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IIMPEREN is • FIRST  again 
ve ine 

w ith the most  exte  hing 
nsi  l  of 

production-standardized, self-quenc  

R AD I AI I ON 
COURIER 1UBES 

MPEREX has the most complete line of standardized types of radi-

ation counter tubes that are actual production line models. If you are 

working on anything which requires radiation counter tubes, chances 

are that Amperex can fit you neatly with a tube from our regular line. 

Save time ...save money...write today for detailed Amperex literatwe. 

re-tube with 
Amperex... 

AMPEREX ELECTRONIC CORP. 
25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 
11-19 Brentclifie Road, Leaside, Toronto, Ontario, Canctda 



SHERRON CAN DESIGN 
AND MANUFACTURE: 

COUNTERS: Maximum 
count as required. Pre-
determined setting any-
where within the counting 
range. Resolution in the 
micro-second region. 

COMPUTERS: Mechanical 
linkages. Electrical ana-
logues of any complexity. 
Digital computers. 

SERVO- MECHANISMS. 
Control to any desired 
accuracy. Power as de-
sired.  Linear control, 
logarithmic control. 

AMPLIFIERS: R.F., Video, 
A.F., D.C. to fit any ap-
plication. Particular em-
phasis on high gain, high 
stability characteristics. 

OSCILLATORS:  All  fre-
quencies. 

Sherro 
Electronic 

PO WER SUPPLIES: Elec. 

Ironic —Regulation  1/2 % 
and less. 

REGULATORS: Electronic 
— direct or through servo 
control. Regulation, drift, 
etc. to specification. 

MEASUlif MEN T — CON-
TROL:Devices for measur-
ing and control of all pa-

rameters capable of being 
controlled and producing 
proportional electrical, 

optical or measuring dis-
placement.  Electronic 
m icroamm eters, radiation 
counters. 

CONTROL OF ACCELER-
ATOR  ACCESSORIES: 
Grouping of controls, 
supplementary apparatus, 
and experimental system 
into a compact versatile 
unit. 

VITAL LINKS 
IN 

Nuclear Research 

 ̂

SHERRON PROVIDES ALL 3 

In each of these essential elements of 

nuclear research, Sherron can give you 

expert service. 

Years of active experience in electronics 

manufacture provide a practical back-

ground for our readiness to produce spe-

cial designs in custom made precision 

instruments for nuclear exploration. A 

complete staff of veteran physicists and 

engineers is always on hand to study your 

problems and work out your requirements. 

Inquire! 

SHERRON ELECTRONICS CO. 
Division of Sherton Metallic Corporation 

1201 FLUSHING AVE.  • 1ROOKLYN 6, "r w YORK 
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The 1304 is TOPS! 

REPRODUCTION QUALITY? The Western Electric 
1304 Set combines the 109 Type Reproducer 

Group with its extremely low intermodulation dis-
tortion and a unique new driving mechanism (shown 
in Fig. 1) that cuts flutter to a value lower than many 
standard recording equipments. 

Even the small amount of flutter originating in the 
mechanism's simple gearing is damped in the novel 
filter of Fig. 2. Result: a flutter level, including wow, 
of less than 1, 10 of 1% at both 78 and 33- 0 rpm. 

The platter has been isolated from the sources of 
rumble by means of the drive isolation coupling (Fig. 
4), the fabric belt, and by mounting the entire drive 
mechanism on rubber vibration mounts (Fig. 3). The 
large drive pulleys, the use of large belt wrap around, 

FIG. 1 
A single helical ring gear (a), is permanently meshed with two 
pinion gears (b), each driven by an overriding clutch (c). Revers-
ing direction of motor rotation disengages one overriding clutch, 
engages the other to change platter speed. Permanently meshed 
gears eliminate possibility of flutter caused by wear of engaging 
and disengaging. 

FIG. 3 
The entire mechanism, including motor, floats separately from 
frame and platter shaft on three large rubber mountings (f). 
Motor, in turn, is isolated from the gear system by smaller rubber 
mountings (g) and the use of belt drive. 

and an adjustable spring loaded idler pulley prevent 
belt slippage problems. 

OPERATING CONVENIENCE? Speed change-over at 
the throw of a switch. Acceleration to 33- 1 3 rpm in 119 
revolution—to 78 rpm in less than 1/2 revolution. Rapid 
slowdown — no overdrive — convenient flange on 
platter for quick stopping. 

And playing time variation is less than ± 2 seconds 
in 15 minutes! 

Scientific placement of elements facilitates operation. 
An annular groove in the platter makes it easy to grasp 
edge of 10- or 12-inch records. 706A Guard provides 
automatic arm rest, keeps stylus from dropping on 
panel, catching in turntable felt, or striking edge of 
revolving platter. 

FIG. 2 
As shown in cutaway view, a coupling (el allows each pinion and 
associated shaft to move a short distance along its axis. The 
bottom of each pinion shaft projects into an oil-filled chamber (d) 
for damping axial motion. Because of the helical gearing and the 
high inertia of the turntable platter, irregularities in the drive 
tending to cause flutter are taken up and damped in axial motion 
of the driving pinion. 

FIG. 4 
Drive isolation coupling (hl, provides the only connection between 
driving gear (i).platter shaft (j) and platter support )k ), completing 
the separation of drive mechanism from platter. This coupling — 
very rigid in rotational plane, highly flexible in all others—transmits, 
the driving motion, but isolates the rumble-causing motion. Platter 
and support ride on a hardened single ball thrust bearing (m). 
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T HE WESTERN ELECTRIC 1304 Type Repro-
1 ducer Set is a single compact unit, readily 
adaptable to a wide range of installation require. 

FIG. 5 
The 1304 Reproducer Set, includes a floor type cabinet with or with-
out a removable door. The 701A Shelf is available which provides 
record storage space (Fig. 5), or the cabinet may be arranged for 

FIG. 7 
If you want the superb reproduction and the operating convenience 
of the 1304— but prefer to use an existing table or a specially built 
cabinet — just specify the 304 Type Reproducer Panel. This is a 
complete panel unit, all ready to install, with exactly the same 
drive mechanism used in the 1304. The 109 Group with 706A Guard, 
or)-off and speed-change switches and platter are all included. 

ments. It is available in a variety of cabinet 
arrangements to permit the greatest possible 
flexibility in installation. 

FIG. 6 
mounting standard amplifying equipment (Fig. 6). In either -case, 
additional space for equipment is available at the rear of the 
cabinet. 

FIG. 8 
You can also use the drive mechanism of the 1304 with your own 
reproducer group. The 305A Panel is drilled to take the 109 Type 
Group, and is furnished with 706A Guard, equalizer knob and the 
required hardware for mounting the 109 Type Group. The 305B 
Panel can be drilled in the field to mount reproducer groups other 
than the 109.1706A Guard and equalizer knob not included.) 

For complete information on the 1304 Reproducer or Reproducer 

Group — or on the 304, 305A or 305B Panels — call your nearest 

Graybar Broadcast Representative. Or write Graybar Electric Com-

pany, 420 Lexington Avenue, New York 17, N. Y. 

DISTRIBUTORS: IN TIIE U.S.A. — Craybar 

Electric Company. IN CANADA AND NEW-
FOUNDLAND —Northern Electric CO., Ltd. -QUALITY COUNTS-
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HEW ELECTROLYTICS 

fully dependable 

TO 450 VOLTS AT 85°C 

ILLUSTRATIONS 

ACTUAL SIZE 

for TELEVISION'S exacting applications 

Designed for dependable operation up to 450 volts 

at 85 C. these new Sprague electrolytics are a 
good match for television's severest capacitor as-

signments. An extremely high stability character-
istic is assured, even after extended shelf life, 

thanks to a special Sprague processing technique. 

Greatly increased manufacturing facilities are now 

available. 

Your inquiries concerning these new units are invited. 

DEPENDABILITY 

TO M  NE W E  A TCH THESELECTROLYTICS! 

SPRAGUE PHENOLIC 
MOLDED TO PHENOL 

Highly heat- and moisture-rezistont— 
Non-inflammable—Moderatl 

ey priced —Conservatively rated for --40°C. 
to +85°C. operation —Small in size 
--Completely  insuloted —Mechani-
callyrugged—Thoroughly fleld-tesled 
Write for Engineering Bulletin 2104 

SPRAGUE ELECTRIC CO MPANY  • NORTH ADAMS, MASS. 

P I O N E E R S  0  F SPRAGUE 
*T. M. Rep. U. 5. Pt. Off.  / ELE CT RI C  A N D  ELE CT R O NI C  PR O G RE S S 

Capacitors 

*Kooloh m Resistors 
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NORTH 

EAST 
WEST... 

millions listen to broadcasts 
from local low-power 
AM transmitters using 

General Electric economy tubes! 

TOW-PRICED because of large production . . . due to 
large demand! Shown here are representative G-E 

power tubes with a nation-wide name for reliability. 
Specify General Electric tubes in that new transmitter 
you're designing, to get the biggest dollar-value ... to 
get the right tubes (G.E., from its wide list of types, can 
match precisely your circuit requirements) . . . to en-
hance your product's standing in the eyes of quality. 
conscious buyers. A phone-call to your nearby G-E 
electronics office will bring helpful counsel from tube 
engineers glad to focus their experience on your 
problems. Act today! 

If you operate a broadcast station, you're interested 
in fast replacement service. Time off the air is money 
out-of-pocket. General Electric tubes score again . . . 
there's a G-E distributor or dealer right in your area, 
with ample stocks on hand, waiting for your request to 
rush new tubes to you. You get the types you want, 
when you want them—built right, priced right, sold 
right with the solid backing of General Electric's tube 
warranty! Electronics Department, General Electric Com-
pany, Schenectady 5, New York, 

GL-810 
TRIODE 

GL-828 
BEAM 
POWER 
TUBE 

GENERAL 
FI R ST  A N D  A T E S T 

ELECTRIC 
,e. 07• 1 0 

N N IE IN  EL E CT R O NI C S 

TYPE GL-810 
CHARACTERISTICS 

As Class C r-f power amplifier, plate-
modulated (Carrier conditions per tube 
for use with a max modulation factor 
of 1.0). 

Filament voltage  10 v 
current  4.5 amp 

Max ratings (CCS): 
d-c plate voltage  1,600 v 
d-c grid voltage  —500 v 
d-c plate current  210 ma 
d-c grid current (approx)  70 ma 
plate input  335 w 
plate dissipation  85 w 

Typical operation: 
d-c plate voltage  1,600 v 
d-c grid voltage  —200 v 
d-c plate current  210 ma 
d-c grid current (approx)  50 ma 
driving power (approx)  17 w 
plate power output  250 w 

TYPE GL-828 
CHARACTERISTICS 

As Class A81 a-f power amplifier and 
modulator 

Filament voltage  10 v 
current  3.25 amp 

Max ratings (CCS): 
d-c plate voltage  1,750 v 
d-c suppressor voltage  100 v 
d-c screen voltage  750 v 
'max signal d-c plate current  150 ma 
'max signal d-c plate input  225 w 
'screen input  16 w 
*plate dissipation  70 w 

Typical operation (CCS), 2 tubes: 
d-c plate voltage  1,700 v 
d-c suppressor voltage  60 v 
d-c screen voltage  750 v 
d-c grid voltage  —120 v 
peak a-I grid-to-grid voltage  240 a 
zero signal d-c plate current  50 ma 
max signal d-c plate current  248 ma 
d-c suppressor current  9 ma 
zero signal d-c screen current  4 ma 
max signal d-c screen current  43 ma 
effective load, plate-to-plate  16,200 ohms 

**max signal plate power output  300 w 

*Averaged over any a-f cycle of sine-
wave form. 

•*Distortion only I per cent with 20 db 
of feedback to grid of driver. 
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„wake 7* "CI 
Tkoirc 

does the work of 2 oscillographs 

IWITH THE TYPE 5RP-A CATHODE-RAY TUBE 

AT 4000 VOLTS ACCELERATING POTENTIAL 

The new Du Mont Type 248-A, 
which replaces the former Type 

248 in the medium-voltage field, 

now employs the Type 5RP-A 
Cathode-ray Tube at an accelerat-

ing potential of 4000 volts. As a 
wide-band oscillograph (5mc) for 

studies of pulses and other sig-

nals containing high-frequency 
components, the Type 248-A still 

provides all the desirable fea-
tures of the discontinued Type 

248. In addition, it may be used 
immediately as a high-voltage os-

cillograph simply by plugging in 
a suitable power supply. No mod-
ification is necessary. 

Thus the new Type 248-A can 
take the place of two instruments 

—a medium-voltage and a high-
voltage cathode-ray oscillograph. 
And, best of all, production econ-

omies allow the new Type 248-A 
to be sold at the same low price 
of the former Type 248. 

Now, more than ever, the Type 
248-A excels any instrument in 
its class! 

Du Mont Type 248-A 

Cat. No. 1244-E, with 512P2-A 

$1870.00 

2 AND FOR OPERATION AT 14,000 VOLTS ACCELERATING POTENTIAL, JUST 

PLUG IN THE TYPE 263-B HIGH-VOLTAGE PO WER SUPPLY 

The requirements of modern os-

cillography frequently demand 
relatively high accelerating po-

tentials for the investigation and 

photo-recording of high-speed 

transients and pulses of extreme-

ly low repetition-rates. 14,000 
volts accelerating potential is im-

mediately available for these 
studies, with the Type 248-A, by 

simply plugging in a power sup-
ply such as the new Du Mont 

Type 263-B. No modification is 
necessary. 

With the power supply and the 

Type 2088 Projection Lens, the 
Type 248-A becomes also a pro-
jection oscillograph. 

The facility with which the 

range and versatility of the Type 
248-A are thus increased, togeth-
er with the availability of such Du 

Mont accessories as projection 
lenses, power supplies and oscil-

lograph record cameras, is fur-
ther evidence that in oscillogra-
phy, Du Mont is always your best 
buy. 

* Technical details on request 

DU Mont Type 263-8 

High-Voltage Power Supply 

Cat. No. 1208-E $142.50 

0 ALLEN El DU MONT LADORAIDIOLS. 

W irrommiirro W 

OMNI 
410raer 

ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N. J. 
CABLE ADDRESS: ALBEEDU, NE W  YORK, NI. Y., U.S.A. 
W it.002111 .00 1  ,01.1%olors."%v401"1 
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Unit shown Is 
1/6 6 =tool size. 

shown 
sub.  "dam for comparison 

IYI3c  
No. 

A-12  

o.-18 

A-24 

A-25  Single plote to multip le line 
8 MA  unbalanced D.C. 8, 000 to 15,000 ohms 

A- 26  push pull low  level plat es  to eoc h side 

6.-30  Aud io choke, 300  henrys @ 2 MA 6000 ohms  D.C., 75 henrys @ 4 multiple line  

The above listing includes only a few of  the many wr ite for more  

Ultra 

w„h no  D.C. 450  henrys  

Compact Audio Units available • • .   details. 

•  NE W TORN 13, IllES. 

EET 

IN• Y. 

EXPOR T DIVISION. 13 EAST 40th STREET, NEW TORN 16, N.Y.,  CA  -PALATE' ISO  ARICM STR V 

li'L"'IRA COMPACT iiIGH FIDELITY AUDIO UNITS 
ary  Impecici 

Secon r  t 2 DS from  

50, 1215r  en0.id0°, n2e50, 333,  sopoo  ohms  30-20,000 

SOO ohms _hms 

50, 200,  500  

50 A2 5, 200,  250, 333. 0,0 ohms 

50.000 ohms 

over°"  
00 ... .'ns BO, 0 ° 
_so ot° 

10,000  
50- . fe olloY 
rnulf1°. for 

shield ..‘ y IO W 

m 

e xtr e Mp ot u p 

Ust 
price 

1,1513°  

OR COMPACT HIGH FIDELITY EQUIPMENT 
Ultra compact, lightweight, these urc audio units are ideal 
for remote control amplifier and similar small equipment. 

New design methods provide high fidelity in all individual 

20,000 cycles. There is no need to resonate one unit in an amplifier to com-units, the frequency response being -0- 2 013 from 30 to 

pensate for the drop of another unk All units, except those carrying DC in 
Primary, employ a true hum balancing coil structure which, combined With a 
high conductivity outer case, effects good inductive shielding. Maximum 'deep x 2" high. 
operating level -I-10 b.  ounces. Dimensions— 1 2" wide x 

—  114 a 
a, f if a 

•-•••••  * if)  ri 

1  1 11  ;1  

FOR IMMEDIATE DELIVERY 
From Your Distributor 

APPlice" " 
e, okkuP. 

tow mP odonce rnolkgr.ncl i  

°r  le "fle  P.IckuP. 
rw".") dance m e,  

gkic" 1.0*ImPfeo 1 or 2 or tine 

m ike, low impedonce  pickup, 
or  multiple line to push pull 

grids 
Single  plate to two grids 

Single plale to multiple line 

8,0 00 to 15,000 °"" 

15'n00 ehrns 
8, 000 10  -  

00  °hms  
8,000 1°  1-5 '0 

80,000 ohms overall, 
2.3-1 turn rotio overall 

50, 125, 200, 250, 333, 

500 ohms 

50, 125, 200, 250, 333, 

500 ohms 

50, 125, 200. 250, 333,  

50 0 ohms  00 ohms D.C., inductance 
A 15  

30 20,000 

3o 20A° 

30.20,000 

so-12,00°  

30-20-000 

16 -00  

15.0° 

14-0° 

15-00  

14.00 

15.00 

lo.00 



IT PAYS TO 1001( AT COST PER PART 
NOT PRICE PER POUND! 

„iciappot. 

THERE'S certainly nothing complicate d-loo king  about  
the small stamped channel section of .042" gauge 

copper shown in the accompanying illustration. And that's 
what makes this story all the more interesting. 
It is told by Mr. T. J. Newman, Manager of the Meter 

Devices Company, Canton, Ohio. 
"Even a relatively simple application can cause trouble," 

says Mr. Newman, "a lot of trouble—if you are not using 
exactly the right metal for the particular job. 
"In our case the problem centered around this small 

stamped channel, originally made of electrolytic copper 
with a Rockwell B 35/45. The part is bolted to a porcelain 
base and mounted on the test panel in a standard electric 
meter box. Used on the service box for test purposes, it 
allows the connection of a small feed-in wire off the main 
lines to supply the potential coils in the meter. 

"Sounds simple enough. Yet complicated trouble came 
quickly. It started with cracks in the bends. And that re-
sulted in a high percentage of rejections, along with 
expensively close inspection. 
"It was then that we called in the Revere Technical 

Advisory Service. Acting on their recommendation, we 
exactingly tested potential taps made of OFHC Copper with 
Rockwell B 49/50. Results were so satisfactory that we 
plated a considerable production order. 
"In doing so we frankly paid a premium for OFHC. 

Potential tap, made by Meter Devices Company, 
Canton, Ohio, using Revere OFHC Copper 

But that premium is much more than offset by our saving 
in scrap and the all-around reduction in costs. Our poten-
tial taps now have no more cracks in the bends—there are 
no rejections whatever—and expensive inspection has 
been eliminated." 

Thus the Meter Devices Company has learned, by its 
own exacting tests, that the premium purchase of OFHC 
Copper is a real economy. Once again it is proved that the 
real guide to economy is the cost of the finished part, not 
the price per pound of the metal of which it is made. 
This progressive company is only one of the many 

modern industrial organizations that have profited by 

calling in the Revere Technical Advisory Service. Perhaps 
you would profit too. We suggest that you ask the nearest 
Revere Sales Office for more information. 

REVERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 

Mills: Baltimore, Md.; Chicago, Ill; Detroit, Mich.; New Bedford, Mass.: 
Rome, N. Y. —Sales Offices in Principal Cities, Distributors Everywhere 
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MOLDED INSULATED TUBULAR 
GP CERAMICONS 

Hove extremely rugged,  molded  insulation, 
axial leads. Capacity range 10-5,000 MMF. 
Smallest size .250" x .562" max. 

DIPPED INSULATED 
GP CERAMICONS 

For use where space is at a premium and radial 
leads are desired Capacity range 10-15,000 
MMF. Smallest size 240" x .460" max. 

,4--• di- • • 

NON-INSULATED 
GP CERAMICONS 

Smallest size units. Have baked enamel coating, 
radial leads. Capacity range 10-15,000 MMF. 
Smallest size .200" x .400" max. 

!BE' 

• 

INSULATED STAND-OFF 
CERAMICONS 

Rugged, molded insulated construction. 
Mounts with 6-32 nut. Style 323 mounts 
19/32" high above chassis. Capacity 
range 0.5-700 MMF. Style 324 mounts 
27/32" high  Capacity range 
710-1,500 MMF. Available with 20 
gouge wire lead or post type top 
terminal. 

NON-INSULATED 
STAND-OFF CERAMICONS 
Style 318 (left) mounts 1/2 " high above 
chassis, has .032" diameter wire top 
terminal. Capacity range 1-560 MMF. 
Style 319 (right) mounts .520" high, 
has  .067"  diameter  top  terminal. 
Capacity range 2-1,000 MMF. Both 
styles have 3-48 thread. 

.. . . . . . . . . . . . . 

—  SIDE-LEAD STAND-OFF E t......  
CERAMICONS 

•  •  •  • 

Wire leads ore correct height from 
chassis for shortest possible connection 
to tube sockets.  Style  2322 (left) 
45, 64" high. Capacity range 5-2,500 
MMF. Style 2336 (right) 15 16" high. 
Capacity range 6-5,000 MMF. 

ii 

For Any and All rssing Requirements 
ERIE 

CERAMICON 

Erie Ceramicons fulfil all the req-
uisites for efficient by-passing— 
/ow inductance, compact design, 
and conservative SOO volt D. C. 
rating. Erie Resistor offers the 
most complete line of ceramic by-
pass units available. Each design 
has been thoroughly proven in 
domestic and military equipment. 

Check the products listed on this 
page for your future designs. Full 
description and specifications will 
be sent on request. 

FEED-THRU 
CERAMICONS 

By-pass R F to ground 
when  feeding through 
chassis or metal can. Body 
length Vs", mounted with 
12-28 nut.  Type 362 
(above) has 20 gauge 
feed-thru wire. Capacity 
range 5-1,500 MMF. Type 
357 (below) has 0.55" 
diameter hooked ends 
feed-thru wire; capacity 
range 5-1,000 MMF. 

V 
Etectuuded D alidtog 

ERIE RESISTOR CORP., ERIE, 
LONDON, EN GLAND 

"  
•  TOR ONT O, CANADA 

FOR UHF 
COMMUNICATIONS 

EQUIPMENT 
ERIE BUTTON 
SILVER MICAS 

These extremely compact 
silver  mica  condensers 
have 360 ° current path 
from  short,  heavy ter-
minals to ground, provid-
ing very low inductance 
Made in Stand-off and 
Feed-thru styles. 
Capacity range 15-1,000 
MMF in .447" diameter, 
1,000-6,000 MMF in 
.651" diameter. 
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MODEL No. 1 RADIOHM (above, left) and ten 
"Filpers" molded into a single amplifying unit 
(above, right) help Microtone build hearing 
aids that are smaller, more efficient and easily 
serviced. "Filpec" is shown below. 

91'3'1 

How Microtone uses 

twelve Printed Electronic Circuit units 

to save space and simplify 

production of fine hearing aids! 

Microtone's Sealed Power Amplifiers 
consist of 12 Centrolab Filpecs molded 
into two units for greater compactness .. 
quicker installation ... faster servicing. 

Models courtesy of The Microtone Co. 

*Cen tra lab's "Printed Electronic Circuit" 
— Industry's newest method for 

improving design and manufacturing efficiency! 

HEAIUNG AIDS are smaller and lighter. Hearing aid performance 
is better . . . absolutely unaffected by moisture and humidity. 

Centralab's amazing Printed Electronic Circuit is an important reason 
... and the Microtone hearing aid is important proof. When Micro-
tone engineers switched to P.E.C. "Filpec," here's what they found. 
Centralab's Filpec cuts down size and weight by reducing the num-
ber of components needed. It makes increased production possible 
by eliminating many assembling operations. It improves performance 
by minimizing the chance of broken or loose connections. 
Integral Ceramic Construction: Each Printed Electronic Circuit 

is an integral assembly of "Hi-Kap" capacitors and resistors closely 
bonded to a steatite ceramic plate and mutually connected by means 
of metallic silver paths "printed" on the base plate. 
You'll want to see and test this exciting new electronic develop-

ment. For complete information about "Filpec" as well as other 
CRL Printed Electronic Circuits, see your nearest Centralab Repre-
sentative, or write for Bulletin 976. 

Division of GLOBE-UNION INC., Milwaukee 
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Tell us your needs. Quite prob-

ably we ccn be of value to 

you in yosr planning and 

production. Your inquiry will 

receive per :anal and exp?ri-

enced atten'ion. 

t 
0 0 

...punching dies urilable 
in endless goalie0 for 
COS M ALIT C 
COIL FOR MS 

Manufacturers of radio and television receivers 

KNOW the outstanding advantages of COSMA-

LITE in both performance and price. 

There is a further saving in time and costs through 

the use of our extensive number of dies available 

to purchasers of Cosma lite Coil Forms. 

Tic CLEVELAND CONTAINER a. 
6201 BARBE itTON AVE.  CLEVELAND 2, OHIO 
• All-Fibre Cant •combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and :ombination Paper and Plastic Ite ms 

/1001.1CTION PLANTS est a, .Iyanuutb,MIst .00ousimmu N I CVic ., III Detroit Bich, amosburtN.1. 
PLASTICS DIVISIMI at Plymouth. Msg. • ABRASIVE DIVISION at Clive aid. Clue 

SALES OFFICES Nem $632 Grafi Central fermi * Ni, York ' /.N V °else 64 I 1.1. 55 .NartlorC Ca m 
CANADIAN PINNY: Tko Clovolaed W alser Ceuta, Ltd., Prescott. IMAM 

PEOCEEDINGS OF 7'HE I.R.E. November, 1948 11N 



Baird 

Associates 

Incorporated 

specifies 

Sorensen 

electronic 

voltage 

regulation 

Shown above is the Infrared Gas Analyzer. Baird Associates, Incor-
porated, manufacturers of precision optical instruments for 

production and research analytical control use a Sorensen Model 250 A.C. line voltage regulator with their Infra-

red Gas Analyzer. Only Sorensen units provide the degree of line voltage stabilization necessary to 

increase the sensitivity of the Analyzer readings. SIX IMPORTANT SORENSEN FEATURES: • Precise regulation 

accuracy; • Excellent wave form; • Output regulation over wide input voltage range; • Fast recovery time; • Adjust-

able output voltage, that once set, remains constant; • Insensitivity to line frequency fluctuations between 50 and 60 cycles. 

If you calibrate meters, need quality control on test lines, work with X-ray equipment, or are a research physicist 

or chemist, there is a standard Sorensen AC or DC unit to solve your voltage problem. The Sorensen Catalog 

contains complete specifications on standard Voltage Regulators and Nobatrons. It will be sent to you upon request. 

THE FIRST LINE OF STANDARD ELECTRONIC VOLTAGE REGULATORS. 

SORENSEN & Company, Inc. 
Stamford, Connecticut 

Represented in all principal cries:. 
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...specify Elifienco 
No product is better than its weakest com-

ponent. This is why more and more manufac-
turers now use EL-MENCO mica capacitors. 
Rather than risk their reputations on inferior 
components they automatically specify El-Menco 
— the mica capacitor with the kind of per-
formance that always gives customer satisfac-
tion and builds better reputations. 

ARCO  ELECTRONICS 

135 Liberty St., New York, N. Y. 
Sole Agent for Jobbers and 

Distributors in U. S. and Canada 

Fcreign  Radio  and  Elec-
tronic Manufacturers com-
municate direct with our 
Export Dept. at Williman-
tic, Conn. for information 

M OL DED MIC A 

fr 
CM 15 MINIATURE CAPACITOR 

9/32" x 1/2" x 3/16" 

For Radio, Television and Other Elec-
tronic Applications 

2 to 420 mmf. capacity at 500 v DCA 

2 to 525 mmf. capacity at 300 v DCA 

Temp. Co-efficient It 50 parts per mil-
lion per degree C for most capacity 

values 

6-dot standard color coded 

CM 20 CAPACITOR 

Available in "A", "B", "C" and "D" characteristics 

2 to 1500 mmf. in tolerances down to ± 1%* or 
.5 mmf. at 500 D.C. working voltage 

6-dot color coded 

*Whichever is greater 

CM 35 CAPACITOR 

Available in "A", "B", "C", "D" and "E" char-
acteristics 

Minimum tolerance 1% 

500 D.C. working voltage 

6-dot color coded 

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

enc 
CAP ACIT ORS 

Write on your 
firsts letterhead for 
Catalog amid Samples 

MIC A  TRI M MER 
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The waveguide connects with antennas, which 
are oriented in azimuth with antennas at next 
station.  At right is complete repeater station. 

Base of a waveguide circuit in a repeater station 
of the New York-Boston radio relay system. 

The waveguide continues upward through the 
roof of the station toward the antennas. 

. .3 

;Tf.71".40-11111M 

0: 1.1c-amtra,a,,i4e, 

791 

Pipe 
Circuits 
UNLIKE radio broadcast waves, microwaves 
are too short to be handled effectively in 
wire circuits. So, for carrying microwaves 
to and from antennas, Bell Laboratories 
scientists have developed circuits in "pipes," 
or waveguides. 

Although the waves travel in the space 
within the waveguides, still they are in-
fluenced by those characteristics which are 
common to wire circuits, such as capacitance 
and inductance. A screw through the guide 
wall acts like a capacitor; a rod across the 
inside, like an inductance coil. Thus trans-
formers, wave filters, resonant circuits — all 
have their counterpart in waveguide fittings. 
Such fittings, together with the connection 
sections of waveguide, constitute a wave-
guide circuit. 

From Bell Laboratories research came the 
waveguide circuits which carry radio waves 
between apparatus and antennas of the New 
York-Boston radio relay system. As in long 
distance wire communication, the aim is to 
transmit wide frequency bands with high 
efficiency — band widths which some day 
can be expanded to carry thousands of tele-
phone conversations and many television 
pictures. 

Practical aspects of waveguides were 
demonstrated by Bell Telephone Labora-
tories back in 1932. Steady exploration in 
new fields, years ahead of commercial use, 
continues to keep your telephone system 
the most advanced in the world. 

BELL  TELE P H O NE  LA B O R AT O RIES 
EXPLORING  AND  INVENTING,  DEVISING  AND  PERFECTING  FOR  CON-

TINUED  IMPROVE MENTS  AND  ECONO MIES  IN  TELEPHONE  SERVICE. 



You're sure 
WHEN IT'S 100% PRESTO 

Pictured here is an all-Presto 
single channel recording sys-
tem. Above is the block dia-
gram, worked out for this 
equipment by Presto engi-
neers. 

W HEN YOU NEED recording or transcription equipment you 
can't go wrong if you make the complete system 100% Presto. 

For Presto is the world's foremost manufacturer of recording and 
transcription equipment and discs. And Presto's experience with 
countless installations, including all the big ones, will aid you in 
achieving greater efficiency and trouble-free operation. 
The recorder is the 8DG with direct gear drive. The amplifiers 

are the 39-B three channel preamp, the 41-A limiter, the 92-A 60 
watt recording amplifier, and the 89-A monitor. 

Multiple channel installations consist of as many duplications of 
the basic channel as are needed with the addition of switch or patch-
ing facilities. When you think of recording, think of PRESTO. 

RECORDING CORPORATION 
Pararr us, New Jersey 

Mailing Address: P.O. Box 500, Hack  k, N. J. 

In Canada• PALTER P DOWNS, ltd, Dominion Sq Bldg , Montreal 

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS 
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The Eimac 4-125A 

Look about you . . check the equipment shows . . . 
thumb through the trade magazines . . . talk to design 
engineers . . . yes, the Eimac 4-125A power tetrode is 
the standout vacuum tube, accepted in all fields of 
electronic endeavor for its stability, long-life and de-
pendability. 

Each tube is backed by the combined engineering re-
sources of Eitel-McCullough plus over a million hours 
of proven field-service. It's Pyrovac: plate is highly 
resistant to momentary overloads and contributes to the 
tube's long life. Processed grids control primary and 
secondary emission, providing a high degree of opera-
tional stabllity. The tube is ruggedly designed to with-
stand abnormal physical as well as electrical abuse. 

Detailed data and application notes are immediately 
available and statistics for unusual applications will be 
supplied on request. 

EITEL- McCULLOUGH, INC. 
Filement Thoriated :  lunge . 

Voltage  5 0   ampe volts 
Currant  4 5  re 

Grid•Screan Amplification Factor (Aver•ge)  62 

204 San 
Export Agents: 

Mateo Ave., San Bruno , Californ ia 
Frazer & Hansen , 310 Clay  Street,  San  Francisco 11, California 

•Reg. Trade Mark 
RADIO FREQUENCY 

PO WER AMPLIFIER AND OSCILLATOR 
HIGH•LEVEL MODULATED 

RADIO FREQUENCY AMPLIFIER P AUDIO FREQUENCY  OWER AMPLIFIER AND MODULATOR 

Class•C T•legraphy or FM TelePRonT 
MeimUn moor Ratings  (Ke•down con ditions. I tube) 

D•C PLATE VOLTAGE  3000 MAX VOLTS 
D•C SCREEN VOLTAGE  400 MAX VOLTS 
D•C GRID VOLTAGE  .500 MAX VOLTS 
D•C PLATE CURRENT  275 MAX MA 
PLATE DISSIPATION  115 MAX WATTS 
SCREEN DISSIPATION  10 MAX WATTS 
GRID DISSIPATION  5 MAX WATTS 

Cles•C Telephony (Carrier conditioe 
unless otherwise specified. 1 tube) 

2100 MAX VOLTS 
400 MAX VOLTS 
•500 MAX VOLTS 
200 MAX MA, 
IS MAX WATTS 
10 MAX WATTS 
5 MAX WATTS 

Cles Al,' (Sinusoidal yea... ,C)a.s:• . Al: (Sinusoidal wa••, 
two  tubes  un less  ot herw ise  specified)  b  Mess otherwise spec it.ed1 lox  u 

MAXIMUM RATINGS 

D•C PLATE VOLTAGE  3000 MAX VOLTS  1000 MAX VOLTS 
D•C SCREEN VOLTAGE  £00 MAX VOLTS  400 MAX VOLTS 
MAX•S1GNAL D•C PLATE 

CURRENT. PER TUIE  215 MAX MA  215 MAX MA 
PLATE DISSIPATION PER TORE  III MAX WATTS  Ill MAX WATTS 
SCREEN DISSIPATION PER TUIE  20 MAX WATTS  20 MAX WATTS 

TYPICAL OPERATION 

D•C Plate Voltaqa  1000  2500  volts  1000  15424)  volts 
D•C Scr••n Voltage  400  140  volts  350  350  volts 
D•C Grid Voltege  .94  .94  volts  •45  .0  volts 
Zeo•Signel D•C Plate Current  SO  SO  m•  71  1/  or• 
Me•Signal D•C Plate Current  140  131  or  300  240  or. 
Z•ro•Signe D•C Sc.... 

Current  .0 5  .0.3  to.  0  0  or. 
M•s•Signe D•C Screen Current 44  15  or  s  ‘ or. 
3 //./;•• Load, 

Plete•to•Plote  13.400  20,300  ohms  11,400 22,700  ohms 
Pee A•F Grid Input Vet.). 

I per tube)  94  96  uolts  105  11  volt/ 
Drivin, Power  0  0  watts  1.4  I  wafts 
Mair.Spqn•I Pleto Dissipation 

(Pe tube)  125  125  wets  125  172  wets 
Me•Signel Plate Poorer Output 130  330  watt.  350  400  watts 
Total Harmonic Distortion  1  76  port.  1  22  per tt 

Tmice Operation  (Frequencies below 110 Mc.) 

D•C Plate Voltage  2500  3000  volts 
D•C Screen Voltag•  350  350  volts 
D•C Grid Vet.,.  .150  •150  rolls 
D•C Plate Current  200  167  19.• 
0•C Screen C   40  30  In• 
D•C Grid Current  11  9  In.. 
Screen Dissipation  la  10 5  wets 
Grid Dissipation  2  1.2  wets 
Pee R•F Grid Input Voltage 

1•PDfIf )  310  200  volts 
Thi•ing X0.•1. (•ppros )  II  25  wets 
Plata Pow's, Input  SOO  500  watts 
Plat• Dissipation  Ill  125  wets 
Plate Power Output  )7S  375  vv•Its 

3003  1500  volts 
350  350  volts 
.120  .710  volts 
ISO  151  me, 
33  30  or. 
10  1  or. 
II 5  105  wets 
1 6  1.4  wets 

375  NA  volts 
31  33  watts 
300  300  wets 
75  10  watts 
125  )00  wets 

NOW W TH  Pyrovac Plates • Processed Grids 
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discard your current standards of 

performance for fixed composition resistors 

ANNOUNCES A NEW 
ADVANCED RESISTOR 

Read 
the 
following 
pages 
carefully, 
they will 
affect your 
planning 
for years 

to come. 



131 
5t1111lilflIS 

( O W 
5* Review your resistor re-

uirements in the light 

<?1**5 .*1  i jk l  l ‘ . f this advanced resistor. 

BTR . • 

BTS . • 

BTA . • 

BT-2. • 

YPE 
BT 

unexcelled at Y3 watt 

unexcelled at 1/2  watt 

unexcelled at 1 watt 

unexcelled at 2 watts 

IRC's leadership proven by these 
Test Results for 1/2 watt Type 
BTS — equally outstanding per-
formance of 1/3, 1 and 2 watt types 
is shown in Catalog Bulletin B-1. 

BT means Better Technically 



Tempera-
ture  ex-
tremes used 
to  play 
havoc —no 
longer true. 

ixt4  col  LtMII 

Critical cir: 
cuits neec 
stability 
under at 
conditions 

° 
JA N-R 11 LIMIT  AT - 55 C 

—55°C. 

+65 -C. 

One of a 
radio corn-
ponent's 
greatest 
ene mies 
now unim-
portant to 
the I RC Ad-
vanced BT. 

+ 25°C. 
REFERENCE 

TE MPERATURE 

NEXT PAGE 

SHOWS EQUALLY 

AMAZING RESULTS 

IN OTHER 

CHARACTERISTICS 

BTS means Beats Toughest Specs 



cycling w ater 

100 0 

IR TYPE BIS  1/2  

The Armed 
Forces need 
these re-
sults. 

WAT T 
200 

IRC'S ADVANCED BT AGAIN 

DEMONSTRATES SUPERIOR 

IRC ENGINEERING AND 

PRODUCTION TECHNIQUES 

( d4 A _ c(144,40 , 

eb  • If---- ) 

44+ 

Hour  85.c loo0--0.  ___----"'" ? ? 

High ambi 
ents and de 
pendabilit:N. 
need the, 
results. 

BT means 
Better Television 

There is no blue sky surrounding this advanced resistor. 

Performance of this new Type BT has been proved by 

independent testing agencies. It is in production now .. . 

hundreds of thousands are coming off production lines 

daily. Its outstanding characteristics are particularly evi-

dent in high ambient temperatures, and it easily performs 

the rigorous requirements of television. 

Standards for resistor performance set by this new IRC 

resistor are so advanced, you need complete information 

on its characteristics. Although Test Results shown here 

are only for I ) watt  Type BTS, comparable data is 

available for BTR, BTA and BT-2 . . Technical Data Bul-

letin B-1 gives you the full story. We shall be glad to 

rush it to your desk or drawing board  . . or to have our 

representative review your requirements in the light of 

this advanced resistor. Use the handy coupon below. 

International Resistance Co. 
401 N. Broad St., Phila. 8, Pa. 

I want to know more about IRC's advanced BT Resistor: 

El Send me Technical Data Bulletin B-1 
n Have your representative call —no obligation. 

Name   

Title   

Company 

Address  

PO W ER RESIST ORS • 

PREC ISIONS • INSULATED 

COMPOSITION RESISTORS • 

LO W  W ATTAGE  WIRE 

W OUNDS • RHE OSTATS 

• CONTROLS • VOLTMETER 

MULTIPLIERS  • VOLTAGE 

DIVIDERS • HF AND HIGH 

VOLTA GE RESIST ORS 

INTERNATIONAL RESISTA NCE CO., 401 N. Broad St., Philadelphia 8, Pa. 

IN CANADA: Internati.3nal Resistance Co mpany, Ltd  Toronto, licensee 

PREPARED BY 



Sealed in Vitreous Enamel for  

Life-Time Protection 

RESISTS SHOCK, 
VIBRATION, COLD, HEAT, FUMES 
OR HUMIDITY 

1 VITREOJS ENAMEL COVERING Special Olmtite vitreous 
enamel hell& the winding rigidly in place and protects it from 
mechanical damage. 

2 STR ONG CERA MIC CORE Provides a strong base for the 
winding, emaffected by cold, heat, fumes, or high humicity. 

3 EVEN, UNIF OR M WINDING The unsurpassed iniforinity of 
the resistance winding prevents "hot spots" and resukant failures. 

4 TINNED COPPER TERMINALS Terminal lugs cre 
for ease in soldering. The resistance wire is both mechanically locked 
and brazed to the terminal lugs, assuring a perfect electrical connection. 

5 RESILIENT M OUNTING BR ACKETS Moun-_ing brackets 
bold the resistor firmly yet resiliently in place. They are simple to mount 
and can be easily removed by a slight upward pressure at the base. 

6 RATING CLEARLY INDICATED On each resistor the resist-
ance value and rating are clearly marked for easy identif cation. 

OHMITE MANUFACTURING COMPANY-4861 Flournoy St ,Chicago 44, U.S.A. 

$zt 
Send for Catalog 
loud Engineering 
Manual No. 40 

RES1SIORS • AtiEOSIAIS 
IA? SVOICNES 



No Space to Spare 

So this MALLORY 
Self-Rectifying VIBRATOR 

came to the rescue 

The vibrator power supply unit pictured above was developed and 
built by Mallory for mobile equipment and field use. Measuring less 
than 7" x 4" x 4", it had to economize on parts—and it did! 

The Mallory self-rectifying vibrator, shown beside it, was the part 

that especially turned the trick. A pretty small vibrator to begin with, 
it eliminated the need of a rectifying tube. 

What's more, this vibrator was rugged and dependable. It stood up 
under a lot of bouncing around—"took" the gaff of weather extremes. 

Do you have a product where vibrator compactness and dependability 
are important requirements? Call on Mallory—"Vibrator Headquar-
ters." Begin by contacting the nearest Mallory field representative. Or 
write direct for the comprehensive Mallory Vibrator Questionnaire. 

6  usE , 
.V G  3 
tAftilic".1)E (-4 s. p 

1 ;9° 4 
6 Z3 S/ 5-' 394? 6 

141)1 4 :4  
44406. 4 

2 

MALLORY VIBRAPACK* 
POWER SUPPLIES 

Mallory Vibrapacks deliver volt-
ages from 125 to 400 from low 
voltage sources ... with high effi-
ciency, low battery drain, ease 
of installation, long life. 

*Reg. U. S. Pat. Off. 

MA L L O RY  VIBRATORS 

P.R. MALLORY&CO..Inc. 

AND VIBRATOR PO WER SUPPLIES 

P. R. MALL ORY & CO., Inc., INDI A NAP OLIS 6, INDI ANA 

More Mallory Vibra-

tors are in use today 

than all other makes 

combined 
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C  ENGINEERING GIVES YOU 

11111111.1 

-‘00\  
// 

0%  20 30 40 ////,,, 
\X 10 

50 
D-C AMPERES 

ENERAL IS ELECTRIC 

IMPR O VED SC ALE DESIG N 

ON NE W THIN 

PANEL INSTRU MENTS 

The new General Electric thin panel instruments have been 

designed especially for easy read ng. Arc lines have been 

eliminated to make scale divisions stand out by themselves. New 

lance-type pointer gives precise indications. Restyled figures are 

bigger, and shaped for maximum legibility. A mask covers dis-

tracting mechanism at base of pointer. And, notice the scale as 

a whole. All extraneous printing has aeen removed. You can be 

sure of quicker, more accurate readings with these new Type 

DO-71 instruments, as proved by tests before large audiences. 

Greater sturdiness, more reliable operation, and longer life 

ore assured by the internal-pivot corstruction, temperature com-

pensation, and other features described more fully in Bulletin 

GEA-5102. Write for your copy today. Apparatus Deportment, 

General Electric Company, Schenectady 5, N. Y. 

GENERAL 

Also available as d-c ammeters, milliammeters, 
microammeters, voltmeters, thermocouple amme-
ter, rectifier ammeters and voltmeters. A-c instru-
ments of same appearance and frontal dimension 
also  available as  ammeters and  voltmeters. 

ELECTRIC 
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SPECTROGRAPH USED IN SYLVANIA LABORATORIES 
DETECTS MINUTE IMPURITIES IN MATERIALS 
Study And Control Of Fluorescent And Emissive Materials For 
Electron Tubes, Cathode Ray Tubes, Constantly Carried On 

As part of Sylvania's continuing study and re-
search in tungsten, and other materials used in 
radio and television tube manufacture, the a-c 
arc and spectrograph equipment shown here 
detect the most minute traces of impurities. 
One of the major portions of the work is 

concerned with phosphors for television tubes. 
Another is the control of the processing of the 
emission coating sprayed on the cathodes of 
radio tubes for thermionic emitters. 

The photograph shows laboratory techni-
cian placing electrodes in arc chamber. Power 
supply controls for a-c and d-c arcs are at 
far right. Image of arc is focused by collimator 
lens for spectrograph at left. By study of spec-
trum photographed impurities are detected. 
Control standards like this assure performance 
standards of Sylvania Radio and Television 
Tubes, Sylvania Electric Products Inc., Radio 
Tube Division, Emporium, Pa. 

SYLVANI MitELECTRIC 
RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES,  PHOTOLAMPS; LIGHT BULBS 

20A 
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Ott 

\\ND 

PERMANENT 
MAGNETS 

The increased efficiency and economy you'll realize in the use 

of Arnold Permanent Magnets are constant factors. The thou-
sandth unit is exactly like the first—because they're produced 

under controlled conditions at every step of manufacture, to 

bring you complete uniformity in every magnetic and physical 
characteristic. Count on Arnold Products to do your magnet 
job best—and they're available in any grade of material, size, 

shape, or degree of finish you require. Write us direct, or check 
with any Allegheny Ludlum field representative. 

THE A RNOLD ENGINEERING CO. 

Subsidiary of 

ALLEGHENY LUDLUM STEEL 
CORPORATION 

147 East Ontario Street, Chicago 11, Illinois 
Specialists and Leaders in the Design, Engineering and Moiufacture of 

PERMANENT MAGNETS 
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NOW! 10cps to 10mc 

...with the New -hp- 650A 
RESISTANCE-TUNED OSCILLATOR 

SPECIFICATIONS 
FREQUENCY RANGE: 10 cps to 10 mc 
FREQUENCY CALIBRATION: 0.9 to 10. 

Multiplying factors are: 
Freq. Range 
9 to 100 cps 
90 to 1000 cps 
900 to 10,000 cps 
9 to 100 kc 
90 to 1000 kc 
0.9 to 10 mc 

MF 
X10 cps 
X100 cps 
Xlkc 
Xl0kc 
X100kc 
Xlmc 

STABILITY: -±-2%, 10 cps to 100 kc; 
100 kc to 10 mc including warmup, line 
voltage, and tube changes. 

OUTPUT: 10 milliwatts or 3 volts into 600 
ohm resistive load. Open circuit volt-
age is at least 6 volts. 600 ohm re-
flected impedance. Output impedance 
of 6 ohms also available. 

FREQUENCY RESPONSE: Flat within +1 
db, 10 cps to 10 mc. 

DISTORTION: Less than I% from 100 cps 
to 100 kc. Approx. 5% from 100 kc to 
10 mc. 

OUTPUT MONITOR: Vacuum tube volt-
meter monitors output level in volts or 
db at 600 ohm level. Output response 
beyond monitor is accurate within +5% 
all levels and frequencies. 

OUTPUT ATTENUATOR: Output level at-
tenuated 50 db in 10 db steps, provid-
ing continuously variable output voltage 
from +10 dbm to —50 dbm, 3 volts 
to 3 millivolts, or down to 30 microvolt: 
with voltage divider. 

HUM VOLTAGE: Less than 0.5% below 
maximum attenuated signal level. 

POWER SUPPLY: 115 volts 50/60 cps. Con-
sumption 135 watts. Plate supply elec-
tronically regulated. 

MOUNTING: Cabinet or relay rack. Panel 
size 19" x 101/2 ". Depth 13". 

HERE IT IS ... another -hp- "first" .. . a new 
resistance-tuned oscillator that not only covers a 
frequency range of 10 cps to 10 mc, but brings to 
the r-f and video field all the speed, accuracy and 
ease of measurement traditional to famous -bp-
audio oscillators. And, this important addition to 
the -hp- line incorporates all the family character-
istics of other -bp- oscillators . . . no zero setting, 
minimum adjustment during operation, virtual in-

dependence of line and tube characteristics, accurate calibration, and stream-

lined circuits for long, trouble-free performance. 
The result is a highly stable, wide-band precision instrument which provides 

output flat within 1 db from 10 cps to 10 mc, and a voltage range of .00003 to 

3 volts. Output impedance is 600 ohms or 6 ohms with output voltage divider. 

LIKE OTHER -bp- resistance-tuned oscillators, the new 650A gives you the 
advantage of decade frequency ranges, a 94" scale length, and a 6 to 1 micro-
controlled vernier drive. A complete vacuum tube voltmeter, included in the 
650A circuit, monitors output in volts or db at the 600 ohm level. A continu-
ously variable output voltage is obtained by means of an output attenuator of 
50 db, variable in 10 db steps and an amplitude control which adjusts the level 

to the monitor vacuum tube voltmeter. 
Where it is desirable that the measurements be made with a low source im-

pedance, an output voltage divider unit is supplied. This attachment consists 
of a cable, which may be extended to the point of measurement and provides 
an internal impedance of 6 ohms. It also reduces the output voltage 100 to 1. 

