery from stock on 189 

types including JAN-R-94 and JAN-R-19 

types of variable resistors. 

TYPE 65, (Miniaturized) 

I'2 watt 70°C, 3/4" diameter minia-
turized variable composition resistor. 

TYPE 90 
I watt 70C, 15/16" diameter van-
able composition resistor. Attached 
switch can be supplied. Also avail-
able in concentric shaft tandem 
construction. 

s. 

TYPE 95, (JAN-R-94, Type R1/41) 

2 watt 70°C, I l/8" diameter variable 
composition resistor . Also available 
with other special military features 
not covered by JAN-R-94 including 
concentric shaft tandem construction. 
Attached switch con be supplied. 

See the complete CTS military and civil-

Ian lines of variable resistors at the 

IRE SHOW 
Grand Central Palace, New York City 

MARCH 23-26, 1953 

BOOTH 4-608 

lieRECE6FilTED 
PERFORMANCE CHARACTERISTICS 

n erns comm 

cations equipment subject to omerom• 
coma/refute and humidity ranges. 
--55°C to + 150°C—wig:My to ',Memnon, 

CHICAGO TELEPHONE SUPPLY 
Veeieritan 

ELKHART • INDIA-A 



maintenance and replacement 

are simplified with Fairchild 

plug-in potentiometers 
These plug-in type ganged potentiometers are another excellent example 
of Fairchild's service in meeting the special requirements of customers. 

The problem was to provide ganged precision potentiometers that would 
simplify maintenance of airborne fire control equipment through quick 
and easy replacement. A series of packaged plug-in units like that shown 

was the answer. 

An entire gang can be replaced in a few minutes because only the end 
mounting plates are fastened down. There are no wires to disconnect or 
solder. Test points are provided on the top of each potentiometer so it can 

be checked quickly. 

Maximum rigidity of the gang is assured by mounting the individual units 
on a single shaft. These plug-in potentiometers have the same mechanical 
and electrical tolerances and performance characteristics that have made 
the Model 746 unit the first choice for many critical applications. 

Use the coupon below to get full information. 

MC-1/1111Z10 
PRECISION POTENTIOMETERS 

SEE THESE PLUG-IN UNITS AND OTHER INTERESTING DEVELOPMENTS IN PRE -

CISION POTENTIOMETERS AT THE I. R. E. SHOW—BOOTH NOS. 2-405 AND 2-406 

r  -
Potentiometer Division, Department I40-34H 
Fairchild Camera and Instrument Corporation 
Hicksville, Long Island, New York 

Gentlemen: 
Please send me complete information about Fairchild Precision Potentiometers 

and tell me how you might solve my potentiometer problems. 

Name 

Position   

Company  

Address  

What to see at the 
Radio Engineering Show 

(C,,,z/Iniged ¡ris page I44A) 

Allen B. Du Mont 
Laboratories, Inc. 
C-R Tube Division 

750 Bloomfield Avenue 
Clifton, N.J. 

1-214, 215, 216 
Latest developments in tele-
vision picture tubes. 

Allen B. Du Mont Labs., Inc., Instrument 
Div., Clifton, N.J. 1-212 & 213 

Type 304-A General Purpose Cathode-ray 
Voltmeter; Type 322 General Purpose Dual. 
beam Oscillograph; Type 303-A11 High-
voltage, high frequency cathode-ray oscil-
lograph; complete line of cathode-ray oscil-
lograph accessories and oscillograph-record 
cameras; complete line of tight-tolerance 
cathode•ray tubes; special cathode-ray 
tubes; new photo-multiplier tubes. 

Allen B. Du Mont Labs., Inc., Television 
Transmitter Div.. Clifton, N.J. 1-208 & 211 

Image Orthicon Camera and Mobile Mount 
Dolly; Portable Sync Generator; Du 
Mitter—(miniature closed circuit TV trans-
mitter); Video Recorder; New UHF An-
tenna; New General Purpose Studio 17" 
Picture Monitor; Special Program Console 
—(with audio and video switcher in a 
model studio control room with master 
control equipment); Two Monochrome 
Scanners. 

Allen B. Du Mont Lab., Inc., CRT Divi-
sion, Clifton, N.J. 1-214, 215 & 216 

Latest development in television picture 
tubes, products of the Cathode-ray Tube 
Division of Allen B. Du Mont Labora-
tories, Inc. 

Dumont Electric Corp., New York 34, N.Y. 
4-504 

Tubular paper, dry electrolytic, metal clad. 
bathtub and upright capacitors. "Zero•Loss 
durene capacitors." "Thermo-film" di-
electric capacitors. 

Dyna-Labs., Inc. 
Garden City, L.I., N.Y. 

4-402 

D-79 Gaussmeter — Magnetic 
earphones in various applica-
tions. 

E 

Hugh H. Eby, Inc. 
Philadelphia 44, Pa. 

2-101 
New Sockets:—Rack and panel con-
nectors: Printed Circuits:—vibrator 
sockets: Tuner components: En-
larged catalog: Do you have a com-
ponent problem? Arrange to visit our 
engineers on duty during entire show. 

Edin Co., Inc., Worcester 8, Mass. 4-421 
Extended frequency Galvanometers with 
range from DC to 300 cps, Oscillograph 
Recorders with chart speeds ranging from 
.1 to 625 mms. per second, and JAN racle 
and panel type AC. DC and Carrier Ampli-
fiers. Complete recording systems will also 
be featured with a selection of these in-
struments into multi-channel Consolettes. 

SEE all four floors! 
a-

150A 

(Continued on page 152A) 
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Investigate Andersen 

SOLID ultra-sonic delay lines. 

Complete facilities for 

research and development. 

•••WIIII 
ETCHED CIRCUITS 
NOW DO THE JOB 
Pee Speed assembly, inspection, testing and servicing 

e Save space, solve miniaturization problems, 

eliminate wiring errors and breaks 

c OSI 
p‘l LO" Save labor costs, eliminate many tooling, fabrication, 

and assembly operations; reduce inventories  

of materials and components 

We are now manufacturing 1 and 2 

sided etched circuits--in various met-

als, thicknesses, and dielectric lami-

nates—for many leading electronic manufacturers, large and small. 

Tell us your current or future requirements and we will be glad to 

furnish samples and quotations on a strictly confidential basis. Our 

technical skill and modern production facilities are at your disposal. 

C Ask for Bulletin 26. 

ETCHED PRODUCTS CORPORATION 
3901 Queens Boulevard • Long Island City 1, N. Y. 

ETCHED CIRCUITS • DIALS • NAME PLATES • PANELS • SCALES 

ESCUTCHEONS • BEZELS AND OTHER DECORATIVE METAL TRIM 
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ANALYSIS CELLS 
VECO Analysis Cells utilize 
VECO THERMIST,ORS. Ana-
lyzing and reference elements 
are Sealed in Glass—Unaffected 
by corrosive gasses or liquids. 

Available with any type of 
reference gas sealed in, if 
desired . . . new high-pres-
sure seal withstands 1,000 
psi . . . flow pipes easily 
connected . . . 

VECO Analysis Cells 
provide new efficiency 
for instrumentation • 
gas analysis • com-
bustion study — for 
chemical research, 
hospital and col-
lege laboratories, 
food storage pro-
tection — cells 
designed and 
manufactured 
to your spe-
cific require-
ments. 

tiny 
beads 
solve 
problems 
in Measure-

ment and Con-
trol of thermal, 

electronic and 
physical energy! 

VECO Thermistors 
are made in the forms of 
Beads, Rods, Discs, and 
Washers — Stocked in a 
wide range of specific resist-
ance values — or can be pro-
duced in quantity to your 
exacting specifications. 

Distinguished from other sensing 
elements by extreme variations of 

electrical resistance with relatively 
minute thermal changes—approved 
and accepted by Government 

Agencies. 

Victory's staff of engineers and physi-
cists are ready to recommend the proper 
VECO Thermistor for • vacuum mano-
metry • oscillator stabilization • temper-
ature measurement • flow measurement 
• temperature compensation • surge 
protection • radar power measurement • 

volume limiting • gas analysis • tempera-
ture control • time delay • voltage regula-
tion, as well as for any other new or unusual 
measurement or control application. Write 
today! 

lie 

Grand Central Palace, New York A request on business 

Visit Victory at the IRE Show 

March 23-26, 

VECO DATA BOOK 
stationery will bring the 

À One  Thermistors 
WCt  Analysis Cells 

li 
1 ENGINEERING CORPORATION 

Combustion Analyzers 
Varistors 

r Springfield Road, Union, New Jersey 

Telephone: UNionville 2-7150 

What to see at the 
Radio Engineering Show 

(Continued from page 150A) 

Thomas A. Edison, Inc. 
Instrument Division 

West Orange, New Jersey 

4-714 

Time Delay Relays, Sealed-in-
Glass Thermostats, Sensitive 
Magnetic Relays, Electrical Re-
sistance Bulbs. 

The Power for TV 

Eitel-McCullough, Inc. 
SAN BRUNO. CALIFORNIA 

Eitel-McCullough, Inc., San Bruno, Calif. 1-519 
Une of the world's largest manufacturers 
of transmitting tubes will have on display 
some of the more prominent tubes used in 
television transmitters: Tetrodes, triodes. 
klystrons for high power in VHF and UHF 
channels. Management and engineering re-
presentatives will be present and invite 
discussion of your tube applications. 

Elastic Stop Nut Corp. 
of America 
Union, N.J. 
4-209, 210 

The ESNA booth will highlight the applica-
tion potentialities of the Elastic Stop Nut 
and the Rollpin. Both fasteners are widely 
used throughout the electronic Industry and 
sample sub-assemblies showing these appli-
cations will be displayed. 
The Agastat, a compact, light.weight pneu. 
matic time delay relay will also be dis-
played. 

TUBE-SOCKETS 

SHIELDS 

VARICONS 

(SENSATIONAL 
MINIATURE 

CONNECTORS) 

ELM 
190 W. Glenwood • Philadelphia 40, Pa. 

BOOTH 

4-313 

CORPORATION 

Electra Manufacturing Company, Kansas 
City 8, Mo. 4-217 
Deposited Carbon Resistors. 
Electric Regulator Corp., Norwalk, Conn. 4-118 
Regohm electric circuit controllers and ex-
hibits showing the application of the de-
vice to various equipments. 
•" ,, 1111111111111111111111111111111111111111111111111111111111111111111111111111111111 111 11111111111 11111111IIIIIIIIIIIIIIIIS 
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(Continued on page 1544) 

Electrical Industries 
Div. of Amperex 
Electronic Corp. 
Newark 1, N.J. 

2-314 

Hermetically-sealed 
& Headers. 

Terminals 
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FREE! 
La/es/Data 

011 

'EVERADYll 
Bai/eñes 

Batteries for Portable 
Electronic Equipment 

"Mini-Max" "A-B" 
Packs for Portable 
and Home Receivers 

Batteries for Hearing 
Aids 

High Voltage Batteries 

Photoflash Batteries 

The terms "Eveready" and "Mini-Max" are registered 
trade-marks of Union Carbide and Carbon Corporation 

NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street, New York 17, N. T. 

District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 

IN CANADA: National Carbon Limited 
Montreal, Toronto, Winnipeg 
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• 

• NATIONAL CARBON COMPANY maintains a Battery 
Engineering Department to assist designers of elec-
tronic and other battery-operated devices in the selec-
tion of "Eveready" batteries for specific applications. 

• Out of the Department's wide experience with all 
kinds of dry-battery applications comes this valuable 
set of Battery Engineering Bulletins — a total of 
34 fact-filled pages ... YOURS for the asking. 

• The complete line of "Eveready" batteries includes 
types and sizes for every kind of dry-battery-operated 

device. Design your equipment around a standard 
"Eveready" battery and gain the advantages of lower-
cost operation, ready availability to the user and 
superior performance with exactly the right battery 
for the job. 
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Your 
Helping 
Hand... 

EVERYTHING IN 
ELECTRONIC EQUIPMENT 

FOR LABORATORY 
AND INDUSTRY 

If it's NEW . . . HUDSON has 
it FIRST! Leading Authorized 
Distributor of Electronic Equip-
ment in the East . . . Your ONE 
Complete Dependable Source. 

FOE! ' 
New 1953 HUDSON CATALOG.. 
. . . your helping hand for Everything in Electronic Equip-
ment. Over 196 pages of the latest in Radio, TV and 
Industrial Electronics. High Fidelity and PA Sound Equip-
ment PLUS JAN type Electronic Components with latest 
JAN Cross-Reference Guide. Send for your copy . . . KEEP 
IT HANDY for ordering . . . It's Quick, Convenient . . . 
Time and Money Saving! ONE Order, ONE Dependable 
Source — ONE Call for ALL! 

NE-NATIONAL 
CONVENTION 
MA OC"  
RAINO•EllIONS 

SNOW elem) 

Send for FREE Catalog to Dept. T-3 

HEADQUARTERS FOR RCA 

'lin \ 

RCA TUBES • RCA PARTS 
RCA TEST EQUIPMENT 

Always in Stock for Prompt Delivery 

• 

, 
ite„ enutl.r.m, • • • 

When you attend the IRE SHOW, you're invited to visit 
our uptown salesroom, adjoining Radio City ... only 4'2 
blocks from Grand Central Palace! Make yourself at 
home. See our Vast Facilities . . Tremendous Stocks ... 
Gigantic Salesrooms! . . . Meet the men who serve 
America's foremost users of electronic equipment. Open 
until 9 P.M. during show time, March 23-26. HUDSON (Uptown) 

111!osos 
11"t't-s 

HODS° 

MR» 

48 WEST 48th ST. • 212 FULTON ST. 
New York 36, N Y New York 7, N Y 

What to see at the 
Radio Engineering Show 

(Continued front page 152/1) 

Electro Precision Products, Inc., College 
Point, L.I., N.Y. 3-410 

RF Components: Connectors. Microwave 
Equipment and Waveguide Assemblies. 

Electro Tee Corp. 
South Hackensack, N.J. 

4-215 
Manufacturers of Precision Slip Ring As-
semblies and Commutators. Electro Tee as. 
semblies are specified by the nation's leading 
precision instrument and equipment manu• 
facturers for proven greater dependability 
and longer life. Our process, employing one-
piece construction, precludes dimensional 
variations due to accumulated error.. Our 
Engineering Department is available for 
consultation without obligation. 

Electronic Associates, Inc. 
Long Branch, N.J. 

1-114-115 

Analog Computers, Plotting 
Boards, and Data Reduction 
Equipment. 

Electronic Computer Division of Under-
wood Corp., New York 13, N.Y. 4-425, 427 

An electronic digital computer in operation 
may be seen at this exhibit. It is the 
Elecom 100, first moderately priced com-
puter to be offered commercially. You can 
see this machine doing mathematical com-
putations, and also performing payroll 
calculations. If you give it your earnings 
and deductions, it will even figure your 
income tax. 

Electronic Devices, Inc., Brooklyn 15, 
N.Y. 4-219 

Selenium Rectifiers for every purpose— 
manufactured by a unique process which 
produces Rectifier plates of extremely 
high reverse resistance and extremely 
low forward resistance. Minisel—High 
Voltage—Low Current Rectifiers. Plastisel 
—Enclosed subminiature Rectifiers. Recti-
sel—Conventional open type Rectifiers. 
Hermetically sealed Selenium Rectifiers. 
And a preview of a new type of Rectifier. 
the Ventisel. 

Electronic Instrument Co., Inc., Broklyn 
11, N.Y. 4-401 

Electronic Test Instruments. Pre-wired or 
kits. 

Electronic Mechanics, Inc. 
Clifton, N.J. 

4-610 

Mykro) Teflon Kel-F 

¡PM 

Electronic Parts Mfg. Co., Inc. 
Union City, N.J. 
Booth 3-508 
Components for 

the ELECTRONIC FIELD 
LEADS • SPRINGS • COILS 

MACHINED TUBE PARTS • READING 
CONTACTS • FORMED PARTS 

RADIO & TELEVISION CORP. 

154A 

Circle 6-4060 
(Continued on page 156A) 
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see these NEW 

COLLINS Advancements 

COLLINS RADIO COMPAN 

> 

,.••••"1 

-+ 
40-ge , \\ 
/ 

at the IRE Shoe' March 23 to 26 

Grand Central Palace, tiew York City 

" 

NC-101 Navigation System. Punch-
card operated navigation equipment which 

automatically computes air miles to-from 
a selected destination. 

6185 Transceiver, 180L-2 Antenna 
Tuning Unit. A Transmitter-Receiver with 

144 channels, automatically tuned — 2 to 

25 megacycles — full 100 watt power. 

51Z Marker Beacon Receiver. Fixed 
tuned to 75 megacycles — uses 8 ARINC 
tubes =  Collins designed 3 light indicator. 
undesirable R-f signals rejected. 

75A-3 Amateur Receiver. Incorporates 
2 Mechanical I-F Filters with controls in 
addition to proven features of 75A-2 for 
instantaneous choice of desired selectivity. 

17M VHF Transmitter. 360 channels — 
full 50 watt signal for executive and air-
line use. Operates between 118.0 and 

135.9 mc. with fingertip remote control. 

Integrated Flight System. Provides the 
pilot with pictorial presentation of all 
necessary information for precise ILS ap-
proach flying and VOR navigation. 

These and many other COLLINS developments will be on display. 

For advanced electronic communications and navigation equipment, it's . . . 

( COLLINS RADIO 

11 W. 42nd St., NEW YORK 

COMPANY, Cedar Rapids, Iowa 

36 1930 Hi-Line Drive, DALLAS 2 2700 W. Olive Ave., BURBANK 
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(this ...solved another 
e,„ , VIBRATION 

problem 
Sensational advances and increasing use of electronics and 
precision instruments have raised problems of vibration 
and shock unheard of a few years ago. How Robinson is 
meeting these problems is illustrated in this new 
Simmonds electronic aircraft fuel gage amplifier. 

A Robinson internal mount, protecting only the critical 
component parts, fully isolates vibration and shock. Not 
only is service life greatly extended, but at the same time 
important savings in size and weight are achieved. The 
entire amplifier unit is so small it fits in the palm of your 
hand and weighs only 1 lb. 3 oz. 

Wide range of applications 
Robinson Met-L-Flex mounts are so versatile in application 
that they may be designed to protect light precision instru-
ments, electronic equipment of any size or weight, or heavy 
equipment. 

For more information about this new kind of engineered 
vibration control, drop us a line. 

Visit Us at the I.R.E. Convention Booth Nos. 2-216 and 2-217 

What to see at the 
Radio Engineering Show 

(Continued front page 154A) 

Electronic Tube Corp., Philadelphia 18, 
Pa. 2-519 

Special purpose cathode-ray tubes and 
multi-channel oscilloscopes. 

E --. _ 
- NOISE & FIELD INTENSITY E _  . 
_ METERS = 
E DISTORTION ANALYZERS = 
5 IMPULSE GENERATORS _ 

_ 
E _ 
▪ COAXIAL ATTENUATORS = .-. 
--E- CRYSTAL MIXERS E 
5 
a- VISIT OUR BOOTH NO. 2-14T . 
= = 
= _-- = 
= = — EMPIRE DEVICES, INC. . 
E — 

38.25 BELL BLVD. 
É BAYSIDE 61, N.Y. = 
P-. g 

Engineering Research 
Associates, Inc. 

St. Paul 4, Minn. 
4-913 & 915 

Exhibits include an ERA 1103 General-Pur-
pose Computer (model and Photos); ERA 
1101 General-Purpose Computer (photos); 
ERA Magnetic Storage Drum. also elide se-
quence; ERA Shaft-Monitor Analog-to-Digital 
Converter; Automatic Conveyor Line Sorting 
System with ERA Industrial Memory and 
Dynamic Weigher; ERA Magnetic Recording 
Delay Line; Pulse Trail-formers; Plug-in 
High-Gain Amplifier. 

Equipto Div. Aurora Equipment Co., Au-
rora, 111. 4-805 
Electronic Equipment designed for your 
needs. Storage for incoming and outgoing 
work—warm up or heat run racks—Elec-
tronic chassis and test equipment stand. 
Steel shelving and drawer units for the 
small fragile parts as well as the large 
bulky items. 

Erie Resistor Corp. 
Erie, Pa. 

Booth 1-123 

A Complete Line of 

High Quality 
Electronic Components 

Erie Resistor Corp., Erie, Pa. 1-123 
Fixed and variable ceramic capacitors. 
Button Silver Mica Capacitors, Deposited 
Carbon Resistors, Piezo Electric Active 
Barium Titanate Discs, Suppressors, Elec-
tronic Subassemblies, and Printed Cir-
cuits. 

Etched Products Corp. 

Long Island City 1, N.Y. 

4-617 

Etched Circuits. Modern prac-

tice in etched circuitry. 

Fairchild Camera & Instrument Corp., 
Hicksville, L.I., N.Y. 2-405 

Linear and nonlinear precision potenti-
ometers, types 736, 746, 747 and 748, single, 
ganged and plug-in models. 

(Continued on page 162A) 
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the Pletron heater 

stands eilogge 00 it, or,,, .04ro feet 

Exclusive mounting makes the heater an 
integral part in the Teletron gun. 
In the Du Mont Teletron, the heater "feet" are 
welded to stainless steel lugs which accurately 
position the heater on a ceramic disc. The result 
is a firmly welded, vertically aligned assembly 
which is inserted in the control grid cup and auto-
matically positions the heater within the cathode. 
This eliminates critical, uncontrolled hand posi-
tioning of the heater. Positive centering prevents 
chafing of the delicate heater coating and avoids 
heater-to-cathode shorts. 

Less open-heater failures 
Stronger connections obtained by welding the 
tungsten heater "feet" to the stainless steel lugs 
rather than directly to the nickel stem leads, 
greatly reduce open heater failures. 

In 
picture 
tubes... 

SHOWN 4, , TIMES 

ACTUAL SIZE 

This assembly provides controlled heater-
to-cathode positioning; eliminates heater 

shorts resulting from rupture of the 
heater coating, as shown below. 

SHOWN 20 TIMES ACTUAL SIZE 

de 

Greater heater efficiency 
When the control grid is assembled, the distance 
between the top of the heater helix and the outer 
ridge of the ceramic disc controls the depth to 
which the helix is seated inside the cathode. 
Optimum-depth seating is thus predetermined, 
insuring maximum heater efficiency. 

Du Mont quality control of heater design 
and assembly builds longer, fuller, trouble-
free life into every Teletron. 

nUM01117x-eree,* 
lrade Mark 

( ,,ez(«:6 /2 z0,& (( 2Pei ?()-
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MEPCO'S NEW SEALED Precision 

Qualification tests prove new resistors 
immune to immersion and high humidity 

Over 2 years of laboratory development and 
testing were required to achieve a sealed resis-
tor design up to Mepco's standard of quality. 
No sacrifice of our standard time-proven fea-
tures have been made in order to perfect this 
sealed resistor. 

SPECIFICATIONS: Meets all requirements of MIL-R-93A 
and JAN-R-93. 

SEALING: Completely encapsulated and bonded. 

OPERATING TEMPERATURE. -65 °C. to +125°C. 

WINDINGS. Reversed and balanced PI-windings for low 
inductance, with use of only the finest -certified- resis-
tance alloys. 

EXCLUSIVE INTERNAL FEATURES. Internal section's 
cross-over wire insulated from winding by 2000 v. in-
sulation (patented). Special metal molded connecting 
feature, which bonds end of winding and terminal in a 
non-corrosive and mechanically secure manner — no 
solder or flux used. 

TERMINALS: Rigid hot solder coated brass terminals for 
easier and more secure soldering. 

©Z) Ugo 
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Resistors STOP Humidity Failures 
TYPE 

NOMINAL 
WATTAGE 

RESISTANCE 
NO. 

SUPERSEDES 

RATING MIN. MAX. SECTIONS 
JAN-R-93 

TYPE 

RBIS 
(M15) 

.25 

.50 
0.1 ohm 
0.1 ohm 

.185 meg. 

.6 meg. 
, 
£ RB10 

RB16 
(M16) 

.35 
1.00 

0.1 ohm 
0.1 ohm 

.3 meg. 
1.5 meg. 

,, 
' RBIl 

RB17 
(M17) 

.50 
1.00 

0.1 ohm 
0.1 ohm 

.3 meg. 
2.0 meg. 4 RB12 

RB18 
(M18) 

.50 
1.00 

0.1 ohm 
0.1 ohm 

.75 meg. 
4.0 meg. 4 RB13 

RB19 
(M19) 

1.00 
2.00 

0.1 ohm 
0.1 ohm 

4.0 meg. 
15.0 meg. 

. 
° RB14 

RB52 
(M52) 

.25 

.50 
0.1 ohm 
0.1 ohm 

.1 meg. 

.5 meg. 2 RB51 

MIL - R - 93A 

WATTAGE & RESISTANCE TOLERANCE 

TOLERANCE 

SYMBOL 

RESISTANCE 

TOLERANCE 

PERCENT OF 

NOMINAL WATTAGE 

B 

C 

D 

F 

0.10 % 

0.25 % 

0.50 % 

1.00 % 

50 % 

50 % 

75 % 

100 7. 

MIL - R - 93A 

TEMPERATURE COEFFICIENT 
(REFERRED TO 25'C) 

SYMBOL 
EXPRESSED IN PERCENT PER DEGREE C. 

NEGATIVE, MAX. POSITIVE, MAX. 

E 

J 

K 

0.0022 

0.0040 

0.0050 

0.0022 

0.0155 

0.0255 

SPECIAL REQUIREMENTS 

Variations of the above ratinas tellPremtPc famnornfitr. 

coefficient, etc., can be supplied to special order. 

MORRISTOWN, 

fi ll 
1- 0 

-i--1 1---i--1 

MIL RBIS MEPCO M15 

L.\ 

r   

I__I 
MIL RB16 MEPCO M16 

-•I 

MIL RB17 

3.--".1 

MEPCO M17 

Il 
I • o 

MIL RBIS MEPCO M18 

_  t 

, à . 

MIL RB19 MEPCO M19 

rz i 2 .1 

MIL RB52 (PROPOSED) MEPCO 

EW JERSEY 

, , .1 

M52 
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5 d 7,A KW Induction 
Heating Unit, 

KW Induction 
Heating Unit. 

41/2  KW Dielectric 
Pre-Heater. 

SCIENTIFIC ELECTRIC 

40 KV High Volta 
Power Supply. 100 MA. 

edil J Spot Welder 

For DEPENDABLE 
Electronic _Equipment 
Pioneers and leading manufacturers of Induction 
Heaters, Vacuum Tube Bombarders, Test Units, 
Spot Welders, Industrial High Voltage Power Sup-
plies, Dielectric Heaters, and custom built elec• 
tronic equipment ... Scientific Electric has the engi-
neering experience which prevents costly errors in 
equipment selection and application .. gives you 
the right machine for the specific job. 

You will find our engineers make sound recom-
mendations which result in better, faster, quality-
controlled production at lower unit cost. 

Your samples and requirements will be examined 
and our operations demonstrated in our factory 
showroom in Garfield, New Jersey. Visit us or write 
now for full information. 

See us at the I. R. E. Show, 
Booth 05 on the first floor 

. 20 KV High Voltage 
Power Supply 35 MA. 

sciENTIR  

30 KW Dielectric 
Heating Unit. 

ELECTRIC 

Model JT2 Spot Welder; 
complete with power 
supply, foot pedal an 
electronic timer. 

40 KW 
High Frequency 
Induction Heater — 
with worktable. 

• 

10 KW Dielecttit 
Heating U 

105-119 MONROE STREET • GARFIELD, NEW JERSEY 

DESIGNERS and MANUFACTURERS of HIGH FREQUENCY and HIGH VOLTAGE EQUIPMENT SINCE 1921 
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, 

You didrit hesitate a minute! 

- 

_ 

Long ago you learned a concept 
of buying this world's goods that has 
stood you well. You learned how wise 

it is to examine the grain of fine 
leathers. You learned that more than 

dedicated craftsmanship is woven 

into the warp and woof of fine 

woolens. You learned that, year-in-

year-out, quality more than pays its 

way. 

Your concept of buying was con-
firmed by happy and painful experi-

ences in purchasing materials and 

services in the business world. This 

concept became a part of you ... part 

and parcel of your hard-won maturity 
of judgment. 

You faced a communications equip-
ment decision for your corporation's 

aircraft. You heard that the Wilcox 
440A VHF Airborne System—used 

by airlines all over the world—had 

been designed and built to unparalled 

standards of quality. That not once 

—from dream to drawing board to 

loading dock—had the promise of 
dependability been compromised. 

Each feature offered stronger evi-

Your inquiry on the Wilcox 4404 System or its companion, the Wilcox 

4294 Glideslope Receiver, is invited. Please address your inquiry 

to the personal attention of Mr. Donald E. Busse. 

dence. Powerful plane-to-tower atten-
tion guaranteed by the 50 watt trans-
mitter. Clear-as-a-bell signals always 
because of the extra sensitive receiver. 

You grew more excited as you learned 

that no matter where in the world 
you fly—now or in the future—all 

180 channels would be yours to use. 

Then it came—the icy realization 

that you couldn't take a chance, that 
far more than an equipment pur-

chase was at stake. 

And you didn't hesitate a minute! 

wilc ox 
ELECTRIC COMPANY, INC. 

1406 Chestnut 
Kansas City 27, Missouri, U.S.A. 



J OI ..Wire Lead Micas 

with 500 times better 

moisture resistance 

than ever before! 

Sangamo HUMIDITITE* Mica Capacitors 
When you usP Sangamo HUMIDITITE 
molded Mica Capacitors, you gain all the 
advantages of an amazing moisture seal 
that offers previously unheard-of moisture 
resistance characteristics for compression 
molded plastic-encased mica capacitor 
components. 

*what is HUMIDITITE? 
Humiditite is a remarkable new plastic molding compound, 
developed by Sangamo, that gives Sangamo Mica Capacitors 
moisture resistance properties far superior to any others on 
the market. 

HERE'S THE PROOF . . . The standard mois-
ture resistance test described in 
MIL-C-5A (proposed) Specification re-
quires mica capacitors to offer at least 
100 megohms of insulation resistance 
after ten 24 hour cycles in a humidity 
chamber at 90% to 95% relative humid-
ity. The best competitive micas barely 
meet this requirement ... but Sangamo 
HUMIDITITE Micas, under the same 
conditions, all tested in excess of 50,000 
megohms! Continued tests, over and 
above requirements, with the same 
HUMIDITITE Micas, proved them 
capable of withstanding from 21 to 52 
cycles (from the smallest sizes to the 
largest) before failure. 
Humiditite is just another example of 
the advanced engineering that enables 
Sangamo to meet the existing and future 
needs of the electronic industry. For 
additional information about HUMIDI-
TITE, write for Engineering Bulletin 
No. TS-111. 

Xise eleoZtore.. eitoaaerfaste 

SANGAMO 

ELECTRIC COMPANY 
MARION, ILLINOIS SC53-5 

See Us in Booth 3-510 Radio Engineering Show, March 23-26 

What to see at the 
Radio Engineering Show 

(Continued front page 156A) 

Fairchild Camera & 

Instrument Co. 

Jamaica 1, L.I., N.Y. 

2-405 & 406 

Precision linear & non-linear 
potentiometers. 

Fairchild Recording Equipment Corp., 
Whitestone, L.I., N.Y. 3-400 

Professional synchronous tape recorders. 
disk recorders and transcription tables. 
multi purpose pickups, equalizers, pre-
amplifiers, cuing amplifiers, thermostylus 
kits, control track generators, automatic 
framing devices, etc. 

,211111111111111111111111111111111111111111111111t1111111 I I 'dui I : • 
Falstrom Co. 
Passaic, N.J. 

4-507 
Instrument Panels; Aluminum and Steel 
Fabrication; Console. and Cabinets; En-
closures and Housings; Television and 
Radio Control Cabinets; Transmitter Cab-
inets; Transmitter Cabinets; Long and 
Short production runs; Custom metal as. 
semblies. 

Federal Telecommunication Labs., Inc., 
Nutley 10, N.J. Federal Hall 1-707 

Typical UHF Television Station, Exhibit 
of Microstrip-Microwave Printed Cir• 
cuitry, Exhibition of High Quality Ma-
terials and Components. 
Federal Telephone & Radio Corp., Clifton, 

N.J. Federal Hall 1-107 
Communication equipment. 

Federal Tool 
Engineering Co. 
Cedar Grove, N.J. 

4-505 

Small parts welding demonstration, 
automatic tab welding. Machines, ex-
amples of Microscopic welding. Tech-
nical and practical answers to your 
welding problems. 

Federated Metals Div., American Smelt-
ing & Refining Co., New York 5, N.Y. 

4-511 & 513 
Federated exhibit booth will include 
periodic demonstrations of their new "RTS-
200" Rosin Core Solder. Proven by actual 
tests to be (5) five ways better than ordi-
nary rosin solders, the properties and 
working characteristics of "RTS 200" will 
be demonstrated for all to see. 

'federated 
Semi-Conductor Co, 

New York, N.Y. 

1-605 
Exclusive Sales Agents for Germanium Prod. 
acts Corp., Jersey City, N.J. Manufacturer. 
of N•P•N Junction Transistor. and Semi. 
Conductor Devices, Booth 4-605, on Com-
ponents Ave., near elevators. 

Federated Semi-Conductor Co., New York 
7. N.Y. 4-605 

N-P-N Junction Transistors and Semi. 
Conductor devices. Sole agents for Ger-
manium Products Corp. 

(Continued on page 164A) 
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• SAVE TIME 

• SAVE MONEY 

• SAVE INVENTORY LOSSES 

• SAVE PRODUCTION HEADACHES 

• INCREASE PRODUCTION CAPACITY 

Take advantage of Heldor's complete as-

sembly service — its compression-type her-

metic seal bushings ASSEMBLED in can 

covers to meet MIL-T-27 or commercial 
specifications — ready for your final as-

sembly. Send specifications or prints on 

your can, bushing or assembly require-
ments. You'll save plenty! 

Just off the Press! Write today 
for your copy of the new Heldor 
"Cans and Covers" catalog. 

vls 
geStile. '110.145,01t.e.Y. 
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‘u,nle 
latoOotete 

oigriesetwee 

utah 

COMPLETE 
ASSEMBLY 
SERVICE 
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CANS 

HERMETIC 
SEAL 

BUSHINGS 

HELDOR MANUFACTURING CORPORATION 
HELDOR BUSHING & TERMINAL CO., INC. 

225 Belleville Ave., Bloomfield, N. J. 
SEE HELDOR AT BOOTH 2-111, 1953 IRE SHOW, GRAND CENTRAL PALACE 
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for stability 
ana stren0 

C. 

JOHNSON Type L Capacitors 

High frequency capacitors designed to absorb punishment. 
Full soldered construction makes JOHNSON "L" variables 
virtually impervious to the effects of shock and vibration. No 
parts can work loose - capacity can't fluctuate. Ideally 
suited for airborne and mobile transmitting, receiving 
applications. 

Plates are heavy .020' brass with corrosion resistant bright 
alloy plating. Rotor and stator assemblies are soldered; split 
sleeve bearing, mounting posts, tie rods and stator assembly 
are all soldered directly to the heavy ceramic end plates. 
Steatite insulators are located outside the most intense RF 
fields for lowest possible losses at very high frequencies. 
Silver plated beryllium copper rotor contact may be brought 
out at any one of four different angles. This, together with 
dual stator contacts, insures short, low inductance leads in 
any application. 

Co' No Type No. 
Lap. per DOC,. 
Max. Min. 

IICIII., 

*Spacing Per Sec. L 

SINGLE 
SECTION 

Single End Plate 
167-101 
167-102 
167-103 
167-104 

Double End Plot. 
167-151 
167-152 

10L15 
25L15 
50L15 
75L15 

100L15 
200L15 

11 
27 
51 
75 

99 
202 

2.8 
3.5 
4.6 
5. 7 

6.8 
11.6 

.030' 

.030' 

.030' 

.030' 

.030' 

.030' 

3 
7 
13 
19 

.25 
51 

't0  1• 46 
1%, 
1% 

214 
3".‘s 

0 
DUAL SECTION 

167-501 
167-502 
167-503 

25LD15 
5OLD15 
10OLD15 

27 
51 
99 

3.5 
4.6 
6.8 

.030' 

.030' 

.030' 

7 
13 
25 

l'if. 
2'74 
3% 

0 
DIFFERENTIAL 

167-301 

167-303 

10LA15 
25LA15 
50LA15 

11 
27 
51 

2.8 
3.5 
4.6 

.030' 

.030' 

.030' 

3 
7 

13 

's ii f. 
1'4 
If. 

0 
167-201 

167-203 

10L815 
25LB15 
501_1315 

10.5 
26 
51 

2.8 
4.3 
6.8 

.030' 

.030' 

.030' 

5 
12 
23 

114167-202 Ifs 
lis„,à 

•.020, .060, .080 spacing also available. 

We have produced numerous special "L" 
capacitors including those with .020", 
.060' and .080' plate spacing. Other 
specials have incorporated such features 
as, slotted end rotor plates, bearings for 
motor driven applications, integral in-
ductors, special shafts, etc. 

E. F. JOHNSON CO. 

Adapting JOHNSON capacitors to dif-

ficult applications is part of our business. 

We'll be more than glad to help. Like to 

know more about JOHNSON capaci-

tors? Send for catalog 973. 

WASECA, MINNESOTA 

E. F. JOHNSON COMPANY 
CAPACITORS, INDUCTORS, SOCKITS, INSULATORS, PLUGS, JACKS, DIALS, AND PILOT LIGHTS 

What to see at the 

Radio Engineering Show 

(continued from page 162,1) 

Ferris Instrument Co., Boonton, N.J. 
1-301, 302 & 303 

Radio Receiver Testing Equipment-Sig-
nal Generators, Radio Noise and Field 
Strength Meters, Calibrators, Slotted 
Measuring Lines. 

The Filtron Co., Inc. 

Flushing, L.I., N.Y. 

1-502 

Radio Frequency Noise Sup-
pression Filters. 

T. R. Finn & Company, Inc. 
New York 54, New York 

4-611 

Vibration and shock control equip-
ment-Aluminum mounting bases for 
airborne electronic equipment-Fire 
control shock mounts-Signal Corps 
shock mounts, etc. 

Fisher Radio Corp., New York 17, N.Y. 
Theatre 3-304A 

Model 50A Laboratory Standard Ampli-
fier, Model 50C Master Audio Control, 
Model SOR Tuner, Model PR-4 Pre-Ampli-
fier and other audio accessories. This dis-
play will be in conjunction with the new 
1501 Concertone and Network Recorders. 

VI1111111111111111111111111111111111111111111111111111111111111!11111111n1 111111 IHMIIIIIIIIII111111111111111111111111A-

Ford Instrument Co. 
Div., The Sperry Corp. 

Long Island City 1, N.Y. 
2-315 

Servo control motors. Syn. 
chros, Linear potentiometers, 
Differentials, Integrators, Re-
solver systems, Three di-
mensional cams. Magnetic 
amplifiers and similar items. 

11111111111 I IiIii111111 I 111,1,111111 I 111111111111 I 111111111111 I 111111111111 I 111111111111 I 111111111111 I 111111111111 I 

Ford Instrument Co., Div., The Sperry 
Corp. Long Island City 1, N.Y. 2-315 

Precision built components and sub-as-
semblies developed for armament controls 
and computers. Made to highest govern-
ment specifications for use in aircrafts, 
warships and other military equipment. 
Including servo control motors, synchros. 
linear potentiometers, differentials, inte-
grators, resolver systems, three dimen-
sional cams, magnetic amplifiers and 
similar items. 

Freed Transformer Co., Inc. 
Brooklyn 27, N.Y. 

1-109 
Power and Communication Components for 
Commercial and Military Applications: Power, 
Audio, Pulse and Supersonic Frequency. 
Transformers: Reactors, Filters, Discrimina. 
toes and High "Q" Toroid Inductors. Pre-
cision Measuring Equipment: Vacuum Tube 
Voltmeters, Megohmmeters, Bridges, Decade 
Inductors, Condenser Decades. I.ow Frequency 
"Q" Meter, Null Detectors, Comparison 
Bridge«, Frelcuency Standards and Harmonic 
Distortion Meters. 

2 0 4 SECOND AVENUE SOUTHWEST • 
WASECA, MINNESOTA (Continued on page 166,4) 
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AIDS FOR TH IJ ELECTRONIC ENGIN SIGNER 

CAN YOU USE 1HESE UNUSUAL 
QUALITIES IN YOUR PRECISION 

EQUIPMENT? 

Visit our exhibit at 

BOOTHS 2-103, 104 

Second Floor 

I.R.E. SHOW 

for high specific resistance...low temperature 
coefficient and low thermal EMF to copper... 
great stability over wide temperature ranges 

EVANOHM is recommended for al 
precision applications where complete 
ependability for a wide temperatur 

ange is essential. It is especially well 
suited for guided missiles, rockets 
nd other airborne esuisment. 

.„ 

EVANOHM; RESISTANCE CURVE, CHARACTERISTICS AND PROPERTIES 
.16 

uu" .12 

k5- 04 

-.12 e 
-40 -20 0 +20 +40 +60 

TEMPERATURE °C. 

* Dielell 

* REGISTERED 
TRADE NAME 

+80 +100 

1. Analysis — Ni 74.75%, Cr 20.00%, Al 2.75%, Cu 2.50% 

2. Excellent corrosion resistance. 3. Resistivity — 800 ohms per 

circulrr mil foot (134 microhm cm.) 4. Temperature coefficient of 

electrical resistance — Plus or minus .00002 ohms per ohm per degree 

centigrade between minus 50 °C. and plus 105 °C. Thermal E.M.F. 

vs. Copper — .0025 mv. per degree between —50 and 105 °C. (max.) 

6. Non-magnetic. 7. High tensile strength in fine sizes-150,000 

to 200,000 p.s.i. 8. It may be readily welded or brazed and soft 

soldered with special care. Available in: (a) Bare wire sizes 

0009 and larger. (b) Enameled, Formex, Cotton, Silk, Nylon and glass 

insulated wire in sizes .0015 to .0113. 

—a patented, exclusive alloy produced by 

WILBUR B. DRIVER CO 
RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 
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For the first time 
What to see at the 

Radio Engineering Show 

FLEXIBLE WAVEGUIDE with power rating 
equal to that of rigid guide! 

for 

HIGH POWERED 

ILEXAGLI1Dk° 

NOW 

you can 

route your 

R.F. circuits 

into previously 
impossible 

channels, 

without power, 

V.S.W.R. or 

attenuation 

penalties 

for RADAR applications 

Broad- band FLEXIBLE as-
semblies guaranteed to a 
V.S.W.R. of less than 1.10— 
attenuation equal to that of 
brass rigid waveguide—yet 
none of the essential ad-
vantages of flexible plumb-
ing sacrificed to achieve 
this new type of waveguide! 
Performance is what counts; 
let us show you ... 

Write for data sheets 

on new, high powered 

FLEXAGUIDE 

206/0 

-S/Vu 

Py422 Wren,- 2 3'2, at. 
PR, -360Put.seJ Pe.° 350 
22.22-pwast, 22,44224riew C..  

$ 6765 

rA5r Re./n/A.zeyeez.5 

inc. 
20 East Elizabeth Ave., linden, New Jersey 

Ae.4.71t0/1 
niX.epede 4,444,-7/14 

BRANCH OFFICES 

CHICAGO ST. LOUIS DAYTON DALLAS 

BALTIMORE LOS ANGELES SEATTLE 

(Continued from page 164.4) 

Furst Electronics, Chicago 25, III. 3-104 
Klystron Power supplies, wideband D.C. 
amplifiers, wow meter, & laboratory power 
suppl ies. 

The Fusite Corp., Cincinnati 13, Ohio. 3-109 
A complete line of Fusite glass-to-metal 
terminals for hermetic sealing of all types 
of electrical components. Exhibit will in-
clude Fusite terminals applied to actual 
products of our customers in the field of 
electronics, instruments, switches, trans• 
formers. and refrigerator compressors. 

Gates Radio Co., Quincy, Ill. 2-324, 325 & 324 
New Equipment for TV: Broadcast and 
Communications Including the new Gatos 
VHF 500 watt Television Transmitter. New 
Audio Control Apparatus, featuring a new 
Speech Input Control Console. A low Fre-
quency Communication Transmitter, of re-
cent design. Several assemblies and group 
displays for TV. Broadcast and Communi-
cations. 

General Ceramics & 

Steatite Corp. 

Keasbey, N.J. 

1-506 

Ceramics, Ferramics and solder 

seal bushings. 

General Electric Co., Chemical Dept., 
Pittsfield, Mass. 1-201 & 207 

G-E Textolite• Industrial Laminates—New 
Punching grades, fire resistant laminates, 
punched parts and assemblies for the radio 
and electronics industry. New G-E Mico 
Mat insulation for electronic applications. 

General Electric Co. Apparatus Sales Div., 
Schenectady 5, N.Y. 4-120 

In the Radiation Annex see: High Tem-
perature Type and Air Equivalent Type 
Ionization Chambers and Radiation Moni-
tors; Neutron Counter Tube Proportional 
Counter; Pocket Chamber Electro-meter 
Readers; Alpha. Beta, Gamma, and Ther-
mal Neutron type Scintillation Counters, 
and Portable Radiation Probe. 

General Electric Co. 
Apparatus & Sales Divs. 
Schenectady 5, N.Y. 

1-201 & 207 
Permafil, Tantalytic, Drawn Oval, and Sub-
Miniature Capacitor., and Capacitor Pulse 
Forming Networks; Selenium Rectifiers; High 
Voltage Components; Reactors and Pulse 
Transformers; Amplistats and Specialty Trans-
formers; Thyrite Resistance Material; Solder-
ing Irons; Relays for Airborne Electronic 
Equipment; Inductrols for Variable Voltage 
Control; and Electronic Signal Delay Lines. 

General Electric Company 
Electronics Dept. 
Syracuse, N.Y. 
1-201 & 207 

Complete line of transmitting and receiving 
tubes for UHF television; 15 KW Klyetron; 
21", 24", and 27" aluminised picture tubes; 
five star reliable tubes; Germanium prod-
orto emphasising the use of Germanium Iran.-
istors and unction rectifiers; Oscilloscopes, 
signal generators; Regulated power supply; 
Germanium diode checker and new f re. 
quency and modulation meter. 

General Instrument Corp., Elizabeth 3, N.J. 
4-518 

TV V.H.F. Tuners, TV U.H.F. Tuners, 
Variable Air Capacitors. Complete R.F. 
Tuning Units. Complete Electronics As-
semblies, UHF Converters. F. W. Sickles 
Division: 90° Deflection System, 7e Uni-
form Deflection Systems, I.F. Coil As-
semblies, Miscellaneous Small Coils. S-
Trans. 

(Continued on page 168.9) 
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Bring your 
tough problems to us at 

ELECTRONIC TRANSFORMER CO. 
If standard, mass-produced transformers won't do for 

your product or application, consider this ... 

Since 1938 we've concentrated exclusively in the spe-
cialized field of CUSTOM-DESIGNED and CUSTOM-BUILT 
Transformers for government and industry. 

Our engineering staff can solve your transformer prob-
lems by assimilating your circuitry in Electronic Trans-
former Co.'s fully equipped laboratory. 

Why not write or phone us regarding your special 
requirements . . . today! 

TRANSFORMERS • REACTORS • RESONANT FILTERS 

ELECTRONIC TRANSFORMER COMPANY 
209 WEST 25th STREET • NEW YORK 1, N. Y. 

Telephone WAtkins 4.0880 



MICROWAVE RESISIORS 
11.1.111ME R 

SMALLEST 
RESISTOR 
AVAILABLE 

(Ideal for Miniaturization) 

TYPE R RESISTORS employ noble 
metal film deposits on specially 
selected heat resistant glass. 
FILM THICKNESS offers negligible 
skin effect, at microwave frequencies. 
POWER CAPACITY of 1/4  watt pro-
vides high power handling ability. 
PHYSICAL STRUCTURE is ideally 
suited to impedance matching in stand-
ard coaxial line and waveguides. 
FINISH. Coated with a special silicone 
varnish to protect the film. 

TYPICAL APPLICATIONS 
• Power measurement at any 

frequency 
• Matched terminations for wave. 

guides or coaxial lines 
e Resistive power pickup loops 
e RF pads or attenuators 
e Dummy loads 
e Temperature measurements 
e Impedance matching 

SPEC FICATIONS 
Resistance: 50 ohms standard, other 
values on request. 

Tolerance: 5% or 10% 
Wattage: 1/4 watt continuous duty 

at 25°C 
Size: 1/16 inch diem. x 3/16 inch long 
Terminals: Tinned sections 1/16 inch 

long 
Film Length: Type R-063 — 1/16 inch 

Type R-093 — 3/32 inch 
Temperature Coefficient: 
approx. 0.0319 ohms/ohm/"C. 

Power Sensitivity: Approx. 10 ohms/ 
watt 

TELEWAVE LABORATORIES, INC. 
100 Metropolitan Ave. • Brooklyn 11, New York 

A NEW 
SWITCHCRAFT 

41 LITHE 
PLUG 

No. 480 "Littel-Plug" (JAN type 
PJ-068) features a unique assembly of 
metal parts, assembled into the mold as in-
serts; providing a finished plug with complete 
continuity of thermoplastic insulation. Design and 
material strictly in accordance with specification 
P-642. 

See this New Switchcraft "LITTEL-
PLUG" and Many Other New 
Products at Booth No. 3-114 
IRE Show—March 23-26 

Write for catalog 

esimx-Yextrail 
1332 N. Halsted St., Chicano 21 IlL 

I anathan Representative: Atlas Radio Corp. 
Ltd., 560 King St., W, Toronto 211, Canada 

Phone: Waverly 4761 

• The name ••Switeheraft" is a registered trade 
mark and in the property of Switehrraft, Inc. 

AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS • 

What to see at the 

Radio Engineering Show 

(Continued from page 166A) 

General Precision 
Laboratory, Inc. 

Pleasantville, N.Y. 

1-407, 409 & 411 

Studio Television Cameras and 
associated equipment; profes-
sional 16mm projectors. 

7 .11111111111111..111111111i111,111111111111IIIIIIIIIIIIIIIIIIIIIII1111111111111111111:111111111111111111111111111111111111.7 

General Radio Co. 
Cambridge 39, Mass. 

e 
1-121 & 122 

Limit Bridge for Production Testing. Unit 
Instruments. UHF Impedance Measuring 
Equipment. Coaxial Elements and Adaptors. 
standard-Signal Generators. Electronic Teat 
Equipment. 

General Transformer Co., Homewood, III. 4-310 
Electrical t ran s fot me rs—Military and com-
mercial, and military battery charger. 
Germanium Products Corp., Jersey City 4, 

N.J. 4-605 
N-P•N Junction Transistors, semi conduc-
tor devices. See: Federated semi-conductor. 
Gertsch Products, Inc., Los Angeles 2:!, 

4-113 
PrCeacilsifi.on Instruments. Frequency Meters. 
Sonic and Ultrasonic Filters, Precision AC 
Potentiometers. Generation and measure-
ment of frequencies, 20-1000 MC., 4-
0.00170. Passive Filters from 37.5 cps to 
160 KC, attenuation rate of 80 db per 
octave. Measurement of AC voltages front 
50 cps to 3000 cps, accuracy 4-0.005%. 
3000 cps to 50 KC. accuracy 4- 0.05%. 
G.M. f.Giannini & Co., Inc., Pasadena 2, 
Cali  4-706 

Precision potentiometers, commutators, 
pressure, gyro, accelerometer instruments, 
and digital recording computer. 

John Gombos Co., Inc. 

Irvington 11, N.J. 

2-516 

l'recision Electronic Assemblies; Croas Bar 
Contact Switches; Buttontype Capacity Fil-
ters; Dial Light Sockets; Connectors; High 
Frequency and Ultra•High Frequency Con-
nectors; Jack Assemblies and Crystal Con-

Grant Pulley & Hdwe. Co. 

Flushing, L.I., N.Y. 

4-306 

Electronic Equipment Slides. 
Radio and TV Chassis Slides. 
Special sliding devices. 

Gray Research & Development Co., Man-
chester, Conn. 1-402 & 404 

New TeloJector, Dual 2" x 2" slide pro-
jector for TV stations. Gray telops and as-
sociated studio equipment viscous damped 
transcription arms. Sound effect consoles. 
Special effects equipment for video. Gray 
audograph electronic soundwriters. 

(Continued on page 172A) 
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TUNING AN RCA TRANSMITTER. This AM broadcast transmitter is the ultimate in engineering. 
Its easy and simple to operate . . . compact . . . high in fidelity . . . easy to install and 

maintain . . . economical to operate. All tube filament voltages of RCA BTA-5G and 10G 
transmitters are regulated by Sola Constant Voltage Transformers for longer tube life. 

REAR-VIEW OF POWER AMPLIFIER. This is the lower section 
showing three Sola Constant Voltage Transformers installed in 

a BTA-10G unit. Sola regulators are relatively compact com-

pared to other equipment for comparable ac voltage regulation. 

RCA INCREASES TUBE LIFE BY 

REGULATING FILAMENT VOLTAGE 
RCA transmitters are built for 1) operating 
ease, 2) economy and 3) reliability. Sola 
Constant Voltage Transformers are used 
by RCA in their AM Broadcast Transmit-
ters Types BTA-5G and 10G to help pro-
vide these three important advantages. 

Sola Constant Voltage Transformers are 
static-magnetic regulators. In this par-
ticular application, they were used as the 
source of regulated voltage for all tube 
filaments. They provide secondary volt-
ages regulated within +3% regardless 
of primary voltage (transient or con-
tinuous) variations as great as 30%. 
1. They provide operating ease because: regulation is 

completely automatic, continuous ... no manual ad-

justments required.., no moving or renewable parts. 

Send for the twenty-four page catalog 
which gives electrical and mechanical 
specifications for Sola Constant Voltage 
Transformers. Write on your letterhead for 
Bulletin KCV-142. 

2. They provide economy because: conventional unreg-

ulated power transformer and voltage regulating 

circuit are eliminated . . . tubes last longer with 
regulated filament voltage. 

3. They provide reliability because: regulating response 
time is 1.5 cycles or less . . . self protecting against 

short circuits on output and load circuits ... current-

limiting characteristic protects load equipment 
against faulty currents. 

That's how Sola Constant Voltage Trans-
formers helped maintain RCA's high per-
formance standards. They can solve your 
voltage regulation problems too. When 
your equipment is protected by a Sola 
built-in stabilizer you know that you 
automatically have provided the proper 
operating voltage level regardless of line 
voltage conditions. 

STATIC-MAGNETIC REGULATION. 

Standard Sola stabilizers are 

available in capacities from 15va 

to 10kva, and with a variety of 

common power line and filament 

voltages. Special designs can be 

produced for quantity orders. 

Applications unlimited for 

LA TRANSFORMERS 

Transformers for: Constant Voltage • Fluorescent Lighting • Cold Cathode Lighting • Mercury Vapor Lighting • Luminous Tube Signs 
Oil Burner Ignition • X•Ray • Power • Controls • Signal System • etc. • SOLA ELECTRIC CO., 4633 W. 16th Street, Chicago 50, Ilinois 

New •rk: 703 E. 1 t. St., New York 35, N.Y., •• • • • • • -• • • ••, 1010 •v- - • 



TO SERVE YOU BETTER... 

J 

Your needs for ,aheaey,reduYaeed will be 
further served through the addition of this new 

plant to our advanced manufacturing facilities. 

Here, as in our other plants, exacting engineer-
ing control insures you of accurate and depend-

able instruments. 

Throughout the world, those who work with the 

best electronic equipment, rely on Measure-

ments' eaheaey5A,tedezed . 

MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY 

170A 
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\--OSITION 
*WED 

with a coil that has an ina-
portant job to do, by a 
core made of G k & P Car-

bonyl Iron Powders. Gore 

ff 

oers know-how born of 
long experience, high 

permeability, high Q, un-
usual stability and refer-
ences from many major 

employers.... 

G A & F Carbonyl Iron Powders are used 
to produce cores for transformer and inductor 
coils of every form—to increase Q values, to vary 
coil inductances, to reduce the size of coils, to 
confine stray fields and to increase transformer 
coupling factors. 

These powders are microscopic, almost per-
fect spheres of extremely pure iron. They are 
produced in seven carefully controlled types. 
ranging in average particle-size from three to 
twenty microns in diameter. 

Similarly, their properties vary, making them 
useful in many different applications. Engineers 
have commented on the fact that cores made 
from these powders lend themselves to smooth-
ness of adjustment and to ease of grinding. The 
extremely small size of the particles is of enor-
mous value, since eddy currents develop only 
within each particle—proportional to the square 
of the particle diameter. 

We urge you to ask your core maker, your 
coil winder, your industrial designer, how Gila 
Carbonyl Iron Powders can increase the efficien-
cy and performance of the equipment or product 
you make, while reducing both the cost and the 
weight. 

Write for wholly new 32 page book—the 
most comprehensive treatment yet given to 
the characteristics and 
applications of G A & F 
Carbonyl Iron Powders. 
80% of the story is told 
with photomicrographs, 
diagrams, performance 
charts and tables. For 
your copy—without ob-
ligation—kindlyaddress 
Department 40. 

G A 84 F CARBONYL IRON POWDERS 

ANTARA CHEMICALS 
Division of GENERAL DYESTUFF CORPORATION 

435 HUDSON STREET • NEW YORK 14. NEW YORK 

lek 
ANTARA 

EMbs 
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Whers Your Smell Parts 
Welding Problem? 

AN ALMOST 
MICROSCOPIC 
WELDMENT? 

A MINIATURE 
COMPLEX WELDMENT? 

WHATEVER 
YOU NEED, 
THERE'S A 

TWEEZER-WELD One of the many TWEEZER-WELD models—a fully Automatic 
Double Tabbing Machine for miniature tube cathodes. 

that will fullfill your every welding requirement. 

With Automatic Tweezer-Welders, you can weld better—faster— 

more economically— 

better because Tweezer-Welders have the exclusive "automatic 
follow-through pressure" to assure uniform welding quality. 

faster because all production operations are automatic. 

more economically because there is no installation cost, no mainte-
nance cost, low power consumption. 

SEE TWEEZER-WELDERS IN ACTION 

BOOTH #4-505 • RADIO ENGINEERING SHOW 

MARCH 23, 24, 25, 26 • GRAND CENTRAL PALACE • NEW YORK CITY 

SPECIALIZED CONTRACT WELDING SERVICES 

—are being rendered at our plant to augment manufacturers' own 
welding departments or as a substitution for such departments. Your 

inquiry is invited. 

Consultation with a TWEEZER-WELD engineer is recommended in 
adapting the equipment to an individual problem. 

2305 

FIDERAL TOOL 
eTIIIEEZER--2 E NGINEERING C O. .i.LictisoersiC itridge Balance and strain indi-

\e„(yilIELD ,386 pompToN AvENuE  

_E. 