THE COMPACT, efficient -hp- 650A is available now for making a wide 
number of measurements . . . testing television amplifiers, wide-band systems, 
filter transmission characteristics, tuned circuits, receiver alignments. And ... it 
serves admirably as a power source for bridge measurements or as a signal 

generator modulator. M IS 

For full information...write today 

Hewlett-Packard Company • 1495D Page Mill Road • Palo Alto, Calif. 

Attention FM Engineers! 

-  information on the new Full   -hp-

FM TEST EQUIPMENT 
Available on Request. 

Write Today! 

/ a  11  r 9EtP0 r q instrumen t s A C C U R A C Yi tF  
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II de Al -----

LOOK TO RAYTHEON 

FOR ALL YOUR NEEDS 

RAYTHEON is prepared to furnish complete equipment 

for television stations. Through this one dependable 

and reliable source of supply you can obtain any single 

item or an entire installation ranging from camera 

chains to antenna and associated equipment.. . includ-

ing 50 watt microwave equipment for remote pickup, 

STL, or point-to-point relay. Raytheon stands ready 

to provide you with prompt and intelligent service at 
all times. 

ea-eelkowe  elem./4(4i ie4 

NE W ENGLAND 

Albert Keleher, Jr. 

Raytheon Manufacturing Co. 

Waltham 54, Mass. 

WA. 5-5860, Ex. 422 

CHATTANOOGA, TENNESSEE 
W. B. Taylor 

Signal Mountain 

8-2487 

CHICAGO 6, ILLINOIS 

Warren Cozzens 

Ben Farmer 

222 West Adams Street 

Ran. 7457 

DALLAS 8, TEXAS 

Howard D. Crissey 

414 East 10th Street 

Yale 2-1904 

NE W YORK 17, NE W YORK 
Henry J. Geist 

60 East 42nd Street 
MU. 7-1550 

SAN FRANCISCO, California 
E. J. Rome 

49 California Street 

Sutter 1-0475 

SEATTLE, WASHINGTON 

Adrian VanSanten 

135 Harvard North 

Minor 3537 

WASHINGTON 4, D. C. 

Raytheon Manufacturing Co. 

739 Munsey Building 

Republic 5897 

WIL MINGTON, CALIFORNIA 

J. L Lovett 
404 North Avalon Blvd, Terminal 4-1721 

RAYTHEON MANUFACTURING COMPANY 
Industrial and Commercial Electronic Equipment, 

FM, AM and TV Broadcast Equipment, Tubes and Accessories 

W ALTHA M 54, MASSACHUSETTS 



Motors 

Luminous  tube 
transformers 

Fluo  t lamp 

WE CAN HELP YOU WITH 

COdevto 
Our experience—in engineering, designing, • and 
building performance into energy-storage and dis-
charge capacitors—may provide just the help you are 

looking for. 
Do you make discharge welding or photographic 

flash-tube equipment? Radar equipment? Flash bea-
cons, aircraft signalling, or similar devices? Or re-
search tools, from spectroscopes to cyclotrons? We 
have furnished a large proportion of the capacitors 
used for all of these applications. 
Unusual applications, too—like those listed below 

—are a specialty with us. Whatever your problem, 
let our engineers give you a hand. Apparatus Dept., 
General Electric Company, Schenectady 5, N. Y. 

NEED SQUARE WAVES? Pulse-forming networks can provide 
them. Networks are used where the normal capacitor discharge 
wave shape is not suitable and where an impulse must have definite 
energy content and duration. The Type E network, produced by 
General Electric, consists of capacitor and coil sections, adjusted 
to close tolerances, and hermetically sealed in single metal con-
tainers. Built by the thousands for radar, they are now available 
for commercial use. 

GENERAL 
Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 

System; 

Capacitor discharge 

welding 

AN.E.W IY OTHER 

Flash photography 

Stroboscopic 

equipment 

Teley is Ion 

Dust precipitators 

Radio interference 

suppression 

Impulse generators 

APPLICATIONS 

ii 

• 

tis 

NEED  ARTIFICIAL LIGHTNING?  Potent artificial 
lightning bolts—at voltages up to 10,000,000—are 
not a usual need. But when required—for univer-
sities, laboratory testing, or exhibition—General 
Electric can build the capacitors. A typical example 
is the 100-kv d-c unit, about 3 feet in diameter and 
e feet high. Units can be stacked, as shown, for 
ease of installation and minimum space. In some 
instances as many as 100 separate units have been 
placed in series to produce 10,000,000 volt dis-

charges. 

OR DO YOU W ANT TO TAKE A PICTURE? A maker of flash-
tube photographic equipment wanted a lighter capacitor for 
his portable sets. Our designers went to work and came up 
with just what he desired—and one which he could use, also, 
for his studio equipment at a considerable saving in price. 
(In case you're interested, this capacitor is rated 14 muf, weighs 
lb, and delivers 43.8 watt-seconds with 1000 hour service life 

or .58 watt-seconds at 400 hours. Used in pairs, they replace a 
Rs. mo(-vtudio capacitor, save in cost too.) 

ELECTRIC 
I 
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AS TELEVISION VOLTAGES 

CLImB affed CLIM  
••• these New Aerovox Electrolytics, 

HIGHER-VOLTAGE ELECTROLYTICS 

Many types of Aerovox electrolytics are 

available to meet the severe-service con-
ditions encountered in television equip-
ment. Especially where temperatures of 
85 C may be reached in hour-after-hour 

use. The Type AF twist-prong base elec-
trolytic here shown is typical of the Aero-
vox trend towards higher voltages. 

HIGHER-VOLTAGE OIL TUBULARS 

Popular Type —89 midget-can oil tubulars. 
Ratings increased from 2500 to 6000 v. 
D.C. W. Capacitances to .1*. Higher volt-

age units with special terminals to provide 
necessary creepage distance without in-
creasing diameter or length. Oil-impreg-
nated paper section. Hermetically-sealed 

can. Insulated jacket. 
Center radial mounting 

strap. 
*Write tor descriptive 

listings. 

Aerovox Oil-filled Capacitors and 

Aerovox Duranite Capacitors 

show the way 

THE D URANITE— 

SUPERIOR CAPACITOR Brand new 

designed from scratch. Utiliz-
ing the new Aero/ene impregnani; 
new Duranite casing material; the 

and entire- 

ra nge of 

/y new processing methods. N  to 

confused with usual plas1ic  tubulars.ot  be 

Dura-
nite casing is unaffected by wide  
temperatures. Nothing to melt  . 
Moistureproof. No shelf deterior or burn 

ati fails vvon't on. Pig-
pull ou1. 200 to 1600 v .W. Popular capacitance values. . D.0 

• Component performance can make or break this 
new television industry. Greater capacitor safety 
factors become imperative. And that is where these 
new Aerovox capacitors blaze the trail. 

Now standard types, they are typical of how Aerovox 
application engineering anticipates circuit and opera-
tional requirements. Yes, regardless of your voltage, 
temperature and other severe -service conditions, 
Aerovox can deliver capacitors that will stand the 
gaff. 

• Send us your capacitance problems for 
engineering collaboration. Let us quote on 
your capacitance requirements. 

FOR RADIO-ELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MA M M ON/ 

SALES OFFICES IN ALL PRINCIPAL CITIES • Expert: 19 E. 409 Sr., NEW YORK 16. 14._If Or 

Cable: 'ARIAS  •IR ccapada:)4E110X0   
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Exclusive Manufacturers of Communications Network Components 

rIOROW p Atio TOROIDAL COILS DESIGNED 
AL OKA  I 

FO R CRITIC   

50 

Extre y sharp side band sup- 
mel  ai pression filter. Av lable in either 

low or high pass ,, 
Site: 21/2 x 4 x 212. 

S-105 Wideband Filter 

% of Center Frequency 

Wide band sharp cutoff band pass. 
Size: 2 x 31/2 x 6%. 

Cycles Deviation 

Ione c"ntlsovek VI‘ter lor ev-trowelY 
high cros S'aeler attenuation regutre-
ment.  2Y2 x 21/2 x 5. 

III 

ALL INQUIRIES WILL BE PROMPTLY HANDLE 

70 

4o 

so 
0 

C,' 

Frequency in—C s': Sub-miniature ycle 

2 cubic and inches. band pass. Includes 3  4 conden sers. Volume  41/coils   

260 

240 

220 

200 

180 

160 

Q 140 

120 

100 

80 

60 

40 

20 

IC 2 IC 3 

TC 1 

Cycles 

The big three out of 30 types of 
toroidal coils we are supplying. 
TC-1 any ind. up to  10 hys. 
TC-2 any ind. up to 30 hys. 
TC-3 any ind. up to .750 hys. 

0 

/0 

20 

fd, 30 

60 

7o 

esp  rc,  p ij 
11.  ar, 

0  0  0  Crystal filt 
pplications er for narrow  band  pass  

toroidal coi/s. a   too  critical even for 



EXPERIENCE 

PLUS 

COOPERATION 
DOES IT! 

There's a lot of satisfaction in 
working with radio engineers who 
know exactly what they need to get 

top efficiency from the transmitter. 
To their specifications Blaw-Knox 
applies an experience in antenna 
tower building that dates back to the 
days of "wireless" . . . Together we 
get results that reflect credit on our 

structural designers and the station's 
technical experts . . . If your plans 
call for more effective coverage or 
directional changes we would wel-
come an engineering interview at 
your convenience. 

BLAW-KNOX DIVISION 
OF BLAW-KNOX COMPANY 

2037 FARMERS BANK BUILDING 

PITTSBURGH 22, PA. 

4 Blow-Knox 550' Heavy Duty Type 1140 Tower sup-porting a Federal 8 square loop FM  antenna 
74' high. Station WTMJ-FM, Richfield, Wisconsin. 
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N o v a l u e e g il 

Model 260 Volt-Ohm-Milliammeter 
There's good reason why this is the world's most popular 
high sensitivity volt-ohm-milliammeter. In every part, 
fr3m smallest componet to overall design, no corn-
petirg instrument can show superiority. It outsells be-
cause it outranks every similar instrument. And in 
the Simpson patented Roll Top safety case, shown 
here, it brings you important and exclusive pro-
tmtion and convenience. 

Sub-Panel A ssembl -Stron , Simple, 
t,ccessible 

with cover 

over resistor 

pockets removed 

t, slow design 

The ruggedness, the simplicity of design, and the 
consequent accessibility of components are shown 
Isere. Molded cs; sturdiest bakelite, the sub•ponel 
provides separate pockets for resistors. This separo-
t on makes for orderly assembly, highest possible 
acceosibility, and added insulation for preventing 
shoe-s. All connections ore short and direct. Cable 
wiring is eliminated. Each battery has its own corn 
I °omen', again increasing accessibility. 

The Mew Simpson Switch Mechanism. You will 
•ind no other switch mechanism on the market like 
'his Simpson switch. It is built of molded bakelite 
discs. Unusually sturdy contacts, of heavy stamped 
brats,  silver-plated for superior conductivity are 
molded permanently into each disc. They can never 
•onse loose, never get out of position. When the 
discs are assembled into the complete switch. these 
onsocts are se f-enclosed against dust. Danger of 
.horts is outomotically eliminated. As the switch is 
•otctisd from range to range, the contact is always 
sositive and unvarying. 
A ball.and-spring mechanism positions the switch 

it the selected range by a 3-point pressure. Switch 
.1 '1\11 held secvrely in place, yet smoothly re•posi-
iicwo to each new range. This mechanism is also 
self-enclosed against dust in a bakelite housing 

Ask your jobber 

or write for 

complete descriptive 

literature. 

High volt. 
age probe 

(25,000 volts) 
for TV, radar, 
x-ray and other 

high voltage tests, 
also available. 

INSTR U ME NTS  TH AT ST AY  AC CUR ATE 

A nick of the *Inge, 
opens or closes the 
Roll Top front 

RANGES 
20,000 Ohms per Volt D.C., 1,000 Ohms per Volt A.C. 
Volts: A.C. and D.C.: 2.5, 10, 50, 250, 1000, 5000 
Outpu,: 2.5, 10, 50, 250, 1000 
Milliamperes, D.C.: 10, 100, 500 
Microemperes, D.C.: 100 
Amperes, D.C.: 10 
Decibels (5 ranges): —10 to -I 52 0.8. 
Ohms: 0-2000 (12 ohms center), 0-200,000 (1200 
0-20 megohms (120,000 ohms center). 

Model 260, Size: 51/4" x 7" x 3,Ye" 
Model 260 in Roll Top Safety Ccse, as shown. 
Size: 51/2 " x 7" x 43/4" 

Both complete with test leads cnd 32-page Operator's 

ohms center), 

 $38.95 

 $45.95 
Manual 

SIMPSON ELECTRIC COMPANY 
5200-5218 W. Kinzie St., Chicago 44, Ill-

s Canada: Bach-Simpson, Ltd, London, Ont. 
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BLILEY TYPE Bil6 

APPROVED FOR 

PRODUCTI N 

TECHNIQUALITY 

CRYSTALS 

Engineered to the "MUST" 
requirements of current militaly 
and commercial communications 

When you write Bliley Type BEE 
into your specifications you meet all 
requirements, military or commer-
cial . . . and you have simplified 
your design considerations by the 
elimination of unnecessary multi-
plier stages. Type BH3 is availab:e 
up to 100 M C. Write us for oscilla-
tor circuit recommendations based 
on your particular requirements. 

S ti l e V 

C/2 YSTA LS 

1 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

A Filter Selector Unit 
What interference filter to use and how 

to connect it may be readily and positively 
determined by the Aerovox Interference 
Filter offered by Aerovox Corp., New Bed-
ford, Mass. 

The "Selector" is portable, housed in a 
metal cabinet with a slide handle and 
hinged-cover compartment holding the as-
sortment of connecting cords, plugs, recep-
tacles and clips, which are readily con-
nected in various ways with the noise-pro-
ducing appliance or equipment. The knob 
is then turned through the series of differ-
ent settings, each bringing into circuit the 
same circuit elements as found in Aerovox 
interference filters of corresponding type 
numbers. Thus the type of filter to use, as 
well as the appropriate connections, are 
immediately known, and the permanent 
installation can be made accordingly. 

Recent Catalogs 
• • • Bulletin E-133 explains Hytron 3134, 
a vhf beam pentode power amplifier, from 
Hytron Radio & Electronics Corp., 76 
Lafayette St., Salem, Mass. 

• • • A folder describing the Compa-Sta-
tion, a complete compact 2 way radio 
communication system, by Motorola, Inc., 
4545 Augusta Blvd., Chicago 5, III. 

• • • On type 1684 D, Furzehill direct 
coupled cathode ray oscilloscope, from 
American British Technology, Inc., 57 
Park Ave., New York 16, N. Y. 

• • • A brochure with detailed information 
about Models P54 and P55 pulse genera-
tors, by Raymond M. Wilmotte, Inc., 1469 
Church St., N. W., Washington 5, D. C. 

• • • A bulletin on "W" waterproof con-
nectors has been reprinted, revised, and 
enlarged to include typical insert arrange-
ments and tabular data "AN" layouts in 
shell sizes Nos. 16, 22, and 36 adaptable to 
"W" shells, by Cannon Electric Develop-
ment Co., 3209 Humbolt St., Los Angeles 
31, Calif. 

(Continued on Page 40A) 

"XL" PLUGS STANDARD 

ON TURNER "77" MIKES 
ALS O M ODEL "87" 

TYPE XL PLUGS 

XL-3-12 

Pin Contacts 

XL-3-11 

Socket Contacts 

THREE 15 AMP. CONTACTS 

FOR NO. 14 B & S STRANDED 
WIRE 

BRIGHT NICKLE FINISH 

CANNON ELECTRIC "XL" Plugs are 
standard on the two above mentioned 
microphones; also on RCA's "Announce" 
microphones and various Electro-Voice 
models. 
More and more microphone manufac-

turers are turning to Cannon Plugs for 
quality connector performance at a price 
that pays off in service and operation 
satisfaction. 

You can buy the "XL" series in more than 375 
radio parts stores over the country. For example: 
in Kansas City, Radiolab; in San Francisco, Gray. 
bar, C. C. Brown. Offenbach-Reimus, Pacific 
Wholesale, Zack Radio, C. R. Skinner and S. F. 
Radio; in New Orleans, Graybar, Radio Parts, 
Southern Radio and W m. B. Allen. 

For catalog information,. write for XL-347 Bulk-
tin, and the RJC-2 Special Con-
densed Catalog with list prices. I 
Address Department K-377. SINCE 1915 

CANNON 
ILICYSIC 

LIIEVAE 
&Off 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA IL BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 

BLILEY ELECTRIC COMPANY 

UNION STATION BLDG., ERIE, PA. 
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BEN IX-SCINT 11A 

it MI HAIE 
, 

ODE II 
of, Pressure-tight 

CO MCIOR 

• moisture-pro 

• Radio Quiet 

I 

• Single-piece Inserts 

• Vibration-proof 

• Light Weight 

• High Arc Resistance 

• Easy Assembly and 

Disassembly 

• Fewer Parts than any 

other Connector 

••••• 
••••• 

A O* 

moR 

l'Ii 711)5taittaikitat€ 
so" PRACTICALLY NO VOLTAGE DROP! 

Contacts that carry maximum currents with a minimum 
voltage drop are only part of the many new advantages you 
get with Bendix-Scintilla" Electrical Connectors. The use of 
"Scinflex" dielectric material, an exclusive new Bendix-
Scintilla development of outstanding stability, increases 
flashover and creepage distances. In temperature extremes, 
from —67° F. to +300° F., performance is remarkable. 
Dielectric strength is never less than 300 volts per mil. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market —and that means lower maintenance 
costs and better performance.  * T RA DE M A RK 

Available in all Standard A.N. Contact Configurations. 
Write our Sales Department for detailed information. 

B E N DI X 

S CI NTILLA 
SCINTILLA MAGNETO DIVISION of 

SIDNEY, NEW YORK MINI M 

AVIATION  CORPORATION 
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• • • presents three new types 
of major importance 

• Here are three new miniature rubes... 
additions to RCA's large family of minia-
ture types ... that have particular signifi-
cance in FM receiver design and voltage 
reference applications. 

RCA 611A7 and 12BA7 are pentagrid 
converters—alike except for heater ratings. 
They have high conversion gain, because 
of their high conversion transconduct-
ance; and a separate connection for direct 
grounding of the suppressor. These fea-
tures in combination with the short in-
ternal leads characteristic of miniature 
tubes, result in efficient operation of either 
type in the 88 to 108-megacycle FM band. 
In addition to realizing substantial gains 
at the higher frequencies, the RCA 6BA7 

THE 

and 12BA7 contribute a highly favorable 
signal-to-noise ratio. 
RCA-5651 is a voltage reference tube 

of the cold-cathode, glow-discharge type. 
It maintains a dc operating potential of 
87 volts, has an operating current range 
of 1.5 to 3.5 ma., an operating character-
istic essentially independent of ambient 
temperature, and a voltage stability at 
any current level of better than 0.1 volt. 

•  •  • 

RCA Application Engineers will be 
pleased to consult with you on the incor-
poration of these new miniatures in your 
equipment designs. For further informa-
tion write RCA. Commercial Engineer-
ing, Section KR-42, Harrison, N.J. 

FOU NTAINHEAD OF M ODERN TUBE DEVELOP MENT IS RCA 

TUBE D EPA RT MENT 

RATINGS AND CH AR ACTERISTICS 
6BA7 and 12BA7 Pentagrid C  tors 

611A7  I28A7 
Heater Voltage (at 
or dc) -- - - - 6.3  12.6  Volts 

Heater Current  . .  0.3  0.15 Ampere 

Characteristics — Separate Excitation' 

Plate Voltage . . . 100  250  Volts 
Grid No. Sand Inter-
nal Shield  C  ted directly to ground 

Grids No. 2 and 
No. 4   100  100  Volts 

Grid No. 3 . . .   —1.0  —1.0  Volt 
Grid No. 1 Resistor  0.02  0.02 Megohrn 
Plate Resistance 
(Approx.)  . . .  0.3  1.0  Megohm 

Conversion Transom-
dudance . . • . 900  930  Micrornhos 

Conversion Transcon-
ductance (approx.) 
Grid No. 3 at. —20 
volts   3.5  3.5  Micromhos 

Plat* Current . .   3.6  3.8  Ma. 
Grids Not. 2 and 4 
Current   10.2  10  Ma. 

Grid No. 1 Current  0.35  0.35 Ma. 
Total Cathode Current 14.2  14.2  Ma. 

'Characteristics correspond very closely with 
those obtained in a self•excited oscillator cir-
cuit operating with zero bias. 

5651 Voltage Ref   Tube 

Min.  Av.  Max. 
DC Starting Voltage  —  107  115 f Volts 
DC Operating Voltage 32  87  92  Volts 
DC Operating Current  1.5  —  3.5 Ma. 
Regulation (1.5 to 3.5 
Ma.)   —  3 Volts 

Stability*   —  0.1 Volt 
Ambient Temperature 
Range   —55 to 4-90* C 

•Defined as the maximum voltage fluctuation at 
any current level within operating current range. 

RADIO CORPORATIO N of A MERICA 
HARRISON, N. J. 
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Theodore A. Hunter 
DIRECTOR, 1948-1949 

Theodore A. Hunter was born on December 5, 1900, 
in Dike, Iowa. He received the B.S. and M.S. degrees 
in electrical engineering from the University of Iowa in 
1922 and 1924, respectively, and the professional E.E. 
degree in 1931. 
While attending college, Mr. Hunter took an active 

part in campus pioneer radio work, and he also engaged 
in early research on extremely high-gain amplifiers for 
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Electronic engineering—healthy child of communications technique—has shown the character-
istic strength and vagaries of youth. As it approaches maturity, its problems and their solutions be-
come increasingly evident. These are discussed, on the basis of wide experience, in the following 
guest editorial by a skilled electronic consulting engineer who was executive editor of the periodical 
Electronic Industries. —The Editor. 

Electronics in Industry 
RALPH R. BATCHER 

For two decades industry has been acquainted with elec-
tronic methods as possible solutions to production prob-
lems. Many practical applications have been installed and 
tested. Widespread publicity has been given to the econom-
ics of the installations. Yet an analysis of such progress as 
has been made finds that equipment sales in this field have 
hardly begun, in effect, when their potentialities are con-
sidered. 
Through the years many radio concerns with excellent 

engineering staffs and adequate production facilities have 
introduced many items to industry as a sideline. Neverthe-
less, with few exceptions these devices hardly ever paid 
their development costs. Why? 
During the nineteen-twenties, industrial electronics 

meant phototube door openers, high-frequency corn pop-
pers, diathermy machines, photocell registration devices, 
and the like. For these services, and others which came 
later, many packaged devices arc on sale that are expected 
to fit any problem. Many that were sold have never seen 
service, mainly because of the difficulty in getting the ac-
cessories needed. Adherence to this policy of producing a 
package containing the electronic elements of some useful 
system is not helping to advance the art. It is necessary to 
forget that there is such a thing as an electronic black box 
that can be set down anywhere to do a job. 
In so many cases, electronics is not something new that 

can be added to any existing process. For example, high-
frequency heating of "preforms," a valuable use for elec-
tronics, requires extensive relaying out of molding proc-
esses, different operating cycles, and so forth. Electronic 
equipment to be of value must be an integral part of the 
whole setup—just as a motor is a part of the system. While 
it can be sold or installed separately, to be most effective it 
should come as part of a planned installation. 
Electronic equipment is a small but necessary cog in the 

modern technique of manufacturing. Nevertheless, there 
seems very little chance for radio equipment companies to 
get into this field extensively, except by building equipment 
that ties in as a part of some manufacturing setup, so that 
the customer will be sure that, once installed, the equip-
ment will function as a whole. However, there will be no 
mass market here in most cases, as each problem requires a 
separate approach. 
Cost savings and product improvements become a part 

of the whole system, and the part played by the purely elec-
tronic portion usually cannot be estimated separately, al-
though its value is evident. The present attempt to pro-
mote electronic devices as accessories is like publicizing 
automobiles in order to sell balloon tires to the public. 
Everyone agrees on their value, but everyone also knows 
that they must be designed into the car, not added later as 
•accessories. Electronic control will be extensively used 
when machine-tool manufacturers make machinery availa-

ble with all of the necessary electron-tube circuits in place. 
The radio manufacturer usually forgets, when he pro-

motes a packaged electronic unit to industry at large, that a 
great amount of nonelectronic machinery must be tracked 
down, purchased, and assembled before the unit may be 
applied to the job. For example, in printing registration it 
is next to impossible to apply phototube devices to many 
of the existing presses without virtually reconstructing the 
whole machine. A fifty-dollar electronic registration con-
trol might take many thousands of dollars worth of mechan-
ical equipment to complete the job. Such controls must be 
added by the manufacturer of the press if they are to be 
used. 
Another deterrent is a lack of clear understanding of in-

dustrial problems by electronic engineers who have grown 
up in the communication field. For example, one field to 
which electronics may be applied is that of automatic con-
trol in the so-called process industries: textiles, rubber, 
chemicals, oils, plastics, and so on. The whole process of 
control is rapidly being instrumentized, frequently by 
pneumatic and hydraulic controls. Here electronic meth-
ods have keen competition. Many radio men have been 
surprised upon investigating pneumatic control methods 
to find them exceedingly ingenious and to discover that 
they do many jobs surprisingly well without much compli-
cated equipment requirements. They also discover that a 
different language is used in these fields, with terms and 
ideas completely different from those used in radio. Since 
pneumatic and other control methods started along with 
industry itself, industry does not have to learn a new lan-
guage in order to use these systems. Electronic men trying 
to get industrial business must learn industry's problems 
and interpret their circuits and systems into its own terms. 
They will discover that many of the electronic devices 

now in use are not too well designed. Equipment designed 
by tube circuit men is often too frail and ill-suited to plant 
use. On the other hand, the equipment set up by designers 
acquainted with these hazards uses circuits that are far 
from being reliable and constant over months or years. 
They tend to use one or two tubes to do complicated jobs, 
on the now-obsolete theory that, since tubes are "fragile 
and unpredictable," the fewer used the better. 
With everything "trimmed up to the peak," it is no 

wonder that such apparatus drifts around. Industry needs 
the services of engineers who can set up circuits that are 
reliable and simple to service in that over-the-counter 
tubes may be put in without harm. 
In other words, what is needed is the use of a few of the 

ideas learned in the radio industry several years ago, 
chiefly that tubes are cheap, and that an extra tube or so 
can serve well in making a circuit simpler and it may com-
pensate for variations due to aging and many industrial 
hazards. 

4. 
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The Philosophy of PCM* 

November 

B. M . OLIVERL MEMBER, IRE, J. R. PIERCEt, FELLOW, IRE, AND C. E. SHANNONt 

Summary—Recent papers1.6 describe experiments in trans-
mitting speech by PCM (pulse code modulation). This paper shows 
in a general way some of the advantages of PCM, and distinguishes 
between what can be achieved with PCM and with other broadband 
systems, such as large-index FM. The intent is to explain the various 
points simply, rather than to elaborate them in detail. The paper is 
for those who want to find out about PCM rather than for those who 
want to design a system. Many important factors will arise in the 
design of a system which are not considered in this paper. 

I. PCM AND ITS FEATURES 

THERE ARE SEVERAL important elements of a 
PCM (pulse-code modulation) system. These will 
be introduced, and the part each plays in PCM 

will be explained in this section. 

Sampling 

In general, the object of a transmission system is to 
reproduce at the output any function of time which ap-
pears at the input. In any practical system only a cer-
tain class of functions, namely, those limited to a finite 
frequency band, are admissible inputs. A signal which 
contains no frequencies greater than Wo cps cannot as-
sume an infinite number of independent values per sec-
ond. It can, in fact, assume exactly 2 Wo independent 
values per second, and the amplitudes at any set of 
points in time spaced ro seconds apart, where ro = 1/2 Wo, 
specify the signal completely. A simple proof of this is 
given in Appendix I. Hence, to transmit a band-limited 
signal of duration T, we do not need to send the entire 
continuous function of time. It suffices to send the finite 
set of 2 WoT independent values obtained by sampling 
the instantaneous amplitude of the signal at a regular 
rate of 2 Wo samples per second. 
If it surprises the reader to find that 21470T pieces of 

data will describe a continuous function completely over 
the interval T, it should be remembered that the 2 WoT 
coefficients of the sine and cosine terms of a Fourier se-
ries do just this, if, as we have assumed, the function 
contains no frequencies higher than Wo. 

Reconstruction 

Let us now proceed to the receiving end of the system, 
and assume that, by some means, the sample values rep-

* Decimal classification: R148.6. Original manuscript received by 
the Institute, May 24, 1948. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
W. M. Goodall, "Telephony by pulse code modulation," Bell 

Sys. Tech. Jour., vol. 26, pp. 395-409; July, 1947. 
2 D. D. Grieg, "Pulse count modulation system," Tele-Tech., vol. 

6, pp. 48-52; September, 1947. 
3 D. D. Grieg, "Pulse count modulation," Elec. Commun., vol. 24, 

pp. 287-296; September, 1947. 
H. S. Black and J. 0. Edson, "PCM equipment," Elec. Eng., 

vol. 66, pp. 1123-25; November, 1947. 
5 A. C. Clavier, D. D. Grieg, and P. F. Panter, "PCM distortion 

analysis," Elec. Eng., vol. 66, pp. 1110-1122; November, 1947. 
o L. A. Meacham and E. Peterson, "An experimental multi-

channel pulse code modulation system of toll quality," Bell Sys. 
Tech. Jour., vol. 27, pp. 1-43; January, 1948. 

resenting the signal are there and available in proper 
time sequence, and can be used at the regular rate 2 Wo. 
To reconstruct the signal it is merely necessary to gene-
rate from each sample a proportional impulse, and to 
pass this regularly spaced series of impulses through an 
ideal low-pass filter of cutoff frequency Wo. The output 
of this filter will then be (except for an over-all time de-
lay and possibly a constant of proportionality) identical 
to the input signal. Since the response of an ideal low-
pass filter to an impulse is a sinx/x pulse, and since the 
total output is the linear sum of the responses to all in-
puts, this method of reconstruction is simply the physi-
cal embodiment of the method indicated in Appendix I. 
Ideally, then, we could achieve perfect reproduction 

of a signal if we could transmit information giving us ex-
actly the instantaneous amplitude of the signal at inter-
vals spaced 1/2 W0 apart in time. 

Quantization 

It is, of course, impossible to transmit the exact am-
plitude of a sample. The amplitude of a sample is often 
transmitted as the amplitude of a pulse, or as the time 
position of a pulse. Noise, distortion, and crosstalk be-
tween pulses will disturb the amplitude and position, 
and hence cause errors in the recovered information 
concerning the size of the sample. Ordinarily the error 
becomes greater as the signal is amplified by successive 
repeaters, and hence the accumulation of noise sets a 
limit to the distance a signal can be transmitted even 
with enough amplification. 
It is possible, however, to allow only certain discrete 

levels of amplitude or position of the transmitted pulse. 
Then, when the signal is sampled, the level nearest the 
true signal level is sent. When this is received and am-
plified, it will have a level a little different from any of 
the specified levels. If the noise and distortion are not 
too great, we can surely tell which level the signal was 
supposed to have. Then the signal can be reformed, or a 
new signal created, which again has the level originally 
sent. 
Representing the signal by certain discrete allowed 

levels only is called quantizing. It inherently introduces 
an initial error in the amplitude of the samples, giving 
rise to quantization noise. But once the signal is in a quan-
tized state, it can be relayed for any distance without 
further loss in quality, provided only that the added 
noise in the signal received at each repeater is not too 
great to prevent correct recognition of the particular 
level each given signal is intended to represent. By quan-
tizing we limit our "alphabet." If the received signal 
lies between a and b, and is closer (say) to b, we guess 
that b was sent. If the noise is small enough, we shall 
always be right. 
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Coding 

A quantized sample could be sent as a single pulse 
which would have certain possible discrete amplitudes, 
or certain discrete positions with respect to a reference 
position. However, if many allowed sample amplitudes 
are required, one hundred, for example, it would be dif-
ficult to make circuits to distinguish these one from an-
other. On the other hand, it is very easy to make a cir-
cuit which will tell whether or not a pulse is present. 
Suppose, then, that several pulses are used as a code 
group to describe the amplitude of a single sample. Each 
pulse can be on (1) or off (0). If we have three pulses, for 
instance, we can have the combinations representing the 
amplitudes shown in Table I. 

TABLE I 

Amplitude 
Represented 

0 
1 
2 
3 
4 
5 
6 
7 

Code 

000 
001 
010 
011 
100 
101 
110 
Ill 

The codes are, in fact, just the numbers (amplitudes) 
at the left written in binary notation. In this notation, 
the place-values are 1, 2, 4, 8,—; i.e., a unit in the right-
hand column represents 1, a unit in the middle (second) 
column represents 2, a unit in the left (third) column 
represents 4, etc. We see that with a code group of n 
on-off pulses we can represent 2̂ amplitudes. For ex-
ample, 7 pulses yield 128 sample levels. 
It is possible, of course, to code the amplitude in terms 

of a number of pulses which have allowed amplitudes of 
0, 1, 2 (base 3 or ternary code), or 0, 1, 2, 3 (base 4 or 
quaternary code), etc., instead of the pulses with allowed 
amplitudes 0, 1 (base 2 or binary code). If ten levels 
were allowed for each pulse, then each pulse in a code 
group would be simply a digit of an ordinary decimal 
number expressing the amplitude of the sample. If n is 
the number of pulses and b is the base, the number of 
quantizing levels the code can express is bn. 

Decoding 

To decode a code group of the type just described, one 
must generate a pulse which is the linear sum of all the 
pulses in the group, each multiplied by its place value 
(1, b, b2, b3, . . . ) in the code. This can be done in a num-
ber of ways. Perhaps the simplest way which has been 
used involves sending the code group in "reverse" order, 
i.e., the "units" pulse first, and the pulse with the high-
est place value last. The pulses are then stored as 
charge on a capacitor-resistor combination with a time 
constant such that the charge decreases by the factor 1/b 
between pulses. After the last pulse, the charge (volt-
age) is sampled. 

A Complete PC M System 

A PCM system embodies all the processes just de-
scribed. The input signal is band-limited to exclude any 
frequencies greater than Wo. This signal is then sampled 
at the rate 2 Wo. The samples are then quantized 
and encoded. Since only certain discrete code groups 
are possible, the selection of the nearest code group 
automatically quantizes the sample, and with cer-
tain types of devices it is therefore not necessary to 
quantize as a separate, prior operation. The code groups 
are then transmitted, either as a time sequence of pulses 
(time division) over the same channel, or by frequency 
division, or over separate channels. The code groups are 
regenerated (i.e., reshaped) at intervals as required. At 
the receiver the (regenerated) code groups are decoded to 
form a series of impulses proportional to the original 
samples (except quantized), and these impulses are 
sent through a low-pass filter of bandwidth Wo to re-
cover the signal wave. 

II. TRANSMISSION REQUIREMENTS FOR PCM 

Suppose we consider what requirements exist, ideally, 
on the channel which is to carry the encoded PCM sig-
nal; that is, ruling out physically impossible devices, but 
allowing ideal components such as ideal filters, ideal 
gates, etc. 

Bandwidth 

If a channel has a bandwidth W cps, it is possible to 
send up to 2W independent pulses per second over it. 
We can show this very simply. Let the pulses occur (or 
not occur) at the time t =0, r, 2r, • • • , mr where T = 
1/2 W, and let each pulse as received be of the form 

V = Vo 

7r 
sin — (1 — mr) 

7 

—  (1 —  mr) 

(1) 

The shape of this pulse is shown in Fig. 1. It will be seen 
that the pulse centered at time mr will be zero at t = kr 

sin (rt/r) 
Fig. 1—Pulse of the form Vo   • 

Ttlr 
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where k m. Thus, if we sample the pulse train at the 
time t =mr, we will see only the pulse belonging to that 
time and none of the others. 
Further, the pulse given by (1) contains no frequen-

cies higher than W. It is the pulse one would get out of 
an ideal low-pass filter of cutoff W, on applying a very 
short impulse to the input. 
Now, to send a signal of bandwidth Wo by PCM, we 

must send 2 Wo code groups per second and each code 
group contains (say) n pulse places. We must be pre-
pared, therefore, to send 2n Wo pulses per second, and 
this requires a bandwidth W= nWo. The pulses may be 
sent in time sequence over one channel or by frequency 
division. In either case the total bandwidth will be the 
same. Of course, if double-sideband transmission is 
used in the frequency-division case, or if the time-divi-
sion signal is sent as double-sideband rf pulses, the total 
bandwidth will be 2n Wo. 
In short, the bandwidth required for PCM is, in the 

ideal case, n times as great as that required for direct 
transmission of the signal, where n is the number of 
pulses per code group. 

Threshold Power 

To detect the presence or absence of a pulse reliably 
requires a certain signal-to-noise ratio. If the pulse power 
is too low compared to the noise, even the best possible 
detector will make mistakes and indicate an occasional 
pulse when there is none, or vice versa. Let us assume 
that we have an ideal detector, i.e., one which makes 
the fewest possible mistakes. If the received pulses are of 
the form (1), and if the noise is "white" noise (i.e., noise 
with a uniform power spectrum and gaussian amplitude 
distribution as, for example, thermal noise), ideal detec-
tion could be achieved by passing the signal through an 
ideal low-pass filter of bandwidth W ( = nWo in the ideal 
case) and sampling the output at the pulse times hr. 
If the signal when sampled exceeds V0/2, we say a pulse 
is present; if less than Vo/2, we say there is no pulse. 
The result will be in error if the noise at that instant 
exceeds Vo/2 in the right direction. With gaussian noise, 
the probability of this happening is proportional to the 
complementary error function' of 

V 0  -.P: 

70' =  / 
1 / 4N 

where 

cr=rms noise amplitude 
P.= signal (pulse) "power" = Vo 
N= noise power in bandwidth W=cr2. 

As the signal power P. is increased, this function de-
creases very rapidly, so that if P./N is large enough to 
make the signal intelligible at all, only a small increase 

7 Complementary error function of x=1/ 077-f:e-A2/2dX. 

will make the transmission nearly perfect. An idea of 
how rapidly this improvement occurs may be had from 
Table II. The last column in the table assumes a pulse 
rate of 105 per second. 

TABLE H 

Signal 
to Noise 
P. Probability  This Is About 

of Error  One Error Every 

13.3 db 
17.4 db 
19.6 db 
21.0 db 
22.0 db 
23.0 db 

'0-s  
10-4 
1 0 -3  

10-0 
10-10  
10-12  

10  sec 
10-1 sec 
10  sec 
20  min 
1 day 
3 months 

Clearly, there is a fairly definite threshold (at about 20 
db, say) below which the interference is serious, and 
above which the interference is negligible. Comparing 
this figure of 20 db with the 60- to 70-odd db required for 
high-quality straight AM transmission of speech, it will 
be seen that PCM requires much less signal power, even 
though the noise power is increased by the n-fold in-
crease in bandwidth. 
The above discussion has assumed an on-off (base 2) 

system. In this system pulses will be present half the 
time, on the average, and the average signal power' will 
be P,/2. If a balanced base 2 system were used, i.e., 
one in which 1 is sent as a + pulse (say) and 0 as a 
— pulse, the peak-to-peak signal swing would have to be 
the same as in the on-off system for the same noise 
margin, and this swing would be provided by pulses of 
only half the former amplitude. Since either a + or 
— pulse would always be present, the signal power 
would be P,/4. 
If pulses are used which have b different amplitude 

levels (i.e., a base b system), then a certain amplitude 
separation must exist between the adjacent levels to 
provide adequate noise margin. Call this separation Ku, 
where K =a constant. (From the preceding discussion 
we see that K is about 10.) The total amplitude range is 
therefore Kcr(b —1). The signal power will be least if this 
amplitude range is symmetrical about zero, i.e., from 
—Kcr(b-1)/2 to -I-Kcr(b —1)/2. The average signal 
power S, assuming all levels to be equally likely, is 
then 8 

b2 — 1 
S = K20-2   

12 

b2 — 1 
= K2N   

12 
(2) 

It will be noticed that the required signal power in-
creases rapidly with the base b. 

Regeneration: The Pay-Off 

In most transmission systems, the noise and distor-
tion from the individual links cumulate. For a given 

3 See Appendix II. 
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quality of over-all transmission, the longer the system, 
the more severe are the requirements on each link. For 
example, if 100 links are to be used in tandem, the noise 
power added per link can only be one-hundredth as 
great as would be permissible in a single link. 
Because the signal in a PCM system can be regen-

erated as often as necessary, the effects of amplitude and 
phase and nonlinear distortions in one link, if not too 
great, produce no effect whatever on the regenerated 
input signal to the next link. If noise in a single link 
causes a certain fraction p of the pulses to be regenerated 
incorrectly, then after m links, if p«1, the fraction in-
correct will be approximately mp. However, to reduce 
p to a value p' =p/m requires only a slight increase in 
the power in each link, as we have seen in the section on 
threshold power. Practically, then, the transmission 
requirements for a PCM link are almost independent of 
the total length of the system. The importance of this 
fact can hardly be overstated. 

III. PERFORMANCE OF A PCM SYSTEM 

We have seen that PCM requires more bandwidth 
and less power than is required with direct transmission 
of the signal itself, or with straight AM. We have, in a 
sense, exchanged bandwidth for power. Has the ex-
change been an efficient one? Are good signal-to-noise 
ratios in the recovered signal feasible in PCM? And 
how sensitive to interference is PCM? We shall now try 
to answer these questions. 

Channel Capacity 

A good measure of the bandwidth efficiency is the in-
formation capacity of the system as compared with 
the theoretical limit for a channel of the same band-
width and power. The information capacity of a sys-
tem may be thought of as the number of independ-
ent symbols or characters which can be transmitted 
without error in unit time. The simplest, most ele-
mentary character is a binary digit, and it is con-
venient to express the information capacity as the 
equivalent number of binary digits per second, C, which 
the channel can handle. Shannon and others have shown 
that an ideal system has the capacity') 

P 
C = W log2 (1 -I- —  (3) 

where 

W= bandwidth 
P =average signal power 
N= white noise power. 

Two channels having the same C have the same ca-
pacity for transmitting information, even though the 
quantities W, P, and N may be different. 
In a PCM system, operating over the threshold so 

that the frequency of errors is negligible, 

C = sm 

° C. E. Shannon, "A mathematical theory of communication," 
Bell Sys. Tech. Jour., vol. 27, July, October, 1948. 

where - 

s =sampling rate =2 Wo 
m = equivalent number of binary digits per code 

group. 

If there are 1 quantizing levels, the number of binary 
digits required per code group is given by / = 2m, while 
the actual number of (base b) digits n will be given by 

1 = 

Thus, 

= 

in = n log2 b 

and 

C = sn log2 b. 

Now sn is the actual pulse frequency, and is ideally 
twice the system bandwidth W. 
Therefore, 

C = 2W log2 b 

= W log2 b2. 

Substituting for b the power required for this base (from 
(2)), we have 

12S 
C = W log2(1 + 

K2N 
(4) 

Comparing (4) with (3), we see they are identical if 
S= (K2/12)P. In other words, PCM requires K2/12 (or 
about 8) times the power theoretically required to realize 
a given channel capacity for a given bandwidth. 
Perhaps the most important thing to notice about (4) 

is that the form is right. Power and bandwidth are 
exchanged on a logarithmic basis, and the channel 
capacity is proportional" to W. In most broadband 
systems, which improve signal-to-noise ratio at the ex-
pense of bandwidth, C is proportional only to log W. 

Signal-to-Noise Ratio 

There are two types of noise introduced by a PCM 
system. One of these is the quantizing noise mentioned 
in the section on quantization. This is a noise intro-
duced at the transmitting end of the system and 
nowhere else. The other is false pulse noise caused by 
the incorrect interpretation of the intended amplitude 
of a pulse by the receiver or by any repeater. This noise 
may arise anywhere along the system, and is cumula-
tive. However, as we have seen earlier, this noise de-
creases so rapidly as the signal power is increased above 
threshold that in any practical system it would be made 
negligible by design. As a result, the signal-to-noise 
ratio in PCM systems is set by the quantizing noise 
alone. 

10 Provided S is increased in proportion to W to compensate for 
the similar increase in N. 
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If the signal is large compared with a single quantiz-
ing step, the errors introduced in successive samples 
by quantizing will be substantially uncorrelated. The 
maximum error which can be introduced is one-haff of 
one quantizing step in either direction. All values of 
error up to this maximum value are equally likely. The 
rms error introduced is, therefore,1/2 v'3  times the height 
of a single quantizing step.' When the signal is recon-
structed from the decoded samples (containing this 
quantizing error), what is obtained is the original signal 
plus a noise having a uniform frequency spectrum out 
to Wo and an rms amplitude of 1/2 0 times a quantiz-
ing step height. The ratio of peak-to-peak signal to rms 
noise is, therefore, 

R = 2":1 b", 

since ir is the number of levels. Expressing.this ratio in 
db, we have 

20 logio R = 20 logio 2/3 + n(20 log10 b) 

= 10.8 ± n(20 logio b). 

In a binary system, b= 2, and 

20 logio R  10.8 + 6n. 

In examining (5) let us remember that n, the number 
of digits, is a factor relating the total bandwidth used in 
transmission to the bandwidth of the signal to be trans-
mitted, i.e., W=n Wo. It is something like the index of 
modulation in FM. Now, for every increment of Wo 
added to the bandwidth used for transmission, n may 
be increased by one, and this increases the signal-to-
noise ratio by a constant number of db. In other words, 
in PCM, the signal-to-noise ratio in db varies linearly with 
the number of digits per code group, and hence with the 
bandwidth. Of course, as the bandwidth is increased the 
noise power increases, and a proportional increase in 
signal power is required to stay adequately above 
threshold. 
A binary PCM system using ten times the bandwidth 

of the original signal will give a 70-db signal-to-noise 
ratio. Higher base systems will require less bandwidth. 

(5) 

Ruggedness 

One important characteristic of a transmission system 
is its susceptibility to interference. We have seen that 
noise in a PCM circuit produces no effect unless the 
peak amplitude is greater than half the separation be-
tween pulse levels. In a binary (on-off) system, this is 
half the pulse height. Similarly, interference such as 
stray impulses, or pulse crosstalk from a near-by channel, 
will produce no effect unless the peak amplitude of this 
interference plus the peak noise is half the pulse height. 
The presence of interference thus increases the thresh-
old required for satisfactory operation. But, if an ade-
quate margin over threshold is provided, compara-
tively large amounts of interference can be present with-

out affecting the performance of the circuit at all. A 
PCM system, particularly an on-off (binary) system, is 
therefore quite "rugged." 
When a number of radio communication routes must 

converge on a single terminal, or follow similar routes 
between cities, the ruggedness of the channels is a par-
ticularly important consideration. If the susceptibility 
of the channels to mutual interference is high, many 
separate frequency bands will be required, and the total 
bandwidth required for the service will be large. Al-
though PCM requires an initial increase of bandwidth 
for each channel, the resulting ruggedness permits 
many routes originating from, or converging toward, a 
single terminal to occupy the same frequency band. 
Different planes of polarization for two channels over 
the same path can often be used, and the directivities 
of practical antennas are such that only a small differ-
ence in direction of arrival will separate two routes 
on the same frequency. As a result, the frequency oc-
cupancy of PCM is exceptionally good, and its other 
transmission advantages are then obtained with little, 
if any, increase in total bandwidth. 

IV. COMPARISON OF PCM AND FM 

One feature of PCM is that the signal-to-noise ratio 
can be substantially improved by increasing the trans-
mission bandwidth. This is an advantage shared with 
certain other pulse systems and with FM. As FM is the 
best known of these other systems, it is interesting to 
compare PCM and FM. 

Broadband Gain 

In going to high-deviation FM, the gain in signal-to-
noise voltage ratio over AM (with the same power and 
the same noise per unit bandwidth) is proportional to 
the deviation ratio, or to the ratio of half the bandwidth 
actually used in transmission to the bandwidth of the 
signal to be transmitted. This ratio corresponds to n in 
our notation. If noie power is uniformly distributed 
with respect to frequency, and if one desires to provide 
the same margin over threshold in FM with various 
bandwidths, the transmitter power must be propor-
tional to bandwidth (to n). If we so vary the power in 
varying the bandwidth of wide-deviation FM, the 
signal-to-noise voltage ratio will vary as n(nu2), where 
the factor nu' comes about through the increased signal 
voltage. Thus the signal-to-noise ratio R will be given 
by 

R = (const)n" 

20 logio R = 30 logio n  const.  (6) 

For binary (on-off) PCM we have, from (5), for the 
same simultaneous variation of bandwidth and power 

20 logio R = 6n -I- 10.8. 

Or, for ternary (base 3) PCM, 

20 logio R = 9.54n ± 10.8. 
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We see that, as the bandwidth (proportional to n) is in-
creased in FM, the signal-to-noise ratio varies as log n, 
while in PCM it varies as n. Thus, as bandwidth is in-
creased, PCM is bound to exhibit more improvement in 
the end. Further, a more elaborate analysis shows that, 
ideally at least, PCM can provide, for any bandwidth, 
nearly as high a signal-to-noise ratio as is possible with 
any system of modulation. 
Why is PCM so good in utilizing bandwidth to in-
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Fig. 2—The signals in channels Bi, B2r B3 r and B4. (a) Signal in a 
frequency-division PCM system. (b) Amplitudes corresponding 
to (a). (c) Signal in a quantized FM system. (d) Amplitudes cor-
responding to (c). 

crease the signal-to-noise ratio? A very clear picture of 
the reason can be had by considering a simple PCM 
system in which four binary digits are transmitted on 
four adjacent frequency bands with powers just sufficient 
to over-ride noise. In Fig. 2(a) the signals in these four 
channels Bl, B2, B3, 134 are shown versus time. A black 
rectangle represents a pulse; a white rectangle, the 
absence of a pulse. The rectangles are ro = (1/2W0) long. 
The particular sequence of code groups shown in the 
figure represents a quantized approximation to a linear 
change of amplitude with time, as shown in Fig. 2(b). 
Now suppose, instead, that we confine ourselves to 

sending a pulse in only one channel at a time, as shown 
in Fig. 2(c). The best quantized representation of the 
signal we can get is shown in Fig. 2(d). Here the num-
ber of levels is four, while in Fig. 2(b) there are sixteen. 
In other words, Fig. 2(b) represents four times as good 
a signal-to-noise amplitude ratio as Fig. 2(d). 
The total energy transmitted is in each case repre-

sented by the total black area; we see that on the aver-
age twice as much power is used in Fig. 2(a) as in Fig. 
2(c). Thus we obtain a 12-db increase in signal-to-noise 
ratio with a power increase of only 3 db by sending the 
signal according to Fig. 2(a) rather than Fig. 2(c). If we 
had started out with six channels instead of four, we 
would have obtained a signal-to-noise improvement of 
21 db for 4.77 db more average power. The greater the 
number of channels, and hence the wider the frequency 
band used, the better the method of transmission repre-
sented by Fig. 2(a) as compared to that represented by 
Fig. 2(c). 
Now Fig. 2(a) represents PCM, while Fig. 2(c) repre-

sents what is essentially quantized FM with sampling. 
The signal in Fig. 2(c) varies with frequency according 
to the amplitude of the signal. Hence, we have compared 
PCM and a sort of FM, to the obvious advantage 
of PCM. 
The trouble with the FM type of signal of Fig. 2(c) 

is that only a few of the possible signals which might be 
sent in the four bands ./31—B4 are ever produced; all the 
others, those for which there is a signal in more than one 
band at a time, are wasted. Ideally, PCM takes ad-
vantage of every possible signal which can be trans-
mitted over a given band of frequencies with pulses hav-
ing discrete amplitudes." 
The relation between FM and PCM is closely analo-

gous to the relation between the two types of computing 
machines: the so-called analogue machines and the 
digital machines. In analogue machines the numbers 
involved are represented as proportional to some physi-
cal quantity capable of continuous variation. Typical 
examples are the slide rule, network analyzers, and the 
differential analyzer. An increase in precision requires, 

u It might be objected that one could have signals with a finer 
structure in the frequency direction than those shown in Fig. 2(a). 
This is possible only if r is made larger, so that the pulses representing 
samples occur less frequently, are broader, and have narrower spec-
tra. This means reducing Wo. 
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in general, a proportional increase in the range of 
physical variables used to represent the numbers. 
Furthermore, small errors tend to accumulate and can-
not be eliminated. In digital machines the numbers are 
expressed in digital form, and the digits are represented 
by the states of certain physical parts of the machine 
which can assume one of a finite set of possible states. 
Typical digital machines are the abacus, ordinary desk 
computers, and the Eniac. In this type of machine the 
precision increases exponentially with the number of 
digits, and hence with the size of the machine. Small 
errors, which are not large enough to carry any part 
from one state to another state, have no effect and do 
not cumulate. 
In FM (analogue), the amplitude of the audio signal 

is measured by the radio frequency. To improve the pre-
cision by 2 to 1 requires roughly a 2 to 1 increase in 
the frequency swing, and hence the bandwidth. In PCM 
doubling the bandwidth permits twice the number of 
digits, and therefore squares rather than doubles the 
number of distinguishable levels. 

Other Factors 

There are other considerations in a comparison be-
tween PCM and ordinary, unquantized FM, however. 
For instance, PCM allows the use of regenerative re-
peaters, and FM does not. PCM lends itself, like other 
pulse systems, to time-division multiplex. On the other 
hand, when the received signal rises considerably above 
threshold during good reception, the signal-to-noise 
ratio improves with FM but not with PCM. When we 
come to consider transmitters and receivers, we find 
that, for high signal-to-noise ratios at least, an FM 
transmitter and receiver will be somewhat less compli-
cated than those for PCM are at present. 

V. CONCLUSIONS 

PCM offers a greater improvement in signal-to-noise 
than other systems, such as FM, which also depend 
upon the use of wide bands. 
By using binary (on-off) PCM, a high-quality signal 

can be obtained under conditions of noise and interfer-
ence so bad that it is just possible to recognize the 
presence of each pulse. Further, by using regenerative 
repeaters which detect the presence or absence of pulses 
and then emit reshaped, respaced pulses, the initial 
signal-to-noise ratio can be maintained through a long 
chain of repeaters. 
PCM lends itself to time-division multiplex. 
PCM offers no improvement in signal-to-noise ratio 

during periods of high signal or low noise. 
PCM transmitters and receivers are somewhat more 

complex than are those used for some other forms of 
modulation. 
In all, PCM seems ideally suited for multiplex mes-

sage circuits, where a standard quality and high reli-
ability are required. 

APPENDIX I 

We wish to show that a function of time f(t) which 
contains no frequency components greater than Wo cps 
is uniquely determined by the values of f(t) at any set 
of sampling points spaced 1/2 Wo seconds apart. Let 
F(w) be the complex spectrum of the function, i.e., 

F(co) =  e-iw'f(t)dt. 

By assumption, F(co) =0 for I col >27 Wo. F(co) can be 
expanded in the interval —271170 to +27 Wo in a Fourier 
series having the coefficients 

1 f  2 rWO 

a„ =   F(co)e—i(wo2w°)dco. 
47W0 —27 W0 

(1) 

Now, since F(co) is the Fourier transform of At), f(t) is 
the inverse transform of F(w). 

1 
f(t) = —J  F(w)ei'lelco 

27 , 
2rWo 

= — i l2rWo  eiwtdca, 27   

since F(co) is zero outside these limits. 
If we let t =n/21470, we have 

1 2 rWo 

I   Fwei(--12wodw.  (2) 
0 )  27  —2 rWo 

Comparing (1) and (2), we see that 

a. =  1 f — n 

2W0 2Wo) 

Thus, if the function f(t) is known at the sam-
pling points, • • • — (2/2 WO,  1/2 W0, 0, 1/2 M. 
2/2 W0 • • • , then the coefficients a. are determined. 
These coefficients determine the spectrum F(co) and 
F(co) determines f(t) for all values of t. This shows that 
there is exactly one function containing no frequencies 
over Wo and passing through a given set of amplitudes 
at sampling points 1/2 W0 apart. 
To reconstruct the:function, given these amplitudes, 

we note that 

F(co) = E anei(womo) for I co I < 27Wo 

F(w) = 0  for co I > 2rWo. 

Taking the inverse transform, we have 

sin ir(2Wot+ n) 
f(t) = 2Wo E an   

n  7(2Wot n) 
El  /  n 'sin r(21rot + to) 

= 
2Wo) 7(2Wot n) 

E ft to \ sin r(2Wot — n) 

n 21170) 7(2Wot  n) 
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In other words, the function f(t) may be thought of as 
the sum of a series of elementary functions of the form 
sin x/x centered at the sampling points, and each having 
a peak value equal to f(t) at the corresponding sampling 
point. To reconstruct the function f(t), then, we merely 
need to generate a series of sin x/x pulses proportional 
to the samples and add the ensemble. 

APPENDIX II 

We wish to find the average power in a series of pulses 
of the form 

f(1) = 

sin r — 
T 

A — 

T 

occurring at the regular rate 1/r. 
The signal wave may then be written 

v(1) = E vkf(t — kr) 

where V k = peak amplitude of pulse occurring at the time 
l=kr. The average "power" (i.e., mean-square ampli-
tude) S of the signal will then be 

1 f 
S =  =  —  v2(1)dt 

nr , 

=  —[ E 17,2f [2(1 — kr)dt 
n--"n nr  —ao 

n  n  ao 

+ E E vivk f f(t — jr)f(t — kr)dt] 
—co 

For the assumed pulse shape, the first integral is equal 
to r, while the second integral is equal to zero. Thus 

1 n 

S = lim — E vk2. 

S is simply the mean-square value of the individual 
pulse peak amplitudes, and may also be written 

s = f v2p(ndv 

where 

p( V)d V = probability that pulse amplitude lies be-
tween V and V-I-dV. 

Suppose the pulses have b discrete amplitude levels 
Ka apart, ranging from 0 to (b —1)Ka. Each pulse then 

has an amplitude aKcr where a is an integer. The average 
power will be 

S = loo.2 E p(a)a2 
a—G 

where p(a) = probability of level a. If all levels are 
equally likely, p(a) =1/b, and 

1 b-1 
S =  K2a2 — E a2 

b 0 

(b — 1)(2b — 1) 
S = K2a2   • 

6 

The quantity 

1 b-1 

— E a2 
b 0 

is the square of the radius of gyration (i.e., the mean-
square radius) about one end of a linear array of b 
points separated by unit distance. The average power 
of any amplitude distribution is the average of the 
squares of the amplitudes and is therefore proportional 
to the square of the radius of gyration of the distribu-
tion. The radius of gyration about any point is 

r2 = ro2  d2 

where 

r =radius of gyration about chosen point 
ro = radius of gyration about center of gravity 
d = distance to center of gravity from chosen point. 

Obviously, ro <r, so that the average power will be least if 
the average amplitude is zero. S will be least if the 
pulse amplitude range is from  —Ku(b-1)/2 to 
d-Kcr(b —1)/2, and will then be given by 

[(b — 1)(2b — 1)  b — 1\21 
s  K20.2   

6  2 ) 

b2 — 1 
S = c2a2   

12 

This may also be written 

A2 (b + 1) 
S= 

12 (b — 1) 

where A =total amplitude range = (b-1)Ka. As b-00, 

A 2 
S  —  • 

12 

Thus, if all amplitude levels in a range A are possible 
and equally likely, the rms amplitude of the distribution 
will be .V.3 = (A/2 0). 
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Pentriode Amplifiers* 
H. M . ZEIDLERt, MEMBER, IRE, AND J. D. NOES, STUDENT, IRE 

Summary—Conventional video-amplifier design is complicated 
by low-frequency phase shift and degenerative decrease in gain 
caused by inefficient screen-grid and cathode by-pass circuits. This 
paper describes two amplifier circuits in which phase shift and de-
generation in those by-pass circuits may be eliminated throughout 
the entire range to zero frequency. Small paper or mica capacitors 
may be substituted for bulky electrolytic units, with consequent im-
provement in electrical and physical amplifier characteristics. 
These circuits are applicable to amplifiers with stage gains less 

than the control-grid to screen-grid amplification factor of the tube. 
Inasmuch as common tubes have factors ranging from approxi-
mately 10 to 50, the circuits described are primarily applicable to 
video amplifiers. In practice, the interstage circuits are designed in 
accordance with conventional methods involving either two-terminal 
or four-terminal networks. The by-pass circuits herein described may 
then be incorporated into the design to provide the advantages out-
lined above with no loss in stage gain. 

I. INTRODUCTION 

THE DESIGN of screen and cathode by-pass cir-
cuits for conventional video amplifiers is influ-

  enced by conflicting requirements. From the 
standpoint of physical size and cost, it is desirable to 
use the smallest by-pass capacitors allowable. Consider-
ations of circuit performance, however, dictate large 
values of capacitance in order that adequate screen and 
cathode by-passing be assured at very low frequencies. 
This is particularly true in amplifiers in which negative 
feedback is utilized around a loop containing several 
stages, in which case it may be necessary to by-pass 
some, or all, of the screen and cathode circuits to a fre-
quency so low that they exert negligible influence on 
the feedback-loop cutoff characteristics. 
This paper describes two circuits, known as "pentri-

ode circuits," which circumvent this conflict in design 
criteria.' Both circuits eliminate the gain decrease and 
phase shift associated with insufficient by-pass, and fur-
thermore allow use of small by-pass capacitors. The 
idea fundamental to these circuits is simple. At low fre-
quencies for which the by-pass circuits begin to be in-
effective in the conventional sense, additional plate 
impedance is introduced to compensate for the de-
crease in signal current due to screen and cathode de-
generation. This compensation can be made exact, leav-
ing no net gain variation or phase shift in the transition 
region. 

It should be noted that the terms "amplitude re-
sponse" and "phase shift" are used in this paper with 
reference only to the effect of screen and cathode by-
pass circuits. The over-all gain will, of course, drop off 
at low frequencies due to the interstage coupling capac-

* Decimal classification: R363.4. Original manuscript received by 
the Institute, November 24, 1947; revised manuscript received, July 
6, 1948. 
f Hewlett-Packard Company, Palo Alto, Calif. 
: Hewlett-Packard Company and Stanford University, Palo 

Alto, Calif. 
1 U. S. Patent Application Nos. 789,153 and 789,282. 

itor, and at the high frequencies due to shunting capac-
itances, but these considerations are independent of the 
circuit configurations herein described. 

II. THE TYPE-I PENTRIODE AMPLIFIER 

The basic circuit of the type-I amplifier is indicated 
in Fig. 1. At high frequencies, where C2 can be consid-
ered a short circuit, the amplifier operates in normal 
pentode fashion. There is no high-frequency degenera-
tion in Rk or in R2, since all plate and screen signal cur-
rents are returned directly to the cathode through C2. 
At low frequencies, the signal currents must return to 
the cathode through R2,  the power supply, and the 
cathode resistor Rk because of the high reactance of C2. 
Both screen and cathode degeneration are thereby in-

Fig. 1—Basic circuit—type I-amplifier. 

troduced, with a consequent decrease in signal current. 
However, if R2 is made to provide a sufficient increase of 
effective load resistance in excess of the value RI, it is 
possible to compensate exactly the degenerative effect. 
In this manner the low-frequency gain can be made 
equal to the high-frequency gain, which condition fur-
ther specifies that there shall be zero phase shift at low 
frequencies relative to high frequencies.2 This concept 
is extended by a more comprehensive analysis in Section 
III. This analysis shows that the gain and phase char-
acteristics of the amplifier can be made invariant at all 
frequencies—even at those intermediate frequencies 
where the capacitor C2 is only partially effective in by-
passing plate and screen circuits directly to the cathode. 
The tube of the circuit discussed above operates in an 

unorthodox manner at low frequencies. Since the screen 
grid at the junction of RI and R2 is neither at ground 
nor at plate potential at low frequencies, the tube op-
erates as neither pentode nor triode in the true sense of 
the words. Hence, the name "pentriode" has been ap-
plied. The transition between pentriode and pentode 
operation occurs in an intermediate frequency range 

2 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Company, Inc., New York, N. Y., 1945; 
pp. 286-288. 
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where the by-pass capacitor can be considered neither 
a short nor an open circuit, and that intermediate range 
shall hereafter be termed the "crossover" region. 
The basic features of the pentriode amplifier are enu-

merated briefly below: 
1. When the design criteria are fulfilled, there can be 

no phase shifts due to screen and cathode by-pass ele-
ments at any frequency. This is particularly advan-
tageous when the circuits are to be used within a nega-
tive-feedback loop containing two or more stages. 
Elimination of these phase shifts leaves only the inter-
stage blocking capacitors and grid resistances to control 
the low-frequency cutoff characteristic, and low-fre-
quency stability is thus more easily attained. 
2. The capacitor C2 need be only large enough to as-

sure full pentode operation at high frequencies where 
the undesirable effects due to tube and stray capaci-
tances would otherwise be intolerable. For normal video 
amplifiers, C2 is specified to be only 0.01 pif or less, the 
crossover to full pentode operation being achieved for 
frequencies higher than approximately 0.1 Mc. 
3. Use of the pentriode amplifier involves no loss in 

gain compared to more conventional circuits. However, 
it is shown in Section VI that pentriode circuits cannot 
be used where the stage gain is greater than the control-
grid to screen-grid amplification factor of the tube. They 
consequently apply primarily to video amplifiers. 
4. Degeneration is introduced in the cathode and/or 

screen-grid circuits at frequencies below the crossover 
region. In certain applications this may be advanta-
geous, as it provides increased gain stability and de-
creased distortion at these low frequencies. 
These features apply fundamentally not only to the 

type-1 but also to the type-II pentriode circuit which is 
discussed in Section IV. In either case, however, varia-
tions in gain and phase occur in the crossover region if 
the design criteria are not satisfied exactly. These 
variations are considered in Sections V and VI. 

III. D ERIVATION OF TIIL D ESIGN EQUATION, 
TYPE-I PENTRIODE A MPLIFIER 

The symbols and assumptions specified below apply 
throughout the entire paper. It should be noted that all 
electrode signal voltages are specified as positive with 
respect to the cathode, and that all signal currents are 
electron currents flowing away from the cathode inside 
the tube. 

1. Symbols 

cathode to control-grid signal voltage 
eg2= cathode to screen-grid signal voltage 
e, = input signal voltage 
eo =output signal voltage 
ip = plate signal current 
= screen-grid signal current 

it = total cathode signal current 
ib = signal current flowing through the power supply 
g= control-grid to plate transconductance 

gin = 
ain 
a egl ey2 =0 

gi2 =control-grid to screen-grid transconductance 

g12 =   
I aeu, eg2 =0 

µ12 =control-grid to screen-grid amplification factor 

12 = 

a eg2 

I a egi  I il =0 

C12 = control-grid to screen-grid'capacitance 
Ebb =power-supply voltage 
A = magnitude of amplifier gain 
A = amplifier vector gain. 

2. Assumptions 

a. The tube characteristics are linear and the tube 
parameters are constants. 
b. Shunting of plate resistance and of external load 

on circuit resistances is negligible. 
c. Power-supply impedance is negligible compared to 

circuit resistances. 
d. Plate signal voltage does not influence signal cur-

rent. 
e. No control-grid current flows. 
The qualitative discussion of Section II can be used 

as a basis for the derivation of the design equations of 
the type-I pentriode amplifier. Such a derivation 
proves only that the gains, and hence the phase shifts, 
are equal at high and low frequencies. The fact that 
both the gain and the phase are actually invariant at all 
frequencies is proved in the following more general 
derivation which involves calculation of the expression 
for the vector gain of the amplifier. The circuit diagram 
is that of Fig. 1. 
An expression for total signal current at any fre-

quency may be written as a function of the degenerative 
current ib• 

(R 
it = (g.  g12)  — ibRk)  —ib 2  Rk)]•  (1) 

P12 

Furthermore, lb may be expressed as a fractional part of 
it in terms of the relative admittances of the two paths 
which it may take at the screen-grid tcrminal. 

r  (R2 +1 RA ) 

(R2 +1 RI) + jWC2  

1 
=  

1 + jo.C2(R2  Rk) • 

Substituting (2) into (1) and collecting terms, 

(2) 
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1 + jt&C2(R2  Rk) 
it = Al2(gm  812)e, [  , , , n, , -r , 

/212  (gm  gio,n2  (gm  g12)(12  1)Rk  jwC21.412(R2  Rk)} 

November 

(3) 

The output voltage may be written in terms of ig, and  counteracted entirely by screen-grid degeneration in 
the vector gain equation follows directly.  R3 and A. (Refer to Section V.) 

gmR2 R2 
eo = — [ipRI-FioRd =  it [   

(g.-Fg12)  1+ jwC2(R2-1- RA)] 

g„,Ri+ (g„,d gi2) R2 
= — mi2[   

An+ (gm+ gi2)R2+ (gm+ 812) (Al2+ 1)Rki 

741 = — Kr 1+-imw  1 L 1+ Nw . 

Equations (5) and (6) have been written in the basic 
form of the bilinear equation. It is apparent that if the 
circuit is so arranged that the coefficients of the fre-
quency-variable terms are made equal, both the gain 
and the phase are invariant at all frequencies. The re-
quired design equation is obtained when M and N are 
equated, and the results rearranged to yield R2 as a 
function of Rk. 

1) g„,R1  [ = Rk  0412 + 1)AI 
R2 = R k r12 (7) 

/.412 — gmR1  Al2 — AI i• 

Further reference to (5) and (6) reveals that the mag-
nitude of the gain is given by the expression correspond-
ing to the coefficient K. However, since the amplifier 
operates in normal pentode fashion at high frequencies, 
the magnitude of the gain is simply 

A = [g„,Ri].  (8) 

The coefficient K is actually the expression obtained for 
the gain of the amplifier at low frequencies. Conse-
quently, (7) may also be obtained by equating K to (8) 
and simplifying. 

IV. TYPE-II PENTRIODE AMPLIFIER 

The type-II pentriode amplifier is diagramed in 
Fig. 2. It should be noted that the capacitance CI and 
inductance L1 do not enter into the pentriode circuit 
design considerations, and are included in Fig. 2 merely 
to indicate the normal position of two-terminal high-
frequency compensation elements. The capacitance C12 
is a parasitic element which is discussed in Section V. 
This circuit is similar in operation to the type-I amplifier 
with the following exceptions: 
1. The cathode degeneration is constant (or zero) at 

all frequencies. Hence, the increase in effective load 
resistance at frequencies below the crossover region is 

1+ jto 
g,,, R2C2( R2 + Rk) 

(g.- gi2)R2+ g.R1 

1-112C2( R2 ± Rk) 

Al2+ (gm±g12)R2+ (gm-Egi2)(FA12+1)Rk 

(4) 

(5) 

(6) 

2. Since signal currents flow through the cathode re-
sistor at all frequencies, it may be utilized as a feedback 
element. 

3. The separate screen resistor, R4, permits independ-
ent control of the quiescent operating voltages of the 
plate and screen grid. This control may be of advantage 
in low-frequency amplifiers where the voltage drop 
across R1 is relatively large. 

Fig. 2—Complete circuit—type-II amplifier. 

The derivation of the design equations for the type-II 
amplifier is too lengthy for inclusion in this paper. Equa-
tion of the high- and the low-frequency gains yields a 
resistance design equation as with the type-I amplifier, 
but does not comprise the complete solution in this case. 
The primary difference is that the two capacitors C3 and 
C4 impose an additional restriction on the circuit if uni-
form response is to be achieved in the crossover region. 
Hence, a derivation including the frequency variable is 
required to yield the following two design equations: 

[  g12  gmR1   
R3= R4 

D ]  (9) 
gm-I-gni L12— gmR1+ (gm±g12)0Al2+ 

C4= C2[ gal?' 
Ai2 +(gm ±g12)( 112-1-1) &1 • 

(10) 
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CROSSOvER 

Equation (10) does not impose any serious complica-
tion in circuit adjustment. The capacitor balance is non-
critical, as is indicated in Fig. 3, where measured re-
sponses are indicated for widely different capacitor ra-
tios.3 As is the case with the type-I amplifier, the re-

PENT RIODE PENTODE 

0.0001  0.001  001 

RELATIVE  FREQUENCY 

Fig. 3—Effect of improper capacitor ratio C2/C4—type-II amplifier, 
CY = 0.005 pf. 

Curve 1—C3/C4=10. 
Curve 2—C2/C4=16. 
Curve 3—C3/C4=20. 

0.1 1.0 

sponse is perfectly uniform at all frequencies when the 
design equations are satisfied. The magnitude of the 
gain of the type-II amplifier at high frequencies is the 
same as that of the conventional pentode amplifier. 

Ail gmR1  
=   Li + (gm + gi2)RAi • 

(11) 

V. EFFECT OF PARASITIC CAPACITANCES 

The preceding analyses have dealt only with the fun-
damental elements of the circuits in order that a clear 
understanding of the basic circuit operation might be 
more readily achieved. At video frequencies, however, 
the reactances of interelectrode and stray capacitances 
indicated in Fig. 4 become of the same order of magni-
tude as the circuit resistances, and must therefore be 
included in the analysis. Fortunately, the requirements 
imposed upon the circuit design by these capacitances 
are in no sense critical, so the corresponding approxi-
mate analyses deal with what may be termed "design 
inequalities," rather than "design equations." 
The spurious effect in the type-I amplifier which is to 

be considered first is that associated with the stray ca-
pacitance CI from the plate terminal to ground. It should 

3 Figs. 3, 5, 6, and 7 are plotted from data obtained from circuits 
with the capacitance values increased 100:1. This technique per-
mitted independent insertion of the parasitic capacitances for experi-
mental verification of the design inequalities considered in Section V. 
The basic circuit parameters were: Type-I circuit—g„, =4650 micro-
mhos, g12= 1650 micromhos, p12= 31, R1=1400 ohms, Ry =1040 ohms, 
Rk— 120 ohms, R. = 1400 ohms, L1=0, C12=1.2 Mid. Type-II circuit— 
g,„ = 5150 micromhos, g12 = 1780 micromhos, p12 =31, R1— 1400ohms, R3 
=390 ohms, R4=6800 ohms, Rk=38 ohms (with additional fixed 
bias). The unity point of the normalized frequency scale represents 
10 Mc, but it should be noted that, in general, the crossover region 
bears no fixed relation to this unity frequency point. 

be noted that the capacitance C1 includes the stray ca-
pacitance of coupling elements and the input capaci-
tance of the following stage, as well as the plate-to-
ground capacitance of the tube indicated. The reasoning 
of Section II was based upon the assumption that all of 
the plate signal current is by-passed directly to the cath-
ode through C2 at high frequencies, thereby assuring 

iCal--

R, 

L, 

R2 

Ebb 

Cl 

16c.1 

A 

0 

Fig. 4—Complete circuit—type-I amplifier. 

zero degeneration in R2 and R . In the practical circuit, 
however, the high-frequency currents which flow 
through C1 return to the cathode through the ground, 
thereby causing high-frequency degeneration in any im-
pedance existing between cathode and ground. It is, 
therefore, necessary that the cathode resistor be by-
passed for high frequencies, the size of the capacitor Ck 
being determined by the inequality 

/100\ Ck  c1   gmR 
n ) 

(12) 

which is derived in Appendix I. The factor n is the maxi-
mum percentage degenerative drop in gain which may 
be tolerated. The type of response resulting from inade-
quate cathode by-pass is indicated in Fig. 5, where gain 
characteristics for several values of Ck are shown. (Note 
that high-frequency compensation was omitted in the 
experimental amplifier for simplification.) 

1.0 

0.9 

0.8 

0.7 

4.0 0.6 

ILl 
> 0.5 

tc, 0. 
cc 0.3 
0.2 

0.1 

3 2 

4 

0.001  0.01  0.1 

RELATIVE  FREQUENCY 

Fig. 5—Effect of insufficient ratio Ck/Ct—Type-I amplifier, C1-14 

Curve 1—C6/C1= 00. 
Curve 2— WC' =140. 
Curve 3—Cb/C1= 76. 

1.0  10.0 
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The requirement that the cathode-to-ground im-
pedance be minimized at high frequencies imposes a 
limitation on the type-I circuit application. In general 
the shunting action of Ck on Rk at high frequencies 
prevents utilizing Rk as a feedback element. In special 
cases, however, where the feedback resistance required 
is relatively small, satisfactory results are achieved by 
utilizing an unby-passed part of Rk as the feedback ele-
ment. 
Once the value of a has been specified, the require-

ments on C2 may be determined. Unless C2 is made suf-
ficiently large so that all plate and screen currents are 
returned directly to the cathode through C2 before Ck 

begins to by-pass the cathode resistor as the frequency 
is increased, the latter by-passing action improperly de-
creases the required degenerative function of Rk in the 
low-frequency region, thereby causing a hump in the 
frequency-response characteristic. Typical humps are 
illustrated in Fig. 6 for a number of values of C2. The ap-

(.D 
1.0 

0.9 

-- 1---

--.. 

0.0001  0.001  0.01  0_I  in 
RELATIVE FREQUENCY 

Fig. 6—Effect of insufficient ratio C2/C,t—Type-I amplifier, Cs, = 2000 

Curve 1—C2/Ch= co. 
Curve 2—C2/Ck =5.6. 
Curve 3—C2/Ck =1.1. 
Curve 4—C2/C,.=0.56. 

proximate derivation of Appendix II yields the design 
inequality 

C2  CA 
[100Rk(gm + g12)(212 + gi2R2)1 

mi2i2g„,R1(1  g„,Rk) 

[ gmRi 

Al2 + (g,„ + gi2)R2 

where m is the maximum percentage rise in gain which 
may be tolerated. 
An additional condition must be imposed upon the 

size of C2. A considerable signal voltage exists on the 
screen grid at frequencies below the crossover region. 
This voltage' causes currents to flow through the inter-

4 F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., Inc., New York, N. Y., and London, 1943; pp. 467-469. 
The derivation in the above reference is for triodes rather than pen-
todes, but this circuit calls for the same type of analysis, since signal 
voltages exist on the screen grid. 

(13) 

grid capacitance C12, thereby introducing resistive and 
reactive loading into the input circuit. Such loading 
would shunt the load impedance of the preceding stage 
appreciably at high frequencies if C2 were not sufficiently 
large, causing a decrease in gain. A relatively conven-
tional derivation yields the design inequality 

[100(g. + gi2)(Rx Rk)1 
C2  Cl2 (14) 

as a function of the factor p, which is the maximum per-
centage decrease in gain which can be permitted, and of 
R., the load resistance of the preceding stage. In most 
practical amplifiers, inequality (13) generally specifies 
a much larger size for C2 than does inequality (14). 
However, both should be checked for every set of design 
conditions, and the larger value of C2 incorporated into 
the amplifier. 
The type-II amplifier is less susceptible to spurious ef-

fects because • the cathode resistor is unby-passed at all 
frequencies. The only requirement involved is that 
which specifies that C4 shall be large enough to prevent 
excessive input-circuit conductance loading of the pre-
ceding stage. The design inequality 

[ 100m2R1 
C4  C12    (15) 

determines the requirements on C4. The factor q is the 
maximum-permissible percentage decrease in gain, and 
R. is the load resistance of the preceding stage. The 
absence of any cathode by-pass capacitor in the type-II 
circuit permits use of all or a fraction of Rk as a feedback 
element. 

VI. PRACTICAL DESIGN CONSIDERATIONS 

This section treats the practical design considerations 
and limitations of both the type-I and type-II pentriode 
amplifiers. Examination of (7) and (9) reveals a funda-
mental limitation on the applicability of pentriode am-
plifiers. The difference terms in the denominators of 
those equations impose a theoretical maximum on the 
product g„,R1 which would require infinite values of R2 

or R3. For all practical purposes, the limit for both type-
I and type-II circuits is equal to An, the control-grid to 
screen-grid amplification factor of the tube. The actual 
maximum gain which can be attained in the practical 
amplifier is below this theoretical limit, as determined by 
the maximum supply-voltage drop across R2 or R3 which 
can be made available. Furthermore, if these resistances 
were to become too large, assumption number 2b, Sec-
tion III, would not be valid, and it would be necessary 
to develop modified design equations. According to Ta-
ble I, the maximum value of /.412 available in common 
tubes is of the order of fifty. The corresponding maxi-
mum practical gain would be of the order of forty or 
forty-five. 
The type-I circuit is subject to an additional restric-



1948  Zeidler and Noe: Pentriode Amplifiers 1337 

tion on the maximum stage gain obtainable. The quies-
cent plate voltage is decreased below that of the screen 
grid by the voltage drop across RI, and satisfactory tube 
operating conditions will not be attainable for excessive 
values of RI. Since the type-II circuit provides independ-
ent control of plate and screen-grid quiescent voltages, 
it may be used to advantage in specific cases where the 
maximum gain obtainable with the type-I circuit would 
be limited by the voltage drop across RI. 

TAI31,E I 

AVERAGE CONSTANTS FOR A NUMBER OF COMMON TUBES 

Tube 

6AC7 
6AG5 
6AG7 
6AH6 
6AK5 
6AK6 
6A05 
6AU6 
6BJ6 

g„,(µmhos)  gi2(µmhos) 

9,500  2,800  50  4.1 
5,300  1,500  50  2.4 
10,000  2,600  25  4.6 
9,000  2,300  48  3.8 
4,800  1,700  30  1.2 
2,200  350  10  1.8 
4,200  600  11  5.0 
5,000  2,000  47  1.6 
3,500  1,400  25  1.8 

Inspection of (7), (9), and (10) indicates that the re-
lationships required for uniform amplifier response are 
functions not only of the load resistance RI, but also of 
the tube parameters. Consequently, as the transcon-
ductances or amplification factor of a tube change from 
the design values with age or operating conditions, the 
frequency response deviates slightly from the perfectly 
uniform characteristic as illustrated for the type-I cir-
cuit in Fig. 7. In the high-frequency region, a 10 per 

LI<E-
1.0 2 

w 0.9  

0.8 
cc 

3  S. 

-4 PENT MODE CROSSOVER PENTODE 

0.0001  0.001  001 
RELATIVE FREQUENCY 

0.1 ID 

Fig. 7-Influence of deviations in tube transconductance on fre-
quency response. 

Curve 1-g„,=1.11 design g„,. 
Curve 2-g„,=design g.. 
Curve 3-g„, =0.91 design g„,. 

cent change from the design value of transconductance 
causes a corresponding 10 per cent change in gain, since 
the tube operates in normal pentode fashion at those fre-
quencies. However, at frequencies below the crossover,' 
the tube operates with screen-grid and cathode degener-

A phase shift naturally accompanies the change in gain in cases 
where the design requirements are not exactly fulfilled. However, the 
gain inequalities are seldom in excess of 15 per cent in practice, and 
the corresponding phase-shift peak is only 6 degrees or less. The 
effect of such a small phase shift is generally negligible. 

ation, the resultant change in gain being less than 10 
per cent from the design value. For apparatus such as 
vacuum-tube voltmeters and other absolute indicating 
devices, this increased stability of gain (and decreased 
distortion) at low frequencies is of definite value, since 
it is achieved without any sacrifice in high-frequency 
performance. The slight gain irregularity seldom offers 
serious trouble in practice, because feedback, which is 
usually incorporated into practical units, serves to main-
tain uniform gain characteristics. In the event that the 
available feedback is not adequate to guarantee the gain 
uniformity required over the frequency range where the 
crossover region would normally occur, either of two al-
ternatives may be utilized. First, the tubes could be se-
lected and the power supplies regulated to maintain the 
design values of the tube parameters. The second tech-
nique would require the use of sufficiently large values of 
capacitance of C2 or C2 and C4 to place the crossover re-
gion below the critical frequency range. Under these lat-
ter conditions, the amplifier tube would operate as an 
ordinary pentode throughout the entire frequency range 
of primary interest. However, pentriode operation 
would occur at very low frequencies, and the advantages 
gained by virtually zero phase shift to zero frequency 
would still be achieved. 
The information disclosed in the preceding analyses 

provides complete design information. Brief summaries 
of suggested design procedures are tabulated in Table 
II to expedite the design of practical amplifiers. 

TABLE II 

TYPE-I CIRCUIT 

1. Choose stage gain, g„,Ri. 
2. If necessary, design high-frequency compensation circuits 

(e.g., shunt or series-peaking) in accordance with standard pro-
cedures. 
3. Check the value of control-grid to screen-grid amplification 

factor of the tube to see if pentriode circuit can be used. 
4. Choose Rk for bias. 
5. Calculate Ry from (7). 
6. Determine Ebb. 

7. Calculate Ck from (12). 
8. Calculate Cy from (13). 
9. Check Cy from (14). 

TYPE-II CIRCUIT 

1, 2, 3. Same as for Type-I circuit above. 
4. Choose Rk for bias and/or as a feedback element. 
5. Choose R4 to give the desired operating point for the tube. 
6. Calculate R3 from (9). 
7. Determine Ebb. 
8. Calculate C4 from (15). 
9. Calculate C3 from (10). 
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APPENDIX I 

Design Inequality for Ck versus C1 (Refer to Fig. 4). 

An approximate derivation for the maximum de-
crease in gain caused by capacitive load currents flowing 
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through C1 and the cathode-to-ground reactance at high 
frequencies can be made on the basis of the following as-
sumptions: 
1. Full pentode operation is in effect. (This condition 

is fully satisfied in practical circuits.) 
2. The cathode impedance is essentially the reactance 

of Ck at frequencies above that where the current 
through C1 begins to become significant. This condition 
must be fulfilled in practical circuits where the degen-
erative effect must be minimized by specifying Ck suf-
ficiently large. 
3. The amplifier gain is not appreciably modified in 

magnitude or phase by the Ehunting effect of C1 on R1 in 
an intermediate range of frequencies where the de-
generative effect commences.6 
The current i„ may be expressed in simple form: 

ici = — eigmRi(jwCi).  (16) 

The total signal current may then be expressed as a func-
tion of the degenerative current i„ and of the reactance 
of C. 

= ei(g.  g12)[1  " 1( 11 CA (17) 

The gain as modified by the degeneration may then be 
determined approximately. 

111, =   
ei 

=.1 1[1 — g„,R1(±-1-)].  (18) 

The second term in the brackets is the fractional de-
crease in gain. This decrease may be expressed in terms 
of the factor n, the percentage decrease in gain below the 
normal level. 

it = 100[g„,Ri(—)]. 
ck 

(19) 

For design purposes, the preceding equation is most 
conveniently written in the form of an inequality which 
expresses a as a function of the maximum permissible 
decrease in gain which can be tolerated. 

[  ii  

100g„,R11. 
Ck CI   (20) 

APPENDIX II 

Design Inequality for C2 versus Ck (Refer to Fig. 4). 

The magnitude of the gain of the type-I pentriode am-
plifier may be obtained from (5), which includes the de-
generative terms: 

Ar  g„,R1+ (g,n+ gi2)R2   
= 4 

Al2+ (gm±g12)R2+ (gm±g12) (112+ 1)R  (21)A] • 

If Rk is improperly by-passed by a capacitor Ck large 

6 It should be noted that, as the frequency is increased above the 
intermediate range, the gain and hence the degenerative current are 
both decreased and changed in phase. These magnitude and phase 
changes cause a decrease in the degenerative effect at very high fre-
quencies, and the gain becomes independent of Ck as indicated in 
Fig. 5. 

enough to eliminate the degenerative cathode imped-
ance at any frequency below the crossover region (as deter-
mined by C2), the gain is increased to the following 
value: 

[g„,Ri + (g„, + gi2)R21. 
= 142   

P12 + (gm ± g12)K2 ] 
(22) 

The percentage rise in gain above the nominal level in-
dicated in (8) may be expressed: 

— 

L At 
,6,A r = 100 

(23) \ 
r P12 — gni?'   

= 100 R2  gm  g12  
R1t g„,  ) 1_,112 ± (gm ± gi2)R21 • 

This is the maximum percentage error that can possibly 
occur because of an insufficiently high ratio C2/Ck. In 
practice, the ratio is generally large enough so that only 
a fraction of the gain rise of (23) will occur. The ap-
proximate derivation is based upon the following con-
ditions and assumptions: 
1. Ck by-passes the shunt combination of Rk and 1/g„, 

(impedance of tube at the cathode). The shunt combi-
nation may be written as Rk/(1 -FgmRk)• 
2. C2 by-passes the shunt combination of 1212/g12 

(screen resistance) and R2, the combination being writ-
ten as 

0212RO/( 212  g12R2)• 

3. The effectiveness of the by-passing action of these 
two circuits at any frequency may be related by a fac-
tor p. 

Ai2R2 Rk  
Ai2 + gi,R2 \ 1 + g„,Rk ) 

= p 
X„  X0, 

(24) 

In the practical amplifier, the screen must be by-passed 
much more heavily than the cathode (p>>1) in order to 
prevent excessive rise in gain. 
4. Virtually the maximum rise in gain specified in (23) 

would be attained if the cathode by-pass were to be in-
creased to the extent that (p = 1). Sufficiently accurate 
results are obtained when the assumption is made that 
an increase in p causes the actual percentage rise in gain 
m to be decreased below the maximum value in accord-
ance with the simple equation: 

1 
m  — [AA 1]. (25) 

The design inequality relating C2 and Ck is then ob-
tained by direct substitution and rearrangement of 
(23), (24), and (25). 

C2 Ck 
rooRk(gm gi2)(mi2 + gi2R2)] 

mmi2g,NRI(1 + gmRk) 

1.412  gmRi   

LAL12+  + gi2)R2J • 
(26) 
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Isotopes and Nuclear Structure* 
R. E. LAPPt, AND H. L. ANDREWS$ 

In the September, 1948, issue of the PROCEEDINGS OF THE I.R.E., there appeared a paper by R. E. Lapp 
and H. L. Andrews on "Atomic Structure." This paper was published by courteous permisaion of the authors 
and of Prentice-Hall, Inc., publishers of a book entitled "Nuclear Radiation Physics," by these authors. Both 
the paper appearing in the September issue of the PROCEEDINGS, and the following related paper, are sub-
stantially chapters of the book in question. 
These papers appear in the PROCEEDINGS OF THE I.R.E. in view of the interest of communications and 

electronic engineers in instrumentation and control methods and equipment useful in the field of nuclear 
phenomena. Such papers as these lay the ground work for the necessary understanding of nuclear phenomena 
upon which control or instrumentation technique is based. —The Editor. 

MASS SPECTROSCOPY 

/T IS WELL-KNOWN that positive ions can be de-flected with appropriate electric and magnetic fields 
and thus they can be weighed. Instruments designed 

specifically for analyzing and weighing positive ions are 
known as mass spectrographs. A diagram of a Dempster-
type double-focusing mass spectrograph appears in Fig. 
1. Fig. 2 is a photograph of an assembled spectrograph 
box. This box fits between the poles of a large electro-
magnet and connects to a vacuum system which main-
tains the box assembly at a pressure of less than 10-5 
mm Hg pressure. 

+2000 

Electric 
field 

S4 

Magnetic 
field 

S3 Sizr — 

i< 

S1+20,000 

Photogrcphic 
plate 

Fig. 1—Diagram of a Dempster-type mass spectrograph. 

Positive ions are produced by sparking two elec-
trodes in a vacuum. The ions thus generated are ac-
celerated by a voltage source of about 15,000 volts into 
a slit system which effectively collimates the ion beam. 
Upon entering slit S3, the ions are bent by the 90° elec-
tric field of several thousand volts, whereupon they 
emerge from the field and pass through a defining slit 
SI. At this point, all ions of velocity vi come to a com-
mon focus; the faster ions of velocity v2 come to a second 
common focus. There is, therefore, a velocity spectrum 

Decimal classification: 539. Original manuscript received by the 
Institute, August 6, 1948. 
t Research and Development Board, Washington, D. C. 
I National Institutes of Health, Bethesda, Md. 

of ions over the breadth of this slit. As the ions enter 
the magnetic field they are bent through 180°, and all 
which have the same value of elm are focused at a com-
mon point on the photographic plate, where they pro-
duce an image. This latter type of focusing is known as 
direction focusing and is independent of the velocity of 
the ions. 

Electric deflection 
•  chamber 

Pumping line 

Spectogroph 
box 

Source holder 

Gate for inserting 
photographic plate 

Scale 
0 1 2 3 4 5 6 

Inches 
Courtely of A. 1. Dempiter and R. E. Lapp 

Fig. 2—A modern Dempster spectrograph. Auxiliary equip-
ment (magnet, circuits) are not shown. 

Fig. 3 is a reproduction of a typical mass spectrum 
taken with the instrument shown in the preceding fig-
ure. The spectrum shown was obtained from the impuri-
ties which were present in a sample of uranium which 
was being analyzed. Some of these elements were pres-
ent to the extent of only 1 part in 1 million, and yet 
they are readily identified on the plate. Since the instru-
nent focuses all ions of the same elm ratio, singly ionized 
atoms of mass 7 (lithium) fall at the same point on the 
plate as doubly ionized atoms of mass 14 (nitrogen). As 
evidence of this, notice that the strong line between 
lithium and beryllium is due to doubly charged oxygen. 
In 1913, Thomson used a mass spectrograph in estab-
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lishing that the element neon had two separate com-
ponents, one of mass 20 and one of mass 22. Prior to his 
discovery of neon 22, the fact that the atomic (chemi-
cal) weights of many elements differed widely from 
whole numbers had no reasonable explanation. Indeed, 
chlorine with an atomic weight of 35.46 diverged widely 
from the whole numbers 35 and 36. Thomson solved this 
vexing problem by assuming that each element may 
have atoms which have different mass but are chem-
ically identical. Such atoms are called isotopes. From 
Thomson's assumption it follows that the chemical 
atomic weight is an average weight of the various iso-
topes of that element. Chlorine, for example, has been 
shown to have two isotopes, one Cl" and the CP'. The 
weighted average of these isotopes yields an average 
atomic weight in good agreement with the measured 
weight. 

LI 0"  Be  810 B"  012 013 9 

11P rW'  :775 1111111 .19 K 
(0) Light Element Impurities  Motel Sornple 

0 HO H20 F  No Mg 

41111044111111111111111111111111111111 
• 16  17  16  19  23  24 

(9) Impurities in Metal Sample 

Courtesy of A. J. a mpler and R. E. Lapp 

Fig. 3—Typical mass spectra. Impurities shown are present (some to 
only a few parts per million) in a uranium-metal sample. 

A variety of different types of mass-analysis instru-
ments have been devised. Some employ a 60° magnetic 
field (Nier type) and are designed to analyze gas sam-
ples, while others are specially designed to work with 
solid or metallic samples. In general, an instrument 
which measures the positive ion current by collection on 
electrodes with subsequent amplification so that the out-
put is continuously fed into a recording potentiometer 
is known as a mass spectrometer. On the other hand, 

TABLE I 

RELATIVE ABUNDANCE OF MOLYBDENUM ISOTOPES* 

Mass 
Number 

Relative 
Abundance 

Percentage 
Abundance 

92 
93 
94 
95 
96 
97 
98 
99 
100 

66.6 

38.0 
66.1 
69.5 
39.8 
100.0t 

40.5 

15.8 

9.0 
15.7 
16.6 
9.5 
23.8 

9.6 

420.5  100.0 

* After D. Williams and P. Yuster, Phys. Rev., vol. 69. p. 556; 1946. 
I Not present to 1/10,000 that of isotope Mon. 
Abundance arbitrarily taken as 100 in arbitrary units. 

those mass analysis instruments which use a photo-
graphic plate for recording the positive ions are called 
mass spectrographs. Different types of instruments are 
also designed to work in different parts of the mass range 
of the elements. One instrument, in particular, is de-
signed to measure only He' for the special purpose of 
serving as a "leak" detector for application to vacuum 
systems. 
Instruments designed to separate two neighboring iso-

topes with the greatest possible dispersion are said to 
have high resolving power. Such spectrographs have been 
used extensively in the exact comparisons of isotopic 
weights. In addition, special mass spectrometers are 
sometimes used to measure the relative percentage of 
the isotopes of an element and are so constructed that 
even extremely small amounts of an isotope can be meas-
ured. Data supplied by mass-spectrometric analysis 
have been extremely useful in the field of nuclear phys-
ics; furthermore, the data serve to provide the new-
comer to the subject of nuclear physics with a graphic 
concept of isotopes and nuclear structure. 

THE RELATIVE ABUNDANCE OF ISOTOPES 

Suppose that an element such as the heavy metal, 
molybdenum, is measured with a mass spectrometer of 
the Nier type. Fig. 4 shows the plot of positive ion cur-
rent recorded for each mass number. In Table I are 
given the relative abundances, that is, the relative num-
ber of atoms of any mass number to the most abundant 
isotope of the element, as well as values of the percentage 
abundance. The latter term is simply the fraction (given 
in per cent) of any isotope of the element to the total 

20 - 

8 io 

100 99 98 97 96 95 94 93 
Mass number 

Fig. 4—Mass spectrum of molybdenum. (After D. William 
and P. Yuster, Phys. Rev., vol. 69, p. 563; 1946.) 

4.. 
92 

number of all isotopes of the atom. Molybdenum has 
seven isotopes, as shown in the table, in the mass range 
from A =92 to 100; isotopes of mass number 93 and 99 
are not present, at least not to more than 1 part to 
10,000 of Mot's. 
A survey of all elements occurring in nature has 

shown that the percentage abundance of isotopes of 
any element may vary widely. For example, tin has ten 
isotopes some of which are present to only a fraction of 
1 per cent, while other elements, such as gold and 
tantalum, have only one isotope. Certain regularities 
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in the number of naturally occurring isotopes per ele-
ment are manifest in the periodic system of elements. 
For example, the groups of odd atomic number con-
tain elements having usually only a single or at most 
two isotopes, whereas the groups of even atomic num-
ber rarely contain elements with only one isotope. 
A mass of experimental data have been accumulated 

that substantiate the belief that the relative abundance 
of isotopes for any given element is a constant inde-
pendent of the location from which the sample of the 
substance is obtained. Thus, samples of meteoritic iron 
when compared with iron from the earth show the same 
isotopic constitution. We do not, however, understand 
the rules which govern the isotopic composition of an 
element. Our information on this subject is chiefly 
empirical in nature. In general, our knowledge about 
the occurrence of isotopes in nature can be summarized 
as follows: 
(1) Isotopes having an even atomic number and an 

even neutron number are most abundant in nature. These 
so-called "even-even" isotopes constitute the majority 
of elements in the earth's crust. In fact, elements having 
just an even atomic number are 70 times more abundant 
than elements having an odd value of Z. 
(2) "Even-odd" and "odd-even" isotopes, namely, 

those characterized by either an even N and odd 2, or 
an odd N and even Z, are moderately abundant in 
nature. 
(3) "Odd-odd" isotopes, that is, those having both 

odd atomic and neutron numbers, are extremely rare 
and, in fact, only four such isotopes are known to exist 
in stable form. There are: 1H2, 3Li2, 513", and 7N14. All 
four elements, it will be noticed, are light and are on 
that part of the stability curve where the number of 
neutrons tends to be equal to the number of protons. 
Natural isotopes are found as indicated in Table II. 

TABLE II 

Even 

Odd 

Even  Odd 

160  52 

56  4 

THE NEUTRON-PROTON RATIO OF STABLE ISOTOPES 

In Fig. 5, all known stable isotopes have been plotted 
on what is called a neutron-proton diagram. Here we 
have simply taken the co-ordinate axes as the neutron 
and proton numbers and represented each isotope by a 
small circle. Perhaps the most striking feature of this 
distribution of isotopes, when plotted as shown, is the 
tendency for all isotopes to group themselves within a 
narrow band. The curve drawn through the scattered 
circles is known as the line of stability, or the stability 

curve. Initially the slope of this curve is almost 45°, indi-
cating that the nuclei contain about equal numbers of 
neutrons and protons. Another way of saying the same 
thing is to state that the N/P ratio is equal to unity. 
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Fig. 5—A neutron-proton plot of natural isotopes. (Only those iso-
topes of an element that have relative abundance greater than 20 
per cent are shown.) 