CEDAR GROVE, N. J. I (Continued on page 178A) 
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What to see at the 

Radio Engineering Show 

(c. in tied frmn rage 168A) 

Grayhill, III. 4-612 
Sec: Wally B. Swank. 
Green Instrument Co., Inc., Cambridge. 
Mass. (39) 3-118 

Pantograph engraver for name plates, dials 
and scales. Instrument panels up to 19" in 
height by any length. New GreenArc elec-
tric etching attachment. Rotary tables, 
drum dial fixtures, self-centering vises, 
clamping fixtures, and cutter grinder. Spe-
cial ,,,achinery for production engraving. 

Guardian Electric 

Manufacturing Co. 

Chicago 12, III. 

3-116 & 117 

Hermetically sealed relays, miniature relays, 
solenoid contractors electrical components for 
industry and the Military. 

Halldorson Transformer Co., Chicago 40, 
4-615 

Showing a complete stock-type transformer 
line or new construction and replacement 
in television, radio, amplifier, and other 
electronic applications. Line includes 
power, filament, audio, reactor, H.B. fly-
back and deflection yoke types. See also 
lines of isolation and autoformer types of 
Varivolt line-adjusting units. 

Hammarlund Mfg. Co., Inc. 
New York 1, N.Y. 

4-214 
DIVERSITY RECEIN ERS 

OW Available!—"Super Pro 600" receivers 
which incorporate facilities for operation in con-
ventional dual diversity systems. 

At the show for the first time will be displayed 
a complete IleW Hammarlund diversity system. 

It'll be in Booth 4-214. See it! 

Hammarlund Mfg. Co., Inc., New York 1, 
New York 4-214 

New "HQ-140-X" Communications Re-
ceiver. Model of the "Super-Pro 600" Pro-
fessional Communications Receiver. Data 
Transmission equipment for remote super-
visory control and signaling applications. 
This will include the new "DSU-2" duplex 
signaling unit and the "RCR-RCT" remote 
equipment. Included among the line of 
variable capacitators on display will be 
the miniature units, the "MAPC" and the 
"MAC." 
Hastings Instrument Co., Inc., Hampton, 
Virginia 4-420 

Air-Meter, Vacuum Gauge, Electronic 
Standard Cell, Electronic Manometer and 
Flowmeter. 
The A. W. Haydon Co., Waterbury (20), 

1-619 
FeCaotnunred at the 1953 exhibit will be newly 
developed miniaturized Repeat Cycle 
Timers Time Delay Relays and Elapsed TimeIndicators designed expressly for 

military applications, primarly in the 
aircraft and missile field. These units are 
powered by the revolutionary A. W. 
Haydon standard or governed DC Motors 
or 400 Cycle AC Motor. 

k.,Iiiiiiittinumitmitzwittnitnizummuntumnintimmummuniumniiivimmunum 

E- Reiland Research Corp. E 
g 

E Denver 9, Colo. 

3-212 

Oscillograph recorders, ranging from5: 
the smallest utilizing 35 MM film to-Z›-
lhe largest having a film width of 12d 



14eie's your guide 
4o Jefffirs Electionies 

It covers the complete standard line 

of Jeffers Electronics Division products: 

R.F. CHOKE COILS 

CAPACITORS 

ELECTRONIC COMPONENTS 

It tells everything you'll want to know 

about these products—their specifications, 

their characteristics, their applications. 

To get your copy immediately, 

simply mail the coupon below. 

JEFFERS ELECTRONICS DIVISION 
SPEER CARBON COMPANY 

Du Bois, Pennsylvania 

Other Divisions: 

Speer Resistor 

International Graphite & Electrode 

HAVING TROUBLE WITH TV 

SPURIOUS RADIATIONS? 

Investigate Jeffers' NEW Filter Family 

Booth 4-127, IRE Show, New York City, 

March 23-26. 

Jeffers Electronics Division 

Speer Carbon Company 

Du Bois, Pennsylvania 

Please send me a copy of your latest catalog covering the complete 

standard line of Jeffers Electronics Division products. 

Nome   

Company 

Address 

City  

Position_ 

Zone_ State 
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NEW PRODUCT DEVELOPMENT SHOWS 

LAVOIE HAS EYES ON FUTURE 
NEW AUTOMATIC VHF OMNIRANGE 239-B OSCILLOSOPE 

HYDRO-TUNER NEEDS NOW PACKAGED SHOWS ADVANCED 

NO PRE-SETTING IN SINGLE UNIT DESIGN 

Here, at last, is an electronically con- Now . . . A VHF Omnirange which is For those who require a rugged, pre-

trolled hydraulic power transmission packaged in a single unit, eliminating cision instrument for the study of pulse 

system for tuning stages of electronic the purchase of components section by phenomena, here is a new, revised oscil-

equipment that needs no mechanical section from different manufacturers. loscope. Its new features make it one of 

pre-setting. VHF Omnirange has been accepted the most outstanding instruments in its 

This system has many advantages: by international agreement as the most field. Look at these features: 

It tunes on the signal rather than on desirable, dependable, and economical 1. New scale design allows insertion of 
a pre-set mechanical point. This elimi- system for short range navigation. special scales as aid in interpretation 
nates the possibility of errors due to Instead of permitting only four of curved patterns. 
wear, chassis distortion, shock and tern- 
perature changes ... Means less main- 
tenance problems, longer life for equip- 

courses as is the case with the conven-
tional Aural "A-N" system, VHF Om- 
nirange will: 

2. Frequency range from 5 to 15 Mega-
cycles. 

ment. 
3. Improved rise time of .035 microsec-

onds. 
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\ Make possible a theoretically infinite 

number of courses; 
Allow for tangential approaches in 

4. New Input impedance without probc 
—1 Mcgohm. With Probe-10 Meg-
ohms. 

Dependable tuning of high Q circuits 
is made possible because of the extreme 
accuracy of the tuner. 

Rigid locking of moving parts after 
tuning eliminates the chance of detun- 
ing due to shock, vibration, etc. 

addition to conventional head-on ap-

proaches; 
Enable the pilot to determine his po- 

sition quickly by "fixes" on two Omni 
stations; 
Allow the pilot to maintain any angle 

5. Continuous trigger rate permits se-
lection of any rate from 10 cycles to 
10 Kilocycles. For further informa-
tion, write Lavoie Laboratories, 
Morganville, New Jersey. 

Greater flexibility—The basic system of approach, either in azimuth or ele-

may be applied to many types of tun- vation, by pre-setting the aircraft re-

the simplicity of the operating princi- 
pies. 

The transmitter has a nominal range 
of 100 miles at normal flying altitudes. 

c 

We invite you to write for more in- and the system operates in the VHF'  Z a k red eriej 

formation on the Hydro-Tuner and how range, on an assigned band of 112 to 
it can be applied to your particular 118 Megacycles. For further informa-

problems. Write Lavoie Laboratories, tion , contact Lavoie Laboratories,  
Morganville, N. J. Morganville, N. J. 

MORGAN V ILLE, NEW JERSEY 

"Be sure to visit us at our booth number 1-126-1-127, at the IRE Show" 
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"More Power to You 

Electrical energy is restless . . . would 
jump at any chance to escape—if it could. 
The fact that voltage can be stepped 

up for transmission, stepped down for 
use; that current can be led to and from 
transformers, around switchboards, and 
steered into circuits safely you may credit 
to electrical apparatus builders. Impor-
tant materials to them are Synthane lam-
inated plastics. 

Synthane laminated plastics are used 
in transformers for spacers and coil forms 
because it is an insulator unaffected by 
oils; in tap changer panels because it is a 

Safely, with SYNTHANE" 
machinable insulator with high dielec-
tric strength; in "Glowtectors" because 
of high insulation resistance and abuse-
resistance; in circuit breakers and bus 
bars for its arc resistance. 

Synthane, an unseen essential to power 
generation, transmission, and control, may 
be helpful to you. Send for your copy of 
the Synthane Catalog and learn all about 
Synthane's combination of electrical, 
chemical, physical and mechanical prop-
erties. Synthane Corporation, 12 River 
Road, Oaks, Pennsylvania. 

Stinfutet-eiteo ieduetitAfe tte4eut, u4exutide 

PETTICOAT STANDOFF INSULATORS ma-

chined from Synthane square-

hole tubing. Here, Synthane was 

specified for its good dielectric 

properties, machinability and 

rugged strength. 

PROCEEDINGS OF THE I.R.E. March, 1953 
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PRECISION 
LABORATORY 
INSTRUMENTS 

H . 410% 

MICROWAVE SIGNAL 
SOURCES 

Models SSR, SSL, SSS, SSM SSX, 

634 MC to 10,750 MC 
A reliable source of microwave energy in 
transmission loss meaurements, standing wave 
determination, etc. Unidial Control for accu-
racy and ease of operation. Direct reading 
(no mode charts to consult). 

's{.7.11P0.4744. 

MICROWAVE SIGNAL 
GENERATOR 
Model MSG-4 

7,000 mc-10,750 mc 

An ideal source of an accurately known sig. 
nal voltage, precisely modulated. Sensitivity, 
frequency and performance of radio and 
radar equipments in the frequency range 
from 7 to 10.75 kmc can be readily measured 
on this continuously variable, direct reading 
signal generator. 

Fo/arad POLARAD  ELECTRONICSéa 

TELEVISION 

EQUIPMENT 
RADIO CUE 
SYSTEM 

Model AB 

Used to direct the activities of persons within a 
limited area from a central control point. Widely 
used in broadcast and motion picture studios (sound 
and television). Ideal for factories, yards, hangars, 
airports, auditoriums, and places where the noise 
level is high. The Radio Cue System permits efficient 
operation under difficult conditions. 

1 

TELEVISION 
DISTRIBUTION AMPLIFIER 

Model TDA-1 

Isolates and distributes television signals 
over transmission lines for station and 
production use. TV Synchronizing and pic-
ture signals, both monochrome and color 
can be distributed to as many as five 
separate points. 

See us at Booth 2-511, Radio Engineering Show 
PROCEEDINGS OF TIIE IRE. March, 1953 



REGULATED POWER UNITS 
All Band, Direct Reading 

SPECTRUM ANALYZER 
Model LSA 

10 MC to 21,000 MC 

The Model LSA is the result 

of years of research and de-

velopment. It provides a 

simple and direct means of 

rapid and accurate measure-

ment and spectral display of 

an rf signal. 

• Frequency accuracy I per. 

cent. 

• No Klystron modes to set. 

• Broadband attenuators sup-

plied from 1 to 12 )(MC. 

• Frequency marker for meas-

uring differences 0-25 MC. 

• Only four tuning units re-

quired to cover entire range. 

CORP. 1" 

mire 
,eto 

PORTABLE TELEVISION 
WAVE FORM MONITOR 

MODEL PT1110 
(Dual Regulated) 

Consists of two in-
dependently regulated 
D.C. power sources 
(isolated from ground), 
mounted on one chassis. 
Each power source has 
its own power switch, 
fuse, pilot light and 
voltage control. 

WIDE BAND VIDEO AMPLIFIER 
Model VT 10 CPS to 20 MC 

Designed for use as an oscilloscope deflection am-
plifier for the measurement and viewing of pulses 
of short duration and rise time. 

MODEL PT111 
Consists of a positive and 
a negative voltage supply 
independently regulated. 

MODEL PT112 
Heavy duty electron-
ically regulated D.C. 
power source. 

METROPOLITAN AVENUE, BROOKLYN 11, N. Y. 

Model TO-1 

Designed for precise wave form analysis 
and amplitude measurement of video sig-
nal in television circuits. Also ideal as a 
general purpose instrument in many ap-
plications, because of its wide frequency 
response, high sensitivity, excellent syn-
chronizing capability, precision calibrating 
circuits and unusually large symmetrical 
horizontal expansion. 

STUDIO PICTURE MONITOR 
Model M-105 

A high fidelity picture monitor of large 
size, sufficient for ease of observation 
under studio conditions. It is a high 471. 
pedance device and may be connected 
across a video transmission line without 
affecting the terminal impedance of the 
line. Monochrome and/or color signals in 
black and white reception is provided. 

See us at Booth 2-511, Radio Engineering Show 
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CONNECTOR 

news 
MINIATURE, SUB MINIATURE AND POWER PRECISION CONNECTORS 

NEW SUB-MINIATURE 
30% SMALLER 

Without Sacrificing Pin Diameter 
Here's the way to solve 

your sub-miniature con-

nector problems without 
getting the usual com-

plaints from Production 
because of special sub-

standard wiring require-
ments, misalignment due 
to bent or broken contacts, 
and damaged moldings. 

.040 DIAMETER CONTACT PINS 

Although the unit itself is a full 30% 
smaller than our Series 20 miniature Con-
nectors, the Continental Sub-Miniature 
Rectangular Series SM-20 Connectors 
feature the same husky .040 diameter con-
tact pins — precision machined phosphor 
bronze and assembled in a unique floating 
arrangement to insure self-alignment of 
each individual contact for reduced engage-
ment and disengagement force. POSITIVE 
POLARIZATION is achieved with the use 
of a reversed guide pin and guide socket. 

NO SPECIAL WIRING NECESSARY 

This new SM-20 Series, the only sub-minia-
turized connector that will stand up under 
a continuous 5 amp, operation, requires 
no special wiring. Unlike other sub-minia-
tures, SM-20's use #20 AWG wire, thus 
avoiding the necessity for soldering sub-
standard wires. 

VISIT US AT 

24 HOUR DELIVERY ON A VARIETY 
OF STOCK CONNECTORS 

SM-20's presently can be supplied within 
24 hours with either 11 or 20 contacts, and 
a choice of molding compounds ...choice of 
mineral filled flame-resistant, high strength 
Melamine insulation, Plaskon glass rein-
forced alkyd type 440A, or Diallyl Phthalate 
type 1-501. All these stock SM-20 models 
have been designed to withstand the same 
adverse field conditions under which the 
popular miniature Continental Series 20 
has been tested and approved by leading 
manufacturers. 

CUSTOM MODELS AVAILABLE 

Our engineering staff will be pleased to 
discuss your particular sub-miniature 
application problems. Sub-miniature con-
nectors other than our stock designs deliv-
ered within 6 weeks. Please write for 
Bulletin S-M to DeJur Amsco Corporation, 
Dept. P-3, 45-01 No. Blvd., Long Island 
City 1, N. Y. 

BOOTH 4-125, I.R.E. SHOW 

Continental Connectors 
DeJUR AMSCO CORPORATION 
LONG ISLAND CITY 1, NEW YORK 

What to see at the 
Radio Engineering Show 

(Continued from page 172A) 

Heinemann Electric Co. 
Trenton, N.J. 

4-620 
Exhibit and demonstration of hydraulic-
magnetic circuit breakers, time delay relays 
and overload relay. for electronic circuit.. 
A giant operating model will demonstrate 
circuit breaker response to various overload 
and short circuit conditions, and applies. 
tional data will be available showing the wide 
range of function, performed by circuit 
breakers in many practical new circuits. 

Heldor Manufacturing Corp., Heldor Bush-
ing & Terminal Co., Corp., Bloomfield, 
N.J. 2-111 

Heldor compression-type Hermetic Seal 
Bushings, Transformer Cans and Cov-
ers to MIL-T-27 (plain, electro -tinned, 
electro -plated or painted) that can be sup-
plied, punched, formed (with numerals) 
with weld studs; and the assemblies 
with terminals for hermetic seal trans-
formers and other special applications. 
Also, Heldor drawn cans and covers; 
brackets; channels and end-bell. 

umunsumismrsionsussumussonisumnitummmuntimmiumunmimaiim e BOOTH 
2-111 8 

THE FIRST NAME IN 
• TRANSFORMER CANS & COVERS 
• HERMETIC SEAL BUSIIINGS 
• ASSEMBLY SEALING SERVICE 

IIELIJOR MANUFACTURING CORI'. 
Bloomfield, N.J. 

The Helipot Corp. 

S. Pasadena, Calif. 

1-120 

Precision linear wire-wound po-
tentiometer-rheostats, helical (multi-
turn) and single turn; turns count-
ing indicating dials. 

Heminway & Bartlett Mfg. Co., New York 
36, N.Y. 3-513 

NEW! Fungus-proof Nylon Lacing Cords 
and Flat Braided Tape. Their special syn-
thetic resin coating resists growth of mold 
and micro-organisms—factors most often 
responsible for deterioration of linen and 
cotton lacing cords and tapes. High abra. 
sion resistance—low moisture absorption— 
non-toxic to humans. 

Heppner Mfg. Co. 

Box 1207, Round Lake, Ill. 

3-312 

Loud speakers, horizontal transformers, 

ion traps, beam centering controls, 

focus devices, ferrite antenna coil cor-

recting magnet, magnetic door catch. 

Hermetic Seal Products Co., Newark, N.J. 1-701 
Hermetic Seals: Glass-Metal, single or 
multiple headers for Relays, Condensers, 
Crystals, Transformers, etc., for all 
branches of the field of Electronics. The 
Only Seals you can hot tin dip at 525° F. 
for Easy Assembly Soldering, for a Strain 
and Fissure-Free Sealed Part with Resist-
ance of over 10,000 Megohms! 

(Continued on page 1804) 
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The new products described 
here, together with the 
complete line-up of standard 
Panoramic equipment will be 

demonstrated at the I.R.E. 
Show, 

BOOTH #2-123 
Models AP-I & LP-I—Panoramic 
Sonic Analyzers, Model SB-7 
Panoramic Ultrasonic 
Analyzer, Panalyzors—Models 
SB-3 & S8-8a, Panadaptors— 
Models SA-3 & SA-8a, Model 
G-2—Sonic Response 
Indicator, 

pioneer 
the leader 
\\\\ 

As pioneers and developers of the panoramic technique, the measure 
of our success is reflected in the fact that the electronic field refers 
to the transformation of spectrum content into visual spectographic 
displays as the "Panoramic Method." 

Panoramic leads the industry in producing instruments unexcelled 
for laboratory, research and production applications requiring high 
speed spectrum or waveform analysis. Whatever your problem, a 
Panoramic Analyzer solves it quickly, accurately. Specialized mod-
els covering audio to microwave frequencies simplify analysis of 
waveform distortions, sounds, vibrations, spurious oscillations or 
modulation, response characteristics of filters or transmission lines, 
characteristics of AM, FM or pulsed signals, or monitoring many 
frequency channels simultaneously. 

te 

ULTRASONIC RESPONSE 

INDICATOR—MODEL G-3 

Used as an adjunct to the Model SB-7 
Panoramic Ultrasonic Analyzer, the G-3 
permits visual inspection of amplitude 
versus frequency characteristics of net-
works and devices between 2KC and 
300KC. Direct readings of frequency and 
amplitude. Indicates fundamental re-
sponse only. 

PANORAMIC 
RADIO PRODUCTS, INC. 

SIGNAL SWITCHER—SW-1 

Designed to apply alternately test and 
standard signals to Panoramic Sonic 
Analyzers. Enables frequency compari-
sons to within a fraction of a cycle. 
Used with the G-2 Sonic Response Indi-
cator, it facilitates rapid comparisons 
of the frequency responses of amplifiers 
filters, transmission lines, etc. 

PANALYZOR—MODEL SB- 1 2 
Designed specifically for applications 
requiring extreme resolution or de-
manding measurement of levels of 
signals spaced very closely in frequency 
or widely divergent in amplitude. 

• Maximum Sweepwidth-100KC 

• Max.mum Resolution—I0 CPS 

• Sweep Rates-30 cps, 5 cps, 1 cps 
and I scan in 10 seconds. 

Inquiries invited on special Panoramic Spectrum Analyzers 

12 South Second Avenue, Mount Vernon, N.Y. 
Mount Vernon 4-3970 

WRITE TODAY FOR COMPLETE SPECIFICATIONS AND PRICES 

PROCEEDINGS OF THE I.R.E. March, 19.ii 
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Send today for out new 

completely illusttated catalog ot 
clystals ot outline .yout patticulat 

ctystal ptoblern. Out engineets 
will be glad to malte tecommen-

at no obligation to 
dations,  

"Visit Booth 2-305" 
I.R.E. SHOW 
March 23-26 

Grand Central Palace 

MINIATURIZATION 
Thru constant research, Acme transformer engineers 
have developed designs, that save pounds and 
ounces in weight and provide long-life perform-
ance. We build miniature transformers by the thou-
sands, each individually performance tested. 

PRESSURIZED SEAL 
Here is a transformer design with terminals sealed 
under pressure with a resilient sleeve that accom-
modates expansion and contraction of temperature 
changes. 

PLASTIC COATING 
This is one of a number of ways that plastic has 
been adapted to seal transformers or individual 
coils for service in humid atmospheres or under con-
ditions which breed fungi. 

-iAe4?ta 4 E tactitz 
ACME ELECTRIC CORPORATION 
443 WATER STREET • CUBA, NEW YORK 

IN CANADA: ACME ELECTRIC (CANADA) LTD. 
824 NOTRE DAME ST., WEST • MONTREAL, CANADA , 

What to see at the 

Radio Engineering Show 

(Continued from page 178A) 

HERMETIC SEAL 
PRODUCTS CO. 

First & Foremost in Miniaturization 

29 So. Sixth St. 

Newark 7, N.J. 

Booth 1-701 

Ilewlett-Packard Co. 
Palo Alto, Calif. 

1-509, 511 

Audio Oscillators, Television fre-
quency monitor, UHF Signal Gen-
erator, Frequency Converter, Cali-
brated Waveguide Attenuator, Signal 
Generators, Electronic Frequency 
Counter. 

Hewlett-Packard Co., 395 Page Mill Road, 
Palo Alto, Calif. 1-509, 511 

Audio oscillators, the 200AB and the 
200CD, covering a combined frequency 
range from 5 cps to 600 kc. Television fre-
quency monitor. Model 335E. The new 
612A UHF Signal Generator for the design 
and testing of color television receivers 
and equipment. The Model 512A Frequency 
Converter (designed to operate with the 
524A Counter for direct measurements of 
frequencies from 0 cps to 100 mc.) Model 
382 Calibrated Waveguide Attenuator. The 
618B and 622A Signal Generators extend 
the frequency range of the H-P line up to 
11 kmc. The 522B Electronic Frequency 
Counter for a variety of measurements 
for industrial and electronic measure-
ments involving frequency, time, speed, 
rate, etc. 

Hickok Elec. Instrument Co., Cleveland 8, 
Ohio 2-118 

Laboratory and commercial type tube 
testers; cathode-ray oscilloscopes with DC 
vertical amplifiers, plus wide and medium 
band AC amplifiers; portable 3-inch and 
laboratory type 5-inch instruments; tele-
vision alignment generators; crystal-
controlled marker oscillator generators; 
complete line of vacuum tube voltmeters; 
noise generators; television video gener-
ators; microvolt generators. 

Hi-Q, Div. Aerovex 1-602 

Harvey Hubbell, Inc., Bridgeport, Conn. 4-515 
Interlock connectors and wiring device, 

Hudson Tool & Die Co. 
Newark, N.J. 

3-208 

Cases, covers, custom metal stamp-
ings for electrical, electronics and 
nucleonic industries. 

renneth E. Hughes C44,-Net, York 23, 
4-617 

Kenneth E. Hughes Company manufactur-
ers representatives. Division Lead Co., 
Chicago, Ill., manufacturers of all types 
of solder, soldering fluxes & soldering 
chemicals. Other companies whose products 
we will exhibit are: Advance Electronics, 
Rochester Electronics, Oryx, J. W. Hobbs 
Corp., Chemical Electronic Eng., Inc., 
Highland Engineering Co. & El Mec Labs. 

TRANSFORMERS 

180. 

(Continued on page 182A) 
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VOLTAGE REGULATED 

POWER SUPPLIES   
For Industrial and Research Use 

THE KEPCO MODEL 1520 FEATURES A REGULATED 

HIGH VOLTAGE POWER SUPPLY WITH EXCEL-

LENT REGULATION, LOW RIPPLE CONTENT AND 

LOW OUTPUT IMPEDANCE. 

SPECIFICATIONS 

OUTPUT VOLTAGE DC: 0-1500 volts continuously 

variable. 

OUTPUT CURRENT DC: 0-200 milliamperes contin-

uous duty. 

REGULATION: In the range 30-1500 volts the output 

voltage variation is less than 1/2 % for both line fluctu-

ation from 105-125 volts and load variation from min-

imum to maximum current. 

RIPPLE VOLTAGE: Less than 20 millivolts. 

FUSE PROTECTION: Input and output fuses on front 

panel. Time delay relay is included to protect rectifier 

tubes. 

POWER REQUIREMENTS: 105-125 volts, 50-60 cy-

cles. 

EPE 

MODEL 1520 

••• 

• 

OUTPUT TERMINATIONS: DC terminals are clearly 

marked on the front panel. Either positive or negative 

terminal of the supply may be grounded. DC terminals 

are isolated from the chassis. A binding post mounted 

on the front panel is available for connecting to the 

chassis. All terminals are also brought out at the back 

of the chassis. 

METERS: Voltmeter: 0-1500 volts, 4" rectangular. 

Milliameter. 0-200 milliamperes, 4" rect.-

angular. 

PHYSICAL SPECIFICATIONS: Cabinet height 223.,", 

width 21", depth 15'•á", color gray, panel engraved. 

Rack panel height is 21", width 19". 

CONTROLS: Power on-off switch, HV on-off switch, 

HV control. 

KEPCO LABORATORIES 
131-38 SANFORD AVENUE • FLUSHING 55, NEW YORK 

Complete catalogue available upon request . . . write dept. A-1 

VISIT KEPCO BOOTH NOS. 4406 and 4-408 AT THE I.R.E. SHOW 
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any shape .. . length . . . 

ID or OD . . . to meet 

your specific requirements 

SEND FOR ARBOR LIST 

Free to you upon request . . . lists 

over 1500 sizes ... all promptly avail-

able. A free sample is also yours for 

the asking ... just send your specifi-

cations. 

Precision Paper Tubes are spiral-wound 

of finest dielectric kraft, fish paper, 

cellulose acetate, or combinations. 

Write us today! 

PRECISION PAPER TUBE CO. 
2051 W Charleston St. 

Plant No. 2: 79 Chapel St., Hartford, Conn. 
Also Mfrs. of Precision Bobbins 

Ch,caqo 47, Ill. 

Vete UHF SWEEP GENERATOR 
for UHF TV Production Testing 

TYPE 1211 
The Type 1211 UHF 
Sweep Generator has 
been specifically de-
signed to rapidly and 
accurately align UHF 
Television heads, con-
verters and complete 
receivers, 

SPECIFICATIONS 

FREQUENCY COVERAGE: 450 to 900 MC. 
Dial calibrated in 36 MC steps. BAND-
WIDTH: Constant bandwidth of 50 MC 
over entire spectrum. Can be adjusted 
to narrower bandwiths, with internal 
controls. MARKERS: Pulse type crystal 
controlled accurate to 0.02% spaced 36 
MC throughout the 450 to 900 MC 
spectrum. OUTPUT: At least 1 volt across 

a 75 ohm load. ATTENUATOR: Electrostat-

ically coupled piston type, range ap-

proximately 80 db. AUXILIARY OUTPUT 

SIGNALS: I. Automatically phased sine 

sweep for X axis of scope. 2. Marker 

pulses either plus or minus polarity, 

continuously variable in amplitude. 

PRICE $950.00 F.O.B. PLANT 

1M 50 PATERSON AVENUE • EAST RUTHERFORD, N. J 

Manufacturers of a Complete Line of TV Test Equipment 

T21-11islrument Co. inc. 

What to see at the 
Radio Engineering Show 

(I,,eit inn,/ je am page 180A) 

A HUGHES 

DIODE 

actual size 

SEE THE HUGHES EXHIBIT 

Hughes Aircraft Co., Culver City, Calif. 4-814 
Semiconductor products—germanium di-
odes—Eight new RTMA types of high con-
ductance diodes; higher forward currents 
combined with higher back resistance than 
ever before available in commercial 
quantity. UHF diodes. Nine RTMA types 
of general purpose diodes with high back 
resistance. Diodes classified to customer 
specifications. 
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North Hollywood, Calif. 
3-309 

New plastic encapsulated toroid coils and 
series "H•• plastic encapsulated precision wire 
wound resistors, in addition Hycor will dis-
play the latest in wave filters designed for 
precision applications. Technical inquiries 
will be answered at the booth. 

Hytron Radio & Electronics 
Co. Division of CBS, Inc. 

Danvers, Mass. 

2-316 & 317 

Radio receiving tubes, television re-
ceiving tubes, C-R tubes, trans-
mitting tubes, special purpose tubes. 

Illinois Condenser Co., Chicago 22, III. 4-222 
Fixed Capacitors. 
Indiana Steel Products Co., Valparaiso, 

2-208 
A new ceramic permanent magnet material 
with unusually high coercive force and 
very high specific resistivity, permitting 
its use in high-frequency fields, will be 
introduced. Also on display: Alnico per-
manent magnets, Cunife permanent mag-
nets, steel permanent magnets, ion traps 
and radar magnets. 

Visit "INDUSTRIAL" 
at 

\/ BOOTH #2-101 
for 

• forannted Tube 
Sockets 

• Terminal Strips 
• Wired Assemblies 
• Metal or Bakelite 

Stampings 
• Terminal Board 

INDUSTRIAL HARDWARE MFG. CO., INC. 
109 Prince Street. New York 12. N.Y. 

Phone: OReoon 7-1881 

A • sernbi les 
• screw Machine 

Parts 
NEW ITEMS 
Tuner Strips. Sockets. 
and Brackets for 
UHF 

Industrial Products Co., Danbury, Conn. 
2-320 & 321 

Connectors and RF Components. 
Industrial Tape Corp., New Brunswick, 

N.J. 4-607 
Pressure Sensitive Electrical Tapes vinyl, 
cellulose acetate, paper and cloth tapes. 
Industrial Television, Inc., Clifton, N.J. 3-509 
Oscilloscopes, Field Strength Meters. 

(Continued on page 184A) 

PROCEEDINGS OF THE I.R.E. March, 1953 



PREMIER • • 40 YEARS 0 
PIUS-le/tie for your ETCHED and 
LITHOGRAPHED METAL DIALS 
and PANELS 

PREMIER METAL ETCHING offers 

you complete facilities under one 

roof to etch, die cut, recess and 

pierce to close tolerances on all 

dielectrics, clad with copper, brass, 

aluminum, silver, nickel or steel. 
Etched 
Circuitry 

PREMIER METAL ETCHING COMPANY 
QUALITY RO  

21-03 44th AVENUE, LONG ISLAND CITY 1, N. Y. 
Phone STillwell 4-7605 

Branch Offices: 
PHILADELPHIA, Pa. 593 Drexel Bldg. • BOSTON, Massachusetts 
PLAINVILLE, Conn. 128 Bohemia St. • BUFFALO, N. Y. 1807 Elmwood Av. 
DETROIT 2, Mich. 604 Fisher Bldg. • CHICAGO 40, Ill. 4554 Broadway 
TOWSON 4, Md. P. 0. Box 6844 • PITTSBURGH 30, Pa. Box 2014 

PREMIER PRODUCTS are distin-
guished by sharply defined mark-
ings, close tolerance calibrations, 
and accurately positioned holes and 
lettering. Premier has complete and 
centralized facilities for producing 

finished units up to 2" x 36". 

NAME PLATES — DIALS FOR IN-

STRUMENTS, WATCHES & CLOCKS 

— RADIO - ELECTRONIC PANELS — 

GAUGES — RULERS — PLAQUES — 

ETCHED CIRCUITS 

2.a 

Fluorescent Dials 

ee, •••••1 

-• 
1001,14.14 M. 64 WPC 6,..11 Or, LAM 

s. 
•••.. I 

Panels 

See eel ete ete ZE sdeee-geuee-7/0 
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NEW SYSTEM Accurately measures 
VSWR from 1.02 to 100/1 

DOUBLE 
PROBE 
SYSTEM 

NEGLIGIBLE 

REFLECTIONS 

PIN POINT 

TYPE PROBE 

"HARD WAYS" 

PRECISION 

HANDWORKED 

SURFACE 

onttit* 
PRECISION 

SLOTTED LINE 
VSWR INDICATOR\ 

MEASURES 

IMPEDANCE • VSWR 
RELATIVE POWER; 
'lOO MC TO ABOVE 1000 MC SWR INDICATOR— 

'REFERENCE 
LABORATOR 
STANDARD 

s'• 

10. STABLE SENSITIVE 00 CYCLE NEGATIVE 

FEED BACK AMPLIFIER 

FLAT TOP SELECTIVITY. 

MODEL 
62 

MIN. GENERATOR RF. POWER 

REQ. 2-20 MILLIWATTS 

• Full scale VSWR ranges: 1.1/1 - 4.0/1 - 10./1 and to 100/1 using in-
cluded calibrated probe depth attenuators. 

• Differential probe system for accurate measurement of low VSWR. 

• Useable electrical probe travel 150 centimeters (1/2 wave at 100 mc/s). 

• Removable end tapers exhibit negligible impedance transformation— 
under 1%. 

• Residual VSWR under 1% —voltage uniformity 0.5% or better —me-
chanical tolerances held to 0.2%. 

• Machine engraved centimeter scale and vernier (Starrett) measures 

probe travel to 0.1 millimeter accurate to 0.01 mm. 

• Continuously adjustable probe depth 0 —.500" calibrated in .001" 

steps. Permits measurements of relative power and maintenance of 
square law crystal characteristic. 

THE ROLLIN COMPANY 
2010 LINCOLN AVE. • PASADENA 3, CALIFORNIA 

184a 
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met Inc., Los Angeles, Calif. 4-423 
Power Supplies: High, Medium and Low 
Voltage, Voltage Regulated Rectified 
power sources—Magnivolt. 

Instrument Specialties 
Company, Inc. 
Little Falls, N.J. 

3-110 

Standard Beryllium Copper finger 
contact strips and rings available 
from stock. Custom made beryllium 
copper components to order. 

Instruments Publishing Co., Inc., Pitts-
burgh 12, Pa. 2-108 

Instruments—The Magazine of Measure• 
ment and Control; The Instruments Index; 
Instrument Manufacturing; The Instru-
ment Manufacturing Guide; Handbook of 
Measurement and Control; Books Pub-
lished and Sold by Instruments Publishing 
Compan T. 

Insuline Corp. of America 
36-02 35th Avenue 

Long Island City 1, N.Y. 

2-202 

Electronic Assemblies, Electronic Compo-
nents, Metal Housings, Test Equipment, UHF. 
VHF Antennas, Special facilities for Govern. 
ment contract need.. 

Insuline Corp. of America, Long Island 
City 1, N.Y. 2-202 

Electronic assemblies, Electronic Compo-
nents. Metal Housings, Test Equipment, 
UHF-VHF Antennas, Special Facilities 
for Government Contract Needs, JAN type 
plugs, jacks, terminal strips, special metal 
fabrications. 
International Nickel Co., Inc., New York 

5, N.Y. 1-521 
Nickel and Nickel Alloys as used by the 
Industry. 

mussmussussunimmissonnumnsinssonootommttostmotimsottutossuse 

International Resistance Co. 
Philadelphia 8, Pa. 

1-110 
Fixed & Variable Carbon Resistors, Fixed & 
Variable wire wound resistors, composition 
carbon resistors, deposited carbon resistors, 
high voltage carbon resistors, high frequency 
resistors, power resistors, hermetically sealed 
terminals, miniature selenium rectifiers, boron 
carbon resistors. 

a -e 

F-
F 011/1t111111111 11 1111111111111111111111111111111111111111.111111111111111.Ildli.11111:1111111111111111111111111111111113 

J-B-T Instruments, Inc., New Haven 8, 
Conn. 2-130 

Vibrating Reed Frequency Meters, Panel 
or portable, including 11/4" and 31/2 " sealed 
types, 60 and 400 cycles combination for 
audio-oscillators, and new 2-cycle incre-
ment models for 400 cycle bands; Elapsed 
Time Meters, including 400 cycle sealed 
model, others in combination with fre-
quency meters; Lever Action Switches, 
3 or 4 position, 1 or 2 deck; Rotary Selector 
Switches, 14 and 20 position types, in-
strument quality, laminated or fully-
enclosed molded models; Switch Kits for 
special models; Pyrometers and other 
temperature measuring instruments and 
accessories. Also 2" electrical Instruments: 
Shunte panel and pocket A.C. and D.C. 
voltmeters, milliammeters, etc. made by 
subsidiary. 
JFD Manufacturing Co., Inc., Brooklyn 4, 
N.Y. 2-134 

TV antennas and accessories. Variable 
piston type capacitors. 

(Continued on page 186A) 
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the PRESTO RC-11 
PRESTO introduces a precision-engineered tape recorder 

with a radical new type of construction! 

Featuring a self-contained capstan drive unit, the PRESTO 
RC-11 provides durability, flexibility and rapid maintenance 
heretofore unheard of in tape equipment. Motor, fly wheel, 

capstan shaft, pressure pulley and solenoid are all pre-mounted on 
a cast aluminum sub-assembly . . . a complete working unit 

quickly removable for service or replacement. 

A heavy, ribbed, cast aluminum panel designed for rack or case mounting supports all 
other components. Overall durable construction gives additional reinforcement 

and protection during shipping and adds years to the life of the machine. 

In terms of performance and operational case, the RC-11 also steps 
out front. This new recorder, with complete push button operation, 

automatic microswitch in case of tape breakage and a reel capacity of 
101/2 inches, is an engineer's delight. 

The combination of advanced design and engineering in the RC-11 
puts ordinary tape recorders in the shade... makes this instrument 

an investment, not an expenditure. Ask your PRESTO distributor for full 
information on this important development in tape recorder 

design ... the all new RC-11. 

The "unitized" 
construction of the 

Presto RC-11 

... allows a complete flexi-
bility in the manufacture 
of various types of instru-
ments. By the simple rear-
rangement of components 
the RC-11 becomes a high 
fidelity recorder, a dual 
track. bi-directional record-
er or reproducer or a long-
playing reproducer with 
automatic tape reversal. 

Export Division: 
Canadian Division: 

wrum rvc I A DrIPCT AA k IrA eTi IDFD rig DDr 

RECORDING CORPORATION 
PARAMUS, NEW JERSEY 

25 Warren Street, New York 7, N. Y. 
Walter P. Downs, Ltd., Dominion Square Bldg., Montreal 

II rninni. Lk IT • In NI 



VE-CTRON'S 
NEW Microwave 

SPECTRUM 
ANALYZER 

The 
Operating 
Frequencies 
YOU Need 

. .. provides a wide choice of operating frequen-
cies in a single, compact unit. 

. . . eliminates the unnecessary bulk and extra 
cost of equipment which covers large areas in 
bands you never use. 

SPECIFIC BAND COVERAGE to fulfill your particular requirements 
is readily available with separate. interchangeable R. F. Heads. 

INTERCHANGEABLE R. F. HEADS are easily installed and removed 
from the Vectron chassis. Separate heads are supplied in convenient, 
protective storage cases. S-band and X-band Heads from stock; others 
available for early delivery. 

For Microwave Radar and Communications Equipment 
"I he Vectron SA20 Spectrum Analyzer presents visually the foluencs dis-
tribution spectrum of the power output of pulsed or CW microwaYe 
oscillators and cast be used as a sensitive RI' detector for checks ail(' 
measurements in the design, production and maintenance of microwase 
radar and communications equipment and component.. 

FEATURES 

Large, clear 5" oscilloscope pattern 
Standard bezel to accept camera, hood or 

filter 
Minimum number of controls . . . maxi-
mum operating convenience 

Double conversion assures I. F. alignment 
stabil ity 

Built in regulated supply for Klystron 
oscillators 

Easy access for maintenance or adjustment 

SPECIFICATIONS 
Overall Gain — 130 decibels. 
Sensitivity—Approx. —60dbm for 1 usec. 

pulse width. 
IF Bandwidth —Choice of 50 kc, recom-
mended for CW and 0.2 to 2 usec. pulse 
widths, or 20 kc. bandwidth to 5 usec. 

Sweep Frequency — 10 to 30 cps stand-
ard — available to 2 cps and with long 
persistence tube. 

Power Requirements — 105 to 125 volts. 
60 cycles. 

Vectron's development program includes additional 
R. F. Heads to cover microwave frequencies newly 
opened for military and civilian use. For information 
on these additional R. F. Heads and for complete en-
gineering and operating data, send for Bulletin SA20. 
NVrite today and be sure to specify the operating fre-
quencies you need. 

rECTRON also offers custom design and production facilities for development and 
contract manufacture of servo-mechanisms, communication networks and filters, 
gyro-mechanisms, electronic systems, electro -mechanical equipment and instrumenta• 
lion. Write us today and specify your requirements. 

ViTTROAT, inc. 
get-PAonrC a/Ad gieceta-9/eckaical etti-

4 0 2 MAIN STREET, WALTHAM 5 4 , MASS. 

What to see at the 
Radio Engineering Show 

(Continued from page 184A) 

Jeffers Electronics, Pa. 
See: Speer Resistor 

0-127 

Jennings Radio Mfg. Co. 

San Jose, Calif. 

4-211 

Our development laboratory is avail-
able to design and produce units for 
specialized applications. 

Jennings Radio Mfg. Co., San Jose (8), 
Calif. 4-211 

Fixed and variable types of vacuum capaci-
tors; vacuum switches and relays, vacuum 
capacitance voltage dividers; vacuum feed-
thru capacitors; other vacuum units for 
specialized applications. 

Jensen Mfg. Co., Chicago 38, III. 3-506 & 507 
Loudspeakers, TV and Radio Components. 
parts include: coils, resistors, condensers. 
deflection yokes, fly-back transformers. 

Jerrold Electronics Corp., Philadelphia, Pa. 
4-618 

Multiple Television Distribution outlet 
systems and complete associated equip. 
ment. 

Jerrold Electronics Corp. 
Philadelphia 46, Pa. 

4-618 
Community television antenna systems 
Television field strength meter 
Variable and fixed rf antenuators 
taster television antenna systems for hotels, 
apartments, motels 

rf preamplifier. and fixed frequency UHF 
converter.. 

Howard B. Jones Div., Cinch Mfg. Corp., 
Chicago 24, Ill. 2-5e & 506 

Electrical Connecting Devices. 

Kalbfell Labs., Inc. 
San Diego 10, Calif. 

2-206 & 207 
Displaying a revolutionary new line of chopper 
stabilized power supplies—high powered stand• 
ard cells, with extremely low output imped-
ance and excellent long-time stability. Also 
standard line of Logatens—non-linear at-
tenuators; Twin.T Filters; Peaked Amplifiers; 
Servo•Stabilizers; Electronic Thermostats; 
Logarithmic Time Babe.; Plug-In Amplifier.; 
Micro.klikers; Decade Amplifier.; Auto-
matic Potentiometer Positioners. 

Karp Metal Products 
Company, Inc. 

Brooklyn 20, N.Y. 
1-510 & 512 

On display are cabinets, housings sod en-
closures especially fabricated for the elec-
tronics industry. See how Karp's use of the 
latest sheet metal fabrication and welding 
techniques renders sturdy, attractive and func-
tional housings to protect your most sensitive 
instruments. 

Be sure to visit 
all four floors! 

(Continued on Page 188A) 
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Amplifier Group 
Type I6-31B 24 
contact - stabil-
ized d-c ampli-
fiers. 

Preview of a New Precision Analog Computer 
for Solving Problems in Dynamics ... 

Multi plierGrou p 
Type 16 - 3IA 
20 multiplying 
channels. 

Resolver Group 
Type 16 - 3ID 
4 resolving chan-
nels. 6 amplifier 
channels. 

Servo Group 
Type 16 - 31G 
2 resolving chan-
nels. 4 multiply-
;ng channels. 

See this new system at Booths 1-114, 1-115— I.R.E. Show. Grand Central Palace 

True, you'll find many analog computer systems on 
the market. However, we have spent a great deal of 
time developing a system which we feel does a more 
effective, more efficient job with the highest degree 
of accuracy. Here ore the reasons: 

New 20-channel servo-mechanical multiplier in 
which several channels may be used as incremental 
function generators. 

New centralized control from operating console 
for greater flexibility. 

New automatic select and set keyboard-operated 
cttenuator system for ease of operation. 

New controlled environment to insure maximum 
accuracy at all times. 

New grounded metal problem board eliminates 
errors due to leakages between terminals. 

For more information on this system, write for our 
Components Book. Address inquiries to: 

ELECTRONIC ASSOCIATES, INCORPORATED 

COMMERCIAL SALES DEPARTMENT 
200 LONG BRANCH AVENUE 

LONG BRANCH, NEW JERSEY 



»al/bee/nee"», 
Fe/lb/nee/ 

Airborne and commercial transmitting installa-
tions for pulse width and FM radio telemetering. 

Ground station equipment for the reception, 
handling and reduction of telemetered data. 
We are prepared to furnish standard units 
from production or to develop and produce 

special equipment to your specifications. 

ASCOP ® 

`four Inquiries are Invited. Write or call 

Mr. Porter Plainsboro 3-4141 

APPLIED SCIENCE CORPORATION OF PRINCETON 
Also: High Speed Sampling Switches and Special Components and Equipment 

P. 0. Box 44, Princeton, New Jersey 
See Us at Booth 4-806, Grand Central Palace, Radio Engineering Show, March 23-26 

/Vow 

PL-4D21 

.•••••' 

OW ER 
TRODE 

DISSIPATION. 

S TO 120 Mc. 
Hum OVERLOAD CAPABILITIES. 
AVAILABLE IMMEDIATELY. 

For data, Write: 

PENTA LABORATORIES INC. 
216 North Milpas Street 

SANTA BARBARA, CALIFORNIA 

Capac-
ities: 
(0-200 in. 
lbs.) or 
(0-150 ft. 
lbs.) 

5tURtE VA Nt 
TORQUE TESTING 

FIX URE 

«.. 

e 

FOR TESTING Screws, tapping-
screws--all types of threaded fasteners; 
threaded parts and threaded connections. 

FOR MANUFACTURERS 
DESIGNERS 
INSPECTORS 
TOOL ENGINEERS 
LABORATORIES :u,(1 for 
PRODUCT CONTROL 
tir ssrnblv 

Write for Bulletin TTF 

PA /5 to RrE VA MT /C 
sooisav fouat Ire/ a. ova, 

What to see at the 
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Kay Electric Co. 

Pine Brook, N.J. 

1401 

Electronic Test and Measuring 

Instruments. 

Kenyon Transformer 
Company, Inc. 

New York 59, N.Y. 
1-615 

- Displaying up to date models of specially 
- engineered transformers. This year the em-

phasis will be on small oil-filled units, and 
- the new "Ken•seal" molded units. Various 
▪ other types of Kenyon components will be 

displayed also. 

F-. 

Voltage Regulateli 
Power Supplies 

4-406 & 408 
For Industrial & Research, Excellent 
Regulation & Stabilization, Low Out-
put Impedance. Low Ripple Content. 

KEPCO LABORATORIES 
131-38 Sanford Ave., Hushing 55, N.Y. 

repco Laboratories, Flushing 55, N.Y. 
4-406 & 408 

Super Voltage Regulated Power Supply 
DC Voltage Regulated to 0.01%). Will 
show 16 of 30 Standard DC Voltage Rep-
lated Power Supplies. Low Voltage High 
and Low Current—Medium Voltage—High 
& Low Current. High Voltage—High & 
Low Current. 

Kester Solder Co. 
Chicago 39, Ill. 

2411 
Featuring Kester " 'Solderforms' in Action," 
this firm's booth shows how pre-formed solder 
pieces are used by various industries to cut 
down on production labor and speed up as. 
sembly. All the special "Solderform" shapes 
are presented, including rings, discs, pellets, 
washers, and springs. Various Flux•Core 
Solders will also be displayed. 

Ketay Manufacturing Corp., N.Y. 4-711 
The revolutionary Ketay designed minia-
ture synchro has set new standards for the 
industry. Other mass-produced Ketay min-
iatures include servo motors, high preci-
sion resolvers, and high-performance re-
solver amplifiers. 

Ketay Manufacturing Corp. 

555 Broadway, New York 12, N.Y. 

4-711 

Synchros 

etaTT Servos 

sf Resolvers 
Magnetic Amplifiers 

Electronic Equipment 

(Continued on page 190A) 
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, W 2-PLAN SIZE 
50% more seamless nickel cathode capacity 

Of this we are sure: you made us what we are today. 
You demanded so many of our seamless nickel 
cathodes that we had to add capacity. We did. 

We built another plant—this time at 
Wapakoneta, Ohio—increasing our seamless 

nickel cathode output by 50%. 

Other familiar characteristics of Superior service 
remain—the desire to help you with your problems, 

the experience of skilled tube-fabricators, 
and quality-controlled manufacture. 

Take advantage of Superior service and capacity now. 

*Main Superior Tube plant at Norristown, Pa. 

**NEW Superior Tube plant at Wapakoneta, Ohio 

e 
SeamlessNickel Cathode— 
Round, flanged one end. 
.115" 0.1). u .105" I.D. 
'180" long. • 

tockseand Nickel 
Cathode Plate, .170" 
0.0. u .005" wall 
1" long. 

Weldrawn: 305 
Stainless Steel Anode 
Rolled and Bent 10°. 
.499" I.D. u .010" 
wall a 1.050" long. 

Disc Cathode .121" 

0.0..312" long. 

SEAMLESS NICKEL CATHODES 
Representative size and shape specifications in current production 

Type Bead O.D. Wall Length 
Thickness 

ROUND None .015" .002" 25.4 mm 
ROUND None .121" .0035" 8.0 mm 
ROUND Single .045" .002" 27 mm 
ROUND Double .025" .002" 28.5 mm 
OVAL Double .025"x.048" .003" 12 mm 
OVAL Single .045"x.149" .002" 31 mm 
OVAL Single .025"x.048" .003" 12 mm 
ELLIPTICAL Double .025"x.048" .003" 11 mm 
RECTANGLE Single .030"x.0975" .002" 11 mm 
RECTANGLE Double .040"x.132" .004" 33.4 mm 

Many other types of nickel cathodes—made in Lockseamt from 
nickel strip, disc cathodes—and a wide variety of anodes, grid cups 
and other tubular fabricated parts are available from Superior. 
For information and Free Bulletin address Superior Tube Company, 
Electronics Division, 2506 Germantown Avenue, Norristown, Pa. 

‘54eer/eve 
THE BIG NAME IN SMALL TUBING 

All analyses .010" to 
Y. — 0.D. 

Certain analyses (.035"Max. 
wall) up to 1Vs" O.D. 

Manufactured under U.S. Patents 

Trademark Reg. U.S. Pat. Off. 
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EXTEND THE RANGE OF 
STANDARD FREQUENCY COUNTERS 

WITH THE DECAVIDERS 

DECAVIDER 

10 mc. — 100 mc. Model 10100 

 0-0 I N OUTO-.-+  

J_ 

Frequ▪ ency Counter 
Range 

DECAVIDER 
Model No. 

• NO LOSS OF ACCURACY 

• LESS SIGNAL LEVEL 
REQUIRED 

Gains of up to 1000: 
with some models / 

YOUR 
FREQUENCY 
COUNTER 

(.4_0 1i.i Up to 10 mc. 

Extends Ran e to 

Read your 
counter and 
add speci-
fied fixed 
frequency 

Price f.o.b 
Caldwell N. J. 

Up to 10 mc 1020 10 mc.— 20 me. $295.00 

Up to 10 mc 10100 10 mc.-100 mc. (9 ranges) 495.00 

Up to 1 mc 110 1 mc.— 10 mc. (9 ranges) 395.00 

Up to 100 kc 10 100 kc. — 10 mc. (10 ranges) 545.00 

(50 DB) UNITS FOR LOW LEVEL 

NEW HIGH GAIN (5 MILLIVOLT OR LESS) PRECISION 
FREQUENCY MEASUREMENTS 

Decavider for use with any single 10 mc band in range from 20-250 
me — $495.00. Decavider for use with any single 10 mc band above 250 mc— 
price upon request. BOOTH NO. 4-905 

ECADE INSTRUMENT CO Box 153, Caldwell, N. J. • Phone CAldwell 6-4258 

Compact ... Dust-Proof 

TIME DELAY RELAYS 
solenoid actuated—pneumatically timed 

Introduces time delays into a-c or d-c circuits. Easily 
adjusted to provide delays ranging from 0.1 second to 
five or more minutes. 
The AGASTAT is small, light, and operates in any 

position. Dust-proof timing chamber assures long oper-
ating life with a minimum of maintenance. 

Write for Bulletin. 
Dept. A1-37, A'G'A 
Division of Elastic Stop Nut Corporation of America 
1027 Newark Avenue, Elizabeth 3, New Jersey 

What to see at the 
Radio Engineering Show 

(Continued from page 188A) 

Keystone Products Co., Union City, N.J. 4-609 
Custom built aircraft and special purpose 
transformers. A complete servo set-up 
illustrat ing the MOTOMAG, a new 
packaged magnetic amplifier. 

Kimble Glass Co., Toledo 1, Ohio. 1-124 & 125 
Makers of all-glass rectangular cathode-
ray tube bulbs. Exhibit will show how the 
glass industry has progressively reduced 
weight and increased sizes of bulbs. Ex-
hibit will also show the basis of how all-
glass bulbs are manufactured. 

21111111111111IIIIIIIIIIIIIIIIIIIM111 , 11111 ,111MMill111111111111111111111I1111111111111111111111111111111,111111111 
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Kings Electronics Company 

Tfr 

Tuckahoe 7, N.Y. 

2-204 

Coaxial connectors, rf fittings, micro-
wave assemblies, waveguide com-
ponents, antennas, test sets. 

JAMES KNIGHTS COMPANY 
SANDWICH, ILLINOIS 

James Knights Co., Sandwich, Ill, 2-109 
Quartz crystals and holders: quartz oscilla-
tor plate, filter and ultrasonic crystals; 
phenolic, hermetic-sealed holders; ovens of 
all sizes and capacities; tourmaline and 
quartz crystals; custom cut and ground; 
frequency standard; and frequency and 
modulation monitors. 

Krohn-Hite Instrument Co. 
Cambridge 39, Mass. 

4-301 

Audio Oscillators, Ultra-Low Fre-
quency Oscillators, Square wave gen-
erators variable band-pass filters. 
Variable rejection filters, Servo-
design filters. 

Kulka Electric Mfg. Co., Inc. 
Mt. Vernon, N.Y. 

2-139 
Molded barrier type of terminal blocks, •ines 
ranging from miniature to a jumbo 90 amps. 
size. Aircraft and electronic switches made 
to JAN-S.23 specs. electronic components. 
Electrical wiring devices, such as receptacles, 
outlets, plugs. etc. Terminals .and solder luge. 
Cable assemblies and Harness.. 

Kupfrian Mfg. Co., Binghamton, N.Y. 3-101 
Flexible Shaft Couplings, and Flexible 
Shaft Assemblies for remote control of po-
tentiometers, tuners, switches, repeaters. 
revolution counters and other instru-
ments and components. Also electrostatic 
wire shielding, push-pull controls and 
Universal Joints. 

l9Os 

(Continued on page 206A) 
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Available in all the types, sizes, and ranges for all 

electronic and electrical built-in requirements . . . 

including approved ruggedized panel instruments. 

Complete literature on request . . . WESTON 

Electrical Instrument Corporation, 614 Frelinghuysen 

Avenue; Newark 5, New Jersey. 

March, 1953 



SPECIAL OPPORTUNITIES FOR 

SENIOR ENGINEERS 
Convair in beautiful, sunshiny San Diego in-
vites you to join an "engineers" engineering 

deportment. Interesting, challenging, essential 
long-range projects in commercial aircraft, mili-
tary aircraft, missiles, engineering research and 
electronics development. Positions open in these 
specialized fields: 

Electrical Design Servo-mechanisms 

Mechanical Design Aerodynamics 
Structural Design Thermodynamics 

Structures Operation Analysis 
Weights System Analysis 

Generous travel allowances to those accepted. 

For free brochure, write Mr. H. T Brooks, 
Engineering Dept. 800 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
3302 PACIFIC HIWAY 
SAN DIEGO 12, CALIFORNIA 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 

The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

PRINTED CIRCUITRY 
Engineer with design and development ex-

perience in printed resistors desired by small, fast 
growing company in southern California. Posi-
tion offers permanency and advancement. Write 
stating age, experience and education. Box 715. 

ELECTRONIC ENGINEER 
Wanted electronic engineer for sales work, 

high technical content, nice manner, adaptable, 
good traveller. Salary $5000. Write details fully. 
Box 716. 

ENGINEERS 
A department in Sylvania located in Salem, 

Mass, is rapidly expanding in the microwave tube 
business. There is always a need in this field to 

coordinate customer circuits and tube perform-
ance. There are many problems involving fre-

quency drift, tube life, frequency modulation 
characteristics, pulse response, etc. which may be 
solved either by changes in tlte tube or in the 

circuitry of the equipment. It is our policy to 
work very closely with the customer on an en-

(Continued on page 193A) 

ENGINEERS 
ELECTRONICS 

TOP JOBS 
We are a large established Company. 
Company which is spearheading a dy-
namic expansion program in the Elec-
tronic Tube field. Top quality men are 
needed to augment our present staff. 

Development—Creative mechanical engi-
neering talent required to visualize to-
morrow's products today, in product de-
s elopment, procedure, equipment. Should 
possess manufacturing, research or engi-
neering background in this field. This 
opening presents a challenge to a qual-
ified man whose abilities and knowl-
edge presently are restricted. 

Application—An inventive, ingenious en-
gineer with a background in electronic 
circuits. One whose abilities (EE pre-
ferred) can meet the constant challenges 
of tube application. Personality and per-
suasiveness are desirable attributes. 

Tube Production—A-1 man required for 
tailor-made position for e•perienced re-
ceiving tube plant manufacturing execu-
tive. Our expansion program is sole rea-
son for considering applicant from an-
other company. 

All replies are strictly confidential. Our 
management is aware of these openings. 
Please submit remurne. 

Box 724 

Institute of Radio Engineers 

1 E. 79 St. New York 21, N.Y. 
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gineering basis to arrive at the most economical 
and best solution from an over-all systems point 
of view. There is a good opportunity for a person-
able engineer to get broad experience, both tech-
nically and from a business point of view. Apply 
Sylvania Electronic Products Inc. Microwave 
Dept., 60 Boston St., Salem, Mass. 

TECHNICAL EDITOR 

Technical editor wanted for research organiza-
tion at the Pennsylvania State College. Back-
ground in engineering and journalism required. 
Opportunities for graduate work. Write Person-
nel Director, Box 30, State College, Pennsylvania. 

ENGINEERS, MATHEMATICIANS AND 
PHYSICISTS 

The Moore School, University of Pennsyl-
vania, has openings for electrical engineers, 
mathematicians and physicists. Work is available 
in the fields of digital and analogue computers, 
mathematatical analysis, circuit design, and solid 
state physics. Applicants should be citizens and 
have at least a B.A. degree. Salary commensu-
rate with experience. For information write: Pro-
fessional Personnel Officer, Moore School, Uni-
versity of Pennsylvania, Phila. 4, Pa. 