For larger values of P, the N/P ratio diverges from 
unity and becomes increasingly larger with higher 
atomic numbers. For P=82, the N/P ratio is 1.25. In 
Fig. 5, the line drawn at 45° (N/P=1) to the ab-
scissa is the equal N—P line. The vertical distance 
from this line (measured in neutron numbers) to the 
line of stability is equal to the neutron excess for the 
particular isotope. Analytically, the neutron excess is 
simply equal to N — P. 
A series of line segments drawn across the stability 

curve at 45° to the ordinate are shown in the figure. 
These are isobaric lines and connect points of equal mass 
number (N-I-P) and different atomic number. On some 
of these lines there appear two isotopes, and on a few, 
three isotopes are found. These isotopes are called iso-
bars and are nuclei which have the same mass number 
but are of different atomic number. 
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Analytically, the experimental stability curve is ap-
proximated by the following equation: 

Z= 
2 + 0.0146A 213 

A 

Instead of plotting isotopes on an N-P plot, we may 
use the trilinear scheme, which is of more recent origin. 
Fig. 6 illustrates the essential features of this plotting 
technique, which has the virtue that it constitutes a 
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Fig. 6-The trilinear plot of isotopes. 

simultaneous A versus Z, N versus Z, and A versus N 
plot. Furthermore, it allows for an extensive plot of 
many isotopes from A =0 to 240 on a single strip of 
paper which may be folded into a convenient size. The 
trilinear diagram has the following characteristics: 
1. All isotopes of a given element (Z = constant) lie 

on a line at 30° to the horizontal. 
2. Isobars (A = constant) fall on a vertical line. 
3. Isotones (N=constant) are grouped on a line at 

30° below the horizontal. We will not make extensive 
use of the word isotone, which refers to isotopes of equal 
neutron number. 
4. All isotopes having a constant isotopic number 

(I = N - Z-constant) fall on a horizontal line. Such iso-
topes are known as isodiaphores. 

THE STABILITY OF NUCLEI 

The relative abundance of the isotopes of molyb-
denum is given in Table I. It is remarkable that this same 
relative abundance is obtained for any sample of molyb-
denum, no matter where it is mined. Furthermore, the 
isotope ratios do not change with time, and there is 
no reason to believe that they ever will undergo a 
natural change. For this reason, molybdenum is said to 
consist of stable isotopes. There are only a relatively 
few naturally occurring elements which do not always ex-
hibit the same isotope ratio, regardless of their origin. 
One of these is lead. It is found that samples of lead 
taken from the Belgian Congo show a different isotope 
ratio than lead mined in some other parts of the world. 
There is no reason to believe, however, that any sample 
of lead, independent of its origin, changes its isotopic ra-
tio with time. Lead which exhibits an anomolous isotopic 
abundance ratio is natural ore which has been con-
taminated with radiogenic lead (lead which is the end 
product of radioactive series). In certain parts of the 

world there are varying amounts of thorium and 
uranium. Since the thorium and uranium series ter-
minate with a different stable isotope of lead, it is easy 
to understand how one sample of lead may contain an 
anomalous proportion of one of these isotopes. 
The term "stability" as applied to an isotope is really 

a relative term. It implies that during any time interval 
of observation the isotope does not change its atomic 
number or mass. Thus an isotope may be said to be 

TABLE III 

EXACT ISOTOPIC WEIGHTS OF VARIOUS ELEMENTS 

Element Isotope Isotopic Weight 
M 

Percentage 
Abundance 

Hydrogen 7H1 1.00813 99.98 
7H 2 2.01472 0.02 

Helium 2He3 3.01698 ,-,40-11 
2He4 4.00386 100  • 

Lithium ,Li' 6.01692 7.5 
aLi7 7.01816 92.5 

Beryllium 4Be 9 9.01496 100 
Boron 41310 10.01617 18.4 

41311 11.01290 81.6 
Carbon 602 12.00388 98.9 

6C13 13.00756 1.1 
Nitrogen 7N" 14.00753 99.62 

7N16 15.00487 0.38 
Oxygen 4016 16.00000 99.76 

4017 17.0045 0.04 
4016 18.00485 0.20 

Fluorine 4F" 19. 00454 100 
Neon 10 Nen 19. 99890 90.00 

ioNe21 21.00002 0.27 
ioNe22 21.99858 9.73 

Sodium 77 Na29 22.99645 100 
Magnesium irMg24 23.99300 77.4 

IsMg26 24.99462 11.5 
72Mg26 25.99012 11.1 

Aluminum ,,Al" 26. 99069 100 
Silicon ,,Sin 27.98723 89.6 

14Si21 28.98651 6.2 
14Siu 29.98399 4.2 

Phosphorus I6P" 30. 98441 100 
Sulfur 14.92 31.98252 95.1 

76Su 32.98190 0.74 
76.S" 33.97981 4.2 

Chlorine irC136 34.97884 75.4 
77C167 36.97770 24.6 

Potassium 7910 38.976 93.38 
Vanadium ?W e 50.96035 100 
Iron 24Fe611 55.9571 91.57 
Nickel ,,Ni" 57.95971 67.4 
Copper ,,Cu'6 62.957 70.13 

29Cu66 64.955 29.87 
Zinc a 04 63.957 50.9 
Rhodium 44R11103 102.949 100 
Silver 47Ag1" 106.950 51.9 

47Ag106  108.949 48.1 
Tin soSn'is 117.940 28.5 
Xenon s4Xiat 132.946 27.0 
Neodymium 60Nc1146  145.964 16.5 
Gadolinium 44Gdtb. 155.977 22 
Platinum 741'06 196.039 35.3 
Gold rsAu167  197.039 100 
Lead ,pbsos 208.060 52.3 

stable if it remains unchanged for a period of time 
which is long compared with whatever time period the 
observer is concerned. At the present stage of atomic 
research, our definition of stability is a function of the 
sensitivity of our measurement techniques, and we 
should regard this limit for continued investigation as a 
challenge that invites the discovery of new unstable 
isotopes. 
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With precision mass spectrographs at their disposal, 
physicists have been able to determine the atomic 
masses of many isotopes to a high degree of precision. 
The chemists had already selected oxygen as the stand-
ard element upon which their system of atomic weights 
was based. Viewed from the vantage point of our present 
knowledge, this choice was rather unfortunate, since we 
know that oxygen has three isotopes. In comparing 
atomic weights, physicists use the most abundant iso-
tope of oxygen as a standard in the physical atomic 
weight scale and take it equal to 16.00000. The masses 
of isotopes of other elements can be accurately meas-
ured with respect to 0". Isotopic weights thus obtained 
for a few typical isotopes are tabulated in Table III. 
Had we not already defined mass number, we could 
easily define it as the whole number which is nearest 
the given isotopic weight (denoted by M). 
We define a new term—the mass decrement to—as the 

difference between the isotopic weight M and the mass 
number A of an isotope. 
Thus 

5 = M — A.  (2) 

Another term, the packing fraction f, is simply the mass 
decrement per nucleon and is given by 

M — A 
= =   (3) 

A 

Since the mass decrement is always very small (less 
than 0.1 mass unit) the packing fraction is usually given 
in parts per ten thousand. It is, of course, a dimension-
less quantity. 

Illustrative Example: Using the data given in Table I, 
calculate the mass decrement and packing fraction of 
3Li7 and 28Ni". 
Considering the lithium isotope first, we have 

= 7.01816 — 7.00000 = + 0.0186 m.u. 

0.01816 
/Li =  = + 25.9 X 10-4 . 

7 

Similarly, for nickel 

5 Ni = 57.95971 — 57.00000 = — 0.04029 m.u. 

0.04029 
I Ni  58  —  6.95 X 10-4 . 

In general, we find that light isotopes up to A =20 
have a positive packing fraction, as do the elements of 
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Fig. 7—Aston's original packing-fraction curve. 

atomic weight greater than 180. Intermediate isotopes 
from A =20 to 180 have negative packing fractions. 
The variation of f with A is shown in Fig. 7, where there 
is reproduced a redrawn copy of Aston's original pack-
ing-fraction curve. Rather than discuss this curve in 
detail, we postpone our discussion to the next section, 
where we will find that another curve is much easier to 
interpret. This short discussion of the packing fraction 
has been included for the sake of completeness. 

THE BINDING ENERGY PER NUCLEON 

The exact measurement of nuclear masses with the 
mass spectrometer makes it possible to calculate the 
energy with which nuclei are bound together. Consider 
any nucleus of mass M (accurately measured) which 
contains N neutrons and P protons. Both the mass of 
the neutron (ma) and that of the proton (m9) have been 
accurately measured and are known to be 

= 1.008938 m.u. 

m, = 1.007579 m.u. 

But, by definition, the atomic mass unit is a mass equal 
to 1/16 of the mass of the 80" isotope. One mass unit 
therefore equals 1.6603 X10-24  grams. Suppose that one 
calculates what the mass of this nucleus should be if it is 
simply the sum of the masses of the individual neu-
trons inside the nucleus. Let this value to be calculated 
be W; then 

W = Nm, + Pm,.  (4) 

From the Einstein equation it follows that the total 
energy associated with this mass is obtained by multi-
plying the right-hand side of the equation by the factor 
c2. 

We now introduce a term, called the mass defect A, 
which is defined as the difference between the mass W, 
as given by (4), and the actually measured isotopic 
mass M. Thus 

(5) 

The reader should note that there is a difference be-
tween the mass decrement  given by (1) and the mass 
defect. Mass numbers (A) are whole numbers which 
usually differ from the masses ( IV) given by (4) by a 
significant amount. In many textbooks mass defect is 
often defined by (1) rather than by (5), and this leads to 
confusion. To illustrate the application of (4) and (5), 
let us consider the following examples: 

Illustrative Example: Calculate the mass of an alpha 
particle using (3). In this case we have N=2 and P=Z, 
so that W is given by 

W = 2m„,2m, 

= 2(1.00894) -I- 2(1.00758) 

= 4.03304 m.u. 
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However, the mass spectrographic value for the mass 
of the helium atom is 4.00389 m.u. and if we subtract 
0.00055 m.u. for each electron in the helium atom, we 
see that the mass of the nucleus is 4.00279 m.u. There is 
thus a difference of 

W = 4.03304 

- M = 4.00279 

= 0.03025 m.u. 

Since 1 m.u. =931 Mev, this mass defect is equivalent to 
(0.03025) X (931) or 28.20 Mev. 

TABLE IV 

BINDING ENERGIES FOR VARIOUS NUCLEI 

Nucleus 
Mass 

Defect 
(m.u.) 

1H2 
IH 3 

2}1 0 
3I-10 
3Li8 
,Li2 
4Be° 

513" 
6C12 
6C" 
7N" 
7 15 
.0" 
.0" 
.0" 
9F" 
IoNe" 
IoNe21 
IoNe22 
13A122 
IsA" 
NCO' 
29Cuo 
36Kr82 
421‘10,88  
50Sn124 
64Gdiso 
7.Pt", 
.313i288  
92U288  

0.00235 
0.000753 
0.00821 
0.03029 
0.03431 
0.04201 
0.06229 
0.06921 
0.08142 
0.09858 
0.10384 
0.11200 
0.12361 
0.13661 
0.14105 
0.14965 
0.15809 
0.17186 
0.17968 
0.19007 
0.24024 
0.35063 
0.4866 
0.5829 
0.7662 
0.921 
1.123 
1.403 
1.651 
1.746 
1.915 

Binding 
Energy 
(Mev) 

Binding 
Energy 

per Nucleon 
(Mev) 

2.19 
8.32 
7.62 
28.20 
31.94 
39.11 
57.99 
64.44 
75.80 
91.77 
96.67 
104.27 
115.08 
127.18 
131.32 
139.32 
147.18 
160.00 
167.29 
176.96 
223.67 
326.43 
453.0 
542.7 
713.3 
857 
1045 
1306 
1536 
1625 
1783 

1.09 
2.77 
2.55 
7.05 
5.32 
5.59 
6.44 
6.44 
6.89 
7.65 
7.44 
7.44 
7.67 
8.01 
7.72 
7.74 
7.74 
8.00 
7.96 
8.04 
8.28 
8.59 
8.71 
8.61 
8.69 
8.57 
8.43 
8.16 
7.84 
7.77 
7.60 

If we were able to fuse together or synthesize two 
neutrons and two protons to form an alpha particle, 
the resulting nucleus would actually be lighter (by 
0.03025 m.u.) than the total mass of the original nucleons. 
In this fusion process, mass would apparently be lost. 
Actually, the mass is not lost but rather constitutes the 
binding energy which holds the nucleons together in 
the helium nucleus. Conversely, if a means were avail-
able to disintegrate an alpha particle into two neutrons 
and two protons, it is clear that 28 Mev of energy 
would be required for the reaction. 
Just as we calculated the binding energy for the 

helium nucleus, we can deduce the binding energies of 
other nuclei. In this connection, we list in Table IV 
mass defects, binding energies, and binding energies per 
nucleon for a variety of nuclei. Binding energy is simply 
given by multiplying the mass defect by O. Thus 

binding energy = (IV - M)c2.  (6) 

If W and M are expressed in mass units, then (6) be-
comes 

binding energy (Mev) = 931(IV - M). 

An important quantity, the binding energy per nucleon 
denoted by Z, is defined as 

= (It - M 
  c2. 

.1 
(7) 

As is evident from (7), the binding energy per nucleon 
is equal to the total binding energy for a nucleus di-
vided by the total number of nucleons in the nucleus. 
The various values of Z given in Table IV have been 
plotted as a function of mass number in Fig. 8. Since 
the elements which have the greatest binding energy 
per nucleon are the most stable, it is clear from the curve 
that nuclei of intermediate mass number are more 
stable than those at either end of the mass number 
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Fig. 8-The variation of binding energy per nucleon 
• with mass number. 

range. Furthermore, stability of nuclei for the lightest 
elements increases very sharply initially and then 
gradually becomes fairly constant at about mass num-
ber A =50. Thereafter the stability decreases slowly, 
reaching a value of Z = 7.4 Mev for uranium, as con-
trasted with a maximum value of Z =8.7 Mev for chro-
mium. If we examine the part of the curve for elements 
lighter than those corresponding to A =30, we note that 
the curve is not smooth but is marked by severe irregu-
larities. This jaggedness must mean that certain of the 
light nuclei must be much more stable than others of al-
most equal mass. For example, He', C'2, and 016 have 
higher values of Z than nuclei immediately adjacent to 
them in the periodic table. It would thus appear that 
those nuclei which, in a sense, contain subgroups of 
alpha particles are more stable than other light nuclei. 
These data constitute graphic evidence that alpha-par-
ticle groups form subshells within the nucleus. 
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NUCLEAR FORCES 

On the basis of the laws of physics which have been 
discussed up to now, one might attempt to explain 
nuclear forces in either of two ways. First, it might be 
assumed that the forces are coulomb or electric forces. 
However, such an assumption only illustrates that the 
nucleus should not be bound together at all, for the 
only charged particles in the nucleus are protons, and 
these being of like charge and close together would 
repel each other and constitute a disruptive force. 
Second, it might be assumed that the forces are gavita-
tional. Now the gravitational force between two par-
ticles mr, and mp (neutron and proton, as in the deu-
terium nucleus) separated by a distance r is given by 

1: = 
Gm„m„ 

r2 
(8) 

where G is the graitational constant and is =6.66 X10-3 
gram-1 cm' sec-2. Here the force would be attractive, 
but for a value of r =10-1' cm, which is a typical separa-
tion for nucleons, the force between a neutron and pro-
ton is extremely small. Actually, the force is about 10" 
times less than that required to account for the ob-
served binding energy of the deuteron. 
Since neither of these assumptions lead to a solution 

of the problem, it is necessary to assume that nuclear 
forces are of a new type not previously found in physics. 
From experimental data, certain characteristics of this 
new type of force are known. These are: 
(a) Except for the repulsive force due to the coulomb 

intersection of the protons, the force between nucleons 
is always attractive. Furthermore, the nuclear forces are 
considerably larger than the coulomb forces. Were this 
not true, no nuclei would exist at all, for the coulomb 
force would disrupt them. 
(b) Nuclear forces are not strongly dependent upon 

the nature of the interacting nucleons. In other words, 
the nuclear force (n -P) is not much different from that 
acting between two neutrons. 
(c) The force between two protons is approximately 

the same as that between two neutrons. Evidence for 
this equality is found in the fact that, for light nuclei, 
the number of neutrons tends to be the same as the 
number of protons. Furthermore, we have seen that 
the combination of two neutrons and two protons in 

C", and 01' forms a very stable configuration. 
This last property of nuclear forces is rather unusual, 

and we will, therefore, discuss it in detail. The four 
nucleons making up a He' nucleus form a closed system 
in which each nucleon is fully saturated, with respect to 
its interaction, with the other three nucleons. We might 
describe this saturation property as a pairing of nu-
cleons; that is, each nucleon tends to pair off or inter-
act with one other nucleon to the exclusion of others 
which may be present. In effect, then, heavy nuclei are 
made up of subgroups of nucleons, rather than being 
composed of nucleons which interact with all others in 

the nucleus. Were the latter to be true, the total bind-
ing energy of a nucleus would be proportional to A', 
rather than conform to the known dependence which is 
essentially proportional to the first power of the mass 
number. Reference to the curve in Fig. 7 illustrates this 
saturation property of nuclear forces, for most nuclei 
tend to have about the same value for the binding 
energy per nucleon (--8 Mev), just as for the nucleons 
in He'. Let us consider the nuclei of mass number 
greater than A =4 in order to see the effect of satura-
tion. No isotope of mass number 5 exists in nature. 
An explanation is afforded by assuming that the nu-
cleons within the He' nucleus are fully saturated and 
will not interact strongly enough with an additional 
nucleon to form an isotope of mass number 5. An iso-
tope of mass 6 exists because it is essentially a system 
of three neutrons and three protons which pair off to 
form a stable configuration. 
Nuclear forces are distinctly short-range forces. By 

"short range," we mean that the forces have a fairly 
constant (saturation) value up to a distance of the 
order of 10-1' cm. As an illustration of the actual dis-
tances involved, let us consider the following example: 

Illustrative Example: The binding energy of the deu-
teron is 2.19 Mev. Assuming that the neutron and pro-
ton can be considered as a proton-proton combination, 
make an estimate of the separation of the protons. 
To do this we assume that the coulomb energy of the 

system is about one-fourth that of the binding energy 
(this assumption is arbitrarily made to obtain an "order 
of magnitude" answer). The coulomb repulsive energy is 
given by e2/r, so that 

eVr = 1/4(2.19 X 106)(1.6 X 10-") 

r = 3 X 10-'3 cm. 

It is instructive to consider the tritium-helium isobars 
(IF13, 2He3) in order to gain an appreciation of (n —n) 
and (p - p) forces. Suppose we illustrate the fact that 
the (n — n) force is almost equal to the (p - p) inter-
action by the following examples: 

Illustrative Example: Given that the isotopic weights of 
EP and He' are 3.01705 and 3.01699, respectively, 
calculate the binding energy of each nucleus and explain 
the difference between the two results. 
Suppose we arrange the data as shown in Table V. 

TABLE V 

Isotopic Weight M 
Subtract the weight of electron(s)5 

Weights of nuclei 
Weight W—(Nm.+Pmp) 

Mass defect 
Binding energy 

Difference in binding energies =0.69 Mev 

1H3 21-1e3 

3.01705  3.01699 
0.00055  0.00110 

3.01650  2.01589 
3.02546  3.02410 

0.00896  0.00821 m.u. 
8.32  7.63  Mev 

* Isotope weights are conventionally given as weights of the entire atom. 
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To interpret the difference in binding energy shown, 
consider the forces between nucleons in each nucleus. 
In tritium, we have two (n—p) force and one (n—n) 
interaction; whereas for helium, we have two (n -p) 
and one (p - p) force. Thus we may write 

(n — n) = (p - p) + 0.69 Mev, 

and we see that the difference must be due to the 
coulomb force acting between the two protons. 

THE BINDING-ENERGY EQUATION 

A semi-empirical equation has been deduced so that 
the mass, and therefore the binding energy, of any iso-
tope may be calculated. We will simply write down this 
equation without attempting to deduce it, and then we 
will explain the significance of each term in the equation 
and relate this to the binding energy per nucleon curve 
shown in Fig. 7. The equation is 

action with other nucleons as are those in the interior. 
Surface nucleons are less tightly bound. It is for this 
reason that light nuclei have binding energies per 
nucleon less than those for medium-heavy nuclei, since 
light nuclei have relatively greater surface area per unit 
volume. Since the nuclear surface area is proportional to 
r2 and since r is proportional to 44213 , this effect will be 
proportional to A212 . Empirically, a3 is a constant 
= +0.014. 

Term (e) [  Z2a3 A l"] expresses the repulsive effect of 

the protons within the nucleus. For A >120, this 
coulomb repulsion of the protons increases sufficiently 
to offset the attractive forces. 
The constant a, =0.000627. 

M = mn(A — Z) ± m„Z — aiA + a2A213 ± a3 
Z2 (4 — Z)2 

+ a 4 
A"  A 

(a)  (b)  (c)  (d)  (e)  (f) 

where M is the exact mass of an isotope of atomic num-
ber Z and mass number A which would result from 
building up the nucleus from Z protons and A —Z 
neutrons, taking into account the observed decreases 
in mass of the neutron and proton due to binding. 
Formidable as the equation may seem at first, it is ex-
tremely useful, especially in calculating the probability 
that a neutron will cause fission in a heavy element. 
The significance of each term is as follows: 
Term (a) [m„(A —Z)] is simply the product of the 

mass of the free neutron (m„) and the total number of 
neutrons in the nucleus. 
Term (b) [m,,Z] is similarly the product of the mass 

of the free proton (m9) and the total number of protons 
in the nucleus. 
Terms (c) through (g) all make up the binding 

energy which is released when the free neutrons and 
protons are brought together to form the nucleus under 
consideration. This is equivalent to expressing an-
alytically the empirical fact that nuclei have uniform 
density. This means that the volume occupied by a 
nucleus is proportional to the number of nucleons, and 
consequently the radius is proportional to Am. More 
exactly, the nuclear radius is 1.4 X 10-" 44' 13. 
Term (c) [ctiA] expresses the fact that nucleons are 

held together by the attractive nuclear force, and 
therefore work is done and energy lost when the par-
ticles are fused together. The constant of proportionality 
al is numerically +0.01504. 
Term (d) [a2,21.2/3] is an expression which takes into 

account the fact that the surface of the nucleus con-
tains nucleons which are not subject to the same inter-

(g) 

[ Term (0 a4 

(__A _ z 

A 

)2] 
takes account of the empir-

ical fact that the number of protons in any nucleus 
tends to be equal to one-half the total number of nu-
cleons. This tendency may not seem apparent in heavy 
nuclei, where the number of neutrons is greater than the 
number of protons, but the two would be equal were it 
not for the electrostatic repulsion of the protons. The 
constant of proportionality, at, is equal to 0.083. 
Term (g) [5] is a correction term which adjusts for 

small changes in energy due to the pairing of nucleons 
in the nucleus. This term may be 

5 = ± k if A is even but Z is odd 

a = 0 if A is odd 

and 
5 = — k if A is even and Z is even 

0.036 
k=   

A314  

By simplifying (9) and substituting the numerical 
values of the constants, we obtain 

M = 0.99389A — 0.0081Z + 0.014A" 

Z2 
± 0.000627 A" —  ± 0.083(Z — Ay + 0.  (10) 

2 

A 

Into this semi-empirical equation has been put the 
contribution of all factors which are empirically known 
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to affect the binding energy. For all but low values of 
A, the equation yields approximate but fairly reliable 
values for the nuclear masses. 

Illustrative Example: Calculate the binding energy of 
28Ni". Substituting in (10), we have 

M = 0.99389(60) — 0.00081(28) + 0.014(60)2/3 

(28)2 (-2)2 0.036 
+ 0.000627  + 0.083   

60"  60  (60)3" 

= 59.6334 — 0.0227 + 0.2145 + 0.1255 

+ 0.0055 — 0.0017 = 59.9545. 

This agrees reasonably well with the measured value of 
59.94977. 

From (4),  W=32(1.00894)+28(1.00758) 

=32.2861+28.2122 

= 60.4983. 

The mass defect= W— M (using the calculated value of M) 

=60.4983-59.9545 

=0.5438 m.u. 

The binding energy is then, from (6), 

binding energy = 931(0.5438) 

= 506 Mev, 

and the binding energy per nucleon, by 

506 
•  = — = 8.4 Mev. 

60 

(7), is 

A NUCLEAR MODEL 

Just as Bohr developed the concept of atomic struc-
ture, he likewise advanced a model of nuclear struc-
ture. Basing his idea upon the characteristics of nuclear 
forces as they have been outlined, and upon the fact 
that only certain ratios of neutrons to protons are al-
lowed for stable atoms, Bohr proposed that the nucleus 
could be thought of as a compact aggregate of nucleons, 
all in a constant state of motion and yet restricted to 
motion within a sphere of small radius. On this model, 
the nucleus corresponds to a small sphere of liquid, the 
constituents of which are nucleons which are fairly uni-
formly distributed throughout the sphere. For this 
reason, the Bohr model of the nucleus has been called 
the liquid-drop model. Since the nucleus is extremely 
small in diameter, these particles make many collisions 
per second, and they all tend to have the same average 
energy. It is, therefore, easy to see that the nucleus has 
a uniform density. 
The short-range nuclear forces which have been intro-

duced into the discussion are known in quantum me-
chanics as resonance or exchange forces. These forces 
are not well understood, and much of the current re-
search in physics is directed toward understanding the 
nature of the interactions between nucleons. At the pres-

ent time theoretical physicists believe that an inter-
mediate mass particle known as the meson is the means 
by which the nucleons interact. The Japanese physicist 
Yukawa first proposed that nucleons might virtually 
"share" a particle of about 200 electron masses in weight 
and thus serve to exchange energy between themselves. 
Modern meson theories, involving abstruse mathe-
matical analysis, have been only partially successful in 
explaining a few of the observed properties of nuclear 
forces. Mesons of both positive and negative charge 
are postulated in order to conserve electric charge in the 
process whereby a proton virtually emits a positive 
meson or a neutron virtually produces a negative 
meson. These two reactions can be expressed by the 

equations: 

p  n  bt+ 

p+ M. 

(11) 

(12) 

These processes are thought of as occurring at an ex-
tremely high frequency, and the meson thus never 
leaves the field of the nucleon but is virtually absorbed. 
The high-frequency virtual emission and absorption of 
mesons by nucleons is assumed to constitute an ex-
change force which binds the nucleons together. These 
exchange forces are essentially the nuclear analogs of 
the covalent forces postulated to explain interatomic 
forces. In the case of proton-proton or neutron-neutron 
interactions, a charged meson would obviously be im-
possible, and for this reason the existence of a neutral 
meson (neutretto) has been postulated. 
One of the most remarkable discoveries in modern 

physics occurred when Anderson found conclusive evi-
dence for the existence of an intermediate mass particle 
in the cosmic radiation. This particle, known as the 
mesotron or meson (both names are in common use), is 
about 200 electron masses in weight, has a half-life of 
2.1 X10-6 seconds, and is found as a positively (+e) 
and as a negatively ( —e) charged particle. As yet there 
is no experimental evidence for a neutral mesotron. 
Early in 1948 the discovery of the production of 

mesons by artificial means was announced. The 184-
inch Berkeley cyclotron was used to produce 490-Mev 
alpha particles, and these led to the production of 
mesons when they struck a carbon target. As a result of 
this discovery, physicists now have a known source of 
mesons many millions of times more intense than that 
provided by the cosmic radiation. Undoubtedly, in the 
not-too-distant future, researches will turn up new dis-
coveries about nuclear structure which will shed more 
light upon the mysterious role of the meson in the 
nucleus. 
Before leaving the subject of nuclear structure, we 

touch briefly upon the magnetic properties of the 
nucleus and nuclear particles. If we regard a charged 
particle, say, an electron, as a tiny sphere of electric 
charge which spins rapidly about its own axis, then it 
follows that this motion of electric charge should pro-
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duce a magnetic field, for an electric current is merely 
charge in motion and it is well known that currents 
produce magnetic fields. Goudsmit and Uhlenbeck first 
recognized that an electron has its own intrinsic spin 
and associated magnetic field or, to be more exact, its 
own magnetic moment. An electron has a character-

TABLE VI* 

NUCLEAR SPINS IN UNITS OF h/27r, AND NUCLEAR MAGNETIC 
MOMENTS IN UNITS OF THE NUeLEAR MAGNETON, Mot 

Nucleus  /  Ahso  Nucleus j /  Pho 

oNt  1/2  —1.910  4Beg  3/2  —1.176 
IFP  1/2  2.7896  513"  1  0.598 
IH2 1  0.8564  ,Bu  3/2  2.687 
I H3 1/2  2.9756  60 2 0  o 
21-Ie3 1/2  —2.131  6C"  1/2  0.701 
?He'  o  o  7N14  1  0.403 
;Li°  1  0.8214  7N"  1/2  0.280 
,Li  7 3/2  3.2535  1 80 4 o  o 

* From E. M. Purcell, Science, vol. 107. p. 433, 1948. The value for Mei is 
from H. L. Anderson and A. Novick. Phys. Rev., vol. 73, p. 919, 1948. 
f The sign of the magnetic moment refers to the polarity of the nuclear dipole 

with respect to the direction of the angular-momentum vector. 

istic intrinsic angular momentum or spin with which 
there is associated a magnetic moment equal to 
eh/4rmc, where all the symbols have their usual values 
and m is the mass of the electron. If we regard the 
proton as a spinning sphere of positive electric charge 
which has a definite angular momentum, then the 

proton should likewise have a definite magnetic mo-
ment. In effect, a proton should exhibit the magnetic 
behavior characteristic of a small (infinitesimal) dipole. 
While this picture is helpful for an elementary discus-
sion, it is not adequate for a thorough understanding of 
nuclear magnetism. 

In general, the magnetic moments associated with 
nuclei are about one thousand times smaller than that 
of the electron, since the magnetic moment is inversely 
proportional to the mass of the particle. For example, 
the magnetic moment of the proton is measured in units 
of ehl4rMc where M is the mass of the proton; the 
later expression is usually called a nuclear magneton 
and is the unit for measuring nuclear magnetic mo-
ments. Both the nuclear spin (denoted by I) and the 
nuclear magnetic moment are properties which are 
uniquely characteristic of nuclei. The spin may assume 
either integral or half-integral values, as is illustrated 
in Table VI, wherein there appear the spins and mag-
netic moments of several light nuclei. Certain rules 
exist which prescribe the spin value for a given nucleus, 
but as yet no consistent theory predicts the value of 
the magnetic moment for nuclei. Our simple picture of 
spinning charge brings us to despair when we note 
that the neutron, an uncharged particle, has an asso-
ciated magnetic moment. 

Duplex Tetrode UHF Power Tubes* 
PHILIP T. SMITHt, SENIOR MEMBER, IRE, AND HO WARD R. HEGBARt, SENIOR MEMBER, IRE 

Summary--Major factors affecting the design and development 
of wide-band uhf power tubes are considered and emphasis is given 
to the television application. A qualitative discussion of methods for 
obtaining the required performance is presented, and a 5-kw 300-
Mc liquid-cooled, internally neutralized duplex tetrode is described. 

INTRODUCTION 

iN CONSIDERING the design and development of electron tubes suitable for use as grid-modulated 
television power amplifiers, there are certain per-

formance characteristics that must be attained, and 
others that are highly desirable. The fixed tube-per-
formance characteristics, such as bandwidth, power 
output, and carrier frequency, are determined by the 
standards adopted for television broadcasting, and 
must be accepted as minimum values in the design. 
When the other tube characteristics, grid currents, 
power gain, impedance presented to the modulator, 
efficiency, and feedback are considered, the desired 
values are not all attainable in a given design, and the 

* Decimal classification: R339.2. Original manuscript received by 
the Institute, March 1,1948; revised manuscript received, May 26, 
1948. 
t RCA Laboratories Division, Princeton, N. J. 
$ Goodyear Aircraft Corporation, Akron, Ohio. 

best compromise is sought. Attempts to satisfy re-
quirements of bandwidth, power gain, linearity, ease 
of modulation, and power output at the higher carrier 
frequencies can be resolved into a search for means of 
obtaining large cathode emission-current densities, large 
average anode-current densities, electrodes capable of 
handling large power dissipation per unit area of bom-
barded surface, small interelectrode spacings, small elec-
tron currents to the grids, and a tube geometry and 
circuit-wise arrangement of tube elements that will pro-
vide adequate utilization of the aforementioned. 
Realizing that these requirements could not be ade-

quately met if the limitations imposed by conventional 
tube design were assumed, Zworykin organized a labora-
tory group for research in high-power electron tubes in 
1937. It was his continued interest and good counsel 
which made possible the development of a 50-kw tube 
which served as the background for the development of 
the smaller, higher-frequency power tube herein de-
scribed. 

Early in 1938 the senior author introduced a duplex 
tetrode with an electron-beam-forming electrode con-
figuration and high-dissipation anodes. The initial tests 
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were made in continuously pumped demountable metal 
envelopes. Sealed-off demountable tubes were made 
possible when fitted with a copper-gasket demountable 
seal introduced by Garner, a member of the group. 
Many laboratory tubes were built and tested before a 
tube capable of a 5-kw output at 300 Mc with a total 
output bandwidth of 10 Mc could be properly designed. 
This paper describes such a tube. 

DESIGN CONSIDERATIONS 

In arriving at a tube design, it is difficult to formulate 
a mathematical expression containing all of the factors 
affecting the design and to obtain the unique or the 
best solution. Tube design represents a compromise be-
tween conflicting factors which are individually studied 
to advantage, and which must be combined with care 
and ingenuity and with a view toward the circuit and 
application problems. A detailed analysis of the indi-
vidual factors will not be attempted here, but only 
qualitative indications of the trends required for pro-
viding an improvement in the factors pertinent to the 
design of grid-controlled power tubes will be discussed. 
The frequencies for the present commercial and ex-

perimental television channels are sufficiently high to 
make the electron-transit time between tube elements of 
importance. Many of the effects of long transit times 
are known, and have been observed in cathode back-
bombardment, control-grid loading, and loss in effi-
ciency and power output. Therefore, one of the present 
considerations is that of extending the usable frequency 
range of grid-controlled tubes by reducing the electron-
transit time. Such a reduction in transit time is ob-
tained by decreasing the interelectrode spacings and 
increasing the electron acceleration. Under conditions of 
space-charge-limited emission from the cathode, the 
increased electron acceleration is obtained only when 
increased cathode-current densities may be drawn. For 
example, the electron-transit time in a region between 
parallel-plane electrodes of large extent is proportional to 
the one-third power of the ratio of the electrode spacing 
to the current density when operated with space-charge-
limited emission and assuming zero emission velocity. 
In grid-controlled high-frequency tubes, effective elec-
trode spacings are obviously to be made as small as is 
practical without sacrificing mechanical rigidity of the 
electrode structure, and the longitudinal thermal con-
duction required for cooling. Large cathode-current 
densities are available from such surfaces as the thoria-
on-tantalum cathode under steady-state conditions 
with a reasonable life. Since we are concerned with 
continuous operation, the large pulse emission-current 
densities from barium-strontium-oxide cathodes cannot 
be utilized. 
An attempt to utilize large current densities in-

creases the difficulty of providing an adequate control-
electrode configuration, particularly for the high-fre-
quency applications where close interelectrode spacings 
are of importance. Since grid control of the large-density 

electron emission is sought, it is evident that a beam-
forming electrode arrangement can be used to advan-
tage. A focusing electric field is provided in the region 
adjacent to the cathode surface by means of focusing 
elements electrically connected to the cathode, and pro-
jecting slightly beyond the cathode into the cathode-
grid space. Many such focusing arrangements are pos-
sible and the details must be chosen to fit the method 
of construction and other tube parameters. A typical 
cathode and focusing-element arrangement is shown in 
Fig. 1. 

FOCUSING  ELEC TRODE 

Fig. 1—A beam-forming electrode configuration. S=screen-grid 
element, G =control-grid element, C=electron emitting filament. 

Since the instantaneous voltages of the control grids 
and the anodes vary with respect to time, the electron 
beam focusing is not constant over the operating cycle. 
In a practical design, the electrode configuration and 
electric fields are so arranged that at the instant of 
maximum beam spreading the portions of the beam 
intercepted by the No. 1 and No. 2 grid elements are 
small enough to prevent excessive power dissipation at 
these elements. Also, the portion intercepted by the 
No. 1 grid should be sufficiently small to cause a 
negligible variation in the impedance presented to the 
rf driving stage and to the modulator over the modula-
tion cycle. It is just this beam spreading and the pos-
sible formation of potential minima in the interelectrode 
regions that determines the values of applied voltages 
and the amplitude of the control-grid and anode rf 
voltages for a given structure. The electric fields must 
be sufficiently great at the maximum of the grid-volt-
age swing to support the large space-current densities 
and to maintain sufficiently narrow beams. Considera-
tions of transit time and beam spreading determine the 
minimum gradients to be provided in the regions be-
tween the cathode and No. 1 grid, between the No. 1 
grid and No. 2 grid, and between the No. 2 grid and the 
anode. Because of the gradients required in the latter 
region of a high-frequency power tetrode, the mini-
mum of the instantaneous anode voltage of a high-fre-
quency tetrode should be substantially above the screen-
grid voltage to utilize in the best manner the current 
available in the plane of the No. 2 grid. 
It is well recognized that the wide-band high-fre-

quency power tube requires large power dissipation per 
unit area at the anode. In order that the greatest power 
and bandwidth be obtained from a tube with a given 
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anode current, the ratio of the tube output capacitance 
to the anode current should be small and the anode 
power dissipation per unit area should be large. When 
sufficient anode dissipation is available, the maximum 
tube output load impedance is determined by the re-
quired bandwidth and the tube output capacitance plus 
whatever effective capacitance is added by the output 
circuit. It is assumed that the anode voltage can be 
increased to the required value without failure of the 
tube or circuit. This assumption is reasonable for total 
bandwidths of 10 Mc or more, but leads to excessively 
high voltages for bandwidths less than 1 Mc. When the 
allowable anode dissipation is too low, in a given tube, 
the tube must be operated with a reduced anode voltage, 
a reduced output load impedance, and consequently a 
reduced efficiency and power output. At this expense, 
an output circuit is obtained whose bandwidth is in-
creased beyond that required. 
The requirement of large anode dissipation per unit 

area of bombarded surface can be met by the use of 
high-velocity water in cooling channels formed in a 
copper or silver anode body. This construction in-
creases the area of metal in contact with the water and 
reduces the tendency for diversion of the cooling water 
by steam bubbles. Such an anode structure is shown in 
Fig. 6. This structure permits anode dissipations of 
from 500 to 1000 watts per square cm averaged over 
the anode face. This is to be compared with an allow-
able dissipation of 50 to 100 watts per square cm in 
conventional structures. 
With an electron-beam system such that but a small 

portion of the beam current is collected by the No. 1 
grid and such that the electron-transit-time effects are 
small, a large power gain can be achieved if the circuit 
losses are low and if there is no feedback. Small amounts 
of feedback from the output circuit to the input circuit 
give rise to assymmetric distortion of the sidebands, 
while larger values of feedback will produce instability 
and oscillation. It is common practice to add a load to 
the input grid circuit to minimize the effects of the feed-
back, even though such loading decreases the power 
gain. The feedback can be made small by designing the 
tube such that the anode and output circuit are shielded 
from the input by special grids, as is done in the 
tetrode, and somewhat similarly in the grounded-grid 
triode; or a neutralizing circuit may be applied. In the 
design of grids, the requirements for obtaining good 
shielding conflict with those for obtaining the desired 
electronic performance, and a compromise is usually 
made. As a result, most tetrodes and grounded-grid 
triodes require some neutralization for wide-band ampli-
fication at a high frequency. The selectivity of the neu-
tralizing circuits for such application introduces an 
added difficulty in obtaining wide-band amplification. 
The selectivity of the neutralizing circuits can be de-
creased by making their elements very short compared 
to a quarter wavelength at the operating frequency. In 
a duplex tetrode arranged for push-pull operation, such 

short neutralizing elements can be located internally. 
This is done in the described developmental tube. 
In order that the circuit losses be kept to low values 

to increase the power gain and to prevent mechanical 
failure as a result of heating, it is desirable that metal-to-
glass seals be used that have low PR losses in the metal 
member. Among the seals suitable for power-tube con-
struction, two such types are well known. These are 
the feather-edge copper-to-glass Housekeeper seal and 
the silver-plated-chrome iron-to-glass seal. The House-
keeper seal has good electrical conductivity but lacks 
the mechanical strength and rigidity of the kovar seal, 
and because of its construction is difficulty to apply in 
some designs. The silver-plated-chrome iron-to-glass 
seals are made with rf induction heating and require 
carefully controlled heating conditions. These seals use 
a glass with a lower softening temperature than that 
of the kovar sealing glasses. 
The kovar-to-glass seal is widely accepted and is 

satisfactory, except for its high electrical resistivity, 
which may become troublesome in some high-frequency 
tubes. During the work on the described tetrodes, 
methods have been developed for coating the kovar with 
a high-conductivity film and for sealing kovar matching 
glasses to this film. A coating of either copper, silver, 
gold, or chromium is electroplated to a thickness of 
several mils and is bonded to the kovar. Seals made to 
kovar coating in this manner have an electrical con-
ductivity 10 to 20 times that of uncoated kovar at fre-
quencies in excess of 50 Mc, and are particularly adapt-
able to the structures and requirements herein de-
scribed. 
In the design of a tube for application as a grid-

modulated amplifier, a linear modulation characteristic 
is usually sought. While some curvature of the modula-
tion characteristic is acceptable, it is important that 
the shape and slope of the characteristic be inde-
pendent of the frequency and amplitude of the modulat-
ing voltage. Large variations in the required rf driving 
power with modulating voltage applied will make the 
modulation characteristic substantially dependent on 
the modulating frequency, unless the input grid circuit 
has a bandwidth equal to, or greater than, the tube 
output circuit. Such variations in the required grid 
driving power can be reduced by reducing the feedback, 
the electron current to the No. 1 grids, and the elec-
tron-transit times. These reductions will also act to 
make the impedance presented to the modulator more 
nearly constant over the modulating cycle. 
The duplex tetrode tube arrangement was selected 

by the authors as lending itself to internal neutraliza-
tion and being capable of providing an effective utiliza-
tion of beam-forming electrode configurations, thoria-
coated filaments, and large-dissipation anodes in a tube 
to be operated as a wide-band grid-modulated power 
amplifier in the present commercial television channels. 
In the duplex tetrode the two tetrode units can be placed 
in very close proximity and can use, in effect, common 
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screen-grid and cathode structures. The two screen 
grids are directly connected and by-passed to the 
cathode structure by low-impedance members, as in 
Fig. 4 and Fig. 5. The cathodes of the two tetrode units 
can be provided as the opposite legs of a "U"-shaped 
filament. These features permit the design of a high-
gain wide-band grid-modulated high-frequency power 
tube that has exceptionally low feedback and good 
modulation characteristics. 
Since a maximum of shielding is required between the 

input and output circuits, a metal envelope can be used 
to advantage to provide a convenient connection to 
external shielding in such a way as to make the envelope 
act as part of the shield. The metal envelope is also 
convenient when a demountable structure is desired. 
Two types of copper-gasketed compression joints are 
shown in Fig. 2. One of these uses a flat copper-ring 
gasket compressed between a flat and a curved surface, 
while the other uses two round wire rings clamped be-

viArTtn  

Fig. 2—Details of the copper-gasket vacuum seals. 
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tween two flat surfaces, the outer ring acting only as a 
support ring to prevent distortion of the clamping 
plates. Ground and polished clamping surfaces are used 
with annealed OFHC copper gaskets. These demount-
able joints may be baked to 450°C in the processing of 
the tube, and are regularly used in sealed-off tubes. 
The tube shown in Fig. 7 is constructed with a compres-
sion joint and metal envelope, and is operated as a 
sealed-off tube. 

THE DUPLEX TETRODE 

The tube described is a developmental liquid-cooled 
duplex tetrode arranged for push-pull operation as a 
grid-modulated television power amplifier, and is de-
signed to give a power output, at the maximum of the 
synchronizing pulse, of 5 kw at 300 Mc, and a total 
output bandwidth of 16 Mc. Neutralization is provided 
by elements attached to the No. 1 grids and included 
within the vacuum envelope. 
An electron-beam-forming electrode configuration is 

used with a thoria-coated "U"-shaped filament in the 
arrangement shown in Fig. 1. The opposite sides of the 
filament act as the cathodes for the two tetrode units. 
The construction of the cathode and focusing-electrode 
assembly is shown in Fig. 3. Each of the two focusing-
electrode blocks is connected to the filament, and func-

FOCUSING BLOCK 
MICA INSULATOR 

COMPLETE CATHODE 

F  1014  FP " 

940.1  

FOCUSING BLOCKS 

'EMISSION SHIELD 

16 
11,1  

EMI'SSION 
SHIELDS 

Fig. 3—The filament, filament shields, and focusing blocks. 

tions as the connection to the filament-heating supply. 
A mica sheet is used to insulate the two focusing-elec-
trode blocks, which are supported and cooled by water-
cooled blocks fixed to the header plate. Tantalum heat 
and emission shields are used, and are shown as part of 
the cathode assembly in Fig. 3. The electron-emitting 
surface of each of the two halves of the 8-strand fila-
ment is approximately 1.6 square cm in area. The fila-
ment strands are formed from tantalum sheet. A layer 
of thoria powder is sintered to the surface of the 
tantalum after the filament is formed. The filament 
operates at approximately 2000°K. 
The No. 1 grids consist of molybdenum bars silver-

soldered to water-cooled tubes which also carry the 
neutralizing elements. These grids are supported by the 
glass of the metal-to-glass vacuum seal mounted in the 
header plates as shown in Fig. 4. This figure shows the 

EMISSION 
SHIELD \ 

FOCUSING  CONTROL GRID LE;4 P111/ 
BLOCKS CONTROL GS; 0 

ELEMENT 

NEUTRALIZER 
SUPPORTS 

Fig. 4—The header with filament, filame3t shields, No. 2 
mounting blocks, and No. 1 grids mounted. 
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header plate with the cathode structure, and the No. 1 
grids mounted and prepared for the addition of the No. 2 
grids. 

The two No. 2 grids are combined into a single struc-
ture which is rigidly clamped to the cathode assembly, 
and is insulated therefrom by mica sheets which provide 
a by-pass capacitance to the cathode. The No. 2 grid 
elements are molybdenum rods and are silver-soldered to 
water-cooled copper plates. This structure with attached 
shields is shown in Fig. 5. The cooling of the electrode 

SCREEN- r-- NEUTRALI Z ER 

Fig. 5—A completed header assembly showing No. 2 grids and 
neutralizers mounted. 

elements is obtained by thermal conduction along the 
length of the elements to the cooled supporting copper 
plates. 

The complete header assembly containing all of the 
electrodes excepting the anodes is shown in Fig. 5. The 
neutralizing tabs are shown mounted on elements fixed 
to the No. 1 grids and projecting through apertures in 
the No. 2 grid blocks. This use of a header for mount-
ing the close-spaced electrodes permits accurate elec-
trode alignment and inspection before the anode dome 
is mounted. 

-ANODES 

Fig. 6—The anode dome assembly, anode parts, and leads. 

The anode dome and the details of the anode con-
struction are shown in Fig. 6. The anode face has an 
area of 6.5 square cm., and is cooled by water circulated 
in the channels shown. Since the anode cooling water is 
carried by the anode supporting tube which functions 
as an element of the output tank circuit, the anode glass 
seals are water cooled. This cooling is adequate to per-
mit the use of kovar at 300 Mc, if a high-conductivity 
coating is applied to kovar as previously described. 
With cooling water at a pressure of 60 pounds per square 
inch, these anodes have been operated without failure 
to a dissipation of 6 kw per anode. 

The final step in assembly of this tube is the bolting 
of the anode dome to the header; this compresses the 
two copper-ring gaskets and provides the final vacuum 
closure of the envelope. The anodes, anode leads, and 
anode dome ring can be electroplated, cleaned, and 
washed before this operation, and are not subjected to 
any glass-working fires or other heating in making the 
final vacuum closure. The copper-ring gaskets are made 
from wire. This compression gasket seal, shown in 
Fig. 2, has proved to be an entirely satisfactory vacuum-

Fig. 7—The duplex tetrode. 

TUBE DATA1 

Direct interelectrode capacitance (each unit). 

Grid No. 1 to anode 
Input 
Output 
Grid No. 2 by-pass (approximate) 
Grid No. 1 to anode feedback with 
neutralization 

0.12 1.q.tf 
24 Apf 
5 14d 

200 µAd 

0.01 gp.f 

Filament-3.9 volts-105 amperes single phase 

Electrode dissipation (maximum operating values): 

Anodes  8 kilowatts total 
No. 2 grids  400 watts total 
No. 1 grids  50 watts total 

Typical operating voltages: 

Anode  5000-6000 volts dc 
No. 2 grid  700 volts dc 
No. 1 grid (cutoff bias)  —180 volts dc 

Cooling water flow at 60 pounds per square inch pressure: 

Anode of each unit 
Filament blocks in series 
No. 2 grid 
No. 1 grids in series 

0.6 gallons per minute 
0.25 gallons per minute 
0.3 gallons per minute 
0.25 gallons per minute 

in the 8D21, or commercial model, some changes in these data 
were found necessary because of manufacturing techniques. 
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tight joint which can be used both in demountable and 
in sealed-off tubes. 
A completely processed tube is shown in the operat-

ing position in Fig. 7. This position is determined by the 
filament, which must hang vertically to prevent distor-
tion and sagging. The tube is supported by the header 
plate rim, which acts as a flange, and which when in-
stalled is bolted to the shield wall separating the input 
and output circuits. 
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Fig. 8—Anode characteristics for each unit. 
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The static characteristics are given in Figs. 8, 9, and 
10. A modulation characteristic, shown in Fig. 11, was 
obtained at 288 Mc with a total output bandwidth of 
16 Mc. A maximum power output of 10 kw was ob-
tained at an efficiency of 60 per cent. The instantaneous 
bias at this point was 100 volts positive with respect to 
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Fig. 9—No. 1 grid characteristics for each unit. 
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the cathode. In the television application the bias at the 
maximum of the synchronizing pulse may be reduced to 
zero or made positive to reduce the amplitude of the rf 
grid driving voltage. This does not substantially change 
the required modulating voltage. 
Under power output and bandwidth conditions as 

given above, a power gain at maximum power output 
of 25 to 30 is obtained. The driving power in these tests 

was approximately 350 watts. When the tube is used 
as a 5-kw amplifier with a bandwidth less than 1 Mc, 
power gains in excess of 100 are obtainable. These 
power gains for either application are not obtainable at 
300 Mc, unless low-loss grid seals such as described in 
this paper are used. 
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Electrostatically Focused Radial-Beam Tube* 
A. M . SKELLETTt, MEMBER, IRE 

Summary—The addition of the electrostatic field between co-
axial cylinders to a uniform electrostatic field provides the correct 
properties for focusing a beam of electrons in the positive direction of 
the uniform field. In the electrostatically focused radial-beam tube, 
this combination of fields produces a single radial electron beam 
which may be rotated by rotating the uniform component of the com-

bined fields. The center coaxial electrode may be either the cathode 
or a grid surrounding the cathode, and the outer coaxial electrode is 
broken up into segments to which polyphase potentials are appled. 
At any instant these polyphase potentials produce an approximation 
to a uniform field which rotates at the cyclic frequency of the poly-
phase potentials. 