ELECTRICAL ENGINEERS 
Electrical engineers with experience in com-

munications and television system engineering 
required by a large organization in Montreal. 
Salary commensurate with ability and experience. 
Apply P.O. Box 6000, Montreal, Canada. 

ASSOCIATE PROFESSOR 

Engineering school in the southeast has an 
opening for an Associate Professor in communi-
cations and electronics for teaching and research. 
Salary $9,000. Write Box 717. 

(Continued on rage I99A) 

ELECTRONIC 
ENGINEERS 

FOR DESIGN AND DEVELOPMENT WORK IN 

RADAR 

COMPUTERS 

TELEMETERING 

DATA REDUCTION 

SERVO MECHANISMS 

DIGITAL TECHNIQUES 

A CHANCE TO GROW WITH A YOUNG PRO-

GRESSIVE COMPANY, SALARIES AND 
ADVANCEMENT COMMENSURATE WITH 

ABILITY, LIBERAL VACATIONS, SICK 

LEAVE, EIGHT PAID HOLIDAYS, GROUP 

INSURANCE, EDUCATIONAL ASSISTANCE 

PROGRAM, EXCELLENT WORKING CON-

DMONS. SEND RESUME OF EXPERIENCE 

AND EDUCATION WITH SALARY REQUIRE-
MENTS AND AVAILABILTTY DATE TO: 

( Electronic Ensineerins Company ......i 

III SOUR ALVAIADO SUM 

LOS AMMIS•4•CALIFOINIA 

TO: 

THE PROJECT ENGINEER 

Does your project require, or will future projects require? 

PLASTIC LIGHTING PLATES 

MIL-P-7788 (AN-P-89) 

Have you ever designed one? 

Are you familiar with the technical problems involved? 

Do you realize that your complete equipment is judged by the 

operating layout and lighting of the control box? 

Do you know that our approved laboratory and facilities can 

help you? 

IRE BOOTH 708 FOURTH FLOOR 

BODNAR INDUSTRIES, INC. 

New Rochelle, N.Y. 
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ASSISTANT CHIEF ENGINEER 
Electronic 

Established company located in the metropolitan New York area is expanding its electronic-
nucleonic departments and requires the services of a mature engineer with dominant experience 
in administration, design and development of radio and radar transmitters, receivers and test 
equipment; servos, telemetering, scalers and associated equipment. Must be a meticulous 
analyst, familiar with military specifications; able to examine and negotiate terms and con-
ditions of military contracts and must be capable of estimating and preparing bids and 
proposals. Our staff knows of this ad, Submit resume to 

"President" 

Box 723 

INSTITUTE OF RADIO ENGINEERS 
New York 21, N.Y. 1 E. 79 St. 

DEPARTMENT HEAD MISSILE ELECTRONICS 
Prominent well-established aircraft and missile manufacturer 
offers an outstanding opportunity to a person qualified to head 
an expanding electronics organization. Salary commensurate 
with responsibility. Must have at least ten years experience in 
airborne electronics, five of which should be in missile or radar 
design and development. Advanced degree preferred. Position 
reports to chief engineer. Send detailed resume of background 
and recent photograph to 

BOX 722 
Institute of Madill Engineers 
I East 79 SO.. New York 21. N.Y. 

PROCEEDINGS OF THE I.R.E. March, 1953 193A 



R. F. CHOKES 
Tiny-Rugged-Insulated 

Immediate Delivery 

from Stock! 

1/4 to 150 microhenries 

CON
2705 S. KRAMER TUCSON, ARIZ. 

Dy RADIO MFG' CO' 

FLORIDA CALLS ELECTRONIC ENGINEERS 
Graduate engineers for R & D in microwave com-
ponents ami receivers, SONAR, transistors, non-
linear circuitry and computers. 

Ideal sports, living and working conditions with 
excellent pay, unusual employee benefits and 
profit sharing. 

Write for application to: 

RADIATION, INC. 
MELBOURNE, FLORIDA 

%%ANTED: 1111111:1 'FM OF ENGENIEFOING 

An outstanding opportunity for an electronics engineer of executive caliber 

to head up the development program for a nationally known manufacturer in 

the electronics field. A smaller firm with two well-equipped plants and excellent 

laboratory facilities, particularly in the audio and electro-acoustic fields, 70% 

of the company's business is civilian. 

Starting salary $12,000 with opportunity for increased earnings through bonus 

and advancement. Stock participation open. Appointee will be a member of 

small top management group. 

QUALIFICATIONS: Must be a graduate engineer or physicist, preferably in 

communications field. Age 30 to 50. At least 8 years of engineering experience 

with some supervisory activity. American citizenship and clearance for secret. 

Originality and creative thinking essential plus ability to plan, organize, direct, 

and coordinate the efforts of various project groups. 

CONFIDENTIAL PERSONAL INTERVIEW may be arranged during 

IRE meeting in March in N.Y.C. Address reply stating personal qualifications, 

including: education, employment, and earnings record, patents and inventions, 

publications, interests, family status. All replies treated in strict confidence. Our 

own staff knows of this advertisement. 

Box 725 

INSTITUTE OF RADIO ENGINEERS 

I East 79th St., New York, N.Y. 

NEWYORK CITY 
INTERVIEWS 

At The 

Roosevelt Hotel 
MARCH 23-26 

for 

and  
ENGINEERS  

interested in 

Long Range Research and 
Development On 

GUIDED MISSILE 
PROGRAMS 

Positions Available Now in 
Fields of 

Radar 
Gyroscopes 

Servomechanisms 
Mechanical Systems 
Electrical Circuits 

Applied Physics and Math 
Precision Mechanical Devices 

Electrical System Design 
General Electronics 
Instrumentation 
Microwaves 
Computers 
Autopilots 

Plan to see our Representatives 
During I.R.E. National Convention 

CALL MU-6-9200 

• 

If unable to arrange interview 

WRITE: Manager, Engineering Personnel 

BELL 
AIRCRAFT CORPORATION 

194 

P.O. Box 1 Buffalo 5, N.Y. 
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AT NORTH AMERICAN AVIATION 

BRIGHT NEW HORIZONS 

Guided missile and rocket engine developments at 
North American are years ahead in engineering and 
design. More than five million man-hours' experi-
ence in actual rocket engine firing tests, for instance, 
contribute to North American's substantial leader-
ship in this challenging phase of aerophysics. 

North American's stature in this exciting and 
complex field is the result of three things: The fore-
sight to plan ahead for the nation's future needs; a 
stimulating, side - by - side cooperation among the 
best engineering brains in the industry; and the im-
mediate availability of North American's extremely 
advanced research and test facilities to its aero-

physics personnel. One such facility is the Aero-
physics Field Laboratory, shown above. Another 
is the world's largest privately-owned supersonic 
wind tunnel. There are many more. 

There are always career opportunities at North 
American for imaginative scientific minds. A 
brighter future for you may be here at North 
American —in the field of airframe design, struc-
tures and stress, propulsion systems, special me-
chanical equipment, aerodynamics or flight test 
instrumentation and operations. 
Why not write for complete information, giving 

us your education and experience? 

NORTII AMERICAN AVIATION, INC. 
Engineering Personnel, Missile and Control Equipment Department 

aclliable 12214 Lakewood Boulevard, Dept. 95-R, Downey, California 

NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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WHILE IN NEW YORK: 

ENGINEERS 
FOR ATOMIC 

WEAPONS INSTALLATION 

Mechanical Engineers, Electronics and Electrical 

Engineers, Physicists, Aerodynamicists, and Mathe• 
maticians. A variety of positions in research and 
development open for men with Bachelors or 
advanced degrees with or without applicable 
experience. 

These are permanent positions with Sandia 
Corporation, a subsidiary of the Western Electric 
Company, which operates the laboratory under 
contract with the Atomic Energy Commission. The 
laboratory offers excellent working conditions and 
liberal employee benefits, including paid vaca-
tions, sickness benefits, group life insurance and 
a contributory retirement plan. 

LOCATE IN TH 

Albuquerque, center of a metropolitan area of 
150,000, is located in the Rio Grande Valley, °tie 
mile above sea level. Albuquerque lies at the 
foot of the Sandia Mountains which rise to 
11,000 feet. Cosmopolitan shopping centers, scenic 
beauty, historic interest, year 'round sports, and 
sunny, mild, dry climate make Albuquerque an 
ideal home. New residents experience little 

difficulty in obtaining adequate housing in the 
Albuquerque area. 

THIS IS NOT A 

CIVIL SERVICE APPOINTMENT 

Make Application to the 

PROFESSIONAL EMPLOYMENT DIVISION 

SANDIA BASE 
ALBUQUERQUE, N. M. 

Be sure 

you 

investigate 

career 

opportunities 

at RCA 

Learn how you can take 
part in latest engineering 
progress in the forefront of 

electronics. Learn about the 
newest advances by RCA 
... world leader in electronic 
development, first in radio, 

first in recorded music, first 
in television. 

"Phone 

Mr. Robert E. McQuiston, 

Manager, Specialized 

Employment, 

Radio Corporation of America 

at 

MUrray Hill 9-0500, 

March 23 through 26" 

RADIO 

CORPORATION 

of AMERICA 
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A QUESTION FOR ALL ENGINEERS: 

Where rapt' be 
10 pars from now? 

Will your achievements be recog-
nized? Will you be associated with 
distinguished scientists and engi-
neers? Will your work provide a 
challenge for your talent and ability ? 
Will your position and income be 
founded upon your real merit? 

At RCA, you'll find plenty of 
"future insurance" ... and right now 
is the time to investigate RCA 
opportunities. Because RCA is now 
looking for experienced ELECTRONIC, 
COMPUTER, ELECTRICAL, MECHANI-
CAL, and COMMUNICATIONS ENGI-
NEERS . . . PHYSICISTS . . . METAL-
LURGISTS . . . PHYSICAL CHEMISTS 
. . . CERAMISTS . . . GLASS TECHNOL-
octers. Whichever your specialty, 
there's a chance of a lifetime for a 

career with RCA—world leader in 
electronic development, first in radio, 
first in recorded music, first in tele-
vision. RCA growth has remained 
steady through war and depression 
. . . you'll find positions open today 
in many commercial projects, as 
well as military lines. 

WHY RCA IS A GOOD PLACE 
FOR YOU TO WORK 

Facilities for creative engineering are top-
notch. Working conditions and associates 
stimulate you. 'Periodic merit reviews help 
you advance in grade and income. Your 
family can enjoy pleasant country or sub-
urban living. RCA encourages growth of 
your professional status and recognition. 
Company-paid benefits—including life, ac-
cident and hospitalization insurance—in-
crease your feeling of security. You look 
forward to retirement through a progressive 
program. RCA has a modern tuition refund 
plan for advanced study at recognized 
universities. 

Personal interviews arranged in your city. 

Please send a complete resume of your education and experience to: 

MR. ROBERT E. McOUISTON, Manager, Specialized Employment Division 
Dept. 202-C, Radio Corporation of America, 30 Rockefeller Plaza, New York 20, N.Y. 

Positions Open In 

RESEARCH—DEVELOPMENT— 
DESIGN—APPLICATION 

in any of the following fields: 
RADAR—Circuitry—Antenna Design--Servo Sys-

terns —Information Display Systems—Gear 
Trains- Stable Elements—Intricate Mechanisms 

COMPUTERS—Digital and Analog—Systems Plan-
ning — Storage Technique— Circuitry —Servo 
Mechanisms—Assembly Design—High Speed 
Intricate Mechanisms 

COMMUNICATIONS — Microwave — Aviation — 
Mobile—Specialized Military Systems 

MISSILE GUIDANCE—Systems Planning and Design 
—Radar and Fire Control—Servo Mechanisms 
—Vibration and Shock Problems 

NAVIGATIONAL AIDS— Loran -- Shoran —Altim-
eters—Airborne Radar 

TELEVISION DEVELOPMENT—Receivers—Trans-
flut ters and Studio Equipment 

COMPONENT PARTS —Transformer—Coil—Relay 
- 'apaeitor—Switch Motor Resistor 

ELECTRONIC TUBE DEVELOPMENT —Receiving — 
Transmitting—Cathode-Ray —Phototubes and 
Magnetrons 

ELECTRONIC EQUIPMENT FIELD ENGINEERS — 
Specialists for domestic and overseas assign-
ment on military electronic communications 
and detection gear. 

RADIO CORPORATION of AMERICA 

PROCEEDINGS OF THE I.R.E March. .1953 
197A 



THE JOHNS HOPKINS UNIVERSITY 

RESEARCH 

ENGINEERS — PHYSICISTS 

This University Laboratory offers a variety of challenging problems at 
both senior and junior levels. A position here means: 

• Faculty rank and privileges for Senior Staff 

• Favorable arrangements for advanced study in the Hopkins 
Graduate Schools 

• One month paid vacation 

• An air-conditioned laboratory near the University Campus 

The Radiation Laboratory of the Johns Hopkins University has positions 
in the fields of: 

• Electronic Circuits and Pulse Techniques 

• Microwaves and VHF 

Address inquiries to: 

RADIATION LABORATORY 

1315 St. Paul Street 

Baltimore 2, Maryland 

MAKE THIS YOUR HOME 

FOR IMPORTANT WORK 
UNDER IDEAL CONDITIONS 

e TV RECEIVER DESIGN ENGINEERS 
e ELECTRONICS ENGINEERS 
• FIELD ENGINEERS 
e TEST & INSPECTION ENGINEERS 
• COMPONENTS ENGINEERS 

NEEDED TO WORK ON: Radar, G.C.A., Mobile Radio, 
Auto Radio, Airborne Communication & Navigation 

Equipment, Television, Antennas, Microwave Equip-

ment, Servo Mechanisms and Guided Missiles. 

YOU BENEFIT AT BENDIX RADIO: 
from high wages, a modern, air-condi-
tioned plant, paid vacations and holidays, 
group insurance and a good chance for 
advancement. 

Housing immediately available in the 
beautiful suburban and country areas that 
surround the Bendix Radio plant. 

Write, Wire or phone 
MR. E. O. COLE, DEPT. M «Vendbe -Radio 

DIVISION OF BENDIX AVIATION CORPORATION 

BALTIMORE-4, MD. Phone: TOWSON 2200 

dfilki>.4.1Wie reaild; wt 
Ckettenic Ceci/if/scat 

* * * * 

Positions Wanted By 
Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ELECTRONICS ENGINEER—PHYSICIST 
B.A. in chemistry, M.A. and Pli.D. in physic, 

8 years experience in electronics development. De-
sires responsible position in electronics design and 
development in west or southwest. Age 34, mar. 
red. Box 606 W. 

ENGINEER 
B. E. E. raduate ie s Iowa al M.S. V: 

years varied electronic engineering experience in-
cluding pulse circuitry, microwave circuitry, and 
radar modulators. 1 year technical writing. Age 
27. Desires position in electronic development and 
research in New York city area. Box 608 W. 

(Continued on Page 2(12A) 

ELECTRICAL 
and 

ELECTRONIC 

ENGINEERS 
Excellent opportunities in 

the field of 

AUDIO AMPLIFIER DESIGN 

SERVO AMPLIFIER DESIGN 

COMPONENT DEVELOPMENT 

EQUIPMENT DESIGN 

Senior and Junior Engineers 

Write, giving full details to: 

Personnel Director, Dept. A, 

GIBBS MANUFACTURING 

AND 

RESEARCH CORPORATION 

Janesville, Wisconsin 
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(Continued from page 193,1) 

SALES & ELECTRICAL ENGINEERS, 
PHYSICIST, PRODUCTION MANAGER 

(1) Sales engineers with E.E. degree and 5 
years capital goods selling experience. Knowledge 
of paper, plastics or rubber industry helpful. (2) 
Senior Project Engineer with EE. degree and 5 
years experience in direction of design projects 
for industrial electronic, servomechanism, or ra-
dar equipment. (3) Senior research engineer with 
Ph.D, or equivalent in physics or engineering, 
and 5 years experience in direction of radio-
chemistry, physics and electronic systems analy-
sis. (4) Production Manager with E.E. degree 
and 5 years experience in supervision of electronic 
and mechanical production including production 
and materials planning. Salaries open. Send com-
plete résumé. Box 718. 

ELECTRONIC ENGINEER—PHYSICIST 

Electronic engineer or physicist to contribute to 
instrument development program of major petro-
leum refiner in Chicago area. Prefer M.S. with 
servo training. Age 25-35. Reply with details of 
education, experience and salary requirements. 
Replies will be held confidential. Box 721. 

PROFESSORS—ENGINEERS 

The U.S.A.F. Institute of Technology has sev-
eral vacancies for qualified professors or engi-
neers to teach on a graduate and undergraduate 
level in electrical engineering. Employment will 
be effected in accordance with Civil Service regu-
lations. Grade levels range front GS-9, $5,060. 
per annum to GS-13, $8,360. per annum. Appli-
cations should be made on Standard Form 57 
available at any Post Office or by letter to the 
Dean, Resident College, U.S.A.F. Institute of 
Technology, Wright-Patterson Air Force Base, 
Ohio. 

ENGINEERS OR PHYSICISTS 
A mithvestern manufacturer of electrical re-

sistors, rheostats and allied components, is look-
ing for experienced engineers or physicists in-
terested in research and development or produc-
tion engineering work in this field. Replies from 
men with experience in specialized types of 
these components will be welcome. Excellent op-
portunity, attractive conditions. Give full de-
tails as to training and experience, and salary 
desired. Box 719. 

RESEARCH AND DEVELOPMENT 

The M.I.T. Instrumentation Laboratory is de-
veloping equipment for fire control, navigation 

and air control. Several openings exist for en-
gineers and scientists, recent graduates with out-
standing academic and performance records, to 
do electronic and electromechanical component de-
velopment and system design work followed by 
testing in the laboratory, in flight, and in field. 
Opportunity for academic study. Send résumé to 
Instrumentation Laboratory. 68 Albany St., Cam-
bridge 39, Mass., Att: M. Phillips. 

ELECTRONICS ENGINEERS OR PHYSICISTS 
Electronics engineers or physicists are needed 

by the Weapon Systems Laboratory, a division 
of the Ballistic Research Laboratories. Interest-
ing projects include design of electronic circuitry 
in connection with image converter and other 
high-speed canteras, oscillographic recording sys-
tems, high-speed radiographic equipment, pressure 
and strain gages. etc. Positions are permanent. 
Starting salary $4,205 to $7,040 depending on 
qualifications. Opportunity for graduate study. 
Also summer vacancies. Address: Weapon Sys-
tems Laboratory, Room 221, Bldg. 328, Aberdeen 
Proving Ground, Maryland. 

CHIEF CHEMIST ENGINEERS 
PHYSICISTS 

ieeers,„ Il jeyeeises„, 

Mechanical Engineers — Electrical Engineers 
Servo Engineers—Aerodynamicists—Physicists 

Do You Know the MELPAR Story? 
For complete information about the opportunities available 

for qualified engineers and scientists write to 

PERSONNEL DIRECTOR 

melpar, inc. 

The Research Laboratory of Westinghouse 
Air Brake Co. and its subsidiaries 

452 Swann Avenue, Alexandria, Virginia 
or 10 Potter St., Cambridge, Mass. 

for 

NEW RAYTHEON 

CATHODE TUBE PLANT 

We are expanding our commercial pic-

ture tube manufacturing facilities. A 
new 100,000 square foot plant now 
being built at Quincy, Massachusetts, 
incorporating the most advanced en-
gineering features in the industry, will 
be in production by mid-summer. We 
are announcing an unusual opportunity 
for an alert engineer with experience 
in Cathode Ray screening and aluminiz-
ing, to earn industry-wide recognition 
as a key man in an outstanding com-
pany. 

Send complete resume of experience 
and qualifications, including salary ex-
pected, to 

RAYTHEON 

MANUFACTURING 

COMPANY 

Donald Blanchard, Personnel Manager 

465 Center Street 

Quincy 69, Mass. 

TAKE INVENTORY OF YOUR 
FUTURE 

WHAT MAKES A GOOD JOB? 

Check off the items in the fol-
lowing list that you look for in a 
good job. 

1—Professional Recognition 

2—Interesting work 

3—Equitable salary 
4—Recognition of Ability 
5—Security 
6—Good future prospects 
7— Reward for ideas 
8— Good working conditions 

9— Liberal benefit program 
10—Family protection 

11—Paid vacations and holidays 

If you look for all of the above 
items and more, in a good job, it 
will be to your advantage to in-
vestigate the opportunities in Elec-
tronic Circuit Design and Special-
ized vacuum tube research and de-
velopment at ... 

NATIONAL UNION RADIO CORP. 

ELECTRONIC RESEARCH DIVISION 

P. 0. Box 352 Orange, New Jersey 
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CAPEHART-FARNSWORTH CORP. 

FORT WAYNE, INDIANA 

NEEDS COMPETENT, CAREER-MINDED 

ELECTRONICS ENGINEERS 

MECHANICAL ENGINEERS 

PHYSICISTS 

FOR .. . 

... RESEARCH & DEVELOPMENT 

... PRODUCT DESIGN 

... PRODUCTION ENGINEERING 

... FIELD ENGINEERING 

IN... 

... GUIDED MISSILES 

... VACUUM TUBES 

... RADAR 

... MICROWAVES 

... TELEVISION 

... RADIO 

... TEST EQUIPMENT 

... ANTENNAS 

Our long history of steady growth and current long-range programs assure permanent and responsible 

employment for engineers and physicists with good potential for professional and financial growth. 

Interested persons are invited to send 

detailed resumes of experience and 

education with salary requirements 

and availability date to: 

THE EMPLOYMENT DEPT. 

CA PEHART-FARNSWORTH CORP. 

FORT WAYNE, IND. 

OR 

IF IN NEW YORK CITY 

DURING IRE CONVENTION 

MARCH 23 THRU 26 
SEE OUR 

MR. JOHN GAFFNEY 
AT THE 

SHELTON HOTEL 
LEXINGTON AT 49TH ST. 
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»re?ffedeitere-er_ Zreme 

• PHYSICISTS 
AND 
ENGINEERS 
ATTENDING THE 

I.R.E. 
CONVENTION 

NEW YORK CITY 

MARCH 23-26... 

Inquiries are 
invited regarding 
openhigs 
on our Staff 

• RADAR LABORATORIES 

• GUIDED MISSILE LABORATORIES 

ADVANCED ELECTRONIC LABORATORIES 

• ELECTRON TUBE LABORATORIES 

• FIELD ENGINEERING DEPARTMENT 

For the convenience of 
those attending the I.R.E. 
meetings and Radio Engineering 
Show, members of the 
Laboratory Sherwin be available 
for interviews at the 
Convention hotel. For appointment 
telephone Hughes New York 
office, LAckawanna 4-9350. 

HUGHES 

RESEARCH AND 
DEVELOPMENT LABORATORIES 

Scientific and 
Engineering Staff 

CULVER CITY, LOS ANGELES 
COUNTY, CALIFORNIA 

Assurance is required that relocation 

of the applicant will not cause disruption 

of an urgent military project. 

UNIVAC 

ENGINEERS 
Electronic • Electro-Mechanical • Mechanical 

The manufacturers of the UNIVAC—the first electronic, general-
purpose, digital computer system to be sold commercially—have in-
teresting and important positions with challenging futures. Engineers 
and physicists are needed for work at all levels in any of the following 
fields: 

System Studies 
Logical Design 
New Components 
Solid State Physics 
Semi-conductors 

Storage Techniques 
Circuit Design 
Pulse Techniques 
Input-Output Devices 
Product Design 

Magnetic Materials Test Equipment Design 
Computer Development and Design 
High Speed Electro-Mechanical Devices 
System Test and Maintenance 

Design 
Research 

Development 
Test 

Our rapidly expanding engineering and production programs have 
created many permanent positions paying excellent salaries. These 
positions offer outstanding opportunities for professional development. 
The possibilities for graduate study in this locale are excellent and the 
Company's plan for reimbursement of tuition expenses is extremely 
liberal. Other Company benefits include retirement and group insur-
ance plans and the payment of moving expenses. 

Replies kept strictly confidential. Interviews arranged at our expense. 

REMINGTON RAND INC. 
Eckert-Mauchly Division 

2300 West Allegheny Avenue, Philadelphia 29, Pennsylvania 
Telephone: BAldwin 3-7300. 
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ENGINEERS 
USE YOUR EXPERIENCE 
TO BUILD A SOUND 
FUTURE AT 

Choose your desired field of work! Project and prod-
uct engineering work exists for graduate engineers 
with design, development and product experience in 

VACUUM TUBE TECHNIQUES • ANALOGUE COMPUTERS RADAR 
• HYDRAULICS • COMMUNFCATION EQUIPMENT • ELECTRONIC 
PACKAGING • PULSE TRANSFORMERS • SERVO MECHANISMS • 

ELECTRONIC CIRCUITS • AIRCRAFT CONTROLS • INSTRUMENTATION 
• PRINTED CIRCUITS • FRACTIONAL H.P. MOTORS • MAGNETIC 
AMPLIFIERS • RADIO FREQUENCY 8. MICROWAVE MEASUREMENT 

ALSO PUBLICATIONS ENGINEERS To write manuals ond engineering r,eports. 

ENJOY MANY ADVANTAGES 
• Interesting, diversified work plus • Association with top engineering 
men on unusual engineering problems • Cost of Living Adjustment 
• Adequate Housing • Liberal Employee Benefits • Top Rates 

• SUBMIT RESUME TO EMPLOYMENT OFFICE 

SPERRY GYROSCOPE CO. 
DIVISION OF THE SPERRY CORP GREAT NECK, L. I., N.Y. 

EXPERIENCED 

RADAR AND COMPUTER 
ENGINEERS 

in one or more of the following fields: 

• General radar and 
computing systems 

• Servomechanisms 

• Radar transmitter-
modulators 

• Generalized 
systems analysis 

• Indicator systems 

• Wide band I F 
amplifiers and 
receivers 

• General pulse circuits 

• Electro-mechanical 
design 

UNUSUAL OPPORTUNITIES IN 
LONG-TERM DEVELOPMENT OF 

RADAR AND RELATED EQUIPMENT 

SINCE 1912 A LEADER IN RESEARCH 

DEVELOPMENT AND PRODUCTION 

Gilfillan Bros., Inc 
1815 Venice Blvd., Los Angeles 6, California 
Representatives at Waldorf Astoria Hotel, March 23-26 

• 

Positions Wanted  
(Continued f  Page 1984) 

ENGINEER 

Naval Reserve officer, now on active duty with 
the Office of Naval Research, expects release end 
of 1952. 11 years electronic experience including 
development, administration and instruction. 
B.E.E. and M.E.E. degrees; continuing gradu-
ate studies. Married, age 34. Desires executive or 
ad  • •strative position in New York or New 
England area. Box 609 W. 

ENGINEER 

B.S.E.E. Purdue, 1948. Age 35, married. 6 
years operation-maintenance military electronic 
equipment. Several years experience design and 
development of communications and navigational 
equipment, technical writing, teaching, broadcast 
station operation. Available part-time New York 
City vicinity. Box 610 W. 

ENGINEER 

Position in Toledo, Ohio, area. B.S.E.E. Uni-
versity of Toledo June 1950. Age 23. 21 months 
experience PPI deflection and multiplexing; data 
transmission and handling; available January 
1953. Box 611 W. 

ELECTRONIC ENGINEER 

3 years experience as research engineer, de-
partment head in charge of instrumentation and 
electro-mechanical development. B.S.E.E., com-
munications, 1949. Married, age 27. Desires re-
sponsible, challenging work in electronics develop-
ment. Will locate in New Jersey, Pennsylvania 
or Ohio. Box 612 W. 

(Continued on pane 203A) 

ENGINEERS 
MICROWAVE 
Antenna Design in 

the 1 to 10 cm. region 

COMPUTER 
Design of Circuits 

and Systems 

Unusual problems on both commercial 
and defense equipment. Need original-
ity, solid theoretical background and 
five or more years of design experience. 

An excellent opportunity for full devel-
opment of the professional engineer. An 
unusual laboratory location in a rapidly 
growing, well established firm encourag-
ing a broad contribution and giving wide 
responsibilities. 

Write to Mr. Winker. 

VICTOR 
Adding Machine Co. 

3900 N. Rockwell 

Chicago 18, III. 

202A 
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Positions Wanted 
ARE YOU GROWING 

—IN RESPONSIBILITY? 

—IN EXPERIENCE? 

—IN SALARY? 

If not, investigate the possi-
bilities of j  • • g the y g, 
fast-growing, progressive JA-
COBS INSTRUMENT COM-
PANY, developers of the JAIN-
COMP, the worhirs smallest and 
fastest electronic digital e  

Irriter. 

THE JACOBS INSTRUMENT 
COMPANY needs physicists, en-
gineers, and tr-chnicians for ana-
lytical and experimental work on 
digital e   Sr... high fre-
quency circuits gyros, aircraft 
instruments, and su lins iniaturi-
tali )))) techniques. 

—Pleasant living condit• 

—Many employee benefits. 

—Opportunity for graduate 
study at night. 

Write for brochure outlining 
profess• al opportunities. 

JACOBS 
INSTRUMENT CO. 

Bethesda, Maryland 

A NEW Bendix Division! 

A NEW Electronic Product! 

NEW JOB OPPORTUNITIES  
In our modern plant at York, Pennsylvania, 
this new division of Bendix Aviation Cor-
poration is producing a new electronic 
product. This division has a big future; 
and this is your opportunity to get in on 
the ground floor, with excellent possibili-
ties for rapid advancement. We need the 
following: 

• ELECTRONICS ENG. 
• MECHANICAL ENG. 

We have 
qualified 
perience 
tronics. 

many openings for men 
by education or m-

in all phases of elec-

YOU BENEFIT With the Bendix York 
Division, you will benefit from high wages, 
paid vacations and holidays and ideal living 
conditions in a beautiful suburban area. 

Write, Wire or Phone 

Department Y-2 

'IMM1 

AVIATION CORPORATION 
YORK DIVISION 

en 

Phone York 5521 York, Penna. 

!ha 11.,1 11 tale 2,)2.1) 

ELECTRONIC ENGINEER 

B. E. E. Manhattan College 1950. 18 months 
experience Army Signal Corps. Operation test 
and maintenance carrier telegraph equipment. De-
sires position with future in electronic field. 
New York metropolitan area. Box 613 W. 

ELECTRONIC ENGINEER 

Electronic engineer, specializing in pulse tech-
niques, radar, digital computers; B.S. and M.S. 
from M.I.T.; 10 years experience, seeks perma-
nent position. Prefer west coast location. Box 
"d4 W. 

TELEVISION ENGINEER 

B.S.E.E. 1949. (communication option) grads'. 
ate work, Polytechnic Institute of Brooklyn. 5 
years experience in radio and television broad-
casting fields. Interested in position in television 
design, development, or in television broadcast-
ing. Box 615 W. 

DEVELOPMENT ENGINEER 

M.S. in E.E. 2./2 years college teaching. 4 
years industrial experience research, develop-
ment, test, design, and supervision. Current work 
servos. Desires development servos, circuits, ana-
logs, etc. Pacific coast area. $650. min. Box 624 
W. 

ENGINEER 

B.E.E. January 1950, M.E.E. June 1953; 2./i 
years design and development experience on auto-
matic control systems; Electronic Technician, U. 
S. Navy. Desires position in the field of automatic 
control or medical engineering in New York area. 
Box 625 W. 

ELECTRONIC ENGINEER 

Electronic engineer, executive, age 44 with 25 
years experience research, development, design, 
installation, maintenance radio communications 
equipment; PA years Naval electronics officer, 
over 5 years Navy Dept. Civilian Electronics En-
gineer. Salary $10,000; desires change. Estab-
lished Washington, D.C., but will move. Prefer 
Philadelphia, Penna. Box 626 W. 

ENGINEER 

B.S.E.E. Northwestern University; Eta Kappa 
Nu. Married, age 30. Private pilot, H.A.M. 14 
years 1st class radiotelephone. 3 years USN Air-
borne Technician Radar officer. I year cyclotron 
const. 4 years electro-mech. timers. Box 627 W. 

PHYSICIST 
B.S. in physics with minor in E.E. 3 years ex-

perience in application of electromagnetic waves. 
Desires location permitting further academic 
study either days or nights. Box 628 W. 

ELECTRONIC ENGINEER 

Servo. specialty. 1...2 years experience in elec-
tro-mechanical servos, radar and analog com-
puters, production and redesign. B.E.E., electron-
ics option Rensselaer Polytechnic Institute 1951. 
Married, age 27. Assistant project engineer on 
computer project. Desires challenging and re-
sponsible position in electronic-mechanical design 
and development in northern New York or New 
England. Box 637 W. 

(Continued on page 204.4) 

ELECTRONICS 
CAREERS 

WITH 

4 .494411b 

ATTRACTIVE 
OPPORTUNITIES 

FOR 

ENGINEERS 
Who desire a position of 

responsibility with 

excellent pay in— 

SYSTEMS EVALUATION 

ELECTRONICS CIRCUITRY 

MICRO-WAVE 

ANTENNAS 

TELEMETERING 

Our long range program 

of diversified electronic 

projects provides 

stimulating opportunities 

for professional growth. 

Recognition and rapid 

advancement are our 

answer to today's 

engineering shortage. 

Contact our representative 

at the IRE Convention 

March 23 to 26, 1953 

or write 

THE GLENN L. MARTIN CO. 
TECHNICAL EMPLOYMENT 

BALTIMORE 3, MD. 
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Positions Wanted 

UNUSUAL OPPORTUNITIES IN 

COLOR TELEVISION 
Expansion of activity in Color Picture Tube Development has cre-
ated requirements for research, production, and engineering per-
sonnel having a background in one or more of the following fields: 

Production Supervision 

Material Control 

Screen Application 

Chemistry 

Gun Design and Mounting 

Tube Finishing 

Metallurgy 

Electronics 

Glass and Glass-To-Metal Sealing 

Equipment Design 

REPLIES HELD CONFIDENTIAL—SEND REPLIES TO: 

SILK 

ALL PHASES 

SCREENING & CONVENTIONAL SETTLING 

LARGE & SMALL 

CHROMATIC TELEVISION LABORATORIES 
INC. 

WEST COAST DEVELOPMENT LABORATORY 
703 - 37th AVE. OAKLAND 1, CALIFORNIA 

ENGINEER! 
IS YOUR WORK 
STIMULATING? 

• 

ARE YOU CHALLENGED 
BY YOUR JOB? 

• 

ARE YOU RECEIVING 

PROFESSIONAL 
RECOGNITION? 

SYLVANIA 
believes in building men 

The company, now in its 51st year, 
is expanding rapidly. Net sales this 
year exceed 1938 by 16 times. 
Additional high caliber men are 
needed with training and experi-
ence in all phases of electronics, 
physics and mechanics. 

Write us about yourself, if your 
experience and future plans ht into 
this picture. 

JOHN WELD 

Department F 

SYLVANIA ELECTRIC PRODUCTS INC. 
Radio and Television Division 

254 Rano Street 

Buffalo 7, New York 

L _ 

STAVID 
ENGINEERING, INC. 

has openings for 

GRADUATE 
ELECTRONIC and 
MECHANICAL 
ENGINEERS 

Experience in design and Devel-
opment of Radar and Sonar neces-
sary. 

Broad knowledge of Search and Fire Control 
Systems; Servo Mechanisms, Special Weap-
ons, Microwave, Antennas and Antenna 
Mounts, etc. 

Mechanical Engineer should also have ex-
perience in packaging of Electrical Equip-
ment to Gov't specifications including de-
sign of complex cabinets, shock mounts and 
sway brace sttuctures. 

FIELD ENGINEERS 

Qualified to instruct in the operation and 
supervise installation, maintenance and re-
pair of Radar, Sonar and allied electronic 
equipments in the Field. 

A chance to grow with a young and pro-
gressive company; salary and advancement 
commensurate with ability; liberal vaca-
tion, sick leave, 9 paid holidays, group life, 
sickness and accident insurance plans, and 
a worthwhile pension system. 

Personnel Office, 312 Park Avenue 

Plainfield, N.J.—Tel. Pl. 6-4806 

(IiLhIIi1PI,I hi,r,• 2,3A 

ELECTRONIC ENGINEER 

B.E.E. highest honor, communications option 
1950. Eta Kappa Nu, Tau Beta Pi, Phi Kappa 
Phi. Age 26, single. years with large elec-
tronics company as design and development en-
gineer. 2 years navy electronics experience, 
AETM 2nd Class; radio telephone 1st class li-
cense. Desires position in design and develop-
ment of electronic equipment. Box 638 W. 

PRODUCTION MANAGEMENT 

B.E.E., M.E.E., Polytechnic Institute of 
Brooklyn. Studying for masters in management 
at N.Y.U. 3 years electronic production super-
visory experience. Desires position in production 
management. Tau Beta Pi, Eta Kappa Nu, Sigma 
Xi. Box 639 W. 

ENGINEER 
B.S.E.E., M.S. communications. 3 years re-

search and development. 3 years navy radio. 7 
years amateur radio. Age 28, married. Desires 
work with a future, preferably located in central 
or mid-west U.S. Will consider other locations 
for premium salary. Box 640 W. 

ELECTRONIC ENGINEER 
10 years experience as Project Engineer and 

group leader designing EMC, radio control, radar, 
computer, military TV, missile guidance equip-
ment. 2 years heading an electronic research and 
consultation group. B.S.E.E. 1942, M.S.E.E. 
1948, E.E. 1949. Age 32, married, one child. 
$700 minimum. Box 641 W. 

ELECTRONIC ENGINEER 

Age 25. B.E.E. highest honor, 1951. Eta Kappa 
Nu, Tau Beta Pi, W4MIA. Ex-Navy ETM 1st 
Class. Presently Navy electronics officer 
(LTjg), to be released September 1953. In-
terested in development, production, administra-
tion. If possible, additional study. Primarily de-
sires challenging, interesting work. Partial to 
southeast location, but others considered. Box 
642 W. • 

ELECTRONIC ENGINEER 

E.E. 1951. Desires work as Project Engineer 
on government contracts. Intimate knowledge of 
JAN and MIL specifications, also government 
contractual procedure. Age 27, married, one 
child. Signal Corps Officer. Available June 1953. 
Box 643 W. 

ENGINEER 
M.S.E.E. 2 years university instructor; 2 years 

R & D, prominent laboratory; analog computer, 
gyros, servos, some supervisory experience. World 
War II technician, administration, and staff ex-
perience in communication and radar. Congenial, 
creative. Age 33, married, children. Desires 
R & D work in instrumentation with supervisory 
future. Box 644 W. 

ELECTRONIC ENGINEER 
B.E.E. 1950. Tau Beta Pi, Eta Kappa Nu. 

Age 28. 3 years design and development in pulse 
circuitry, radar, and receivers. Desires position 
in design and development of electronic equip-
ment. New York metropolitan area preferred. 
Box 645 W. 

Openings 
Offered by Exhibitors will be listed 
on the Job Bulletin Board—IRE 
Desk, 4th Floor of the Radio Engi-
neering Show, March 23-26. 
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You gain MORE with 

W. L. MAXSON. Top salaries 

. greater opportunities ... 

more responsibilities. Advance 

with W. L. MAXSON. 

BACKGROUND: Practical and re-

search experience in Advanced 

Electronic Circuits and Systems 

Engineering DESIGN & ANALYSIS, 

related to: Instrumentation, 

Fire Control, Communications, 

Navigation, or Optical Fields. 

Ability in management & 

supervision desirable. 

• 

If your skills are now being full) 
utilized in a vital defense industry, 

please do not apply. 
• 
• 
• Kindly send 
• 
• resume and 
• 
• salary re-

•• quirem•nts to: 

• 
• 
• 

1'1 WeLMAXSON cope 
A60 W. 34ThSiwrjoRKL 

e 

PHYSICISTS 
and 

ELECTRONIC ENGINEERS 

Physicists, Junior and Senior Electronic Engineers are needed 
for employment with expanding research and development 
laboratory specializing in Instrumentation, Radio Telemetering, 
Data Handling and Analysis, and special electro-mechanical 
devices. 

Electronic Engineers are needed for design of RF Transmitters 
and Receivers and Pulse Circuitry. 

Physicists are needed for the study of electrical and mechanical 
properties of sliding contacts including analysis of contact ma-
terials, lubricants and vibration damping. 

Replies will be held in strictest confidence. 

Please send complete resumes to: 

SCOP 
WE PROVIDE ATHE LEVER • YOU MOVE THE WORLD 

APPLIED SCIENCE CORP. OF PRINCETON 
P.O. Box 44, Princeton, N.J. • Plainsboro 3-4141 

POSITIONS OPEN 
Location 

Kansas City, Mo. 

Electronic & Mechanical 

Engineers 

LECTRONIC ENGINEERS: Muet have consid-
erable development experience in radio trans-
mitting and receiving equipment. Ability to 
fill position of Senior Project Engineer a requi-
site. 

MECHANICAL ENGINEER: Must have develop-
ment experience in mechanical design of elec-
tronic or similar precise equipment. Practical 
and theoretical knowledge of materials, finishes, 
sheet metal, and machine shop design are basic 

requirements. Position is one of considerable 
responsibility. 

SALARY: Open 

These positions are permanent. 

Write stating educational and professional his. 
tory direct to 

JAY V. WILCOX, President 

WILCOX ELECTRIC COMPANY, INC. 

WO Chestnut St.. Kansas City 1, Mo. 

Dependable communications since 1931 

is offered for intelligent, imagi-
native engineers and scientists to 
join the staff of a progressive 
and self-sustaining, university. 
affiliated research and develop-
ment laboratory. We are desirous 
of expanding our permanent 
staff in such fields as electronic 
instrumentation, missile guidance, 
microwave applications, design 
of special-purpose electronic com-
puters, and in various other ap-
plied research fields of electron-
ics and physics. 

Salary structure and bene-
fit programs are on a par 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re-
search policy, of interest 
to men with ingenuity and 
initiative. 

CORNELL AERONAUTICAL 
LABORATORY, INC. 
BUFFALO 21, NEW YORK, 
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Career Opportunities 

• 

ENGINEERS AND PHYSICISTS 
Desiring the challenge of interesting, diversified, important projects— 

Wishing to work with congenial associates and modern equipment and 
facilities— 

Seeking permanence of affiliation with a leading company and steady 
advancement— 

Will find these in a career here at GENERAL MOTORS. 

• 

Positions now are open in ADVANCED DEVELOPMENT and 
PRODUCT DESIGN, INDUSTRIAL ENGINEERING, TEST 
and TEST EQUIPMENT DEVELOPMENT. 

• COMMERCIAL AUTOMOBILE RADIO 

• MILITARY RADIO, RADAR AND ELECTRONIC 
EQUIPMENT 

• ELECTRONIC COMPONENTS 

• TRANSISTORS AND TRANSISTOR AND 
VACUUM TUBE APPLICATIONS 

• INTRICATE MECHANISMS such as tuners, 
telemetering, mechanical linkages, con-
trols, etc. 

• ACOUSTICS—loud speakers, etc. 

• 

Inquiries invited from recent and prospective graduates as well as 
experienced men with bachelors or advanced degrees in physics, elec-
trical or mechanical engineering, chemistry, metallurgy. 

Salary increases based on merit and initiative. 

Vacations with pay, complete insurance and retirement programs. 

Location is in a low living cost center. 

Relocation expenses paid for those hired. 

• 

All inquiries held in confidence and answered—WRITE or APPLY to 

DELCO RADIO DIVISION 

GENERAL MOTORS CORPORATION 
Kokomo, Indiana 

What to see at the 
Radio Engineering Show 

(( ,ntinsted ,111 tag( 191). -1) 

Laboratory for Electronics, 
Inc. 

Boston 14, Mass. 

4-105 & 106 
• LFE oscilloscopes 
• Nuclear Resonance magnetometers 
• Stable microwave oscillators 
• Packaged circuits. 

Lambda Electronics Corp. 

Corona 63, LI., N.Y. 

3-501 

Laboratory Power Supplies. 
:«E 

,,, Hiii,a111,!111111 11111111111111111a 

The La Pointe-Plascomold Corp., Rock-
ville, Conn. 4-503 

VEE-D-X UHF Antennas—UHF-VHF An-
tenna divider networks for incorporation 
in your TV receiver designs. UHF-VHF 
divider networks for TV antenna installa-
tions. Press-Wireless—radar voltage divid-
ers, slotted line, electrical design. 

Lavoie Laboratories, Inc. 
Morganville, N.J. 

1-126 & 127 

Exhibit will feature a new design in radar 
scanners hydraulically actuated and light in 
weight; a fast acting hydraulic system for 
transmitters and communication systems etc.; 
frequency measuring and calibrating equip-
ment and other new developments. 

G. H. Leland, Inc. 
Dayton, Ohio 

4-820 

Ledex Rotary Solenoids, six basic models 
with varioue degrees of rotation and torque 
values up to SO pound-inches. Ledex Circuit 
Selectors, 8, 10, 12, 18, and 24 positions. 
Ledex Relay., stopping and homing. Bridge 
Type Rectifiers for use with Letlex products. 

Linde Air Products Co., Div. Union Car-
bide & Carbon Co., New York 17, N.Y. 

1-514-516 & 518 
Xenon, Krypton, Argon, Helium, Neon, 
and Rare Gas Mixtures as well as Syn-
thetic Sapphire Boules, Rods, and Balls. 

Littelfuse, Inc. 

Des Plaines, DI. 

1-702 

Circuit protection devices including glass en-
closed cartridge fuses and related accessories, 

such as fine holders for both civilian and 

gojtnnaent use, circuit breakers, mercury 

switches and blown fuse indicator.. 

(Continued on page 20M) 
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Jets, and 
your future at 

15,47E/AW 
THERE'S a limitless future for you in 
jet aircraft. And Boeing, through the 
fighter-fast B-47 and the great new B-52, 
has more experience designing, building 
and flying multi-jet aircraft than any 
other company—here or abroad. In ad-
dition, Boeing is the first American corn-
pain- to announce a jet transport. You 
can share this leadership, and the excit-
ing future it promises, by becoming a 
Boeing engineer. Besides jet aircraft, 
you'll find great opportunities in other 
long-term projects such as research in 
supersonic flight and nuclear-powered 
aircraft. 

Boeing offers careers of tremendous 
scope to men in virtually ALL branches 
of engineering (mechanical, civil, elec-
trical. aeronautical and related fields), 
for aircraft DESIGN, DEVELOPMENT, PRO-
DUCTION, RESEARCH and TOOLING; to 
servo mechanism and electronics de-
signers and analysts, and physicists and 
mathematicians with advanced degrees. 

Boeing pays you a moving and travel 
allowance. You can work in either 
Seattle or Wichita. Both of these cities 
provide fine fishing, hunting, golf, boat-
ing and other recreational facilities—as 
well as opportunities for specialized ad-
vanced training. You'll be proud to 
say, "I'm a Boeing engineer!" 

Write today to address below or use coupon 

JOHN C. SANDERS, Hat Engineer—Personnel 
Dept. J-3 
Boeing Airplane Company, Seattle 14, Wash. 

Engineering opportunities at Boeing inter-
est me. Please send me further information 

Nome 

Address 

City and State 

L_ 

OPPORTUNITIES 
W ITH 

SYLVANIA 
Where Product Development 

Is The Key To Continuing Growth 

Product development has always played a major role in 
Sylvania's operations and is largely responsible for the 
company's growth to 40 plants throughout the nation. 
Similarly, Sylvania's Electronics Division is continu-
ing its expansion program to accommodate increased 
development engineeering and manufacturing activities. 

To engineers this means increasing opportunity with 
this 51 year old leader in the important field of elec-
tronics. At the Electronics plants in Woburn, Newton 
and Ipswich, Massachusetts you will enjoy the unique 
advantages of small plant operations in suburban areas 
minutes from the cultural and social activities of 
Boston. And — with Sylvania's assistance, you may 
continue your graduate studies at near-by world-
famous universities. 

Positions available for engineers with the following backgrounds: 

MICROWAVE — with graduate work or experience in micro-
wave theory. Positions will involve applications, measurements, 
or design of electronic test equipment for semi-conductor 
devices. 

MECHANICAL — with experience in the following fields: L 
Design of small parts, tools, and jigs and fixtures. 2. Design 
of automatic production equipment. 

SOLID STATE PHYSICISTS — Ph.D. or equivalent in experi. 
ence in physics with a specialty in solid states work preferred. 
Will study electrical and optical behavior of semi-conducting 
materials. 

METALLURGISTS — advanced degree or experience required. 
Will work on metallurgical preparations of semi-conducting 
devices. 

ELECTRONIC — with graduate work or experience in product 
or circuit design and development. 

Send complete resume to: 

Mr. Robert L. Koller 

SYLVANIA5t ELECTRIC 
Electronics Division 

'4H/01111111 I 

WOBURN, MASS. 

11111 
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SALES 
ENGINEER 

• ELECTRONIC COUNTERS 

• AUTOMATIC CLERICAL 

SYSTEM 

• DATA HANDLING EQUIP-

MENT 

• DIGITAL COMPUTERS 

• l'RECISION TIMING 
INSTRUMENTS 

• AUTOMATIC MACIIINE 
CONTROL 

• FLYING TYPEWRITER 

Excellent opportunity for a man 
with electronic background, me-
chanical aptitude, and 

IMAGINATION 

Well-established and 
expanding company 

Please send resume of education 
and experience to Sales Manager. 

POTTER INSTRUMENT 
COMPANY 

115 Cutter Mill Road, Great Neck, N.Y. 

*."'¢..7-7•;ererigr , 

lhe logicul Choice 

iox 

What to see at the 

Radio Engineering Show 

(Confis sed from page 20&-1 

Lord Manufacturing Co., Eric, Pa. 2-124 
Shock Mountings for mobile electronic 
equipment; Temproof Mountings and equip-
ment bases for equipment protection at 
high and low temperatures; precision type 
Friction Drive Wheels; Flexible Couplings 
from 1/50 to 100 H.P.; specialized Flexible 
Mountings for protection of sensitive equip-
ment; component parts, meters, instru-
ments, etc. New J-5572 Mountings for base-
mounted electronic equipment throughout 
the temperature range from —80 to -I- 250 F. 

M B Manufacturing Co., Inc., New haven 
11, Conn. 2-110 

Headquarters for Vibration Equipment 
(Reproduction-Measurement-Control) ex-
hibits: New Cycling Control Systems, 
automatic or manual, with vibration ex-
citers to conform to Military Specifica-
tions—Vibration Meters and Pickups, in-
cluding new high temperature model 
Isomode Isolator Mounts and Isomode 
Pad. 

Madden Laboratories, Inc. 
Springdale, Conn. 

1-116 & 117 
511,6256 ML-6257 ML-6258 Three New Coaxial 
Seal Triodes-2.3kw Output, Water or Forced 
Air Cooled, Industrial or Broadcast Service. 
ML-5331 New 10kw Forced Air Cooled Triode, 
AM Broadcast and Industrial Service. ML. 
5681 ML-5682 New Standard for High Power, 
High Frequency Operation Compact, Coaxial 
Seals, Water Cooled, Industrial and Broad-
cast Service. 

(Continued on page 209A) 

niUMS 
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ELECTRONIC ENGINEERS 

WANTED 

SOUTHERN CALIFORNIA 
Attractive opportunities offered to 
Engineers experienced in and 
qualified to design aircraft flush 
antennas and radomes. 

Complete modern facilities for 
laboratory testing and evaluation 
available. 

Salary dependent upon experience 
and ability. 

Contact Mr. J. C. Buckwatter 

Chief Engineer 

0.71/517" 

DOUGLAS AIRCRAFT COMPANY. Inc. 
LONG BEACH, CALIFORNIA 

A. combination of advantages makes 
General Electric a sound choice when planning your future. 

There is the stability of association with one of America's leading 
industrial organizations; the vast fund of resources and 

facilities to call upon; the diversity of experience to be gained; 
the prospects of advancement with a company that 

believes in and practices promotion-from-within. 

Positions are now open in Advanced Development, Design, 
Field Service and Technical Writing in connection with: 

MILITARY RADIO & RADAR 

MOBILE COMMUNICATION 

MULTIPLEX MICROWAVE 

COMMUNICATIONS 

ELECTRONIC COMPONENTS 

TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical or Mechanical 
Engineering, Physics, Metallurgy, or Physical Chemistry 
and/or experience in electronics industry necessary. 

Do not apply, please, if your best skills 
are being used for vital defense work. 

Please send resume to 

Dept. 3-3-P Technical Personnel 

ELECTRONICS PARK 

GENERAL ELECTRIC 
Syracuse, N. Y. 
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What to see at the 

Radio Engineering Show 

(Continued from page 208A) 

Maclen Corp., Washington 17, D.C. 4-810 & 812 
Radio communications and navigational 
equipment. Regulated Power Supplies— 
aircraft type—direct current 400 cycie Mo-
tor Generator sets. 

MacLeod & Hanopol, Inc., Charlestown 
29, Mass. 4-919 

Vacuum tube capacitance meters, megohm-
meters, capacitance standards, megohm-
standards, High Impact Testing acces-
sories, and samples of contract work. 

L11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111r.1 

Magneeord, Inc. 
Chicago 10, Ill. 

Theatres 3-301-302 & 303 

Magnecord Professional Tape 
Recorders. 

Magnetic Amplifiers, Inc. 
Affiliate of General Ceramics 

New York 55, N.Y. 

Booth 4-206 

Push-pull magnetic amplifiers; Adjustable 
magnetic servo amplifiers; Magnetic amplifiers 
servo systems; Saturable transformers; Dr• 
modulators; Magnetic relays; Magnetic vol-
tage regulators. 

Magnetics, Inc., Butler, Pa. 4-616 
Will exhibit tape wound cores of all high 
permeability magnetic materials. Tape 
thickness ranges from .014" to .000125", 
including ultra-thin cores for computer 
and high frequency applications. Also re-
actors and specialized magnetic amplifier 
components and assemblies. 

D. E. Makepeace Co. 
Attleboro, Mass, 

3-401 
Laminated precious metals, contact metals, 
formed contacts, wave guide tubing, wave 
guide plumbing, shim stock, silver solders, 
collector rings, potentiometer rings, brushes, 
etc. 

P. R. Mallory & Co., Inc. 
Indianapolis 6, Ind. 

1-515 8c 517 

Will display a wide variety of new elec-
trical and electronic components. Of spe-
cial interest to TV converter and all-channel 
receiver Manufacturers will be the three-
section, variable inductance, Mallory UHF 
Tuner which rovers e range of 470 and BOO 
megacycles with excellent selectivity over 
the entire band. 

Be sure to visit 
all four floors! 

miniaturization wire 

stands temperatures 
from-55'c to 
4. 1 0 5 c . . • • AND MEETS OR 

BEATS ALL OTHER 

REQUIREMENTS OF 

JAN-C-76 AND MIL-W-5086 

ACTUAL SIZE 
of a 22 GAUGE (7/30) 
VINYL INS. - 0.0075" 
NYLON INS. - 0.0025" 
MAX. O.D. - 0.0058" 

PROVE TO YOURSELF that wire does not need bulky insulation to 
stand extreme temperatures, or give you insulating values above 1000 
megohms per 1000 ft. 

SEND FOR A SAMPLE of Turbo Miniaturization Wire. Test it on any 
electronic application where the continuous operating voltage does 
not exceed 600 volts R.M.S. See how its thin extruded vinyl primary 
insulation and thinner extruded nylon jacket resist boiling water, oils, 
fuels, hydraulic fluids, fungus, abrasion, etc. 

TURBO MINIATURIZATION WIRE COMES IN AWG 
SIZES FROM 30 TO 12 GAUGE . . . in standard or 
flexible wiring . . . in solid colors, or candy-striped 
colors with 1, 2 or 3 tracer combinations, to fit your 
circuit coding needs. 

BULLETIN A-4662 gives you more information 
about TURBO insulation. Ask for it when re-
questing your samples of TURBO Miniaturiza-
tion Wire. Write Dept. P-3. 

INSULATING MATERIAL (TURB6\ THE BRAND ONLY BRAND MAKES 

THE WILLIAM AND CO., INC. 

(Continued on page 210A) 
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• 

See Us At 

Radio 

Engineering 

Show 

Booth 2-113 

Grand 

Central 

Palace 

March 23-26 

• 

To meet the strictest requirements of both 
Government and Industry, specify 

(fflts 
JAN rf" 

ermanium Diodes 
Precision made, easy to handle, may to assemble—the 
tapered shape shows polarity at o glance Make Radio 
Receptor Germanium Diodes your first choice in the large 
variety of electmni< Circuits where JAN types are 0 mus?. 

2111(101 CIRCUIT 

CLAMPING CIRCUIT 

COUNTING 111111 CIRCUIT 

dlik0 

Sa lai ron 
nod Germanium 

Di ri s loon 

TYPICAL USES 

(OMPUTOR CIRCUITS 
(TAMPING CIRCUITS 
RF DETIFIORS 
(0/11110L CIRCUITS 
DISCRIMINATORS 

DUO 

1N81 

MODULAIORS 
NOISE ELIMINATORS 
CLIPPERS 
EPEIL SETTERS 
RESTORER CIRCUITS 

JAN TYPES • ALL VALUES MEASURED AT 2S•C. 

(001 NO Ilen forward t.. lovent 
Current., (norm 
I Yen 044 (kInto Irnoe,4s) 

',hone tklinowurn 
Wand Iltwent 
(wrent 

1 

S 0 SO -10a 40 /I 
850 ,, -50V 

eltoionry. 15; en.niinung in 100 IN 1 0 ono., 

•Irtrone kart wore rro.fird wen, or tllys on4 15.1 («nub 
lor rem at triar moo:Idiom. 

lot me dyneni, motor.. 

Radio Receptor Germanium Diodes may hold the 0,1.1.1 
to many at your problem, Our engineers will be glad 
to study your requorements and submit their Tecommen 
dations. Many other types, bath standard and sumo', 
are available ... Write utt 

RADIO RECEPTOR COMPANY, INC. 

alp Shore 1052 he Radio mod Fier.retele• e, 
LW OW. 251 West 19th Stint, Now York IL ILL. IACIORY. II North 911.51,rot. luoaMtu 11.00 Y. 

IT'S ALLIED FOR 
ELECTRON TUBES FOR INDUSTRY 

Quick, Expert Service on RCA Tubes 

ALLIED maintains in stock for quick ship-
ment, the world's largest distributor 
inventory of RCA special-purpose 
tubes. We specialize in supplying 
the needs of industrial, broadcast, 
governmental and other users. To 
save time, effort and money— 
phone, wire or write to ALLIED. Fill 
all your electronic needs from one 
complete reliable supply source. 

1953 ALLIED CATALOG 

Refer to your ALLIED 
Catalog for all elec-
tronic supplies—parts, 

tubes, test instruments, 
audio amplifiers, 
accessories—avail-
able from the world's 
largest stocks. Write 
today for FREE 1953 
ALLIED Catalog. 

Su 

AUTHORIZED 

RCA e.) 
DISTRIBUTOR 

ALL TYPES IN STOCK 

FREE 

• Vacuum Power 
• Thyratrons 

• Vacuum & Gas Rect. 
• Ignitrons 
• Cold-Cathode 
• Phototubes 
• Oscillograph Tubes 
• Camera Tubes 
• Monoscopes 
• Special Types 

Interchangeability 
Directory 

Valuable guide to selection of 
proper RCA tube type replace-
ments. Lists 1600 tube types. 
Write today for this FREE RCA 
Guide No. 37-046. 

Everything in Electronics 

FROM ONE RELIABLE SOURCE 

ALLIED RADIO 
833 W. Jackson Blvd., Dept. 35-C-3 

Chicago 7, III. 

FREE CATALOG! Send for it now! 

What to see at the 
Radio Engineering Show 

(Continued from page 209A) 

Marconi Instruments Ltd. 
New York 4, N.Y. 

1-520 

FM and AM Signal generators. Q Meter., 
Admittance bridges, X Band Test Sets, Di-
rect•Reading High Frequency Wavemeters, 
Vacuum tube voltmeters, and FM Deviation 
Meters. 

W1111111111111111I11111111111111111111111111111111W1111111,1111111111111111111111111111111110!, 

Marion Electrical Inst. Co. 
Manchester, N.H. 

2-303 
Marion Multi•Dialer in several ranges: 
Marion Ruggedized, Hermetically sealed In-
struments in accordance with all Govern. 
nient Specifications; Marion regular line of 
plastic cased, dust sealed instruments; 
Marion low powered Induction Heating Unit; 
Marion Model M2 New improved Multi•Ranger 
Meterteater and related products. 

.7.▪ 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111J 

McGraw-Hill Publishing Co., 
Inc. 

New York 36, N.Y. 

2-301 & 302 

Magazines and Books, Elec-
tronics and Nucleonics. 

LABORATORY 
STANDARDS 

2-327 & 328 

MEASUREMENTS 
CORPORATION 

Boonton New Jersey 

Measurements Corp., Boonton, N.J. 2-327 & 328 
New Standard Signal Generator, Model 
84-TV, with frequency range of 300 to 1000 
Mc. The instrument has been designed for 
work in the LHF TV band, and has many 
other applications in that frequency range. 
Various other instruments in the com-
pany's group of Laboratory Standards. 

Melpar, Inc. 
Alexandria, Va. 

1-816 
Miniature and Subminiature S•Band Radar 
Firacone of both crystal video and super. 
heterodyne types which are suitable for a 
wide sariet y of missile anal aircraft applica• 
lions. An electronic correlator capable of 
plotting auto-correlation or crust...tom. tat ion 
curves on complex functions. 

Be sure to visit 
all four floors! 

210A 
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Mepeo, Inc. 
Morristown, N.J. 

2-121 

Precision Resistors: All types to MIL-
R-93A, JAN-R-93, JAN-R-29 and 
Commercial—new sealed types. 

Metalcraft, Inc., Richmond Hill 18, L.I., 
N.Y. 4-312 

Sheet metal products 
Metal Powder Association, New York 17, 
N.Y. 4-719 

New Standards and Specifications for the 
Iron Powder Electronic Core Producing 
and Consuming Industries. 

'aanuammiliaaananiamilainalaian 

Metal Textile Corp. 
Roselle, N.J. 

4-223 

RADIO•NOISE CONTROL DEMONSTRATION 
with high•level, broad-band noise source-- I- 
aml “Metes." Meets 16E4, JAN.1.225, MIL•L 
6181, FCC Regulations, etc. Discuss your RIF E 
leakage problems with our engineers. 

!L!irF. 
Metal Textile Corp., Roselle, N.J. 4-223 
Metex electronic weather stripping. Re• 
silient metallic shielding gaskets and 
strips for controlling Radio-Noise and 
TV!. Special electronic application of 
knitted wire shapes, including radar re-
flectors, tube grids, washers, etc. 
Mica Fabricators Association, New York 
N.Y. 3-517 

Mica parts and components using mica. 
Microtran Company, Far Rockaway 91, 
N.Y. 4-128 

SALES AFFILIATE OF CREST LABO-
RATORIES, INC. Transformers; Re-
actors; Coils; Hermetically sealed and 
open frame Miniature, Sub-Miniature, and 
sub-sub Miniature Transformers; spe-
cialized transistor transformers; Hi.Q 
Audio Components; Line Voltage ad-
justers; Cathode Ray Tube Rejuvenator 
Transformers. 
Micro Div. of Minneapolis-Honeywell 
Reg. Co., 101 Park Ave., Nevi, York 17. 
N.V. 

Makers of precision switches. Manual con-
trol switches: AN & JAN toggles, sub-
miniature toggles, multipole toggles, her-
metically sealed toggles. Sealed push• 
buttons, multipole subminiature push-
buttons. Interlocks: Small multipole cheat-
able many variations. Precision snap-
acting switches: cam operated, enclosed, 
hermetically sealed, subminiature, double 
nole, magnetic blowout, and special as-
semblies. 
Microwave Associates, Inc., Boston 15. 
Mass. 4-218 

New improved Silicon diodes for radar and 
Microwave relay mixer use featuring 
low noise and constant Kb' and IF charac-
teristics. Radar magnetrons, TR and ATR 
tubes for S. X, and millimeter bands. 
Waveguide components and test equip-
ment for millimeter and centimeter wave 
lengths. 
Microwave Development Labs., Inc., Wal-
tham 54, Mass. 4-601 

Waveguide Components including Side 
and Top-wall hybrids, balanced mixers. 
balanced duplexers, temperature compen-
sated tunable cavities, E and H bends, 
high power rotary joint and custom built 
directional couplers. 

WORLD'S LARGEST 
Nlanufacturer of Quart: Crystals 
for Electronic Frequency Control 

whatever your cryetal need 
conventional or highly apecialized 
when it has to be EXACTLY RIGHT . 

4-613 
Call on MIDLAND MFG. CO. 

what's 
new 
at 

EBY? 

HUGH H. 

• new components 
for 

UHF application 

• new sockets 

• new rack and 
panel connectors 

• new printed 
circuits 

new crossover 
network 

• and many other 
components 

see the entire 

EBY 1/NE 
BOOTH 2-101 

RADIO ENGINEERS 
SHOW 

INC. 

3155 Fibergla• Road K City, Kama. 

(Continued on page 212A) 
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DEPEND ON 

"INDUSTRIAL" 

.... for 

ELECTRONIC 
COMPONENTS 

Precision-engineered Electronic Components and connecting 
devices for all your needs. 

0000000000000 
o • RADIO—ELECTRONICS 
A Preview of Progress 

IRE. CONVENTION 

APPROVED 

o 
o 
0 0 0( 10 0 0 0 0 0 0 0 0 0 

VISIT WITH US 
AT BOOTH 

2-101 
WALDORF-ArTORIA'HOTEL 
GRAND CENTRAL PALACE 

NEW YORK CITY,, 

o 

MARCH 23-26 1933 

• LAMINATED TUBE SOCKETS 

• TERMINAL STRIPS 

• WIRED ASSEMBLIES 

• METAL or BAKELITE STAMPINGS 

• TERMINAL BOARD ASSEMBLIES 

• SCREW MACHINE PARTS 

—NEW ITEMS— 

• TUNER STRIPS, SOCKETS 

and BRACKETS for UHF 

Our extensive design and production fa-
cilities are available for developing your 
special requirements and applications. 
Representatives in principal cities through-
out U.S.A. Call or write for samples and 
information. 

INDUSTRIAL HARDWARE CO., INC. 

109 PRINCE ST., N.Y. 12. Phone: OR 7-1881 

Facts you should know about 
HEYCO STRAIN RELIEFS! 
the Nylon Bushings that Anchor cord to housing 

CHASSIS 

e 

HEYCO 

1 Absorb cord pull, 
'&" push and torque 

Insulate wire from 
" housing 

CUT PRODUCTION COSTS 
IMPROVE PRODUCT QUALITY 

,dPe 
VO' 

SAMPLES? Send wire size and chassis information — 
Try HEYCOS at no cost to you — today! 

MADE IN ALL SIZES FOR CLOCK WIRE TO S-10/3 CABLE 

HEYMAN MANUFACTURING COMPANY 
KENILWORTH 7 NEW JERSEY 

1•1111,• 1.1.1•1 61111•11. 1).0 •••••101•11811 

THE HEYMAN 

ORGANIZATION 

WITH 25 YEARS 

STAMPING 

EXPERIENCE 

HAS MODERN 

PRESS CAPACITY 

FOR OVER 

2,000,000 

FINISHED 

STAMPINGS 

PER DAY. 

ASK FOR BULLETIN 33 

What to see at the 
Radio Engineering Show 

( Continued from page 211A) 

Midland Manufacturing Co., Inc., Kansas 
City, Kan. 4-613 

Exhibiting some of the standard Quartz 
Crystal Types available in production 
quantities and a new type unit in the 
audio frequency range. There will also 
be demonstrations of the basic phenomena 
of Piezoelectricity. Midland's representa-
tives will be present to discuss crystal 
problems and applications. 
Midwestern Geophysical Laboratory, 
Tulsa, Okla. 4-403 

Hydraulic Servo Components, Recording 
Oscillographs, Galvanometers 

James Millen Mfg. Co., Inc. 
Malt len 48, Mass. 

1-507 

Delay Lines—Grid Dip Meters, 
Radar, Radio & Electronic Equip-
ment & Components. Magnetic Metal 
Shields. 

Millivae Instrument Corp. 
Schenectady 6, N.Y. 

4-112 

Manufacturen of extra-oensitive DC and AC 
vacuum tube voltmeters, capable of measuring 
1 microvolt DC as 1,000 ohms input impedance, 
100 microvolts DC at 6 megohms, also 100 
microvolts AC up to 6 megacycles and milli-
volt above 1 megacycle. 

Milwaukee Transformer Co., Milwaukee 9, 
Wis. 4-807 

Transformers and a II led lit',duct s 
Minneapolis-Honeywell Reg. Co., Aero-
nautical Div., Freeport, III. 2-122 

The display will feature a complete line of 
automatic controls for aircraft including 
operating demonstrations of rate gyros, 
vertical and cageable vertical gyros, and 
Hermetic Integrating gyros. Also demon-
stration of altitude control and display 
of various actuators and amplifiers. 

Model Engineering 
8z Mfg. Inc. 

Tru-Ohm Products Division 
Chicago 18, Illinois 

4-119 
Resistors: Rheostats, Wirewound, 
variable. Wirewound, fixed, Wire-
wound, precision. 

Muirhead A Co., Ltd., Beckenham, Kent, 
Eng. 4-804 

1)-489 Muirhearl-Pametrada Wave Ana-
lyser. This analyser breaks away com-
pletely from the conventional heterodyne 
principle and employs two R.C. tuned 
selective amplifiers in cascade. Though 
intended primarily for vibration measure-
ments the instrument can also be used for 
general waveform analysis. Features: 
Range 19 cps-2I ICc; frequency accuracy 
+0.5% over most of range. Selectivity 
and band-width variable; maximum 2nd 
harmonic suppression 70 db over whole 
range. Power supply; 91-120 V; 60 cps; 
130 W. 
Multi-Metal Wire Cloth Co., Inc., New 
Yolk 59, N.Y. 4-314-316 

Cathode-Ray Tube Shields, Cabinets, 
Chassis, Dust Covers, Panels, Racks, 
Shields. 
Muter Co., Chicago 5, III. 3-506 & 507 
Ceramic capacitors, wire wound resistors, 
rf and IF coils, precision potentiometers, 
switches. 

(Continued on page 214A) 
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BIRTCHER CLAMP 

HOLD 

THEM 

TIGHT 

with a 

There is a Birtcher Clamp... or one can 
be designed... for every tube you use or 
intend to use. 

Regardless of the type tube or plug-in 
component your operation requires... 
and regardless of the vibration and 
impact to which it will be subjected ... 
a Birtcher Tube Clamp will hold it 
securely and rigidly in place. 

Catalog and samples sent by return mail. 

The BIRTCHER CORPORATION 

Company 

Attention of•  

Address  

City 

4371 Valley Blvd. 
Los Angeles 32, Calif. 

Please send catalog and 

samples by return mail. 

IRE 3-3 

State  

P11-0111 LIGH'TS 
tor AIRCRAFT 

f1/4ND IMPROVED IN 
«feeeneengerneete>' 

MPOR1 ANT DETAILS 

L SUB-MINIATURE INDICATOR ASSEMBLIES 

A great aid to your miniaturization program 

MOUNT IN 1 5/32" HOLE 

ALL LENS COLORS 

NON-DIMMING 
No 8-1930-621 

Easy lamp replacement 
with any midget flanged 

base lamp types 

Complete blackout 
or semi-blackout 
dimmer types 

Li;2111/ 

MECHANICAL 
DIMMER 

No. 11-1930-621 

THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 

REPLACE 
WITH THIS 

NOT 
THIS 

OR 
THIS 

PLASTIC PLATE (EDGE) LIGHT ASSEMBLIES 

.4 

AIR FORCE and BUREAU of AERONAUTICS 

MIL-L-7806 DRAWING MS-25010 

DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 Lamp 

ALSO MADE 
with other filter colors 
and with light-emitting 

top (for indication) 

,\\11//, 

ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 

ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 

SAMPLES ON REQUEST—NO CHARGE 

Foremost Mann facturer of Pilot Lights 

NAUGHT CORPORATION 
60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 

l'ROCEEDINGS OF THE I.R.E. March, 1953 

Visit us in Booth #1-504 at the IRE Show. 
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1953 IRE SHOW 
MARCH 23 - 26 

BOOTH 3 - 521 

109 AUDREY AVE , OYSTER BAY, NEW YORK 

OI 

%%414 

..eate.erejfe 

• EXTRA FLEXIBILITY 

• FREE STRIPPING 

• HIGH DIELECTRIC 

• RATING -90 TO +250°C 
*Black, brown, red, orange, yel-
low, green, blue, violet (purple), 
grey (slate), white, tan, pink 

(flesh), light green, light blue. 

Built to meet rigid government re-
quirements, Tensolon Hook-up 
Wires are available in sizes from 
AWG30 through 20 with stranded 
silver-plated copper conductors and 
the patented Tensulated Teflon® 
covering which eliminates pin holes 
and other irregularities. 
TEFLON KIT FOR LABORATORY 

REQUIREMENTS— 
Twelve, 100 ft. rolls of 
AWG 22, in assorted colors • 
in convenient compact 
container $124" 

4411"" 
TENSOLITE INSULATED WIRE CO., INC., TARRYTOWN, N. Y. 

AT THE I.R.E. SHOW-BOOTH 4-124 

What to see at the 
Radio Engineering Show 

MYCALEX 
CORPORATION OF AMERICA 

Clifton, N.J. 
30 Rockefeller Plaza, New York 20, N.Y. 

BOOTHS 1-130 8/ 131 
/..te•i. ..1 1114.11.1 \1.1,1. and 11.1.1. • 
Marks. Myealex glass bonded mica the ideal 
insulation for all frequenvie, and ig•zurera• 
tun, 

Mycalex Corp. of America, Clifton, N.J. 
1-130 & 131 

Mycalex glass-I led mica Ceramoplastic: 
insulation takes 2000 I, for very brief pe-
riods; telemetering commutator; coil form 
for coded radio; air circuit break arc 
chute; molded-with-fragile-inserts switch 
for correcting gyro  pensation; 
frequency switch; minimum differential 
expansion spur gear, functional part with 
solderable molded-in inserts mid printed 
circuit. 

N. R. K. Mfg. & 
Engineering Co. 
Chicago 41, 

2-212 
Microwave   ionents such as Antenna Feeds, 
Rotary joints, Duplexer-Mixer An'yn., Crystal 
Mixers, Directional Couplers, Waveguide 
Switches, manufactured to your blueprints 
and specifications. 

LINDE 11R PRODUC.CS CO. 

Di/ . 1 nion Carbide and Carbon Corp. 

Booth 1-51 I 

N t.rioN %I. tItlION 1:1/. 

Div. Union Carbide and Carbon Corp. 

Booths I-510 & 1-518 

UNION 1: %MODE (ND 1: tRISON CORI'. 

Bootlo, 1-511, 1-5 lo & 1-518 

SF:F: LINDF: tilt & Ni (TM\ O. 1: %RHO N 

Thank .no for suur co-operation. 

National Carbon Co, Div. of Union Car-
bide & Carbon Corp., New York 17, 
N.Y. 1-514-516 & 518 

Outstanding examples of famous "Ever-
eady" battery line, grouped in six sepa-
rate categories: Personal Radio, Portable 
Radio, Hume Radio, Radiation Detectors, 
Heating Aid, and Photoflash. New Bat-
teries on display will be the compact No. 
964-477 "Personal" Radio Battery C plc-
ment, round-cell photoflash types and the 
tiny No. 1002E Hearing Aid "A" Battery. 
National Co., Inc., Malden 48, Mass. 2-105 
The latest in Government, Commercial. 
Amateur Communication Equipment, and 
Components. A new communication re-
ceiver in the low price field will be shown 
for the first time and several new elec-
tronic components. 

National Research Corp., Vacuum Engi-
neering Div., Cambridge 42, Mass. 1-705 

Pumping dolly for in-line exhaust system; 
new, improved, and more compact diffu-
sion pumps; new Model 511 "Alphatron" 
vacuum gauge. 
New Hermes Engraving Machine Corp., 
New York 3, N.Y. 2-131 & 132 

New Hernies pantograph engraving ma. 
chines in action, for engraving name 
plates, panels, dials, profiling, milling on 
all metals and plastics, 

Be sure to visit 
all four floors! 

(Continued on page 216A) 
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These 

insulating materials 

now available in the 

BIGGEST 
SINGLE 

SHEETS ever made 

King-sized TEFLON sheets, 60" 
x 72", prevent leakage and blow-
through on large gaskets. Ideal for 
many uses. 

• 

5 foot KEL-F discs open vast 
new potentialities for this versatile 
thermoplastic. New size increases 
economy, eliminates waste. 

• 
It's no secret that the A. E. C. 

chose 4 foot MYKROY rings to 
insulate its generator. There's a 
growing demand for this perfected 
glass bonded mica. 

• 
Sheets, rods — machined or 

molded to specification. Write to-
day for our new TEFLON, KEL-F 
and MYKROY brochures. 

101 CLIFTON BOULEVARD, 
CLIFTON, NEW JERSEY 

MYKROY, INC., WHEELING, ILL, 

Sensitive DC-VTVM 
Furthers Electronic 

Research and Production 
Progress in electronic engineering, as in other fields of engineering, is 
closely linked with the development of more sensitive measuring instru-
ments. During the past 4 years our MV- I 7B DC Vacuum Tube Millivolt-
meter has helped substantially to advance both research and production 
throughout the entire electronic field. Crystal diodes and transistors for 
instance have benefited from it due to its ability to measure small DC 
voltages with minimum circuit loading (I mV full scale, 6 megohms input 
impedance). As a null detector, in bridges, the MV- 17B can be over-
loaded up to 100,000 times, thereby eliminating suspension-galvanom-
eter trouble and increasing measuring ranges and sensitivity. Grid cur-
rent measurements, small voltage drops in regulated power supplies, 
delicate temperature measurements, insulation material research are but 
a few other applications which have made this instrument a reliable 
stand-by in nearly all leading laboratories in America and abroad. 

MV-17B 

DC-Millivoltmeter 

• 

"It Measures 

Where Others Fail" 

Other Millivac Meters, Similar to MV-1 7B. 

• MV- I 7BX DC Millivolt meter, identical with MV- 17B but equipped 
with external output terminals. Used as high-gain DC amplifier or to 
operate external indicating and recording instruments. 

• MR-67B DC Millivolt Recorder, sensitivity 200 microvolts per centi-
meter. Uses Sanborn heat-writing unit. 

• MV-18B High Frequency Voltmeter. Has MV-17B DC measuring cu• 
cuit and external crystal probes. Covers 1 MC to 2,500 MC, lowest 
reading 1 mV. Measures also 100 microvolts to 10 mV DC. 

MILLIVAC INSTRUMENT CORPORATION 

P.O. BOX 997, Schenectady, N.Y. 

See us at Booth z.“..4-610, Radio Engineering Show 
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VISIT 
BOOTH 2-214 
Grand Central 

Palace Mar. 23-26 

In line with our specialization in 
wire for new applications, we pro-
duce wires of composition suitable 
for the manufacture of Transistors; 
including GALLIUM GOLD and 
ANTIMONY GOLD. These alloys 
have been made to fill a specific 
need arising from new develop-
ments in this field. 

Other wires we make regularly 
for similar application are 
PHOSPHOR BRONZE, bare or 
electroplated, and PLATINUM 

Alloys produced to meet rigid 
specifications of tensile strength, 
size and straightness. 

Write for latest List of Products 

SIGMUND COHN CORP • • ui So. Columbus Avenue • Mount Vernon N 

IT'S 

HARVEY 
FOR PROMPT 

OFF-THE-SHELF" DELIVERY 

WRITE 

PHONE 

or WIRE 

Whether it's equipment, components or other 

electronic requirements, you will always find 

them in Harvey's extensive stocks, ready for 

immediate delivery to you anywhere. 

This month particularly, Harvey has looked 

ahead and is ready to supply any of products 

exhibited at the ... I. R. E. SHOW. 

HARVEY 
Telephone RADIO COMPANY, INC. 

LUxemberg 2-1500 103 West 43rd St., New York 36, N. Y. 

What to see at the 
Radio Engineering Show 

(Continued front page 214A) 

The J. M. Ney Co. 

Hartford 1, Conn. 

4-101 

Precious metal alloys and their uses in pre-
cision electronic instruments. Contacts, slap 
rings and assemblies to customer specifica-
tions. Fine size resistance wire in precious 
pieta! alloys. 

North Electric Mfg. Co., Galion, Ohio 4-517 
The North Electric Manufacturing Co. has 
had 50 years' experience in the manufac-
ture of relays. We manufacture relays de-
signed for military aircraft, for computers, 
remote and studio, and calculating ma-
chines, also relays for general communica-
tion equipment. 
Northern Radio Co., Inc., New York 11, 
N.Y. Theater 3-210 

Communications Equipment 
Nuclear Instrument á Chemical Corp., 
Chicago 10, Ill. 4-123 

Complete line of electronic instrumenta-
tion for detecting and measuring nuclear 
energies. Several new sealing instruments 
will be shown, as well as portable survey 
meters and accessories. Nuclear's new 
revolutionary automatic sample changer 
will also be on exhibit. 
Oak Mfg. Co., Chicago 10, III. 4-606 
Rotary, pushbutton and slide switches; 
television converters and tuners; chop-
pers, vibrators and power supplies; Ledex 
rotary solenoids and other special electro-
mechanical assemblies. Development and 
production for manufacturers only. 

eiekanill 
ombenrE 

RHEOSTATS • RESISTORS 
TAP SWITCHES 
ILE. CHOKES 

BOOTH 2-213 

..1111111111111111111111111111111111111111111'à 

g • A complete line from 1" to 10° of our su-
p. perior Multijet Oil Diffusion Pumps. The 
P. "Vapor Frac" fractionating pump group us-
g log the new vapor separation principle. The 
g SC-3 high vacuum evaporator designed for re-
• search on evaporated coating. Evaporated 
e films of metals and dielectrics for electrical 
g: and optical purposes. 

.11111111111111111111111111111111111111111111111111111111111111111IIIIIII1111111111111111111111111111111111111111111111111111. 

John Oster blig. Co., Racine, Wisconsin 4-815 
Fractional horsepower motors synchros, 
servo motors, and actuators. 

Optical Film Engineering 

Philadelphia 33, Pa. 
4-216 

111
111

111
111

111
111

111
111

111
111

111
111

111
111

111
111

111
111

111
111
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PtiC Applied Research 
Limited 

Toronto 13, Canada 

4-122 

Airborne Magnetometer, Airborne Profile Re-
corder, Photogrammetric Instruments, Inter-
valemeters, Cameras, Recording Time Interval 
Measuring Sets, Navigational Computers, Air-
borne- Radiation Detecteer. 

(Continued on page 218A) 
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OIL IMPREGNATED 

VAC 

CAPA FILLED 

MilIllee— iT ORS 
-------
..e, 

eitoty.„,e0R \ 
od-, ebc 
e li ge 
CFO oce el 0 , 0.......„ ,,,...-.2 

Approved 
SILICONE 

capacitor, oil 
impregnated, 

ewe
tel- hermetically 
ler'-e sealed. 

Featuring SILICONE I3USHINGS 
jor peak performance at high operatio tem-
perature n. 

itiNteCg° 
.smro.- zoa v D 

SILICONE 13 n LISHING BA -frUB TYPE capac-
itor, oil impregnated, her-
metically sealed, and tested 
at twice- rate to 
meet all speced cativoonlst.age 

GL ASS SI LED TUBU-
LAR TYPE capacitor, oil 
impregnated, hermetically 
sea led to meet all speci 

fi cations. 

\ 111 TION• 11. US FOR 
EURTHER INFORMA 

3255 WEST ARMITAGE AVE. 

CHICAGO 47, ILLINOIS 

16 a /7 óe LECTROFORMED! 
If the radio frequency component you need cannot be made 

by conventional methods or is difficult and costly to manufacture, 
the possibilities are it can be LECTROFORMED. 

LECTROFORMING can produce 
parts of intricate design, accurate interior 
dimensions and with high interior sur-
face finish up to 5 micro-inch. Various 
metals may be used (such as silver, 
gold, copper, nickel and/or iron) to 
meet specific requirements for conduc-
tivity, strength and corrosion resistance. 

LECTROFORMING achieves di-
mensional stability impossible by any 
other method. 

LECTROFORMING is the manu-
facturing of an article by the electrode 
position of metal on a form of prede-
termined size, shape and finish. We 
welcome the opportunity to discuss your 
problem, no matter how difficult it may 
seem. 

Write Dept. IRE-53 

for "Lectroforming 

Applications 
and 

Procedure" 

• Trademark 

er. 

Visit our Booth 3-525 at IRE Show 

BART LABORATORIES CO., INC. 
227 Main Street, Belleville 9, New Jersey 
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It's Engineered for 
TOP PERFORMANCE 
... in Production NOW! 
This new DX 90° Deflection Yoke has 
everything a television receiver manufac-
turer wants . . . a sharp full-screen focus, 
a minimum of pincushioning, the ultimate 
in compactness and a price that's down-
right attractive. Because this yoke has been 
brilliantly designed for mass production on 
DX's specialized equipment, it warrants 
immediate consideration in your 27" re-
ceiver plans. Write us today. 

DEFLECTION YOKES ... TOROID COILS ... CRYSTALS 

I. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS 

SPEAKERS ... TV TUNERS ... ION TRAPS ... TRANSFORMERS 

GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL. 

Model 109 

DX 
COMPONENTS 

• 9 

• • 

"Complete Radar 
Test Facility" 
Multi-Purpose X Band Test Equipment 

Spectrum Analyzer 

Signal Generator 

Power Monitor 

Displays supplied spectra from 8.5 to 
10. KMC on a 3" CRT 
Delivers CW, square wave, FM, or pulse (1, 5 or 
10 As) modulated RF, 8.5 to 10 KMC up to 25 MW 

3 Measures average power of CW or pulsed RF, external or internal, from 8.5 — 10.5 KMC 

Frequency Meter 1 1;%:!l accuracy.sre  Measures  RF from 8.5 — 10.5 KMC 

AU major units plug in, 17" r 101/2 " x 13". 45 lbs. 

Century Metalcraft Corporation 
BOX 2098-14806 OXNARD STREET 

VAN NUYS, CALIFORNIA 

What to see at the 
Radio Engineering Show 

(Continued from page 216A) 

Panelyte Division, St. Regis Paper Co., 
New York 17, N.Y. 4-619 & 621 

Laminated resinous plastics—sheets, rods, 
tubes, fabricated parts, molded specialties 
in paper, fabric, glass, nylon base; with 
phenolic, melamine and silicone resins. 
Injection molded parts. Decorative Pan-
elyte. Featured parts for the television, 
radio and electronics industries. High 
strength, high heat resisting laminates. 
Metal clad laminates for printed circuits. 

Panoramic Radio 
Products, Inc. 

Mount Vernon, N.Y. 
2-123 

Spectrum analyzers covering the audio to 
Microwaves, and Response Curve Indicators 
dynamically demonstrated. New instruments 
include Panalyzor, Model SB-I2, a slow sweep, 
high resolution, RF Spectrum Analyzer; 
Model G-3; Ultrasonic Response Indicator cov• 
ering range between 2 KC and 300 KC and a 
Signal Switcher for Panoramic Sonic An-
alyzers, Models AP-1 and LP-I. 

Paramount Paper Tube 
Corp. 

Fort Wayne 2, Ind. 

4-705 
If you wind coils or transformers of ans 
size, get a free sample of the "Paraformed" 
square and rectangular paper tubes made by 
Paramount Paper Tube Corp.—Mfgrs. of coil 
cores exclusively for more than 20 years. 

Par-Metal Products Corp. 
Long Island City 3, N.Y. 

2-119 

Metal Products for Electronic 

Industry. 

21111111111111111111111111111111i111111111111111111111:1:11:111i 11111111 iiiii 1111111111111Mi lD illrinilli nilis 

Penta Laboratories, Inc. 
Santa Barbara, Calif. 

4-710 

Displaying their new line of medium and 
high-power Power Tetrodee incorporating a 
high efficiency anode of unique design. Also 
on display will be other power tubes, Hy-
drogen Thyratron, Vacuum Switch and spe-
cial purpose tubes of their manufacture. 

7-dirmiiiii iiiiiismousioniminsiummittemmuniuninutuntminuminnuntsminiiiimmi7.-; 

Phalo Plastics Corp., Worcester 8, Mass. 4-508 
Thermoplastic insulated wire and cable, 
cord sets, and harness assemblies. 

Phil*, Corp., Government and Industrial 
Div., Philadelphia 44, Pa. 1-501, 505 

Microwave communications and television 
relay equipment, including associated time 
and frequency division multiplexing equip-
ment, antennas and towers. Also tube 
exhibits displaying research, development 
and production of receiving, cathode-ray 
and special-type tubes for government & 
industry. 

Be sure to visit 
all four floors! 

(Continued on page 2 2 . 
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lie 800.2600 mcs 
Frequency Meters 
Lightweight-Portable 
Units.. For Field and 
Laboratory Use! 

I. 

Models 

FS-C-171 -A 800.1200 MCS. 
FS-C-1724 1200-1600 MCS. 
FS-C- 173- A 1600-2250 MCS. 
FS-C-174- A 1700-2600 MCS. 

The input circuit is a type N connector 
(UG-58/U) . The output is monitored by 
a I N2I B crystal and microammeter circuit 
with adjustable sensitivity control for varying 
input power levels. The output of the crystal 
may be obtained from pin jacks provided on 
the panel of the instrument. A switch is pro-
vided to change the output from the micro. 
ammeter to the pin jacks. 

,ICATIO 

ACCURACY 
Better than .05% from 20'F to 120°F 
SENSITIVITY 
Usable indication with 1 milliwatt input 
Adjustable for higher levels 

INDICATOR 50 Microammeter 
INPUT 
50 Ohm Type N Connector 
EXTERNAL DC OUTPUT 
Pin Jacks 
EXCURSION OF MICROMETER 
One-half inch 
MICROMETER SCALE 
at 1000 Mc — 1 Division equals 290 KC 
at 1400 Mc — 1 Division equals 350 KC 
at 2000 Mc — 1 Division equals 450 KC 
at 2600 Mc — 1 Division equals 555 KC 

EXTERNAL SIZE 61/2 x 93/4 x 7" 
WEIGHT Four pounds 

CAVITY UNITS AVAILABLE 
Units consist of cavity body, micrometer con-
trol, crystal, suitable connectors and calibra-
tion chart. Write for specifications and prices. 

P. 0. Box 504, 
Asbury Park, New Jersey 

ieélee« el CUT AND STRIP 
INSULATED WIRE... 

I b. 

MODEL CS-6E 
CAPACITY 

Finished Pieces Per Hour-15 in. 
lengths, 3000 per hour; 97 in. 
lengths, 500 per hour. 

Maximum Stripping Length-1 1/2  
in. at each end. 

Maximum Cutting Length-97 in. 
Minimum Cutting Length-2 in. 
("à in. special). 

Wire Handled—Solid or stranded 
single conductor wires, parallel 
cord, heater cord, service cord, etc. 

Maximum Wire Size —No. 10 
stranded or No. 12 solid. 

Other Artos Machines 
The complete line of Artos auto-
matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in. to 60 ft., stripped 
lengths to 61/2 in. at one end and 
81/2 in. at the other, wire from 
No. 12 to No. 000 gauge, and up 
to 3600 pieces per hour. Ask for 
recommendations on your own 
specific problems. 

AIR 

as fast as ° 
3000 lengths 
per hour 

ARTOS Automatic MACHINES 

REDUCE TIME AND COST 
For quantity production of fin-
ished wire leads . . . measured, 
cut to length, and stripped at 
one or both ends ... investigate 
Artos Automatic Machines. 

The Model CS-6 illustrated 
can complete up to 3,000 pieces 
per hour in 15-in, lengths, and 

other lengths in proportion. 
You save through combined 
operations . . . through quick, 
easy set-up... through unskilled 

help who can handle this ma-
chine. You obtain substantial 
time savings over the best man-
ual or semi-automatic methods. 

Highly accurate machine op-
eration reduces work spoilage 
to an absolute minimum — er-
rors due to the human element 
are eliminated. There is no cut-
ting of strands or nicking of 

solid wire. Uniform lengths 
and uniform stripping are pro-
duced consistently. 

WRITE FOR BULLETIN 
Get the complete 
story—write now 
for Bulletin 35-C 
on Artos Model 
CS-6 machines. 

Automatic Wire Cutting and Stripping 

IENGINIEIFIRING CC. 4141[1> 
2735 S. 28th St: • Milwaukee 46, Wis. 
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Multi-Channel 
Sampling Switches 

For puke telemetering, sub-carrier 
commutation, drift compensation of DC 

amplifiers, function generation and miscel-
laneous samplings measurements. 

Specialists in the design and manufacture of 
rotary switches, with and without motor drive, 

for difficult and demanding applications. 

r44 • A SCOP •  

Your Inquiries Are Invited 

Write or telephone Mr. Porter 

Plainsboro 3-4141 

APPLIED SCIENCE CORPORATION OF PRINCETON 
Telemetering and Data Handling Equipment and Special Components 

P. 0. Box 44, Princeton, New Jersey 
See Us at Booth 4-806, Radio Engineering Show, March 23-26 

THE DISTINCTIVE NEW 

ER-225 
SERIES 

RACKS by PAR-METAL 
18" Deep, 22" Wide 

offer you the greatest dollar-for-dollar 

value in the industry today! 

Because only in the ER-225 will you And 
these unique features: 

se Standard 431/4 ", 673/4 ", and 83'2" heights. 
be New ribbed design corner trims, with new 

quick FRONT detachable fastenings. 

e••• The door is stamped from one piece of 
steel and reinforced—with formed, clean, 

smooth, double thick edges. 

"Multiracks" available with closed or open 
intermediate sides for rack-to-rack wiring. 

s••• Streamlined modern design; beautiful finish. 

Planning an electronic product , Consult Par.Metal for 

RACKS • CABINETS 
CHASSIS • PANELS 

Remember, Par-Metal equipment is mode by 
electronic specialists, not iust o sheet metal shop. 

itta,de 64/ 
geeettue 
sfacialided 

"MULTIRACKS" 
These Rucks may be 
assembled in multiple units 
as shown above.. 

SHELVES available. 
Also ROLLER TRUCKS 
available for single racks 
or "Multiracks". 

NO INCREASE IN COST! 
The ER-225 is priced to 
compete with racks not 
having the equivalent fea-
tures. Beyond doubt —it's 
the industry's greatest 
value. 

The ER-225 Rock as used 
by the American Communi-
cations Corp., N. Y. C. 13. 

VRPHITEITIE 
PRODUCTS CORPORATION 
32-62 — 49th ST, LONG ISLAND CITY 3, N Y 

Tel AStoria 8-8905 
Esport Dept.: Roche International Corp. 

13 East 40 Street, New York 16, N. Y. 

(Continued from page 2I8A) 

Phillips Control Corp., Joliet, Ill. 4-702 
A complete line of relays, hermetically 
sealed relays, and actuators. We will 
feature our new Type 6 relay, first in-
troduced in the publications this month. 
We will also show our new Electronic 
Timer, which will time our relays and 
operate lights in our display. 
Photo Chemical Products, Ind., New York 

51, N.Y. 3-308 
Screen printing. Metal furnishing and 
spraying of industrial panels, instrument 
dials and schematics. Radium luminescent 
applications. 

I 
ORIO 

llkailleilelliel$ CO IN LF; E A T CI' TR '1 N 

4-102 Photocircuits PRINTED 
CIRCUITS- and allied 

electronic assemblies are exhibited, FEATURED. 
Radio chassis, Filters, Terminal boards, Miniaturized 
packages, Plug-in computer -units and long-wearing 
Wiping Switches and Commutators. Cost comparisons: 
Dip soldered printed circuit vs. conventionally wired 
assemblies. FREE Engineering Brochure. 

BOOTH 

The Pioneer Elec. & Research Corp., For-
est Park, Ill. 3-519 

SRX-Electro-Mechanical Remote Switch-
ing systems; ERX—Electronic Remote 
Switching systems; Electrowriter—Perma-
nent Magnet Motors and Generators; Elec-
tronic Keyer. 

Plastoid Corp. 
Long Island City 1, N.Y. 

4-305 

Replica of a Community TV antenna instal-
lation, samples of "Synkote" wire and cable 
constructions for HF, VHF and UHF trans-
miuion, unusual cables designed for spe-
cific installations, tubular and heavy-duty 
twin-lead for television receivers. 

Polarad Electronics Corp. 
Brooklyn 11, N.Y. 

2-511 

Microwave Test Equipment. Its Model LSA, 
All Band direct reading Spectrum Analyzer, 
Microwave Receivers, and Microwave Signal 
Sources can be seen. Also Polarad's advanced 
TV Monitor and Waveform Monitors can be 
seen. 

The Polymer Corp. of Pa. 
Reading, Pa. 

3-503 

POLYPENCO NYLON and TEFLON available 

for economical fabrication in rod, tubing, 
strip, slab and special extruded shapes to 

specification. Also available to your specifi-

cations in machined and molded parts. 

'A,1111111111113111111111111111111111111111111111111M11111111111111111111111111111111L I :1 
Polytechnic Research & 

Dey. Co., Inc. 

Brooklyn 1, N.Y. 

2-513 & 514 

Standard Microwave Test Equipment, Ridged 
Waveguide Components, Flat Guide Com-
ponents, Noise Source, VHF-UHF Sweep Gen-
erator, Metallized Class Products. 

WRITE FOR CATALOG! 
Visit us in Booth 

2211 
2-119 at the IRE Show 

iiiiissuntaiimustutmissumussummusiiiiiimillimmillitmillamatamommouttnne 

(Continued on Page 222A) 
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Accurate • Portable • AVAILABLE 

the Type H-12 u H F 
SIGNAL 

GENERATOR 
900-2100 Megacycles 

This compact, self-contained unit, 
weighing only 43 lbs., provides an accu-
rate source of CW or pulse amplitude-
modulated RF. A well-established 
design, the Type 12 has been in pro-
duction since 1948. The power level is 
0 to —120 dbm, continuously adjustable 
by a directly calibrated control accurate 
to -± 2 dbm. The frequency range is 
controlled by a single dial directly cali-
brated to ± 1%. Pulse modulation is 
provided by a self-contained pulse gen-
erator with controls for width, delay, 
and rate; or by synchronization with an 
external sine wave or pulse generator; 
or by direct amplification of externally 
supplied pulses. 
Gold Plating of the oscillator cavity 

and tuning plunger assures smooth 
action and reliable performance over 
long periods. Generous use of silicone-
treated ceramic insulation, including 
resistor and capacitor terminal boards, 
and the use of sealed capacitors, trans-
formers, and chokes, insures operation 
under conditions of high humidity for 
long periods. 

Built to Navy specifications for re-
search and production testing, the unit 
is equal to military TS-419/U. It is in 
production and available for delivery. 

Price: $1,950 net, f.o.b. Boonton, N. J. 

Type H-14 Signal Generator 

(108 to 132 megacycles) for testing 
OMNI receivers on bench or ramp. 
Checks on: 24 OMNI courses, left-
center-right on 90/150 cps localizer, left-
center-right on phase localizer, Omni 
course sensitivity, operation of TO-
FROM meter, operation of flag alarms. 

Price: $942.00 net, f.o.b. Boonton, N. J. 

WRITE TODAY for descriptiv• literature on 
A.R.C. Signal Generators or airborne LP and VHF 
communication and navigation equipments. CAA 
Type Certificated for transport or private use. Dept • 6 

Dependable 
Electronic Equipment 

Since 1928 

fi ircraft Radio Corporation 
Boonton, New Jersey 

COMPLETE LINES 

_ 
((MILO HAS THE SCOPE to handle all your,,\ 
industrial electronic component requirements j 
QUICK SERVICE COMPONENT KNOWLEDGE 
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SINGLE SOURCE 

ALL COMPONENTS TUBES, PARTS, METERS, WIRE, 
TEST INSTRUMENTS 

e 
VALUES 
1 rnfnf to 
5000 rnfd 

ALL TYPES 

TELEPHONE 

RE 3-2980 \ 
TELETYPE  
NY 1-1139 

e 
e o 

6 

10 

IN STOCK 

LEADING BRANDS 

EXPEDITED 

VOLTAGES VALUES 
3 V. to I Ohrn to 
100 KV 22 Mesjohms 

TOLERANCES Higher, In 
JAN F To non-standard 

JAN Y 

COMPREHENSIVE 
CAPACITOR STOCK 

WRITE  

200 Greenwich St 
WIRE  

MILO WUX-NY ALL 
TYPES 

LEADING 
BRANDS 

REGULAR 
SPECIAL 
PURPOSE 

CRYSTAL 
DIODES 

TUBE 

CHASSIS, PANELS, RACKS 

LEADING BRANDS 

WATTAGES 
W to 

1000 W 

TOLERANCES 
.1% to 20'4 

RESISTOR 
"HEADQUARTERS" 

LABORATORY USE 

SELECTION 

JAN -TYPE 
COMPONENTS 

MILO RADIO & ELECTRONICS CORP. 200 GREENWICH ST., NEW YORK 

0 

GENERAL USE 

7, N. Y. 

›IILO tenders its heartiest congratulations to The Institute of 
Radio Engineers on the occasion of its Twenty-First Annual Show. 
We expect to see many new things there. 

For "something new" in 'scopes, see above. 

MILO RADIO & ELECTRONICS CORP. 
eteatootied. ‘en l•cdcatte 

200 GREENWICH STREET, NEW YORK 7, N.Y. • Phone BEekman 3-2980 

Teletype NY1-1839 • Wire MILO-WUX-N.Y. • Cable MILOLECTRO-N Y. 
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Ruggedly Designed 
for Dependable, 

Heavy-Duty Operation 

if1yriaggaingsail 

According to your specifications you can get: 

TECH LABS 

SOLENOID 
OPERATED 
 jwyoneu.km-

When operating condi-
tions demand a solenoid 
switch that will stand up 
under the most rugged 
requirements, always 
choose Tech Laboratories 
Solenoid Switches. These 
multi-pole units are built 
to "take it" and are de-
signed and produced to 
meet your individual 
requirements. 

• Remote push-button operation, 
with or without manual reset. 

• Single or dual direction operation. 
• Single, or up to 8 decks. 
• Single pole to 4 poles per deck. 
• Two contacts up to several hundred contacts per deck. 
• Shorting or non-shorting. 
• Ceramic or phenolic insulation. 
• Load capacities up to 10 Amp.-120 Volts AC !de-

pending on number of contacts). 
• Long, trouble-free service life. 

Information on these and our additional line of 
motor operated switches is yours for the asking 
. . . Write today for complete catalog. 

Manufacturers of Precision Electrical Resistance Instruments 

PALISADES PARK, NEW JERSEY 

What to see at the 
Radio Engineering Show 

j pun pagr 22a.•1 

Popper & Sons, Inc. 
New York 10, N.Y. 

4-818 

Marking equipment to print on 
electronic Components. 

Potter & Brumfield, Princeton, Ind. 2-407 
Relays and Electro Mechanical Assem-
blies 

Potter Instrument Co. 
Great Neck, N.Y. 

1-113 
New High Speed Digital Magnetic Tape 
Handler. High Speed Digital "Teldeltos" Re-
corder. Universal Frequency-Time Counters, 
Multiple Sequence pre-determined counter.. 
High Resolution 8-mc Chronograph. Data 
Handling Equipment. Plug•in Decades, Shift 
Registers, Frequency Dividers. 

Precise Development Corp., Oceanside, 
L.I., N.Y. 4-426 & 428 

Voltmeters (Indicating Instruments) Low 
Voltage Power Supplies, Pulse Generators. 
Microwave & Radar Test Equipment. 
Oscilloscopes, Cathode-Ray. General Pur-
pose General Test Equipment, Bridges, 
capacitance. Bridges, resistance. 

Precision Apparatus 
Company, Inc. 

Elmhurst, L.I., N.Y. 
2-307 

High quality electrical indicating instruments 
(meters electronic test and measuring instru-
ment. and accessories. Cathode-ray Oscillo• 
graphs, Vacuum tube voltmeters, Cathode-ray 
tube testers. Vacuum tube testers, AM signal 
Generators, Sweep 'signal generators, Volt•ohm 
mi II iammeters etc. 

Premier Metal Etching Co. 
Rockville Centre, L.I., N.Y. 

4-710 

Etched & Lithographed metal, name plates. 
scales. Dials for Instruments, Radio-Electronic 
panels. Plate facilities to etch, under cut, 
recess, and pierce to close tolerance. on all 
dielectrics clad with copper, brass, aluminum, 
silver, nickel or steel. 

M1111111111111111111111111111111111111111111111111111111111111111111111111.11111111111111111111111111111111111111111111111, 

Premier Metal Products Co. 
Bronx 67, N.Y. 

4-509 
Premier Metal Products Company will exhibit 
a complete line of precision built metal hous-
ings including desk panel, relay, enclosed 
relay and transmitter racks. Various types of 

= cabinet—rack, grille, meter and door panels 
• will be shown. Also a line of utility cases. 
E- blank chassis and other items for the elec• 

tronic industry. 

ei111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111e 
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What to see at the 
Radio Engineering Show 

Presto-Recording Corp. 
Paramus, N.J. 

Theater 3-306 

See the new PRESTO RC-11 Tape 
Transport Mechanism in sound thea-
ter No. 3-306. 

Presto Recording Corp., Paramus, N.J. 
Theater 3-306 

Presto is showing for the first time a com-
pletely new line of tape recorders and 
tape reproducers. The mechanical innova-
tions have resulted in a number of excep-
tionally fine professional units. Disc re-
corders and transcription turntables for 
professional use will also be displayed. 
Price Electric Corp., Frederick 1, Md. 4-501 
Husky Relays and controls for military 
and commercial uses. Specializing in her-
metically sealed telephone type relays. 
Manufacturers of the RO-T-RY, the relay 
that resists vibration. 
Product Development Co., Inc., Kearny, 

N.J. 3-115 
UHF-TV and microwave antenna systems. 
Waveguide, coaxial transmission lines and 
related system components; parabolic re-
flectors, cavity fed corners and horn an-
tennas for use to 2700 mc. Prodelin "Job 
Packaged" installations for antenna sys-
tems with complete site facilities includ-
ing appropriate towers, shelters, etc. Pro-
vided planning and single source respon-
sibility. 

Production Tool 8£ 
Fixture Co. 

Oyster Bay, L.I., N.Y. 
3-522 

Introduction of "Tiny•Fix," a new miniature 
assembly fixture designed especially to elimi-
nate problems in small wiring and assembly. 
"Tiny-Fix" the outcome of suggestions re-
ceived at last year's IRE Show for a prob. 
lem-eliminator. will be on display at Booth 
No. 3-522, along with PTF's new, revolu• 
tionary universal TV fixture adapter. 

Pyramid Electric Co. 
North Bergen, N.J. 

2-310 

Capacitors; Electrolytics, Dry Elec. 
trolytics, papers, oil papers, metal-
lized papers. 

REF Manufacturing Corp., Mineola, L.I., 
N.Y. 3-202 

Presents a complete display of electronic 
units showing REF's functional type of 
Construction. The units shown have all 
bee expertly designed, engineered, fabri-
cated and assembled by REF, in accord-
ance with customer's specific requirements 
combining lightness, strength, appearance 
and low cost of manufacture. 
%con Electric Co., Inc., New York 3, N.Y. 

3-315 
Driver units, straight and re-entrant 
horns, Marine speakers, Tweeters, cone 
speaker enclosures, explosion-Proof driver 
units, Microphone stands. Also speakers 
for all Industrial and Military require-
ments. 

Be sure to visit 
all four floors ! 

Li 

" Trade Mark 

iE 
REDUCE YOUR COSTS with 

PRINTED CIRCUITS" . 

 DIP 
SOLDERED 

electronic sub-assemblies 

Moss produced ' Photocircuits Printed Circuits-

and dip-soldered sub-assemblies mean important 

reductions in time and cost factors in your produc-

tion plans. Ask our Engineering Deportment about 

these and other benefits. An 8-page Engineering 

Information brochure available on request 

plotociftwits 
CORPORATION 

DEPT. IRE-3 • GLEN COVE • NEW YORK 

(Continued on page 224,4) 
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JFD MFG. CO. 
8ROOklYN 4, N.Y. 

liENSONHURS1 6-9200 

world's largest manufacturer 
of tv antennas & accessories 

leading manufacturers use 

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS 
in both civil and military equipment 

See 

TYPE AIISAF.X 
'untwist 11111STIOSTIO 

/04111 VI 
n 

.1 S 

O 

NO OTHER LIKE IT! 
• Spring loaded piston made of special 

invar alloy having extremely low tem-
perature coefficient of expansion. 

• Silver band fused to exterior of precision 
drawn quartz or glass tube serves as 
stationary electrode. 

• Piston dimensional accuracy is held to 
close tolerance maintaining minimum air 
gap between piston and cylinder wall. 

• Approximately zero temperature coeffi-
cient for quartz and ± 50 P.P.M. per 
degree C. for glass units. 

• "Q rating of over 1000 at 1 mc. 
• Dielectric strength equals 1000 volts DC 

at sea level pressure and 500 volts at 3.4 
inches of mercury. 

• 10,000 megohms insulation resistance 
minimum. 

• Operating temperatures, —55 C. to +125 
C. with glass dielectric. And —55 C. to 
+200 C. with quartz dielectric. 

• Over 100 megohms moisture resistance 
after 24 hours exposure to 95% humid-
ity at room temperature. 
Write for Form No. 199 

Us at Booth 2-134, I.R.E. Show, March 23-26 

iiiimagiMUMMUMMM 
ummaagveurimum 
mmummummummiem 
lummummummumm 
mummummummummm 
mmummummmummu 
ommummummmomm 03. 400 SOO 400 700 103 

11111010 a CYCLES /El SEIM 
100 

83-5378 

PRECISION 
MOTOR 
PERFORMANCE 
Axial fan blower, 3 phase self. 

cooled motor is designed to start 
at a —55° C and feature maximum 
possible H P per unit weight and 
volume. The temperature will rise 
45° C when fully loaded with 4" 
4 blade, 29 degree pitch fan; Sili-
cone wire and impregnation. At 
full load the input is 94 watts, 
the line current .54 amperes and 
the efficiency is 60%. 

SPECIFICATIONS 
Conform to NEMA Standards 
and other Gov't specifications. 

Continuous duty 
WEIGHT 22 oz. 
C F M  22 Average 
R P M  6250 Average 
VOLTS  115 
CYCLES  320-1000 

can be supplied CW and CCW 
suitable for 50 to 60 CPS 

2183 JACKSON AVENUE, 

¡Ii 

‘1/ 

WAntagh 2-7309 

re"Nc• 
SEAFORD, L I , N Y. 

See Us at the I.R.E. Show, Booth 4-3 1 5, March 23-26 

What to see at the 

Radio Engineering Show 
(Continued from page 22..4) 

Radell Corp., Indianapolis, Ind. 4-121 
Deposited Carbon Resistors 

Radio City Products, Inc., New York I. 
N.Y. 3-307B 

Television and Radio Signal Generators, 
Multimeters, tube and set testers, Vacuum 
tube voltmeters, oscilloscopes and acces-
sories. 

Radio Corp. of America 
Camden, N.J. 

1-304-1-309 

Electronic components, dry batteries, 
test and measuring equipment, Pro-
jectors, and UHF equipment. 

Radio Corp. of America g 
Harrison, N.J. 
1-304-1-309 

Will exhibit a representative line of tubes 
used in INDUSTRIAL. ENTERTAINMENT, 
and MILITARY equipment. RCA Premium 
type., storage type., UHF-VHF Receiving and 
Transmitting types, Multiplier Phototubee, 
Industrial tubes and printed circuits will be 
featured. 
The reflection•free characte r i rr ic of frosted 
filterglass face plates will also be demon-
-trated. 

à 

".,111111111W111111111111111111111111111111111110111111111111111111111111111111111110: 

The RCA Laboratories Division, Prince-
ton, N.J. 1-304-1-309 

The RCA Laboratories exhibit will present 
various phases of electron solid state re-
search with emphasis on transistors. Steps 
in germanium purification will be illus-
trated and a variety of devices using tran-
sistors will be displayed—some in opera-
tion. 

Radio Materials Corp. 
Chicago 18, Ill. 

2-509 

RMC "DISCAP" ceramic capacitors, 
By pass and temperature compensat-
ing disc, types, special purpose and 
,special voltage types. 

Radio Receptor Co., Inc. 
New York 11, N.Y. 

2-113 
Manufactures of seletron selenium rectifiers, 
zermanipm and silicon (polarity at a glance) 
diodes, transistors, germanium power rectifiers. 
UHF converter. and tuners, communications 
equipment. thermatron high-frequency di-
electric heat sealing and wood glueing equip. 
ment. 

Radio-Electronics, New York 7, N.Y. 2-141 
Radio-Electronics is a highly technical 
magazine covering radio, television, high-
fidelity, audio and the practical applica-
tion of electronics with special emphasis 
on servicing, construction and new de-
velopments. Gernsback Publications, Inc., 
also publishes the Gernsback Library of 
low-cost technical books with titles on the 
theory, practice and application of radio, 
television and electronics at the service 
technician's level. 
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What to see at the 

Radio Engineering Show 

Radio Magazines, Inc., Mineola, N.Y. 3-316 
Audio Anthology—Reprints from Audio 
Engineering; 2nd Audio Anthology—Re-
prints from Audio Engineering; Audio En-
gineering—The magazine devoted solely to 
the science of reproduced sound. 

Radio & Television News, New York 17, 
N.Y. 3-402 

Magazines. 

Radioactive Products, Inc., Detroit 26, 
Mich. 4-115 

Instruments for detection and measure-
ment of radioactivity. 

‘WSON 

for better 
LABORATORY METERS 

since 1918 

Rawson Electrical Instr. Co., Inc., Cam-
bridge 42, Mass. 2-412 

Laboratory meters for AC or DC measure-
ments, extremely high sensitivity. New 
improved Fluxmeter for testing magnets, 
may be used with any search coil from 
zero to 100 ohms! Rotating Coil Gauss-
meters for magnetic field measurements, 
several new models. Electrostatic Volt-
meters for voltage measurements with zero 
current drain. Sine-Cosine Potentiometers. 

Raymond Engineering Lab., Inc., Middle-
town, Conn. 4-903 

Magnetic fluid clutches for industrial con-
trol and servo-mechanism application. 

Raytheon Manufacturing 

Co. 

Waltham 54, Mass. 

1-422, 424 

Electronic equipment. Receiv-

ing tubes. plastics. 

Reeves Instrument Corp., New York 28, 
N.Y. 1-423 

The new C202 REAC, new miniature bread 
board parts, new miniature resolver and 
gyro, and the new six channel recorder. 
Reiner Electronics Co., Inc., New York 1, 
N.Y. 3-307B 

Limit Bridges, Square Wave Generators, 
Vacuum Tube Voltmeters. 

The Rea Corp., \Vest Acton, Mass. 3-119 
Rex Kel-f Insulated hook-up wire. Rex 
Microwall hook-up wire. Rexolite #1422 
UHF Insulating Material, rods and sheets. 
Rextrude electrical tubing, Underwriters' 
approved 105° C and service approval Per 
MIL-I-631A. Rex extruded Teflon rod. 
Rex custom extrusions to your specifica-
tions. 

2111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111j 
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Rhode Island Insulated 

Wire Co., Inc. 

Cranston, R.I. 

4-703 

A complete line of Insulated Wire in-
cluding goverment specification wire. 

(Continued on page 226A) 
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Sensitive Galvanometer Used in 
Guided Missile Research... 

SeIZARRitil 
0,5c1NINATOR 

`, loon no Pr 

•••PrOteetedbY90 
EDISON 

'elm Delay gele 
Malfunction or failure of recording 
equipment when a guided missile is fired 
can result in the loss of invaluable re-
search data. The requirement of complete 
reliability of components used in con-
junction with this equipment resulted in 
the selection of an EDISON Time Delay 
Relay as a vital part of the Model 46A 
Sub-Carrier Discriminator manufactured 
by Electro-Mechanical Research, Inc., 
Ridgefield, Conn. 

The Edison Time Delay Relay is 
used to protect the sensitive galva-
nometer in the associated oscillo-
graphic recording unit, by allow-
ing the power tube filaments to 
reach proper operating tempera-
ture before the application of high 
voltage. The thermal action is 
independent of line voltage varia-
tions since the delay characteristics 
vary in the same proportions as 
the heating of the filaments. Be-
cause of their cooling rate, EDISON relays 
prevent loss of equipment operating time 
due to momentary power interruptions. 

a edh.... 
INCORPORATED 

Instrument Division 

Dept. 62, West Orange, New Jersey 
AT THE I.R.E. SHOW, Grand Central Palace, March 

23-24. be •ure to visit the Edison booth—No. 4-714. 