A number of tubes have been made incorporating these principles. 
Details are given of such a tube with twelve anodes and twelve asso-
ciated control grids which is no larger than an ordinary radio receiv-
ing tube. The beam current is of the order of 1 ma and the frequency 
of rotation is limited only by the inductance and capacitance of the 
elements of the tube. This tube is an inertialess distributor with 
applications to time-division multiplex, telemetering, remote control, 
and other high-speed switching functions. 

INTRODUCTION 

AN EARLIER PAPER' described the magneti-
cally focused radial-beam tube in which a radial 
beam of electrons is focused and deflected (usu-

ally rotated) by means of a magnetic field. This tube 
requires an external magnetic structure, and is practi-
cally limited in rotational speed to about 10,000 cps by 
the losses in this structure. The electrostatically focused 
radial-beam tube is similar in general structure and prin-
ciple, but since the focus and rotation are obtained with 
an internal electrostatic field the external structure is 
not required, and there is no practical limit to the speed 
of rotation other than that set by the capacities of the 
tube elements themselves. It has one disadvantage in 
comparison with the magnetically focused type; the 
beam current for the same applied voltages is less. 

THE ELECTROSTATIC FIELD 

The field within the tube consists of a uniform electro-
static field (positive on one side of a diameter and nega-
tive on the other) that has been distorted by the pres-
ence of a cylindrical cathode at its center on which a 
positive potential has been applied. Stated in another 
way, it is the combination of a uniform field like that 
between two parallel planes, and a cylindrical field like 
that between two coaxial cylinders. Since the structure 
is a cylindrical one, it is necessary to apply a number of 
potentials to the outer boundary in order to obtain the 
uniform field. Ideally, the potential varies around the 

Decimal classification: R339. Original manuscript received 
by the Institute, May 24, 1948. Presented, 1948 IRE National 
Convention, March 25, 1948, New York, N. Y. 
t National Union Radio Corporation, Orange, N. J. 
1 A. M. Skellett, "The magnetically focussed radial beam vacuum 

tube," Bell Sys. Tech. Jour., vol. 23, pp. 190-202; April, 1944. 

periphery according to the cosine 0 (see Fig. 1). This 
potential distribution alone would produce a uniform 
field with the center a point of zero potential. 

V 0 

• 

ANODE STRUCTURE 

CATHODE 

v.() 

Fig. 1—Ideal cosine distribution of potentials around the 
anode structure of the tube. 

Let the direction of the field E be parallel to the X 
axis, and the Z axis chosen as parallel to the axis of the 
cylinder. It can be shown that the anode cylinder may 
be replaced by two line images within the space occupied 
by the cathode cylinder, for these would give a circular 
equipotential line at the position of the cathode. If the 
potential of the cathode cylinder is zero, this analysis 
gives for the potential Vp of any point in the field out-
side the cathode cylinder 

= (  E R12) VF Er   cos 0 

where r and 0 are polar co-ordinates and R1 is the radius 
of the cathode cylinder. 
For a potential on the cathode other than zero the 

field is altered, and to get an expression for this new con-
figuration consider first the field due only to the poten-
tial on the cylinder. This gives 

V,  1 
E' — 

R2 
log — 
RI 

where R2 is the radius of the anode structure and 17. is 
the potential difference between anode and cathode 
cylinders. The potential V/ at any point r is 

fR2  Veir 

or 

.17F = 

1F7 I = 

R2 
r log — 

R1 

R2 
Vc log — 

r 

R2 
log — 

RI 
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since the anode is assumed to be at zero potential. 
Superposing this field on the previous one gives 

R2 
log — 

ER12 
= (Er —  ) cos 0 + 

R2 
log — 
RI 

where logarithms are to the base e. 
For the case under consideration, V, will be the poten-

tial of the cathode with respect to the average potential 
of the anode structure. Varying this potential changes 
the width of the beam, and it is, therefore, the focusing 
voltage. By means of this voltage the beam can be re-
duced to zero width, or it can be opened up so wide that 
it covers most of the tube and there is effectively a 
negative beam in the opposite direction. 
This field is plotted on Fig. 2 for the following values 

of the variables taken from the twelve-anode tube de-
scribed below under focusing conditions: R2 = 0.828 cm 
and RI = 0.203 cm, V, = 94 volts, and Vina,, = 250 volts. It 

4- 250V. 

\II  200V. 

100V 
97V 

-94v. 
GOV. 

-550 V. 
Fig. 2—Electrostatic field within the tube with the ideal cosine 
distribution. Electron trajectories are shown as dotted lines. 

may be seen that the curvature of the equipotential lines 
is such as to give concentration to the electrons about 
the radius where 0=0. The electron trajectories shown 
by dashed lines were obtained by setting up the mechani-
cal analogue of this field with a rubber membrane in the 
usual way,2 and following the trajectories by means of 
steel balls released from the position of the cathode. 
The potential gradient around the cathode is impor-

tant in determining the angular spread of the electrons 
that leave the cathode. It may be shown that the gradi-
ent is zero at the angles for which 

cos 0 = 
2V,R1 R2 

log — 
R2 

IT, R2 

2 P. H. J. A. Kleynen, "The motion of an electron in a two dimen-
sional electrostatic field," Philips. Tech. Rev., vol. 2, pp. 321-352; 
November, 1937. 

where V„, is the maximum of the voltages applied to the 
anode cylinder. 
For the focal conditions mentioned above and shown 

on Fig. 2, this gives 

0 = + 54° 32' 30". 

This is the angle at which the gradient changes sign, 
and thus the emergent angle for this set of voltages is 
109° 5'. 
Simi:ar focusing conditions apply if the cathode cyl-

inder is replaced by a grid with a cathode located within 
it. The potential of the grid cylinder becomes the focus-
ing voltage, and the cathode may be operated several 
volts positive with respect to the grid in the usual man-
ner. 
In actual tubes the cosine distribution of potential is 

approximated by separating the anode structure into 
a small number of elements and applying polyphase 
potentials to them. At any instant in the cycle these 
potentials approximate the cosine potential distribution. 
The circuit for the power supply to the tube is shown on 
Fig. 3. The position of the beam is shown for the instant 
when phase 1 is passing through its maximum value. 
17c is the focusing voltage. 

Fig. 3—Circuit of the polyphase supply and focusing voltage. 

Tubes have been made using only two-phase supply 
(four screen elements), but the deviation from the ideal 
cosine distribution in this case is so great that focus 
conditions vary markedly between the center and edge 
of a screen element. 

THE TWELVE-ANODE TUBE 

Fig. 4 shows the internal structure of the twelve-
anode tube. Here the anode cylinder referred to above 
has been replaced by the screen elements, and the beam 
is focused in the space between the cathode and these 
elements. The polyphase potentials are applied to the 
six screen elements in the circuit shown in Fig. 3. 
A window in each of these elements lets the beam 

through to a control grid and to an anode. Other win-
dows are provided between adjacent screen elements to 
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Fig. 4—Internal structure of the twelve-anode tube. 

provide twelve windows in all. There are thus twelve 
control grids and twelve anodes. Fins on the outer side 
of the screen elements prevent electrons that are directed 
toward one anode from reaching an adjacent one. 
The anodes in this particular tube are in the form of 

rods centrally located within their control grids. This 
design is effective in assuring that all electrons must 
pass through the grid in order to reach the anode. It 
gives a good control-grid characteristic. 
Fig. 5 is the anode-current versus grid-voltage char-

acteristic for one of the twelve sections of the tube taken 
with the beam directed toward that section. For an 
applied three-phase voltage of 285 rms (400 volts peak), 
the beam current varies linearly with grid voltage up to 
approximately 1 ma. 
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Fig. 5—Grid-anode characteristics of one section of the 
twelve-anode tube. 

Fig. 6 is a photograph of the twelve-anode tube with a 
special large base to keep the leads widely separated. 

Fig. 6—Photograph of the twelve-anode tube. 

POWER-SUPPLY CONSIDERATIONS 

For applications where three-phase power at the de-
sired frequency is not available, the circuit shown in 
Fig. 7 is useful. Here a single-phase supply is split into 
six phases by means of three series capacitors in connec-
tion with the inductances of the transformers. Since the 
power required is less than 1 watt, these transformers 
may be very small. 
A cathode series resistance is used to provide the 

focusing voltage. It may be varied to focus the beam. 
The density of the current is very nearly constant for all 
focus conditions; e.g., if the beam cross section is in-
creased by a factor of two, the beam current is increased 
in proportion. 
The grid-bias voltage may be derived from the cath-

ode resistor by tapping down from the cathode, and if 
the anode supply voltages are obtained from extra 
windings on the three transformers, it is possible to op-
erate the tube satisfactorily without any dc supply. 

Fig. 7—Complete circuit for operation of the twelve-
anode tube from single-phase supply. 

1--• OUTPUT 
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OTHER TUBE DESIGNS 

Two types of the twelve-anode tube are available. In 
one, the grid leads are all brought out individually with 
a common lead for the anodes. In the other there is a 
common grid lead and the anode leads are brought out 
separately. The first type may be used at the input of 
a multiplex communication or telemetering system 
where twelve channels feed into the tube, and the second 
may be used as a distributor at the output end of such a 
system. 
Tubes have been made with as many as forty-eight 

anodes or sections, but as the number of anodes is in-
creased the beam current decreases. If the diameter of 
the screen structure is held constant, the beam must be 
narrower and hence the beam current is reduced. If the 
screen diameter is increased without increasing the axial 
length of the tube, it becomes difficult to maintain the 
electrostatic field configuration near the ends of the 
cathode because of mica charging, and special electrodes 
must be added to cover the micas in order to maintain 
focus. 
A thirty-element tube is in the final stages of develop-

ment. It also uses six-phase voltages and is similar in 
most respects to the twelve-anode tube just described. 
It will be described in a later paper. 

APPLICATIONS 

These tubes are ideally suited to multiplex telegraphy 
and telephony, and to telemetering. Their usefulness is 
not limited, however, to these fields. For example, they 
provide an excellent means of scanning a number of 
circuits or points at high speed; they are useful as fre-
quency multipliers, harmonic, and tone generators; 
and, by varying the shape of the windows, predetermined 
wave forms may be generated. Advantages of these 
tubes over other electron-beam commutators such as 
the cyclophon3 are their small size and low voltage re-
quirements. 
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High-Power Interdigital Magnetrons* 
JOSEPH F. HULLt AND ARTHUR W. RANDALSt 

Summary—This paper deals with the pill-box-cavity interdigital 
magnetrons operating in the cavity mode. An analysis of the cathode 
coupling problem indicates the desirability of cathode decoupling 
chokes presenting a capacitive impedance to the cathode-anode 
space. Cold tests and operating tests have confirmed this analysis. 
The high efficiency to be expected from operation in this mode has 
been realized, measured efficiencies being comparable to the best 
obtained in conventional magnetrons. Peak power outputs up to 1.4 
kw and continuous outputs up to 500 watts have been obtained in 
the vicinity of 10 cm wavelength, with efficiencies of about 70 per 
cent. Tubes built without cathode decoupling chokes operated 
unstably, gave little power in the cavity mode, and had a strong 
tendency to operate in the first-order mode. 

INTRODUCTION 

ECAUSE OF wide-tuning possibilities and sim-
plicity of mechanical structure, it has been con-
sidered desirable to investigate the potentialities 

of the pill-box-cavity interdigital magnetron as a gen-
erator of high-power centimeter waves. Most of the 

* Decimal classification: R339.2 X R355.912.1. Original manu-
script received by the Institute, April 12, 1948; revised manuscript 
received, June 8, 1948. Presented, IRE Electron Tube Conference, 
Syracuse, N. Y., June, 1947. 
t Evans Signal Corps Engineering Laboratory, Belmar, N. J. 

work on this type of magnetron to date has been done 
in the first-order mode. (A complete description of the 
modes follows shortly.) Benedict and others have de-
veloped a glass-enclosed, external-cavity, interdigital 
magnetron' which gives a peak pulse power output of 80 
watts at 40 per cent efficiency. The first-order-mode 
resonant wavelength was approximately 6 cm. Craw-
ford and Hare have developed an all-metal interdigital 
magnetron2 which gives a continuous-wave power out-
put of 50 watts at about the same frequency and effi-
ciency. Attempts to operate these interdigital mag-
netrons in the cavity mode have met with little success 
because of the very strong tendency of the tubes to 
oscillate in the first-order mode. 
If the cause of moding trouble is eliminated, the 

cavity mode offers the greater possibilities for both 
high-power output and high efficiency, because in this 
mode the tooth structure presents an uncontaminated 

1 G. D. O'Neill, "Separate cavity tunable magnetrons," Electronic 
Ind., vol. 5, pp. 48-50, 23; June, 1946. 

2 F. H. Crawford and Milton D. Hare, "Tunable squirrel cage 
magnetron—the Donutron," PROC. I.R.E., vol. 35, pp. 361-369; 
April, 1947. 
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7r-mode field configuration to the interaction space. The 
greater portion of the effort of this project was directed 
toward obtaining good operation in the cavity mode. 
Fig. 1, shows a pill-box interdigital magnetron cavity. 

Fig. 1—Interdigital magnetron cavity. 

It consists of a toroidal shell with its inner surface re-
placed by interleaving teeth extending from the end 
surfaces. 

DESCRIPTION OF MODES IN INTERDIGITAL MAGNETRONS 

In order to better describe the operational and cold-
test results of these tubes, a brief description of the 
modes will be given. The field configurations, as well as 
current and voltage distributions in the cavity mode, will 
first be described. The local fields at the tooth structure 
are neglected. 
Fig. 2(a) shows the currents on one of the end sur-

faces of the cavity in a view parallel to the axis. The 
currents in the opposite end are in the opposite direc-

(a) 

' 
(b) 

tt• 
(c) 

Aii &A Aa. 

Fig. 2—Field and current configurations in an interdigital 
magnetron cavity resonating in the cavity mode. 

tion. Fig. 2(b) shows the currents and electric fields in 
a cross-sectional view. The arrows with solid barbs 
indicate the current flow, and the arrows with the open 
barbs indicate electric fields. All the magnetic field lines 
are concentric with the axis, and are shown by dotted 
lines. The magnetic field intensity is independent of 

Z and 4), but varies with r as the sum of Bessel functions 
of the first and second kinds. The electric field is in the 
Z direction and is independent of Z and 4., but also varies 
with r as the sum of Bessel functions of the first and 
second kinds. 
Fig. 2(c) shows a rolled-out view of the anode as seen 

from the axis. The important feature of the cavity mode 
is that the current and potential distributions do not 
vary with angular displacement, and lines of magnetic 
flux within the cavity do not thread through the tooth 
structure. 
The field and current configurations in the first-

order mode will now be described. Again the local fields 
at the teeth are neglected and the cathode is assumed 
to be absent. Fig. 3(a) shows the current flow in one 
end surface of the cavity. The current flow in the op-
posite end surface is in the opposite direction, at all 
corresponding points. The magnetic field is independent 

(a) 

r 

\44 

(b) 

thltit 
(c) 

Fig. 3—Field and current configurations in an interdigital 
magnetron cavity resonating in the first-order mode. 

of Z. Both radial and tangential components of the mag-
netic field vary sinusoidally with cf, and are in space 
quadrature; they also vary with r as the sum of Besse' 
functions of the first and second kinds. The electric 
field is in the Z direction only, is independent of Z, 
varies sinusoidally with 4), and varies with r as the sum 
of Bessel functions of the first and second kinds. The 
dotted lines indicate magnetic flux lines, which are 
orthogonal to the lines of current flow. It is to be noted 
that there are both radial and tangential components of 
magnetic field at the tooth structure, and that therefore 
a threading of the magnetic flux through the teeth and 
interaction space occurs. Fig. 3(c) shows the current 
and potential distributions on the anode faces as seen 
looking outward from the axis. It may be seen that 
they vary sinusoidally through one cycle around the 
anode circumference. 
The field and current distributions in the nth-order 

mode are analogous to those of the first-order mode, but 
have n sinusoidal variations around the circumference 
of the anode. 
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ANALYSIS OF POWER-OUTPUT COUPLING BY THE 
CATHODE IN THE CAVITY MODE 

Fig. 4(a) shows an interdigital magnetron cavity and 
cathode, and Fig. 4(b) is the equivalent circuit for the 
cathode structure. C1 is essentially the capacitance be-
tween the top end hat and the surface A, and C2 is the 
capacitance between the bottom end hat and the surface 
B. R-I-jX is the impedance between the cathode sup-
port and the outside of the cavity looking outward from 
the cathode. From Fig. 4(b) one may obtain: 

power dissipated in R 

EU? 
2 

R2(1 +  — 1 +1 X [1 ± —C ] — 
CI  WC I 

(1) 

(d) 

Fig. 4—These drawings illustrate the problem of power-output 
coupling by the cathode, and how this problem may be resolved. 

A brief analysis of (1) shows that, if X is a large 
capacitive reactance and if R is small, the power coupled 
out by the cathode is small. The power coupled out 
may be further reduced by decreasing C1. C2 must also 
be made small in order to isolate the bottom end hat 
from surface B so that the cathode does not assume the 
potential of B. C1 and C2 may be decreased by cutting 
recesses in the end surfaces A and B between the teeth 
and allowing the teeth to extend through to the outer 
side of the opposite end surface as shown in Fig. 4(d). 
This tends to neutralize the capacitance between the 
surfaces A and B and the end hats of the cathode. This 
construction will hereinafter be referred to as overlapped 
tooth structure. 
X may be made to be a large capacitive reactance 

by inserting a choke which is longer than a quarter 
wavelength into the coaxial line consisting of the 
cathode support and the outer tubular housing as shown 
in Fig. 4(c). The capacitive reactance of the choke adds 
to the reactive component of this coaxial-line im-
pedance to give a total reactive component which has a 
high capacitive value. The low-impedance section of 
line between the cathode support and the inner 

diameter of the choke transforms the external cathode-
lead impedance to a low value at the open end of the 
choke. Thus the resistive component of the cathode-
lead impedance presented to the magnetron is low. 
If the power coupled out by the cathode support is 

minimized, the rf potential between the cathode sup-
port and the inner surface of the choke, or tubular hous-
ing below the choke, is small. Therefore the cathode as-
sumes ground potential. This is an important desider-
atum for obtaining high electronic efficiency, because an 
electrically unbalanced cathode greatly distorts the rf 
fields in the interaction space. 

Fig. 5—Interdigital magnetron, ESNI-15. 

It may be shown in contrast that, for higher-order 
modes, the transverse electromagnetic mode is not 
excited in the cathode circuit, because currents con-
tributed by different portions of the circuit cancel. 
Even an off-center cathode is not serious, provided 

CATHODE 
DECOUPLING CHOKE 

OVERLAPPED 
TOOTH  STRUCTURE 

SOFT  IRON 

  OF HC COPPER 

REGULAR  MONEL 

N MI STAINLESS  STEEL 

1 =1,  GLASS 

Fig. 6—Cross-sectional view of interdigital magnetron ESNI-15. 
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the axis of the cathode is parallel to the tube axis; but 
if the cathode is tilted, a large amount of coupling can 
result. 

OPERATIONAL RESULTS 

Tubes which were built according to Fig. 6 oscil-
lated only in the cavity mode and gave power outputs 
of the order of 1500 watts (peak) at efficiencies between 
60 and 80 per cent with 5 per cent duty-cycle pulse 
operation. Five hundred watts of continuous-wave 
power output was easily obtained from these tubes at 
efficiencies between 65 and 75 per cent. The 500-watt 
cw output level did not represent the upper limit, but it 
was thought inadvisable to subject the output seal to 
more rf power loss. Operational curves for these tubes 
are found in Figs. 7, 8, and 9. Another observation was 
that at 500 watts cw output the back-bombardment 
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Fig. 7—Continuous-wave performance plot of interdigital magne-
tron ESM-15-3, operating into a refiectionless line. This tube has 
an oxide-coated cathode and cathode decoupling chokes, and op-
erates only in the cavity mode with a mean resonant wavelength 
of 11.5 cm. 

power was less than 18 watts. The tubes were operated 
with a barium-oxide-coated cathode which required 6 
volts at 3 amperes for primary heating power, and at 500 
watts output the cathodes were subjected to no dis-
astrous punishment. 
One tube, ESM-15-2, was built without the cathode 

decoupling chokes. It oscillated in either the cavity 
mode or first-order mode, depending on the anode volt-
age and output impedance. The stability of operation 
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Fig. 8—Performance plot of interdigital magnetron ESM-15-3 (see 
Fig. 7). Pulse operation, 5 per cent duty cycle, 5 As pulse length. 
Operation is only in the cavity mode, 11.5 cm mean resonant 
wavelength. 

Fig. 9—Rieke Diagram, interdigital magnetron ESM-15-3 (see Fig. 
7). Pulse operation, 5 per cent duty cycle, 5 As pulse length, 
0.380 amperes peak anode current, 2.76 kw peak anode voltage, 
2260 gauss magnetic field, 11.58 cm mean resonant wavelength. 
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of this tube was very poor. The maximum power ob-
tainable in the cavity mode before moding occurred 
was about 250 watts, and when the current was in-
creased in an attempt to obtain more power, the tube 
oscillated in the first-order mode. Although this tube 
did not operate satisfactorily in the cavity mode, the 
operational results for the first-order mode may be of 
interest. In the first-order mode of oscillation, when look-
ing into a reasonably reflectionless line, peak power out-
puts of 1600 watts at 50 per cent efficiency were ob-
tained with 5 per cent duty-cycle pulse operation. How-
ever, the power decreased rather rapidly as the stand-
ing-wave ratio was increased. Operational curves for 
this tube are shown in Figs. 10 and 11. Relatively good 
over-all efficiency was obtained in this tube without the 
use of cavity-mode suppressors such as "phase-reversal 
teeth," vanes in the cavity, or radial slots at the high-
voltage points in the end surfaces of the cavity. With 
any or all three of these features, however, the mag-
netron would probably oscillate only in the first-order 
mode, and operation would be much more stable, since 
the moding tendency would be diminished. 

COLD-TEST RESULTS AND COMPARISONS OF MEASURED 
RESULTS WITH THEORETICAL CALCULATIONS 

Expressions for resonant wavelength and external Q 
of interdigital magnetron cavities were derived by ap-
plying Maxwell's equations (subject to appropriate 
boundary conditions) to the region inside the cavity. 
The resonant wavelength equation in the nth-order 
mode is: 
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Fig. 10—Performance plot of interdigital magnetron, ESM-15-2, 
operating into reflectionless line. Pulse operation, 5 per cent duty 
cycle, 5  pulse length. This tube is identical to ESM-15-3, 
except that it has no cathode decoupling chokes. The dark line 
represents the boundary of moding between cavity and first-
order modes. Below this line the tube operates unstably between 
the cavity and first-order modes. Operation above the line is in 
the first-order mode only. 
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r, = mean radius of tooth structure 
ei =permittivity of free space 
a =number of teeth 
d=cavity height 
c =capacitance between teeth per tooth 

Ar =radial tooth thickness 
ro =radius of cavity 
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'X = wavelength at resonance 
J.( ) = Besse] function of 1st kind and nth order 
Nn( ) = Bessel function of 2nd kind and nth order 
M= factor of concentration of magnetic flux which 

threads through the tooth structure. Approxi-
mately equal to the ratio of the distance be-
tween tooth centers to gap between teeth. 

(All quantities in mks units.) 
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For the cavity mode, these constants were: 

c= 0.164 µIA 
a =16 
rt =0.00595 meter 
ro = 0.0175 meter 
Ar =0.00127 meter 
d = 0.00477 meter 
n=0. 

(The tooth capacitance C was both calculated and meas-
ured by cold test means.) From (2) the resonant wave-
lengths for the cavity mode (n=0) and first-order 
mode were calculated to be 10.4 and 7.8 cm, respec-
tively. The reasonant wavelengths of these modes were 
measured both with and without the cathode. These 
values are shown in Table I. 

TABLE I 

Mode 
Order 

Cavity Mode 

First-Order 
Mode 

Cathode Out 

Calculated 
X 

Measured 

Cathode In 

Measured 

10.4 cm 

7.8cm 

10.87 cm 

7.5 cm 

11.27 cm 

7.23 cm 

The formula for external Q,(Q) in the nth-order mode is: 

Q. = 

where 

Fig. 11—Rieke diagram, interdigital magnetron ESM-15-2 (see Fig. 
10). Pulse operation, 5 per cent duty cycle, 5 As pulse length, 
(.712 amperes peak anode current, 4.3 kv peak anode voltage, 
k260 gauss magnetic field, 7.551 cm mean resonant wavelength. 
he dotted line represents boundary of moding between cavity 
and first-order modes. In the region outside of the boundary the 
tube operates unstably between the cavity and first-order modes. 
Operation inside the boundary is in the first-order mode only. 
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271-ro\ 

2irr i) X )  2irr 
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Li = loop inductance 

S=loop area 

Zo =characteristic impedance of output line (assumed 
to be refiectionless) 

951 = angle between position of the loop and current 
maximum (see Fig. 3(a)) 

(3) 

/.ti =permeability of free space 
e, = permittivity of free space 
a =2 when n=0 
a =1 when n>0. 
T le quantity S2Q. for the cavity mode was calculated 

to 13?.: 
SVx = 1.86 cm4. 
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TABLE II 

Tube No. S (loop area) Q. (calc.) Q. (meas.) 

ESM-15-1 
ESM-15-2 
ESM-15-3 
ESM-15-4 

0.136 cm2 
0.160 
0.178 
0.158 

TABLE III 

100 
73 
58.6 
75 

100 
87 
57.5 
70.1 

Tube No. Q. Q. Qi Circ. Eff. 

ESM-15-1 100 649 86.5 85.6% 
ESM-15-2 87 44 29.3 33.7 
ESM-15-3 57.5 575 52.3 90.8 
ESM-15-4 70.1 280 56.1 80.0 

The external, Q (cavity mode) was calculated and 
measured for four magnetrons, ESM-15-1, ESNI-15-2, 
ESM-15-3, and ESM-15-4. These values are tabulated 
in Table II. 
The complete Q measurements for the cavity mode 

are given in Table III, for four tubes of the ESM-15 
series. 
All tubes except the ESM-15-2 had cathode decou-

piing chokes. There is a conspicuous difference between 
the unloaded Q of this tube and that of the other tubes, 
which may be interpreted to mean that the cathode in 
the cavity mode, unless decoupled, acts as a power-out-
put coupler, and causes the same effect as a very lossy 
cavity. This explains the tendency of the ESM-15-2 to 
stop oscillating in the cavity mode at the higher power 
outputs. The circuit efficiency of the ESM-15-2 is 34 
per cent, compared to about 85 per cent for the tubes 
with the cathode decoupling chokes. The effect of the 
cathode power-output coupling was also definitely dem-
onstrated, during the taking of the cold-test data, by the 
fact that touching the cathode leads of the ESNI-15-2 
radically changed the standing-wave ratio at resonance, 
while similarly touching the leads of the other tubes did 
not affect the standing-wave ratio. 

CONCLUSIONS 

Substantial evidence has been obtained to show that 
interdigital magnetrons can be operated satisfactorily 
in the cavity mode, and will give essentially the same 
performance as conventional vane-type cavity magne-
trons with regard to power output, efficiency, pulling 
figure, magnetic field, and voltage. Interdigital mag-
netrons, however, have completely different mode 
families with inherently wider mode separations than 
vane-type magnetrons. Interdigital magnetrons operat-
ing in the cavity mode have been tuned over wide fre-
quency ranges.2 
Operation of interdigital magnetrons in the cavity 

mode, however, requires some kind of cathode decou-
piing. The analysis of cathode coupling shows that, if a 
high capacitive impedance is placed in series with the 
cathode-support impedance, and if the capacitance be-
tween the tooth supporting structures and the end hats 
is reduced to a low value, the power coupling by the 
cathode is minimized. The requirement of a cathode 
choke, however, does not seriously restrain the tuning 
possibilities, because a foreshortened quarter-wave 
choke essentially fulfills the requirements of a capacitive 
impedance in series with the cathode-support im-
pedance over a 2 to 1 tuning range. 
The cold-test results show that the equations for 

resonant wavelength and external Q are sufficiently 
accurate for the cavity mode (n=0). These equations 
have been widely checked. The resonant wavelength 
equation (2), when n > 0, has also been shown to be 
accurate, although this has not been very widely 
checked. More experimental work is required for 
evaluating the external-Q equation for the higher-order 
modes. 
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Correction 

The author has called to the attention of the editors 
an error in the paper, "Antenna Design for Television 
and FM Reception," by Frederick A. Roister, which 
appeared in pages 1242-1248, in the October, 1948, 
issue of the PROCEEDINGS OF THE I.R.E. 

The formula at the top of the left-hand column on 
page 1243 should read as fo lows: 

= 1/ [ 

R2 — Zo2 + X212 1  2ZX  12 

(R  Z0)2 ± X'  [ (R  Z0)2 J. 
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Theory of Models of Electromagnetic Systems* 
GEORGE SINCLAIRt, SENIOR MEMBER, IRE 

Summary—Most model measurements are made on models 
which simulate only the geometrical configurations of the lines of 
force in the fields of the full-scale system, and thus yield only rela-
tive results for many of the properties of the system. It is possible, 
however, to devise models in which the measurements are on a quan-
titative or absolute basis in terms of the full-scale system. The con-
ditions to be satisfied in an absolute model for accurate simulation are 
derived. The limitations imposed on practical models are discussed. 

INTRODUCTION 

iVIODELS OF electromagnetic systems have been 
used for a number of years in studying various 
properties of such systems and have proved to 

be a useful too1.1-12  While in the past the principal ap-
plications have been in investigations of the patterns of 
antennas, models of electromagnetic systems are cap-
able of providing information on any property of the 
system which is of interest. At the present time most 
model measurements are made on a relative basis only, 
but the conditions to be satisfied in order to obtain 
measurements on an absolute basis are known.a 
The purpose of this paper is to show the relationship 

between models for relative measurements and models 
for absolute measurements, and to discuss the limita-
tions imposed on practical models of electromagnetic 
fields. 

• Decimal classification: 510X537.6. Original manuscript re-
ceived by the Institute, March 31, 1948. The research described in 
this paper was conducted in the Antenna Laboratory of the Depart-
ment of Electrical Engineering, The Ohio State University, Colum-
bus, Ohio, under Contract W-36-039sc33634 with the Signal Corps 
Engineering Laboratories, Fort Monmouth, N. J. 
t Formerly, The Ohio State University Research Foundation, Co-

lumbus, Ohio; now, University of Toronto, Toronto, Ont., Canada. 
M. Abraham, "Die elektrischen schwingunen um einen stab-

formigen Leiter behhandelt nach der Ma xwellschen Theorie, " Ann. der 
Phys. vol. 66, pp. 435-472; 1898. 

M. Abraham, "Ein Satz iiber Modelle von Antennen," Mittlg. der 
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TYPES OF MODELS 

The usual model-antenna-pattern measurements are 
made on a type of model which may be called a quali-
tative or geometrical model; i.e., a model in which only 
the geometrical configurations of the lines of force in the 
field are modeled, no attempt being made to simulate 
power levels of the full-scale system. A geometrical 
model directly yields data on those properties of the 
system which do not depend on power level (such as 
impedance, polarization, relative antenna patterns, rela-
tive patterns of radar echoes, etc.). 
If, in addition to simulating the configurations of the 

lines of force in the field, the power level of the full-
scale system is also simulated in the model, the model 
may be termed a quantitative or absolute model. This 
type of model is capable of yielding quantitative data on 
all electromagnetic properties of the system, so that, for 
example, measurements could be made of field intensity, 
radar echo field intensity, absolute radar echoing area, 
and the like. 
Both of the above types of models generally require 

some sort of mechanical model of the material portions 
of the full-scale system. A mechanical model is thus one 
in which there is geometrical simularity in the shapes of 
corresponding material parts. 

REQUIREMENTS FOR ACCURATE SIMULATION OF A 
SYSTEM'-11  

The possibility of constructing a model of a given 
electromagnetic system arises from the linearity of the 
differential equations (Maxwell's equations) which de-
scribe the fields in any electromagnetic system. There-
fore, for a model to be possible, it is necessary to exclude 
from the system nonlinear media (such as ferromagnetic 
media and ionized media in the presence of magnetic 
fields as in the ionosphere). It is not necessary to ex-
clude nonhomogeneous media, since Maxwell's equa-
tions are valid for nonhomogeneous as well as for homo-
geneous media. Such media must be linear, however, so 
that, although the parameters which describe the media 
may vary from point to point throughout space, they 
must be independent of time. 
Consider a region of space which is occupied by a 

system of objects (A, B, and C in Fig. 1) fulfilling the 
requirements of the previous paragraph. Suppose now 
that a generator is applied to the system and an elec-
tromagnetic field is established. It is required to deter-
mine the conditions which have to be satisfied in a 
model of this system to simulate power levels as well 
as the configurations of the lines of force; i.e., the condi-
tions for an absolute model. 
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Let any point P in the full-scale system be located 
by the rectangular co-ordinates x, y, and z. (Rectangular 
co-ordinates are used in the following analysis for sim-

(   

--
--„ 

---‘ 

Fig. 1 

plicity, but there is no loss in generality since a field is 
independent of the co-ordinate system used to describe 
it.) Then any point P' of the model is located by the 
co-ordinates x', y', and z' in a corresponding model co-
ordinate system. The two co-ordinate systems are re-
lated by the transformations: 

x = px'  (la) 

= PY'  (lb) 

z = pz'  (lc) 

where p is the mechanical scale factor. The conditions 
imposed by (1) represent the principal requirements for 
a mechanical model. The parameter p is often chosen as 
an integer, but need not be so restricted. The co-
ordinates (x, y, z) and (x', y', z') are measured in terms 
of a unit of length, and the same unit of length (for 
example, meters) must be used for both systems of 
co-ordinates. 
For an absolute electromagnetic model, the following 

conditions must be added to those of (1): 

t = 7t'  (2) 

E(x, y, z,  = aEi(x', y', z', 1')  (3a) 

H(x, y, z,  =  y', z', 1')  (3b) 

where -y = the scale factor for time 
a = the scale factor for electric intensity 
[3= the scale factor for magnetic intensity 
E= the vector electric intensity 
H= the vector magnetic intensity. 

Unprimed quantities always refer to the full-scale sys-
tem, and primed quantities to the model system. It may 
be noted that four scale factors (a, /3, 7, p) are all that 
are needed, since there are only four fundamental units 
(mass, length, time, and charge) required to describe 
any electromagnetic quantity. While a more funda-

mental method of scaling would be to scale these four 
fundamental units, the scale factors introduced in (1)— 
(3) are more suitable for the present application. 
When the scale factors p, a, [3, and 7 are definitely 

known quantities, (1), (2), and (3) represent the condi-
tions which have to be satisfied in an "absolute" model. 
If only the quantities p,7 , and the ratio a/13 are known, 
then the model is a "geometrical" model. 
When the four scale factors have been chosen, then 

the relationships between all other electromagnetic 
quantities of the two systems are fixed. The way various 
quantities are related may be determined from Max-
well's equations, since the fields in both systems must 
satisfy them. The conditions for an absolute model will 
be considered in detail in the following. 
The fields in the full-scale systems are described by 

the following equations (rationalized mks-coulomb units 
are used throughout) : 

curl H(x, y, z,  = a(x, y, z)E(x, y, z, 

a 
e(x, y, z) — E(x, y, z,  (4) 

at 

curl E(x, y, z,  = — iz(x, y, z) —aH(x, y, z, I) (5) 
at 

where e = the dielectric constant 
A= the permeability 
a = the conductivity. 

The variables on which each quantity depends are writ-
ten explicitly for clarity. 
The field in the model may be described by using 

either the full-scale co-ordinate system or the model co-
ordinate system. Using the model co-ordinate system, 
Maxwell's equations take the following form: 

curl' H'(x', y', z', l')= of(x', y', z ' )E ' (x ' , y ' , z ' , l') 
a + (x', y', z') — E'(x', y', z', t') (6) 
ar 
a 

curl' E'(x', y', z', t')=  y', z') —as' Hi(x', y', z', 1') (7) 

where the symbol curl' means that the differentiations 
are to be performed in the primed co-ordinate system; 
so that, for example, the component of curl' H' directed 
parallel to the x' axis is 

awe arr., 
curl'.• H' = 

ay'  az' 

where He', is the component of the vector H' which is 
directed parallel to the z' axis, etc. 
If the model system is an accurate simulation of the 

full-scale system, then inserting the transformations re-
lating model quantities to full-scale quantities should 
transform (6) and (7) into (4) and (5). Hence, by insert-
ing the transformations of (1), (2), and (3) into (6) and 
(7) and comparing the result with (4) and (5), it is pos-

(8) 
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sible to determine the transformations which relate the 
parameters e, a, and µ of the two systems. 
The vector operator curl' transforms according to (1). 

Hence, using the usual rules for the transformation of 
variables in a derivative, 

and 
that 

awe dy  awe 
(9) 

similarly for the other components, it is evident 

= p 
oy'  ay  dy'  ay 

curl' H' = p curl H' = — curl H  (10) 

when the transformation in (3b) is employed. Similarly, 
it can be shown that 

curl' E' = — curl Eo. 
a 

Also, from (2) it is apparent that 

a' ar  OE 
= 7 =  . 

at'  at  a at 

When these results are substituted in (6) and (7), it 
found that they transform into 

— curl H(x, y, z,  = of(x', y', z') — (x, y, z, 1) 
a 

+ —7 e'(x', y', z')  E(x, y, s, t) 
a  at 

— curl E(x, y, z, 
a 

= —  y', e) —7 -aH(x, y, z, 
/3 at 

(11) 

November 

(20) 

These three equations represent the conditions which 
have to be satisfied by the media used for constructing 
the model in order that the simulation be accurate. 

CONDITIONS FOR AN ABSOLUTE MODEL 

The transformations which relate any quantity in one 
system to the corresponding quantity in the other sys-
tem can now be obtained by considering the definition 
of the quantity in terms of the fundamental units, the 
characteristic parameters of the media (e, a, and /2), and 
the field vectors E and H. 
The Poynting vector for the full-scale system is de-

fined to be the vector Sand such that 

S = E X H.  (21) 

Similarly, the corresponding Poynting vector for the 
model system is 

(12)  E  H  S 
S' = E' X H' = — X — = — • 

a  /3  aft 

The total power P passing through a surface sin the full-
scale system is 

is 

(13) 

(14) 

But these two equations must be identical with (4) and 
(5) for accurate simulation. Hence, it is apparent that 

— a'(x', y', z') = cr(x, y, z) 
pa 

1-3--7 e'(x', y', z') = e(x, y, z) 

pa 

cry 
1/(4 y', z') =  y, 

143 

These equations are interpreted as follows: (15) requires 
the conductivity a' at the point P'(x', y', s') in the model 
to be equal to pa/13 times the conductivity a at the cor-
responding point P(x, y, z) in the full-scale system. The 
other two equations are interpreted similarly. There-
fore, 

Pa = 

Pa 
E' = — E 

• 

(15) 

(16) 

(17) 

(18) 

(22) 

P = f S-nda  (23) 

where n is a unit vector normal to the surface s and da is 
an element of area on the surface. Hence, in the model 
the corresponding power is 

S•nda  P 
P' = f S' •n'da' = f  cop 01,2 =   (24) 

The normal vectors n and n' have the same length since 
they are unit vectors (i.e., vectors of unit length). It 
should be noted that (24) is consistent with (22) since 
the vector S is measured in power per unit area and area 
transforms by the factor p'. The voltage V existing be-
tween two points P1 and P2 in the full-scale system is 
defined as 

P2 

V =  E • d 1 
1.1 

(25) 

where dl is a vector element of length along the curve 
joining Pi and P2. The corresponding voltage V' in the 
model is 

P2' "2 E dl  V 
V' = f  E' • dl' = f  —• — = — •  (26) 

Pi'  Pt  P  aP 

The current-density vector .1 is 

J = aE.  (27) 

For the model, 

paa E  p 
(19)  J' = a'E' = —  — = — J. 

'6 a  13 
(28) 
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From this, the transformation which relates correspond-
ing total currents in the two systems is readily found to 
be 

I' = 

TABLE I 

CONDITIONS FOR AN ABSOLUTE MODEL 

Name of Quantity  Full-Scale System  Model System 

'•n'da'  da  I 
=  P  n —  • (29)  Length  

#  P2 PS 

For resistance,  Time 

1 
R = —  (30)  Electric field intensity 

aA 

l'  Up   = —0 R.  Magnetic field intensity 
R' =  =  (31) 

cr' A'  pacr A  a Conductivity 
# p2 

Dielectric constant 
It is readily shown that reactance and impedance trans-
form in the same way as resistance. Permeability 
A commonly used definition for radar echo area A is 

the following: Voltage 

A = 42 
Mr 

(32)  Current density 

where Wi= power per unit area in the incident plane  Current 
wave 

= power per unit area in the reflected wave at  Power per unit area 
a distance r from the reflecting object. 

Hence, the corresponding echo area in the model system  Total power 
is 

W'  Charge density r 
A' = 47rr" 

W/ 
Charge 

2 W,  A 
= 47r( r \   (33)  Frequency 

P  043  P2 
Angular frequency 

W. 

Wavelength at3 

since  and  transform according to (22). There-  Phase velocity 
fore, radar echoing area transforms in the same manner 

Propagation constant 
as a physical area. 
The gain g of an antenna is defined by  Resistance 

g = 4rr2 — 
P 

(34) 

where W= power per unit area in the radiated wave at 
a distance r from the antenna 

P =radiated power. 
Hence, for the model, 

117 

W'  C y  ati 
g' = 47rr'2 = 4r 

P'  p  P 
a0p2 

= g  (35) 

since W transforms according to (22) and P according 
to (24). The gain of a model antenna is therefore the 
same as the gain of the full-scale antenna. 

Reactance 

Impedance 

Dielectric displacement 

Capacitance 

Inductance 

Flux density 

Radar echoing area 

Gain of an antenna 

1 

E'= — 
a 

H'= 

a, = Pacr 

pa 
e  e 

137 

, P1ay 1.1 — 

V 
V 

a p 

= 

Co 

X 

13P 

a0 

P'= 
p2 

p2 

P =  P 
(37 

1 
Q'= —Q 

07P 

°I° =  w 

X 

P 

, yv 

k'=pk 

R'=±3- R 
a 

0 
x'=--

— D 
137 

C1=c1 C 
7/9 

— L 
ay 

B' =  B 

A  A'=! — 
p2 

gt =g 
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Table I is a list of the relationships between model 
and full-scale quantities which are required for an abso-
lute model. The proofs of these relationships are made 
by transforming the quantities which are involved in the 
definitions, as was done above. 

PRACTICAL CONSIDERATIONS IN CHOICE OF 
SCALE FACTORS 

For any arbitrary choices of the four scale factors p, a, 
/3, and 7 it is theoretically possible to construct an exact 
model to simulate a given full-scale system. However, in 
practice there are certain restrictions on the choice of 
scale factors which result from the limited ranges of 
variation of e, a, and /.!. available in actual media which 
can be used for models. For example, when ferromagnetic 
media are excluded from the model, it is evident that the 
permeability of the model media cannot differ appre-
ciably from the value of the permeability for free space. 
Therefore, for all media 

Ax', y', z') = m(x, y, z) = 4r X 10-7 henry per meter, (36) 

and it follows from (20) that 

- = 1.  (37) 

Furthermore, when waves in free space are involved in 
the full-scale system it is apparent that the medium in 
which they travel (air) must be correctly simulated in 
the model. It is general practice at the present time to 
simulate the air in the full-scale system with air in the 
model system. This is partly because of convenience and 
partly because the use of any other medium usually 
means higher attenuation of the waves than can be 
tolerated. Thus, it is sometimes suggested that the 
model measurements be made under water in order to 
use lower frequencies with a given size of model. How-
ever, the attenuation of electromagnetic waves in water 
is so high as to cause considerable distortion of the fields. 
Therefore, air is generally used, and it follows that, for 
these regions of the model, 

e'(x', y', z') = e(x, y, z).  (38) 

But, since (19) has to be satisfied everywhere in the 
model system, (38) must therefore be true for all media. 
Hence, 

pa 
= 1. (39) 

A comparison of the requirements imposed by (37) and 
(39) shows that these equations can only be satisfied si-
multaneously by choosing 

Hence, 

a 

a = 

(40) 

The parameter p which determines the scale of the 
model is arbitrarily chosen to yield a model of conveni-

(41)  ent size. The relationships between various full-scale 

and 

P =  (42) 

These conditions therefore require that the relationship 
between conductivities in (18) take the form 

a'(x', y', z') = per(x, y, z).  (43) 

Thus it is apparent that for a practical model which is 
subject to the above restrictions there are actually only 
two scale factors (p and either a or 13) which can be ar-
bitrarily chosen. The other scale factors are then fixed 
by (41) and (42). 
It should be noted that the condition for conductivi-

ties required by (43) is not necessarily satisfied by using 
air for the model to simulate air in the full-scale system. 
Actually, the air has a small conductivity which varies 
with frequency, and which therefore should be taken 
into account in designing the model and simulated ac-
cording to (43). However, for most frequencies the air 
can be considered to be a perfect insulator and the error 
made in neglecting its conductivity is generally very 
small. 
The restriction that a=/3, imposed by (41), can be il-

lustrated by noting from (3a) and (3b) that the ratio a/ft 
is the ratio of the impedance of space in the full-scale 
system to the impedance of the medium which simu-
lates free space in the model. Since the same medium is 
to be used in both systems, the impedance of this me-
dium must be the same in both systems. Furthermore, 
it should be noted that (40) fixes only the ratio of a to 
/3, and does not restrict the choice of one of them. If a 
specific value is assigned to either a or /3, the model be-
comes an absolute model and it can be used to obtain 
quantitative results for all quantities. Otherwise, the 
model is a geometrical model. 

GEOMETRICAL MODELS 

If a definite value is assigned only to the mechanical 
scale factor p, so that the values of a and 13 are unknown 
(but their ratio being equal to unity), the model be-
comes a geometrical model. A value may be assigned to 
p which results in a model of convenient size for meas-
urements. The important requirements to be satisfied 
in constructing a geometrical model are, therefore, the 
following: 

x' = x/p 

= YIP 

z' = zip 

= t/p 
= E 

Cfl =  pa 

= 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 
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and model quantities which can be obtained directly 
from model measurements are listed in Table II. In ad-
dition to these properties of the system, it is possible to 
determine such characteristics as polarization, band-
width, relative antenna patterns, relative radar echo 
patterns, and the like, which do not depend on a knowl-
edge of power level. 
In spite of the fact that the power level being used in a 

geometrical model may be unknown, it is still possible to 
obtain quantitative results from such a model in a num-
ber of ways. The most common method consists of using 
a standard model whose performance is known, and com-
paring the model under test with this standard. The per-
formance of the standard model may be obtained from 
calculations, from full-scale measurements, or by any 
other means. The comparison between the test model 
and the standard model must be made at the same 
power level (although the actual level need not be 
known) or at power levels whose ratio is known. 

TABLE II 

CONDITIONS FOR A PRACTICAL GEOMETRICAL MODEL 

Name of Quantity  Full-Scale System  Model System 

Length 
Time 
Conductivity 
Inductive capacity 
Permeability 
Frequency 
Wavelength 
Phase velocity 
Propagation constant 
Resistance 
Reactance 
Impedance 
Capacitance 
Inductance 
Echoing area 
Antenna gain 

r =Up 
t' =t/p 
a' = pa 

= 

I' =Pf 
x' 
1" =V 
k'=pk 
R'=.1t 
X'=X 
Z'=Z 
C'=c/p 
L'=L/p 
---A/pt 

g' 

p=ratio of any full-scale length to the corresponding model length. 

For antenna model measurements, the standard 
model is usually a half-wave dipole antenna whose char-
acteristics are known from calculations. By comparing 
the field produced by the test model antenna with the 
field produced by a half-wave dipole when fed with an 
equal amount of power, the performance of the full-
scale test antenna can be determined. 
Another method for converting relative measure-

ments of field intensities of antennas to absolute values 
makes use of the properties of the Poynting vector. 
From relative measurements of field intensity, the value 
of the Poynting vector at each point in space can be de-
termined, except for a constant multiplier which de-
pends only on the power levels. But, if the Poynting vec-
tor is integrated over the surface of a sphere of large 
radius, the result must equal the power radiated by the 
antenna. Hence, the actual value of the unknown multi-
plying factor which must be used to convert the rela-
tive Poynting vector to absolute values may be ob-
tained by choosing it to make the integral equal to the 
known value of full-scale radiated power. 

SIMULATION OF RADAR ECHOES 

To construct a model which yields absolute values for 
radar echoes and radar echoing areas, it is necessary to 
simulate quantities according to the rules listed in Ta-
ble I. This means that it is necessary in the model sys-
tem to make measurements of the actual values of trans-
mitted and received power when the reflecting object is 
in the field of the model system. 
Suppose that definitely known values are assigned to 

a and #, giving an absolute model system which simu-
lates a given radar equipment. (Specific values can be 
assigned to a and # by knowing the ratio of any power 
level in the model to the corresponding power level in 
the full-scale system.) Then, if measurements of field in-
tensity E' and power W' in the model are made under a 
given set of circumstances, the corresponding field inten-
sity and power in the full-scale system are given by the 

relations 

E = aE' 

W = ai5141'. 