X X 

Edison engineers will be glad to help 
solve your cathode protection problems. 
Just call or write to: 

YOU CAN 

ALWAYS RELY 

ON EDISON 
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Radio Telemetering 

Data Handling 
Vehicle Instrumentation 
High Speed Sampling 
Research, Development, Design, and Production Services 

Involving Specialized Application of the 
Principles of Electronics, Mechanics, and Optics 

erk-ASCOP  
roorlo. 4110•1 ttttt • VOY ••0•I 1«, w0.10 

Your Inquiries Are Invited —Wire, Write or Phone 

APPLIED SCIENCE CORPORATION OF PRINCETON 
P. 0. Box 44, Princeton, New Jersey • Plainsboro 3-4141 

See Us at the Rodio Engineering Show—Booth No. 4-806 

SQUARE PULSE GENERATORS for the 

MILLIMICROSECOND to MICROSECOND RANGE 

Model 100 

Square Pulse Generator 

PRICE: $395.00 F.O.B. New York 

Standard Rack Mounting 

For Nuclear Pulse Work, Radar, TV, 
Wide Rand Amplifiers, and in the de-
sign, calibration and servicing of last 
electronic systems: 

FOR THE FIRST TIME—A Square 
Pulse Generator with a rise time of one 
millimicrosecond (10' seconds) and a 
pulse width which can be varied from 
2 millimicroseconds to several micro-
seconds is commercially available. Both 
positive and negative pulses of a 100 
volts maximum amplitude, into low im-
pedance (such as 50 OHM cable) are 
generated; the pulse amplitude can be 
varied from 100 volts to .006 volts in 1 
decibel steps by means of selector 
switches on the front panel. One, two, 
or more pulse outputs, each of which 
can be individually attenuated and de-
layed are available in various models. 

For further details, write for bulletin P-1 or cont.« oar Engineering Division. 

ELECTRICAL AND PHYSICAL INSTRUMENT CORPORATION 

Sales and Business Office 

25 West 43 Street 

New York 36, N.Y 

Telephone: LOngacre 4-8510 

Engineering Division 

42-19 27th Street 

Long Island City, N.Y. 
Telephone: STillwell 4-6389 

What to see at the 
Radio Engineering Show 

(Continued from page 225A) 

John F. Rider Publisher, Inc., New York 
13, N.Y. 3-523 

Rider AM-FM Radio, Television and pub-
lic address equipment service manuals; 
rider TEK-FILE. (a monthly technical 
data service for TV Equipment); Text-
books on electronics, with emphasis on 
television, radio and allied subjects. A 
special service of the organization is the 
preparation of technical manuals for gov-
ernment, industry and civilian uses. 

SHEET METAL 
FABRICATIONS 

Custom Built Cases and Corers 
for Electrical Equipment 

4-130 

THE 
RIESTER & THESMACHER 

COMPANY 
1526 W. 25th St. Cleveland, O. 

The Riester & Thesmacher Co., Cleveland 
13, Ohio. 4-130 

Manufacturers of sheet metal enclosures 
displaying several items of custom built 
metal cabinets and housings for electrical 
and electronic devices in steel, aluminum 
and stainless steel. 

Robinson Aviation, Inc. 
Teterboro, N.J. 

2-216 & 217 

All-Metal Vibration Isolators and Shuck Con. 
trot Systems, Units and Device,. Engineered 
Mountings to customers exact requirements, 
and exceeding applicable performance speci-
fications. MET•L-FLEX is the copyrighted 
designation for the ALL-METAL resilient 
cushions developed and pioneered by Robin. 
son Aviation, Inc. 

Rocket Distributors, Inc., Bayside, L.I., 
N.Y. 3-526 

See: C & H Supply Co. 
Rola Co., Inc., Cleveland 14, Ohio. 3-506 & 507 
Loudspeakers, deflection yokes and fly-
backs, headphones, transformers: Audio 
types, hermetically sealed types, TV types. 

Roller-Smith Corp. 
Bethlehem, Pennsylvania 

4-521 

Ruggedized and Hermetically Sealed 
Instruments, JAN type Instruments, 
Switchboard and Portable Instru-
ments, Indicating Relays, Rotary 
Switches, Precision Balances. 

Rotron Mfg. Co., Inc., Woodstock, N.Y. 3-201 
Latest new devices for cooling electronic 
equipment including: silicone fluid pumps, 
heat exchangers, mechanical refrigeration 
units, wide frequency range motors, multi-
stage turbines, blowers, fans, transmitting 
tube supports and air interlocks. 

Rutherford Electronics Co. 
Culver City, Calif. 

3-111 
Manufacturers of Precision Lab, test instru• 
ments displaying: A•2 Time Delay Generator, 
provides accurate and variable time delays 
from .8 to 100,000 micro-seconds. A-4 Time 
delay generator from 10 microseconds to 10 
seconds. 8-2 Pulse Generator is • source of 
pulses of variable width, repetition rate, delay, 
and amplitude. D-2 Pulse Train Calibrator. 

226A 
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HARRISON 
adds another famous line to 
its TREMENDOUS STOCK 

• of Top Electronic Equipment 

TRANSFORMERS 
Really rugged, dependable transformers, 
built to "take it" during critical continu-

a ous service operation. Meet every circuit 
requirement: Power, Bias, Audio, Filament, 
Filter, MIL-T-27, Stepdown and others. 

II One-piece, drawn-steel seamless design 
provides excellent electrostatic and mag-
netic shielding, with complete protection 
against adverse atmospheric conditions. 

3 "Sealed-in-Steel" 
Case Mountings Available 

H-TYPE 

Hermetic sealing meets 
all MIL-1-21 specs. Steel 
base cover is deep-seal 
soldered into case. Ter-
minals hermetically 
sealed. Ceramic bushings. 
Stud-mounted unit. 

S-TYPE 

Steel base cover fitted 
with phenolic terminal 
board. Convenient num-
bered solder lug termi-
nals. Flange-mounted. z_ 

C.TYP E 
With 10" color-coded 
leads brought out through 
fibre board base cover. 
Lead ends are stripped 
and tinned for easy sol-
dering.Flange-mounted. 

Free Catalog 

on Request 

II let 

111 Dependability — Since 7925l 

ELECTRONIC 
MIS L towniun 

IFIATIL-.1nSa 

FREE! 

d 

To Purchasing Executives 
and Chief Engineers ... 
Latest 1200-page ency-
clopedia of electronic 
parts and equipment. 
Write to Bert Schreiner 
on your company letter-
head and mention your 
title. 

•Phone BArclay 7-7777 

ÁRRISON 
) RADIO CORP 

225 GREENWICH STREET 

NEW YORK 7, N.Y. 

operation at 
exceptional 
temperature 
ranges 
up from -I-210 C ( 410 F) 
to —90°C (-130 F) and below 

HOOK-UP WIRE 

EXTRUDED TEFLON (Tetrafluoroethylene) hook-up wire is 

organically capable of sustained operation from +210°C to 

—90°C with no appreciable decomposition. This wide range of 

operating efficiency continually opens new applications for 

EXTRUDED TEFLON — especially where constant stability under 

exceptional temperature conditions is required for long periods. 

EXTRUDED TEFLON +210°C to —90°C is non-inflammable . . . 

is resistant to most chemicals . . . has no known solvent. 

Because of low electrical losses, EXTRUDED TEFLON is 

adaptable for high frequency use. It has very high volume 

and surface resistivity. EXTRUDED TEFLON is available in thin 

wall and specified hook-up wire sizes, with shield or jacket, 

also as coaxial cable. 

NOW AVAILABLE in 10 colors—black, brown, red, orange, 

yellow, green, blue, violet, gray, white. Samples available. 

See you at the IRE Convention 

March 23-26, Booths 4-201, 4-202. 

MFG. CO. 
199 WASHINGTON ST. BOSTON 8, MASS. Plant CLINTON, MASS. 

Engineered Wire and Cable for the Electronic and Aircraft Industries 
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HERMETICALLY 

AC-SEALED-DC 

INSTRUMENT 

• Copper—cadmium — dichromate fin-
ished case. 

• Black satin onodized aluminum bezel. 

• Excellent shielding due to case material 
and construction. 

• Double strength clear glass. 

• Glass to metal seal under controlled 
humidity and temperature conditions. 

• D'Arsonval permanent magnet type 
movement for DC applications. 

• Magnetically damped, moving iron 
vane type movement for AC applica-
tions. 

RUGGED CONSTRUCTION 

FOR SUPERIOR 

PERFORMANCE 

• Available in 11/2 " square, 21/2 " and 
31/2 " round case types. 

• Guaranteed for one year against de-
fective workmanship and materials. 

Burlington "Hermetically Sealed" Instruments are designed to conform to 
JAN and MIL specifications. 

BURLINGTON INSTRUMENT COMPANY 
DEPT. 1-33, BURLINGTON, IOWA 

See us at Booth 2-323, I.R.E. Show, March 2 3-2 6 

eeeez 
This unit has been developed to 
meet present day requirements 
for compactness. The filter requires 
only 31/2 inches of rack space. 

Features. 
• LOW HUM PICKUP through the use of toroid coils. The unit may be used In circuits having signal 

levels as low as —40 dbm without the necessity for taking special precautions against hum pickup. 
• LOW DISTORTION: The filter may be used at levels up to plus 20 dbm with negligible intermodu. 

lation distortion. 
• RELIABILITY: All capacitors and inductors are hermetically sealed for lifetime service. Aging effects 

are negligible. 
General Specifications. 

DIMENSIONS: Standard rack panel, slotted, 31/2 " high. Maximum depth 71/2 ". 
CONTROLS: Low frequency cutoff selector knob, high frequency cutoff selector knob, on-off key. 
RANGES: Both low and high frequency cutoff controls cover 100, 250, 500, 1000, 2000, 3000, 

4000 and 5000 cycles. 
ATTENUATION: Approximately 16 db, per octave on both high and low frequency cutoff points. 
IMPEDANCE: 500/600 ohms, in-out. 
FINISH: Engraved panel finished in medium gray baked enamel. 

(Special colors available upon request.) 
The filter has standard input and output jacks located on 
the front panel in addition to the terminal block at the rear. 

!newt. 

TYPE 4200 

11423 VANOWEN ST., NORTH HOLLYWOOD, CALIFORNIA HYCOR 
ere 

Manufacturers of Precision Resistors, Toroid Inductors and Electric Wave Filters 
REPRESENTATIVES: 
Jack Beebe, 5707 W. Lake Street, Chicago, Illinois 
George E. Harris & Co., Box 3005, Municipal Airport, Wichita, Kansas 
Marvin E. Nulsen, 5376 E. Washington St., Indianapolis 19, Indiana 
Burlingame Associates, 103 Lafayette Street, New York City 

SUnset 3-3860 

• 
For further information 
contact your nearest 
Hycor representative or 

write for Bulletin S 

What to see at the 

Radio Engineering Show 

(Continued from Page 226A) 

St. Regis Paper Co., New York 17, N.Y. 
See Panelyte Div. 

4-619 & 621 

miummummuummumminiummummummumnimimmimminamommumw, 
E Sanborn Company == 

Cambridge 39, Mass. E 2-116 
E New Series of direct•writing recording sys• E.---
g terns. Features of the new systems (Model 150 E 

Series) to be shown and demonstrated will 
include: standard relay reach design; improved 

- paper drive with selection of 9 speeds; in-E. 
dividual stylus temperature control; and a 

É basic amplifier and power supply assembly rf., 
E providing for plug-in installation of individual É 
• amplifiers and preamplifiers, including: AC- g 
g DC, Carrier (strain gage), Coupling, Log-Au. g 
É dio, Servo Monitor, DC Converters (Chopper). É 

111111111111111111111111111.1;111111111111111111111111111111111111111111111111111111111111111111111111111111111111111ile 

Sangamo Electric Co., Capacitor Div., 
Marion, Ill. 3-510 

A complete line of radio and electronic 
capacitors, featuring such Sangamo de-
velopments as: HUMIDITE ... the new 
plastic molding compound that offers previ-
ously unheard-of moisture resistance. 
E-THERM ... an impregnant for oil paper 
capacitors that permits 125° operation. 
TELECHIEF . . new premium molded 
tubular capacitor that's resin-impregnated 
and molded in Humiditite. 

Scheidl Manufacturing Co. 
Copaigue, L.I., N.Y. 

4-416 

Panel and Control Box Assemblies. Machine 
Details. Edglight Panels made to MIL-P-7788 
specifications. Reinforced Plastic Housings for 
Electrical Units, Low Pressure Laminating. 
Precision and Vacuum Forming. 

Carl W. Schutter Mfg. Co., Lindenhurst, 
L.I., N.Y. 2-205 

RADAR AND ELECTRONIC COMPO-
NENTS. 

Scientific Electric 
Garfield, N.J. 

1-605 
Scientific Electric, Designers and Manufac• 
turers of High Frequency and High Voltage 
equipment since 1921 invite you to visit their 
exhibit to see the latest: High Frequency 
Vacuum Tube Bombardera, Induction and Di-
electric Heaters, High Voltage Power Sup-
plies, Precision Spot Welders. 

Scientific Specialties Corp., Boston 35, 
Mass. 4-822 

Specialized laboratory instruments for 
workers in Nuclear Physics Histology, 
Pathology, and Ophthalmology, as well as 
the new products of associate Transistor 
Products, Inc. including Transistors, Gold 
Bonded Germanium diodes & a Transistor 
Test Set. 
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What to see at the 

Radio Engineering Show 

Secon Metals Corporation 
New York 17, New York 

4-506 

Special Metallurgical Items Includ-
ing Fine Wire and Ribbon and Com-
ponents in Electronic Vacuum Tubes. 

Servo Corp. of America 
New Hyde Park, L.I., N.Y. 

3-524 

Servomechanisms, analyzers, Servo. 
therm Thermistor Bolometers & ac-

• cessory equipment, sub-audio gen-
.@ erators and direction finding equip-
▪ ment. 
E: 
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Servomechanisms, Inc. 
East Coast Division & Home MR"-

Poet and Stewart Avenues 
Westbury, Long Island, N.Y. 

Westbury 7-2700 

1-207 & 208 

West Coast Div. 

316 Washington Si. 

El Segundo, Calif. 

El Segundo 1517 

Servomechanisms, Inc., Westbury, 1-1., 
N.Y. 4-207 & 208 

"Designers and manufacturers of elec-
tronic and electromechanical components 
and systems. Featuring functionally pack-
aged plug•in components, instrument 
motors, mechanical development apparatus, 
recorders, transducers, and automatic con-
trol systems for both 60 cycle and 400 
cycle applications. 

The Sessions Clock Co., Forestville, 
Conn. 3-107 & 108 

Switch Timers for clock radios. Miniature 
Snap-Action Switches. Timing motors, 
movements, and switches for industrial 
applications. 

Shallcross Mfg. Co. 
Collingdale, Pa. 

2-210 & 211 
Precision wire-wound resistors; Rotary Se-
lector Switches; Audio Attenuaton; Decade 
Resistance; Voltage Dividers; Resistance 
Standards; Low Resistance Test Sets; Wheat. 
stone Kelvin-Wheatstone Bridges; Wheat 
stone-Megohm, Percent Limit and Fault Loca-
tion Bridges; High Voltage Measuring Ap-
paratus; Telephone Transmission Test Set 
Equipment; Galvanometers. 

Sheldon Electric Co., Div. of Allied Elec-
tric Prods. Inc., Irvington 11, N.J. 

3-206 & 207 
Cathode-Ray Tubes, Receiving Tubes, 
Tiago Tube & Adapter, Spring-Action 
Plugs, Fluorescent Starters, Time Delay 
Relays. 

Shielding Inc., Riverside Park, N.J. 4-114 
Screen rooms and filters. 

F. W. Sickles Division. SEE General In-
strument Corp. 4-518 

(Continued on page 230A) 

FiLECTRON S INCORPORATED 

127 St•ssEx Avy.Sre 

Nr.wvitt: 4, N. J. 

PROCEEDINGS OF THE 1.R.E. March, 1953 



HIGH TORQUE-
LOW INERTIA 

SERVO MOTOR 
100% Solid Impregnation 

of Windings 
Using— 

EPDXY RESINS 

MK-7 MOD-0 

MK-7 MOD-1 

MK-7 MOD-2 

To provide driving means for control type synchros, through 
amplifier, for continuous synchro "null" positioning—for plate to 
plate control—for servo mechanism systems requiring two phase 
A.C. motors with low inertia and high torque rating. 

STANDARD TYPES-30 DAY DELIVERY 

SPECIAL REQUIREMENTS CAN BE MET 

KINETIX INSTRUMENT CO., INC. 
902 BROADWAY, NEW YORK 10, N. Y. 

Single and Double Pole -Toggle' . Handle Type 

AIRCRAFT SWITCHES 
For Electronic and Communications Use 

Made to JAN specs for DC, or AC circuits up to 1600 
cycles. Available with screw terminals and with soldering 
lugs. Switching characteristics provide for changes in 
electric circuits by use of SPST, SPDT, DPST and 
DPDT. Has bakelite housing and only one mounting hole. 

TERMINAL BLOCKS 
Barrier type , made 

of 

molded bakelite in sa 
ied styles & sisnreesdupftoor 

26 terminaIs  

catalogue. 

FULL SIZE 

What to see at the 
Radio Engineering Show 

(Ci.iitieisied ¡porn rage 229,1) 

Sigma Instruments, Inc., Boston 85, Mass 2-311 
Sensitive AC, DC, Polar, and Telegraphic 
Keying relays, Available as standard re-
lays with general purpose adjustments or 
as specified relays adjusted and adapted 
for particular requirements incolving un-
usual or exacting circuit behavior. Ap-
plication engineering service availabb• 
Fourteen page catalog on request. 

Simpson Electric Company 
Chicago 44, Ill. 

1-128 
See an amazing engineering advance in panel 
meters! For the brat time, the Simpson core 
movement is on display. And, for a complete 
line of panel meters of all types together 
with a diversified selection of easy to use 
radio, television and industrial test equip-
ment. 

Herman H. Smith, Inc., Brooklyn 15, 
N.Y. . 3-S11 

Electronic Components and Radio Hard 
ware. 

772 

Sola Electric Co. 
Chicago 50, Ill. 

1-405 

Sola Constant Voltage Transformers, 
Sensivolt AC Control Units, and re-
lated products. 

Sorensen & Co., Inc. 
Stamford, Conn. 

2-318 & 319 

AC Line Regulators, electronic, 60 & 400 
cps; Regulated DC supplies, both high and 
low voltage, high and low current; Electronic 
Frequency changer., 0.01% accuracy; AC reg-
ulator and Spectrophotometer Power Supply. 

!III1111111111111111111111I1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111" 

Southwestern Industrial 
Electronic Co. 

Houston 19, Texas 

1-116 & 117 

Electronic Test Instruments—Oscillators; Re 
sistance Meters; DC Amplifiers: Vacuum Tube 
Voltmeters & Potentiometers; Impedance 
Bridges; Special Amplifiers & Pn.er Supplie, 

Speer Resistor Div. of Speer Carbon Co., 
St. Marys, Pa. 4-127 

Fixed Carbon Composition Resistors, Con-
densers, Capacitors and other electronic, 
parts. 

Spencer-Kennedy Labora-
tories, Inc. 

Cambridge 39, Mass. 

2-142 

Be sure to see our new extendud 
range Chain Amplifiers at Both 
2-142. 

See Our Exhibit IRE Show—Booth 2-139 

230A 
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NEW 

ALCAR MODEL 101 

UNIVERSAL COIL WINDER 

A completely self-contained, 
self-powered unit for winding pi 
or universal coils of variable 
width, to a diameter of 4 inches. 

The model 101 will provide the 
development or design engineer 
with a precision source of ex-
perimental coils, and is suitable 
for small production. 

Unit is complete 
no accessories required 

ALCAR 
INSTRUMENTS, INC. 

2 Godwin Ave. 

Fairlawn, N.J. 

Fairlawn 6-0007 

invites you 
to visit 
Booth #4-310 
at the I.R.E. Show 

and 

the General Transformer suite 
at the Hotel Commodore 

4-7 P.M. daily 

"GTC"—specified for the 
usual-

-demanded for the 

unusual! 

GENERAL TRANSFORMER CO. 
18240 Harwood Avenue 

Homewood, Illinois 

(Suburb of Chicago) 

available for economical fabrication 

Extruded .187" dia. to 2.0" dia. 
Tolerance +.002"—.000" up to 1" dia. 

Molded 2.25" dia. to 4.0" dia. 
Beading .030" to .187" dia. 

Extruded .50" to 2.0" O.D. 
3/16" to 1.0" I.D. min. wall 1/4 " 

Molded 11/4 " to 8" O.D. at 1/4 " intervals 
Wall thickness %"-2/4" 

Strip thickness .002" to .060" 
Slab thickness Ms" to 11/2 " 
Special extruded shapes to customer specifications 

Outstanding properties of TEFLON 
Advantage 

ZERO WATER 

ABSORPTION 

LOW POWER 

FACTOR 

STABLE DIELECTRIC 

CONSTANT 

TOUGHNESS AT 

LOW TEMPERATURE 

Resists all known acids, alkalies and com-
mercial solvents over the service temperature 
range. 

Water will not wet the surface. 

.05% p.f. constant over entire frequency 
spectrum. 

2.0 unchanged over entire spectrum. 

Izod impact strength —70°F 2 ft. lbs./in. 

also available to your specifications 

MACHINED PARTS • MOLDED PARTS 

'Teflon is a trademark of 
E. I. DuPont. 

POLYPENCO/ / " ion 
, 

teflon 
Write for technical data and prices on Polypenco Teflon and Nylon 

The POLYMER CORPORATION of Pennsylvania • Reading, Penna. 
"Canadian Representative: C-H Engineering Company, Montreal, Toronto, Canada 
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  • Boost 
performance, 

  lower cost 

 with 

Electronic 
Components 

e 

I-S Beryllium copper finger contact strips and contact 

rings combine higher elastic performance, accuracy 

of contour and choice of three finishes. Precision 

methods extended into mass production, eliminate 

hand adiustment at assembly reducing final costs. 

For full information on I-S Micro-processed Springs, 

write today for your free copy of Catalog 7; for 

Electronic Components, ask for Catalog No. 7-A. 

To assist in developing the most effective and eco-

nomical design, our expetienced engineering staff is 

at your disposal. 

RUMENT'SPEatelî 
2-:C Bèreért Blvd.; Littl alli,:N. 

high-precision thermistors 
by BENDIX-FRIEZ 

As temperature measuring elements and 
liquid level sensors, these temperature 
responsive resistors are the best you can buy. 
In standard or special types, their high-pre-
cision manufacture makes them precisely 
right for your job when it comes to resistance 
values, size, temperature coefficient, mount-
ings and quality. Ask us about applications. 

STANDARD TYPES FOR IMMEDIATE DELIVERY 

Size (inches) (a, +30°C. (a, 0°C. g —30°C. 

.140 x .75 45.0 ohms 86 ohms 194 ohms 

.040 x 1.5 12,250 ohms 26,200 ohms 65,340 ohms 

.018 x 1.5 35,000 ohms 82,290 ohms 229,600 ohms 

ir rite for information about Dendist Fries 
It eatherman lobby installations 

FRIEZ INSTRUMENT DIVISION of . . 
1490 Taylor A , BALTIMORE 4, MARYLAND 

Export Sales: Bendix International Division 
72 Fifth Avenue, New York 11, N. Y. 

. .. 

Used in this typical application 
for sensing the temperature of 
hydraulic oil. 

ne 
AVIATION CORPORATION 

What to see at the 
Radio Engineering Show 

(Continued from page 230A) 

Spencer-Kennedy Labs., Inc., Cambridge 
39, Mass. 2-142 

Be sure to see the new extended band-
width Model 214B Chain Pulse Amplifier 
and 202C Wide-Band Chain Amplifier; the 
new 212A-TV Television Amplifier with 
again control and connection for automatic 
level control. See SKL's Variable Elec-
tronic Filters. Wide-Band Distribution 
System, new pulse and square wave gen-
erators, and high speed oscilloscope. 

Sperry Gyroscope Company 

Visit booths 1-607, 1-609, 

1-611 for the latest klystrons 

and microwave test equipment. 

New X-Band models exhibited 

for first time. 

Sperry Gyroscope Co. Div., The Sperry 
Corp., Great Neck, L.I., N.Y. 1-607, 609, 611 

Celebrating its fifteenth anniversary in the 
klystron and microwave test equipment 
business, Sperry will exhibit latest de-
signs of klystrons for local oscillator, 
medium power transmitter, high power 
transmitter, bench oscillator and multi-
plier service. Latest designs of field test 
equipment and automatic production test-
ing equipment at microwave frequencies 
will be featured. 

Visit all four floors 

FALSTROM 

ai 

,.5fieee! 

CUSTOM 
CABINETS 
HOUSINGS 

SUB-ASSEMBLIES in 
stainless steel. From 
inch plate. Long or 
for new bulletin. 

BUILT 
ENCLOSURES 
CONSOLES 

aluminum, steel, 
18 gauge to 1/4 

short runs. Write 

Visit us at the I.R.E. ELECTRONICS 
SHOW, Grand Central Palace, March 
23 to 26. Booth 4-507. 

56 Falsfrom Court, Passaic, New Jersey 

ENCINEERS• DESIGNERS • FABRICATORS SINCE 1870 
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What to see at the 
Radio Engineering Show 

Sprague Electric Co. 
North Adams, Mass. 

1-410, 412 

Capacitors, resistors, Ferroxcube 
Cores, pulse networks, radio inter-
ference locators. 

Square Root Mfg. Corp., Yonkers 5, N.Y. 2-520 
Television Components, Toroidal Coils, 
Transformers, Filter Networks. 

Standard Electric Time Co., Springfield 
2, Mass. 4-417 

New line of ELECTRONIC COUNTER 
TIMERS and TACHOMETERS featuring: 
(a) Compact Units (b) New Readout In-
dicator (c) plug-in Component Parts Con-
struction. 403 Cycle Timer. d-c Motored 
Timer. Lab. Power Distribution Panels. 
Standard Piero Co., Carlisle, Pa. 2-305 
Crystals (Oscillating), and Accessories. 
Crystal holders. Crystal ovens. 

E 

E 
E DON'T MISS STANCOR'S ULTRA-MINIA-
M TIIRE TRANSISTOR TRANSFORMERS 

S The smallest iron core 
audio transformer 
ever built. 

Standard Transformer Corp. 
Chicago 18, Illinois 

BOOTH 4-801 

Frt 

g111111111111111111111111111111 11111111:11111111111111111111111111111111111111111111111111111111111111111111111111111IIIIIIM 

(Continued on page 234A) 

FINE INSTRUMENTS 

deeewaie 
FINE PANELS 

QUALITY METAL FABRICATING for 
AVIATION INSTRUMENTS, AUDIO COM-
PUTORS, TELEVISION, RADIO, RADAR, 
FACSIMILE 

DESIGN AND ENGINEERING SERVICE. 
Falstrom engineers will work with your 
staff from the planning stage to fill your 
needs efficiently and economically. For 
complete data write for illustrated bul-
letins; for consultation on a specific 
problem contact a Falstrom engineer. 
Visit us at the I.R.E. ELECTRONICS 
SHOW, Grand Central Palace, March 23 
to 26. Booth 4-507. 

Hastings Model H Air Meter. 
Compact unit for field and labora-
tory use. Velocity Ranges: 10-750 
(pm; 750-5500 fpm. 

MEASURE AIR VELOCITY 
DIRECTLY AND ACCURATELY 

WITH A 

HASTINGS AIR-METER 
The most sensitive of all air meters for 
research, industrial and agricultural appli-
cations. Reads directly in feet-per-minute 
on a logarithmic-type scale expanded at 
lower velocities. Highly sensitive — will 
indicate the velocity of smoke rising from 
a cigarette. Response time less than one 
second. Accurate to within ±- 2% regard-
less of ambient temperature or static 
pressure. 

Uses the exclusive Hastings noble 
metal thermopile in an extremely stable 
circuit. Instantaneous range switching 
without recalibration. Probes available for 
directional or non-directional reading. 
Easily adapted for remote recording since 
the calibration is independent of lead 
length. Available in several models to 
meet your specific requirements. 

Hastings Model B Air Meter for 
measurements of greatest precision. 
Velocity ranges: 0-400 fpm; 400 to 
6,000 fpm. Meter type continuous 
calibration check. Knife edge, paral-
lax free indicator. 

Write for descriptive literature and prices on 
Hastings Air Meter, Manon eter and Flow-
meters, and Vac: um Gauges 

.1-1i1STIRGS IHSTRFEPT CO 
HAMPTON, 33 VIRGINIA 

Hastings Model G 
Air-Meter. Small 
hand type instru-
ment. Velocity 
range: 0-6000 fpm; 
Weight: 26 ounces. 

ny, 
56 Falstrom Court, Passaic, New Jersey 

ENGINEERS•DESIGNERS•FABRICATORS SINCE 1870 

PROCEEDINGS OF THE I.R.S. March, 1953 

DESIGNERS AND BUILDERS OF RAYDIST AND SPECIAL 

ELECTRONIC, ELECTRICAL, AND MECHANICAL INSTRUMENTS 

233A 



NEY 
PRECIOUS 

METAL ALLOYS AND 

COMPLETE ASSEMBLIES 

e 
, ("C 
- * 410)  
C) 

or q•:) ' 

, e c ‘ ,o 0 
9 'i) e 

IMPROVE INSTRUMENT PERFORMANCE 

Paliney.# 7, Ney-Oro G, Ney-Oro #28, and Ney #90 Alloy are precious 
metal alloys developed in the laboratories of the J. M. Ney Company for the fab-
rication of contacts, brushes, wipers, slip rings, commutator segments, and similar 
components used in precision control and instrumentation. Each alloy has specific 
qualities which mean greater accuracy and prolonged instrument life, as well as 
resistance to most corrosive industrial atmospheres. 

Parts fabricated from Ney's Precious Metal Alloys are now components of instru-
ments used in navigation, recording, computing, and many other devices. Consult 
the Ney Engineering Department for assistance with your problems. 

•Reg. Trade Mark J. M. Ney Co 

THE J. M. NEY COMPANY • 171 Elm Street, Hartford 1, Conn. 

Specialists in Precious Metal Metallurgy Since 1812 

3NY53 

MODEL 300 

VARIABLE 

ELECTRONIC 

FILTER 

Two simple controls are all that are neces-

sary to operate the Model 300 Variable Elec-

tronic Filter. With the variable frequency dial and range si 

any cut-off frequency from 20 cps to 200 KC may be quickly and 

accurately selected and reselected. With the range switch either 

low-pass or high-pass filter action may be chosen. In either case 

the rote of attenuation is 18 db per octave and the insertion loss 

0 db. For higher rates of attenuation or continuous band pass 

operation two or more sections can be cascaded. Its low noise 

level and flexibility àf operation make the Model 300 indis-

pensable in geophysical and acoustic research, industrial noise 

measurements, in the automotive and aircraft industries as well 

as the radio broadcasting, recording and motion picture studio. 

Write for further information today. 

./itch eelle 

•.‘ 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps to 200 KC 

• ATTENUATION RATE 
18 (lb per octave 

• SECTIONS 
Single, can be high pass 
and low pass 

• INSERTION LOSS 0 db 

• PASS BAND LIMITS 
1 cycles to 4 MC 

• NOISE LEVEL 
80 db below 1 volt 

(It I SPENCER- KENNEDY LABORATORIES, INC. 
Da 181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

What to see at the 
Radio Engineering Show 

(Continued from page 233A) 

Standard Transformer Corp., Chicago 18, 
4-801 

The world's smallest transformers—Stancor 
Uutra-Miniature Transistor Transformers, 
will be displayed. In addition, there will 
be a complete exhibit of all types of her-
metically sealed transformers that meet 
MIL-T-27 specifications, as well as all 
types of units for TV, radio, audio and 
other electronic applications. 
Stelma, Inc., Stamford 1, Conn. 2-125 & 126 
SEE C. G. S. Laboratories, Inc. 
George Stevens Mfg. Co., Chicago 30, Ill. 4-516 
We are exhibiting and demonstrating ma-
chines for winding almost any type of coil, 
including armature, bobbin lattice wound, 
variable pitch, random wound, resistor 
coils, solenoid, space wound, repeater, 
choke and toroidal coils. Models exhibited 
will include the new TW-A Tronidal Coil 
Winder and the new High speed bobbin 
Winder. 
Stevens Mfg. Co., Inc., Mansfield, Ohio 2-140 
"Display of bimetal thermostats, adjust-
able, non-adjustable, open, closed, hermeti-
cally sealed, such as are so widely used 
by the electronic and aviation industry. 
The display will include both snap-acting, 
that is, quick make and quick break, as 
well as, positive-acting. Also manual re-
sets will be available." 

PRODUCTS FOR THE 
WORLD OF ELECTRONICS 

Booth No. 

3-105 

STUPAKOFF CERAMIC & MANUFACTURING CO. 
Latrobe, Pennsylvania 

Stupakoff Ceramic & Mfg. Co., Latrobe, 
Pa. 3-105 

Multi-Metal specializes in MuMetal 
shields, aluminum cabinets and chassis. 
Racks, panels, watertight units, and dial 
plates are precision engineered to custom-
er's specs. 
Superior Electric Co., Bristol, Conn. 1-103 á 104 
On display in booths 1-103 and 1-104 will 
be the complete line of products manu-
factured by The Superior Electric Co. 
These include Powerstat variable trans-
formers; Stabiline Automatic Voltage 
Regulators; Varicell DC Power Supplies; 
Voltbox AC Power Supplies and Superior 
5-Way Binding Posts. This new, colorful 
display will be of interest to those in the 
Electrical, Electronic and Engineering 
fields. 

Surprenant Mfg. Co. 
Clinton, Mass. 
4-201 & 202 

New development, high temperature (+210° 
C to — 90° C) extruded Tenon (tetrafluoro• 
ethylene) hookup wire in small sines with thin 
wall insulation available in standard colors. 
Engineered wire and cable for the Electronic 
and Aircraft Industrien. Surfiene (high temp-
erature +130° C) wire and cable, coaxial 
cables, multiconductor cables, electrical tub-
ing, special cables made to specification, 

Wally B. Swank, Syracuse 4, N.Y. 
Switches, Special molded parts. 

4-612 

VISIT THE SWITCHCRAFT 
BOOTH 3-114 and see the new 
"LITTEL PLUG," JAN type Pi-068, 
the JACK & BOOT ASSEMBLIES, 
and other new developments con-
stantly broadening the line of quality 
JACKS, PLUGS and SWITCHES. 

simc.vv,,yx 
123840 N. Halstead St. 

Chicago 22, Minot. 

(Continued on page 237.4) 
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Spccdp 
Piteian« PeAktioet 
ST ANDARD 
PACKAGED 

PUSH-PULL 

P\ MAGNETIC 
; AMPLIFIERS 

bq 
MAGNETIC AMPLIFIERS— 
These high gain, high per-
formance Magnetic Ampli-
fiers are especially suitable 
to drive two phase induc-
tion servo motors requiring 
from 0.1 watt to 20 watts 
per phase on either 400 
cps or 60 cps powerlines. 
The output power is either 
in phase or 180 out of 
phase with the powerline 

depending on the D.C. input signal polarity. 

SATURABLE 

TRANSFORMERS, 

REACTORS 

Lower power gain, 
Magnetic Amplifi-
ers designed to 
drive two phase in-
duction motors. 
Output powers 
available are from 
0.5 watt to 1000 watts, 1 

400 or 60 cps. Catalog available. 

DATA SHEETS 
AVAILABLE 

o":) . 

STANDARD 

TUBELESS SERVO AMPLIFIERS 

with built-in adjustable SERVO 
LOOP STABILIZATION. Packaged, com-
pletely self-contained, magnetic servo ampli-
fiers for position servo systems where either 
A.C. or D.C. error signals are available. De-
signed for instrument type and power type 
servo systems to work with synchro control 
transformers or potentiometers and two phase 

induction servo motors. 

Facilities Know-Now fo En,gineer 

Desin arid Manufacture MAGNET g a 

SERVO AMPLIFIERS 
SPEED DRIVES, MAGNETIC, VARIABLE 

EGULATOR VOLTAGE, 
CURRENT FREQUENCY R S 

Where the standard units do not meet 
Your requirement. our engineering 

With Pos, focili• 
ties ore available to work  on 
°Yew/ system desion. 

MAGNETIC 
AMPLIFIERS • INC 

An A fribate of General CelOnll" & rot, te• Corp 

632 TINTON AVE., NEW YORK 55, N. Y. 
Telephone CYPRESS 2•6610 

first wing • • • 
vea„ .7,14...ae„,e,.. 0SCILLOGRAPH 

RECORDER 
AT THE RADIO ENGINEERING SHOW... BOOTH 3-212 

1018" x 6" x 414" 
Weight 15 lhs. 

• Remote speed control... 
8 recording speeds 

• Up to 12 galvanometers. 
electromagnetically or 
fluid damped 

• Complete "no record" 
warning system 

• Integrated magazine... 
capacity 100' of 35mm. or 
50mm. film or paper 

Also on exhibit at the show... 
• The new Heiland bridge balance and 
strain indicator. • The new Heiland solid-
frame galvanometers. • The versatile 
Heiland 708B recorder.., up to 24 channels 
...for rack or table mounting. 

It you cannot attend the thou', 
write or wire tor a complete catalog ot 
Heiland instruments. 

• 

Heiland Type 35-50 

12 channels 

The new Heiland Type 35-50, using 
35mm. or 50mm. paper or film, has 
been designed and developed to meet 
an increasing demand by engineers 
and scientists for a small, lightweight 
recorder with accuracy of amplitudes 
and timing. All the features generally 
found only in much larger recorders 
are incorporated in the new, versatile 
and rugged Type 35-50. 

• Precision electronic timing 

• Event marker 

• Trace identifier 

• Visual monitoring 

• Record numbering 

• Film or paper footage indicator 

• All Operating Controls on one 
surface 

The Heiland Research Corporation 130 EAST FIFTH AVENUE 
DENVER COLORADO 

On display at I.R.E. Show • Booth 4-206 

PROCEED/NS OF THE I.R.E. March, 1953 
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NOW... smallest 
practical sizes 

little terminal. . . 
BIG performance 

No extrusion needed for mounting this terminal! 

NOW, an entirely Nee miniature hermetic 
terminal Lundey series 199, which offers: 
the superior properties of TEFLON and silicone 
rubber; effective spring loading. 

This terminal is assembled with simple tooling 
in a drilled or punched hole. As an extra service, 
Lundey Associates will supply the terminals 
installed in your covers, if desired. 

These important features will help solve YOUR 
terminal problems — 
• Teflon external member 
• silicone or neoprene core 
• minimum mounting — 15 64" on centers 
• voltage rating — 500V RMS operating 
• current rating — 8 amps. 
• three electrode styles: 

eyelet with hollow conductor 
single turret with solid conductor 
double turret with solid conductor 

• production-proved 
• meets MIL-T-27 specifications 

Send for your samples and Bulletin #P199 

ail BMW*/ 
ASSOCIATES 

GARDE 
MINIATURE 
Insulated Standoff 

TERMINALS 
M,.:Ided Melamine Insulation 

in accordance with latest revisions of 

Mil-P-14 Specification 

SUBMINIATURE 

*fetd 
MINIATURE 

FEED-THRU (HARDWARE INCLUDED) 

t 
Terminal and Mounting Insert styles 
shown are available in all body sizes 

(3/8", 17/32", 19/32") 

OTHER TYPES AVAILABLE 

For specific details, write 

GARDE 
MANUFACTURING CO. 

588 Eddy Street, Providence 3, R. I. 

REPRESENTATIVES in Principal Cities 

694 MAIN STREET • WALTHAM 54, MASSACHUSETTS 
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What to see at the 
Radio Engineering Show 

(Continued front page 234A) 

Switchcraft, Inc., Chicago 22, III. 3-114 
Recent additions to the line, such as, the 
#480 Littel Plug (JAN type PJ-068), the 
Jack and Boot Assemblies, JACK COV-
ERS, TELEVER SWITCH, ADAPTERS, 
in addition to the standard JACKS' Tele-
phone and Microphone Plugs; Push But-
ton, Rotary and Lever-Action Switches. 

Sylvania Electric Products, Inc. 
New York 19, N.Y. 

2- I 02 

Sylvania will exhibit new tubes for use in 
UHF, Subminiatures, Klystrons, Magnetrons, 
a story on tests conducted by an independent 
laboratory which depicts the quality of Syl. 
vania Television Picture Tubes plus a com-
plete line of parts for t,c in radio and TV 
manufacture. 

Sylvania Electric Products, Inc., Tungsten 
á Chemical Div., New York 19. N.Y. 

1-106, 107 & 103 
Sylvania will exhibit tungsten and chemi-
cal products for the electronic industry 
that meet the highest standards of purity, 
precision, and uniformity. Tungsten wire 
and rod, gold-plated tungsten wire. hand 
wound coils, cathode ray tube phosphors, 
potassium silicate, carbonate emission 
coatings, silicon powder are among the 
noteworthy products to be displayed. 

O11111111111111111111111;111111111111111111111111111!111111111fl ," 

▪ Synthane Corporation 
Oaks, Pa. 

2-129 

Laminated plastic products sheets, 

rods, tubes, molded macerated, 
molded laminated, also fabricated 

plastic parts. 

g 

-E 
E 
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Tech Laboratories, Inc. 

Palisades Park, N.J. 

2-146 

New solenoid switches for remote control. 
motor driven switches, hermetically sealed 
switches, manually operated rotary switches, 
many sizes including miniature, push button 
switches, attenuators, potentiometers, gain 
sets, decade boxes, Artificial Reverberation 
Generator. 

Tech-Master Products Co. 
New York 13, N.Y. 

3-112 
Presenting TV designed by engineers for engi-
neers. In wired chassis or in deluxe kits. 
Tech-Master produces finest custom quality re-
ceivers incorporating the very latest in design 
for true fidelity video with clean FM audio. 
Now available to the discriminating Hi -Fi en-
thusiast with an eye for economy. The Wil-
liamson type amplifier kits and versatile 
wide-range preamplifier kits, both adhering 
to the same standards made famous by Tech-
Master in TV; only finest componente used. 

The Technical Materiel Corp., Mamaro-
neck, N.Y. 1-703 & 704 

Remote Control Receiver Systems, Com-
munications Receivers, Frequency Shift 
Exciters, High Stability Oscillators, Di-
versity Receivers, Frequency Shift Conver-
ters, Tone Keyers, & Demodulators, Rhom-
bic & Beverage Antennae Couplers, Multi-
plex, Teletypewriter Regenerative Repeat-
ers, Aircraft Crash Locator Beacons. High 
Speed Morse Keying & Receiving Equip-
ment, Peak Clipping Amplifiers. 

(Continued on page 23M) 

PACKAGING 

CAR Go 

t'ACKERs 

INSTRUMENTS 
ASSEMBLIES 
COMPONENTS 

The 12-Page 

CARGO 
PACKERS 
Brochure 

  on - - - 

CLIMATE-PROOF, SHOCK-PROOF 
e ele4e,e,e'red 

le elefee. ell 
PACKAGING 
Contains complete, authoritative information 
on specification packing for SIGNAL 
CORPS, AIR FORCE, NAVY and COM-
MERCIAL EQUIPMENT. The Cargo Pack-
ers service includes individual attention to 
every order. For complete data on the all-
inclusive Cargo Packers service call or write 
for your copy. For recommendations on a 
specific packaging problem, contact one of 
our sales engineers. Advisory consultation is 
invited—no obligation. 

• SPECIAL PACKAGING EQUIPMENT 

• EXPERTS ON MILITARY 
REQUIREMENTS 

• ECONOMICAL ASSEMBLY LINE 

METHODS 

• INTERPRETATION OF 

SPECIFICATIONS 

• FULL COMPLIANCE TO 

EVERY DETAIL 

CARGO-PACKERS 
INCORPORATED 

73 RUTLEDGE STREET 

BROOKLYN 11, NEW YORK 

CLIMIATE 111001 rucmwmc 

at 

n the Fourth Floor 
I.R.E. SHOW! 

S le eo  ourcr s i 
° p 
3 Yo 2 
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oilers a complete line 

of antennas for the 450-470 MC band! 

The Isopole antenna, omni-
directional, rugged, inexpen-
sive Type N input. 

The Yagi antenna, two mod-
els with gains of 9.5 db and 
12 db horizontal or vertical 
polarization. 

CORPORATION 

The High Gain 
antenna, 
omnidirectional, gain 
6 DECIBELS PLUS. 

The Corner 
Reflector antenna, 
8db forward gain, 
broadband, horizontal 
or vertical 
polarization. 

ANTENNA SPECIALISTS 

363 EAST 75TH STREET, CHICAGO 19 

TRANSMISSION LINES FOR AM-FM-TV-MICROWAVE • ANTENNAS • DIRECTIONAL 

ANTENNA EQUIPMENT • ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT 

What to see at the 

Radio Engineering Show 
(Continued front plge 237.4) 

Teehnitrol Engineering Co. 
Philadelphia 33, Pa. 

1-107 
Miniature Puke Transformers 

Electric Delay Lines 

Varipulser-Laboratory pulse generator 

Electronic Digital Computers and Memorie, 

Technology Instrument Corp. 

Acton, Mass., 1.111 

Linear Potentiometers, and 
Potentiometer Noise Analyzers will be dis-
played. 

Phase Measuring Devices, 
Impedance Measuring De• 
vices, Signal Generators. 
Wide • Band Amplifiers, 
Complex Plane Analyzer., 
Precision Linear and Non-

elimummumunionnimmuniumminninninnuinninimminiumininumuninmilig 
e 1 
--3 Tektronix, Inc. 
E 1 
e. Portland 7, Ore. . ,----. 
=— 

E 

2-401, 402 
The Symbol of Excellence 

In Electronic Instrumentation 

Tektronix, Inc., P.O. Box 831, Portland 
7, Ore. 2-401 & 402 

Laboratory type Oscilloscopes, Precision 
type High Speed Oscilloscopes, Square and 
Special Wave Form Generators, Direct 
Coupled and Wide Band Amplifiers. 

Teleehrome, Inc. 
Amityville, L.1., N.Y. 

3-407 

Color TV Generating and Monitoring equip-
ment for all systems; also equivalent mono. 
chrome instrumentation; flying spot picture 
generators; fluorescent noise generators and 
ware snidest; telecast studio electronic 
prompter. 

Telechrome, Inc., Amityville, L.I., N.Y. 3-407 
Five-rack battery of color-generating and 
monitoring equipment will be demon-
strated in actual operation. Full color 
transparency slides will he employed as 
transmission material. Will also show 
two types of monochrome picture genera-
tors—one composite, one economy version. 

Telechron Dept. of General Electric Co., 
Ashland, Mass. 1-129 

Presents at the Radio Engineering Show 
its line of timers and synchronous timing 
motors. Included are timers for radios, 
television sets, ranges, refrigerators, wash-
ers, and many other products—also Tele-
chron timing motors for many applications. 
The company offers complete application 
Eng. and appearance design services. 

Teletronics Lab., Inc., Westbury, L.1., 
N.Y. 4-901 

Pulse Generators, Calibrators, Diode, Test 
Sets, Audio Oscillators, Telemetering Test 
Sets, Crystal Test Sets. 

(Continued on page 240A) 
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manufactured 
to your design 

electronic 
components... 

1 accurate to the most 
exacting tolerances 

• Design & Engineering 

Assistance 

• Machining 

• Assembling 

• Testing 

Experienced in precision work 
with such alloys as beryllium cop-
per, molybdenum, tantalum and 
Monel as well as Plexiglas and 
polystyrene. Approved for sub-
contractor defense work and 
cleared to handle classified matter. 

Send for illustrated 
brochure on 

complete facilities. 

JCIttel 

OME30e, 
CO., INC. 

103 109 MONTGOMERY AVE 

IRVINGTON, N. J. 

SERVOSCOPE® 
Test analyzer for use in de-

velopment and PRODUCTION of 

SERVOMECHANISMS and 

PROCESS CONTROLS. Measures 

FREQUENCY RESPONSE, PHASE 

SHIFT 0.1 to 20 CYCLES SINE 

WAVE, SQUARE WAVE, MOD-

ULATED CARRIER, 50 to 800 

CYCLES. 

SERVOBOARD 
A FLEXIBLE SET of PRECISION 

mechanical parts for quickly 

coupling motors, synchros, poten-

tiometers to form assemblies of 

Servo systems, regulators, com-

putors. 

SERVO CORPORATION 

OF AMERICA 

IRE-3 NEW HYDE PARK, N.Y. 

See Us at Booth 3-524, Radio Engineering Show, March 23-26 

Recorder Converters 

Inductor Alternators 

_ 
Mcigmotors 

Dynamotors Genemotors 

DEPENDABLE ... COMPACT... EFFICIENT 

iepul Zateuy ,'owet 
Carter DC to AC Converters, Dynamotors, Genemotors, 

Magmotors, and Inductor Alternators (inverters) are 

made in a wide variety of types and capacities adapt-

able to communications, laboratory, and industrial ap-

plications, of many kinds. Widely used in aircraft, 

marine, and mobile radio, geophysical instruments, 

laboratory work, ignition timing and many other uses. 

2645 N. Maplewood Ave., Chicago 47 
Sisi•s Offices in Principal Cities 

•Trade Mork 
Registered 

MAIL COUPON FOR CATALOGS 
Please send catalogs containing complete in-
formation on Carter Rotary Power Supplies. 

Name 

Address --
City  
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What to see at the Radio Engineering Show 
(Continued from page 238A) 

ELECTRICAL INSULATION 

THAT WILL TAKE 

2000° Fe FOR 
BRIEF PERIODS! 

• • 

Aircraft fire detection apparatus 

needs that. Here is the Mycalex 

glass-bonded mica part that has it. 

Mycalex 410 molded with 
steel ring inserts for therm-
coupling device produced by 
Thomas A. Edison, Inc. 

• For permanent endurance Mycalex 

can take 650°F. continuously without 

heat distortion or any other injury. 

Mycalex is superior for high voltage, 

high frequency components that must 

operate in small spaces. 

For example, tube sockets like these 

— now used in over 60% of all televi-

sion receiver tuners. — Manufactured 

and sold by Mycalex Tube Socket 

Corporation, Clifton, N. J. 

If your insulation must take heat or 

get rid of heat, investigate Mycalex! 

WRITE FOR ENGINEERING DATA BOOK 

SINCE 1919 

Min 
THE INSULATOR 

MYCALEX CORPORATION of AMERICA 
Owners of "MYCALEX" Patents and Trade-Marks 

Executive Offices 30 Rockefeller Plan, New York 20, N.Y. 

GENERAL OFFICES AND PLANT 

Television Equipment Corp., New York 4, 
N.Y. 3-406 

Wide band-high gain general purpose 
oscilloscope, multi-wave form generator 
SYNCROPLEX, Model T-602 Projection 
Oscilloscope. 
Tele-Tech & Electronic Industries, New 
York 17, N.Y. 2-215 

This TV-electronic engineering magazine, 
published by Caldwell-Clements, Inc., is 
exhibited in blown-up form in a totally 
new display which also includes Tele-Tech 
supplements, maps, charts, directories, etc., 
on subjects such as existing microwave 
systems, Armed Forces procurement struc-
ure, TV special effects, etc. 

Tel-Instrument Co., Inc. 
East Rutherford, N.J. 

2-114 8z 115 
A complete line of T-V Production Test 
Equipment. Of particular interest is the new 
Type 1211 UHF Sweep Generator covering 
the range from 430 MC to 910 MC. This 
instrument will be set up in a working 
demonstration for interested visitors. Other 
instruments will include a new type 2113 
12 channel transmitter and • Type 1212 
Sweep Generator having 13 channels. 

Tensolite Insulated 
Wire Co., Inc. 
Tarrytown, N.Y. 

4-124 

Miniature plastic insulated wire & 
cable; teflon insulated hook-up wire; 
flexible tone-arm lead wire; hearing 
aid cordage. 

Thomas Electronics, Inc., Passaic, N.J. 
4-220 & 221 

Cathode-Ray Tubes. 

Thompson Products, Inc., Cleveland 3, 
Ohio Theatre 3-209 

Microwave component and accessory equip-
ment, specialized test equipment which 
include RG-9/U, RG-17/U size Coaxial 
Switches; with various types of actuators; 
Lobing Switches; Wavemeters; antennas; 
and Pattern measuring range systems 
which are comprised of polar recorders, 
model support towers, bolometer-crystal 
amplifiers, monitor amplifiers, and high 
voltage power supplies. 

STEATITE COMPONENTS 
for 

ELECTRONIC and ELECTRICAL 
APPLICATIONS 

3-409 

THOR CERAMICS, INC. 
BLOOMFIELD, N.J. 

Thor Ceramics, Inc., Bloomfield, N.J. 3-409 
A complete display of STEATITE IN-
SULATORS including bushings, bobbins, 
stand-offs, machined and metallized com-
ponents for electronic and electrical ap-
plications. 

Tinnerman Products, Inc., Cleveland 1, 
Ohio 3-404 á 405 

Speed nuts, speed clips, speed clamps, 
speed grips and engineered fasteners. 

Titeflex, Inc., Newark 5, N.J. 2-308 
Microwave components and the Titeflex 
Connector. 

ENGINEERS PHYSICISTS 
needed for 

Research • Development • Design 

• Replies strictly 
confidential 

• Interviews arranged 
at our expense 

• Household goods mov-
ing expenses paid. 

Our continuing expansion 
program offers... 
the KEY to your 
FUTURE in fields of 
',Electronic and Electro-Mechan-

ical Instruments 
9/ Digital Computers 
Servo-Mechanisms, Communi-
cation and Recording Devices 
Magnetic and Dielectric Re-
cording 

Division of Hemingicrre_ Rand 
G 

1902 W. Minnehaha Ave. St. Paul W4, Minnesota 

111 CLIFTON BOULEVARD, CLIFTON, N. J. 

240A 

You will enjoy LIVING in Minnesota 
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ELECTRICAL INSULATION 

What to see at the 
Radio Engineering Show 

IS THERE ANYTHING 

THAT CAN BE MADE TO THE 

SAME TOLERANCES 

AS STEEL 

YES, we do mean any tolerances that 

can be produced in steel. 

For example: 

Two of these 14" Mycalex 400 discs 

revolve with only .004" clearance. 

Dimensionally stable, too. Mycalex 

stays accurate. 

Chatter-Less 
Brush Holder 

Plate Assembly 
for PA Timer 

Threaded 
Coil Form 

Spur Gear 

Coaxial Bushing 

Mycalex glass-bonded mica is found 

in HIGH PRECISION electrical 

components. 

WRITE FOR ENGINEERING DATA BOOK 

SINCE 1919 

CAL 
THE INSULATOR 

MYCALEX CORPORATION of AMERICA 
Owners of "MYCALEX" Patents and Trade-Marks 

Executive Offices: 30 Rockefeller Plait New York 20, N.Y. 

GENERAL OFFICES AND PLANT 

111 CLIFTON BOULEVARD, CLIFTON, N. J. 

E 

E Booth 4-419 

UHF and VHF step attenuators. 

I Variable frequency power supply. 

g UHF test equipment. 

Trad Television Corp. 

Asbury Park, New Jersey 

' T. ,11:11111!1:: 11 ,,,1,11;i11;1111:1 :11111.7f 

Triad Transformer Corp. 
Venice, Calif. 

4-602 
Input, interatage, output, line matching, 
plate, power, auto, isolation, pulse, and 400 
cycle transformers, hermetically sealed power 
and audio component», toroids, filters, tele-
vision components, flyback transformers, 
yokes, vertical oscillator transformers, ver-
tical output transformers, hermetically sealed 
terminals and transformer case.. 

Transformer & Electronic Specialties Co., 
Philadelphia. Pa. 4-622 

Display of Transformers and Electronic 
Assemblies manufactured by TRESCO. 
Canned Transformers Per MIL-T-27. Mag-
netic Amplifiers. Specialized Electronic 
Assemblies Canned and Potted Standard 
Commercial Types Transformers. 
The Triplett Electrical Instrument Co., 
Bluffton, Ohio 2-504 
Electrical Measuring Instruments and 
Radio-TV Test Equipment. 

Truscon Steel Co. 

Youngstown 1, Ohio 

2-322 

Radio Towers 

Tung-Sol Electric, Inc. 

Newark 4, New Jersey 

4-715 

Electron Tubes, Flashers, 
Miniature Lamps 

George Ulanet Co. 

Newark 5, N.J. 

4-131 

Complete line of Miniature Thermostats and 
Thermal Timers as well as standard line of 
Thermal Control Units, Immersion and Air 
.ensitive units. Special Thermostats for all 
industrial requirements. 

Ungar Electric Tools, Inc., Los Angeles 
54, Calif. 4-303 

Soldering Irons & Soldering Pencils. 

(Continued on page 242A) 

WRONG WITH 
MYCALEX ? 
YES 

It's inelastic 

• But inserts won't shake loose. 

It has high density 

• But permits reduction of over, 

all size and weight. 

It has no color appeal 

• But has certain surface finish 

interest. 

MYCALEX GLASS-BONDED MICA 
IS THE ONLY 

CERAMOPLASTIC 
The only material combining most of 

the best properties of ceramics and 

plastics, plus some of its own. 

GET THE FULL, FRANK STORY 

WRITE FOR ENGINEERING DATA BOOK 

• • • • OO OO OOOO • • • 

SINCE 1919 

CAL 
THE INSULATOR 

MYCALEX CORPORATION of AMERICA 
Owners of "MYCALEX- Potent, and Trade-Marki 

Executive Offices 30 Rockeleller Plaza. New York 70, N.Y. 

GENERAL OFFICES AND PLANT 

111 CLIFTON BOULEVARD, CLIFTON, N. J. 
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What to see at the 
Radio Engineering Show 

DON'T MISS THIS 
AT THE SHOW! 
See the exciting line of 

REJAFIX 
MARKING MACHINES 

THE MOST VERSATILE MARKING EQUIPMENT 

IN EXISTENCE TO PRINT ON: 

• RESISTORS • VALVES • TUBES •CAPACITORS 
• TRANSFORMERS • RELAYS • CONTROLS, ETC. 

Booth 4-818 
Radio Engineering Show—March 23-26 

If you can't visit the show in person write for literature 

POPPER & SONS, INC. 
300 FOURTH AVE. 
NEW YORK 10 
OR. 4-5500 

Precision, equal-amplifier 
OSCILLOSCOPES 

RURHHGHME Mums 
invites you to see 

LABSCOPE haledy 
cold-cathode industrial 

CONTROLS and COUNTERS 
totalizing and preset 

AT BOOTHS 2-135-136 

As usual, we'll be on hand to 
greet you at the booths of: 

HEWLETT-PACKARD 
VARIAN ASSOCIATES 

BETA ELECTRIC 
HYCOR 

BRUSH ELECTRONICS 
SORENSEN & CO. 
Zcalterjetet g(e,cetoselei 
GENERAL PRECISION LAB. 

BURLINGAME ASSOCIATES 
103 Lafayette Street • New York 13, N. Y. • Tel. Dlgby 9-1240 
WASHINGTON PHILADELPHIA SYRACUSE BOSTON 

lit,11141.(1 from page 241.1) 

Union Carbide and Carbon Corp. 
1-514, 1-518, 518 

SEE: Linde air & national carbon. 
United Catalog Publishers, Inc., New York 

13, N.Y. 3-518 
Radio's Master-1220 pages-17th edition, 
catalogs over 80,000 electronic products 
with thousands of illustrations, descrip-
tions, and specifications. Eighteen product 
sections and complete detailed index 
makes it easy to locate and compare. 
Radio's Master is the Industry's Official 
Buying Guide and Reference Book. 

0111111111111111111111111111111i1111111111,i111111111111111111111111111111111111111111111111111111111111111111111111111111 

U. S. Gasket Co. 
Camden, N.J. 

3-103 

9-pin transformer terminal, submin-
iature teflon tube sockets, 7- and 9-
pin miniature tube sockets, crystal 
sockets, teflon insulators, and teflon 
covered wire. 

United Transformer Co. 
New York 13, N.Y. 

1-132 

Transformers, Audio, Power, Filters, 
Magnetic Amplifiers, High Pass, 
Band Pass, Low Pass Filters, Pulse 
Transformers, Audio, Power, Filters, 
tary and Aircraft Transformers. 

Universal Aviation 
Equipment, Inc. 

Neu York 13, N.Y. 
4-416 

Illuminated control panels, dials and switch-
board assemblies. Testing equipment for 
organic coatings. 

University Loudspeakers, Inc., White 
Plains, N.Y. 3-311 

Commercial, Industrial, High Fidelity, and 
Military loudspeakers. The new Cobreflex-
2 wide angle horn, ideal for commercial 
and high fidelity applications will be in-
troduced. 
Vacuum Electronic Eng. Co., New Hyde 
Park, L.I., N.V. Booth 4-404 

Manufacture Veeco Mass Spectrometer 
Leak Detector: unexcelled for testing elec-
tronic tubes and hermetically sealed equip-
ment. Test tables and manifold for use 
with leak detectors. High vacuum valves 
and valve manifolds. Special vacuum 
equipment such as evaporators, desiccators, 
impregnators, etc. Couplings, leaks and 
other vacuum accessories. 
Vacuum Metals Corp., Cambridge, Mass. 1-705 
Vacuum-cast, high purity, gas-free metals 
for magnetrons, klystrons, and hydrogen 
thyratrons. 

VARIAN 
associates 

KLYSTRONS 
BOOTH 1 -617 
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EVERYONE KNOWS . . . 

Better Components make 

Better Instruments. 

ictoreen Instrument Co. 
Cleveland 3, Ohio 

4-103, 104 

What to see at the 
Radio Engineering Show 

(Continued from page 242A) 

Varian Associates, San Carlos, Calif. 1-617 
New production-series klystrons for x-
band radar. Advanced nuclear induction 
instrumetation. 15 kw UHF TV amplifier 
klystron. Relay, beacon and missile kly-
strons. The new x-band radar tubes fea-
ture extreme ruggedness and frequency 
stability unaffected by ambient pressure. 
Leads are molded in silicone rubber for 
high-altitude and high-humidity protection. 

Vector Electronic Co., 1.03 Angeles 65, 
Calif. 3-515 

Tube Sockets, Plugs, Adapters. 

Microwave Spectrum Analyzer 
on display in 

BOOTH 3-411 

- .-VT-C.TRON, MC. 
it''...etsoose and 
402 MAIN STREET, WALTHAM 54, MASS. 

"Inmunimmonom 
E 

E 

E--

g 

-5 
7, 

The following 1952 

Exhibitors gave up 

their space in the 

interests of 

MANUFACTURERS 

who otherwise 

could not exhibit 

• • • 

Arrow Electronics 

H. L. Dalis 

Harrison Radio Co. 

Sun Radio and 

Electronics Co. 

Terminal Radio Co. 

ilempedance 
Inductance 

Capacitance 
Resistance 

\pissipation 
Factor (D) 

*eStorage 
Coefficient (Q) 

i,JPIot Impedance 
Functions 

The type 310A Z-Angle Meter measures impedance directly in polar coordinates 
as an impedance magnitude in ohms and phase angle in degrees: Z LIL 
Impedance Range: .5 to 100,000 ohms, covered by a single dial and a four 
position range switch. 

Accuracy: -4-- 1% 

Frequency Range: 30 cycles to 20 kc. for impedances below 5000 ohms, measure-
ments can be made up to 40 kc. For frequencies from 100 kc. to 2 mc., write for 
specifications for the type 311A-RF Z-Angle Meter. 

Phase Angle Range: 0° to 90 ° Direct reading on panel meter. Meter is also 
Calibrated in D and O. 

Phase Angle Accuracy: Within 2° of meter indication. 

Internal Oscillator: 60 cycles and 400 cycles. Terminals are provided for an external, 
variable frequency signal generator for measurements at other frequencies. 

In the field, the laboratory, the production test floor or the class room, the 
extreme accuracy and the simplicity. of operation has proved the type 310A Z-Angle 
Meter to be o superb and reliable instrument. 

Write now for more detailed information. 
See Us in Booth 1-111 

at the Radio Engineering Show 

ENGINEERING REPRESENTATIVES 
Chicago, Ill. — UPtown 8-1141 Arnprior, Ont., Can. — Arnprior 400 
Cleveland, Ohio — PRospect 1-6171 Hollywood, Cal. — H011ywood 9-6305 
Waltham, Mass. — WAltham 5-6900 Dallas, Texas — Dixon 9918 
Boonton, N. J. — Boonton 8-3097 Roseland, New Jersey — Caldwell 6-4545 
Dayton, Ohio — Michigan-8721 Wyncote, Pa. — Ogontz 8805 

Silver Spring, Md. — Sligo 7-550 

TECHNOLOGY  INSTRUMENT CORP. 

PROCEEDINGS OF THE I.R.S. March, 1953 
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What to see at the 
Radio Engineering Show 

LinininYY1? 
TYPE "Fr' 

CURTIS 
TERMINAL BLOCKS 

for 

EVERY PURPOSE 
in Factory Assembled 

and Kit Form 

SEE THEM 

BOOTH 3-514 

Radio Engineering Show 
March 23-26 

Grand Central Palace 
New York City 

TYPE "E" 

TYPE "M" 

TYPE "FTS" 

TYPE "8TH" 

TYPE "ST" 

TYPE "X" 

TYPE "MT" 

CURTIS DEVELOPMENT & MFG. CO. 
agil===:13. 

—MULTI—USE SELENIUM POWER SUPPLY! 
This rugged, versatile Power Supply 
is designed to deliver VARIABLE low 
voltages at high current for long 
periods. Ideal for: Engineering, Re-
search and Development; Plating: 
and Bench Testing (aircraft radio 
transmitters, dynamotors, etc.). 

• Single-knob, stepless output, 0 to 
28 V. D-C; 10 A. continuous. 

• Full-wave Bridge Rectifier. 
Stmov I. 1028 
ounfilto•redo POWER SUPPLIES BUILT TO YOUR SPECIFICATIONS 

o. 

INDUSTRIAL RECTIFIER COMPANY 161 Washington Street Phone:' 
New York 6, New York Dlgby 9-3832 

MICROWAVE TEST EQUIPMENT 
ATTENUATORS Tested and Manufactured to Air Force 

Specifications. 

Designed and Manufactured to Special 
Frequencies and Attenuations. 

AT 67/AP. Horn Type Microwave Antenna 
S Band 

TS 125/AP. Power (Watt) Meter S Band 
TBN 3 EV. RF Bridge K-S-X Band 
Thermistor Mounts /4 Ovens 
Other Microwave Test Equipment 

Complete Information 
Furnished on Request 

ELECTRON-RADAR PRODUCTS 

(Continued fr.«. rage 213.-l) 

Victoreen Instrument Co., Cleveland 3, 
Ohio 4-103 ilk 104 

An expanding group of miniaturized com-
ponents will be displayed to include: 
Voltage regulators 50 to 15,000 V, new 
current regulators, new glass sealed re-
sistors 800 Ohms to 10 Megs., vibrators and 
vibrator power supplies, subminiature elec-
trometer and special purpose tubes, counter 
tubes, radiation measuring instruments, 
accelerometers. 

Wctor'YfN NEE,,Nc 
CORP ION 

Wingfield Rood Û4za, Nero Jersey 

Telephœr UNIonville 2-7150 

3-403 
See Thermistors in action! Amplitude con. 
trol. Time delay. Voltage regulation. Oscil-
lator 'Stabilization. Surge protection. Air 
flow measurement. Combustion analyzer. Gas 
analysis cells. See the actual production 
of Veco Thermistor Beads, the smallest 
mass-produced electronic item! Ask for the 
Veco Data Book. 

Vitramon, Inc., Bridgeport 1, Conn. 3-516 
Vitramon Capacitors, low-loss, high stabil-
ity, and wide temperature range. 
Vialdes Kohinoor, Inc., Long Island City 

1, N.Y. 2-127 
Truarc Retaining Rings. 
Wang Laboratories, Boston 16, Mass. 4-803 
Static Magnetic Memory Units and Sys-
tems; Shift Register Systems; Digital 
Signal Generator—A Versatile Instrument 
for Testing Computers and Data Process-
ing Equipments; Character Display Signal 
Generator—The Fastest Available Output 
Device; Pulse Count Converter; Magnetic 
Constant Charge Device; Frequency 
Meter; Perma-Memory Multiple Scalers. 

Ward Leonard Electric Co., Mt, Vernon, 
N.Y. 3-113 

Vitrohm Resistors in 7 stock types and 
11 Made-to Order styles, High current re-
sistors. Load banks, Vitrohm Ring and 
Plate type Rheostats, A.C. and D.C. Re-
lays, Magnetic Contractors, Motor starters, 
Controllers, Theatre Dimmers, Chromaster 
industrial chrome plater. 

Waterman Products Co., Inc. 
Philadelphia 25, Pa. 

1-414 
In the field of electronic research and de-
velopment, Waterman Products is leading 
the way. The HIGH, WIDE and TWIN 
Pocket.opes have become the "triple 
threat" of the oscilloscope industry. Water-
man pioneering has brought forth revolu• 
tionary rayonic eathode•ray tubes for minia-
turized oscilloscopes and continues to lead 
the way in electronic development. 

Waveforms, Inc., New York 14, N.Y. 3-313 
Miniature Precision Instruments: Ex-
tended-Range Audio Oscillator (18 cycles 
to 1.2 megacycles; less than 0.2% distor-
tion); Sensitive Voltmeter (I millivolt full 
scale; 10 cps to 2 mc); Precision Crystal 
Calibrator with heterodyne mixer; Audio 
Curve Tracer (visual display). High Qual-
ity Audio Amplifiers and Preamplifier. 
control Units: Laboratory Instruments: 
AM-FM Signal Generator (100 kc.-170 me). 
W. M. Welch Scientific Co., Chicago 10, 

2-137 
Duo-seal vacuum pumps, capable of .05 
micron and better. New totally enclosed 
belt guards. Dubrovin vacuum gauges 
and other vacuum accessories. 

Western Lithograph Co., Los Angeles, 
Calif. 1-105 

E-Z Code wire identification markers. 
N.E.M.A. color code markers. TEL-A-
PIPE cable, conduit, and pipe markers, 
Westline contact labels, Breakaway labels 
hundreds of stock items to solve your cod-
ing problems and identification easily and 
inexpensively. 

Visit all four floors! 
1041 N. Pulaski Road Chicago 51, Ill, Phone, Dickens 2-5885 

2-14A 

(Cuntonued rage 240.'1) 
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production speeds 
with BUTTON STEM 
MACHINE for sub-
miniature tubes 

Leading manufacturers of sub-
miniature tubes were frantically 
re-vamping their old machines 
to avoid production tie-ups in 
making glass buttons with lead 
wires. These machines did not 
meet the exacting requirements 
of sub-miniature tube production. 

Shown above is Kahle's new model 427 
Button Stem Machine designed for T2, 
13 and 12 x 3 sub-miniature button stems. 

This is a 12 head machine, with upper 
and lower moulds on every lead; dual. 
motor drive — indexing and head are 
driven by separate motors — indexing 

by barrel corn and rollers (hardened and 
ground) totally enclosed in oil. This ma-
chine can be made available for any 
stems, — with any number of heads, — 
with automatic feeds. 

But this is the solution to only one 
of many problems which Kahle 
engineers have been asked to 
solve over the past 40 years. If 
you have any difficulty which can 
be overcome with custom-
designed machinery, 

write today 
and learn— 
w ithout 
obligation— 
how Kahle's 
experience 
can benefit 
you. 

lahle 
ENGINEERING COMPANY 

1312 SEVENTH STREET 

NORTH BERGEN N. J. 

FM/AM SIGNAL GENERATOR TF 995 

A crystal standardized generator either 

frequency or amplitude modulated. 

Frequency range: 13.5 to 216 mega-

cycles. Output range o.z microvolts to 

too millivolts. Internal or external 

modulation gives f.m. deviations to 600 

kilocycles and a.m. depths to 50 per cent. 

UNIVERSAL BRIDGE TF 888 

Measures inductance and capacitance at 

1,000 cycles, resistance at d.c.; direct 

reading z microhenry to loo henries, 

micro-microfarad to ioo microfarads, 

and 0.1 ohms to io megohms. Q range 

0.1 to 1.000, tan8 o.00l to to. 

FM DEVIATION METER TF 934 

With crystal-standardized deviation 

ranges of 5, 25 and 75 kilocycles, alter-

native high- and low-level buffered in-

lets, visual checking for optimum tuning 

and level, together with a separately 

buffered audio outlet, this ruggedized 

deviation meter is ideal for carriers in 

the range 2.5 to 200 megacycles. 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
r--- waffle" STANDARD SIGNAL GENERATOR TF 867 

For precision receiver measurements: 

Covers on an expanded full-vision scale 

15 kilocycles (or less) to 30 megacycles, 

crystal standardized, with an output 

continuously variable from 4 volts to 

0.4 microvolts. Up to Ice per cent. 

a.m.,with unmeasurable f .m „monitored 

by dual rectification. 

We shall be pleased to see you at the 
I.R.E. Convention BOOTH 1-520 

MARCONI INSTRUMENTS 
VACUUM TUBE VOLTMETERS • FREQUENCY STANDARDS • OUTPUT METERS 

WAVE METERS • WAVE ANAL YSERS • Q METERS • BEAT FREQUENCY OSCILLATORS 

2 3-2 5 BEAVER STREET • NEW YORK 4 

CANADA: CANADIAN MARCONI CO., MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL 
ENGLAND: Head Office: MARCONI INSTRUMENTS LIMITED. ST. ALBANS, HERTFORDSHIRE 

Managing Agents in Export: 
M ARCONI'S W IRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND LONDON. W .C.2 
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Paramount PAPER TUBE CORP. 

Coil Insurance 
FOR FAMOUS PRODUCTS 

OR RECTANGULAR 

2 to 30 LONG 

.450 to 25' I.P. 

TOLERANCES to .002-

PARAMOUNT Spiral Wound PAPER TUBES 

Protect Coil Accuracy and Stability 

in Countless Applications 

Years of specialized "know-how" easily 
enable PARAMOUNT to provide exactly 
the shape and size tubes you need for coil 
forms and other uses. Hi-Dielectric. Hi-
Strength. Kraft, Fish Paper, Red Rope or 
any combination wound on automatic ma-
chines. Wide range of stock arbors. Special 
tubes made to your specifications or engi-
neered for you. 

NEW! Moisture-Resistant Shellac-Bonn 
Kraft Paper Tubing. Heated shellac forms 
a bond which prevents delaminating under 
moisture conditions. 

617 LAFAYETTE ST., FORT WAYNE, IND. 

frs. of Paper Tubing for the Electrical Industry Since 1931 

WRIT E 

ON COMPANY 

LETTERHEAD FOR 

STOCK ARBOR 

LIST OF OVER 

1000 SIZES 

NOISE METER • Model NF-114 
(Commercial Equivalent of AN/PRM-14) 

eitylfteeltiely gaiet 

• Frequency range 0.15 MC to 80 
MC in 8 bands. 

• Two tuned RF amplifier stages 
are employed throughout for 
high sensitivity and optimum 
rejection of spurious responses. 

• Built-in impulse noise calibrator 
flat to 100 MC. 

• Meter indication of carrier or 
true peak voltage. 

• Aural slide-back operation. 

• Dry battery or AC (regulated 
"A" and "B") operation. 

• Subminiaturized construction. 
• Complete line of accessories 

available. 

Visit our Booth No. 2-147 at the IRE Show. 

EMPIRE DEVICES, INC. 38-25 BELL BOULEVARD, BAYSIDE 61, N. Y. 

What to see at the 
Radio Engineering Show 

( Cunt nu d from page 244A) 

Westinghouse Electric Corp., Pittsburgh 
30, Pa. 1-610, 612, 614, 616 & 618 

Westinghouse will feature Electrical 
tubes; speciality transformers; hipersil 
cores; magamps; electrical instruments; 
circuit breakers; motor starters; thermo-
stats; and fire control demonstration. 
Westinghouse Electric Corp., Bloomfield, 

N.J. 1-610, 612, 614, 616 & 618 
Electronic Equipment Components. 

Weston Electrical Instrument 
Corp. 

Newark 5, N.J. 
4-409 & 411 

Service Instruments for Television and 
Radio—Panel Instruments for electronic 
equipment—Approved Ruggedired Instru-
ments—Sensitive Relays—New Sealed Relay 
with core magnet mechanism and built-in 
solenoid device—D-C Amplifier—Contact 
Making Instrument—Portable A-C and D-C 
Inetruments. 

White Industries, Inc. 
New York 19, N.Y. 

3-3048 
Noise Amplifiers, Pre-Amplifien, Phase 
Adapters, Wire Recording Amplifiers and 
Drive Mechanism, Control Boxes, Noise 
Measuring Probe., Noise Measuring Anten-
nas, High Fidelity Amplifiers and Preampli-
fier, Radio Receivers and Transmitters, 
Transformen, Variable Capacitors, Special 
Electronic Aseemblies, Telemetering Equip-
ment, Toole and Dies, Precision Machine 
Parts, Electro-Mechanical Development & 
Engineering, Drafting, Schematic.. 

Whits°, Inc., 9328 Byron St., Schiller Park, 
4-721 

Plastic standoff terminals. New metal hex 
sub-miniature in addition to large selec-
tion of conventional fork and turret types 
with stud, female, rivet mountings in-
quiries are invited as to special problems 
and materials. 

Wilkor Div., Cleveland 13, Ohio 1-602 
SEE Aerovox Corp. 

Wind Turbine Co., West Chester, Pa. 1-508 
TRYLON Ladder Towers. 

The Workshop Associates, Div. Gabriel 
Co., Needham Heights 94, Mass, 1-513 

UHF-TV Transmitting antennas plus a 
complete line of Microwave Relay An-
tennas. 

(Continued on page 267A) 

The following 1952 

Exhibitors gave up 

their space in the 

interest of 

MANUFACTURERS 

who otherwise 

could not exhibit 

• • • 

Arrow Electronics 

H. L. Dalis 

Harrison Radio Co. 

Sun Radio and 

Electronics Co. 

Terminal Radio Co. 
MANUFACTURERS OF 

FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 
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TUBES 
Here's your opportunity to buy receiving 

and special purpose tubes for: Industry, 

Communications, Research, Defense 

Real values that will save you 

10 to 70% 
State types and quantities for additional 
discounts. Call or write today for special 
price list. 
We are world wide suppliers to airlines, 
government agencies and the radio in-
dustry. For cooperation and reliable serv-
ice we invite your inquiries. 

SPECIAL 
TYPE 805 

LIST $13.50 

OUR 

PRICE $3.50 
We are ready to buy for cash 
radio tubes; state quantity and 
price in first letter. WHAT HAVE 
YOU? 

ATTENTION MANUFACTURERS 

Are you interested in building up your export 
sales? Let us handle your line at no cost to you. 
We are experienced in such transactions and our 
active agents overseas are constantly in touch 
with potential buyers. We handle non conflict-
ing exclusive lines only: Why not earn additional 
dollars? Contact Michael Levit 

METROPOLITAN OVERSEAS 
SUPPLY CORPORATION 

1133 BROADWAY 
Tel Moises 3.1105 New York 10. N.Y. 
Cable Address “LECIMEX" New York 

TEST YOUR 
MAGNETIC CIRCUITS 

RAWSON FLUXMETER 
TYPE 504 

The only portable fluxmeter available 
which returns rapidly to zero when a 
single button is depressed. Simple and 
fast in operation. Convenient and light 
in weight. 
Not limited to a single type of meas-

urement. Has universal application for 
laboratories or production. Measures 
strength of magnets and electromagnets, 
permeability and hysteresis loops for 
iron and steel, total flux lines in circuit, 
flux lines developed in air gap, etc. 
Has a mechanical clamp to protect 

the pivots and jewels when in transit. 

RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
118 POTTER STREET, CAMBRIDGE 42, MASS. 

Representatives 
CHICAGO LOS ANGELES 

THERE'S A inagnecorder 
FOR EVERY emunkews 

dioneoeiy• 
NEED 

I-, 2-, and now 
4-channel Magnecorder 

ONE-CHANNEL MAGNECORDER — long accepted 
as the standard professional tape recorder 
in the communications and broadcast fields. 
Conversion kits quickly adapt your equip-
ment for all special purposes. 

ONE-CHANNEL PORTABLE—the new VOYAGER, a 
one-case truly portable recorder of professional 
quality. A standard PT6-AH Magnecorder is 
mounted back-to-back with line level am-
plifier which swings forward for instant use. 
Unsurpassed for remotes or field tests. Light. 
weight, rugged, reliable. 

TWO CHANNELS—The acclaimed new 
Binaurel Magnecorder provides either 
two-channel monitoring or brilliantly real-
istic 3-dimensional sound on one tape. Two 
simultaneous tracks accurately reproduce 
separate sounds or can provide stereo depth 
and direction, permitting one sound to be 
identified among many. The versatile dual 
channels can also be used for separate 
two-channel communications monitoring. 

FOUR CHANNELS—The first automatic continuous recorder that monitors 
up to four channels at once on a standard tape. Originally engineered 
and JANized for the CAA, it is adaptable for utilities and carriers, fire 
and police calls, airports and civil defense. 

Visit us at the I. R. E. Show Audio-Theatres, 301.303 

e fleteCeZei INC. 

225 West Ohio Street, Dept. P-3 • Chicago 10, Illinois 
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Your "Regulated High Voltage" 

Problems can be Economically 

Solved... NOW! 

ANTON 

eter r 13,,se 

You will see Anton V-R Tubes in 

operation at Booth 4-108 ... IRE Show 

JAN APPROVED 
AEL has produced and supplied 
over 100,000 JAN 5962/BS-101 
Corona Discharge Voltage Regu-
lator Tubes (equivalent to 401 
shown here) to the U. S. Navy— 
Signal Corps and prime contractors 
like Admiral, Westinghouse, Kelly-
Koett and Hoffman. Because of the 
experience gained by the mass 
manufacture of these tubes. AEL 
is able —now — to furnish Corona 
Discharge V-R Tubes, both fixed 
and variable, to suit a wide range 
of voltage and current applications. 

Corona Discharge V-R Tubes 

New Freedom for Circuit Designers 

SALIENT 

FEATURES 

TYPICAL 

APPLICATIONS 

• Stabilized Voltages from 
300 to 4000 Volts 

• Currents up to 2 milliamperes 
• Low Dynamic Resistance 
• No hot cathodes 
• Unlimited Life 
• Weight—less than an ounce 
• Size—smaller than a pen 

• Cathode Ray Oscilloscopes 
• Airborne Radar Power Supplies 
• TV receivers and monitors 
• Voltage Reference Tubes 
• Meter Safeguards 
• X-ray Equipment 
• Electron Microscopes 

CATALOG—free upon request on your letter-head. Please send us the 
specifications of your individual requirements. Write care of Dept. I. 

ANTON ELECTRONIC LABORATORIES, INC. 

1226 Flushing Avenue, Brooklyn 37, N. Y. 

BUCKNELL UNIVERSITY, IRE-AIEE BRANCH 

"Instrumentation" by Mr. Daniels of Minne-
apolis Honeywell and "Professional Engineering" by 
Mr. John West. Sec. Professional Engineering Sod-
ety Pa.; January 14, 1953. 

UNIVERSITY OF CALIFORNIA, IRE-AIEE BRANCH 

"Electromedical Applications" by R. S. 
Mackay, Faculty, University of California; De-
cember 2, 1952. 

Nominations Meeting; December 15, 1952. 

CALIFORNIA STATE POLYTECHNIC COLLEGE, 
IRE BRANCH 

"Engineering and Research Management" by 
Myrl Stearns, Executive Vice Pres. and General 
Manager of Varian Associates; December 4, 1952. 

UNIVERSITY OF COLORADO, IRE-AIEE BRANCH 

'Recent Developments in Public Utilities" by 
Mr. W. Pullen, Engineer for General Electric Co.; 

November 19, 1952. 
"What is Ahead for the Engineer" by Mr. E. S. 

Lee, Engr. for General Electric; December 3, 1952. 

Short talks were given by several senior stu-
dents; December 17, 1952. 

THE COOPER UNION SCHOOL OF ENGINEERING, 
IRE-AIEE BRANCH 

"Theory of Magnetic Amplifiers" by Mr. I. Kae-
lish, Student, Cooper Union; December 22, 1952. 

UNIVERSITY OF DAYTON, IRE BRANCH 

'Radar Traffic Speed Controller & Municipal 
Communications Systems" by Mr. Martin Schultz 
& Mr. Robert Baker, Municipal Signal Division. 
Dayton, Ohio; November 4, 1952. 

"An Executive's Views on Important Points 

of an Education" by Dr. J. W. Ballard. Head of 
E.E. Dept., Commonwealth Engineering Co, 
Dayton, Ohio; November 18, 1952. 

"The Electronic Switch" by J. L. Nelson. Stu-
dent. Dayton Univ.; January 6. 1953. 

UNIVERSITY OF DETROIT, I RE-AIEE BRANCH 

"Electrical Controls in the Production of Auto-
mobiles" by Bernie Meldrum & J. Strakey, Elec-
trical Engineering Dept., Desoto; December 17, 
1952. 

FENN COLLEGE, IRE BRANCH 

'Saturable Iron Core Reactors and Magnetic 
Amplifiers' by Mr. H. M. Huge. V.P. and Chief 

Engineer of Lorain Products Corp.. Lorain, Ohio; 
December 17, 1952. 

ILLINOIS INSTITUTE OF TECHNOLOGY. IRE BRANCH 

Nomination of Officers; January 20, 1953. 

LEHIGH UNIVERSITY, IRE BRANCH 

"The IBM Card-Programmed Electronic Cal-
culator," by Donald J. Glick, Former Mathema-
tician at IBM Vestal Laboratory and General 
Meeting; December IL 1952. 

UNIVERSITY OF M AINE, IRE BRANCH 

"Opportunities with the National Bureau of 
Standards" by Mr. Frederick Mitchell. Representa-
tive of the National Bureau of Standards; January 
14, 1953. 

248A 
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• 
AUTO RADIO 

/'VIBRATORSJ 

• 
• 

ewe eetamic 
.Stazd Sfutecul 

e A COMPLETE LINE 
OF VIBRATORS . . . 

Designed for Use in Standard Vibrator. 
Operated Auto Radio Receivers. Built t 

with Precision Construction, featuring 
Ceramic Stack Spacers for Longer e: 

Lasting Life. Backed by more than 
17 years of experience in Vibrator 

Design, Development, and 
Manufacturing. 

NEW MODELS 

11/ NEW DESIGNS 

NEW LITERATURE 

-A- Battery Eliminator A•C D•C Inverters 
Auto Radio Vibrators 

AMERICAN TELEVISION RADIO CO. 
Qmee, Pledatets 54.e.e 
SAINT PAUL I, MINNESOTA- U. S. A 711kGrog 

MICAMOLD 

presents 
ACTUAL SIZE 

Microlytic capacitors 

are available 

in production quantities 

Address your inquiries to Dept, R1 

MICAMOLD RADIO CORPORATION 
1087 FLUSHING AVENUE, BROOKLYN 37, N. Y. 

MANUFACTURERS OF MICA • PAPER • ELECTROLYTIC CAPACITOPS • RADIO INTERFERENCE FILTERS 
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PREMIER METAL PRODUCTS COMPANY • 3160 WEBSTER AVE., BRONX 67, N.Y. 

SPECIFICATIONS 

eiefereft PREMIER 

6e METAL HOUSING 

RACKS 

CABINETS 

CHASSIS 

PANELS 

Conform to 

„400$10."  

JAN-C-172A 

... but are actually 

made to exceed 

AN-E-19 Drop 

Test requirements 

RUGGED PROTECTION for VITAL 
EQUIPMENT: Finnflex 
Mount ,. isolate vibration 
and shock from Electronic. 
Communication. and Con-
trol Equipment. They offer 
unimpaired efficiency from 
-80" to 4-250°F., "Selective 

,Action" friction dampening, 
non-linear steel springs, and 
other features. Wide range 
of sizes and load ratings 
available. 

TYPE SR MOUNTING USE 

«e 

TYPE MA VIBRATION ISOLATOR 

SHOCK MOUNTS for Signal Corps Mobile Equipment and for Naval 
Fire Control Units. 

SPECIAL PROBLEMS: Complete facilities for designing and fab-
ricating Shock and Vibration Mounts to order - regardless of 
size or weight of equipment mounted. 

Specify FINNELEX-for Ruggedness. Efficiency. and Economy. 

Write for Catalog MB-110 

T. R. FINN 8. COMPANY, Inc. 
Specialists in Vibration Control 

333 JACKSON AVENUE, NEW YORK 54, N. Y. 
Phone: CYpress 2-4192-3-4 

SEE 
OUR 

DISPLAY 
AT 

YOUR 
LOCAL 

Distributor 

SEND FOR 
COMPLETE 
CATALOG 
VISIT OUR 

BOOTH 

No. 4-509 

I. R. E. SHOW 

Grand Central 

Palace, N. Y. C. 

Mar. 23-24 

25-26 

AIRBORNE 
MOUNTING 
BASES 

VIBRATION 
ISOLATORS 

and 

SHOCK 
MOUNTS 
To JAN -C-172A 

SPECIFICATIONS 

and TO ORDER 

Visit us in Booth #4-611 at the IRE Show 

(Continued from page 248A) 

STUDENT 

BRANCH 

MEETINGS 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
IRE-AIEE BRANCH 

"Latest Developments in the Audio Field" by 
H. H. Scott. Scott Audio Amp. Co.; December 18. 
1952. 

"Latest Developments in F.M." by Professor 
L. B. Argiumbau, Faculty, M.I.T. 

M ICHIGAN COLLEGE OF M INING AND TECHNOLOGY, 
IRE-AIEE BRANCH 

"Walls Without Welds" Film. U. S. Steel and 
General Meeting; December 16. 1952. 

M ISSISSIPPI STATE COLLEGE, IRE BRANCH 

"Interoffice Communication" by N. J. Lem-
berius, kellog Switchboard Supply Co.; January 8. 

1953. 

UNIVERSITY OF M ISSOURI, IRE-AIEE BRANCH 

"Career Seminar Panel Discussion" by H. E. 

Gove. Union Electric; R. H. Baxter, Bell Telephone 
Labs; H. D. Sanborn, General Electric; January 
13, 1953. 

NEW YORK UNIVERSITY (DAY DIVISION) 
IRE BRANCH 

Business Meeting; October 2, 1952. 
Film. "Energy in our Business" by Westing-

house; October 9. 1952. 
Business Meeting; October 16. 1952. 
"Feedback Control Systems" by Prof. C. F. 

Rehberg. Faculty N.Y.U.; October 23, 1952. 
"Lightning Phenomena & Protection Meth-

ods" by Mr. D. W. Bodle, Bell Telephone Labs; 

October 30, 1952. 
Business Meeting; November 6, 1952. 
Films, "Rocket Instrumentation" and "R. F. 

Induction Heating"; November 13, 1952. 
Film. 'Proving Grounds' by Westinghouse; 

November 20, 1952. 
"Transistors & Semiconductors" by Messrs. 

Kirtcher & Grossman, Bell Telephone Labs; Nov-

ember 21, 1952. 
Film, "Electronics"; December 4, 1952. 
"Microwave Techniques" by Mr. Dominco, 

Griffis Air Base; December 8, 1952. 
Films, "Submarine Cable" and "Distribution 

System"; December 11, 1952. 
Film, "Paper-impregnated Cable"; December 

18, 1952. 
Film "Circuit Breakers" and "Commutation in 

d-c machines" by Westinghouse; January 8, 1953. 

NORTHEASTERN UNIVERSITY, IRE-AIEE 
BRANCH (Div. B) 

'Transistors" by Mr. George Harford. New 
England Telephone & Telegraph Co.; December 11, 

1952. 
"Servo Mechanisms" by C. D. Burdick, Sperry 

Gyroscope Company; December 18. 1952. 
"The Electron" (motion picture); December 

23, 1952. 
"Films." "Radar Equipment." "Synchro Sys-

tems." 'The Jet Story." General Electric and U. S. 
Navy Public Information Office, Boston, Mass.; 
December 30. 1952. 

"Electric Power Engineering" by Professor 
Chester Dawes, Prof. Electrical Engineering, Har-

vard University" January 8. 1953. 

OHIO STATE UNIVERSITY, IRE-Al EE BRANCH 

'Installation of an Underground Transmission 

Line" by Mr. Campbell, Columbus & Southern 
Ohio Electric Co.; December 4, 1952. 

"Advantages & Disadvantages of Big and Small 
Business" by 4 representatives of Columbus Indus-
tries; January 13. 1953. 
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STUDENT 

BRANCH 

MEETINGS 

OREGON STATE COLLEGE, IRE BRANCH 

"Some American Rivers and Their Utilization" 
by Dr. C. A. Mockmore, Faculty. Oregon State Col-
lege; November 13. 1952. 

"Germanium The Magic Metal" (A tape re-
corded program with 75 slides); January 8. 1953. 

UNIVERSITY OF PITTSBURGH, IRE BRANCH 

"Uses of Electronics in Research" by Mr. A. Pe-
terson. Mellon Institute; December 18. 1952. 

RUTGERS UNIVERSITY, IRE-Al EE BRANCH 

"Generation. Transmission and Distribution 
of Power" by H. W. Phillips '24, Philadelphia Elec-
tric Co., John Betz '37. Public Service Gas & Elec-
tric Co. and Rodney P. Gibson '28. Public Service 
Generation Co.; December 18, 1952. 

SAN DIEGO STATE COLLEGF., IRE BRANCH 

Film. "Air Navigation" by Collins Radio Com-
pany; January 13. 1953. 

"Aspects of Printed Circuits, their Design, Pro-
duction and Uses" by Mr. McDonald. Digital 
Controls Systems. Inc. of La Jolla; January 15. 
1953. 

SOUTH DAKOTA SCHOOL OF M INES AND 
TECHNOLOGY, IRE BRANCH 

General Business Meeting and Films. "Radio 
Waves" and "Radio Antennas"; December 18, 1952. 

Film, "Walls without Welds" by U. S. Steel; 
January 8. 1953. 

UNIVERSITY OF TEXAS, I RE-AIEE BRANCH 

"Realism in Reproduced Sound" Discussion of 
student paper contest; December 15. 1952. 

Election of Officers; January 12, 1953. 

TUFTS COLLEGE, IRE-AIEE BRANCH 

"Applications of Engineering in Industry" by 
Mr. Fred Snider, Westinghouse Electric Corp.; 
January 13, 1953. 

UNIVERSITY OP UTAH, IRE-AIEE BRANCH 

Films on Electric Measuring Instruments by 
Philip Weinberg and Charles Alley, Advisers; Janu-
ary 8, 1953. 

UNIVERSITY OF W ASHINGTON, IRE-AIEE 
BRANCH 

Film. "Construction of McNary Dam" by 
the Corps of Engineers; November 6, 1952. 

General Meeting; November 13, 1952. 
Field Trip to the Pacific Telephone & Tele-

graph Co.. Seattle; November 15, 1952. 
"Germanium the Magic Metal" (a transcribed 

lecture with slides) by the General Electric Co., 
November 28. 1952. 

W AYNE UNIVERSITY, IRE-AIEE BRANCH 

"A Panel Discussion of Curriculum" by Mr. 
C. S. Lawrence. Pres. Electronic Control Co.. Mel-
vin Cole. Pres. EE Wayne Alumni Assoc.. Howard 
Hess. Head of EE Dept. at Wayne and Dr. Schoon-
over. Ass't Dean and Election of Officers; Decem-
ber 11. 1952. 

VALE UNIVERSITY, I RE-A IEE BRANCH 

"Digital Computers" by J. Presper Eckert, Di-
rector of Engineering, Remington-Rand Corp.; 
January 8, 1953. 

FOR industrial laboratories, engineers, techni-

cians, TV dealers, service departments, service 
men and government. 

The latest developments 

by the World's Largest 

Manufacturer of Amplified \ 

Master Antenna Systems at the 

I. R. E. SHOW 
BOOTH 4-618 

For further information write — 1 4 5 2 

MASTER ANTENNA SYSTEMS 

FOR communities, hotels, apartment buildings, 

motels, institutions, department stores, TV dealers 

and Industrial application. 

TEST EQUIPMENT 

Hill0111 
ELECTRONICS CORP. 

SOUTH 26th STREET • PHILA. 

ummioimmilmomm. emi ommumonmezmummium...ume 
ammiamii ‘qual #Immommulmmismolememm o mimi immilmemre- mmummilimmummillimr..em 0" 

miuma&--- ev 
ummiumo'b 

MiiniMilM OM 
al 

iiMMIMIMI ial. 
iniliIMII .'...Az . ___ _ . 

PA. 

I 
1. FREE! Ov et be dis$1,00 pries will tributed to 

lucky people who ViSiI the 

Ole new home during 
88  

month of March. 

ANNOUNCES 
Grand Opening New York's 
Largest Electronic Center 
650 Sixth Avenue, Cor. 20th St. 

* Central location for all Metropolitan New 
York, New Jersey and Connecticut 

* Over 20,000 sq. ft. of street level space to 
serve you more efficiently 

* Larger and more complete stocks of JAN 
and industrial components, plus latest testing 
equipment 

* Greatly enlarged switchboard to speed your 
calls 

* Increased competent personnel to serve you 
* Complete expediting staff to locate all hard-

to-get items 
* Three spanking new audio studios 
* Over 150 ft. of service counters 

Write for FREE Parts Catalogue 

& ELECTRONICS CO. 

650 Sixth Ave. at corner of 20th St., New York, N. Y. 
Open Daily & Saturday 830-6:00 

OR•gon 5-8600 
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DEVELOPMENT and PRODUCTION 

METALLURGISTS 
Fine wire and ribbon in base, rare, end 
precious metals, and alloys for 
new and highly engineered applications 
In small units and sizes, 
and to close tolerances. 

Further details on request 

SECON METALS CORPORATION 
228 East 45th Street, N. Y. 17, N. Y., MU 7-1594 

pi new! 
CML MODEL 1135 
REGULATED POWER SUPPLY 

Here at last is a truly universal power supply that will fill a majority 
of laboratory applications. 

OUTPUT #1 

Regulated "B" supply in two voltage ranges. 0-150 volts 150-300 volts 
with a current range of 0-20. MA. Regulation of 150-300 V range better 
than 1/4 % no load to full load. On 0-150 volt range, regulation from .25 
volts to 6 volts .2 volt, improving to V4 % from 20 volts to 150 volts. Ripple 
and noise output less than one millivolt under all operating conditions. 

OUTPUT #2 

0-100 volts regulated "C" bias at zero current output, noise and ripple 
less than 50 millivolts. 

OUTPUT #3 

Unregulated 6.3V, 5 ampere heater supply. The Model 1135 is mounted 
on a standard 8Y4 x 19" rack panel with a chassis depth of 13". The Model 
1135-C is housed in a standard rack cabinet for bench use. Write for the 
new CML catalog describing the Model 1135 and other CML products. 

Communication Measurements 
Laboratory, Inc. 

350 Leland Ave., Plainfield, N.J. 

Tel. PL-4 5502 
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The following transfers and admissions 
were approved to be effective as of March 

1, 1953: 

Transfer to Senior Member 

Allerton, G. L.. R.F.D. 4, Allentown, Pa. 
Ayres, W. R., 311 W. Oakland Ave., Oaklyn 6, N. J. 
Benham, T. A.. Haverford College, Haverford, Pa. 
Biggs, J. A., 725-19 St.. S.E., Cedar Rapids, Iowa 
Chenery, P. J., 339 Highbrook Ave., Pelham 65, 

N. Y. 
Crispell, H. L.. 720 Cornish Dr., San Diego 7, Calif. 
DeMinco, A. P.. c/o W. Leyden Stage. Lee Center. 

N. Y. 
dePasquale, R. H.. Windy Hill, 700 West St., Harri-

son. N. Y. 
Ficher. L. G.. 200 Gold St.. Apt. 11-N. North Arl-

ington. N. J. 
Elbinger, L. P., Illinois Institute of Technology, 

Electrical Engineering Department, 3300 
S. Federal. Chicago 16. III. 

Gissing, H. R.. c/o Northern Electric Co., Ltd.. 65 
Rorie St., Winnipeg. Man.. Canada 

Haefner, S. J., 109 Ridgewood Ave.. New London, 
Conn. 

Harvey. G. L., 196 Horton Hwy.. Mineola. L. I., 
N. Y. 

Horne, C. F., 222 Virginia Ave., Alexandria, Va. 
Howell, F. S., 313-B Tyler St., China Lake, Calif. 
James. R. L., 1830 Shaftesbury. Dayton. Ohio 
Leger. R. M., MTD. R.F.D. 2, Palatine, Ill. 
McGaughan. H. S., 502 Coddington Rd.. Ithaca. 

N. Y. 
Mizell. M. H., 501 Avondale Ave., West Los An-

geles 49, Calif. 
Nelson, N. A., 310 Lewiston Rd., Dayton 9, Ohio 
Pleasure, M.. 3713-74 St.. Jackson Heights 72, L. I., 

N. Y. 
Porter. N. E., 1585 Edgewood Dr., Palo Alto. Calif. 
Ratts, B. H., 2506 Terrace Rd.. Fort Wayne 3, Ind. 
Rowe. D. E., 3617 School St., Riverside. Calif. 
Rosenberg, P.. 100 Stevens Ave.. Mount Vernon, 

N. Y. 
Ryan, C. M., USN. U. S. Naval Postgraduate 

School. Monterey, Calif. 
Scheiner. S. R., 3917 Wabash Ave., Baltimore IS, 

Md. 
Seeberger, L. M.. 541 Park Dr., Woodbury, N. J. 
Shepard, B. R., 201 Alexander Ave., Scotia 2, N. Y. 
Skipper. L. C.. 5 Warner Ave., Roslyn Heights, 

L. I., N. Y. 

Trittenbach. J. M. P., 2106 Berwyn Ave., Chicago 
25, Ill. 

Webb, H. D., 812 W. Delaware Ave., Urbana. Ill. 
White, E. S., 194-01 B 64 Cir., Fresh Meadows 65. 

L. I., N. Y. 

Admission to Senior Member 

Gallo, P.. 66 W. Chestnut Ave., Merchantville, N. J. 

Head, H. T., 342 Munsay Bldg., Washington 4, 
D. C. 

Kent, G. J., 145 West 86 St., New York 24. N. Y. 

Pfleger, K. W., c/o Bell Telephone Laboratories. 
Inc., 463 West St.. New York 14, N. Y. 

Pinciroli, A., Istituto Ellettrotecnico Nazionale. 
"Galileo Ferraris," Corso Massimo d'Azeg-
lie, 42. Torino, Italy 

Shod, J. R.. II. 22 E. Browning Rd., Collingwood 
7, N. J. 

Sonnenfeldt, R. W., Apt. 266B, Haddon Hills. 
Haddonfield, N. J. 

Sterner, J. F., 206 E. Buttonwood St., Wenonah. 
N. J. 

Yarbrough. J. E., Orlando Broadcasting Co.. Inc.. 
Box 3707, Orlando, Fla. 

Zenor, H. M., Box 7415. Houston 8, Tex. 
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Transfer to Member 

Bawler. S. G., 43 Sixth Ave., Long Branch, N. J. 
Bartholomew, R. G., 526 W. Broad, Quakertown. 

Pa. 

Benor, W. F., 186 Dorsey Rd., Rochester 16, N. Y. 

Boyle, H., 89C Nithdale Rd., Plumstead, London 
S.E. 18, England 

Bright, R., Jr., 44 Beaver St., New York 4. N. Y. 
Eckert, J. A., Jr.. 5514 Ruthelen St., Los Angeles 62, 

Calif. 

Evans, R. J., 4133 Lake Lansing Rd., East Lansing. 
Mich. 

Kreis, R. J., 508 Chatham, Columbus 14, Ohio 
Kuehn, R. L., 437 Broad Ave.. Palisades Park. N. J. 

Ladof, L. G., 2023 Cecilia Pl., Seaford. N. Y. 
Langevin, R. Z., 703 S. View Way, Redwood City, 

Calif. 

Lee, R. E., 205A Entwistle St., China Lake, Calif. 
Linhardt, R. J., 57 Van Breeman Dr., Clifton, N. J. 
Lowe. M. H., 1941-82 Si.. Brooklyn 14, N. Y. 

Mahurin, C. R., 2131 Byron St.. Palo Alto. Calif. 
Nissen, J. H., 1057 Stratford Ave.. New York 72, 

N. Y. 

Pattenson, C. F.. 3 Braemer St., Ottawa 2, Ont., 
Canada 

Pollack, P.. 5668 Montezuma Rd., San Diego IS, 
Calif. 

Rogers, C. E., Jr.. 717 Santander Ave., Coral 
Gables 34. Fla. 

Ropa, R. L.. 115-19 St.. Hermosa Beach, Calif. 

Schwartz, L. J., 823 Doughty Ave., Franklin 
Square, L. L. N. Y. 

Sheffield. A. G.. Box 22 Woodroffe, Ottawa, Ont.. 
Canada 

Skillman. B. D., 4957 University Ave.. San Diego 5. 
Calif. 

Spooner. A. J., 1415 Westwood Blvd., Oklahoma 
City 8. Okla. 

Trock, R.. 251-37-71 Ave.. Bellerose. L. I., N. Y. 

(Continued on page 254A) 

CUSTOM DESIGNED PROTECTION 

for SUB-MINIATURE TUBES . . 

THE NEW STAVER 
SUB-MINI-SHIELD 
Here is a combination Shield, Clip and 
Mount to meet your T3 Sub-Miniature 
Tube holding and shielding require-
ments. 

Wrap-around shield (A) assures 
close tube to shield contact for 
maximum heat dissipation. Firm 
clamping action of phosphor 
bronze shield mount (B) se-
cures tubes under the most 
severe conditions of vibration 
and shock. Easy-to-get-at rivet 
holes in base of mount facili-
tate easy riveting of mount to 
chassis. 

Sub-Mini-Shields are now 
available for tube type, 
T3-I, T3-2, T3-3, and T3-4; 
Diameter .366" to .400". 

Manufacturers of the famous: 

MINI-SHIELDS & MINI-SPRINGS 

Bay Shore, Long Island, N. Y. 

Bay Shore 7-3620 

Our Engineering Department welcomes 
your special Subminiature Shirlding problents! 

GRAPHIC RECORDERS 
FOR AUTOMATICALLY PLOTTING both ANGULAR and 
STRAIGHT LINE functions on either POLAR or RECTILINEAR 
coordinates in any COMBINATION . 

• Records both AC and DC voltage levels 

• Designed for STANDARD 81/2 x II chart sheet 

• POLAR and LINEAR turntable movement 

• TURNTABLE instantly set to any chart position 

• Auxiliary Electrical linkage for synchronizing to turntable motion: 
Oscillators Rotational Devices Test Turnta bles Analyzers 

• Interchangeable range potentiometers 

• Dependable and service free operation 

Typical applications: 

Beam Pattern Plotting of antennas, microphones, loudspeakers, lighting 
fixtures, ultrasonic devices; 

Frequency Response Records of microphones, loudspeakers, amplifiers, 
Filters, Radio and television circuits; 

Rectilinear Curves on vacuum tubes, potentiometers, amplifiers, counting 
and computing devices. 

Literature on Model PFR mailed upon request 

Designers and Manufacturers of Graphic Recorders 

SOUND APPARATUS COMPANY • STIRLING. 
N. J. 

Instruments Engineered for Individual Requirements 
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Let "TINY-FIX" be yourrieeP 
SEE TINY-FIX, your "THIRD HAND" for small wiring and assembling. 

SEE TINY-FIX's "big brother" Assembly Fixtures—stocked in all sizes. 

Extra long base rods are available on request. 

SEE PTF's Pin Straighteners, Masking Plugs, and Test Plugs stocked 

in standard sizes for immediate delivery. 

SEE PTF's experienced Designers to discuss special production 

problems. 

SEE PTF's new revolutionary, universal TV Fixture Adapter. 

Call, write or wire for detailed information today. 

A,/Ci.P.°F?)5,,e Co. Tri'N 
37 WEST MAIN ST. 

OYSTER BAY, N. Y. 

Phone OYster Bay 6-0009 

VISIT 

OPEN HOUSE 
Hi-Fidelity Audio Show 

at 

Florentine Room, Hotel Lexington 
(right across the street from the Palace) 

THORDARSON MEISSNER 
Mt. Carmel, Illinois 

(Continued from page 253A) 

Trueblood, D. B.. 911 N. Rudolph St.. Goldsboro, 

N. C. 
Viener, A. H.. 3817 Stokes Dr.. Baltimore 29. Md. 
Votava. Y., Box 277, Griffiss AFB. Rome. N. Y. 
Wilkinson. J. E.. 410 W. First St.. Dayton 2, Ohio 

Admission to Member 

Ahlgren, W. E., 192 Elm St., San Carlos. Calif. 
Alter. A. C., Via Tor Fiorenza 28. Rome, Italy 
Andersen, E. A., 2256 San Francisco Ave., Long 

Beach 6, Calif. 
Ashley. A. B., 4913 N. Miller. Oklahoma City 12. 

Okla. 
Black. E., 1701 N.W. 35. Oklahoma City 6, Okla. 
Bradley, W. H., 1226 Beechview Dr.. S.E., Atlanta, 

Ga. 
Brown. A. C. L.. 1641 Ridge Ave., Evanston. Ill. 
Burdick. G. E., c/o New England Conservatory of 

Music, 290 Huntington Ave., Boston. 
Mass. 

Carter, G. E., Jr., Bomac Laboratories, Inc., Salem 
Rd.. Beverly, Mass. 

Delk. E. T.. 1627 N. Belmont. Wichita 14, Kans. 
Ebert, H. K., Jr., Blacksburg, Va. 
Fonseca, N. J., A/C Apartado 3276. Caracas, 

Venezuela. S. A. 
Garon, R. J., c/o Wyle Laboratories. 340 E. Frank-

lin, El Segundo, Calif. 
Gladding, E. B., USN, 6000 Benalder Dr., Fairway 

Hills. Washington. D. C. 
Griffin. P. W.. Third and Elm St.. Dunn Loring. Va. 
Hadady. R. E.. Audio & Video Products Corp., 261 

Constitution Ave., N.W., Washington I. 
D. C. 

Hardesty. G. A., 820 Robinson St.. West Lafayette. 
Ind. 

Heuer, C. H., 1095 Merrill St.. Winnetka, Ill. 
Hoag. D. S., R.F.D. 1, Schuylerville, N. Y. 
Horowitz. L. A., 27-B Parkway Apts.. Haddonfield. 

N. J. 
Howe, J. K., 7344 N. Odell Ave.. Chicago 3, III. 
Howell. E. K.. 209 Marilyn Ave.. North Syracuse, 

N. Y. 
Jahren, A. S., Jr., 282 Linden Ave.. Dayton 3. Ohio 
Jones, R. M., 821 N.W. Seventh St. Rd., Miami 36, 

Fla. 
Keller, J. W.. Jr., 126 Forrester St., S.W., Washing-

ton 20. D. C. 
Kidwell, N. E., 6 Middle Dr., Windsor Locks, Conn. 
Kilham, L. F., 140 Main St., Concord. Mass, 
King, R. C., 176 Hedge Rd., Menlo Park. Calif. 
Kinney, E. S., 2500 Maywood Ave., San Jose, Calif. 
Lamont, K.. 116 Crystal Palace Park Rd.. Syden-

ham. London S.E. 26. England 
Lanning, W. C.. 30 Relda St., Plainview, L. I., N. Y. 
Latham. C.. Air Service Training, Ltd.. Technical 

Training College, Jalahalli, Bangalore. 
Mysore State, India 

Lazecki. S., 937 Hare Ave., Box 3, Westboro, Ot-
tawa, Ont., Canada 

LeGendre. V.. 432 W. Colfax Ave.. Roselle Park. 
N. J. 

Levy, G. I.. Caixa Postal 8026, Sao Paulo, Brazil 
Long. R. G.. 21 Clive Rd., Scarborough Bluffs. Ont.. 

Canada 
Lubbert, G. L.. 5609 Merville Ave., Baltimore 15, 

Md. 
MacAdam, J. F., Box 132-W. Oklahoma City, Okla. 
Mass, J., Box I. Kiryat Motzkin. Haifa. Israel 
Miller, M. D., 3618 Mossman, Wichita 6, Kans. 
Nord, G. L.. 4500 Alpine Ave., Cincinnati 36, Ohio 
O'Kelley, H. E.. 22-A Graves Apts., Auburn, Ala. 
O'Meara, J. P.. Southwest Research Institute, 8500 

Culebra Rd., San Antonio 6, Tex. 
Olson, H. M., 26 Hillside Ave., Cedar Grove, N. J 
Perrier, J. F., Bldg. 3, Apt. 213, Jacob Ford Village, 

Morristown, N. J. 

(Continued on page 256A) 
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during the 

I.R.E. SHOW 
When your dogs begin to bark and 
your back shouts, "Let's quit for 

awhile" — walk across the street 

to our suite at the 

BELMONT-PLAZA (48th and Lex.), 

where H. L. Dalis, Inc., provides 

refreshments — liquid and solid — 

plus a comfortable chair or two. 
You are invited to sit and sip and 

relax and rest for awhile. We're 

not going to talk business or sell 

you anything. This is a Dalis-

Service to you . . . because we've 

been to Shows before, and we 

know how tired a man can get. 

0 P•S• If you plan to go out 
in the evening and haven't time 
to go home or to your hotel — 
you can shave or freshen up at 
our suite — we'll have all the 
fixin's for you. 

H.L.DAL1S INC. 
WHOLESALE DISTRIBUTORS 
ELECTRONIC EQUIPMENT 

175 VARICK ST., NEW YORK 14 

Serving the Metropolitan New York 
Area with Electronic Parts and 
Equipment for Over 25 Years! 

CANNON 
PLUGS 

GB SERIES 

D SERIES 

U SERIES 

p SERI ES 

get good reception 

UA SERIES 

K SERIES 

TELEPHONE RECORDER 

WRITE FOR 

PRICE FOLDER 

CPL-6 

The high quality audio connectors shown 
above are available from all Cannon Fran-
chised Distributors. In their great variety of 
sizes, shapes and contact arrangements there 
is no problem or technical requirement in the 
radio, sound, TV or related fields that cannot 
be met. Cannon plugs are standard on leading 
makes of audio equipment and microphones. 

CANNON ELECTRIC 
Since 1915 

X SERIES 

XK SERIES 

) 

XKW-B1 SERIES 

sERIEs 

TELEVISION 
- 

SEE 

Cannon Electric 

Booth 2-512 

Radio Engineering 

Show 

March 23-26 

Grand Central Palace 

New York 

Factories in Los Angeles, Toronto. New Haven, Benton Harbor. Represen-
tatives in principal cities. Address inquiries to Cannon Electric Company, 
Dept. C-377, P.O. Box 75, Lincoln Heights Station, Los Angeles 31. 
California. 

PROCEEDINGS OF THE I.R.E. March, 1953 255A 



STANDARD 

MEASURING EQUIPMENT 
Complete Frequency Coverage —14kc to 1000 mc! 

Vif 
14kc to 250kc 
Commercial Equivalent of 
AN/URM-6B. 
Very low frequencies. 

150kc to 25mc 
Commercial Equivalent of AN/PRM-1A. 
Self-contained batteries. A.C. supply 
optional. Includes standard broadcast 
band, radio range, WWV, and commu-
nications frequencies. Has B.F.O. 

VHF 
15mc to 400mc 
Commercial Equivalent of 
TS-587 U. 
Frequency range includes 
FM and TV Bands. 

375mc to 1000mc 
Commercial Equivalent of 
AN URM-17. 
Frequency range includes 
Citizens Band and UHF 
color TV Band. 

These instruments comply with test equipment requirements 
of such radio interference specifications as MIL 1.6181, 
MIL-I-16910, PRO-MIL-STD-225, ASA C63.2, 16E4, AN-I-24a, 

AN-I-42, AN-I-27a, MIL-I-6722 and others. 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Boulevard, Hollywood 38, California 

(Continued from page 254A) 

Pollack. M.. 3096 Brighton Sixth St.. Brooklyn 35, 
N. Y. 

Powell, N. E., I06-A South Cornell, Albuquerque, 
N. Mex. 

Roberts. J. G., "Little Meadow," 40 Barrow Bridge 
Rd.. Bolton, Lancs.. England 

RoggerFtein. E. 0.. 140 Main St., Box 683, Nor-
walk. Conn. 

Sakamoto, T.. Electrical Engineering Department. 
University of Tokyo, Bunkyo-ku. Tokyo. 
Japan 

Samsky. B. S., 588 North Broadway, Saratoga 
Springs, N. Y. 

Schreiber, E. J., 2339 Elsmere Ave., Dayton 6, Ohio 
Scull. J. R.. 1325 N. Wilson Ave.. Pasadena 6, 

Calif. 
Shoal. J. H., 2923 Weisman Rd.. Silver Spring. Md. 
Smith. H. C.. McKinley High School. King St.. 

Honolulu. Hawaii 
Spanier. B.. 5201 D Blanco St.. El Paso, Tex. 
Taylor, W. G., 2117 S. Curtis Alhambra. Calif. 
Tyron, J. G., 191 Hillside Ave., Chatham, N. J. 
Vangunten, L. F.. 2323 Eden La.. Dayton 3. Ohio 
Watstein, J. 1., 7937 Essex Ave., Chicago 17. III. 
Wertman, R. C., 442 Hamilton Pl.. Hackensack, 

N. J. 
Wood, R. M.. 4458 Tiedeman Rd., Brooklyn, Cleve-

land 9, Ohio 

The following elections to the Associate 
grade were approved to be effective as of 
February 1, 1953: 

Aleott, E. H., 179-06 Anderson Rd., Springfield 
Gardens. L. 1,. N. Y. 