(51) 

(52) 

In this way, the actual values which exist in the full-
scale radar equipment can be determined directly from 
measurements on the model. Therefore, by making suit-
able measurements of the transmitted and received 
power in the model for a specified model reflecting ob-
ject, the full-scale values, required for insertion into (32) 
defining the echoing area of the object, can be deter-

mined. 
In practice, it is inconvenient to measure power in 

model systems operating at very high frequency and at 
low power levels. Hence, geometrical models are com-
monly used in preference to the absolute models de-
scribed in the previous paragraph. In a geometrical 
model, the power level at which the equipment operates 
is unknown, so that the measurements yield only rela-
tive values of echoes and echoing areas. Using a properly 
constructed model, it is possible to obtain relative pat-
terns of echoes showing how the echo varies with the 
orientation of the reflecting object and with the polari-
zation of the incident wave. To convert these relative 
measurements to absolute values it is necessary to adopt 
special means, as is done for antenna patterns. 
The most convenient method for converting relative 

meas'urements of radar echoes to absolute values is to 
u,se a standard of known echoing area. The power ra-
diated in the model system is held constant (at a level 
which need not be known), and the echo from the test 
object is compared with the echo from a standard object 
when placed in the position previously occupied by the 
test object. From the ratio of these measured values and 
the known echoing area of the standard, the absolute 
echoing area of the test object can be determined. 
There are two points of view which may be adopted in 

interpreting the measurements made on the model sys-
tem. One point of view is to consider a full-scale system 
in which there are two reflecting objects, one being the 
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test object having an echoing area A1 which is to be de-
termined from the measurements, and the other being 
the standard object whose known echoing area is A2. 

Suppose, now, that measurements are made in the full-
scale system to determine the ratio of the power W1 re-
flected by the test object to the power W 2 reflected by 
the standard object when subjected to the same illumi-
nation. It follows from the definition of echoing area, 
(32), that this ratio is 

a = W1/1172= Ai/A2.  (53) 

Since A2 is known, measurement of the ratio a yields the 
echoing area A1 of the test object. But this ratio a can 
just as well be determined from measurements on a geo-
metrical model of the system. To determine it from a 
model, it is only necessary to model the system so that it 
satisfies the requirements of (44) to (50). It is important 
to note that, in making the geometrical model for meas-
uring the ratio a, it is necessary to model both the test ob-
ject and the standard object. Having correctly constructed 
the model, it is a simple matter to determine the ratio a 
by merely comparing the amounts of power reflected by 
the model test object and the model standard object. 
This ratio a can then be inserted in (53) to determine the 
echoing area A1 of the full-scale test object. 
It should be noted that this procedure requires no 

knowledge of the actual echoing area of the model stand-
ard object at the model frequency and, in fact, the nu-
merical value of the model scale factor p does not even 
appear anywhere in the calculations. 

Another point of view is to carry out the calculations 
in terms of the model frequency, and then convert the 
results to full-scale value by using (33), which relates 
the echoing area in the two systems. The ratio a is again 
measured on a model system. Then, at the model fre-
quency, the ratio of the echoing area of the model test 
object to the echoing area of the model standard object 
is 

a =  (54) 

The echoing area A2 1 for the model standard object at 
the model frequency is presumably known, so that A1' 
can be calculated. Hence, using (35), the echoing area 
for the full-scale test object at the full-scale frequency is 
readily found to be 

Al= p2Ai' = ap2A2'  (55) 

where A21 = echoing area of the model of the standard 
object for waves at the model frequency. In this method 
of calculation, the model scale factor p appears explic-
itly in the calculations. However, the result actually de-
pends only on the measured ratio a and the known value 
of A2, because, for the standard object, 

A2 =  p2A2'.  (56) 

Inserting (55) and (56) in (54) yields (53), which was 
used in the other method of calculation, and in which 
the parameter p does not appear. Hence, the two points 
of view are equivalent. 

High-Frequency Polyphase Transmission Line* 
C. T. TAIt, ASSOCIATE, IRE 

Summary—The problems of the polyphase transmission line and 
the single-phase multiwire line have been formulated, based upon 
the vector-potential method. The transmission-line equations that 
determine the current and voltage relationships on these lines have 
been derived and solved. Formulas for the characteristic impedance 
of the lines have been thus obtained. They are useful in designing 
lines to feed polyphase radiating systems, and in computing the input 
impedance of triple-folded dipoles and other antennas. 

INTRODUCTION 

IN STUDYING the problems of three coupled an-tennas arranged as a triangular array, it has been 
found convenient to decompose the excitations into 

three simple modes. Each mode can then be analyzed 
by the method of vector potential, as for the case of an 

l' Decimal classification: R117.1 XR320.41. Original manuscript 
received by the Institute, February 20, 1948; revised manuscript re-
ceived, June 4, 1948. The research reported in this paper was made 
possible through support extended Cruft Laboratory, Harvard 
University, jointly by the Navy Department (Office of Naval Re-
search) and the Signal Corps, U. S. Army, under Contract N5ori-76, 
T.O.I. 
t Cruft Laboratory, Harvard University, Cambridge, Mass. 

isolated antenna.1.2 The situation is illustrated sche-
matically in Fig.1, where the three antennas are assumed 
to be of identical size, both in diameter and in length. 

v, 
V2 

V3 V, 

V, 

Va 

p2vo 
pVo vO 

pvo 

2 
pVc, 

Fig. 1—Three different types of exetation occurring in the 
problem of three coupled antennas. 

But, electrically, they may be driven by three different 
generators of voltages, say, VI, V2, and Vs, respectively. 

I E. Flallen, "Theoretical investigations into the transmitting and 
receiving qualities of antennas," Nov. Acta, Roy. Soc. Sci. (Upsala) 
vol. 77, p. 1; 1938. 

2 R. King, and D. Middleton, "The cylindrical antenna, current 
and impedance," Quar. Appl. Math. vol. 3, no. 4, p. 302; 1946. 
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By the method of symmetrical components, the three 
voltages can be decomposed to form three groups desig-
nated by zero sequence, positive sequence, and negative 
sequence. Mathematically, they are connected in the 
following linear equations: 

Vi =  • ±  + 

1 2 =  • pv. + p2v.' 
= 171 p2v + pv.' 

where p denotes the phase factor ei2r13 . Conversely, one 
may solve V„ V., and V.' in terms of VI, V2, and V3 

from (1)-(3). By the superposition theorem, the three 
coupled antennas driven by three arbitrary voltages 
can thus be considered as driven by three sequences, 
and the general problem concerning the current dis-
tribution, input impedances, and the like will be solved, 
once the solution of each sequence is known. If the an-
tennas are closely coupled to each other, the positive 
sequence or the negative sequence forms a conventional 
excitation of the three-phase open-end transmission line, 
while the zero sequence forms an excitation which is 
mainly responsible for the radiation from the system. 
In the present paper, discussion will be limited to trans-
mission-line modes, and the formulation will be extended 
to any number of phases exceeding three. The analysis 
of the radiation modes was treated in another paper' 
as an antenna problem. Single-phase multiwire trans-
mission lines, which are of equal interest, are also treated 

here. 

GENERAL EQUATIONS AND THEIR SOLUTIONS FOR A 
THREE-PHASE LINE 

The problem to be treated is illustrated in Fig. 2. 
Three generators with a successive phase difference of 
120 degrees are connected at one terminal of the corn-

Fig. 2—A three-phase transmission line terminated by 
y-connected impedances. 

posite line with a y-connected impedance net Zov's 
terminated at the transmitting end. At the rear end, 
the line is terminated in three y-connected load imped-
ances Z,is. It is essential in the present analysis that 
the composite line be balanced both geometrically and 
electrically, so that the following equations hold true: 

13z = pf,z - pui.• (4) 

3 C. T. Tai, "Coupled antennas," PROC. I.R.E., vol. 36, pp. 487-
501; April, 1948. 

The analysis of this problem is well established for short 
lines in power engineering. At high frequencies, or when 
the length of the line is comparable to the wavelength, 
the analysis has not been so thoroughly studied as that 
of a two-wire line. It is almost universally true that 
earlier works." were developed by introducing such 
coefficients as mutual inductance or mutual capaci-
tance between the wires. Some of these concepts are 
based upon the theory of static electricity. As an analy-
sis of an electrodynamic problem, they are sometimes 
quite misleading. To clarify many of these ambiguities, 
the theory of the polyphase transmission line will be 
developed on a more substantial base by making use 
of the so-called vector-potential method.' 
By starting with Maxwell's equations in a homogene-

ous, isotropic medium, with harmonic time dependence, 
namely, 

curl E = - jw.T3 

1  _  _ 
— curl B = J  jw€E 

div eE = p 

div  = 0 

(5) 

two potential functions A and cp can be defined in terms 
of E and T3 according to the following two equations: 

curl A = B 

grad 42 = - E — jc071. 

(6) 

(7) 

An additional relation is then assumed between A and 
(1) such that both functions will satisfy the three-dimen-
sional wave equations, one of which is a vector wave 
equation, while the other is a scalar one. They are 

div  = - j (--132)  (8) 

where 

‘7 271 4_ /3271 = 

V2 4, + 020 = 
S 

1 
V2 — — —  • 

(9) 

(10) 

The particular integrals of (9) and (10) that represent 
the solution of the potentials for a certain distribution 
of charges and currents in a finite region are known as 
Helmholtz's integrals, which are given by 

= —   dr' ± —12 f  e-iorda'  (11) 
J'e4/r  r  47r „ r 

A. Russell "A. C. Circuits," vol. 2, Cambridge University Press, 
1946; p. 547. 
• L. A. Woodruff, "Principles of Electrical Power Transmission," 

John Wiley and Sons, Inc., New York, N. Y., 1938. 
• R. King, "Electromagnetic Engineering," vol. 1, chap. 3, Mc-

Graw-Hill Book Co., New York, N. Y., 1945. 
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4, =  f  '13r  dr' +  f  ffie d a'  (12) 
4re  r  4ire „ r 

where n' and T' are surface density of charges and cur-
rents that may exist at the surfaces of the bodies im-
mersed in the medium, apart from the continuous dis-
tribution of volume charges and volume current, p' 
and 7', while a and 7 denote respectively the surface 
and volume where the integration is performed. 
In dealing with three cylindrical wires as shown in 

Fig. 2, (7), (8), and (11) can be reduced to 

=  E1s  j(044 Is 

Oz 

IL 
ix =- 

47r 0 

where 

e — ifitu 

Ti' 
±  '2z' 

e-14 /r12 

ris 

e—jor i3)  

  dz' 

7.13 

rn = N/(z1' — ZI) 2 ±  a2 { 

ris = V(zs' — z1)2 ± b2 ' 
ri3  _ zos  1,2 

a and b denoting respectively the radius of each wire 
and the distance between the centers of any two ad-
jacent wires; z denoting the position of a fixed point 
where Al. is defined; and zi', zs', and z3' being the posi-
tions of the variable points where the integrations are 
performed. Two similar sets of equations like (13)—(15) 
can be derived for As., 4/2, E21; A 3s, 03, and E3s. It is un-
derstood that only the values of 4, and A defined at the 
surface of the conductor are of interest in the present 
analysis. In reducing the equations from three-dimen-
sional form to the one-dimensional form, the contribu-
tion due to the end leads has been neglected. Deriva-
tions of these equations similar to (13)—(15) are de-
scribed in great detail in footnote reference 6. Equation 
(15) can be simplified by substituting the values of 12, 
and h„ in terms of /1, according to (4), and by making 
use of the relation 

(13) 

and substituting 

E = zii/ 

where zi is the internal impedance per unit length for 
a single wire and I the total axial current in each con-
ductor, the following equations can be derived from 
(13)—(15) and similar equations for As, 02, E2; A 3t  4,3 

E3. (For simplicity, the subscript z is omitted.) They are 

avi2 

az 

awn 

—  zli(1 —  jww12  (20) 

—  j  V12, 
Os 

(21) 

(14)  and two similar pairs for 143, W23, V31, and Wu. BY 
means of (4) and (17), W12 can be written as 

A  8 (-Ora  e- )0%2) 
W12 =A 1 —A 2=-- f Ii'(1—p)     dz'. (22) 

4r 0 ru  r12 

(15)  Equation (22) can be simplified by introducing a dis-
tribution function defined by 

/1(z') = ii(z)./(zz').  (23) 

1 ± p+ p2 = 0. 

One then has 
IL 

A1. =  f  8 

42- 0 

By defining 

VI2 

(16) 

(e- Or"  e- Or") 
rii  ri2  dz'.  (17) 

=  — 02,  V23 = 4,2 — 4731 

V31 =  — 

W 12 =  A — A 2,  W 23 =  A2 —  A 3t 

W si =  A3  A 1 

(18) 

(19) 

Then one has 

W 12 =  (1 —  f  f(zz')    

47r  ru 
 ) 

e— gir12 

dz' . (24) 
ris 

If the spacing between two adjacent wires is small com-
pared with a wavelength, it has been demonstrated' 
that the function defined by the definite integral in (24) 
is practically constant, being independent of z except 
near the two ends of the line. This constant can be eval-
uated from the following definite integral: 

( n 1  1 K = f  — — —)dz'  2 ln — ; 
0  r  rls  a 

z2 >> b2, (s 5)2 >> b2. 

Now let another constant Ze be defined: 

ze = jw  K = jco 

then Wu can be written as 

— in — ; 
a 

—j (1—p)  
W 12 =  Zei 

0)  2 

(25) 

(26) 

Substituting (26) in (20)—(21), one obtains the follow-
ing two differential equations: 

az 

(1—   (r  jw1)I  (27) 
2 

2 
(g  jwc)V 12 

(1 — 

7 See pp. 478-485 of footnote reference 6. 

(28) 
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where 

r jca = 2z1i z°  (29) 

/32  ) 

_ m4 ,2  _ 

g jwc = ye =  =   (30) 
z °  z ° 

In (30), e and a are the effective dielectric constant and 
conductivity of the surrounding medium. Formulas for 
r, 1, g, and c can be derived easily from (29) and (30). 
They are 

1 cum , 
r = 2r' = — 141—  

7r a  2cr, 

1  = — in — 
a 

TO' 

g   

In — 
a 

re 

C  (34) 

In —  
a 

It is understood that these formulas are derived under 
the assumption that (2a/b)2<<1. Expressions defined 
by (31)—(34) are precisely the line constants of an iso-
lated two-wire transmission line with separation equal 
to b and the radius of the conductors equal to a. It is 
seen that by means of the vector-potential method one 
can derive formally the transmission-line equations of 
a three-phase line without relying upon the so-called 
distributed constants of such a composite line. 
By introducing hyperbolic functions,8 and inserting 

the proper boundary conditions, the solution for It and 
V12 is found to be 

V. sinh 00 sinh [k(s — z) 
1.1= 

V12 =  (1 — p)V. 
sinh (ks  00-1-

where the constants are defined in the following 
tions: 

Z,  sinh (ks  Oo + 0.) 

sinh 00 cosh [k(s — z)  0,j 

(35) 

(36) 

equa-

k =  jcol)(g  jwc)  (37) 

(38) 

(39) 

(40) 

(41) 

g  jwc 

Z„ = IZ, 

coth Bo = Zo acv 

coth 0, = 

8 R. King, "Transmission line theory and its application," Jour. 
A pp. Phys., vol. 14, pp. 577-600; November, 1943. 
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For a y load, it can be readily verified that 

i2. 

1373 

(V)   =  (42) 
(1 — p)z„ 

Thus for any given pair of values of /1 and V12 an equiv-
alent y input impedance can be defined by 

V12 

Ziny =    

(1 P)Ii 
(43) 

For a section of line of length s terminated by a y load of 
impedances equal to Z,,, the input impedance is 

Ziny = Z, coth (ks  (44 ) 

From (41) it is seen that, if Z„=Z„, 0, becomes infinite; 
therefore, from (44), Zim, =Z,,, or if one lets s become 
infinitely large in (44), Zi„„ will also be equal to Z„. 
This proves that Z,„ is actually the characteristic im-
pedance of the line. There is no difficulty in defining an 
equivalent-A characteristic impedance of the line if the 
load is A-connected as shown in Fig. 3. For a three-
phase line, the relation between Zca and Z,„ is simply 

Z czt =  3Z,, = IZ, 

1.0 

Fig. 3—A three-phase transmission line terminated by 
a-connected impedances. 

(45) 

where Z a is the characteristic impedance of an isolated 
two-wire line. 

EXTENSION TO AN n-PHASE LINE 

The method described can be easily extended to an n-
phase line with a configuration shown in Fig. 4. Although 
the formulation was quite complicated at the beginning, 

4/ 

2I ' 

Fig. 4—An n-wire line illustrating the notation used in the text. 
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the results turned out to be very simple. For a low-loss 
line placed in air, the equivalent-y characteristic im-
pedance of an n-phase line is found to be 

= 60 in — — 120 In [(sin 4)) ".829S  
a 

• (sin 20)c"0 • • • (sin (k — 1)0cos2(k-1)41 

b 12  
= 60 in   120 In [(sin  e0s254 

a sin (1) 

where 

(sin 20)c°340 • • • (sin (k — 1)40.2. k— "0] (46) 

n + 1 

fl 

2 
n = odd 

n = even. 

The meaning of D, b12, and 4) is explained in Fig. 4. The 
equivalent-A characteristic impedance is given by 

R„, = 4 sin2 ORney.  (47) 

To the knowledge of the writer, this formula has never 
appeared before. Previous workers' dealing with this 
subject often had their formulas presented numerically, 
because most of the line constants, including mutual 
and self-coefficients, have been presented in this way. 
The analytic formula derived here is believed to have 
applications for long-distance power transmission, as 
well as for high-frequency power transmission. 
Since the characteristic impedance of a polyphase 

transmission line is defined with respect to all the ter-
minals of the composite line, it is not directly related to 
that of a two-wire line. In order to determine whether a 
line is relatively of low impedance or of high impedance, 
one may resort to the power relation. Suppose that a 
polyphase line has been terminated with its character-
istic impedance; then the total power input is 

nV2 

I LA 

where V is the line voltage between two phases. If the 
same amount of power is to be transmitted by a non-
resonant two-wire line maintained at the same voltage, 
the line must be designed to have a characteristic im-
pedance Rc equal to Rcnc,/n. It is thus seen that the 
quantity R„Ain is a measure of the effective character-
istic impedance of a composite line. Numerical values 
of R„,1,  and 1?c,,,i/n will be given later. 

P = (48) 

SINGLE-PHASE MULTI WIRE TRANSMISSION LINE 

If the n wires shown in Fig. 4 are excited so that any 
two adjacent wires will carry equal and opposite cur-

9 H. B. Dwight, "Transmission Line Formulas," D Van Nostrand 
Co., Inc., New York, N. Y., 1925. 

rents, the system forms a single-phase multiwire trans-
mission line. It is necessary that n be an even number. 
The analysis of this problem follows the same method 
outlined previously. The characteristic impedance of 
the line is found to be 

240  (2D \  240  (  \. 2612 
= — In   In   (49) 
n  na  n  na sin c6) 

The simplicity of this expression is attributed to a not-
very-well-known trigonometrical identity, namely, 

sin 20 sin 44) n-2 
(sin (   4, (-1)(n+2)12 = , 

sin q5 sin 34)  2  2 

= — •  (50) 
it 

For n =2, (49) reduces to the well-known formula of the 
characteristic impedance of a two-wire line. For n =4, 
the formula checks with the result obtained by King." 
It is seen that a single-phase multiwire line can be re-
garded as a link between a two-wire line and a coaxial 
line as the number of wires is increased. 

NUMERICAL COMPUTATIONS 

To study the variation of the characteristic imped-
ances of a polyphase or a single-phase multiwire trans-
mission line, as the number of wires is changed, one can 
either keep constant b12, the separation between two 
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Fig. 5—Characteristic impedance of a polyphase transmission 
line as a function of n. 

10 See chapter 4 of footnote reference 6. 
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adjacent wires, or constant D, the diameter of the com-
posite line. For a polyphase line, this is illustrated graph-
ically in Fig. 5, where curve A represents the values of 
Reny at constant D, and curve B the values at constant 
tin. The equivalent-y characteristic impedance of a two-
wire line is taken as one-half of its actual value. In both 
cases, ln(D/a) and ln(bi2/a) are assumed to be equal to 
3. Curves C and D are the equivalent characteristic 
impedance defined in terms of a A connection. The 
curve marked E shows the values of R,„A/n, which is 
a measure of the effective characteristic impedance of a 
polyphase line. It is seen that the polyphase line is es-
sentially a low-impedance line as compared to a two-
wire line. 
The value of Re. for a single-phase multiwire line is 

plotted on Fig. 6. For other values of D/a or b12/a, com-
plete information may be obtained from this figure by 
an appropriate shifting of the curves. To use (46) and 
(49) one must not overlook the fact that these formulas 
are derived under the assumption that b122 is large com-
pared with a'. 

600 
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" Cr1.1),, CONSTANT 
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fr,  = fn  3 
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Fig. 6—Characteristic impedance of a single-phase multiwire 
transmission line as a function of n. 

As a check on the validity of these formulas, we like 
to compare the primary constants derived using the 

conventional method, as quoted in the literature." For 
a three-phase balanced line, the inductance per meter 
per phase is given by 

blz 
L' = 2 ln — X 10-7 henry/meter  (51) 

while the "capacitance to neutral" as computed by the 
so-called indirect method is 

C' = 
1 

biz 
18 ln — 

r 

X 10-9 farad/meter.  (52) 

The equivalent y-characteristic impedance is therefore 
given by 

1)12 
Rey =  c-7 = 60 In --,  (53) 

which is the same as (46) by putting k = 2 or n=3. As 
explained by the same two authors," the term "capaci-
tance to neutral" is quite misleading. The situation is 
even worse when we are going to derive the transmis-
sion-line equation for a polyphase line by means of the 
conventional method, where the coefficients of mutual 
capacitance and mutual inductance are bound to be 
introduced. 

CONCLUSION 

The preceding analysis shows an interesting applica-
tion of the vector-potential method in dealing with 
polyphase transmission-line problems. Equations that 
determine the current and voltage distribution on the 
lines have thus been derived and solved without making 
use of the distribution constants of the lines that would 
be very involved otherwise. The theory used in this 
study of the polyphase transmission line is useful in 
computing the input impedance of a number of radiat-
ing systems, including, especially, the triple-folded di-
pole and the corner-reflector antenna." The formula for 
the characteristic impedance of these lines is useful in de-
signing lines to feed polyphase radiating systems."," 
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Low-Pass Filters Using Coaxial Transmission 
Lines as Elements* 

DOUGLAS E. MODEt, SENIOR MEMBER, IRE 

Summary—Transmission-line low-pass filter design is in large 
measure dependent upon the frequency band in which the filter is to 
be used. Certain approximations may be made at comparatively low 
frequencies which simplify the problem, refinements in the analysis 
having to be introduced as the filter pass band is extended to higher 
and higher frequencies. Four transmission-line low-pass filter de-
signs are presented which specify the mechanical dimensions required 
for constructing low-pass transmission-line filters having pass bands 
with a width of as much as 4000 Mc. 

I. INTRODUCTION 

HE USE OF TRANSMISSION LINES as filter 
elements is not new, considerable research on the 
subject having been done before the war, with the 

beginning perhaps going back to a paper by Mason and 
Sykes.' Other work concerning such filters for rather 
special applications has also appeared.'-' A group of 
investigators at Harvard° developed a number of filters 
using combinations of transmission lines and lumped-
parameter elements. At about the same time, a program 
of filter development was being pursued by the Naval 
Research Laboratory. 7 The Harvard efforts were chiefly 
concerned with filter applications in the microwave 
bands (around 4000 Mc), while the Naval Research 
Laboratory had concentrated on filter designs for use at 
frequencies below 1000 Mc. Further theoretical work on 
transmission-line filters by the Harvard staff has re-
cently appeared.° 
Practical considerations indicate that filters made up 

of coaxial transmission-line elements are of use above 
200 Mc, where lumped-parameter-element filters are 
difficult to construct, up to about 4000 Mc, where wave-
guides and their associated reactive elements are most 

Decimal classification: R386.2 X RI17.2. Original manuscript 
received by the Institute, February 12, 1947; revised manuscript re-
ceived, April 20, 1948. A dissertation in electrical engineering pre-
sented to the faculty of the graduate school in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, Moore School 
of Electrical Engineering, University of Pennsylvania, Philadelphia, 
Pa. Most of this work was carried out for the Army Air Forces, 
Watson Laboratories, under contract number W28-099-ac-I28. 
1' Lehigh University, Bethlehem, Pa. 
' W. P. Mason and R. A. Sykes, "The use of coaxial and balanced 

transmission lines in filters and wide-band transformers for high 
radio frequencies," Bell Sys. Tech. Jour., vol. 16, pp. 275-302; July, 
1937. 

2 L. M. Leeds, "Concentric narrow-band elimination filter," PROC. 
I.R.E., vol. 26, pp. 576-589; May, 1938. 

3 H. Salinger, "A coaxial filter for vestigial side-band transmission 
in television," PROC. I.R.E., vol. 29, pp. 115-120; March, 1941. 

4 L. R. Quarles, "Transmission lines as filters," Communications, 
vol. 26, pp. 34-38; June, 1946. 

5 C. L. Cuccia and H. R. Hegbar, "An ultra-high-frequency low-
pass filter of coaxial construction," RCA Rev. Vol. 8, pp. 743-750; 
December, 1947. 

4 Harvard Radio Research Laboratory Reports, nos. 411-115A to 
D, United States Dept. of Commerce Publication PB 14175, 1945. 

I Naval Research Laboratory Report, no. 2770, September, 1946. 
Radio Research Laboratory Staff, "Very-High-Frequency Tech-

niques," McGraw-Hill Book Company, Inc., New York, N. Y., 1947; 
chaps. 26 and 27. 

effective. The transmission-line filters to be discussed in 
this paper are limited to low-pass types and are based 
on the prototype section shown in Fig. 1. Electrically, 
this section may be thought of as a tee, having coaxial 

9  

Fig. 1—Sketch of a typical mid-series low-pass 
transmission-line filter. 

transmission lines for both its series and shunt elements. 
Because of the repetitive nature of the reactance versus 
frequency characteristics of transmission lines, a low-
pass filter using such lines as elements cannot be ex-
pected to exhibit but one pass band, spurious or "sec-
ondary" pass bands being found above the first or "pri-
mary" cutoff frequency of the filter. Such secondary 
pass bands must, of course, be considered when a prac-
tical design is attempted. 

II. CRITERIA FOR LOW-PASS FILTER DESIGN 

There are a number of factors which dictate the 
choice of a particular filter design for a given applica-
tion. Among these are the insertion loss in the pass 
band, the attenuation in the stop band, the steepness 
of the attenuation slope near the boundary of the at-
tenuation band, and the over-all phase-shift character-
istics of the filter. Depending upon the service for which 
the filter is intended, one or more of these may be of 
primary consequence. The pass-band insertion loss has 
been chosen in what follows as the factor to be used in 
judging- the relative merit of a filter. 
Most low-pass transmission-line filters exhibit a fairly 

constant image impedance in the low-frequency portion 
of their pass bands. Depending upon the design, this 
constant or "flat" portion of the image-impedance char-
acteristic may extend over a large or small part of the 
pass band. As the pass-band insertion loss of a filter 
depends upon the amount by which its image im-
pedance differs from that of the circuit in which it is to 
work, a first comparison of the relative merit of two 
filters may be had by making a plot of their image-
impedance characteristics, the better filter being the 
one which has the "flatter" image-impedance curve. 
Certain simplifying approximations have been made 

throughout this paper. First, transmission lines shorter 
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than about 5 electrical degrees have been neglected 
(connecting leads may fall in this class). Second, trans-
mission lines of less than about 25 electrical degrees are 
treated as lumped inductors (the electrical lengths are 
computed at the cutoff frequency). Finally, dissipation 
has not been included because the Q of all of the filter 
elements is high. 

III. LO W-PASS TRANSMISSION-LINE FILTERS FOR 

USE BELO W 1000 MC 

Low-pass transmission-line filters with cutoff fre-
quencies below 1000 Mc may be constructed with di-
mensions such that the series transmission lines may be 
treated as lumped inductors and the leads connecting 
the shunt transmission lines may be neglected. Either 
midseries or midshunt termination may be used, but 
the midshunt termination gives a much flatter image-
impedance characteristic, and hence is adopted. The 
equivalent circuit of the filter section is shown in Fig. 
2 where L is the inductance representing the series 
transmission line, ZO2 is the characteristic impedance of 

-Z gozcotife  Zo,cot-rir 

Fig. 2—Equivalent circuit of a low-pass transmission-line 
filter applicable below 1000 Mc. 

the shunt transmission line, and fo is the frequency at 
which the shunt transmission line is quarter-wave res-
onant. The equation for the image impedance of a sym-

metrical midshunt filter section is 

zo„ = 
2Z2 

4Z2 
(1) 

where, 
Z2= the total shunt impedance, and 
= the total series impedance of a section. 

If 02 be defined as the electrical length of the shunt 
transmission line at the filter cutoff frequency f„ there 
results 

where 

zo, 
021 

2 cot — 
I, 

Zo2 V4fc  021 — cot — — 1 
bf  f. 

co,L 
b = — • 

Zo2 

(2) 

(3) 

The beginning of the primary stop band requires that 

z1/4Z2 = — 1,  (4) 

which introduces the relation between the parameters 

b = 4 cot 02.  (5) 

A family of image-impedance curves obtained from 
(2) with b as the parameter is shown in Fig. 3. Inspection 
shows that if b is taken equal to 1.22 the image imped-
ance varies by about 2 per cent over 80 per cent of the 
pass band. 
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b= 230 
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NORMALIZED  FREQUENCY  4/fc 

Fig. 3—Typical normalized image-impedance characteristics for the 
low-pass transmission-line filter prototype shown in Fig. 2. 

10 

To illustrate the ease with which a low-pass transmis-
sion-line filter of this type may be designed, suppose it 
is required that a low-pass filter to match a 50-ohm 
circuit and to cut off at 700 Mc be constructed. Fig. 3 
indicates that for b =1.22 the normalized image im-
pedance is equal to 0.985 in the "flat" region, which 
gives for Z02 the value 50/0.985 =51 ohms. A coaxial 
transmission line having this characteristic impedance 
may be constructed in many ways; for instance, a 1-
inch pipe of 1/32-inch wall thickness may be used for 
the outer conductor, and a 3/16-inch diameter rod 
for the inner conductor. The terminating sections re-
quire shunt transmission lines with a characteristic 
impedance of 102 ohms. From (5), the electrical length 
of the shunt transmission lines is 73 electrical de-
grees at 700 Mc, corresponding to a physical length 
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of 3.42 inches. (This must be reduced somewhat in 
order to include the effect of fringing flux at the open 
end of the transmission line.) It is good practice to spec-
ify the outer conductors of the shunt transmission 
lines somewhat longer than the inner conductors, in order 
to confine stray fields which would otherwise appear at 
the open end of the lines. Finally, the dimensions of the 
series transmission line must be fixed such that the re-
quired value of L is obtained for each section. If the 
series transmission line is constructed as shown in Fig. 
1 (that is, if it is a coaxial line whose inner and outer 
conductors are circular cylinders), there is little difficulty 
in calculating its length and the diameters of the inner 
and outer conductors. The early designs of the Naval 
Research Laboratory 7 used a series transmission line 
composed of a rectangular cylinder for an outer con-
ductor and an inner conductor of circular cross section. 

Fig. 4—External view of a low-pass transmission-line filter 
designed for a cutoff frequency of 700 Mc. 

DECIBELS 

0 

In such cases, perhaps the best method for arriving at 
a satisfactory design is to estimate the dimensions re-
quired and then make a final adjustment by varying 
the diameter of the inner conductor of the series trans-
mission line. A filter constructed in this way is shown 
in Fig. 4. The calculated reactive attenuation and 
experimental insertion-loss curves are plotted in Fig. 5. 

IV. LO W- PASS TRANSMISSION-LINE FILTERS FOR 

USE BELO W 2000 Mc 

If a low-pass transmission-line filter is to have a cut-
off frequency in the 1000 to 2000 Mc band, the lead con-
necting the shunt and series transmission lines may be 
electrically longer than 5 degrees and, therefore, should 
be considered in the analysis. This leads to the proto-
type filter section shown in Fig. 6, where the shunt 

Fig. 6—Equivalent circuit of a mid series-terminated low-pass 
transmission-line filter prototype including shunt transmission-
line lead inductance. 

transmission-line lead inductance is taken as A times 
the inductance of one of the series-arm inductors. The 
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Fig. 5—Calculated attenuation and experimental insertion loss of the 
low-pass transmission-line filter shown in Fig. 4. 
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midshunt image impedance is 

021  b'A 
2 cot 

fc  (1+ 2A)  f. Z Or 

ZO2 
V (1 +  2A) [If cot 2 -1-0 — 

b'f  f, 

in which 

b' = 4 cot 02 = 
w,L(1 + 2A) 

ZO2 

(6) 

(7) 

If the quantities A and b' are chosen as design parame-
ters, it remains to determine combinations of these 
parameters which yield acceptable image-impedance 
characteristics. An empirical way of doing this is to 
select an arbitrary value for one of them and then fix 
the other by use of the relation 

ZOT  ZOT 
= • — 

ZO2 fifc=0.1  ZO2 
(8) 

Typical image-impedance characteristics obtained by 
this method are shown in Fig. 7. As all of them are rela-
tively "flat," the values of A and b' which define any 
one of them may be used as the basis for a filter design. 
However, since the design parameter A merely indicates 
the value which the shunt transmission-line lead in-

144 
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Fig. 7—Typical image-impedance characteristics for the low-pass 
transmission-line filter prototype shown in Fig. 6 (midshunt 
termination). 

ductance must have and no method of designing a lead 
which has a given inductance has been given, the prob-
lem of specifying the dimensions of a lead in order that 
it have a prescribed inductance remains to be solved. 
Equation (7) indicates that the cutoff frequency of a 

low-pass transmission-line filter is lowered by the pres-
ence of shunt transmission-line lead inductance. If it be 
assumed that all of the circuit parameters involved in a 
given filter design may be accurately calculated with the 
exception of a shunt transmission-line lead inductance, 
then a laboratory measurement of the cutoff frequency 
of a sample filter should enable the calculation of A. 
One parameter, other than the sought-for lead in-
ductance, requires further refinement in its calculation. 
This is the electrical length of the shunt transmission 
line, for the fringing flux at the open end of such a line 
results in the equivalent electrical length of the line 
being longer than the actual mechanical dimensions 
dictate. Two methods .,of translating this fringing effect 
into analytical terms are available; either the line may 
be considered terminated by a capacitor of such mag-
nitude as to electrically simulate the fringing flux, or the 
line may be considered longer by an amount sufficient 
to account for the end effect. Using these ideas, a filter 
design based on the methods of Section III was worked 
out, but with a cutoff frequency of 1600 Mc—a fre-
quency thought sufficiently high to show up the effect 
of shunt transmission-line lead inductance. Photographs 
of this filter are shown in Figs. 8 and 9. It may be seen 
that the shunt transmission lines are identical for both 

Fig. 8—External view of a low-pass transmission-line 
filter designed to cut off at 1600 Mc. 

Fig. 9— Internal construction of the filter shown in Fig. 8. 
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the midseries and midshunt sections; the terminating 
sections, however, use a single shunt transmission line 
whereas the midseries sections employ two such lines 
in parallel. As expected, the experimental cutoff fre-
quency was less than the design value oi 1600 Mc. 
Accordingly, the shunt transmission lines were short-
ened until the filter cut off at about 1600 Mc. An em-
pirical equation for the calculation of shunt transmis-
sion-line lead inductance obtained from these test re-
sults is 

k 
L, = —(Dk— dk) log,  3/81 

4r  d1 

where 

(9) 

L.= shunt transmission-line lead inductance in hen-
ries 

= permeability, 1.26 X10-8 for air 
Dk = inner diameter of the outer conductor of the 

series transmission line (cm) 
dk =outer diameter of the inner conductor of the se-

ries transmission line (cm) 
/k = length of the series transmission line between 
adjacent shunt transmission lines (cm) 

di= diameter of the shunt transmission-line lead 
(cm). 

In order to get a first check of (9), a larger filter hav-
ing about the same cutoff frequency was constructed as 
shown in Fig. 10. Calculation of the parameter A by use 
of (9) gave a value of 2.09, whereas test results substi-
tuted into (7) indicated that A should be about 2.15. 

Fig. 10—External view of a mechanically large low-pass transmis-
sion-line filter designed to cut off at 1600 Mc. The Internal details 
are substantially the same as for the smaller filter shown in Fig. 
12. 

Therefore, it appears that for filters having dimensions 
of the order of those shown in the photographs, the em-
pirical equation (9) may be used. 

V. LOW-PASS TRANSMISSION-LINE FILTERS FOR 
USE BELOW 3000 Mc 

When the cutoff frequency of a transmission-line 
low-pass filter is extended up to about 3000 Mc, the 
series transmission line may have to be treated as a 
true line rather than as a lumped-parameter circuit 
element. That this is so may perhaps best be shown by 
comparing the insertion loss of the filters discussed in 
Section IV with the calculated attenuation. Figs. 11 and 
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Fig. 11—Calculated attenuation and experimental insertion loss for 
the low-pass transmission-line filter shown in Figs. 8 and 9. 
The calculated attenuation is based on the analysis of Section IV. 

60 

SO 

40 

30 

20 

/ 0 

o (41Cu I 
13 e peri 

it eo 
entai 



1948  Mode: Coaxial Transmission-Line Elements in Low-Pass Filters 1381 

12 show the experimental insertion loss and the reactive 
attenuation calculated from the equivalent circuit of 
Fig. 6 for the small and large filters, respectively. No 
agreement between theoretical and experimental results 
is evident except in the lower one-third of the frequency 
band shown. It is not expected that the insertion and 
attenuation losses should be the same, for they are dif-
ferent quantities; however, the discrepancies shown in 
Figs. 11 and 12 cannot be explained on this basis. 
If the filter analysis is modified in that the series 

transmission line is treated as a line, and, further, if this 
series transmission line is represented by its exact 
equivalent lumped-parameter representation, the filter 
prototype becomes that shown in Fig. 13, where 

ZA = jZk sin 241111 f c 

ZB iZk cos (Pic 
(10) 

in which 
Zk= the characteristic impedance of the series trans-

mission line, and 
20 =the electrical length of this line at the cutoff fre-

quency fc. Two new parameters, b" and a, are in-
troduced through the defining equations 

cocL, 
b" —   and a = Z an. 

ZO2 

Fig. 13—Equivalent circuit of a midshunt-terminated low-pass 
transmission-line filter prototype including a more exact repre-
sentation of the series transmission line. 

The equation for the midshunt image impedance is 

or 

b" = cot 02 — a tan cfr. (15) 

In order to illustrate how the introduction of these 
equations improves the agreement between the experi-
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Fig. 14—Calculated attenuation and experimental insertion loss for 
the low-pass transmission-line filter shown in Figs. 8 and 9. The 
calculated attenuation is based on the analysis of Section V. 

mental insertion loss and calculated reactive attenua-
tion, the parameters 4), 02, a, and b" were evaluated for 
each of the filters under consideration, and the reactive 
attenuation recalculated. The results are shown in Fig. 
14 for the small filter and in Fig. 15 for the larger one. A 
much better agreement between experimental and theo-
retical results is evident. 
To make use of the analysis given in this section, it is 

necessary that combinations of design parameters yield-
ing relatively flat image-impedance characteristics be 
obtained. Within limits set by mechanical considera-
tions, any two of the parameters may be arbitrarily 
chosen and then the third one fixed such that the filter 
image-impedance characteristic is sufficiently flat in the 

Zo,   j[b"f/fc— cot 02f/fe][a cot Ckfil] 

Zo2 [b"fifc— cot 02fifc — a cot (1)flich/1  4Z2g1' 

in which the algebraic sign is chosen such that the im-
pedance is positive when real, and 

Z1 sin2q5f/fc[b"flfc— cot 02f/fc — a cot '/f/f]  
• (13) 

4Z2 2 cot it,f/fc [cot 02f/fc—rf/M 

The upper cutoff frequency introduces the relation 

— 2 cot ib[cot 02 — 
 = Sin 20 
b" — cot 02 — a cot 

(12) 

pass band. An example of the sort of characteristic 
which may be expected is shown in Fig. 16, the parame-
ter values being a = 2, 02=0.7, and ct• =0.3. 

VI. LOW-PASS TRANSMISSION-LINE FILTERS FOR 
USE BELOW 4000 Mc 

If a transmission-line low-pass filter is to have a cut-
(14)  off frequency between 3000 and 4000 Mc, the shunt 

transmission-line leads may be sufficiently long to war-



Zo, 
—  = 0.85, 
z02 

and, in order to match a 52-ohm circuit, 
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rant a transmission-line representation. To illustrate  D2 
= 61.3 = 138 logio —  (17) the need for such a refinement, a filter  mo del was  con -  d2 

structed to have a cutoff frequency of 3500 Mc, the de-
sign method being that of Section V and the particular  or 

filter parameters those defining the image-impedance  D2 = 2.78d2.  (18) 
characteristic of Fig. 16. The design details are as fol-
lows:  Also, 

From Fig. 16,  Dk 
Zk =  138 logio —  = aZo2 = 122.6  (19) 

dk 
(16) 

or 

O CO IC u la 
•  eX Pe rl 

+ed 
mental 

a 

0 10  40 

PREQUENCY  IN 

30 
niE4ACYCLES 

40 

10 -3 

SO 60 

Fig. 15—Calculated attenuation and experimental insertion loss for 
the low-pass transmission-line filter shown in Fig. 10. The cal-
culated attenuation is based on the analysis of Section V. 

1.0 
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."4 

▪ 06 

a. 

04 

02 
ac 

0 0.2  0.4  0.6  08 
NORMALIZED  FREQUENCY  44, 

Fig. 16—Image-impedance characteristic derived from the equiva-
lent circuit of Fig. 13. The parameters are a=2, 0=-0.3, and 
004.7. 

10 

Dk = 7.74dk.  (20) 

The parameter b" is evaluated from (15) and is found to 
be equal to 0.569. From (11), the shunt transmission-
line lead inductance is 

9.96 X 10—s 
L. =   

27 
(21) 

Using this value of inductance in the empirical (9) and 
substituting the value of D k in terms of dk, there is 

2 X 0.996 
dk =  3/8 (22) 

/k 
1.26 X 6.74 X log, 

di 

Since 41=0.3 in the design, the series transmission-line 
length h, which is 24) at the cutoff frequency, becomes 
0.322 inch. As one dimension is arbitrary, set di =1/16 
inch. Then dk is 0.14 inch and Dk becomes 1.08 inch. 
Mechanically, di and d2 are equal, since they are the 
same conductor. This gives 

D2 = 2.78d2 = 2.78d1 = 0.174 inch.  (23) 

The shunt transmission-line length is 0.7 radians at f 
or 0.375 inch which is reduced to about 0.275 inch when 
corrected for end fringing. A filter constructed according 
to these dimensions is shown in the photograph, Fig. 17. 
When tested, it was found that the shunt line length had 
to be reduced to 0.10 inch in order to obtain the 3500-Mc 

Fig. 17—External view of a low-pass transmission-line filter designed 
to cut off at 3500 Mc. 

cutoff frequency. The large difference between the pre-
scribed and required shunt transmission-line lengths 
underlines the need for a more exact analysis. 
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The consideration of the shunt transmission-line con-
necting lead as a transmission line requires some basis 
for calculating the electrical parameters of said lead. 
Since such a lead has as a return conductor the outer 
conductor of the series transmission line, and its in-
ductance and capacitance are, therefore, functions of 
position along the lead, an exact representation of it 
would involve treating it as a nonuniform transmission 
line. An empirical relation which has yielded results 
which compare favorably with experiment is based on 
the assumption that the lead may be treated as a uni-
form coaxial transmission line in which the inner con-
ductor is the lead itself and an imaginary outer conduc-
tor having a diameter equal to the spacing of adjacent 
shunt transmission lines is postulated. The shunt 
element of a filter section is then composed of two 
transmission lines connected in tandem, the first one 
being the lead to the shunt transmission line and the 
second the shunt transmission line itself. The input im-
pedance to the combination is, then, 

z. = 
jZ01[ 02f  Olf  ° — Z02 cot  cos IC  fc Zoi sin Ill ] 

02f  0 if 
Zo1 CoS —  Z•2 cot   sin — 

fc  fc  fc 

(24) 

where 
Zo1= the characteristic impedance of the shunt trans-

mission-line lead, and 
01= is its electrical length at the cutoff frequency f. 

Making the substitution Zoi =Zk/d and giving the quan-
tity a the same significance as before, we may write 

Zi = jZk sin 20f/f,  (25) 

and 

Z1 

4Z2 

DECIBELS 

60 

SO 

40 

30 

“  20 
0 

10 

d cot 02 -  a tan 01 
tan 4) =   (30) 

d(a  d tan 01 cot 02) 

0  CA 

E x 

LCULATED 

PERI MENTA 

0  C  3 

FAEQUENCY  IN  MEGACYCLES  X  /0 -3 

Fig. 18—Calculated attenuation and experimental insertion loss for 
the filter shown in Fig. 17. 

• 

To illustrate what may be expected from this final 
analysis of the low-pass transmission-line filter, the 
parameters of the filter defined by (16) to (23) were 
calculated with the exception of 02, which resulted in 
such poor correlation between experimental and theo-
retical shunt transmission-line length. These are a= 2.0, 

24)f  021  Oil eJ  0211 
sin — [ad cot —(1)./  d2 cot — tan — cot — — a tan  ± d cot 

f c  fc  fc  fc  IC  fc 

The upper cutoff frequency requires that 

01[  Of e2f 
2 cot — a tan   — d cot 

f c  IC] 

ad sin 20 cot 4)  d2 sin 20 cot  cot 02 tan 03 

— a sin 20 tan 01  d sin 20 cot 02 

= 2d cot 4, cot 02 — 2a cot 4, tan 01, 

from which the following may be obtained: 

tan 01 

tan 02 

d cot 02 cot 4, — ad 

d2 cot 02 ± a cot 

— (d2 — d cot 01 cot (1)) 

ad cot 01+ a cot 

(26) 

d = 1.25, 01=50°, and d)= 17.2°. Substitution of these 
values into (29) gives a value for 02 equal to 12.05°. 
This is to be compared with the experimental value of 

(27)  12.9° (corrected for end fringing). The calculated reac-
tive attenuation and measured insertion loss are shown 
in Fig. 18. Measurements could not be carried above 
the frequency where the curves end because of limita-
tions imposed by the laboratory test equipment. 

(28) 

(29) 
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Parabolic Loci for Two Tuned Coupled Circuits* 
SZE-HOU CHANGt, ASSOCIATE, IRE 

Summary—It is pointed out that the reciprocal of the system-re-
sponse function E,/E2, or its equivalent, of conventional two-mesh 
tuned coupled circuits when plotted in the complex plane leads to 
parabolic loci under certain restrictions. The simple geometric proper-
ties of parabolas will facilitate the design work and may throw 
lights as to the applications and limitations of the coupled circuits in 
different fields, electrical or nonelectrical. 

1. INTRODUCTION 

TUNED COUPLED CIRCUITS have been the 
subject of many investigations." They lead to 
analytic formulas or sets of precalculated curves. 

The formulas are usually quite complicated, and an 
enormous number of curves are usually required to meet 
the variations in different parameters. This paper points 
out that the reciprocal of the system-response function' 
of conventional two-mesh tuned coupled circuits, when 
plotted in the complex plane, will give a parabolic locus 
under certain restrictions. Many well-known properties 
of the coupled circuit can thus be deduced from the sim-
ple and familiar geometrical properties of the parabola. 
New lights may be thrown to the adaptabilities or limi-
tations of the coupled circuit in its multiple fields of ap-
plications, either electrical or nonelectrical. 
For the application in design work, in order to meet 

the variation in different parameters such as the tight-
ness of coupling, ratios of the Q's of the primary and sec-
ondary, and their detuning, a complete set of parabolas 
of different focal lengths, but with common vertex, is 
drawn. By choice of the proper parabola and the corre-
sponding origin, the system-response function can be 
read directly with a suitable conversion of the scale of 
the j axis for the frequency. 
We shall deal with the type of coupled circuits which 

have a narrow pass band as compared with the central 
frequency, and the ratios of Q's and the detuning of pri-
mary and secondary are not too large. We shall also as-
sume that the coupling impedance and the load imped-
ance' do not vary very much in the narrow frequency 
range. 
Then follows a specific and detailed treatment of the 

inductively coupled circuits with the driving voltage in 

• Decimal classification: R142.3. Original manuscript received by 
the Institute, February 14, 1947; revised manuscript received, June 
28, 1948. Presented, 1947 IRE National Convention, New York, 
N. Y., March 4, 1947. 
t Northeastern University, Boston, Mass.; formerly, Cambridge 

Field Station, AMC, Cambridge, Mass. 
1 C. B. Aiken, "Two-mesh tuned coupled circuit filters," PROC. 

1.R.E., vol. 25, pp. 230-273; February, 1937. 
2 F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 

Book Co., New York, N. Y., 1943; section 3, pars. 3-9 and their 
included references. 

3 The reciprocal of the system-response function is here defined as 
E,/E, where El and E, are voltages at input and output, respectively. 

The load impedance is here used to mean the portion of imped-
ance of the secondary circuit across which E2 is developed; i.e., 
ZL =E2//:. 

series with the primary. Conversion to a circuit having a 
constant-current source in parallel with the primary is 
well known. The treatment is divided into three cases:' 
(A) primary and secondary circuits identically tuned 
and having the same Q; (B) primary and secondary 
identically tuned but having different Q's; (C) primary 
and secondary detuned and having different Q's. This 
type of circuit was chosen because it is much discussed in 
literature and thus makes comparisons easier.' The idea 
can be extended to other types of circuits with similar 
restrictions. 

2. GENERAL CIRCUIT WITH CONSTANT-VOLTAGE DRIV-
ING SOURCE IN SERIES WITH THE PRIMARY 

R.-4,  L, -AI  L, - 

E, 

R, 

Fig. 1—General two coupled circuits with driving voltage in series 
with the primary. 