Allen, C. F.. Box 3054 USAFIT. Wright-Patterson 
AFB. Ohio 

Alman. J., 401 Helen St., Vestal, N. Y. 
Alsabrook. C. M.. 113 James St.. Burlington, N. C. 
Amedeo, P.. 42-22-161 St., Flushing, L. I.. N. Y. 
Appelbaum. G.. 367 E. 48 St., Brooklyn, N. Y. 
Axford. W. R.. 215 Weldy Ave.. Oreland. Pa. 
Ayer, W. T., Radio WBEC, 30 Eagle St.. Pittsfield, 

Mass. 
Baker, A.. Raytheon Manufacturing Co.. 148 Cali-

fornia St.. Newton 58, Mass. 
Baker, M. L.. 403 Landfair Ave., Los Angeles, Calif. 
Balugo, J. J., 707 E. 89 St., Los Angeles 2, Calif. 
Barres-Barreto, L. A. G. C., Inst. Tecno, De Aero., 

S. Jose Des Campos. Est, S. Paulo. Brasil 
Barrowcliff, T. A.. 406 Grover Cleveland Hgwy.. 

Buffalo, N. Y. 
Bastian, A. L., 7 Burbank St., Yonkers. N. Y. 
Belcher, R. D., 82 Railroad Ave.. Valhalla, N. Y. 
Bell. R. W., 576 Center Dyre Ave., West Islip. 

L. I., N. Y. 
Bentivegna, M. J., 65 Coit St., Irvington II, N. J. 
Bergeron. W. F., 4 County St., Ipswich, Mass. 
Berlin, J., 1832-64 St.. Brooklyn. N. Y. 
Bickel, S. 0., 2201 Riedmiller Ave., Fort Wayne, 

Ind. 
Blair, D. R., 180 S. Alvardo St., Los Angeles. Calif. 
Blumenberg, A., 66 Pinehurst Ave.. New York, 

N.Y. 
Bode. G. F.. 1302-18 St., N.W., Washington, D. C. 
Bondarenko, A. J., 333 Jackson Ave.. New York. 

Boyd, C. H., Box 512, Grand Rapids, Mich. 
Brett, C. F., 5622 E. Sewells Point Rd., Norfolk 13, 

Va. 
Brinker, H., 60-48 Woodbine St., Ridgewood, L. I., 

N. Y. 
Bryson, V. E., 7315 Fairchild Ave., &E., Albuquer-

que. N. Mex. 
Buehler, 10150 Dallas Ave., Silver Spring, Md. 
Burdick, D. D., 484 Richmond Ave.. Buffalo 22, 

N. Y. 
Caldwell. Burn Brae, Clifton Heights, Pa. 
Candiotti, J., 201 S. Fourth St., Brooklyn, N. V. 
Castown, R. W.. 142 Manhattan Ave., New York, 

N. Y. 
(Continued on page 258A) 
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... with 
$»'-O-M'»c TIME 
DELAY RELAYS 

TIME DELAY is a basic 
requirement of many 
common electronic cir-
cuits. Thyratrons and 
gas filled rectifier tubes, 
particularly, must be 
protected to obtain any 
semblance of satisfac-
tory life. 

The facts are simple:  

Time delay permits the 
tube to heat be-
fore the load 
is applied; 
otherwise 
a coating 
forms on the 
cathode which 
quickly destroys its 
effectiveness. 

HEINEMANN Silic-O-
Netic Time Delay Relays 
have a unique combina-
tion of characteristics 
ideally suited to cathode 
protection. They are 
both low cost and fully 
dependable; small in 
size and lightweight. 
They are all metal, yet 
the time element is her-
metically sealed ... for-
ever free of dirt and not 

Operating principle subject to a fatigue lac-
is explained in Bul- tor. Silk-O-Netic Re-
Jelin 500IA. Send lays employ no thermal 
for your copy. elements . .. thus they 

are not affected by the 
normal ambient temper-
ature variations of elec-
tronic equipment. 

don't use heat 
... USE POWER 

InetiNkureNNI 

29 Yectiat, De. seivics, .to _the, 

Redo mantteactuhinci, gfidtadiu,i, 
BAUMAN & BLUZAT 

Serving the Mid-West 

And Representing These Outstanding Manufacturers 

• t.utotnatic Electric Mfg. ( 0. 
Mankato, Minn. 

Relays—Timers—Flashers 

• Ballastran Corporation 
Ft. Wayne, Ind. 

Transformers, Commercial—and to Military Specs. 

• The Barry Corp. 
Watertown, Mass. 

Barry Mounts, Shock & Vibration Control 

• Cambridge Thermionic Corp. 
Cambridge, Mass. 

Coil Forms, Terminal Boards, Lugs & Radio Hardware 

• Chicago Condenser Corp. 
Chicago, Ill. 

Oil Impregnated, Wax Tubular & Hermetically Sealed 
Condensers 

• Eastern Air Devices 
Brooklyn, N.Y. 

Fractional H. P. Motors to JAN Specs. 

• Kemtron Electron Products Co. 
Salem, Mass. 

Germanium & Silicon Diodes 

• Kings Electronics 
Tuckahoe, N.Y. 

Connectors, Microwave Components 

• Reeves-Hoffman Corporation 
Carlisle, Penn. 

Quartz Crystals 

Consulting • Engineering • Sales & Service 

TWX; CG-1700 

2753 W. North Ave. 

Chicago 47, Illinois 

Mobile; WJ 4-3204 

HUmboldt 6-6809 
ELECTRIC COMPANY 

154 Plum Street Trenton 2, N.J. 
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NEWS 
Dyna-Labsk 
D - 79 

GAUSSMETER 
This pre( ision built instrument 

measures flux density, determines 
direction of flow. It locates apd 
measures stray fields and plots 
variations in strength and checks 
production lots against a standard. 
Simple to operate. No ballistic 
readings ... no jerking or pulling. 
Supplied with protective carrying 
case. 

• Other Features - 

• Reads 10 to 30,000 Gauss Flux Fields 
• Probe is only .025" thick 
• Active area .01 square inches 
• Overall size 13" a 6-3/4" x 10-1/2" 
• Net weight only 10-1/2 lbs 
• Power supply 105-125 volts, 50-60 cycles 

We invite inquiries. For literature write Department 

instrument for all your 
magnetic measuring problems. 

Darla-Labs 
INC. 

075 STEWART AVENUE, GARDEN CITY, L. I., N. Y. GARDEN CITY 3-2700 

Egeceirofflia,  

Cut production costs, speed operations, by 
specifying BIRNBACH — your DEPENDABLE 
Source of Supply! 

COMPLETE WAREHOUSE STOCKS 
Write for Catalog 53-I 

BIRNBAcH RADIO CO. INC. 

. See Eé/teeleac4 
Fe' All Your Needs In 

Radio - Electronic - Television 
Gov't Specification 

• Hook-Up Wire 
SRIR-SRHV 
JAN-C-26 

Thermoplastic 
WL-Glass Braid 
Nylon Jacket 
105* C. UL 
Approved 

• Wire—Coble 
• Guy Wire 
• Aluminum Wire 

• Magnet Wire 
• Jocks—Plugs 
• Insulators 

Steatite-Ceramic 
• Hardware 
• Accessories 
• Test Leads 
• Vinyl Extruded 
and Radio 
Grade Tubing 

Manufacturers of Quality Products 
for the Electronics Industries,— 
Seiving since 1923 CM0111) 

RACK MOUNTING MODELS 

105-125 V, 60C INPUT 
OUTPUT CURRENT MAY BE SET 
AT ANY VALUE BETWEEN 0.2 
AND 50 M.A. D.C. INCLUSIVE. 
AS LOAD VOLTAGE VARIES BETWEEN 
0-150 V. MODEL IA-R IS CONSTANT 
WITHIN 1%, MODEL 1 B-R WITHIN 0.1%. 

ELECTRONICALLY REGULATED 

D.C. CONSTANT CURRENT 

POWER SUPPLIES 

OUTPUT CURRENT IS HELD 

CONSTANT AS LOAD VARIES 

OTHER MODELS AVAILABLE 

WRITE DEPT. 101 FOR LITERATURE 

ASSOCIATED SPECIALTIES CO. 

1751 MAIN STREET 

OREFIELD, PENNSYLVANIA 

(Continued from page 256A) 

Cesarlo, D. J., 2739 Sheffield Ave., Chicago. Ill. 
Cheeseman, P. R.. Palmer Physical Laboratory, 

Princeton University. Princeton. N. J. 
Chowdary, T. H.. Control Room. Broadcasting 

House, New Delhi. India 
Churchon. S. P.. 2104 Lyon Ave., Belmont, Calif. 
Clee, L. W., 2110 W. Olmos Dr., San Antonio 1, 

Tex. 
Coachman. J. E., 8 Roosevelt Rd., Maplewood. 

N. J. 
Cohen, L. A.. 357 E. 95 St.. Brooklyn, N. Y. 
Conrad. R. W., Box 212, Weston 93, Mass. 
Cool, P. E., R.F.D. I. Medway, Ohio 
Cooper. J. I.. 135 Winding Way, San Carlos. Calif. 
Cora, A. M.. Jr.. 1220 N. Broad St., Philadelphia. 

Pa. 
Cordray, R. E., 20 Oak Ter.. Neptune City, Avon, 

N. J. 
Crane. P. H.. 421 W. 21 St., New York 11, N. Y. 
Creacy, J. N., 2308 Roberts St., Wichita Falls, Tex. 
Cullom. J. H., 4708-B Gateway Ter.. Baltimore, 

Md. 
Davis. J. L., Box 907, Pasadena, Tex. 
Delp, R. H., Redstone Arsenal. Huntsville, Ala. 
Dite, W., 18 Manhattan Ct., Nutley 10, N. J. 
Dodgson, J. G., 5406 Hamilton St., Apt. 3, Rogers 

Heights, Md. 
Donat, O. E., Keystone Products Co., 904-23 St., 

Union City, N. J. 
Doty, W. E. N., Development and Research Depart-

ment, Continental Oil Co., Ponca City, 
Okla. 

Dunn, C. J.. 6 Greenmeadow Rd., Tuckahoe 7, 
N. Y. 

Eames. F. M.. Jr., 4920 Dinsmore Rd., Dayton, 
Ohio 

Eckess. W. S., Jr., 1300 Oakland Rd.. N.E., Apt. 
1408, Cedar Rapids. Iowa 

Edwards, D. F., Box 3133, USAFIT, Wright-
Patterson AFB, Ohio 

Edwards. J. M.. Southwestern Bell Telephone Co., 
900 W. Fifth St., Little Rock, Ark. 

Elders. D. S.. 14 James St., Englewood, N. J. 
Elkins, R., 88-28-188 St., Hollis, L. I., N. Y. 
Elliott. W. S., R.F.D. 2, Cedar Rapids. Iowa. 
Fierstein. J. H., 329 Wister St., Philadelphia, Pa, 
Frank, J., 105 Winthrop St.. Brooklyn 25, N. Y. 
Fritsche. A. J., 424 E. 52 St., New York, N. Y. 
Gardner, R. A., 733 W. Vineyard, Anderson, Ind. 
Gensel. W. L., 1309 Northup Rd.. Drexel Hill. Pa. 
Gessner, R. J.. 4619 Ninth St.. NM., Washington, 

D. C. 
Gignoux, F. E.. 2515 Massachusetts Ave., N.W., 

Washington, D. C. 
Gillis, J. F., Box 296. Hartsdale. N. Y. 
Goff, W. S., Jr., Box 3151, USAFIT. Wright-

Patterson AFB, Ohio 
Goldberg, O. D., 20 Springate St.. Utica 4, N. Y. 
Goldberg, S. R., 306 Terrace Ave., Hasbrouck 

Heights, N. J. 
Goodwin, J. W., 2123 Guilford Rd., Hyattsville, 

Md. 
Guyton, R. D., 5109 Flagstone Dr., Fort Worth. 

Tex. 
Hall, H. S.. 2001 Alsace Rd., Reading, Pa. 
Harris, V. E., U. S. Fish and Wildlife Service. Ma-

rine Laboratory. University of Miami, 
Coral Gables. Fla. 

Hartmann. H.. 409 Third Ave., Haddon Heights, 
N. J. 

Hartzell, R. A.. Box 3166. USAFIT. Wright-Pat-
terson AFB, Ohio 

Hayden, H. P., Box 2902, Baltimore, Md. 
Henkle, H. H., 86 E. Randolph St.. Chicago 1, Ill. 
Hemmer, F. A., Jr.. 4 Osborne Ter., Maplewood. 

N. J. 
Hibbard, H. C., 1347 S. Florence, Tulsa 3, Okla. 
Hickok, F. A., 56 Cedar St., East Weymouth 89. 

Mass. 

(Continued on page 260A) 
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Top Service 
IS ASSURED WHEN 

YOU ORDER YOUR 

RAYTHEON 
TUBES 

and JUNCTION TYPE 

TRANSISTORS 
FROM 

DMA 
Metropolitan New York's 

Foremost Electronic Distributor 

Immediate Delivery From Stock 

PHONE: ALgonquin 5-3000 

WRITE or WIRE: Dept. IND 

TELETYPE: N. Y. 1-2482 

H.I.DALIS INC. 
WHOLESALE DISTRIBUTORS 
ELECTRONIC EQUIPMENT 

175 VARICK ST., NEW YORK 14 

SERVING THE TRADE FOR OVER 

A QUARTER CENTURY 

AN Types 

RF Types 

Rack and Panel 

Cable Assemblies 

See us in 

BOOTH 4-520 

RADIO ENGINEERING 
SHOW 

Grand Central Palace 
March 23-26 

A long established symbol 

FOR THE PAST 20 years we've been 

applying our skills to problems in 

research, design, engineering, and 

manufacture of connectors and 

component parts for many of America's 

best known companies in the 

electronics and communications 

industries. 

OUR CRAFTSMEN have been and 

are now producing parts that exceed 

the most exacting requirements. Our 

task is to make the H. H. Buggie And 

Company symbol even more important 

to you through manufacture of 

products equal to the importance you 
attach to them. 

IN ADDITION to the products 

illustrated at left, H. H. Buggie And 

Company designs, engineers, and manu-

factures many special parts and 

assemblies. We invite your inquiries. 

H. H. BUGGIE 
And Company 

TOLEDO 4, OHIO 

Sale; Engin.ri All Principal Cities 
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NEW. THE CB MODEL 712 
C-R-L BRIDGE 

Measures Capacitance, Resistance, Inductance, Insulation Resistance, the Turn Ratio of Trans-
formers, DC Leakage, Current of Capacitors, Dissipation Factor "D" and Storage Factor "Q" 

10 MMF to 1100 MFD 

1 OHM to 1 1 Megohms 

100 Microhenries to 110 Henries 

Insulation Resistance 
Up to 10,000 Megohms 

Turns Ratio .01 to 110 

DC Voltage for Polarizing 
Electrolytics 0-500 V 

Meter Measures Polarizing 
Voltage and Leakage Current 

Capacitor Quality Test for Open or Shorted 
Capacitors Without Disconnecting From 
Circuit 

CB MODEL 712 
Small size—light weight—high accuracy. For com-

plete construction details and performance data 
write for Bulletin 27D. 

The CLOUGH BRENGLE Co. 
6014 Broadway Chicago 40, III. 

improve your products 

with QUALITY COMPONENTS 
eeettee9 

hand-wound 

COILS 

 4=tt 

eel l SEND US YOUR BLUEPRINTS or 
SPECIFICATIONS FOR QUOTATIONS! F m Elect ronic u n    r Portsu  ' Manu facturingin  e m 7 c i .., . I nc. II  

1 508 25th St., Union City, N. .1. I ' 

-m---1 Send me copy of your brochure. I 

MOD 

of Tungsten 
and Molybdenum 

  •   

grealeef 
"precision" 

LEADS 

----ArAte% 

Name  

I Address u IPM 

of TUNGSTEN 

MOLYBDENUM 
NICKEL 

NICKEL-CLAD COPPER 

and ALLOYS 

•   
guatit9 

MACHINED 
TUBE 

COMPONENTS 
to customers' 

specifications 
• 

ELECTRONIC PARTS MANUFACTURING CO., Inc. 
508 25th St., Union City, N. J. 

(Continued from page 258,4) 

Hoffman. R. J., Rm. 1C336. Bell Telephone Labora-
tories, Murray Hill. N. J. 

Holland, J. W., 37 Family La., Levittown, L. I.. 
N. Y 

Hollepeter, W. C., 6620 Elmer Ave., North Holly-
wood, Calif. 

Howland, I. R., Sheridan Village. 19-C4, Schenec-
tady, N. Y. 

Hubelbank, S. H., 363 Norton St., New Haven, 
Conn. 

Hudson, J. L., 323 W. Lemon St., Lancaster, Pa. 
Hurley, L., 2736 Rosemont, Shreveport, La. 

Hyde, H. I., Rm. 22. Chemical Bldg., University of 
Arkansas, Fayetteville, Ark. 

Isberner, M. P.. 5061_,W. Balmoral Ave., Chicago 
30, Ill. 

Jablonsky, J. G., 633 N. Lockwood Ave., Chicago 
44, Ill. 

Jacobs, M. G.. 1535 Ocean Ave., Brooklyn, N. Y. 
Jevons, L. 0., 7723 Westlawn Ave., Los Angeles. 

Calif. 
Johnson. D. E., 3115 W. 71 Ter., Prairie Village 13. 

Kans. 
Kenney, J. R., 213 Blackburn Ave., Ottawa, Ont., 

Canada 
Kerwin, W. J., 2895 Emerson St., Palo Alto, Calif. 
Kiciak. C. J.. 8316 Manistee Ave.. Chicago 17, Ill. 
Kiseleski, J. M., 319 Indiana Ave.. Shenandoah, Pa. 
Knowles, C. C., 14 Albany Ave., Brooklyn, N. Y. 
Kohls, G. F.. 1600 Emmons Ave., Dayton 10. Ohio 
Kotzum, J., 344 Acacia St.. San Francisco 24, Calif. 
Kozma, E. Z.. 1801 Maple St., Granite City, Ill. 
Kreinheder, D. E., 272 Boston St., Syracuse, N. Y. 
Lay, C. A.. Jr., Box 3219, USAFIT, Wright-Pat-

terson AFB, Ohio 

Lee. R. W.. 1029 Jackson St., San Francisco, Calif. 
Lee, T. K., 134-35-59 Ave.. Flushing, L. I., N. Y. 
Lencioni, C. C., Jr.. 201 S. Kedzie Ave., Chicago. 

Leonard. H. Q., Box 3155. USAFIT, Wright-Pat-
terson AFB, Ohio 

Lin, C. S., 805 E 47 St.. Austin, Tex. 

Little. G. R.. R.F.D. 1, West Moreland St., Whites-
boro, N. Y. 

Lockhart. E. H.. 1506-K S. Catalina Ave.. Redondo 
Beach, Calif. 

Lockwood, R. A., Eighth Comm. Fleet, APO 942. 
c/o Postmaster. Seattle, Wash. 

Long, B. J., Box 3207, USAFIT, Wright-Patterson 
AFB, Ohio 

Long. J. A.. Squawbuck Rd., Columbia City. Ind. 
Long, J. E., Valparaiso Technical Institute, Val-

paraiso, bd. 
Low, R. C., 222 North Ave.. E., Cranford, N. J. 
Luchter, D., 1014 Myrtle Ave., El Paso, Tex. 
Lucid, J. R., Box 3245, USAFIT, Wright-Patterson 

AFB. Ohio 
Luttrell, N. H., Jr., 6036 Oregon Ave.. NM., Wash-

ington IS, D. C. 
Mankiewicz, E. J., Box 72, AA & GM Branch. 

TAS. Fort Bliss. Tex. 
Mann. J. R., 9584 TSU, Fort Monmouth, N. J. 
Mannas, R. G., 3609 Windsor Mill Rd., Baltimore 

16, Md. 
Marple, M. 0., 2158 Homer St., Philadelphia 38, 

Pa. 

Mason, C. F., 412 N. Easton Rd., Willow Grove, 
Pa. 

Mason, J. R., 303 W. Mt. Pleasant Ave., Phila-
delphia, Pa. 

McDonald, R. D., 565 Edmonds St., New West-

minister, B. C., Canada 

Metzger. G. V., RCA Victor Division, Bldg. 13-7 
IDF, Camden, N. J. 

Miller, L. A., 1090 E. Kentucky St., Louisville, Ky. 

Miller, L. G., Box 3221, USAFIT, Wright-Patter-
son AFB, Ohio 

VISIT BOOTH 3-508 IRE SHOW, GRAND CENTRAL PALACE 

260A 
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These new books 
will be at your Radio 
Engineering Show. Be 
sure to see them. 

Flux Linkages & 
Electromagnetic 
Induction 

by L. V. Bes ley. An outstanding contribution to 
basic electrical knowledge, this book presents the 
reasons for the difficulties commonly encountered 
in problems involving induced voltages and 
simple, straightforward methods of analyzing and 
solving these problems. 53.50 

Direct Current 
Machines for 
Control Systems 

by A. Tustin. Explains in practical engineering 
terms the basic principles common to the various 
types of electronic control mechanisms, the com-
parative characteristics of the major types being 
manufactured today, and the salient features to 
consider in the selection and use of these mech-
anisms for a particular purpose. $10.00 

Hearing Aids 
by lifattheu, Mandl. Here for the first time is a 
clear, simple explanation of the major types of 
modern hearing aids in terms of their efficiency 
for the user and their service problems. Written 
both as a guide to the hard-of-hearing in the 
selection and use of a hearing aid and as a basic 
manual for the serviceman, this book will be a 
valuable sales aid to manufacturers and dealers as 
well as an excellent training text for their service 
personnel. $3.50 

Qualitative Analysis and Analytical 
Chemical Separations 

by P. W. West, M. M. Vick, and 
A. L. LeRosen (Febr. 24th) 

The principles and laboratory techniques, includ-
ing new, non-sulfide procedures. 

Physical Chemistry 3rd Ed. 
by F. H. /MacDougall 

New, up-to-date edition of a leading text, noted 
for its thorough, rigorous treatment of the sub-
ject. $6.00 

Analytic Mechanics 
by V. ,11. Fairer 6 S. D. Chambers 

New 3rd edition of the authors' well known 
"Mechanics of Engineering." $6.00 

Calculus 
J. I' Randolph $5.00 

Elementary Differential Equations 
/. / I) Rain:III, $5.00 

Laboratory Manual of Materials Testing 
by R. T. Luidtroat & P. 0. Pow 

Full, up-to-date information on equipment and 
techniques. $4.00 

These and many other impor-
tant new books will be at 
Brentano' book (501-2) at 
the IRE show. Look them over 
there, or write us for further 
information. 

gZe .../fkzenuetst Wonetemy 

.>0 FIFTH AVENUE, NEW YORK 11, N.Y. 

Kunvon 
SPECIAL Transformers 
Have Many Applications 

Kenyon oil-filled hermetically sealed transformers have particular application to 
pulse and high voltage plate transformers and to charging reactors. 

They are specially valuable for reactors and plate transformers operating on 
400 cycle or higher frequency primary supply voltage. 

Because of their internal characteristics oil-filled transformers present different 
problems from conventional types. Cases must be correctly designed, terminals 
properly constructed and sealing methods highly efficient to eliminate oil leakage. 
Kenyon has successfully solved these problems. 

The result is a unit with high quality insulation, small in size yet possessing excel-
lent life and exceptional dependability. 

Because of substantial savings in size and simplicity of insulation, use of Kenyon 
Oil-Filled Transformers frequently results in lower final cost. 

Booth No. 1-615, I.R.E. Show 

No matter what your transformer requirements may be con-

tact Kenyon first. Our engineers will endeavor to show you 

how you can increase efficiency at low cost by choosing a 

transformer from the complete Kenyon line. 

KENYON TRANSFORMER CO., Inc. 

840 Barry Street, New York 59, N. Y. 
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sub - miniature 
AND 

moisture-proof 
THE ECONOMICAL SOLUTION 
where moisture proof resistive ele-
ments of comparatively small size are 
required for commercial applications. 
Type S-15 is Ye " long by 1/4 " diam-
eter; type S-30 measures 3/4" by 1/4 " 
diameter Both types are moisture 
proof and capable of high performance 
over long periods of continuous ser-
vice. IN-RES-CO Resistors for every 
ordnance or civilian requirement are 
available at a cost that solves circuit 
design problems both performance-
wise and cost-wise. Check up now, on 
the complete line of IN-RES-CO 
quality wire wound resistors. 

INSTRUMENT 
RESISTORS CO. 

COMMERCE 
AVENUE 

UNION 
NEW JERSEY 

APPLICATION-DESIGNED RESISTORS FOR 

IN-RES-CO 
S-15 & S-30 
WIRE WOUND 

RESISTORS 

TYPE S 15 
1/4 " DIA. X 3/8 " LG. 

TYPE S-30 
1/4 " DIA. x 3/4" LG. 

FOR JAN SPECIFICATION 
RESISTORS - comot Ihe new 

Illustrated literature describ- arrelliter,. r 

leg the complete ln•ref-re 

line. Write for your 

CODY today' 

ELECTRONICS AND INSTRUMENTATION 

QUALITY • QUANTITY • QUICKLY 

.3l1 .j 

Type INC UG-2 74/U 

The Right Connection... right now! 

Dage RF connectors are designed right, engineered right, 
built right—and available now. Each part is carefully made— 
Dage connectors are precision assembled to assure a sure 
connection. 
Check your specifications—be sure you're right—ask for 

Dage radio frequency connectors, 

ALWAYS SPECIFY 
Dage is versatile ... any standard or special RF connector 
can be quickly produced at Dage. Write for Catalog 101. 

RADIO FREQUENCY CONNECTORS 

DAGE ELECTRIC COMPANY, INC., 67 NORTH SECOND STREET, BEECH GROVE, IND. 

(Continued from page 260A) 

Miller. R. J., 541 Anderson Ave.. Rockville. Md. 
Millet, R. G., Bldg. 6, General Electric Co.. Elec-

tronics Pk.. Syracuse, N. Y. 
Mills, R. J.. Box 4, Harper Station, Detroit. Mich. 
Moody. R. B.. Hq. USAFIT, Box 3229. Wright. 

Patterson AFB, Ohio 
Murufas. P. P.. 1426 West 48 St., Los Angeles, 

Calif. 
Nelsen, H. H.. 4332 Lafayette. Bellaire, Tex. 
Newman. S.. 456 Alabama Ave., Brooklyn, N. Y. 
Nichols, D. L., R.F.D. 1, Croydon. Pa. 
Nicholson, J. K., Box 3432, USAFIT, Wright-Pat-

terson AFB. Ohio 
Nielson, W. C.. Box 3044, USAFIT, Wright-Patter-

son AFT. Ohio 
Nowakoski, D. B., 11 Maple Ave., Meriden. Conn. 
O'Cain, W. L., 512 Amelia. N.E.. Orangeburg, S. C. 
°Hick, E.. Keystone Products Co.. 904-23 St., 

Union City, N. J. 
Ormiston, J. W., 255 St. Clarens Ave., Toronto, 

Ont., Canada 
Ostrem, R. E.. Box 3241, USAFIT, Wright-Patter-

son AFB, Ohio 
Paulos, P. J., Tinsley's Court, Alamogordo. N. Mex. 
Paulson, E. T., 2376 Lake St.. Salt Lake City. Utah 
Pawlikowski, S. L., 511 Vine St.. Emporium, Pa. 
Peck. D. B., 10 Haley St., Williamstown. Mass. 
Peer. G. C.. Apt. 102, 7 St. Lukes Pl., Montclair. 

N. J. 
Perritte, J. L.. 1610 Webster St., N.W., Washing-

ton, D. C. 
Plaisted, A. H., Sylvania Electric Products, Inc., 

Ipswich, Mass. 
Porter, J. R.. 251 South E St., Oxnard. Calif. 
Purdy, R. L.. 89-01-242 St., Bellrose, L. I., N. Y. 
Randolph, R. V., 312 Concord Ave.. Cambridge. 

Mass. 
Reece, O. A.. 1415 Floribunda Ave.. Burlingame, 

al 
Reges, 35i4f.4 

Wagner St., Franklin Park, Ill. 
Reiffen, B., 34 Fairmont Ave.. Southbridge, Mass. 
Retzger. L. I.. 75-16-199 St.. Flushing, L. I., N. Y. 
Rhodes. R. D., 815 Huestis Ave., Fort Wayne, Ind. 
Rhodes. W. C., Code 125 N, Charleston Navy 

Shipyard, Charleston. S. C. 
Richardson, J. N., 46 Gurley Rd.. Nixon. N. J. 
Rineer, I., Box 174, Centerville, Ohio 
Roberts, L. H.. 327 Hoover Ave., Akron 12. Ohio 
Robertson, L. C.. Box 3258, USAFIT. Wright-Pat-

terson AFB. Ohio 
Rosebrugh, R. K., 426 Claremont Ave., Buffalo 23, 

N. Y. 
Runyon. J. P., Bell Telephone Laboratories. Inc., 

Murray Hill, N. J. 
Russell, L., Andrew Alford Consulting Engineers. 

299 Atlantic Ave., Boston, Mass. 
Ryall, R. W.. 848 William St., Montreal, Que.. 

Canada 
Sackett, W. T., Jr., 2429 Mecca Rd.. Columgus 11. 

Ohio 
Salij, Z. B., 1198 Pacific St., Brooklyn, N. Y. 
Sarvrari. M. A., 14 Hall Rd.. Lahore, Pakistan 
Saudinaitis, E.. 2737 Hirsch St.. Chicago 22, Ill. 
Sauer. W. F., 1735 'C' Ave.. N. E.. Cedar Rapids, 

Iowa 
Schauwecker. H. E., 7 Beekman Rd., Summit, N. J. 
Schmitt, E. J.. 23I-C Garfield Ave., Collingswood 7, 

N. J. 
Seale, C. L., Battelle Memorial Institute, 505 W. 

King Ave., Columbus. Ohio 
Sherman, M. R., 2039 Homecrest Ave., Brooklyn, 

N. Y. 
Silverman. J. B., 7972 Thouron Ave., Philadelphia. 

Pa. 
Sims, B. S., 75-B Readville St., Hyde Park 36, Mass. 
Sluts, R. J., 2612 Henderson Ave., Wheaton, Md. 
Sodaro. J. A., 8 Carolyn Ave.. North Valley Stream. 

L. I., N. Y. 
Soper, G. T., 140 S. Liberty St., Elgin. Ill. 
Stanverman, R. J., 1024 W. Irving Park Rd.. Chi-

cago 13, III. 
(Continued on page 264A) 
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For further information or 
descriptive literature, write 

ELECTRIC 

SOLDERING 

IRONS 

are sturdily built for 

the hard usage of in-

dustrial service. Have 

plug type tips and are 

constructed on the unit 

system with each vital 
part, such as heating 

element, easily remov-

able and replaceable. 

In 5 sizes, from 50 

watts to 550 watts. 

• 

TEMPERATU RE 
REGULATING 

STAND 
This is a thermostatically con-

trolled device for the reg-

ulation of the temperature 

of an electric soldering iron. 

When placed on and con-

nected to this stand, iron 

may be maintained at work. 

ing temperature or through 

adjustment on bottom of 

stand at low or warm 

temperatures. 

AMERICAN ELECTRICAL 
HEATER COMPANY 

DETROIT 2, MICH., U. S. A. 

Aluminum Case 

One Hole Ring 
Mounting 

DelUR 
MODEL 
120 

• DC VOLTMETERS 

• AMMETERS 

• MILLIVOLT METERS 

• MILLIAMMETERS 

• AC RECTIFIER TYPES 
(self-contained). 

ly2" 
Pafteti INSTRUMENTS 

Precision built DeJUR 11/2" instruments for 
applications where space must be conserved. 
DeJUR rugged construction. Both models in 
all ranges and sensitivities. External shunts 
and multipliers available for various ranges. 
Complete magnetic shielding and methods 
of lighting scales. Built to meet government 
specifications. 

ACTUAL SIZE 

Del UR 
MODEL 

112 

Also available • 21/2" • 3t/2" • 4" panel meters 
in all standard ranges. MIL-M-6A and A. S. A. 

REQUEST CATALOG P-3 

Del11111 AMSCO CORPORATION 45-01 NORTHERN BOULEVARD, L. I. C. 1, N. Y. 
NIANU.1(11.111111 0, SCUM, OK ,,Iri,on 1011,IMINI 10. OVI. a 1;11.1•IIII .0I • 

• C•A•12•5 • PROJ•CIORS • INLAROf RS • EXPOSURÉ MIIIRS • 

Z__WAXES 

--COMPOUNDS 

OPHAR 

Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot elec-

tronic and electrical equip-

ment or components of ail 

types; radio, television, etc. 

Cold flows from I 00°F. to 

285°F. Special waxes non-

cracking at —76°F. Com-

pounds meeting Government 

specifications plain or fungus 

resistant. Let us help you with 

your engineering problems. 

107 
IESRS 
• 

ZOPHAR MILLS, INC. 
112-130 26th Street, 
Brooklyn 32, N. Y. 

RADASWEEP 
Radar FE Amplifier 

Ahem., 

MEGA-MATCH 
Meougernent ol 

Relleclon Coefkiant 

MARTA-SWEEP RE-* 
Ty Tvneir A/Ignreont 

RADA-PULSER 
Radar IF Trontient 

Teving 

NEED INSTRUMENTS 
TO SOLVE 

ELECTRONIC 
PROBLEMS ?... 

MEGA-PULSER 
Trans:erd Tesrir,9 
Video Amplifien 

O 
CA Li SPAT ED 
MEGA -SWEEP 

Wide Range Semeeplani 
Oscillator 

Single Dial Tun.el 

r CONSULT THIS LATEST 

6 4 -PAGE 

CATALOG 

Write 
FREE ...! 

KAY ELECTRIC CO. 
PINE BROOK, N. 
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THERMO PLASTICS 
...from the most complex part 

...to the complete product! 

NO MATTER how complex the 

problem, Scheidl has the skilled 

craftsmen and the equipment to 

do the ¡ob ... and do it right. 

Why not visit them at booth 

4-416 at the I.R.E. Show and 

learn more about the facilities 

of this fast growing fabricator 

of thermo plastics. 

SCHOOL 
MANUFACTURING CO. 

198 5 GREAT NECK RD., COPIAGUE, L. I., N. Y. 

• PANEL AND CONTROL BOX 
ASSEMBLIES 

• MACHINE DETAILS 

• EDGLIGHT PANELS MADE TO 
MIL-P-7788 SPECIFICATIONS 

• REINFORCED PLASTIC HOUSINGS 
FOR ELECTRICAL UNITS 

• LOW PRESSURE LAMINATING 

• PRECISION AND VACUUM 
FORMING 

HIGH TENSION DC SUPPLIES 
• Fine Regulation 

• Low Ripple 

• Safety 

DESIGNED FOR RELIABLE SERVICE IN 
LABORATORIES AND INDUSTRIAL 

APPLICATIONS 

Voltage 
Model Range Current Range Regulation 

2IM 
21 MR 
22C 
22CR 
22M 
22MR 
23C 
23CR 
23M 
23MR 
24C 

1 - IS KV 
I - IS KV 
3 - 26 KV 
3 - 26 KV 
3 - 26 KV 
3 - 26 KV 
5 - 40 KV 
5 - 40 KV 
5 - 45 KV 
5 - 45 KV 
5 - 50 KV 

6 ma. @ 10 KV 
6 ma. @ 10 KV 
2 ma. @ 18 KV 
2 ma. @ 18 KV 
3 ma. @ 20 KV 
3 ma. @ 20 KV 
1.3 ma. @ 25 KV 
1.3 ma. @ 25 KV 
1.5 ma. @ 30 KV 
1.5 ma. @ 30 KV 
I ma. @ 35 KV 

Voltage 
Range Current Range Regulation Model 

24CR 
24M 
24MR 
335 
33HRR 

All units housed in standard 19 inch 

5 - 50 KV 
- 55 KV 
5 - 55 KV 
1 - 30 KV 
1 - 30 KV 

I ma. @ 35 KV .5% 
2 ma. @ 30 KV 
2 ma. @ 30 KV .5% 
4.5 ma. Entire Range 
5 ma. Entire Range 0.1% 

REVERSIBLE POLARITY 

rock cabinets 

NEUTRONIC ASSOCIATES 
CONTROL DEVICES 

83-56 VIETOR AVENUE 

Hickory 6-5013 
• ELMHURST 73, L.I., N.Y. 

(C,utinued from page 262A) 

Stietenroth, J. D., 4877 Maplewood Dr., Jackson 
M iss. 

Stucky. N. P.. 2835 Nicollet Ave., Minneapolis 8, 
Minn. 

Sumner, T. B., 6050 Cartwright Ave., North Holly-
wood. Calif. 

Suozzi, J. J., Bldg. 24-5, Naval Ordnance Labora-
tory, White Oak, Md. 

Thompson, R. E., 424 Stambaugh St., Redwood 
City, Calif. 

Thormahlen, W. H., 1044 Berkeley Ave.. Menlo 
Park. Calif. 

Thorp, H. R.. Box 3285, USAFIT, Wright-Patter-
son AFB, Ohio 

Trigg, R. J., 47 Elthorne Park Rd.. London W. 7. 
England 

Vidalia, D., 90 Admiral Betty. Pierous, Greece 
Wackid, C. B., 281 Laurier West, Ottawa, Ont., 

Canada 
Walker. J. R., 285 Pleasant St., Winthrop 52, Mass. 
Wels, B. G., 115 Abbey La., Levittown. L. L. N. Y. 
Whalen. R. J., 25 Greenbush Dr., Poughkeepsie, 

N. Y. 
Wheeler, R. W., 1014 Frances Ave.. La Habra, Calif. 
Whipple, M. M.. 700 Delay Dr.. Eugene, Ore. 
Wiles, Q. T., 112 W. First St.. Ogallala. Nebr. 
Williams, L. D.. 1800 AACS Wing. Tinker AFB, 

Olda. 

Wingard, C. G., 694 N. Park Ave.. Pomona, Calif. 
Witkowski. A. J.. Jr., 6 Norfolk St.. Hartford. 

Conn. 
Wont G.. 55 Gateway. Rockville Center, L. 

N. Y. 
Woolley. P. V., 2406 Lake Ave., Cheverly, Md. 
Wurthmann. G. E., 169 Main St.. Matawan, N. J. 

Young. J. K., Box 3402, USAFIT. Wright-Patter-
son AFB, Ohio 

Young. K. A., 1002 Inspector General, GP, Norton 
AFB, Calif. 

Zieger, J. A., Box 864, Denville, N. J. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Power Supply 

The Type 200 Low-Voltage Power 
Supply, a highly regulated unit for use 
with resistance strain-gage elements, and 
for similar exacting applications has been 
developed by Owen Labs., 9130 Orion 
Ave., San Fernando, Calif. 

Output is I ampere maximum, at from 
zero to 15 volts dc. Where absolute free-
dom from drift is required, a small chop-
per-amplifier provides precise stabilization 
against an external reference. The supply 
may be rack mounted. 

(Continued on page 2654) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

( 'dinned from rage 261.-1) 

CRT Dynamic Analyzer 

Electronic Beam Corp., 923 Old Nepper-
han Ave., Yonkers 3, N. Y., announces the 
production of their new CRT Dynamic 
Analyzer which attaches to any VTVM 
and converts it into a CRT tester. Accord-
ing to the manufacturer, it is the only in-
strument that checks both set and tubes 
under actual operation. 

The instrument checks all socket volt-
ages of a TV set while in operation, and 
checks emission of the CR Tube and gives 
the related emission reading. (The related 
emission reading is the only reliable one 
that eliminates the errors encounted with 
readings on other type testers.) It also 
checks CR Tubes for open and shorted 
elements, and leakage. 

(Continued on gage 2684) 

NO SHORT 
CIRCUITS 

Made of ETHYL CELLULOSE... 

A TOUGH, DURABLE PLASTIC 

NOW 
For Extra Strength 

"D" WASHERS La a a  TO FIT OUR 
CABLE CLIPS 

Write for Sample and 

Full Information 

3269 N. AVONDALE AVE. • CHICAGO 30, ILL. 
W•.? Coact Repre.entotire: 
5777 W•s1 Pico tied. •1oc AngelecI9, Cold. 

M.ó 

BERKELEY announces 

another "First"... 
a direct reading digital 

0-42 megacycle 
frequency meter 

MODEL 5570 

e 

* Accuracy: 1 part in 107, 1 count 

* Direct-reading digital indication 

* A complete instrument in one package • 

Wide Application.., transmitter frequency monitoring, 
crystal checking, general laboratory and production 
line use wherever rapid, precise frequency determi-
nation is desired. 

On Display at the IRE Show, New York 
March 23 -26 — Booths 302 and 304, Fourth Floor 

10111 
ecie4d#, 

division of BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVENUE • RICHMOND, CALIFORNIA 
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COMMUNICATIONS EQUIPMENT CO. 

PULSE TRANSFORMERS 
0.156173: Video. Ratio = 50:900 Ohms 10K"-
211C  $12.50 

G.E.K.-2745  $39.50 
G.E.K.•2744-A. 11.5 KV High Tontine. 3.2 KV 1.100 

voltage e 200 KW over. (270 KW max.) 1 micro-re. 
or 1/microsec. (.0 600 PPS  $39.50 

W.E. 0169271 Hi Volt Input pulse Transformer  $27.50 
G.E. K2450A. Will receive 13KV. 4 micro-second pulse 
on mi, secondary delivers 14KV. Peak power out 100 
KW G. E.  $34.50 

G. E. K2748A, Pulse Input line to magnetron  $36.00 
Ray UX 7896-Pulse Output Pri. 5v. see. 41v ..r5.50 
Ray UX 8442-Pulse inversion-40v + 40v   7.50 
Ray UX 7361   .00 
PHILCO 352-7250. 352-7251. 352-7287 
UTAH 9332. 9278. 9341. 
RAYTHEON: UX8693, UX5988   $5 ea 
WE.: D-166310. 0•16638. KS 9800. KS9948 

PULSE EQUIPMENT 
APQ•I3 PULSE MODULATOR. col.,• width .5 to 1.1 
mirgo ser. Rep. rate 624 to 1340 Pint. Pk. Pwr. out 
35 KW Energy 0.018 Joules  $49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 21 
KW 11200 KW pic): pulse rate 200 PPS. 1.5 micron+. 
pulse line impedance 50 oluns. Circuit series charging 
version of DC Itesonanee type. Uses two 705-A's as 
remitters. 115 v. 400 cycle input. New with all 
tubes  $49.50 

DELAY LINES 
D-168184: 0.5 mierosec, up to 2000 PPS 1800 ohm 
tern,  $4.00 

1:1-1 70499: 25/.50/.75 mlerosee 8 KV 50 mm, 
 $16.50 

D•165997: 11/4 microsec.  $7.50 
RCA 255686-502, 2.2u see. 1400 ohms  $2.00 

PULSE NETWORKS 

lê 
G.E. t6E3-5-2000-50P2T. 6KV "E" cir-
cuit. 3 sections .5 microsecond. 2000 PI'S 
no ohms impedance  $8.50 
15A-1-400-50: 15 KV. "A" CKT. 1 
lineman'''. 401) PPS. 50 ohms Imp. $37.50 
G.E. FIE 13-84-010) 8-2.24-405) 50114T: 
3KV "E" CKT Dual Unit: Unit 1. 3 

sections. 0.84 Nlicrosec. 810 PPR. 50 ohms non: 
Unit 2. 8 Sections, 2.24 microsec. 405 PPS. 50 olun3 
Imp.  $8.50 

7-5E3.1-200-67P. 7.5 KV "E" Circuit. 1 micros, 
200 lips. 67 ohms impedance 3 sections  $7.50 

7-5E4-16.60, 87P. 7.5 KV. "E" Circuit, 4 sections 16 
micros... 60 PPS. 87 Munn Impedance  $15.00 

7.5E3-3-200-6FT. 7.5 KV. "E' Circuit, 3 mirrosee. 200 
PPS. 6 ohms imp. 3 sections  $12.50 

:755: IOKV. 2.2usee., 375 PPS. 50 ohms imp.  $27.50 
:754: IOKV. 0.85usee. 75n l'US. 50 ohms imp.  527.50 
KS8865 CHARGING CHOKE: 115-15011 ca m2.0. 
32-4011 e .08A. 30.700V Corona Test. 215V 
Test  $37.50 

G.E. 2511i-1-350-50 PM'. "E" CKT. 1 Mirmsec  
Ire 350 111.54. 50 0115114 Impedance  $69.50 

00 CYCLE TRANSFORMERS 

Stock 
M-7467886 2X 140V/.014A. 120V/.012A, 1200 

VRMS TEST. P/O MX-11/APG-2.$ 4.95 
352-7102 5.3V/2.5A   1.45 
M-7472428 1450V/ MA. 2.5V/.75A, 6.4V/3.9A, 

5V/2A, 8.5V/.3A. P/0 10-30/ 
APG-I3   4.95 

352-7039 640VCT @ 250MA, 8.3V/.9A. 6.3V/6A. 
5V/6A  $5.49 

702724 9800 8600 (e 32MA   8.95 
K59584 5000V 290MA. 5V/10A   22.50 
52.1652 13.500V 3.5MA   14.65 
KS9607 734VCT ,.177A. 1710VCT/.177A   6.79 
352-7273 700VCT/350MA. 8.3V/0.9A. 8.3V 2 5A 

5.3V/.06A. 5V/CA   6.95 
352.7070 2X2.5V/2.5A (2KV TEST) 8.3V/2.25A, 

1200/1000 75 OV g .003A   7.45 
352-7198 1140V/1.25MA, 2.5V/I.75A. 2.5V/ I 75A 

-5K V Test   3.95 
352-7178 320VCT/50MA. 4.5V/3A, 8.3VCT/20A. 

2X6.3VCT/6A   .1.75 
RA6400-1 2.5V/i.75A, 6.3V/2A--5KV Test   7.39 
901592 I3V 9A   2.49 
901599-501 2.77V g) 4.25A   3.45 
901698-501 900V/75MA. 100V/.04A   4.29 
UX8855C 900VCT/.067A. 5V/3A   3.79 
RA6405-1 800VCT/65MA. 5VCT 3A   3.69 
T•48852 700VCT 80MA. 5V/3A. 6V/I.75A   4.25 
352-7098 2500V/6MA. 300 VCT, 135MA   5.95 
KS 9336 1100V/50MA TAPPED 625V 2.5V/5A 3.95 
M•7474319 6.3V/2.7A. 6.3V/.66/1. 5.3VCT 2IA . 4.25 
KS 8984 27V/4.3A. 6.3/2.9A. I.25V'.O2A   2.95 
52C080 526VCT/50MA, 6.3VCT/2A, 5VCT/2A 3.75 
32332 400VCT/35MA, 6.4V/2.5A, 6.4V/.I5A 3.85 
68G63I 1150-0-1150V   2.75 
80G198 5VCT/.00006 KVA   1.75 
302433A 6.3V/9. IA. 6.3VCT/6.5A. 2.5V/3.5A, 

2.5V 3.5A   4.85 
KS 9445 592VCT II8MA. 6.3V/8.IA. 5V/2A   5.39 
KS 9685 6.4 7.5A. 6.4V/3.8A. 6.4V/2.5A   4.79 

ALL CT 
70G3OG I 600VCT 36MA   2.65 
M-7474318 2100V/.027A   4.95 

(All PrImarles 115V, 400 Cycles) 
Ratings Price 

MICROWAVE COMPONENTS 
S BAND-3" x 1 1/2" 

WAVEGUIDE 
DIRECTIONAL COUPLER. Broadband 
type "N' Coupling. 20 db. will, std. 
flatters. Navy SCARY 47AAN-2. As 
shown  $37.50 
WAVEMETER. 2700-3400 MC. React ion 
type with counter Dial-Mfg.. W. E. 
 $92.50 

REACTION WAVEMETER. Mfg, D.E. 3000-3700 
51C. Mir Ileati  $125.00 

LHTR. LIGHTHOUSE ASSEMBLY. Part of ItT30 
AUG 5 & AUG 15. Receiver and Trans. Cavities 
w/atesoc. Tr. Cavity and Type N CMG. To Itetwr. 
Uses 2C40, 21'43. 11127. Tunable AUX 2400-2700 
MCS. Silver I'lated  $49.50 

BEACON LIGHTHOUSE cavity 10 rm. Mfg. Ber-
nard Rice. each  $47.50 

MAGNETRON TO WAVEGUIDE l'ouiller WWI 
72IA Duplexer Cavity. gold plated  $45.00 

RT-39 APG-5 10 cm. lighthouse 11F head cio 
Xintr.-ItecTr-TR, cavity compl. reevr. & 30 MC 
11, strip using (MKS 12C40. 2C43. 11327 lineup) 
w/Tubes. 

72IA IR BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 707B or 
2K28    $4.00 
F 29 SPR-2 FILTERS. type "N" input and 
output  $12.50 

WAVEGUIDE TO 3V, RIGID COAX "110011.-
KNOB" ADAPTER CHOKE FLANGE. SILVER 
PLATED 111111A1) BAND  $32.50 

ASI4A AP-I0 CM Pick up Dipole with "N" 
Cables  $4.50 
OM ECHO BOX. 10 CM TUNABLE  $a2.50 
HOMERELL-TO-TYPE "N" Male Adapters  
W.E. 51/167284  $2.75 

I. F. AMP. STRIP: 30 MC. 120 &b. gain. 2 MC 
Bandwidth. uses 6ACra-with video detector. 
Lens tubes  $24.50 

POLYROD ANTENNA. AS31/APN•7 in Lucite 
Ball. Type "N" feed  $22.50 

ANTENNA. AT49A/APIt: Broadband Conical. 880-
3300 M(' Type "N" Feed  $12.50 

"E" or "H" PLANE BENDS. 90 Deg. les,• 
flanges  $7.50 

7/e" RIGID COAX-%" I.C  
RIGHT ANGLE BEND, with flexible coax output 
pickup loop  $8.00 

SHORT RIGHT ANGLE BEND. with pressuriz-
mpplv  $3.00 

RIGID COAX to flex coax oonnector  53.50 
RT. ANGLES for above  $2.50 
RT. ANGLE BEND 15" L. OA  53.50 
FLEXIBLE SECTION. 15" L. Male to female $4.25 
1/4 . RIGID COAX. BULKHEAD FEED-THRU 
 $14.00 

RIGID COAX- 3/e" I. C. 
ROTARY JOINT. Stub-supported, Ull 48/U(1 45 

fittings  $27.50 
10 CM STABILIZER Cavity. tunable, standard 
UG46/UP 43 fittings  80.00 

RO 44/U RIGID COAX, stub support, 5 ft. sections, 
with CODO! I'045 eonnectors  $12.50 

RIGHT ANGLE BEND, with flexible coax output 
pickup loon  $8.00 

SHORT RIGHT ANGLE BEND, with pressurizing 
nipple  $3.00 

RIGID COAX to flex roan connector  $3.50 
RT ANGLES for alai,.  $2.50 
RT. ANGLE BEND 15" L. OA  $3.50 
FLEXIBLE SECTION. 15 L. Male to female. $4.25 
'8" RIGID COAX. BULKHEAD FEED-THRU 

 $14.00 

X BAND-1" x 1/2" WAVEGUIDE 
1" a ,s" wavegulde in 5' lengths VG 31) flange to 
U(140 cover  per length $7.50 

Rotating Joints supplied either with or without deck 
mounting. With tn141) flanges  each. $17.50 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gauge Section 15 lb. gauge and preset 
nipple  $10.00 

P  Gauge, 15 Ihs.  52.50 
Directional Coupler, UG•40/U Take off 20 db. $17.50 
TR-ATR Uuplexor section for above  18.50 
Waveguide Section 12" long choke to cover 45 deg. 

twist & 21X" radio.. 90 deg. bend  $4.50 
Twist 90 dep. 5e elleke to cover w/pres nipple 56.50 
Waveguide Section 2% ft. long silver plated with 
choke flange  55.75 

Rotary Joint choke to choke with deck mount-
ing  $17.50 

3 cm. mitered elbow "E" plane  $12.00 
UG 39 Flanges  $ 85 
90 degree elbows. "E" or "II" plane 2%" ra-
dio.  $12.50 

90 degree twist 6. long  $8.00 
45 degree twist  $8.00 
Microwave Receiver, 3 CM. Sensitivity: 10-13 Watts, 

l' lllll Mete with 1..0. and AFC Mixer and Wave-
guide Input Circuits. 6 I. I". Stage. give aPProxi-
mately 120 011 gain at a bandwidth of 1.7 MC. 
Video Bandwidth: 2 MC. Uses latest type API' 
ciretalt. Complete with all tubes, inclutlin, 
723A/11 Loral °senator  $175.00 

POWER TRANSFORMERS 
Comb. Trans'ormers-115V/50-60 cps Input 

CT.15-2•600VCT .2A, 5V/CA  $5.95 
CT-I5A 550VCT .085A 6.3V/.8A, 6.3V/I.8A 2.85 
CT-164 4200V.002A/12KV Test, 5VCT/3A/12KV 

Test, 6.3V/0.6A/5400 V Test  12.95 
CT-341 1050V 10MA.-625V 065 5 MA. 26V 0) 4.5A 

2x2.5V 3A. 6.3V @ 3A  16.95 
CT•825 380VCT .340A 6.3VCT/3.8. 

6.3VCT/3A   3.95 
CT-626 1500V .160A 2.5/12. 30/.100   9.95 
CT-071 110V .200A 33/.200. 5V/10. 

2.5/10   4.95 
CT-387 580VCT .050A 5VCT/3A   2.25 
CT-99A 28110VCT .010A 6.3/IA. 2.5VGT/7A  3.25 
CT-403 350VCT .026A 5V/3A   2.75 
CT-931 585VCT .086A 5V/3A. 6.3V/6A   4.25 
CT-510 1250 .002A 2.5V/2.IA. 2.5V/ 

I.75A   4.95 
CT-456 390VCT 80MA 6.3V I.3A, 5V/3A   3.45 
CT-I60 800VCT 100MA 6.3V I.2A. 5V/3A  4.95 
CT-931 585VCT 96MA 5V 3A, 6.3V/6A  4.95 
CT-442 525VCT 75MA 5V 2A. IOVCT/2A, 

50V,200MA   3.85 
CT-720 550-0•550V 250MA, 6.3V I.8A . .....   8.95 
CT•43A 600.0-600V .08A. 2.5VCT/6A. 8.8V0T/14$ 8.49 
CT7-501 650VCT/200MA, 6.3V/5A   6.49 
CT-444 230-0-230V/.085A, 5V/3A, 6V/2.5A  3.49 

Filament Transformers-115V/50-110 opt Input 
Item Rating Each 

FT•674 8.1V ,I.5A  $ 1.10 
FT-I57 4V/I6A.2.5V/1.715A   2.95 
FT-101 6V/.25A   .79 
FT-924 5.25V/21A, 257.75V/6.5A   14.95 
FT-824 2826V/2.5A, 18V/IA. 7.2V/7A, 6.4V/IDA. 

6.4V/2A   8.95 
FI -463 5.3VCT/IA. 5VCT/3A. 5VCT/3A   5.49 
FT-55-2 7.2V/21.5A. 6.5V/6.85A. 5V/8A. 5V/3A  8.95 
FT-986 I6V g 4.5A or I2V gg 4.5A   3.75 
FT-38A 6.3/2.5A. 282.5V/7A   4.19 
FT-A27 2.5V/2.5A, 7V/7A, TAP 2.5V/2.5A. 

I6KV TEST   18.95 
FT•608 6.3V/3A/750V Test   1.79 
FT-873 4.5V/.5A. 7V/7A   2.19 
FT-899 2x5V @ 5A. 29KV Test   24.50 

Plate Trans.-II5V, 60 cps 
Item Rating Price 

P1-446 I8.5V3.5A  $4.59 
PT-699 300/ 150V/.05A, 300/150V/.05A   2.79 
PT.302 120-0-120V/350MA   4.69 
PT-571 62V/3.5A   7.95 

Special Fil. Transformers-60 cps 
Prl. Volts Secondaries Price 
220/440 382.5V/5A, 3KV Test 

2.5V/I5A  $ 6.95 
220V 2840V/.05A. 255V/6A 

12.8V/IA   4.49 
220V 24V/0.6A. 5V/3A, 6.3V/I6. 

8.3V/IA   3.45 
230V 2.5V/8.5A   3.50 
.:.oy 2x5V 27A, 205V/9A   17.59 

Item 
STF-370 

STF-11A 

STF-608 

ST F-968 
STF•63I 

THERMISTORS VARISTORS 
DI67018  $1.59 0171812  $1.50 
0167332   1.50 0172155   1.50 
0167013   1.50 D167176   1.50 
D 166228   1.50 0160687   1.5o 
D164699   2.50 0167208E, 0171858 1.50 
DI 63903   1.95 308A. 27-B   1.50 
0166792   2.15 0168403   2.15 

FILTER CHOKES 
Stock 13,,,u.n.i 
CH-366 20 H .3A   
CH-322 .35H/350 MA-I0 Ohms OCR   
CH .141 Dual 78/75MA, 11H/60 MA 

5KV DC Test   4.69 
CH-119 8.58/125 MA   2.79 
CH-59-I Dual: 120H/17 MA   2.35 
CH-8-28 2 o .58/380 MA/25 Ohms   1.79 

OCR. I KV TEST   2.95 
cCH .-37474 H 120 6 1..5288 1/4153m0 AM/A705v Test     2.25 
H  2.35 

CH•43A 10HY/15MA-850 ohms OCR   1.75 
CH-917 10H, 450MA. IOKV TEST   

CH-999 15HY/15MA-400 ohms OCR   1...999555 
01:1•366 20H/300MA   

CH-511 5H/80MA-310 ohms DCH   2.45 
CH3-501 2 a .5HY/400MA   2.79 
CH-I88M SHY 200MA   1.79 
CH.488 10H Y .030A   1.19 
CH•791 Dual 1.75-.125 HY 100 MA   1.27 
CH-981 15 HY .110A   1.59 
CH•22-1 I HY .100A   1.17 
CH -779 .6H Y .490A   1.25 
CH-25A SW .o9/.0I8 HY 3/.3A   8.95 
CH-922 10000 HY 0 MA   2,75 
CH-043 2.2 HY 80 MA   .40 
CH-89A 2 a 1.528 g .I67A   1.39 
CH-303 3008/.02A. 2500V Test   1.69 
CH-932 SWING 9-601/.4, 5A. IOKV   7.95 
CH-445 0.5 HY/200 MA. 32.2 OHMS. 3000V.T. 1.39 
CH-170 2X0.511/380 MA, 2$ OHMS   2.79 
CH-533 13.5H. 1.0 AMP DC. 13.5KV INS.   39.95 

Price 
 5 6.95 

2.75 

MAGNETRONS 
Tube Tube Tube 
2127 2149 713DY 
2131 2156 720BY 
2121 2161 725-A 

730-A 
OK 62 
OK 61 
(1K 60 

2122 
2126 
2132 
2138 
2139 

700 
706 
2162 
3131 
5130 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. 
RATED CONCERNS SEND P.O. ALL MDSE. SUBJECT TO PRIOR SALE, AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y. Dept I-3 Chas. Rosen Phone: Dlgby 9-4124 
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AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering thc range 38 to 
4,000 Mc.; wideband discone and other antennas, wavetraps, 
mobile accessories, 100 page technical manual, etc. Versatile, 
accurate, compact—the aristocrat of lab receivers in thus 
range. Write for data sheet and quotations. 