The voltage at the output in Fig. 1 is 

— EI ZIrt ZL 

E 2 =  I 2Z L =   

Z1 Z2 

The reciprocal of the system-response function is 

EI 1 =    (Z1Z2 — Z.2). 
E2  ZrriZL 

(1) 

(2) 

To reduce the discussion to one of the dimensionless 
parameters, let 

and 

RiRs 
  g 
Z.ZL - 

Z1 

RI 

Z2 
— = Z2 
R2 

RiR2 

Then (2) becomes 

El 
— = — g(z1z2 — z„,2). 
E2 

6 See footnote references 1 and 2. 

(3) 

(4) 

(5) 

(6) 

(7) 
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Under the assumptions that the frequency range is nar-
row and Z„, and ZL contain elements so that z„,2 and g 
vary very little with frequency as compared with zizz, 
we may regard z„,2 and g as constant, although they may 
be complex. 
Now, let 

E 2 / 

Substituting (8) into (7), 

Ei 
.S/0 = —  g = — ziz2  z.2. 

E2 

(8) 

(9) 

The only variable part now left in the right-hand side is 
—ziz2, which we shall discuss more in detail. 
From (4) and (5), 

Z1 Ri  jXi  
= 1 -I- jx1 

Ri Ri 

We shall discuss the following cases: 
Case (A). Primary and secondary identically tuned 

and having the same Q. 
Case (B). Primary and secondary identically tuned 

but having different Q's. 
Case (C). Primary and secondary detuned and having 

different Q's. 

Case (A). wi=w2, Qi= Q2 

Let 
W2 = coo 

Q2 = Qo 
xt = x2 = X 

21 = Z2 = Z 

(16) 

Then 

— ziz2 = — z2 = — (1 + jx)2 = — (1 — .172) — 12x.  (17) 

Let u and v be the real and imaginary part of ziz2, respec-
(10)  tively; then 

Z2  R2 ± jX2  
Z2 =  =   R = 1 jx2  (11) 

2 R2 

where 

Xi = total reactance of the primary circuit alone 

X2 = total reactance of the secondary circuit alone 

x1 
xi = —  = j 

Ri Ri 

(CO L' -  - 1 ) 

( Xi 

C0 
=  1) 

CO 

X2 
1.2 =  j 

R2 

1 

wi 

(0 1,2 —  —u, c2  

1 ) 

R2 

CO  CO2) 
= jQ2 (—  — 

W2 

W2 =   
iL 2C 2 

R1 

Q2 = 
W2L2 

R2 

Hence, 

— ziz2= — (1+ jx1) (1 +ix2) 

Lo  col) 
= • —  — — — 

R1 coi (.4 

(12) 

• C0 2L 2 ( CO 
= 

R2 0/2 

= - [I (.-̀)] [i+J.22(L) - L'2)]. 
cot  co  cos  W 

(412)o.) 
(13) 

(14) 

(15) 

u = — (1 — x2) 

V = — 2x. 

(18) 

(19) 

Here x is a variable with respect to frequency, and, by 
eliminating it from (18) and (19), we get 

v2 = 4(1 -I- u)  (20) 

which is an equation for the parabola, with vertex at 
(u, v) ( —1, 0) and focus at the origin, the latus rectum 
is equal to 4. See Fig. 2. 

Fig. 2—Parabolic plottings of —zizi in complex plane for case (A) 

(.1 = (02,  = G) and case (B)  (el = 

Case (B). 0/1, W 2 = 0/01Q1 = Q0, Q2 = eQo 

Let 

CO  COI  CO  0/2 

C01  CO  W2  CO 

CO 
= — 
WO 

xi = Nob 
X2 = jeQ2(3 

zi = 1 jQ06 

z2 = 1 -I- jeQ06 

W 

CO 

Q2 = e 

). 

= 

(21) 
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The real part is 

— zizz = — (1 + jQo(1)(1.+ .ieQ06) 
u = — [1 — 4eQ 2(-y — 1) (111 — 1)1  (33) 

= — (1 — eQ0262 ) — jQoO(1 + e)  (22) 

and  and the imaginary part is 

u = — (1 — eQ0262)  (23)  e 

V  — Q0S(1 + e).  (24) 
V = — 2Q0[-y (1 ± --) — 1 + e)].  (34) 

=  h 

Eliminating S, which is variable with respect to co, from  Eliminating 7 from (33) and (34), we get 
(23) and (24), we get 

(v — O r =  4P [71 +  (I +  a) .1  (35) 

Let 

(1 -11- e)2 
v2 --   (1 

1 (1 + e)2 
P= 

4  e 

Then (25) becomes 

v2 = 4p(1 + u). 

(25)  where 

(26) 

(27) 

This is also an equation of parabola, with vertex at 
(u, v)  ( —1, 0), and the latus rectum is 4p. (See Fig. 2.) 
Case (C). ah o.)2, 

Let 

Q1 =  Q0 

Q2 =  eQo 

0)1 =  COO 

W2 =  hC00 

Then 

CO  CO1  ( 0,2  wi t? \ 

xi = QIS1 = Q1  =  Q1    

COI  0)  WW1  ) 

cti  Lot  — wi)** 
= Qi   (0.,  cal) = 2Q, 

oxol 

= 2Q,(71 — 1) = 2Q0(-y — 1) 

x2 = 20(72 — 1) = 2t420(-17—h — 1) 

where 

= — = 'Y 
co 

'Y 
= — = 

n 

and 

WI 

(28) 

(29) 
Fig. 3—Parabolic plotting of —zizz in complex plane for case (C) 

(30) 
("=2 h, ?f,12- = e). 

3. PARABOLIC PLOTTINGS OF THE RECIPROCAL OF SYS-
TEM- RESPONSE FUNCTION IN COMPLEX PLANE 

For convenience sake, we reproduce (9). 

Ei / 
(31)  S/0 = —  / g = — ziz2  z.2. 

E2i 

= 1 (h  e)2 
P  

4  eh 

a = —Q02(h — 1)2 

120(h — 1)(e — h) 
0 = 

(36) 

(37) 

(38) 

Equation (35) is again an equation of parabola, but here 
the vertex is at (u, v) = ( —1 —a,#) and the u-axis is no 
longer the axis of symmetry. (See Fig. 3.) 

a 

— ziz2 = — [1 + j2Q0(7 — 1)][1  j2eQ0(1h — 1)](32) 

= — [1 — 4eQ02(7 — 1)  — 1)1 

— j2Qo [-y (1 + -71 ) — (1 + e)] . 

(39) 

We have shown in Sections 3 to 5 that the loci of 
—z152 are parabolas for three cases; we have assumed 
that the frequency range is narrow, and thus z„,2 and g 
may be regarded as constant. Referring to (39), the ad-
dition of z„,2 to —ziz2 is a linear transformation, which 
results in a translation of the original parabola of 
—z2z2. The factor +2„,2 is a real dimensionless quantity 
if the coupling is purely resistive, inductive, or capaci-
tive. For complex couplings, it will be complex. 
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So long as g may be regarded as constant, S/9 will 
give both the relative amplitude and phase characteris-
tic of the reciprocal of the system-response function 
E1/E2. If g is not constant and its variation with fre-
quency is known, E1/E2 may be found by multiplying 
the vector from the parabolic plotting by g. 
The amplitude and phase characteristics of system-re-

sponse function are usually plotted against frequency. 
Means for the determination of frequency scale can be 
found from the expression for v. Take the case (C), which 
is the most general, from (34). 

v = — 4)0[7 (1  — (I + 

= — 2Q0 [(7 — 
1 

1) (1 +  e (1 
(40) 

This expression is subject to the assumption that 

(to +cot)/oxat= 2/col and (co+ w2)/cow2= 2/c02. 
Let 

— 

a =  — 1 —   (41) 
coo 

Equation (40) becomes 

v = — 2 Q 0 [a (1  —h ) — 

Solving for a, 

e (1 — —h1 

Case (C). a = [— —  e(1 — 
2Q0 

Case (B). h = 1 

1 
a = 

2Qo 1+e 

Case (A). e = 1 

a = — -- • 
4Qo 

(42) 

(43) 

(44) 

(45) 

Equations (45) to (43) show that the fractional fre-
quency deviation a is directly proportional to the scale 
of the v-axis. 
A set of parabolas with different p's corresponding to 

different ratios of Q2/Qi =e and co2/coi --=h should be con-
structed. (See Fig. 4.) The correspondence between e, h, 
and p as given by (36) is reproduced here. 

Case (C). 

Case (B). 

1 (h 
= 
4  eh 

h = 1 

1 (1 + e)2 
P 

4  e 

(46) 

(47) 

lb  

/4  

j- Axis 
12 

6  

P=4 

a- (324. 
9  

2  

• MO  14  Fl  to  rye 
0'  Pool Axis 

4  

E, 
Fig. 4—Parabolic loci of —/g in complex plane 

E2 
for two coupled circuits. 

Case (A). 
e = 1 

p = 1. 

The vertex is located at: 

Case (C). 

Case (B). 

(u, v) —= [1 + a — (z„,2)r,  — (z„,2)ij 

a = 

Z.2 = 

—h Q02(h — 1)2 

QO(h —  1)(e — h) 

(z .2)  Az .2) Z„,2 

R1R2 

h = 1 

= 13 = 0 

(u, v)  [1 —  — (z,n2)i]. 

Case (A). Same as case (B). 

(u, v)  [1 — (z.2)r, — 

(48) 

(49) 

(50) 

(51) 
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H. R. HEGBAR 

In order to get the reciprocal of the system-response 
function 

- - / g 

E2 

(S, amplitude, and 0, phase) for the coupled circuits, we 
may summarize the procedure as follows: 
(a) Compute e, h, p, a, 13, and z„,2 from the given data. 
(b) Choose the parabola with the proper p as com-

puted in (a) and Fig. 4. 
(c) Determine the origin so that the vertex of the pa-

rabola is given by (49), (50), or (51). 

(d) A transparent polar co-ordinate paper or cellulose 
sheet can be put over the parabola with the center set 
at the chosen origin. S and 0 can then be read directly 
on the parabola with the aid of a rotating bar pivoted 
at the center. 
(e) The frequency is proportional to the scale of j-axis 

according to (43), (44), or (45). 
(f) If coupled circuits are cascaded by isolating vac-

uum tubes the magnitude of the over-all response can be 
obtained by adding the ratio of E1/E2 expressed in db; 
the angle can also be added directly. 
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Missouri in 1941. In 
1942 Mr. Randals re-
ceived an appoint-
ment to the Signal 

A. 1,1,. RANDALS  Corps  Engineering 
Laboratory at Camp 

Evans, Belmar N. J. Since 1943 he has 
been with the Thermionics Branch, Vacuum-
Tube Development Section, at this Labora-
tory. At the present time he holds the 
position of research physicist, and is en-
gaged in research and development prob-
lems of magnetrons. 
Mr. Randals is also attending the grad-

uate school of the Stevens Institute of Tech-
nology, where he is pursuing graduate study 
in the field of physics. 

• 

For a photograph and biography of 
J. D. NOE, see page 1003 of the August, 
1948, issue of the PROCEEDINGS:OF THE 
I.R.E. 

• 

For a photograph and biography of 
BERNARD M. OLIVER, see page 504 of the 
April, 1948, issue of the PROCEEDINGS OF 
THE I.R.E. 

Claude E. Shannon was born in Pe-
toskey, Mich., on April 30, 1916. He re-
ceived the B.S. degree in electrical engi-
neering from the University of Michigan 

in 1936, and the de-
grees of S.M. in elec-
trical engineering and 
Ph.D. in mathemat-
ics from the Massa-
chusetts Institute of 
Technology in 1940. 
In 1941 he was a Na-
tional Research Fel-
low, and since then 
has been working at 
the Bell Telephone 

C. E. SHANNON  Laboratories. 

GEORGE SINCLAIR 

George Sinclair 
(A'37—SM'46) was 
born in Hamilton, 
Ontario, Canada, oil 
November 5, 1912 
He received the B.St 
degree in electrical 
engineering in 1933 
and the M.Sc. degree 
in 1935 from the Uni-
versity of Alberta, 
and the Ph.D. degree 
in 1946 from  the 

Ohio State University. Dr. Sinclair was 
an instructor in electrical engineering at the 
University of Alberta for one year, and engi-
neer for the Northern Broadcasting Corpora-
tion for two years. 
From 1941 to 1947 Dr. Sinclair was a re-

search associate in the department of electri-
cal engineering of the Ohio State University, 
supervising the research program of the 
Antenna Laboratory. He is now an assistant 
professor of electrical engineering at the 
University of Toronto, and is also a con-
sultant to the Ohio State University An-
tenna...Laboratory. 

Philip T. Smith (A'38—SM'46) was born 
on September 16, 1902, in St. Paul, Minn. 
He received the B.A. degree from the Uni-
versity of Minnesota in 1927, majoring in 
physics. He then attended the same Uni-
versity as a teaching assistant in physics, 
receiving the Ph.D. degree in 1931. From 
1931 to 1933 he was a Rockefeller Research 
Fellow at the University of Minnesota, and 
the following year, he was a National Re-
search Fellow in physics at Princeton Uni-
versity. He was an instructor of physics at 
the Massachusetts Institute of Technology 
until 1937. 
Dr. Smith joined the Research staff of 

the RCA Manufacturing Company at 
Harrison, N. J., re-
maining until 1942, 
when he transferred 
to RCA Laboratories 
Division at Prince-
ton, N. J., as a re-
search engineer work-
ing on uhf problems. 
He is a member of 
the American Phys-
ical Society, Sigma 
Xi, and Gamma Al-

PHILIP T. SMITH  pha. 

A. M. SKELLETT 

A. Melvin Skel-
lett (M'44) was born 
in 1901 in St. Louis, 
Mo. He received the 
A.B. and M.S. de-
grees from Washing-
ton  University  in 
1924 and 1927, re-
spectively, and the 
Ph.D. degree from 
Princeton University 
in 1933. He was an 
assistant professor of 

physics at the University of Florida dur-
ing 1927 and 1928, and from 1929 until 
1944 he was employed by the Bell Tele-
phone Laboratories as a member of the 
technical staff. 
Dr. Skellett is vice-president in charge 

of research of the National Union Radio 
Corporation in Orange, N. J. He is also a 
consultant to the Research and Develop-
ment Board in the Department of National 
Defense of the United States Government. 

For a photograph and biography of J. R. 
PIERCE, see page 1003 of the August, 1948, 
issue of the PROCEEDINGS OF THE I.R.E. 

For a photograph and biography of C. T 
TA!, see page 504 of the April, 1948, issue 
of the PROCEEDINGS OF THE I.R.E. 

Howard M. Zeidler (M'45) was born in 
1919 at Eudora, Kan. He received the B.S. 
degree from Kansas State College in 1941, 
and the S.M. degree from the Massachusetts 
Institute of Technology in 1943. From 1943 
to 1946, he was a research associate at the 
Radio Research Laboratory at Harvard 
University, a portion of that period being 
spent as a technical representative with the 

Army Air Forces in the 
Mediterranean The-
atre of Operations. 
Since 1946, Mr. 

Zeidler has been em• 
ployed as an engineer 
at the Hewlett Pack-
ard Company in Palo 
Alto, Calif. He is a 
member of Sigma Xi 
Phi Kappa Phi, Sig-
ma Tau, and Eta 

H. M. ZEIDLER  Kappa Nu. 
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Correspondence 

Avenues of Improvement in 

Present-Day Television* 

I have read Mr. Fink's paper1 with great 
interest. I was particularly impressed with 
his discourse on "geometric distortion," for 
this problem has been of interest to us here 
for some years. 
Practically speaking, let me point out 

that the reason for geometric distortion 
originating in camera equipment is due to 
the following: 
1. Ambient gradient surrounding the 

components in circuits which are responsible 
for the generation and amplification of the 
sawtooth currents and potentials necessary 
in the scanning systems. Changes in temper-
ature of the air surrounding components 
(particularly capacitors), in circuits where 
the "saws" are produced, result in a change 
in the electrical constants of these compo-
nents during periods of operation, resulting in 
nonlinearity of the sawtooth wave forms. 
Even when so-called negative-temperature-
coefficient components are used, for instance, 
the difficulty still persists. This has been 
proved here by checking ambient tempera-
ture gradient in critical scanning circuits 
against changes in the degree of linearity of 
sawtooth wave forms. 
2. The failure of the industry, as was 

said, universally to adopt a technique such 
as that suggested six years ago by Duke in 
his paper.' 
3. The failure of the industry to develop 

sawtooth-generating circuits of greater sta-
bility for application to commercial tele-
vision apparatus. Such circuits can be 
greatly improved, and with little research. 
In the last instance ((3) above), I would 

like to point out the work of H. S. Black of 
Bell Telephone Laboratories in the develop-
ment of feedback circuits, some of which can 
be applied to stabilize "saw" generating cir-
cuits. The use of inverse feedback for this 
purpose has already been pointed out by 
Groves,' and a circuit which can be modified 
for use in a sawtooth-generating circuit has 
been developed.' In this system, the expo-
nential charge of a capacitor (producing a 
sawtooth wave) is fed back in series with the 
input potential, the out-of-phase potential 
compensating for the nonlinear rise of the 
exponential capacitor discharge. 
The linearization of electromagnetic de-

flection currents by means of negative feed-
back has also been accomplished by a num-
ber of workers.' In one feedback circuit, the 
negative feedback arrangement has been 

* Received by the Institute. July 9, 1948. 
D. G. Fink, 'Avenues of improvement in present-

day television.' PROC. I.R.E., vol. 36. pp. 896-906; 
July, 1948. 
I Vernon Duke, 'A method for checking television 

scanning linearity,' RCA Rev., vol. 2, pp. 190-202; 
October, 1941. 

W. R. Groves, letter to Wireless World, vol. 43. 
p. 278; September 22, 1938. 

E. S. L. Beale and R. Stansfield, British Patent 
453887. 

6A. D. Blumlein, British Patent 479113; M. 
Bowman-Manifold and W . S. Perceval, British Patent 
424221; E. L. C. White, British Patent 518.378. 

found to maintain the sawtooth current con-
stant within 0.05 per cent. 
In closing, let me say that the mainte-

nance technicians at DuMont television 
Network stations religiously follow the 
problem of geometric distortion day by day 
in an effort to seek some improvement. How-
ever. with the circuits in use in this country 
today, ambient gradient in the equipment 
is such —particularly over long periods of 
operation—that "linearity," even though 
perfectly achieved before "program time," 
will not hold over long periods of operation. 
More stable circuits are needed. 
I would suggest some work on the part 

of all the manufacturers toward applying in-
verse feedback to scanning potential gener-
ators and amplifiers. I think that herein will 
lie some hope of a successful solution to this 
embarrassing problem. 
Our manufacturing organization is al-

ready applying the principles of inverse feed-
back to television equipment, and our new 
dual iconoscope film chain, in particular, 
makes use of such circuits in the deflec-
tion system. This equipment is just now 
coming off the production line. 

SCOTT HELT 
Chief Engineer 

Allen B. DuMont Laboratories 
New York, N. Y. 

Cathode-Follower Oscillators* 

Some recent papers have described cath-
ode followers as oscillators."" Another inter-
esting approach in analyzing this type of 

Fig. 1 

* Received by the Institute. July 26, 1948. 
l J. M. Diamond, 'Circle diagrams for cathode 

followers." PROC. I.R.E., vol. 36. pp. 416-420; March. 
1948. 

K. Schlesinger,  'Cathode-follower circuits," 
PROC. I.R.E., vol. 33. pp. 843-855; December. 1945. 

Fig. 3 

oscillator is to solve the loop equations of 
the equivalent circuit (Fig. I.) for the gen-
eralized oscillator (Fig. 2) under conditions 
of sustained oscillation. The relations be-
tween the various parameters can be ex-
pressed by the following determinantal 
equation: 

+Y1' 11 -4- Z2  — (Z2  1± % Z1) 
= 0, 

Z2  ZI +  Z2 +  Z3 

or when expanded, as: 

rp(ZI +Z2-FZ3) + (1 lii)Z2Z3-FZIZ2= O. (1) 

This equation is the classical Barkhausen 
equation, and demonstrates the important 
fact that, independent of the point of 
grounding, the steady-state conditions for 
oscillation are identical. 
If, in the determinant, the following ap-

proximations are made: 

1 

1 µ — gm 

then (1) is simply: 

Z1 -4- Z2 -I- Z3 

and  A 
1 + µ 

-I- Z27,3 = 0. 
gm 

It can be seen that, in addition to the case 
having a capacitive Zy and Z3, there is also 
a cathode-follower oscillator requiring in-
ductive components for these two imped-
ances. In general, Zy and Z3 must be of simi-
lar reactive component to make an oscil-
lator. 
The cathode-follower oscillator can be 

made a crystal oscillator by replacing an 
inductive arm with a crystal. If the cathode 
is capacitive, then the crystal can be placed 
from grid to ground, replacing Z3; while, if 
the cathode is inductive, the crystal can be 
placed from grid to cathode, replacing Z3. 
These two possibilities are cathode-follower 
versions of the Pierce and Miller crystal 
oscillators, with the plate grounded instead 
of the cathode. A 10-Mc Pierce cfo is shown 

GC4_1_  1  B+ 

0.005,,vf 

6.3v. 

in Fig. 3, where maximum use has been 
made of interelectrode capacitances. At 
lower frequencies, the grid-to-cathode and 
cathode-to-ground capacitances must be 
increased. 
It can be seen that grounding the plate 

allows simpler circuit configurations. 
L. ROSENTHAL 

Rutgers University 
New Brunswick, N. J. 
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Institute News and Radio Notes 

AIEE-IRE CONFERENCE ON 
ELECTRONIC INSTRUMENTATION 

At  the  AIEE-IRE  Conference  on 
Electronic Instrumentation in Nucleonics 
and Medicine, to be held at the Engineering 
Societies Building, 29 West 39 Street, New 
York, N. Y., over thirty outstanding papers 
on various aspects of the subject will be pre-
sented at three daily sessions. 
On November 29, under W. A. Geoheg-

an's leadership, Harry Grundfest will open 
the session with a paper on "Biological Re-
quirements in Amplifiers," followed by 
"Present Practice in Biological Amplifier 
Design," by John P. Hervey. A group en-
titled "Biological Requirements in Record-
ing Devices," will include "Cathode-Ray 
Photography," by Charles M. Berry; "The 
Electrocardiograph," by John L. Nicker-
son;  "The  Electroencephalograph,"  by 
Charles H. Richards, and "Miscellaneous 
Recorders," by John R. Pappenheimer. The 
session will conclude with "Engineering As-
pects in Biological Recorder Design," by 
S. R. Gilford. 
The second session, on November 30, 

with G. W. Dunlap as chairman, will 
offer the following papers: "An Introduction 
to Nucleonics Instrumentation," by A. 
Dahl; "Biological Requirements for Radio-
active-Isotope Measurements," by C. A. 
Tobias, Jr., and a discussion of the latter by 
L. Marinelli; "Geiger Counters," by H. 
Friedman; "Thin-Window Beta Counters," 
by F. C. Henriques, Jr.; "Autoradiographic 
Technique," by George A. Boyd; "Stable 
Isotope Measurement," by David Ritten-
berg; "The Biological Effects of Radiation 
and Health Protection," by G. Failla; and 
Health-Protection  Instrumentation,"  by 
F. R. Shonka. 
The final session, on December 1, will be 

headed by H. H. Goldsmith. S. A. Korff 
will start the session with a paper on 
"Proportional Counters, including Alpha 
and Neutron," followed by "Neutron De-
tection," by H. L. Anderson; "Ionization 
Chambers," by J. A. Victoreen; "Ioniza-
tion-Chamber Measurements," by E. W. 
Mallon; "Stabilized High-Voltage Supply 
for Counters and Chambers," by W. A. 
Higginbotham; "Electron-Multiplier Coun-
ters," by P. S. Johnson; "Crystal Counters" 
by Robert Hofstadter; "Electronic Counting 
Techniques," by  Matthew Sands; and 
"Photographic Emulsion," by J. Spence. 
Additional invited papers may also be 
presented. 

NATIONAL ELECTRONICS 
CONFERENCE IN NOVEMBER 

The National Electronics Conference, to 
be held on November 4, 5, and 6, 1948, at 
the Edgewater Beach Hotel in Chicago, will 
consist of fifteen sessions, at which over sixty 
papers will be presented. At the first day's 
luncheon meeting, Anton J. Carlson will 
speak on "Science, Industry, and the Future 
of Man." Donald J. Fink, editor of Elec-
tronics magazine, will speak at the second 

Calendar of 

COMING EVENTS 

National Electronics Conference, Chi-
cago, Nov. 4-6, 1948. 

Electronic Technicians' Town Meet-
ing, Boston, Nov. 15-17 

Technical Symposium for Electronic 
Engineers in Geophysics, Houston, 
Tex.; Nov. 22 (tent.) 

American Physical Society Meeting, 
Chicago, Nov. 26-27 

IRE-RMA Rochester Fall Meeting, 
Rochester, N. Y., Nov. 8-10 

RN1A Town Meeting, Boston, Mass., 
Nov. 15-17 

AIEE-IRE Conference on Electronic 
Instrumentation, New York City, 
Nov. 29—Dec. 1 

1948 Southwestern IRE Conference, 
Dallas, Tex., Dec. 10-11 

AIEE Symposium High-Frequency 
Measurements, Washington, D. C., 
Jan. 10-12 

American Physical Society Meeting, 
New York City, Jan. 27-29, 1949 

March 7-10, 1949 IRE National Con-
vention, New York City 

day's luncheon on "The Decline and Fall 
of the Free Electron." A banquet will be 
held the evening of the first day for engi-
neers and their families, at which there will 
be a floor show and dancing. 

SOUTHWESTERN IRE CONFERENCE 
SCHEDULED FOR DECEMBER 

Prompted by the postwar increase in the 
scope and volume of electronic activity in 
the Southwest, particularly in the field of 
oil exploration, the Dallas-Fort Worth Sec-
tion of the IRE is taking a step forward to 
direct attention toward an electronic indus-
trial potential with capable manpower, and 
to bring inspiration and new ideas to a cen-
tral point within reach of the engineers of 
the geographically large Southwest. In 1947, 
the Fort Worth Section alone embraced 
880,000 square miles. 
Dedicated to this purpose, the South-

western IRE Conference will be held at the 
Baker Hotel, Dallas, Tex., on December 10 
and 11, 1948. Following the registration of 
guests from 8:30 to 10:00 A.M. on Friday, 
December 10, papers in the fields of radio, 
television, and geophysics will be presented 
at the technical sessions, and manufacturers' 
exhibits of various electronic equipment will 
be on display both days of the conference. 
Field trips to points of technical interest, 

including the Southwest's first and recently 

completed television station WBAP-TV at 
Fort Worth, and Dallas' first frequency-
modu lation station, WFFA-FM, will supple-
ment the technical sessions, exhibits, and 
entertainment. All radio stations and indus-
trial laboratories, as well as the Southern 
Methodist University, have granted special 
privileges to visiting IRE members. A ladies' 
program for the engineers' wives and families 
has also been arranged, including a special 
visit to the world-famous Neiman-Marcus 
Department Store. 
Further information concerning the con-

ference may be obtained from A. S. LeVelle, 
810 Telephone Building, Dallas 2, Tex. 

SYMPOSIA IN GEOPHYSICS FOR 
ELECTRONIC ENGINEERS 

A series of technical symposia in geo-
physics of interest to electronic engineers is 
being planned for presentation in Houston, 
Tex., during the winter months. The sym-
posia are being conducted as a joint project 
of the IRE, the AIEE, and the Society of 
Exploration Geophysicists. The primary 
purpose of these meetings is to bring to-
gether for group study and discussions the 
electronic specialists scattered throughout 
the various geophysical laboratories of the 
petroleum industry. The first meeting is 
tentatively scheduled for November 22. 
Further details may be secured from 

W. M. Rust, Jr., of the Humble Oil and 
Refining Co., Houston, Tex., or from 
Lawrence G. Cowles, Superior Oil Co., 
Bellaire, Tex. 

Industrial Engineering 
Notes' 

GERMAN ELECTRONIC RESEARCH 
DESCRIBED IN NEW REPORTS 

Two new OTS reports, PB 81566, "Ger-
man Wartime Research and Development in 
Klystrons" ($4, photostat; $1.75, micro-
film), and PB 81565, "German Wartime 
Crystal-Research and Manufacturing Tech-
niques" ($3, photostat; $1.50, microfilm) may 
be purchased from the Library of Congress, 
Photoduplication Service, Publication Board 
Project, Washington 25, D. C. Check or 
money order should be made payable to the 
Librarian of Congress. 

NEW NSRB APPOINTMENTS 

Arthur M. Hill, chairman of the Na-
tional Security Resources Board, announced 
that Reginald E. Gilmor, a manufacturer 
of scientific apparatus, has been appointed 
vice-chairman to supervise the work of the 

I The data on which these NOTES are based were 
selected, by permission from 'Industry Reports." 
issues of August 13, 20. and 27. and September 3 
and 10, published by the Radio Manufacturers' Asso-
ciation. whose helpful attitude in this matter is hereby 
gladly acknowledged. 
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Board's Mobilization Planning Staff; and 
that Gayle W. Arnold will head the Board's 
Division of Plant Dispersion. Mr. Gilmor, a 
former president of the Sperry Gyroscope 
Co., recently returned from Greece, where 
he directed the industry division of the 
American Mission. Mr. Arnold has served 
as industrial development manager of the 
Baltimore and Ohio Railroad Co., and dur-
ing the war was special consultant to the 
U. S. Army Chief of Ordnance on safety and 
security and plant location problems. 

SIGNAL CORPS ACTIVITIES 

More than thirty-one million dollars in 
surplus electronic equipment has been made 
available to American educational institu-
tions since the beginning of 1947 through the 
Signal Corps donation program. Requests 
for various types of equipment came from 
2807 institutions. The Signal Corps was 
able to supply 13,655 items, with radio and 
radar sets comprising the bulk of the equip-
ment. . . . In order to meet expanding train-
ing requirements, t„he Signal Corps will have 
to recall 471 reserve officers, who may, how-
ever, be recalled to extended active duty 
only with their consent. 

NIC HOPES TO SOLVE RADIO PROBLEMS 

The National Inventors Council issued a 
list of forty items, including a number of 
radio problems, which are among the tech-
nical problems affecting defense to which 
the Council hopes American inventors will 
submit solutions. Compiled by the Council 
in co-operation with the Armed Services, the 
list includes a statement of each problem to-
gether with approaches made to date, and 
their deficiencies or defects. Copies of the 
list ("Technical Problems Affecting National 
Defense," NIC List 1948-1) may be obtained 
without charge from the Council, Depart-
ment of Commerce, Washington 25, D. C. 

RECENT FCC RULINGS 

The FCC announced a proposed revision 
of its multiple ownership rules which would 
limit common ownership or control by one 
person or corporation to not more than 
seven standard broadcast stations. The new 
rule would also forbid any person or cor-
poration from serving as a stockolder, offi-
cer, or director of more than 14 AM sta-
tions .. . Class II experimental construc-
tion permits, subject to final determination 
of proposed FCC rules and allocations for 
this class of radio service, were granted to 
two oil exploration companies, the Seismo-
graph Service Corp., and the Frost Geo-
physical Corp., both of Tulsa, Okla., author-
izing them to conduct experiments for a 
year in the Gulf of Mexico with two new ra-
diolocation systems—Lorac and Raydist, 
respectively. The operating characteristics 
of the two systems differ to some extent, 
but are similar in that both involve phase-
measuring techniques. FCC Commissioner 
Sterling pointed out that the radiolocation 
systems now available, including shoran, 
radar, and other high-frequency systems, 
do not fulfill the operational requirements 

of exploration now being undertaken. The 
frequency location requirements of the two 
new systems raise a number of questions 
which involve present allocations and inter-
national treaties, but the FCC will institute 
a rule-making proceeding looking toward the 
allocation of 8 kc within the 200- to 2050-kc 
band to this radiolocation service. A sim-
ilar proceeding will be instituted with re-
spect to allocating three frequencies in the 
29-Mc band. 

TELEVISION DEVELOPMENTS 
HERE AND ABROAD 

Ninety construction permits for new tele-
vision outlets have been authorized and 303 
applications filed. Westinghouse Radio Sta-
tions, Inc., filed an application to operate 
a commercial stratovision television broad-
casting station in the Pittsburgh area. The 
application seeks Channel 8 for an airborne 
television station to operate at a point about 
30 miles west of Pittsburgh. The stratovision 
plane is to be operated in conjunction with a 
ground station to be established at KDKA, 
Pittsburgh, for which a separate application 
has been filed. 
Television receiver shipments by RMA 

member-companies were fifty per cent 
greater during the second quarter of 1948 
than in the first quarter, and brought total 
postwar shipments for the first half of 1948 
to 425,000, the total half-year production 
being 259,591. Shipments continued to lag 
behind production figures, which total 
463,943 since the war and 278,896 during 
the first six months of 1948. The New York-
Newark area remains the leader in the num-
ber of television sets received, with Phil-
adelphia, Chicago, Los Angeles, Boston, 
Washington, D. C., and Baltimore following. 
In Britain, the television system was 

frozen indefinitely in order to protect nearly 
60,000 receiving sets from obsolescence. Pro-
longed research, requiring several years, will 
be necessary before substantial improve-
ments, possibly including color, can be real-
ized in practice; the London television sta-
tion, therefore, will continue to operate for a 
number of years on the 405-line system, and 
the same system is being adopted for the 
Midlands station and is proposed for other 
British stations. 
Czechoslovakia's first television station 

went on the air in May with an operating 
schedule of three hours daily. At present its 
operations are of technical interest only, as 
there are but five television sets in the coun-
try. However, 20 additional sets are to be 
installed at public places in Prague in the 
near future. 

RMA CELEBRATES "SILVER ANNIVERSARY" 

A gala radio industry celebration is 
planned in Chicago during the week of May 
15, 1949, combining the twenty-fifth RMA 
"Silver Anniversary" convention and the 
annual Radio Parts Industry Trade Show. 
The Stevens Hotel has been virtually taken 
over for the celebration of RMA's founding 
in 1924 and the annual Parts Trade Show, 
with  a "Silver Anniversary"  banquet 
planned for Thursday evening, May 19, in 
the hotel's grand ballroom. 

FM DEVELOPMENTS 

At present 614 FM outlets are operating 
on the air, including 22 noncommercial sta-
tions. Conditional grants number 92, con-
struction permits 706, and 95 applications 
are pending. New stations have recently 
gone on the air in the following states: 
Coq., Bakersfield (KMAR), Los An-

geles  (KFMV-FM),  Merced  (KUME), 
Redding (KVRE), and San Francisco 
(KDFC); Cann., New Haven (WAVZ-FM); 
D. C., Washington (WQQW-FM); Fla., 
Miami  (WGBI-FM); Iowa,  Davenport 
(WOC-FM); Kan., Wichita (KFH-FM); 
Ky., Bowling Green (WBON); Mich., 
Jackson (WJBM-FM); Mo., Kansas City 
(WHB-FM), St. Louis, and Springfield 
(KTTS-FM); N. C., Henderson (WHNC-
FM) and Redisville (WREV); N.  Y., 
Ogdensburg  (WSLB-FM)  and  Troy 
(WFLY); Ohio, Cincinnati (WSAI-FM) and 
Lima (WLOK-FM); Ore., Portland (KOIN-
FM); Pa., DuBois (WCEB-FM); S. C., 
Greenville (WESC-FM); Tenn., Johnson 
City (WJHL-FM); Tex., Belton (KHMB); 
Va., Richmond (WRUB, WRNL-FM, and 
WLEE-FM); W. Va., Oak Hill (WOAY-
FM); Wis., Green Bay (WTAQ-FM), Madi-
son (WFOW), Racine (WRJN-FM), and 
Wausau (WSAU). 
The FCC made final its proposed rules 

providing for low-power FM stations in the 
noncommercial educational broadcasting 
service. This amendment will enable many 
educational institutions which might not be 
able to afford high-powered stations to enter 
the noncommercial educational FM broad-
cast field. 

JULY RADIO PRODUCTION DROPS 

In July, 1948, radio receiver production 
dropped to 627,349 for the lowest monthly 
output since February, 1946. The previous 
month's production was 1,049,517 and pro-
duction in the same month of the year be-
fore was 1,155,456. This represents the first 
time that set production by RMA member-
companies fell below a million-a-month since 
May, 1946. RMA manufacturers produced 
74,988 FM-AM sets during July, as com-
pared with 90,414 in the previous month of 
June and with 70,649 in July, 1947. Produc-
tion of automobile and portable radios also 
decreased sharply. 
At the same time, July, 1948, collections 

of the ten per cent excise tax on radios and 
phonographs and certain of their compo-
nents dropped more than two million dollars 
below the July, 1947, total, and fell about 
one-half million dollars under collections in 
June, 1948. Collections in July totalled 
$4,060,785.34, as compared with ;6,450,-
451.19 in July of the previous year and 
$4,606,382.67 this June. 

CANADIAN RADIO SALES DROPPING 

Sales of radio receiving sets by Canadian 
producers during the first five months of 
1948 totalled 178,843 units valued at 
$16,725,846, as against 318,408 units valued 
at $20,484,088 in the same five months of 
1947. From January to May, 1948, 1509 
sets valued at $170,375 were imported and 
9266 units valued at $355,830 were exported. 
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Microwave Magnetrons, edited by George 
B. Collins. 

Published (1948) by the McGraw-Hill Book Co.. 
330 W. 42 St., New York 18, N. Y. 796 pages, 10-page 
index, xviii pages. 366 figures. 61 X91. $9.00. 

The publication of this book on magne-
trons makes available, for the first time, im-
portant material derived from work per-
formed on magnetrons at the Columbia and 
MIT Radiation Laboratories, and indus-
trial laboratories associated with them. Its 
impact upon the field of magnetron develop-
ment and design will be great. 
That one book should be devoted to a 

single microwave component is not surpris-
ing when it is considered that the magnetron 
is the heart of microwave radar, which was 
such an important wartime development. 
Nor is it surprising that the book is limited 
to a discussion of the cavity-type traveling-
wave magnetron, since nearly all the work 
of the Radiation Laboratory Magnetron 
Section was performed on this highly success-
ful type of tube. 
Although limited in subject material, the 

scope of the book is nonetheless ambitious. 
In addition to covering much of the material 
from both theoretical and design aspects, a 
considerable portion of the book is devoted 
to the actual mechanical construction of mi-
crowave magnetrons. Hence, the theorist, 
the development and design engineer, and 

even the technician, can find much of inter-
est. 
The book begins with a forty-page intro-

duction, invaluable to a novice in the field, 
and is then divided into five major parts: 
"Resonant Systems," "Analysis of Opera-
tion," "Design," "Tuning and Stabiliza-
tion," and "Practice." 
"Resonant Systems" deals with the un-

strapped resonant system, the "rising-sun" 
system, the strapped system, and output 
circuits. Field theory is used very success-
fully for analysis of the mode spectra of the 
unstrapped and the "rising-sun" magne-
trons. The network theory used for analysis 
of the strapped magnetron is of especial im-
portance, since network theory will undoubt-
edly be used increasingly in the analysis of 
more complex magnetrons than those cov-
ered by this book. One regrets, however, that 
Walker did not also include a less profound 
network analysis, since a simplified network 
analysis gives results satisfactory for many 
purposes and would be useful to many en-
gineers who would not be attracted to the 
more complete treatment. 
The second part, entitled "Analysis of 

Operation," presents first a review of the at-
tack that has been made on the problem of 
the interaction of the electrons and the elec-
tromagnetic field. No complete solution to 
this problem is given, but there is much ma-

terial of importance to one desiring to work 
on this problem. Walker sets up the funda-
mental equations of field theory and the 
equations of motion of a charged particle. 
The powerful Lagrange and Hamiltonian 
methods are used, and the work is carried 
through in both relativistic and nonrela-
tivistic form. Some of the known laws, such 
as Hull's cutoff relation and the Hartree 
voltage relation, are derived. The funda-
mental steady states, such as the single-
stream and  multiple-stream  case,  are 
treated. Walker gives an illuminating treat-
ment of the Brillouin steady-state, the 
Bunemann small-amplitude theory, and the 
self-consistent field attack. Both the suc-
cesses and shortcomings of the theories 
are carefully pointed out. Included in 
this section, also, are treatments by Rieke, 
of the magnetron as a circuit element 
of the transient behavior of the magne-
tron, and of noise. The first and second of 
these subjects are of interest to the equip-
ment engineer desiring to understand the be-
havior of a magnetron as a circuit element. 
The section on noise is barely an introduc-
tion to an involved, but very important, sub-
ject. 
The section on design, together with Part 

V on practice, is chiefly of interest to those 
actually designing and building magnetrons. 
Cathode design, dimensioning for desired 
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wavelength, correct Q adjustment, scaling, 
limitations and ratings, test equipment, sold-
ering techniques, and chemical processing, 
are representative of what may be found in 
these sections. Included are discussions and 
illustrations of several typical magnetrons. 
Part IV deals with "Tuning and Stabili-

zation of Magnetrons." The sections on tun-
ing by W. V. Smith include both mechanical 
and electronic tuning, both of great impor-
tance in future development in both cw and 
pulsed magnetrons. 
The book shows considerable repetition 

and difference in style, which is undoubtedly 
the result of the manner in which it was put 
together. In all, there are eleven contribut-
ing authors. Also, there is material from 
other sources included without either per-
mission or reference. 
As a treatise on microwave magnetrons, 

the book is not entirely complete. It does not 
include the interdigital and other types, and 
it is not completely up-to-date. Moreover, 
the authors have refrained from giving credit 
to some of the major developers of magne-
tron design and production. 
On the whole, the over-all fine treatment 

of the subject matter in this book, in addi-
tion to the fact that it is a book in a very 
specialized field, will certainly make it the 
standard reference text for some time to 
come. 

J. ERNEST SMITH 
Raytheon Manufacturing Co. 

Waltham, Mass. 

The Principles and Practice of Wave 
Guides, by L. G. H. Huxley. 

Published (1948) by the Macmillan Co., 60 Fifth 
Ave., New York, N. Y. 325 pages, 2-page index, 148 
figures. 51 X81. $4.75. 

This book, whose more complete title is 
"A Survey of the Principles and Practices of 
Wave Guides," is an excellent textbook. It 
will be found valuable by engineers, stu-
dents, and teachers whose interest in micro-
waves may cover a rather large range. With 
all the wartime analyses, experiments, and 
apparatus design, a complete story of the 
theory and practice of microwave circuitry 
would have to consist of many volumes. A 
design or research engineer must expect from 
time to time to consult almost every aspect 
of the theory and data, since his physical 
apparatus may comprise a complexity of dis-
continuous waveguides. Ultimately, as with 
low-frequency circuit technique, what the 
engineer will want is a good treatise on the 
fundamentals of the art, on the basis of which 
the formulas and experimental set-ups are 
obtained, and then a large and clear hand-
book giving the needed information for the 
various conceivable wave-guiding system 
components. In the present text, the author 
has done a good job of surveying both as-
pects of the field. 
To the reader who seeks a better general 

impression of waveguide technique, this 
book will provide good physical pictures and 
clear discussions free from long and difficult 
mathematical derivations. The practical de-
signer interested in applying the various 
techniques of the art will appreciate the 
many illustrations and short discussions of 
practical points. A good bit of quantitative 

information is presented, so that the de-
signer will find this book a convenient refer-
ence for many things that would be more 
difficult to find in the larger, more detailed 
texts that are now becoming available or 
that may be expected in the future. 
Of course, the author cannot in only 325 

pages describe, even briefly, every one of the 
important characteristics of waveguides and 
techniques of application. However, it is dif-
ficult to imagine someone making a much 
better choice of topics than he has done with 
a survey as the objective. There are some 
mistakes, but on the whole the book is more 
free of them than the average text. An ex-
ample is the discussion on page 36 in which 
the most important higher-order wave in a 
coaxial line, the one that gives considerable 
trouble in practice, is overlooked, and the 
statement is made that no such higher-order 
waves are excited unless the wavelength of 
the principle wave is reduced until it is of the 
order of the distance between inner and outer 
conductors. This is, of course, not correct, 
since the most easily excited wave is one that 
is analogous to the TElo wave of a rectangu-
lar guide. This wave will propagate in a co-
axial line if the average circumference of in-
ner and outer conductors is about equal to 
the wavelength. 
The final chapter is a treatment of se-

lected topics in a more mathematical fashion. 
In most texts such a treatment would pre-
cede the main discussion. The author has 
chosen not to do so here, because the final 
chapter is intended only for those readers 
who will be interested in additional theoreti-
cal background and proofs for the material 
presented earlier. 

SIMON RAMO 
Hughes Aircraft Co. 
Culver City, Calif. 

Vacuum Tubes, by Karl R. Spangenberg. 
Published (1948) by the McGraw-Hill Book Co.. 

330 W. 42 St., New York 18, N. Y. 848 pages, 12-page 
index, xvii pages, 423 figures. 6i X91. $7.50. 

"Vacuum Tubes" is the first book in the 
"Electrical and Electronic Engineering Se-
ries" being published by McGraw-Hill, with 
F. E. Terman as consulting editor. It has 
grown out of a course in vacuum-tube de-
sign given for many years at Stanford Uni-
versity to senior and graduate students in 
electrical engineering and physics. 
With certain exceptions the material 

presented tends to be mathematical or theo-
retical, rather than descriptive. Although 
the use of complex notation is circumvented 
in the early part of the book, it does become 
standard throughout the remainder. A 
knowledge of calculus and complex variables 
is adequate for a general understanding of 
the material presented, but a very much 
more thorough knowledge of mathematics is 
required to carry through some of the indi-
cated derivations. References to commercial 
practices or specific commercial tubes are 
sparse. As the author has pointed out, the 
subject of vacuum tubes is so vast that much 
detail has been omitted and he has confined 
his attention almost exclusively to those 
phenomena taking place within vacuum 
tubes. 
An assessment of the book's contents 

may be made in the form of a tabulation: 

Chapters Pages  % 
3  22  3 
3  102  13 

Introductory material 
Basic information 
Space-charge-control tubes 
(ordinary tubes) 

Noise 
Cathode-ray tubes 
Microwave tubes 
Special and photo tubes 
Evacuation 

6  225  27 
1  30  4 
3  147  18 
2  141  18 
2  72  9 
1  64  8 

The introductory chapters, although 
much more elementary than the remainder 
of the text, are not out of proportion. The 
basic information following is in general well 
but succinctly presented, and the portion on 
determination of potential fields is good. 
However, the indicated proof of the analogy 
between the elastic membrane model and the 
solution of Poisson's equation in two dimen-
sions does invoke Euler's equations at a 
place in the text in which vector notation is 
just being introduced. This, and the use of a 
conformal transformation in an illustration 
some 13 pages before this technique is dis-
cussed, may present some difficulties to less 
experienced readers. 
The portion of the book dealing with the 

theory of space-charge control as used in or-
dinary tubes is most extensive and is partic-
ularly outstanding. Here much of the widely 
spread and controversial literature on the 
subject is brought together and unified. It is 
recognized that equations for the perform-
ance of grid-type tubes are approximations 
at best, which permit of wide differences of 
opinion as to validity and applicability. The 
discussion of amplification factor is very com-
plete, including equations for particularly 
closely spaced electrodes. 
The chapters on electric and magnetic 

lenses are principally theoretical, containing 
derivations of expressions for the cardinal 
points of lenses from first-order or paraxial-
ray theory. Curves relating the physical di-
mensions of various forms of electric lenses 
to their optical characteristics are given and 
described. Types of aberrations are de-
scribed, although the equation of motion is 
not solved for the higher-order terms which 
produce them. 
In keeping with the tone of the book, the 

chapter on cathode-ray tubes contains little 
information on the various types of such 
tubes now available. A good share of the 
chapter is devoted to mathematical discus-
sions of the maximum current which can be 
passed through a cylinder and of the Pierce 
gun. 
Of the part of the book dealing with mi-

crowave tubes, the chapter on klystrons is 
the more complete, partly because the the-
ory is better understood, and partly because 
the author has enjoyed extensive and close 
association with klystron development. The 
chapter on magnetrons is less complete, and, 
while reviewing the theoretical literature and 
describing the customary performance char-
acteristics, does not provide a basis for mag-
netron design. 
The chapters on noise, phototubes, and 

special tubes appear to have been added for 
sake of completeness. The first presents the 
basic concepts of various types of statistical 
tube noise, while the tatter two are chiefly 
descriptive in nature. The photocell theory 
given is rather brief and is somewhat out of 
date, Fowler's method of determining work 
function not being mentioned. 
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In a book which so strongly stresses the 
mathematical approach, the final chapter on 
high-vacuum practice is perhaps a bit incon-
gruous. As a brief review of the subject, it is 
quite well done, although the references, par-
ticularly the general references, are some-
what old. 
The book contains little repetition. Top-

ics follow a very logical sequence, particu-
larly for teaching. The documentation, 
though not complete, cites many of the im-
portant references. 
In an 850-page volume on a subject so 

new and diversified as electron tubes, es-
pecially when it is a first edition, it is to be 
expected that errors will occur. Professor 
Spangenberg's book contains no more than 
its just share, most of which may be ascribed 
to a lack of opportunity on his part to be-
come aware of the many problems associated 
with commercial products. Several examples 
may be cited. 
The effect of contact potential upon tube 

operation is dismissed as being insignificant. 
In describing the processing of thoriated 
tungsten filaments, it is stated that the re-
sistance decreases, rather than increases, 
with carburization. Errors of similar nature 
occur on page 426 concerning the reason for 
preferring magnetic scan for some television 
cathode-ray tubes; on page 480, concerning 
the frequency limitations imposed by single-
ended construction of receiving tubes; and 
on page 735, where the orthicon television 
pickup tube described is not the tube com-
monly known by this name. 
Despite such errors, however, it is the re-

viewer's opinion that the book meets the 
needs of the class of reader for which it was 
intended, and constitutes an excellent refer-
ence volume for the radio engineer. 

R. M. BOWIE 
Sylvania Electric Products Inc. 

Flushing, L. I, N. Y. 