We have a large variety of other hard-to-get equipment, in-
cluding microwave, aircraft, communications, radar; and labo-
ratory electronics of all kinds. Quality standards maintained. 
Get our quotations! 

We will buy any Electronic Material at top prices. SCHOOLS 
—unload your dusty surplus for cash or credit. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

itP 
• Q1 • o ‘, .0. 

nu rem. 
‘11,1eYetri*elrireekrt 

TESTS ALL 
• %L. 

TV PICTURE TUBES 
(édugnetic and Electrostatic) 

'SCOPE TUBES AND 
INDUSTRIAL CR TYPES 

IN FIELD, LABORATORY & WAREHOUSE 
from chassis or carton! 

A complete and self-contained Electronic Instrument. 
Incorporates a TRUE BEAM CURRENT Test Circuit. 
Checks overall electron-gun performance for propor-
tionate picture brightness. Additional tests for accel-
erating anodes and deflection plate elements. 
The Precision CR-30 should not be confused with mere 
adapters connecting to ordinary receiving tube testers 
which were never designed to meet the very special-
ized needs of CR tube checking. Similarly, it is not to 
be confused with neon-lamp units or similar devices of 
limited technical merit and which do not check all CR 
tubes or all tube elements. 

SPECIFICATIONS 

* Tests All Modern Cathode Ray Tubes. Tests All CR 
Tube Elements: Not just a limited few. 

* Free•Foint 14 Lever Element Selection System, for 
all Short-Check, Leakage Testing and Quality Tests. 

* True Beam Current Test Circuit checks all CR Tubes 
with Electron-gun in operation. It is the Electron Beam 
(and NOT total cathode emission) which traces the pat-
tern on the face of the CR tube. The significance of the 
above rests in the fact that Beam Current (and picture 
brightness) is primarily associated with the condition 
of the center of the cathode surface and not the overall 
cathode area. 

* Voltage Regulated, Bridge Type VTVM affords super-
sensitive tube quality indications and positive check 
of low current anodes and deflection plates.. 

* Micro-Line Voltage Adjustment, Meter-monitored. 

* Accuracy of test circuits closely maintained by use 
of factory adjusted internal calibrating controls; plastic 
insulated, telephone type cabled wiring; highest qual-
ity, conservatively rated components. 
* Built In, High Speed, Roller Tube Chart. 
* Test Circuits Transformer Isolated from Power Line. 
* 444" Full Vision Meter with scale-plate especially 
designed for CR tube testing requirements. 

SERIES CR-30 - In hardwood, tapered portable case. 
171/4 " x 133/4" x 63,4". Complete with standard duo-
decal cable and universal CR Tube Test Cable. 
Shipping Weight: 22 lin Net Price: $99.75 

See the Series CR-30 on display of 
leading electronic equipment distributors. 

PRECISION 
APPARATUS CO. INC. 
92 21 HORACE HARDING BLVD ELM111.105112 N Y 
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McGRAW-HILL BOOKS 

these 7 volumes— 
see any that interest you 
I 0 days free 

II CHECK 

Just Published! 

INSTRUMENT ENGINEERING 
By C. S. DRAPER, W. McKAY, and S. LEES 
The Massachusetts Institute of Technology 

VOLUME I—METHODS FOR DESCRIBING THE SITUATIONS OF 
INSTRUMENT ENGINEERING 

This first volume of a three-volume work develops a broadly useful 
I • system of concepts, notations, diagrams, and mathematical forms 
for describing the performance of physical devices and variations in 
physical qualities. It lays a foundation for the solution of problems by 
instrument systems rather than design details. Any problem may be 
handled by the generalized pattern outlined, or it may be handled with 
the names and notations ordinarily used by workers in the fields of 
engineering in which they occur. Contributions come to the book from 
the various fields of mathematics, physics, and engineering. 269 pages, 
8% x II, 93 illus. $6.00 

To be followed soon by... 

VOLUME II—MATHEMATICAL 
FUNDAMENTALS 

2 Reviews the mathematical background 
• of several methods for associating solu-

tions with these descriptive forms and illus-
trates procedures by actual derivations of 
quantitative results for a number of general-
ly used examples. Approximately same size 
as Volume I. About $6.00. 

VOLUME III—APPLICATIONS 
.) This volume is made up of examples 
J. that use the materials of Volumes I 
and II for representing instrument engi-
neering situations and finding solutions for 
the mathematical forms involved. In each 
example, the physical interpretation of the 
solutions is discussed in terms of the impor-
tant factors of the original problem. .Ap-
proximately same size as Volume I. About 
$6.00. 

ELECTRON TUBES 
IN INDUSTRY 

4. Tells how the electron tube makes in. 
• dustrial processes simple, cheaper, 

safer. Explains operating principles of com-
ponents, tubes, and circuits, applied to in-
dustrial problems of control, measurement, 
electronic heating, motor speed control. De-
scribes amplifiers, thyratrons, phototubes. 
and cathode-ray tubes and applications. By 
K. Henney, Editorial Director, and J. D. 
Fahnestock, Assoc. Editor, Electronics, 3rd 
Ed. 347 pages, 234 illus. $6.00 

ANALYSIS OF ALTERNATING 
CURRENT CIRCUITS 

r Here's a modern introduction to a-c 
.7• circuits completely devoted to the 
steady state in lumped linear networks. No-
tations for potential differences follow new-
ly recommended practices, and the two 
dimensional quantities used in network 
analysis likewise are in accord with the 
latest trends. By W. R. LePage, Prof. of 
Elec. Engr., Syracuse University. 444 pages, 
520 illus., $6.50. 

ELECTRONIC ANALOG 
COMPUTORS 

L Gives aid on the design and applica-
tion of electronic computors of the d-c 

analog type, including repetitive computers, 
used as differential analyzers and equation 
solvers. By G. A. Horn, Staff Engr., Lock-
heed Aircraft Corp., and Theresa M. Horn, 
formerly Engr., Boeing Aircraft Co. 378 
pages, 70 illus., $7.00. 

MUSICAL ENGINEERING 
7 The first unified treatment front an en-
/ • gineering viewpoint on all the ele-
ments that enter into the production and 
reproduction of music. Covers the nature of 
sound, music, musical instruments, acoust-
ics, and hearing in both their physical and 
,ome of their psychological aspects. By 
H. F. Olson, Dir. Acoustical Laboratory, 
RCA Labs. 369 pages, 303 illus., 28 tables, 
$7.00. 

- MAIL THIS CONVENIENT COUPON TODAY - 
McGraw-Hill Book Co., Dept. IRE 53 
327 W. 41st St., N.Y.C. (36) 

Send me the book(s) circled to the right for 
10 days examination on approval. In 10 days 
I will remit the price of the books I wish 
to keep, plus a few cents for delivery and 
return unwanted books postpaid. (We pay 
delivery charge if you remit with this 
coupon. Same return privilege.) 

I. 2. 3. 4. 5. b. 7. 
(Print) 
Name   

Address   

City  Zone   State  

Company   

Position  IRE 53 
This offer applies to U.S. only. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 265A) 

Frequency-Timing-Counting 
Equipment 

With the introduction of four new 
models, a very complete line of frequency-
counting equipment is announced by the 
Potter Instrument Company, Inc.., 115 
Cutter Mill Road, Great Neck, L. I., 
N. Y. 

The Model 820 and 830 Frequency 
Counters suit the production line and are 
useful for calibrating oscillators, for meas-
urement of flow and pressure with appro-
priate pickup device, and for obtaining 
rpm data on engine test stands, among 
other applications. 

Much greater versatility is featured in 
the Model 840 and 850 Frequency-Time-
Counters, which contain all the timing, 
gating and switching facility necessary for 
the widest possible range of measurement 
functions. These include direct counting of 
frequencies up to 1 mc or timing the period 
of a cycle with 10 µsec. Elapsed time is 
measurable in increments variable from 
10 psec up to one second. Two unknown 
frequencies can be compared to obtain a 
ratio or an external standard introduced 
for a higher accuracy time base. For use as 
a secondary frequency standard outputs 
are provided from a divider at 100 kc, 10 
kc, 1 kc, 100 cps, 10 cps and 1 cps. 

Plant Expansion 

Dome and Margolin, 30 Sylvester St., 
Westbury, L. I., N. Y., an electronics firm 
specializing in high-frequency antenna de-
velopment, have moved to a new and 
larger plant in Westbury, New York. The 
new plant was designed to provide ex-
panded research and production facilities 
Versatile pattern and impedance-measure-
ment facilities are currently available with 
particular emphasis on applications for air-
borne electronics. 

(Continued on page 271A) 
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Direct Coupled 
Wide Band Amplifier 

' 

A unique instrument to amplify small DC 
and high frequency potentials found in re-
search in such fields as physiology, geophysics, 
strain measurements and analog computing. 

Response Frequency response, flat ± 2% 
to 20,000 cps, is usable to at least 100 kc. 

Gain Differential voltage gain of 100,-
000 stabilized by negative feed back to±1%. 

Noise Less than 10 microvolts of noise 
at widest bandwidth with input shorted. 

Drift Drift is less than 5 microvolts 
per minute with the AEL 351 Power Supply. 

Input Input impedance is 100 meg. 
with less than 0.1 microamp. grid current. 

Output Low output impedance directly 
drives oscillographs, recording instruments. 

Write for detailed specifications and catalog. 

-1meriran ilectronii Laboratories 
641 Arch Street, Philadelphia 6, Pa. 

NEW! 
for 

Tubeless 
Regulated 
Dual DC 
Supply 

Transistor Application 

Model 110 

Price $149.50 

Features 
N' No Tubes-Long Life 
✓ Negligible Warm-up Time 
N' Dual Output-Positive or Negative 
' Conti sly Variable Outputs 
Output # 1—Triple Range at 60 
ma 0-1.0, 10, 100 v. 

\' Output #2 0-100 y at 60 ma 
\' DC Impedance less than 100 ohms 
\' Line Regulated 95-125 N' 
\' Ripple Less Than 0.01 t7e 
✓ Moderately Priced 

Order Now for quick delivery 
or write for Bulletin B I. 

Dept. I 1, Box 29, Caldwell, N.J. 

Newt PRECISION 
RF STEP 

ATTENUATORS 

VHF MODEL ATI2OV to 500 MC 

UHF MODEL AT120U to 1000 MC 

Attenuation Values supplied to your specifications: 

Up to 20 DB per step Up to 120 DB total Up to 10 
Steps (11 positions) 

Frequency range-0-500 MC 

Attenuation accuracy—.3 DB per step 

VSWR—Less than 1.1 to 500 MC 

Input and Output impedance Optional at 50 or 75 OHMS 
(Unbalanced) 

Power Capacity-100 MW 

Supplied with BNC Jacks or matched cable terminations 

Available with crystal diode voltmeter mount for 
monitoring input levels at .1 to 2.0 volts 

Dimensions: 2%" diameter-1 1/2 " depth 

• Weight: 10 ounces 

Suitable for Standard Signal Generators, Precision Microvolters 
• and many specialized test equipment applicatons. 

• 

• 

Direct drive for use 

with output cable. 

é / (et) ie 
• 

\•,:\e/111 

Geared drive output 
connector accessible 
through front panel. 

Write for detailed performance data depending on 
the attenuations values desired. 

Visit TRAD at Booth 4-419 

at the I.R.E. Show 

TELEVISION CORPORATION 

• Pat. Pending 1001 FIRST AVENUE ASBURY PARK. N. J. 
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See Ve ete te I7 Sdaux-Vacted 3-301e 

CONTRACT MANUFACTURERS 
Mede edte ca,te, „ 

VCO 
REPUBLIC AIRCRe‘FT WESTiNGHOUSE 

BCILSEY WATSON LABORATORIES 
CAMERA   u Lie S. NAVY 

s. AIR FORCE BOEING AIRPLANE CO. 
FAIRCHILD AIRCRAFT & RADI° AMF _GREER HYDRAULICS 

FECERAL TESLEERVVIOTECHANISMS EMERSON RADIO 
NORTHWEST AIRLINES GLEN L. MARTIN CO. 

WHITE INDUSTRIES, INDUSTRIES, INC. 
ELECTRONIC-MECHANICAL-COMMUNICATIONS 

"ELECTRO-MECHANICAL" 
ENGINEERING-DEVELOPMENT-DRAFTING 

421 W. 54th St., N. Y. 19, N. Y. — PLaza 7-2798 
YOUR INQUIRIES ARE CORDIALLY INVITED 

Miniature 
THERMOSTATS 

... the smallest in the world! 

During the past 20 years more types of Ther-
mal Controls have been built by Ulanet than 
by any other manufacturer.., proof of Ulanet 
versatile-leadership in Thermal Control En-
gineering. If you have a control problem 

write stating the application. 

GEORGE ULANEY COMPANY eltb, 
419 MARKET STREET 

NEWARK 5, NEW JERSEY 

PioneerThermostathlonufacturer —....--.M.."1......••%........., id 
SINCE 1931 

NC E 1931 

NWT 
MEAT CONT.Ol 

IhiG,NFFSIS 

THE ULANET 

ORGANIZATION 

SPECIALIZES IN 

THE DESIGN AND 

MANUFACTURE OF 

THERMAL 
UNITS 

FOR ALL TYPES OF 

TIMING & 
THERMOSTATIC 

CONTROLS 
It will pay you to 
compare our units 
— contact us and 
you'll save time & 
money by using 
engineered Ulanet 

Controls. 
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Call for Papers 
For 

1953 Western Region 
IRE Convention 

Authors are invited to submit prospective 
papers for the IRE Convention part of 1953 
WESCON (Western Electronic Show & Con-
vention), to be held in San Francisco on Au-
gust 19, 20 and 21. Papers in the fields of 
Antennas, Circuits, Communication Theory, 
Computers, Control and Instrumentation, 
Electron Devices, Audio, UHF and Micro-
wave Techniques, Nuclear Electronics, Tran-
sistors and Non-Vacuum Tube Electronics 
are of particular interest, but no paper 
should be withheld merely because it does 
not fall into one of these categories. 
The following information should be sub-

mitted: (1) Name, address and affiliation of 
author, (2) title and 100 word (maximum) ab-
stract as you wish it to appear in the pro-
gram, and (3) a 500 word summary. The sum-
mary (3) will be used to evaluate the paper 
so be sure that this summary presents clear-
ly the essential new material of the paper. 

Please address all communications to 
B. M. Oliver, c/o Hewlett-Packard Company, 
395 Page Mill Road, Palo Alto, California. 
The deadline for acceptance is May 1, 1953. 
Earlier submission will insure full considera-
tion of your paper. Do it now! 

WESCON 

MODEL A - 4 

TIME DELAY 
GENERATOR 

• A precision device for the generation of 
accurate and variable time intervals 
from .00001 to 10 seconds. 

Also available: 
Model A-2— .8 to 100,000 jus. 

Write for complete data: 
Our bulletins I A.4 and I .A.-2 

Lttfteytftut, 
ELECTRONICS CO. 

3707 S. ROBERTSON BLVD, CULVER CITY CALIF. 

News—New Products 
( Cm:firmed from page 2ó8.-1) 

Audio Amplifier 
A new precision audio amplifier com-

bining unusually low signal-to-noise and 
distortion factors with high power output 
has been announced for laboratory meas-
urement application by Summit Elec-
tronics, Inc., 7 Industrial Pl., Summit, 
N. J. The equipment is available in several 
models for varying input impedance re-
quirements, while output impedance is 
switch controlled from 4 to 600 ohms in 
all models. 

Employing negative feedback on all 
stages, the new amplifier offers extremely 
stable characteristics. Distortion is less 
than 1 per cent at the full rated output of 
30 watts, while frequency response is ex-
ceptionally fiat over a 30 cps to 15 kc 
range; with a high impedance input the 
response is flat ±0.2 db over the entire 
range and similarly low variances are en-
countered when bridging or terminating 
low impedances are used. 

The amplifier is sold only by the manu-
facturer at a price of $150 f.o.b. with no 
input transformer. For balanced operation 
with an input transformer there is an addi-
tional charge of $15.00. 

Medium-Mu Twin Triode 
Tube Dept., Radio Corp. of America, 

Harrison, N. J., has developed the 6211, a 
new medium-mu twin triode of the 9-pin 
miniature type designed especially for 
frequency-divider circuits in electronic 
computers and other "on-off" control ap-
plications involving long periods of opera-
tion under cutoff conditions. 

For such control service, the 6211 main-
tains its emission capabilities even after 
long periods of operation under cut-off con-
ditions and, therefore, provides good con-
sistency of plate current during its "on" 
cycles. 

The 6211 has separate terminals for 
each cathode to facilitate flexibility of 
circuit arrangement, and a mid-tapped 
heater to permit operation from either a 
6.3-volt or 12.6-volt supply. The heater is 
made of pure tungsten. 

(Continued on page 2724) 

AIR-SPACED ARTICULATED 

CABLES 
offer a unique combination of 

FRACTIONAL 
CAPACITANCE 

HIGH 
IMPEDANCE 

MINIMUM 
ATTENUATION 

ALONG WITH 

EXCEPTIONAL 
FLEXIBILITY 

LIGHT WEIGHT 

t./ 

38 STOCK TYPES 
FOR ANY OF YOUR STANDARD 

OR SPECIAL APPLICATIONS 

A few of the 
very low capacitance types 

are: 

Capacitance Impedance 
Type No. O.D. ;tiz Fift. ohms 

C.44 

C4 

C.33 

C.3 

C.22 

C.2 

C.II 

C.I 

4.1 
4.6 
4.8 
5.4 
5-5 
6.3 
6.3 
7.3 

252 

229 

220 

197 

184 
171 

173 
150 

I.03' 

I.03» 

0.64' 
0.64' 
0.44' 
0.44' 
0.36' 
0.36' 

WE ARE SPECIALLY ORGANIZED TO HANDLE DIRECT 
ORDERS OR ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 
BILLED IN DOLLARS—SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

TRANSRADIO 
\\ LTD 

CONTRACTORS TO 

H.M. GOVERNMENT 

138A CROMWELL RD., LONDON, S.W.7 
ENGLAND 

CABLES: TRANSRAD LONDON 
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VISIT BOOTH 3-409 IRE SHOW, GRAND CENTRAL PALACE 

%lot 
Thor steatite insulators are available 
as standard or custom-made items to 
Jan-1-to or customers' specifications. 
Specialists in metalizing, and grind-

ing to close tolerances. Write Dept. R tot Deeds and Catalogs. 

• 
"For Ceranucs. Inc. 
225 Belleville Avenue Bloomfield, New Jersey 

ALL-SYSTEM Color TV • Colossus , 
.inotiter TELECHHOME Engineering Achievement 

An example of a comprehensive integrated system for transmit-
ting and monitoring self-created as well as remote-origin signals. 

Al« :4 MK =3 Mae .6 LICE a / ULM =I 

Custom made laboratory-quality instrumentation 
• • • 

TELECHROME'S color equipment now being used by many of 
the nation's leading broadcasters, receiver manufacturers and 
laboratory groups, for establishing standards and for further 
development in the television color field. 

• • • 
Let TELECHROME help solve your special design require-
ments for color and monochrome T.V. Consult freely Hills 
our engineering staff now. Phone or write. 

ones Rift =3 

COLOR TV TELE 

RICK al — Driving 
source; produces all 
pulses: driving, blanking, 
sync, etc. for RIMI,F.C.C.. 
and NTSC color; includes 
the subcarrier. 

RICK =1—Gamma am-
plifiers, color encoders lo 
convert color signals to 
requirements of specific 
system under eiamination. 

RICK =3—Distribution, 
monitoring, and switching 
panels. 

RICK a4 — Contains 
universal color picture 
generator ;Oh crossed 
dichroic mirror assembly 
and scanner tube. 

RICK =5 — Universal 
color monitor with dichroic 
unit. 

RACK =6 — Contains 
off-theyair T.T. receiver, 
color bar generator, and 
three video amplifiers. 

RICK a7_ Picture (and 
sound) signal source 
closely approvimating the 
proper characteristics ol 
11. station transmitters; 
this rack contains also 
decoders tor both RISC 
and field sequential cales, 

. . THROUGH ADVANCED RESEARCH 6 DEVELOPMENT 

(88 MERRICK ROAD, AMITYVILLE, N. Y.) 
TELEPHONE AMITYVILLE 4-4446 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 2714) 

Marking Machine 

Popper & Sons, Inc., 300 Fourth Ave., 
New York 10, N. Y., distributors for 
Rejafix, Ltd., are bringing out the latest 
model of a fully automatic marking ma-
chine. 

This machine will print on cylindrical 
objects such as capacitors, relays, con-
densers, controls, electronic valves, etc., at 
a speed of up to 6,000 pieces per hour. 
Whether the components are made from 
glass, plastics, metal, or cardboard, etc., 
the prints will come out with greatest ac-
curacy down to the minutest letterings. 

Other Rejafix models will handle ob-
jects regardless of shape, whether they are 
round, tapered, rectangular, or flat. One 
of the outstanding features of Rejafix 
machines is the very fast exchange of 
printing type or plates, which permits the 
use of frequent changes in code numbers 
and specifications. 

Medium-Mu Triode 

Tube Dept., Radio Corp., of America, 
Harrison, N. J., has a new type 5718, a 
medium-mu subminiature triode designed 
for use as an RF power amplifier and oscil-
lator in uhf applications where dependable 
performance under shock and vibration is 
a prime consideration. It is capable of 
giving a useful power output of nearly 1 
watt at 500 mc. Operation with full input is 
permissible up to 1,000 mc. 

Because of its high transconductance, 
the 5718 is suitable for use in cathode-
follower, multivibrator, and blocking-
oscillator circuits. It is also useful as a 
resistance-coupled amplifier. 

(Continued on page 2744) 
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At the I.R.E. Show 

Discover How to Get 

N14.4 :44‘ 

ABSOLUTE D.C. 
See Kay-Lab's amazing new SUPER-

REGULATOR produce ABSOLUTE D.C. 

(Output impedance 0.005 ohms. Noise 

ripple under 100 microvolts. Standard cell 

stability available.) 

You'll see this and other interesting 

exhibits in Kay Lab's booth at the I.R.E. 

Show. Make your visit there a ''must.'' 

Ararifai 
PRECISION 

ELECTRONIC 

INSTRUMENTS 

KALBFELL LABORATORIES, INC. 
1090 MORENA BLVD., P.O. BOX 1578 
SAN DIEGO 10, CALIFORNIA 

TRANSFORMERS 
Fill Your Need to a 

For 
INDUSTRIAL 

AND 
ELECTRONIC 

EQUIPMENT 

Let us 
quote on your 
specifications' 
no obligation 

DESIGNED TO COMMERCIAL AND 

MILITARY SPECIFICATIONS 

1MIL-T-27 and AN-E-191 

SAMPLE. 
SHORT 
and 

LONG RUNS 

Delivery 

Promised' 

EPco Products Inc. 
2500 Atlantic Ave. 

Brooklyn 7, New York 

NIICOREEN'S VIBRATOR 
AND 

VIBRATOR POWER SUPPLIES 

RELIABLE • RUGGED 
LOW-DRAIN • EffICIENT 

Roaid  ubminiatu 
delivery of Victoreen's sre vibrators and 

vibrator power supplies is now possible due to expansion of 

At yo ur service • . . Victoreen's capoble engineering staff; production facilities. 

designing, engineering, and adapting efficient units to 

our your 

particular applications. 
VIBRATORS 

'The vibrators, used in these power supplies, ore 

ovoiloble as separate units. 'They ore mounted in sponge 

rubber and hermetically sealed in a convenient plug-in unit. 

Proven applications 2,/, ounces. include, high voltage power supplies, 
scintillation counters, portable Geger counlers, and portable 

114E MODEL 531 VIBRATOR is ttle 

designed to operate from a 

radios. Net weight is 

1.5 or 1.3 volt battery and requires os li os 18 milliwatts 

THE MODEL 542 VIBRATOR is also on 18 milliwatt unit, but 

designed for operation in series with the primary of a trans 
drivg - in power. 

former and from o 4.5 to 6-volt battery. 

VIRIOR POWER SUPPLIES 

Victoreen offers two standard vibrator power su pplies for use 
BA 

with battery-operated portable equipment such uipmaesn otted 

Geiger 

counters, photo-multipliers, ond electronic eqt requir- 

ing o high voltage supply. These compact units are p 
and hermetically seoled for reliability and ruggedness. They 

contain regulator circuits to in sure stabilized outputs. Net 

THE MODEL 517 VIBRATOR POLVER SUPPLY operates (rom 

4.5 volts dc and supp per and 

lies -• 900 volts ot 5 microamperes ond 
weight is one pound. 

THE MODEL 532 VIBRATOR POWER SUPPLY operates from — 58 volts at 0.25 milliames. 

3.0 volts dc and supplies —900 volts ot 15 rnicroarnperes 

--k 58 volts al 0.25 milliamperes. 

The Victoreen Instrument Co. 
5806 HOUGH AVENUE, CLEVELAND 3, OHIO 

BETTER COMPONENTS MAKE BETTER INSTRUMENTS 
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World's Most Sensitive, Most 
Reliable TV Receiver- • Truly custom. 

designed and custom-built to provide the ulti-
mate in sight, sound. and value. Employs most 
advanced engineering methods, finest compo-
nents, and most rigid alignment and test 
standards. Tech-Master improved 630-type 
chassis • Advanced Cascode Standard turret 
tuner, adaptable to UHF without tools • Full 
4 Mc. bandwidth • Quick action keyed AGC 
circuit • New, Hi-sweep auto-transformer 
system • 5 microvolt sensitivity • For all 
picture tubes from 16" to 24". 

MODEL 2430: with quality PM speaker, all 
tubes less picture tube, universal picture tube 
m't'g, brackets, phono-input jack. Equipped 
with audio take-off to feed sound thru external 
amplifier, If desired $189.50 
MODEL 2431P: Same as 2430, (less sound 
take-off), but with true fidelity Push-Pull Audio 
Amplifier ... ;199.95 

FOR 

O le 
PUMPING 

WITH 

Seee 
PUMPS 

New Modol 116 
16 Crse Free Air 
Coporiev 

Chassis plated, gleaming nickel fin-
ish...completely wired, aligned and 
tested, ready for installation. 

Custom-built TV Chassis Designed for the utmost 
in value, with famous 

Tech-Master design features for high quality image 
and sound. 
Retains the outstanding characteristics of the RCA-
630 circuitry, namely the 4-stage, full bandwidth 
picture IF strip, and the 3-stage FM sound sec-
tion • Latest innovations in synch and sweep cir-
cuits • Advanced Cascode turret tuner adaptable 
to UHF without tools • 5 microvolt sensitivity 
• Permanent magnetic focalizer • A.G.C. level 
control • 29 tubes (including 4 rectifiers). For 
all picture tubes from 16" to 24". 

MODEL C-30: With quality PM speaker, and all 
tubes (less picture tube), completely wired, 
aligned and tested .............................................$149.50 

Sold by all loading Rodlo Parts Distributors, 

INTERNATIONAL 
HIGH VACUUM 

T. COMPOUND PUMPS 

Six Ways a Better Pump: 

1. SIMPLIFIED CONSTRUCTION 

2. ROTARY VANE 

3. AUTOMATIC LUBRICATION 

4. HIGH EFFICIENCY 

• 5. QUICK RECOVERY 

6. RUGGEDLY BUILT 

Speed production and reduce maintenance with these 
ready-to-operate, high efficiency vacuum pumps! 

CAPACITIES UP TO 30 C F M International rotary vane pumps are ex-

tremely compact and operate unusually 

quiet Simplified construction and auto-

matic lubrication assure trouble-free op-

eration, long life and low-cost upkeep. 

Pump mechanisms are totally oil sub-

merged, preventing atmosphere to vac-

uum lepkage. 

WRIli FOR LITERATURE TODAY 

nternationci  
Machin aeUrnp 

Pu mp c,--e Vitork_ 
,v,,,o,„, 

N E w ARe ,vERNoR srptEr 

NEw JERSEY 
SPECIALIST MANUFACTURERS OF INDUSTRIAL 

GLASS-WORKING MACHINERY AND HIGH VACUUM PUMPS FOR 
ELECTRONICS, NUCLEONICS AND RESEARCH FOR OVER A QUARTER CENTURY 

" 3 Go 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliati•n 

(Continued from page 272.4) 

Tester-Reactivator-Sparker 
Transvision, Inc., Dept. DG-3, New 

Rochelle, N. Y., has released to the tele-
vision industry its new 6-pound CR Tube 
Tester-Reactivator-Sparker. This portable 
instrument is a complete testing and repair 
unit, self-powered, and completely self-
contained. A three-fold function of the 
instrument is as follows: as a tester, it 
measures cathode emission, locates shorts 
between elements, and locates high re-
sistance shorts or leakage as high as 3 
megohms; it indicates whether the tube has 
lost or is losing its vacuum; as a reactiva. 
tor, the unit can save many dim, worn-out 
tubes. (The reactivation can be done with-
out removing the picture tube from the 
TV set.) 

In most cases the reactivation is com-
plete and permanent, amounting to a 
virtual rejuvenation, light emission in-
creases, brightness goes up, and detail is 
enlivened, which is ideal for new tubes 
which have lost brightness from prolonged 
shelf life. This instrument is very effective 
for aging-in such new tubes. 

This unit sparks out electrical leakage 
which very often develops in picture tubes 
and makes them inoperative. 

Unlike devices used for "flashing" the 
filament, or permanently raising the fila-
ment temperature for temporary relief, 
this instrument gives a full complex reac-
tivation complete with short aging cycle. 

The tester is priced at $34.95 net. 

Carbon Film Resistors 
The Chase Resistor Co., 9 River St., 

Morristown, N. J., announces the be-
ginning of production of two high-
stability carbon film resistors. For maxi-
mum stability these are sealed in glass 
envelopes, evacuated, baked at high 
temperature under vacuum, and finally 
sealed in helium of spectroscopic purity. 
These units are stable to 0.01 per cent 
under all environmental conditions, and 
have long time drift of 0.01 per cent per 
year or less. They can be supplied in net-
works with ratios and temperature co-
efficients held to very close tolerances. 

(Continued on page 275,4). 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further techrucal 
information. Please mention your I.R.E. affillation. 

(Continued front page 274A) 

Less expensive units are made by 
solder-sealing resistors in ceramic tubes 
with metallized ends. The stability of the.ie 
is less than that of the glass-helium sealed 

resistors, but much better than that of 
varnished resistors, particularly under 
conditions of high humidity and tempera-
ture. Delivery of these in large quantities 
has begun, with delivery schedules at 
present of 3 to 4 weeks. 

Inquiries for prices on special orders to 
your specification will be answered 
promptly. Free literature and sample card 
for physical dimensions are available upon 
•-eatiest on your company stationery. 

Geared Motors 
General Die & Stamping Company, 262 

Mott St., New York 12, N. Y., has de-
veloped geared motors that can be supplied 
with single or multiple shafts, permitting 
the use of any one, or combination, of a 
number of speeds from 1 rpm to 1,150 
rpm. The shaft diameter is 7/16 inch, while 
the dimensions are h X4tinches X31 
inches. The motors operate on 110/120 
volts ac, 50/60 cps, and have great torque 
at low and medium speeds. 

Standard attachments, such as pistons, 
bushings, belt pulleys, adaptor plates, and 
extension shafts are available for the 
motors, and special attachments and gear-
ing can be supplied if quantity warrants. 

The uses of the geared motors include 
valve controls, electric control drives, sign 
flashers, remote control devices, current in-
terrupter, industrial mixers, water circula-
tors, etc. 

The basic motor also is available, 
stripped, without gears or bracket, with a 
shaft speed of 3,000 rpm. Dimensions are 
2k inchesX 31 X2. The shaft length is 
inch, and the diameter is 3/16 inch. 
A catalog page illustrating and describ-

ing the entire series of Kasson motors is 
available upon request to the company. 
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Currently available in one physical size-314" 
diam. x 9/16" deep, with 2" leads of No. 20 
wire—made to your order within the following 
range of specifications. 

Pulse Width: 0.1 to 2.0 microseconds 
Maxim um Pulse Repetition Rate: 2.0 mc. 
Operating Range . —55° to +105°C. 

One or two secondaries may be provided, either 
inverting or non-inverting. 

LOOK AT THESE PRICES! 
1 to 3 $7.50 each 
4 to 10 6.35 each 
11 to 100 5.85 each 
write us for quotations for quantities 
over 100 
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ILLUMINATED 
CONTROL PANELS - DIALS - KNOBS 
AND SWITCHBOARD ASSEMBLIES 

Laminated panels. knobs, switches, flat dials and even 
drum dials have the required letters or figures processed 
into the background so they appear dead white against 
the non-reflecting black background. In the dark, small, 
red-filtered lamps which are inserted in the inside lamina-
tion of clear plastic, illuminate the figures with a red light 
which the eye does not retain when in motion. 

All dials and panels are laminated of methyl metha-
crylate and vinyl films which meet the standards of 
Specification M1L-P-7788. They will withstand all standard 
humidity and salt-spray testing: and no change is noted 
in the overall efficiency of the materials when tested at 
temperatures varying between —65 °C and +85°C. 

This new method of making control panels, dials, knobs, 
etc., lends itself readily to quantity production and com-
petitive costs. For application other than military use, 
other colors have also been developed. 
A booklet with complete information is available. 
Manufacturers of test equipment for organic coatings. 

UNIVERSAL AVIATION EQUIPMENT, INC. 
187 LAFAYETTE STREET, NEW YORK 13, N. Y. 

Phone WOrth 4-2670 

MADE TO YOUR 
SPECIFICATIONS 

TECHNITROL Type TE \N 
ERs dOgle 

LsE irePci:01\ NOW YOU CAN SIMPLIFY 
AND MINIATURIZE YOUR 
SHORT-PULSE CIRCUITS 

WRITE US YOUR SPECIAL REQUIREMENTS 

including a brief outline of the contem-
plated circuit, or ask for our blank 
specification sheets. 

ECHNITROIL 
ENGINEERING COMPANY 

2751 North 4th Street, Philadelphia 33, Po. 

Visit Our Exhibit Booth 4-107 at the I.R.E. Show 
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PROFESSIONAL CARDS 
ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, L.I., N.0 

Telephone: Independence 3-3306 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY & STAFF 
RADIO-ELECTRONIC RESEARCH 

DEVELOPMENT & MANUFACTURING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

ELDICO OF NEW YORK, INC. 

Donald J. S. Merten and Engineering Staff 
Consultants on Interference Elimination 
from Transmitters, Induction Heaters, 

Diathermy, etc. 
44-31 Douglaston Parkway, Douglaston, L.I., N.Y. 

Bayside 9-8686 

Richard B. Schulz 

ezetnd - Seau 
Radio-lnterfeernce Reduction; 

Development of 
Interference-Free Equipment, 

Filters. Shielded Rooms 
4337 N. 5th Street. Philadelphia 40, Pa. 

GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaum 

Specializing in design and development of 
Test Equipment for the communications 

radar and allied fields 

333 West 52nd St., New York 19, PL-7-0520 

1.4pCHINE WoRks 

ELECTRONICS É X-RAY DIVISION 

°(siGN - DEVEtOPNENT • MANtlfliClUe 
44-14 Astoria Boulevard Long Island City 3, N.Y. 

Phone AStorla 8-2800 

HARRIS GALLAY 
Electronic Consultant 

Military Electronics Since 1935 

Your inquiries solicited and our experience is 
at your command. 

60 Perry Street Belleville 9, N.). 
Plymouth 9-4237 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 

Off' & Lab.: Great Notch, N.J. 
Phone: Montclair 3-3000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 

Design, Development and Manufacture 
of Transformers, Chokes, Etc. 

for the 
Electronic. Industrial and Allied Fields 

Main & Urban, Westbury, L.I., N.Y. 
W E-7-2933 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Electronics, Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-sensitive recording media, Instrumenta-
tion. 
155 Perry Street, New York 14 CHelsea 2-7855 

LEONARD R. KAHN 
Consultant in Communication, and Electronic, 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Applications of Magnetic Tape Recording 

Elizabeth Bldg., 22 Pine St., Freeport, L.I., N.Y. 
Freeport 9-8800 

DAVID C. KALBFELL, Ph.D. 
KAY-LAB Electronic Instruments 

Laboratory and Manufacturing Facilities 
Specializing in Electronic 

Instrumental and Industrial Problems 

1090 Morena Blvd. Woodcrest 6359 
San Diego 10, California 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

MICROWAVE SERVICES, INC. 

"Architects of Modern Communications" 
CONSULTANTS, ENGINEERS, CONSTRUCTORS 

Wire, Carrier, Radio—Inside and 
Outside Plant Facilities 

S. K. Wolf, E. Labin, V. J. Nexon, and Associates 
45 Rockefeller Plaza, New York 20 Circle 7-4953 

L. J, CASTRIOTA 14, WIND 
S. W. ROSENTHAL P. G. 114ARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Telephone G.P.O. Box 844 
BOulevard 3-2096 Brooklyn I, N.Y. 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation of Radio Systems 

Research, Development, Design and Production 
of Special Electronic Equipment and Antennas. 

240 Highland Ave. Needham 94, Mass. 

PSC APPLIED RESEARCH LTD. 
Development 6' Production 
AIRCRAFT and INDUSTRIAL 

INSTRUMENTS • AIDS • SYSTEMS 
Navigation - Survey - Processing - Servo 

Gyro - Photo - Magnetic - Electronic 
Radiation - Optical 

J. M. Bridgman, General Manager 
1450 O'Connor Drive Toronto, Canada 

PAUL ROSENBERG 
ASSOCIATES 

Consulting Physicists 

100 STEVENS _AVE. • MOUNT VERNON. NEW YORE 

CABLE: PHYSICIST MO,,,,, vernal 743040 

TELECHROME, INC. 
Electronic Design Specialists 
COLOR TELEVISION EQUIPMENT 

Flying Snot Scanners. Color Synthesizer,, Beyer's, 
Monitors, Oscilloscope, and Related Apparatus 

1, R. PoultIn-Clurman, Pres. & Ch. logy. 
88 Merrick ltd. Amityville, LI., N.Y. 

TELREX, INC. 
M. D. Ercolino, Pres. 

H. F. ANTENNA SPECIALISTS 

Communication Arrays 
Reception or Transmission 

For FM, TV, and Amateur Service 

Asbury Park, N.J.—Phone AP 2-7252 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting — Research — Development 
R-F Circuits —  Lines — Antennas 

Microwave Components — Test Equipment 

Harold A. Wheeler and Engineering Staff 

Great Neck, N.Y. Great Neck 2.7806 

WIHTOL LABORATORIES 
Consulting — Research — Development — Elec-
tron Tubes — Vacuum and Gas Tube Manu-
facturing Techniques — Glass Techniques — 

Special Purpose Tubes. 

W. Wihtol, Director 
2333 Grey, Evanston, Illinois 

University 4-7896 

YOUR PRODUCTS HERMETICALLY SEALED 
• Meet Military 

Specifications 

• Insure reliability 

• Unexcelled high 
altitude operation 

• Provide permanent 
protection from 
dust and corrosive 
atmospheres 

• Forever free from 
humidity effects 

Our engineers will design suitable enclosures 
for your electronic parts. We assemble and 
seal your units in dry air or inert gas. All 

assemblies ore evacuated and l DO % leak 

tested by the Veeco Mass Spectrometer. 
Write for complete information. 

Warner Building 
Washington 4, D.C. 

National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 
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GENERAL HERMETIC SEALING CORPORATION 99 E. Hawthorne Ave. 
Volley Stream, L I., N. Y 

Tilden 4-6300 
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INDEX AND DISPLAY 
ADVERTISERS 

ORTHOSIL 
3-Phase Laminations 

Cut Costs, Weight, Space 

When Transformer Engineers of 
Pasadena, Calif., contracted to 
build a 30 400 cps transformer 
for the guided missile program, 
Thomas & Skinner engineers 
were consulted for assistance. 
After thorough analysis, the 
new T & S El 1/2 "-30 OrthoSil 

4 mil lamination was recom-
mended. With this new, thin 
orthographic iron-silicon lami-
nation, Transformer Engineers 
were able to cut both weight 
and size 25%, in addition to sub-
stantially reducing the unit cost. 

This success with 34) applica-

tions is typical of Thomas & 
Skinner's new OrthoSil lamina-

tions. The 30 series of OrthoSil 
laminations also include 3/8" and 
5/8"—and will soon include the 
EI 7/8"-34, 

Transformers such as power 
and 344 chokes, saturable reac-
tors, and filters are but a few of 
the many electrical components 
for which OrthoSil oriented 
laminations are recommended. 

Write today—ask for new 
T & S Electrical Laminations 
Bulletin No. L-752. 

Specialists in Magnetic Materials,' Permanent Magnets, and Laminated Cores 

THOMAS & SKINNER Steel Products Company, Inc. 

1125 East 23rd St., Indianapolis 7, Indiana 
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S.S.WHITE FLEXIBLE SHAFTS 

les easy to meet 
space, dimensional and 
circuit requirements 

When coupled to S.S.White remote control flexible shafts. 
variable elements can be placed anywhere—in any position 
to suit space conditions, to obtain optimum circuit effi-
ciency and to facilitate wiring. Once the controlled 
element is placed in its most favorable location, a flexible 
shaft will provide control from any point, over any dis-
tance and around any obstacle. 

That gives you plenty of leeway in your circuit design 
. . . and it goes a step further. By using S.S.White flexible 
shafts, control knobs can be located for more convenient 
operation or to improve cabinet design. 
And whatever the relative position of the variable ele-

ments to their control knobs, you still get sensitive and 
smooth tuning, because S.S.White flexible shafts are 
designed and built specifically for remote control. 

SEND FOR THIS 256-PAGE FLEXIBLE SHAFT HANDBOOK 

It has comprehensive and authoritative details on 
flexible shaft construction, selection and application. 
Copy sent free if you request it on your business 
h»tterhead and mention your position. 

INDUSTIRIAL DIVISION 
DIMITAL PAIFC.CO. Dept. G, 10 East 40th St. 

NEW YORK 1 6, N. Y. 

WESTERN DISTRICT OFFICE: Times Building, Long Beach, Calif. 
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PRODUCTION QUALITY CONTROL 
assures interchangeability for 
mass production applications! 

PRODUCTION QUANTITIES 
now available for 

Immediate Deliveries! 

UNIFORM CHARACTERISTICS 
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ederated 
SEMI-CONDUCTOR CO. 

EXCLUSIVE SALES AGENTS FOR 

GERMANIUM PRODUCTS CORP. 

66 Dey St New York City 7 N Y DIgby 9 3050 

5 Coast-To-Coast Sources Of Supply_ 

• New York City 7. N. Y., 66 Dey St 

• Newark, N. 1., 114 Hudson St., 

• Allentown, Pa., 1115 Hamilton St., 

• Easton, Pa., 925 Northampton St., 

• Los Angeles 15, Cal., 911 So. Grand Ave., 

'Manufactured by the Germanium Products Corp. (*Under Western Electric Co. license) 

DISPLAY ADVERTISERS 
Highland Engineering Co.   
Hogan Laboratories, Inc. 
Hudson Radio & Television Corp. 
Hudson Tool & Die Co. 
Hughes Aircraft Co. 
Hughes Research & Development Labs.   
Hughey & Phillips   
Hycor Co., Inc., The   
Hytron Radio & Electronics Co  

276A 
 276A 

154A 
 23A 

 49A 
20IA 
75A 
228A 
 57A 

-T-E Circuit Breaker Co. 
ndustrial Hardware   
ndustrial Rectifier Co  
nstitute of Radio Engineers 
nstrument Corp of America   
nstrument Resistors Co. 
nstrument Specialties Co., Inc.   
nsuline Corp. of America   
nternational Pump & Machine Works  274A 
nternational Rectifier Corp.  70A 
nternational Resistance Corp.  8A á 9A 

 92A 
2I2A 

 244A 

FD Manufacturing Co., Inc. 
Jacobs Instrument Co. 
Jeffers Electronics, Inc. 
Jennings Radio Mfg. Co. 
Jerrold Electronics Corp. 
Johns Hopkins University (Radiation Lab.) .  I98A 
Johnson Co., E. F.   I64A 

Kahle Engineering Co. •  245A 
 276A 

273A & 276A 
47A 
263A 
26IA 
18IA 

Kahn, Leonard R. 
Kalbfell Laboratories, Inc.   
Karp Metal Products Co., Inc.   
Kay Electric Co.   
Kenyon Transformer Co., Inc.   
Kepco Laboratories, Inc.   
Kester Solder Co.   
Ketay Mfg. Corp. 
Kinetic Instrument Co., Inc.   
Kings Electronics Co., Inc.   
Knights Co., James   
Krohn-Hite Instrument Co.   
Kulka Electric Mfg. Co., Inc. 

Laboratory for Electronics, Inc.   
Lambda Electronics Corp.   
Lavoie Laboratories, Inc.   
Leland, Inc., G. H.   
Lenz Electric Mfg. Co.   
Littelfuse, Inc. 
Litton Industries   
Lundey Associates 

20A 
 I38A 

230A 
38A 
24A 
25A 

 230A 

67A 
14IA 
I74A 
130A 
95A 
270A 
62A 

 236A 

Machlett Laboratories, Inc.   
Macmillan Co. 
Magnecord, Inc. 
Magnetic Amplifiers, Inc. 
Makepeace Co., D. E. 
Mallory & Co., Inc., P. R. 
Marconi Instruments, Ltd. 
Marion Elec. Instr. Co 
Martin Co., Glenn L. 
Maxson Corp., W. L. 
McGraw-Hill Publishing Co., Inc. 
Measurements Corp. 
Melpar, Inc. 
Mepco, Inc.   ISBA & 159A 
Metal Textile Corp.   I43A 
Metropolitan Overseas Supply Corp.  247A 
Micamold Radio Corp.  249A 
Microwave Consultants  276A 
Microwave Services, Inc.  276A 
Midland Manufacturing Co., Inc.  46A 
Millen Mfg. Co., Inc., James  54A 
Millivac Instrument Corp.  215A 
Milo Radio & Electronics Corp.  22IA 
Model Engineering & Mfg., Inc.   I29A 
Mycalex Corp. of America  240A & 24IA 

N.R.K. Mfg. & Eng. Co.    I44A 
National Carbon Co.  153A 
National Union Radio Corp. (Research Div.) I99A 
Neutronics Associates  264A 
Ney Co., J. M.  234A 
North American Aviation, Inc.  I95A 

Ohmite Mfg. Co.  BOA 
Optical Film Eng. Co.  254A 

PSC Applied Research Ltd.  276A 
Panoramic Radio Products. Inc.   I79A 
Paramount Paper Tube Corp.  246A 
Par-Metal Products Corp.  220A 
Panto Laboratories, Inc.   I88A 
Photocircuits Corp.  223A 
Pickard & Burns, Inc.  276A 
Plastoid Corp.  II4A 
Polarad Electronics Corp.  I76A & I77A 

23IA 
Polytechnic Research & Dey. Co., Inc.   ISA 
Popper & Sons, Inc.  242A 
Potter Instrument Co., Inc.   I2A 

76A 
 26IA 

247A 
235A 

 83A 
 68A & 120A 
 245A 

 9IA 
 203A 
 205A 
 268A 
170A á 276A 

Polymer Corp. of Pa. 

 IA & 2A 
97A 
262A 
232A 
I46A 

224A 
 203A 
 I73A 
 28A 
 25IA 

 I99A 
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DISPLAY ADVERTISERS 
Potter Instrument Co., Inc. (Empl.)  208A 
Precision Apparatus Co., Inc.  267A 
Precision Paper Tube Co.  182A 
Premier Metal Etching Co.  183A 
Premier Metal Products Co.  250A 
Presto Recording Corp.  185A 
Production Tool á Fixture Co.  254A 

94A Pyramid Elec. Co   

R.F.I. Shielded Enclosures  I43A 
194A 

Radio Corp. of America (Empl.) ... I96A & I97A 
Radio Corp. of America (Tubes)  96A 
Radio Materials Corp.  73A 
Radio Receptor Co., Inc.  210A 
Rawson Electrical Instr. Co.  247A 
Raytheon Mfg. Co. (Tubes)  4IA 
Raytheon Mfg. Co. (Empl.)  I99A 
Remington Rand, Inc. (Eckert-Mauchly Div.) 201A 
Rhode Island Insulated Wire Co.  39A 
Riester & Thesmacher Co., The  74A 
Robinson Aviation, Inc. (Vibra -Shock)  156A 

11A 
Rollin Co., The  I84A 
Rosenberg, Paul A.  276A 
Rutherford Electronics Co.  27 IA 

Radiation, Inc. 

Roller-Smith Corp.   

Sanborn Co.   8IA 
Sandia Corp.  I96A 
Sangamo Electric Co. (Capacitor Div.)   I62A 
Scheidt Mfg. Co.  264A 
Scientific Electric   160A 
Secon Metals Corp.  2S2A 
Servo Corp. of America  ,  239A 
Servomechanisms, Inc.   108A 
Shallcross Mfg. Co.  102A 
Shure Bros., Inc.   I36A 
Simpson Electric Co.  77A & 79A 
Sola Electric Co.  I69A 
Sorenson & Co., Inc.   I26A & I27A 
Sound Apparatus Co.  253A 
Southwestern Industrial Electronics Co.  I9A 
Spencer-Kennedy Labs., Inc.  234A 
Sperry Gyroscope Co.  99A 
Sperry Gyroscope Co. (Empl.)  202A 
Sprague Electric Co.  3A 
Sprague Electric Co. (Resistors)  55A 
Stackpole Carbon Co.  125A 
Standard Coil Products Co.  I22A 
Standard Pies° Co.  180A 
Standard Transformer Corp.   I I6A 
Stayer Co., Inc.  253A 
Stavid Engineering, Inc.  204A 
Steward Mfg. Co., D. M.  I28A 
Stoddart Aircraft Radio Co.  256A 
Stupakoff Ceramic & Mfg. Co.  107A 
Sturtevant Co., P. A.  188A 
Sun Radio & Electronics Corp.  251A 
Superior Tube Co.  I89A 
Surprenant Mfg. Co.  227A 
Switchcraft, Inc.   I68A 
Sylvania Electric Products (El. Div.)   1 ISA 
Sylvania Electric Products (Radio & TV)  53A 
Sylvania Electric (Woburn)  207A 
Sylvania Electric Products (Empl.)  204A 
Synthane Corp.  I75A 

Tech Laboratories, Inc.  222A 
Tech-Master Products Co.  274A 
Technitrol Engineering Co.  275A 
Technology Instrument Corp.  243A 
Tektronix, Inc.  98A 
Tel Instrument Co., Inc.   I82A 
Telechrome, Inc.  272A & 276A 
Telewave Labs., Inc.   I68A 
Um, Inc.  276A 
Tenney Engineering, Inc.  813A 
Tensolite Insulated Wire Co., Inc.  2I4A 
Terminal Radio Corp.  52A 
Texas Instruments, Inc.  29A 
Thomas & Skinner Steel Products Co.  277A 
Thor Ceramics, Inc.  272A 
Thordarson Meissner  254A 
Trad Television Corp.  269A 
Transicoil Corp.   106A 
Transradio, Ltd.  27IA 
Triad Transformer Mfg. Co.  64A 
Truscon Steel Co.  82A 
Tung-Sol Electric, Inc.   I IBA 

Ulanet Co., George  270A 
United States Gasket Co.  280A 
United Transformer Co.  Coy. 11 
Universal Aviation Equipment, Inc.  275A 

Varian Associates  109A 
Vectron, Inc.   I86A 
Victor Adding Machine Co 202A 
Victoreen Instrument Co.  273A 
Victory Engineering Corp.  152A 

Waterman Products Co., Inc.  58A & 59A 
Weckesser Co.  265A 
Western Electronic Show & Convention (Wescon.) 
 27IA 

Weston Electrical Instr. Corp.  191A 
Wheeler Laboratories, Inc.  276A 
White Dental Mfg. Co., S.S. (Ind. Div.)  278A 
White Industries, Inc.  270A 
Wihtol Laboratories  276A 
Wilcox Electric Co., Inc.   16IA 
Wilcox Electric Co., Inc. (Empl.)  205A 
Winchester Electronics, Inc.  133A 

Zophar Mills, Inc.  263A 

Quality? • • • • PLUS 

Prices? • • • COMPETITIVE 

pecify Chemelec 

Electronic Components 

Chemelec High Performance Electronic Components include 
a complete line of Teflon-insulated 7 and 9-pin Miniature 
Tube Sockets, 9-pin Connectors, Crystal Sockets, Stand-off 
Insulators, Feed Through Insulators and Terminals. 

All provide the same high performance which this superior 
insulating material assures. Surface resistivity 3.5 x 1013 ohms. 
Loss factor less than 0.0005. Dielectric constant 2.0 (60 cycles 
to 30,000 megacycles). Serviceable at —110° F. to 500° F. 
Won't carbonize under arcing. Zero water absorption by 
ASTM Test. Unaffected by extreme humidity. Won't DC 
plate. Chemically inert, non-gassing, immune to corrosive at-
mospheres, fungus, oil, solvents. Non-flammable, tough, resili-
ent, withstands and absorbs mechanical shock and vibration. 

Write for Catalogs: Miniature Tube Sockets, No.?, SO-428; 
9-pin Connectors, No. CN-409-M; Crystal Sockets, No. 
CS-441; Stand-off Insulators, No. TE-401; Feed Through 
Insulators and Terminals, No. CF-400. 

V UNITED 
STATES 
GASKET 
COMPANY 

FLUOROCARBON %d 
PRODUCTS DIVISION 
CAMDEN 1, NEW JERSEY 

Representatives in Principal 
Cities Throughout the World 

280A PROCEEDINGS OF THE I.R.E. March, 1953 



ANTENNAS 

C-D MINIATURIZED CAPACITORS 

iree 

Tiny but tough I The smaller capacitors become, the greater the premium on trust-
worthiness. Cornell-Dubilier has a dependable miniaturized capacitor for practically 
every known application. Typical are the High Temperature Tubulars, Metallized 
Paper Tubulars, Midget Micas, Disc and Tubular Ceramics. For the complete catalog 
write to: Dept M33, Cornell-Dubilier Electric Corp., General Offices, So. Plainfield, N. J. 

CORNELL -DUBILIER 
world's largest manufacturers of capacitors 

ROTATORS CAPACITORS vIBRATORS CONVERTERS 

SOUTH PLAiNCIELD. N. J. • NEW DEDFORD, wORCEstER AND CPmeRooCE.NASS • PROVIDENCE. R U. • INDIANAPOLIS. IND. • FUQUAV SPRINGS. N. C. • SUSSIOtARY, THE RWENART CORP., CLEVELAND, J. 



For Accurate Reliable 

and FCC Approved 11 Measurements of MODULATION 
DISTORTION 

and NOISE 
• 

in the Broadcast Station 

Type 1931-A Modulation Monitor 
..0.5 to 8 Mc. or 3 to 60 Mc. .. $440.00 

Type 1931-P5...0.5 to 8 Mc. Extra Tuning Coil 16.50 

Type 1931-P6 ... 3 to 60 Mc. Extra Tuning Coil  16.50 

f 

?. 
e 

veer.. 

r4: 

.11 e ere 

Type 1932-A Distortion and Noise Meter 95. 

The G-R Type 1931-A Modulation Monitor 
and Type 1932 -A Distortion and Noise Meter 
are highly accurate instruments widely used 
in broadcast stations for monitoring modula-
tion and measuring distortion and noise in 
audio frequency circuits. Transmitter opera-
tors find these instruments convenient and 
extremely reliable in operation. They meet all 
FCC specifications. 
The Distortion and Noise Meter is a most 

versatile laboratory tool. It permits complete 
and accurate wave analysis of fundamentals 
from 50 to 15,000 cycles and harmonics to 
45,000 cycles, when used with an oscilloscope. 
Its ability to rapidly and accurately measurf: 
frequency, audio voltage, AVC characteristics 
and hum level, has adapted it to a wide variety 
of measurements in the communications labora-
tory. This Meter is also used for the production 
checking of radio receivers, attenuators, audio 
amplifiers and oscillators, and electronic instru-
ments and components. 

The G-R Type 1931-A Modulation Monitor 

* Operates over a wide carrier-frequency range — 0.5 to 
8 Mc. or 3 to 6 Mc. depending upon tuning coils used; 
either set supplied with instrument. 

* Continuously indicates percentage modulation of either 
positive or negative peaks, as selected by a panel switch — 
meter range is 0 to 110% on positive peaks, 0 to 100% 
on negative peaks. 

* Provides a very useful overmodulation alarm whose 
flashing rate increases markedly when modulation peaks 
are in excess of a predetermined level sel by a panel dial. 

* Requires about 0.5 watt input R-F power. 

* Measures the relative magnitude of any carrier shift 
occurring during modulation. 

* Has two low-distortion audio-output circuits operating 
from separate diode rectifiers: 
One is matched to a 600-ohm line for audible monitoring. 
Other output supplies a faithful reproduction of the carrier 
envelope for measurement of transmitter distortion and 
noise with the aid of a distortion and noise meter — 
output amplifier is flat to within 1.0 db. from 30 to 
30,000 cycles. 

The G-R Type 1932-A Distortion and Noise Meter 

* Features rapid and continuous frequency adjustment over 
the entire audio frequency range — one main tuning control 
and push buttons are used. 

* Includes a high gain amplifier which balances to a null at 
frequency set by the main tuning dial, and thus passes to the 
meter circuit only the distortion components present. 

* Measures distortion values as low as .05%; 0.10% above 
7,500 cycles. 

* Detects noise levels down to 200 J.Cv — instrument noise is 
considerably less than 80 db. 

* Accuracy is essentially ±5% of full scale for distortion, 
noise and dbm measurements. 

IR 
GENERAL RADIO Company 
275 Massachus•tts Av•nue, Cambridg• 39, Massachusetts, U.S. A. 
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Admittance Meters * Coaxial Elements* Decade Capacitors 

Decade Inductors * Decade Resistors 1> Distortion Meters 

Frequency Meters* Frequency Standards *Geiger Counters 

Impedance Bridges * Modulation Meters er Oscillators 

Various* Light Meters tr Megohmmetera * Motor Controls 

Noise Meters * Null Detectors tr Precision Capacitors 

Pulse Generators* Signal Generators* Vibration Meters* Stroboscopes* Wave Filters 

U-H-F Measuring Equipment tr V-T Voltmeters tr Wave Analyzers Itt Polariscopes 