Pulse Generators, edited by G. N. Glasoe 
and Jean V. Lebacqz. 

Published (1948) by the McGraw-Hill Book Co., 
330 W. 42 St.. New York 18, N. Y. 722 pages, 6-page 
list of symbols, 13-page index, xiv pages. 502 figures. 
6* X9I. $9.00. 

This book is Volume 5 of the Radiation 
Laboratory Series of twenty-eight volumes 
devoted to radar and related techniques. The 
title, "Pulse Generators," is somewhat mis-
leading, for the reader might expect a dis-
cussion of the many types of oscillators used 
for the generation of pulses; whereas the 
book might be more aptly titled, "Magne-
tron Modulators," for this is the true sub-
ject of the book. The various types of pulse 
generators used with magnetrons, and the 
associated components of such generators, 
are presented in detail. Pulse powers from 
100 watts to 20 megawatts with pulse dura-
tions from 0.03 to 10 microseconds are con-
sidered. Pulse power shape, power transfer, 
efficiency, and impedance transformation are 
discussed. This material is covered in three 
major parts of the book and an appendix. 
Part One takes up the subject of "The Hard 
Tube Pulser," a pulse generator in which a 
vacuum tube (hard tube) is used as a 
switch to partially discharge the energy of 
a storage device into the magnetron load. 

Part Two considers "The Line Type 
Pulser," in which energy is stored in an arti-
ficial transmission line (pulse-forming net-
work) and then discharged into the load 
by a switch which may take the form of a 
rotary spark gap, series spark gap tubes, or a 
hydrogen thyratron. Part Three presents 
the theory and design of "Pulse Transform-
ers," and the Appendix considers "Measure-
ment Techniques," and the concepts of 
"Pulse Duration and Amplitude." 
The subject material is covered well and 

in a most comprehensive manner. For a 
thorough understanding of the circuits and 
networks developed in this book, a working 
knowledge of Laplace transforms is nec-
essary; however, all the more important cir-
cuits are considered from a physical and 
practical standpoint. The book thus has ap-
peal both for the rigorous theoretician and 
the practical designer. The value of the book 
could have been enhanced if the theoretical 
developments were preceded with perform-
ance requirements. Considerable reduction 
of mathematical material could be effected 
if all the discussions were limited to develop-
ments having practical application. Refer-
ence is frequently made to wartime Radia-
tion Laboratory reports; these reports may 
be very difficult for some readers to obtain. 
All things considered, this book is the 

most informative and complete treatment of 
magnetron modulators and high-power pulse 
generators published to date. The book truly 
stands as a monument to the hundreds of 
scientific workers, engineers, and others 
whose work this book describes. 

WILLIAM L. MRAZ 
Bell Telephone Laboratories.Inc. 

Whippany, N.J. 

Klystrons and Microwave Triodes, by Don-
ald R. Hamilton, Julian K. Knipp, and 
J. B. H. Kuper. 

Published (1948) by the McGraw-Hill Book Co.. 
330 W. 42 St.. New York 18, N. V 526 pages. 7-page 
index. xiv pages. 227 figures. 6* X91. $7.50. 

An advanced theoretical analysis of mi-
crowave triodes and klystrons is presented in 
this volume (No. 7 of the Radiation Labora-
tory Series). The desire of the authors to pre-
sent the technical and theoretical aspects of 
this field as completely as possible, even 
though this meant the exclusion of a great 
deal of descriptive material, makes the book 
most useful to tube designers and persons 
with considerable familiarity with the field. 
Readers desiring an introduction to the sub-
ject may find the material difficult to follow. 
The book is divided into three distinct 

sections. Part I includes an introductory re-
view of microwave techniques, microwave 
tube types and their applications, and a 
thorough treatment of the interaction be-
tween electrons and electric fields. Cavity 
resonators are discussed in this section be-
cause this material is also basic in character 
and applies equally well to triodes and kly-
strons. Triodes are considered specifically in 
Part II, and the third section on klystrons 
analyzes these tubes as amplifiers, frequency 
multipliers, and oscillators. 
Almost half of the book is devoted to the 

analysis and discussion of reflex-klystron os-

cillators. Nonideal reflectors, hysteresis ef-
fects, output load characteristics, modula-
tion, and noise are considered in this section. 
The other sections are equally complete in 
their treatment of advanced problems and 
second-order effects. The triode analysis is 
limited to the small-signal case, although 
material is included on the operation of tri-
odes as oscillators under both cw and pulse 
conditions. Space-charge effects, large gap-
transit angles, and noise are treated in con-
siderable detail. Space-charge debunching in 
klystrons and large-signal conditions are in-
cluded in the chapter on electron bunching. 
References to outside sources are given 

more frequently than in some of the other 
volumes in the Radiation Laboratory Series, 
and the use of cross references has made the 
book relatively free of repetition. Some of 
the material has been adapted from previous 
publications, but the majority of the mate-
rial is new. The representation of the trans-
fer admittance (circuit transadmittance) of 
two coupled resonant circuits by a parabolic 
locus in Fig. 11.11 is an ideal method for the 
analysis of the two-resonator klystron oscil-
lator. Apparently the beam coupling coeffi-
cient M was included in the normalized ad-
mittance Ye and equations (3), (6), and (7) 
in error. Also, equation (8) should read 
VGi/G2, instead of VGI/G2 as shown. 
The tendency to depend upon equations 

being self-explanatory makes the book dif-
ficult to follow. For example, equation (1) in 
chapter 6 relating the input voltage of a grid-
separation amplifier to the power input and 
an input resistance R1 may imply that the 
effect of plate current flowing in the input 
circuit has been included, but the confusion 
regarding this point is not clarified until 
mention of the usual low-frequency value of 
..1/g„, occurs eight pages later. The edi-

torial policy to exclude descriptive material 
has produced a compact volume which cov-
ers its field thoroughly and will be an invalu-
able reference text. 

A. E. HARRISON 
Princeton University 

Princeton, N. J, 

Electronic Circuits and Tubes, by the War 
Training Staff of the Cruft Laboratory, Har-
vard University. 
Published (1947) by the McGraw-Hill Book Co.. 

330 W. 42 St.. New York 18, N. Y.. 933 pages, I4-page 
index, xxiv pages. 689 figures. 6 X9. $7.50. 

The scope of this text ranges from com-
plex algebra to the Fourier transform, from 
sinusoidal voltage to waveshaping circuits, 
from resonance to phase modulation, from 
regenerative one-tubers to FM receivers. A 
surprisingly broad coverage of each subject 
is given, and, although necessarily limited, 
enough mathematics is given to reinforce 
and support the discussion. 
Written as a result of the Cruft Labora-

tories work in preradar courses, the book 
does not offer too many evidences of its hav-
ing had eleven authors. It is readable and 
should serve as an excellent reference for in-
formation on the many branches of the radio 
field outside of any reader's particular spe-
cialty. With the introductory material on ac 
circuits and the appended material on math-
ematics and electricity, it might well serve 
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as an extracurricular text for a student not 
too conversant with electrical engineering. 
The book's greatest deficiency is its in-

adequate coverage of tubes, only about four 
pages being given to thermal emission of 
electrons and only a page to space-charge-
limited emission. Gaseous-conduction mate-
rial is also insufficiently treated. Such over-
emphasis of the circuit as compared to the 
tube was possibly desirable for preradar 
training, but it now seems to leave a sizable 
hole in the fundamental training of elec-
tronic or radio students. 

J. D. RYDER 
Iowa State College 

Ames, Iowa 

Elements of Acoustical Engineering, by 
Harry F. Olson. 

Published (1947) by D. Van Nostrand Co., Inc., 
250 Fourth Ave., New York 3, N. Y. 539, :Ali pages. 
342 illustrations. 6 X9 inches. $7.50. 

By the time this review is in print, it will 
be almost a year since the appearance of this 
second, and much-revised, edition of Dr. 01-
son's popular book on acoustical engineer-
ing. Nevertheless, the material still to be 
found only in this book is worth calling to 
the attention of those who may have missed 
the earlier reviews appearing in other tech-
nical periodicals. 
Owners of the first edition of Dr. Olson's 

Elements will want to know, first of all, 
whether the new material introduced in the 
second edition will make it necessary for 
them to buy again. The answer is yes. The 57 
per cent increase in the number of pages re-
flects the fact that almost every chapter 
contains new material, and there are two 
entirely new chapters devoted to underwa-
ter sound and ultrasonics. These chapters 
were prepared so soon after the war that they 
do not reflect some of the war work in these 
fields that has since been declassified; never-
theless, they represent virtually the only 
technological material on these topics that 
has yet appeared in book form. 
The general scheme of the second edition 

follows closely that of the first. Most of the 
equations appear as compact statements of 
physical relationships, with relatively little 
emphasis on the derivation. The illustrations 
have been carefully executed and Dr. Olson 
has continued the commendable practice of 
making each figure a self-contained essay, 
with legend, mechanical structure, and the 
ubiquitous equivalent electric circuit ap-
pearing as necessary to carry out the objec-
tive of self-coherence. The chapter on acous-
tical radiating systems is especially well il-
lustrated and qualifies as a useful catalog of 
directivity patterns. These charts would be 
even more useful if a logarithmic scale had 
been used so that more details of the minor-
lobe structure could be exhibited. Also, one 
can lament the absence of a fuller treatment 
of the shading of extended sources for control 
of the directivity pattern. Part of the de-
tailed material from the chapter on dynami-
cal analogies has been omitted—pardonably, 
in view of its fuller treatment in the author's 
book on this subject published in the mean-
time. 
The chapters on direct-radiation loud-

speakers, horn loudspeakers, microphones, 
and miscellaneous transducers continue to 
comprise the central core of the book. Nu-

merous small-scale improvements have been 
made in the text of these chapters, along 
with the inclusion of new material on higher-
order gradient microphones, phonograph 
pick-ups, magnetic recording; and additional 
material on transient response, distortion 
and noise, and on other miscellaneous trans-
ducers. The chapter on measurements has 
been expanded to include reciprocity calibra-
tion methods, the testing of phonograph 
pick-ups, hearing aids, and other incidental 
measurements about which acoustical engi-
neers must be informed. 
The chapter on architectural acoustics 

and the collection and dispersion of sound 
has been almost doubled in size and should 
prove invaluable to practicing sound engi-
neers. This topic might well form the subject 
of a book in itself, in lieu of which Dr. Olson 
has fortified his digest with 74 references to 
the periodical literature. The chapter on 
speech, music, and hearing has also been ap-
proximately doubled in size, and provides a 
very much more adequate survey than did 
the first edition of this important aspect of 
acoustical engineering. Again one can lament 
the necessary omission of some of the war 
work on psychoacoustics. 
It is doubtful whether any second edition 

can give the author the same psychological 
satisfaction afforded by a brand-new book. 
Nevertheless, Dr. Olson's second edition can 
qualify as not only bigger but better. It 
ought to be required reading for all radio en-
gineers who deal with systems for the trans-
mission of speech or music; the sound engi-
neers already know that the contents of this 
book are their bread and butter. 

F. V. HUNT 
Harvard University 
Cambridge 38, Mass. 

Preparing for Federal Radio Operator Ex-
Euninations, by Arnold Shostak. 
Published (1948) by Prentice-Hall, Inc., 70 Fifth 

Ave., New York 11, N. Y. 391 pages, 11 pages, xi 
pages, 161 figures. f X7 i. $3.75. 

This book presents a set of prepared an-
swers to questions appearing in a pamphlet 
issued by the Federal Communications 
Commission dated July I, 1939, entitled 
"Study Guide and Reference Material for 
Commercial Radio Operator Examinations" 
(printed and sold by the Government Print-
ing Office). Answers are given to approxi-
mately 1300 questions pertaining to the six 
examination elements presently set forth in 
the FCC Rules and Regulations concerning 
the various classes of commercial radio op-
erators' licenses. Answers to approximately 
250 questions appearing in three supple-
ments to the Study Guide are not included. 
These supplements were released by the 
FCC in March, April, and June, respectively, 
of 1948. The book has three appendices, of 
which Appendix I sets forth Part 13 of the 
FCC Rules and Regulations Governing 
Commercial Radio Operators. Since publica-
tion of this book, Sections 13.1, 13.2, 13.11, 
and 13.74 of the Rules and Regulations have 
been amended, and Section 13.75 has been 
added. Appendix II contains extracts from 
the Communications Act of 1934, as 
amended; pertinent International Radio 
Treaties; and the Rules and Regulations of 
the FCC. Extracts from the Atlantic City 

International Conference, 1947, recently 
ratified by the United States Senate but not 
yet effective, are not included. Appendix III 
is the same as Appendix II of the Study 
Guide and presents abbreviations used in 
radio communications, as well as the Inter-
national Morse Code and other miscellane-
ous information. 
The author states that he feels that sup-

plementary study is desirable and is to be 
encouraged, but that conscientious study of 
the book will enable the applicant to pass an 
examination successfully. The reviewer must 
point out, however, that the book should not 
be considered as a textbook, and believes 
that supplementary study is most certainly 
desirable and would enhance an applicant's 
chances of passing an examination. 
Questions are answered in an original 

manner and differ in wording and approach 
from the answers to be found in similar 
books, all of which provides the reader with 
additional information or information which 
is not repeated by other authors. This man-
ner of answering questions should be of value 
to a reader with only a limited knowledge of 
the subject, who may be using this and simi-
lar books in connection with his studies for 
an examination. The liberal use of diagrams 
aids the reader to visualize in a clear manner 
many of the questions asked. Cross refer-
ences are made from question to question 
and element to element, which is beneficial 
in developing background. 
Only a very few errors in mathematics 

have been noted and, although some an-
swers are brief, they are adequate. No errors 
in theory have been noted. The mathemati-
cal errors and brevity of some answers do not 
detract in any manner from the value of the 
book, which as a whole is very well prepared 
and is recommended for the purpose for 
which it was written—to enable the student 
to learn while he is preparing for federal ra-
dio operators examinations. 

NEAL MENAUGHTEN 
National Association of Broadcasters 

Washington, D. C. 

ATTENTION, AUTHORS! 

Donald B. Sinclair, Chairman of 
the Technical Program Committee for 
the 1949 IRE National Convention, 
requests that authors of papers to be 
considered for presentation submit 
the following information to him as 
soon as possible: 
Name and address of the author, 

title of the paper, and sufficient in-
formation about the subject matter to 
enable the reviewing committee to 
assess its suitability for inclusion in 
the Technical Program. 
Although it will not be necessary 

to submit a paper in its entirety, 
Chairman  Sinclair urges authors 
to prepare the necessary material 
promptly and mail it to him at 275 
Massachusetts Avenue, Cambridge 
39, Mass. The last possible date for 
acceptance of material relative to 
Convention papers is December 1, 
1948. 
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Kenneth B. Warner (A'18—M'22— 
F'36), for twenty-nine years secretary 
and general manager of the American 
Radio League, died recently of coro-
nary thrombosis at his home in West 
Hartford, Conn. 
Born in Cairo, Ill., on October 3, 

1894, Mr. Warner was educated at a 
business school. After graduation, he 
worked as account and railroad 
freight routing agent until he became 
interested in radio. In Cairo he oper-
ated an amateur radio station under 
the call 9JT, and for many years he 
was licensed as WlEH. 
Mr. Warner joined the ARRL in 

1919, fairly soon after its organiza-
tion, as managing secretary and edi-
tor of its official journal. The first 
World War had almost destroyed the 
League, but when he took over, the 
membership started mounting, and 
amateur radio was restored to the air 
after a legislative battle. Current 
total ARRL  membership is esti-

mated at approximately 67,000. In 
1925 he and Hiram Percy Maxim, 
then president, went to Paris, France, 
to form the International Amateur 
Radio Union, which, a few years later, 
assumed its present form as an inter-
national association of amateur radio 
societies of the world. From that time 
on, Mr. Warner acted as secretary of 
the IARU as well as of the ARRL. 
He is credited with having played 

a major role in developing amateur 
radio into one of the more important 
branches of electronics. Known as the 
country's "Number One Ham," he 
was active in the development of 
many electronic improvements, in-
cluding applications of the vacuum 
tube and pioneering in high frequen-
cies. 
From the very beginning of his 

association with the ARRL, Mr. 
Warner was the amateurs' spokesman 
at international conferences and at 
regulatory proceedings in Washing-

ton. He helped to represent radio 
amateurs at the Washington Confer-
ence in 1927, the Madrid Conference 
in 1932, Cairo in 1938, and Atlantic 
City in 1947. He attended meetings 
of the CCIR at the Hague in 1929, 
Copenhagen in 1931, and Lisbon in 
1934. 
During the second World War he 

helped to form the War Emergency 
Radio Service, in which amateurs co-
operated with the Board of War 
Communications. 
Mr. Warner was an honorary 

member of the Association EAR, 
Nederlandsche Verenigng voor In-
ternational Radioamateurisme. Resau 
Beige, Radio Club de Cuba, Rede dos 
Emissores Portugueses,  Union de 
Radio Emissores Espanoles, and the 
National Press Club. As a member of 
the IRE, he served on the Standard-
ization Committee from 1928 until 
1931, and on the Publicity Commit-
tee from 1931 to 1939. 

Ellery W. Stone (A'14—M'16—F'24), after 
seventeen years of service in various execu-
tive capacities with the International Tele-
phone and Telegraph Corp., has been elected 
president of the Federal Telephone and Ra-
dio Corp., a subsidiary of IT&T. 
Born on January 14, 1894, in Oakland, 

Calif., Mr. Stone has been associated with 
the communications field since he became a 
licensed operator in 1911, while he was still 
a high-school student. Subsequently he at-
tended the University of California, where 
he specialized in electrical and radio engi-
neering. 
After serving as a Naval officer during 

the first World War, Mr. Stone organized 
the Federal Telegraph Co. on the Pacific 
Coast. Later acquired by IT&T, this com-
pany became the Mackay Radio Co. of Cali-
fornia. With IT&T, Mr. Stone successively 
held a number of executive posts on the vari-
ous subsidiary companies. 
Recalled to active duty with the U. S. 

Navy in 1943 as a Captain, Mr. Stone rose to 
the rank of rear admiral. In 1945 he re-
ceived the U. S. Army Distinguished Service 
Medal for his outstanding work with the Al-
lied Control Commission, as director of the 
Communications Subcommission, vice-presi-
dent, deputy chief commissioner, and finally 
chief commissioner. After having restored 
communications in liberated Italy, as "senior 
representative of the Allied Control Com-
mission at Salerno ... then the seat of the 
Italian government in liberated territory . . . 
he dealt directly with the Italian govern-
ment and was responsible for the general 
enforcement and execution of the surrender 
terms." Crown Prince Umberto presented 
Admiral Stone with the Order of Knight of 
the Grand Cross of St. Maurice and St. Laz-
arus, the highest award of knighthood con-
ferred in Italy. 
Returning to the United States after a 

distinguished four-year war career in the 
Mediterranean theater, Mr. Stone was 
elected a vice-president of IT&T. In addi-
tion to the awards already mentioned, he 
holds the Naval Reserve Medal with two 
bronze stars, the U. S. Navy Distinguished 
Service Medal, is a Knight Commander of 
the British Empire, a Grand Officer of the 
Crown of Italy, and a Knight of the Grand 
Cross of San Marino. The author of two 
books on radio and of various articles on 
communications, Mr. Stone has had a num-
ber of papers published in the PROCEEDINGS. 

George W. Henyan (A'20—VA'37), as-
sistant to the vice president, will be mana-
ger of a new division, called the Industrial 
and Transmitting Tube Division, which has 
been formed within the tube divisions of the 
General Electric Co.'s electronics depart-
ment at Syracuse, N. Y. Kenneth C. De-
Walt (A'29—M'45) and E. F. Peterson 
(M'44) have been named assistant mana-
gers—the former responsible for all design 
engineering and manufacturing activities 
related to cathode-ray-tube product lines, 
the latter for all design engineering and 
manufacturing activities related to receiving 
tube product lines. At the same time, 
Otis W. Pike (A'26—M'29—SM'43) was ap-
pointed manager of engineering, tube divi-
sions. 
Mr. Henyan was born in San Antonio, 

Tex. After having graduated from the Uni-
versity of Texas in 1916 with the B.S. degree 
in electrical engineering, he joined the Gen-
eral Electric Co., where he has been ever 
since. 
Born in Vinton, lowa, Mr. DeWalt re-

ceived his B.S.E.E. from the University of 
Iowa in 1927. He, too, was employed by Gen-
eral Electric immediately after his gradua-
tion, becoming designing engineer of the 

vacuum-tube engineering division in 1943. 
Mr. Peterson, born in Waverly, Kan., 

was graduated from Kansas State Univer-
sity with the B.S. degree in electrical engi-
neering in 1931 and the M.S. degree in 1932. 
After having taught physics at Sterling Col-
lege in Sterling, Kan., for a year, he also 
joined General Electric, becoming section 
leader on receiving tubes in 1943. 
Mr. Pike was born in Antrim, N. H., and 

also attended his state university, from 
which he received the B.S.E.E. Joining Gen-
eral Electric in 1920, he became engineer of 
the tube division in 1943. In 1948 he was 
awarded a distinguished service plaque for 
his work as first chairman of the Joint Elec-
tron Tube Engineering Council. 

Gilbert E. Gustafson (A'27—M '38—F '40) , 
the Zenith Radio Corp.'s vice-president in 
charge of engineering, recently received the 
President's Medal of Merit for his contribu-
tion to victory in World War II as chief of 
Zenith's engineering research, which helped 
make possible that company's successful 
production of war material, including the 
V-T proximity fuze. 
Born November 15, 1905, in Rock Is-

land, Ill., Mr. Gustafson joined Zenith as a 
development engineer in 1925. Subsequently 
he became chief engineer of the radio station 
the company then maintained at Mount 
Prospect, Ill., later returning to develop-
ment work at the factory. In 1934 he was 
made chief engineer in charge of all engi-
neering work. Nine years later he was 
elected vice-president by the board of direc-
tors. 
A Director of The Institute of Radio En-

gineers in 1943, Mr. Gustafson has also 
served on a number of IRE committees, in-
cluding Admissions, Awards, and the Board 
of Editors. 
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Thirty-two Members of The Institute of 
Radio Engineers were presented with the 
Presidential Certificate of Merit for their 
outstanding services in technological re-
search and development during World War 

Henry B. Abajian (M'46), who is an en-
gineer at the L. H. Terpening Co., and 
George W. Bailey (SM'46) were among 
those honored. Mr. Bailey, Executive Secre-
tary of the Institute, is president of the 
ARRL and of the International Amateur 
Radio Union. In 1946 he was awarded a 
Marconi Memorial Service award by the 
Veteran Wireless Operators Association. 
Wilmer L. Barrow (A'28-VA'39-M'40-

F'41), chief engineer at the Sperry Gyro-
scope Co., was the recipient of the Morris 
Liebmann Memorial Prize in 1943 for his 
theoretical investigations of ultra-high-fre-
quency propagation in waveguides. He has 
served as a Director of the Institute, and 
as Chairman of the Boston Section. 
H. H. Benning (SM'44) is senior engi-

neer at the Aircraft Radio Corp. Harold H. 
Beverage (A'15-M'26---F'28), director of 
RCA's Radio Systems Research Laboratory, 
won the Liebmann Memorial Prize in 1923 
for his work on directional antennas, the In-
stitute Medal of Honor in 1945 for his 
achievements in radio research, and the 
Radio Club of America's Armstrong Medal 
in 1938. President of the IRE in 1937, he 
has also been a Director. 
K. Chatlton Black (1‘1'29-SM'43), chief 

engineer of Air Associates, Inc., owns many 
patents on circuit and vacuum-tube designs. 
Hendrik W. Bode (M'41-SM'43) and Ralph 
Down (M'22-F'25) are both members of the 
Bell Telephone Laboratories staff.  Dr. 
Bown, who directs research for Bell, was 
President of the IRE in 1927, and Vice-
President in 1926, when he also received the 
Liebmann Prize for his researches into the 
more difficult elements of wave transmission 
phenomena. 
Herbert E. Bragg (M'46) is assistant 

director of research at Twentieth Century-
Fox Film Corp., while Henri G. Busignies 
(M'42-SM'43-F'45) is a director of the 
Federal Telecommunication Laboratories 
and a past member of the IRE Navigation 
Aids Committee. John F. Byrne (S1W45) 
vice-president and director of engineering at 
the Airborne Instruments Laboratory, and 
F. Clark Cahill (S'38-A'40-SM'45), super-
vising engineer, were also awarded certi-
ficates. 
Howard A. Chinn (A'42-S111'45-F'45), 

chief audio-video engineer of the Columbia 
Broadcasting System, was formerly a con-
sultant to the National Defense Research 
Committee Division on Radio and Radar 
Countermeasures during the war. Franklin 
S. Cooper (A'36) is associate research di-
rector of the Haskins Laboratories, and 
Ward F. Davidson (SM'47) is a research en-
gineer with Consolidated Edison. 
Howard D. Doolittle (M'46) is Machlett 

Laboratories' chief engineer. Ora Stanley 
Duffendack (SM'45), president of the Philips 
Laboratories, was a director of research with 
the National Defense Research Committee 
during the war. This year he was also deco-
rated by the British Consul General with 
the ribbon of the King's Medal for Service 
in the Cause of Freedom. 

John N. Dyer (j'30-A'32-SM'45), super-
visor of the Airborne Instruments Labora-
tory, was chief communications engineer 
with the Byrd Antarctic Expedition. Donald 
G. Fink (A'35-SM'45-F'47), editor-in-chief 
of Electronics magazine, has been a member 
of numerous Institute Committees, and in 
1946 won the War Department's Medal of 
Freedom. 
Eugene G. Fubini (A'36-SM'46), super-

vising engineer of the Airborne Instruments 
Laboratory, had charge of the radio counter-
measures section of 0.A.S., Eighth Air 
Force during the war, and, also served as 
associate at Harvard's Radio Research 
Laboratory. Raymond L. Garman (A'39) 
and Byron L. Havens (SM'46), research 
engineer at the Watson Scientific Computing 
Laboratories, were other recipients of the 
honor. 
L. Grant Hector (A'26-M'43), the Sono-

tone Corp.'s director of technical operations, 
has written extensively on magnetic, dielec-
tric, and acoustical measurements by elec-
tronic  techniques.  William H.  Martin 
(SM'46) directs apparatus development at 
the Bell Telephone Laboratories. James 
Harold Moore (SM'46) is an engineer at 
the American Telephone and Telegraph Co. 
Haraden Pratt (A'14-M'17-F'29), vice-

president and chief engineer of the American 
Cable and Radio Corp., as well as an execu-
tive of a number of other organizations, is 
Secretary of the Institute and was Presi-
dent in 1938. In 1944 he received the Medal 
of Honor for his engineering contributions to 
the development of radio. 
John C. Schelleng (A'23-M'25-F'28), 

radio research engineer at Bell, has been a 
member of numerous Institute Committees. 
William P. Short (SM'44), is assistant tech-
nical director of the Federal Telecommuni-
cation Laboratories. Hector R. Skifter 
(A'31-M'36-SM'43) is president of the Air-
borne Instruments Laboratory. 
Orrin W. Towner (A'24-M'29-SM'43), 

technical director of radio station WHAS in 
Kansas City, Mo., received the certificate 
for his work in supervising the building 
of equipment to combat rocket bombs and 
the installation of submarine detecting 
equipment. Ernst Weber (M'41-S111'43) is 
a professor at the Polytechnic Institute of 
Brooklyn. 
Vladimir K. Zworykin (M'30-F'38), di-

rector of electronics research at the RCA 
Laboratories, received the Liebmann Prize 
in 1934 for his contributions to the develop-
ment of television, the Modern Pioneer 
Award from the National Association of 
Manufacturers in 1940, and the American 
Academy of Arts and Sciences' Rumford 
Medal in 1941. 

The President's Certificate of Merit was 
also awarde eposthumously to Browder J. 
Thompson, associate research director of the 
RCA Laboratories, who was killed in action 
overseas in 1944 while serving as a consult-
ant to the Secretary of War. In 1945 the 
Browder J. Thompson Memorial Prize was 
established, to be awarded annually to the 
most outstanding paper published in the 
PROCEEDINGS OF THE I.R.E. by an author 
under thirty years of age. 

W. Nelson Goodwin, Jr. (A'15-M'29-
SNI'43), has completed fifty years with the 
Weston Electrical Instrument Corp. in 
Newark, N. J. 
Joining the organization in 1898, after 

his graduation from the University of Penn-
sylvania, Mr. Goodwin was chosen in 1906 
by Edward Weston, the founder, as chief 
engineer and director of research, and was 
eventually elected vice-president in charge 
of research and engineering. Although Mr. 
Goodwin is now officially retired, he still 
serves Weston as a consultant. 

Finley W. Tatum (A'43-SM'47), an in-
structor at Southern Methodist University 
since 1947, was recently appointed associate 
professor of electrical engineering. Prior to 
joining the university staff, Mr. Tatum was 
employed for approximately eleven years as 
section head of the American District Tele-
graph Company's design and development 
engineering department in New York City. 

Andrew W. Cruse (M'38-SM'43) has 
been elected president of the Radio Corp. 
of Porto Rico, a subsidiary of the Inter-
national Telephone and telegraph Corp. 
Captain Cruse (USNR), who has had 

extensive experience in the communications, 
electronics, and engineering fields, is assist-
ant vice-president of the IT&T, with head-
quarters in New York. He has also been 
elected to the board of directors of the Radio 
Corporation of Porto Rico, which owns and 
operates radio station WKAQ in San Juan. 

Richard C. Hitchcock (A'28-M'30-SM 
'43) has been appointed science lecturer for 
the Westinghouse Laboratories, in which 
capacity he will tour the nation with special 
science shows designed to make the latest 
scientific advances understandable to all. 
Dr. Hitchcock was born in Tougaloo, 

Miss., on February 26, 1900. After receiving 
the B.S. degree in physics from Wesleyan 
University in 1922, he became an assistant 
in the physics department as well as a gradu-
ate student, winning the M.A. degree in 
1924, although he had stopped teaching 
there the year before in order to become as-
sistant principal of the Burr and Burton 
Seminary in Manchester, Vt. In 1925 he 
joined the physics department of Yale Uni-
versity as assistant and graduate student. 
Dr. Hitchcock's scientific career began 

when SOS wireless messages from the S. S. 
Titanic led him to build his first "crystal" 
set. In 1926 he joined the research depart-
ment of the Westinghouse Laboratories, 
where his work on quartz crystals solved one 
of the problems of early radio broadcasting. 
During the next fifteen years he developed 
an electronic organ, photoelectric traffic-
light controls, meter dials that stay white 
indefinitely, a color-matching machine, and 
the Stroboglow. He received the doctorate 
in 1939 from New York University and two 
years later returned to teaching, at Indiana 
State Teachers College, Indiana, Pa., where 
he remained until his return to Westing-
house, with the exception of three years of 
Navy service. 
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H. Myrl Stearns (S'39-A'40), formerly in 
charge of tube production and the tube re-
search and development laboratory of the 
Sperry Gyroscope Co., has been appointed 
vice-president and general manager of 
Varian Associates, new microwave and elec-
tronic research and development laboratory 
at San Carlos, Calif., according to an an-
nouncement made by Russell H. Varian 
(A'40), president, and one of the founders 
of the organization. Dr. Varian, who holds 
the honorary degree of Doctor of Science 
from the Brooklyn Polytechnic Institute, 
formerly was employed by the Sperry 
Gyroscope Co. and, for the past two years, 
has been working as a research assistant at 
Stanford University. 
Elliott Levinthal (A'44), former project 

engineer at the Sperry Gyroscope Co., who 
has just completed work for the Ph.D. de-
gree in physics in the field of nuclear induc-
tion, has also joined the new laboratory. 
William W. Hansen (A'39-F'47) and Ed-
ward L. Ginzton (S'39-A'40-SM'46) of the 
Stanford University physics department are 
acting directors of the concern and will serve 
as consultants for specific projects. Dr. 
Hansen, who received an IRE Fellow Award 
in 1947, is one of the inventors of the kly-
stron, which made possible radar, and also 
was consultant on some aspects of atomic 
bomb research. Dr. Ginzton, formerly in 
charge of the microwave research and kly-
stron research and development depart-
ments at Sperry, has been an assistant pro-
fessor of applied physics at Stanford Univer-
sity for the past two years. 

•:* 

Harvey R. Butt (A'41), formerly Wash-
ington representative of the Radiomarine 
Corporation of America, was recently ap-
pointed manager of the Washington office 
of the same company. 

Toivo M. Liimatainen (S'412-A'4-M'45) 
formerly associated with Sylvania Elec-
tric Products Inc., has been appointed to the 
staff of the National Bureau of Standards' 
Electron Tube Laboratory, where he will 
work on the engineering and development of 
microwave tubes. 
A native of Massachusetts, Mr. Liima-

tainen attended schools in Peabody, Mass., 
and the Lowell Institute, at the Massachu-
setts Institute of Technology. From 1930 
to 1938 he was employed by the Sylvania 
Electric Products Co., leaving this position 
in order to study at the University of Michi-
gan. After having received the B.S. degree 
in 1941, he joined the staff of the General 
Electric Co., where he was concerned with 
problems related to the microwave oscilla-
tor tube of the "lighthouse" type. In 1946, he 
returned to Sylvania Electric Products Inc., 
where he worked on crystal and selenium 
rectifiers. 
Mr. Liimatainen has done extensive work 

on the design and development of microwave 
oscillator tubes, gas discharge tubes, and the 
design and application of high-back-voltage 
selenium rectifiers. He built the first 10-
centimeter microwave oscillator employing 
a triode of the "lighthouse" construction. 

D. Gordon Clifford (M'45), formerly 
chief engineer of Industrial and Commercial 
Electronics, has been appointed field engi-
neer at the Lenkurt Electric Co., San Car-
los, Calif. 
Mr. Clifford, who was one of the develop-

ment engineers working on the klystron, 
holds engineering degrees from Dartmouth 
College and Harvard University. 

Alva Edward Smith (A'39-M'47), radio 
installation supervisor of the Western Elec-
tric Radio Division, has left New York for 
Sydney, Australia, where he will supervise 
the installation of control and terminal 
equipment for the Australian Government. 
This equipment will be used in overseas tele-
phone communications circuits between 
Australia, the United States, and other parts 
of the world. 

Harold W. Schaefer (J'26-A'31), veteran 
radio and electronics engineer, has been ap-
pointed assistant manager of the Westing-
house Home Radio Division, Sunbury, Pa. 
A native of Chicago, Mr. Schaefer stud-

ied electrical engineering at the Lewis Insti-
tute, and physics at the University of Chi-
cago. Starting his radio career with Majes-
tic-Grigsby-Gru now in 1926 as an engineer, 
he later became assistant to the president. 
During World War II, Mr. Schaefer 

served at the Applied Physics Laboratory of 
Johns Hopkins University, where, under the 
Office of Scientific Research and Develop-
ment, he was in charge of engineering manu-
facturing of the proximity fuze used by the 
Army and Navy to explode antiaircraft shells 
automatically within effective range of en-
emy aircraft. After his OSRD work, he was 
in charge of postwar radio and television 
planning and manufacture at the Radio 
Corporation of America before joining 
Westinghouse. 
Mr. Schaefer is a member of the Physics 

Club of Chicago and of the AIEE. 

Ray Davis Kell (A'35-F'47), director of 
television research at the RCA Laboratories 
in Princeton, N. J., was the 1948 recipient of 
the Stuart Ballantine Medal of the Franklin 
Institute for "his outstanding pioneer work 
in television; the adaptation of this means of 
communication to military needs, and for his 
inventive contributions and leadership in the 
development of color television." 
Born on June 7, 1904, in Kell, Ill., Mr. 

Kell was graduated from the University of 
Illinois in 1926 with the B.S. degree. He did 
graduate work at the same university until 
1927, when he became associated with 
E. F. W. Alexanderson, of the General Elec-
tric Co.'s radio consulting laboratory. In 
1930 he joined the RCA Victor Division of 
the Radio Corporation of America where, 
under his direction, many of the components 
of the present television system were devel-
oped, including the first high-power, high-

frequency television transmitter, the first 
iconoscope camera, and the first remote 
pickup and radio relay. Twelve years later 
he was appointed director of television re-
search at the RCA Laboratories in Prince-
ton. In 1940 he received a Modern Pioneer 
Award from the National Association of 
Manufacturers, and in 1947 he received a 
Fellow Award from the IRE, both for 
his contributions to television. 

Harry F. Dart (A'20-M'26-SM'43) has 
been elected a trustee of the Technical So-
cieties Council of New York, Inc., after 
serving two years as its treasurer. He is one 
of the two delegates to the Council from the 
New York Section of The Institute of Radio 
Engineers. 
Mr. Dart studied electrical engineering 

at Purdue University, receiving the B.S. de-
gree in 1917 and the professional degree of 
electrical engineer in 1923. After one year 
with the Western Electric Company in 
Chicago, he enlisted in the Signal Corps, be-
coming a second lieutenant in World War 
I. Subsequently he organized a radio 
course for the International Correspondence 
Schools in Scranton; then he taught electri-
cal engineering for one year each at the Rice 
Institute and at Harvard University. In 
1922, he joined the Westinghouse Electric 
Corp. in Bloomfield, N. J., where he has been 
continuously associated with various phases 
of radio and electronic tube engineering ac-
tivities. 
Elected Secretary-Treasurer of the New 

York Section of the IRE when it was organ-
ized late in 1942, Mr. Dart has served on 
several committees of the IRE and is cur-
rently a member of the Symbols Committee 
and of the Committee on Professional Recog-
nition. He is also a member of the AIEE 
and the Radio Club of America. 

A. M. Zarem (S'42-A'46), research engi-
neer, has been appointed chairman of phys-
ics research and manager of the new Los An-
geles Division of the Stanford Research In-
stitute. 
Born in Illinois thirty-one years ago, Dr. 

Zarem was graduated from the Armour 
Institute of Technology in 1939. A year later 
he received the M.S. degree in electrical en-
gineering from the California Institute of 
Technology, from which he also obtained the 
Ph.D. in 1943. 
P. Before joining the Stanford staff, Dr. 
Zarem was chief of the electrical section of 
the physical research division of the U. S. 
Naval Ordnance's Pasadena Test Station. 
An authority on ultra-high-speed photogra-
phy and measurement techniques, Dr. 
Zarem is the inventor of the Zarem camera, 
which heads the list of major precision in-
struments used in the photographic "micro-
time technique" developed at the Navy 
Test Station. During the war he was a re-
search engineer and group leader on several 
secret government contracts in electronics 
and physics administered by the California 
Institute of Technology. He had previously 
been research and development engineer for 
the Allis-Chalmers Manufacturing Co. in 
Milwaukee, Wis. 
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W. Ryland Hill, Jr.  Andrew Friedenthal 
Chairman, Seattle Section, 1948-1949 

W. Ryland Hill, Jr., was born in Seattle, Wash., on 
February 1, 1911. After receiving the B.S. degree in elec-
trical engineering from the University of Washington in 
1934, he spent two years with the Northern Radio Co. of 
Seattle as a laboratory and design engineer. 
From 1936 until 1938 Professor Hill taught at the Uni-

versity of California on a fellowship, and also did graduate 
work which, plus an additional year of part-time research, 
resulted in his receiving the degrees of M.S. in electrical 
engineering in 1939 and E.E. two years later. 
Upon leaving the University in 1938, Professor Hill 

joined the staff of the Standard Oil Co. of California's gen-
eral engineering department, where he remained until 
1941, when he was appointed assistant professor of electri-
cal engineering at the University of Washington. In 1947 
his rank was advanced to that of associate professor. 
At the University of Washington, Professor Hill has 

taught a variety of electrical engineering courses, especially 
electronic circuitry and electroacoustics. He is a firm be-
liever in the basic engineering education with physics and 
mathematics as the core. Although he started teaching 
when the University was on a civilian basis, the staff was 
soon plunged into the communications option of the Navy 
V-12 program which occupied the college of engineering un-
til the end of the war. 
Professor Hill became an Associate Member of the IRE 

in 1943 and a Member the year following. Several of his 
numerous papers have appeared in the PROCEEDINGS OF 
THE I.R.E. He is a member of Tau Beta Pi, and an associate 
member of the University of Washington Research Society. 

Chairman, Detroit Section, 1948-1949 

Andrew Friedenthal was born in Detroit, Mich., on 
September 1, 1904. He became interested in radio at the age 
of fourteen, and was an active amateur enthusiast by the 
time he joined the U. S. Navy in 1920. After training at the 
U. S. Naval Radio Schools he was assigned to duty on the 
USS Melville. In 1922, however, he was transferred to 
Sidra, Alaska, where he helped maintain the Navy's high-
powered radiotelegraph station NPB. After a year, he was 
transferred to NVH, Ketchikan, where he continued his 
radio work until he left the Navy in 1924. 
The following summer he worked as a ship operator 

and in the fall of 1925 he was appointed manager of the 
Intercity Radiotelegraph Co.'s Detroit division. There he 
pioneered in what was then called "short wave" in the 
10,000- to 20,000-kc band, establishing short-wave code 
channels for intercity communications. 
In 1926 Mr. Friedenthal joined the engineering staff of 

WJR, Detroit. During 1930 and 1931 he also organized the 
engineering staff of WJ R's sister station, WGAR, in Cleve-
land, Ohio. A short time later, he wrote the specifications 
for the first ac-operated high-level-switching program-dis-
tribution system, which is still in use at WJR. In 1938 he 
suggested and supervised the construction of a four-unit 
transcription turntable in one mounting. At present Mr. 
Friedenthal is engineer in charge of studios at WJR. 
Joining the IRE as an Associate in 1935, Mr. Frieden-

thal became a Member three years later. He was Vice-
Chairman of the Detroit Section before becoming Chair-
man. He is also a member of the Engineering Society of 
Detroit. 
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Technical Problems of Military Radio Communications 
of the Future* 

JOHN HESSELt, SENIOR MEMBER, IRE 

Su m mary—The success of military operations in 

the future will depend greatly upon the availability 
of a communication system of adequate mobility, 
traffic capacity, and reliability. An analysis of the 

factors which prohibit the realization of such a sys-
tem at the present time shows the need for research 
in all phases of radio communication. A number of 
the more pressing limitations of existing techniques 

are discussed to develop the basic research problems. 

AN EXAMINATION of military history 
shows that in each new war there are 
improvements in offensive tactics 

which may take either of two forms, increase 
in fire power or increase in mobility, or 
both. History also teaches that the effective 
use of each new weapon and defense against 
it requires communications improved in 
speed, volume, and reliability proportionally 
greater than the increase in speed and power 
of the weapons. 
No one can now foresee what military 

operations of the future may be, except that 
there will be atomic power instead of TNT, 
and rockets instead of aircraft. Defense as 
well as attack will depend upon the strategic 
deployment of small, fast-moving, hard-
hitting forces transported and supplied by 
air for long periods. These units will re-
quire the closest of co-operation and co-or-
dination of all arms and services. In many 
respects, future operations may resemble 
those of the last war in the Pacific more 
than those in Europe. There will probably 
be many small theaters of operation, each 
of which must have communication with the 
others, and with the staff and supply or-
ganizations of the United States. In addition 
to the command and administrative traffic 
of the past, these circuits must carry other 
forms of electrical signals representing, for 
instance, facsimile, map co-ordinates, me-
teorological conditions, and others, for, 
with long-range missiles, one of the principal 
functions of these outposts will be defense 
of the Zone of the Interior. 
The military services face the task of 

devising a system of communication capable 
of carrying all the types of traffic required 
by push-button warfare in volume far greater 
than anything previously experienced, with 
reliability comparable to the best commer-
cial telephone and telegraph practice, and 
capable of being installed in any part of the 
world, inhabited or not, in any climate, in the 
shortest possible time. This means, of course, 
that the equipment must be air-transport-
able with the consequent drastic limitations 
on size, weight, and personnel. Regardless 
of advances in science, there have been 

• Decimal classification: R560. Original manu-
script received by the Institute, March 21. 1948; re-
vised manuscript received. July 9, 1948. Presented, 
1947 IRE West Coast Convention, San Francisco. 
Calif., September 74, 1947. 

Signal Corps Engineering Laboratories, Fort 
Monmouth, N. J. 

practically no improvements in mankind, 
and so this system must be usable by troops 
not very different in capability from those 
who manned the first crossbow infantry. 
To provide the required speed and 

mobility, it is evident that there will be 
much greater reliance on radio in the future 
and, therefore, that the traffic capacity and 
reliability of radio communication must be 
greatly improved. Despite the advances 
made in the last war pericd, and the wide 
dispersion of our forces, wire lines still 
carried approximately 95 per cent of all 
message traffic. Wire lines must still be 
used, wherever they are available in the 
future, as the backbone of the communica-
tion system, leaving the radio-frequency 
spectrum free for those services which wire 
lines cannot provide. 

LONG- HAUL CIRCUITS 

Radio communication is used for three 
primary functions. First, it provides com-
munication over long-haul circuits where no 
wire facilities exist or are practical. An 
example of this type of circuit is the Army 
Command and Administrative Network 
which links the Department of the Army 
with its outposts over the world. The intro-
duction of the carrier-shift radioteletype 
greatly increased the traffic capacity of 
these circuits during the war years, and 
made it possible to route teletype on a sub-
scriber-to-subscriber basis without the im-
mense waste of time and effort in message 
and signal centers at either end of the radio 
circuit. 
But several basic difficulties remain. 

The usable frequency specirum for long-
range sky-wave transmission lies between 
about 3 and 30 Mc and cannot be expanded. 
High-frequency assignments are not private 
trunk circuits but party lines, subject not 
only to interference from the enemy, and 
from enemy sources beyond control, but 
also from natural static and the vagaries of 
the ionosphere. There are not enough usable 
frequency assignments in this spectrum to 
meet all requirements in time of war by 
present methods. 
The fundamental problem is to develop 

the means for making the best possible 
use of every cycle of the spectrum. If it were 
practical to use single-sideband transmis-
sions exclusively, the possible number of 
available voice channels would be doubled. 
But, before this can be done, single-sideband 
transmitters must be simplified to the 
point where they can be operated by GI 
operators, not engineers. Present-day carrier-
shift teletype circuits require frequency 
assignments with about 5000 cps separation. 
On wire lines the standard bandwidth of 
teletype channels is 170 cps. When radio 
can do as well, the number of available tele-
type channels will be increased by a factor 

of 30. One method is, of course, to multiplex 
the teletype signals on a frequency-division 
basis, and modulate the transmitter with the 
resultant on a single-sideband basis. By 
this means, it may be possible to get about 
sixteen circuits in a 5-kc transmitted band, 
an efficiency compared with wire circuits of 
about 80 per cent. 
This has not been done yet, but is con-

ceivable in the not-too-distant future; how-
ever, there are many requirements for single. 
channel radioteletype circuits, and methods 
are required by which it is possible to assign 
channels for such service with a separation 
of only a few hundred cycles, rather than 
5 kc as at present. The fundamental fact is 
that there is not enough now known about 
circuitry, or about the fundamental chemical 
substances of which circuits are composed. 
Still, one must reckon with the vagaries 

of the transmission medium, including the 
ever-varying ionosphere. Space-diversity re-
ception can be used at fixed installations and 
when installation time is not critical, but 
mobile terminals are also required where 
space diversity is impossible. Frequency 
diversity is possible, of course, but this 
means that bandwidth is sacrificed. Double-
frequency transmission loses all that has 
been gained by single-sideband transmission. 
There is need for the development of a 
method of diversity reception usable on 
mobile terminals, and which does not cost 
bandwidth. 

CIRCUITS TO M OVING TERMINALS 

The second primary use of radio com-
munication in the Army is to provide cir-
cuits to moving terminals where wire circuits 
cannot be installed. Examples of such cir-
cuits are the radio networks in armored 
forces and in air forces. Prior to the war, it 
was found advantageous to use frequencies 
above 20 Mc for this service. This freed 
sky-wave frequencies for use in long-haul 
circuits and, conversely, eliminated long-
range interference with short-range circuits. 
The advent of FM practically eliminated 
all other interference, and permitted the 
operation of short-range tactical radio net-
works of quality and reliability comparable 
to telephone loops. Because of the limited 
interference range of such transmissions and 
capture effect, frequency assignments can 
be duplicated at rather short range; hence, 
thousands of such networks can be operated 
within a theater area. But the demands for 
such service again far exceed the available 
assignments within the interference range. 
With present techniques using crystal-

controlled oscillators in both receiver and 
transmitter, a 3000-cps voice band is trans-
mitted with a 5 to 1 deviation ratio occupy-
ing an rf bandwidth of 30,000 cps. But still 
it is necessary to separate frequency assign-
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ments by 100 kc because of instabilities 
and inadequate selectivity. Thus, two out of 
three possible assignments have been wasted 
not counting those lost due to interference 
at short range, even with this separation. 
By the use of the most stable crystal-

controlled oscillators and filters, it is possible 
that the channel separation can be cut to 
50 kc, a saving of two to one. But the 
problem of producing crystals of this 
quality in quantities something like twenty 
times greater than were produced in the last 
war per unit of troops is formidable. The 
problem, then, is to develop oscillators and 
circuits of stability as good as modern 
quartz crystals, but without the crystals, 
and preferably tunable. 
In this case, it is interesting to note the 

part which quartz plays in stable design. 
The best dielectric material for variable 
capacitors and for coil forms is fused quartz. 
To minimize the temperature effect caused 
by metals in variable capacitors, it is neces-
sary to make the whole structure of quartz 
and to provide conductivity, where re-
quired, by plating. For stability in the 
microwave region, quartz is used for reso-
nant cavities. The problem is to develop 
materials, both conducting and dielectric, 
having the stability of quartz without ifs 
manufacturing difficulties and its fragility. 
This is a problem for the chemists and 
physicists. 

RADIO RELAY SYSTEMS 

The third primary use of radio communi-
cations is for radio relay systems. This use 
grew out of the preceding two, in an attempt 
to provide long-distance circuits of good 
telephone quality without expending the 
precious high-frequency spectrum or being 
subject to its interference. The first at-
tempts were simply forward-echelon very-
high-frequency FM sets with the trans-
mitters and receivers back-to-back at relay 
points. Later, pulse modulation of centi-
meter waves was introduced by adaptation 
of radar techniques. The frequency-modu-
lated sets handled four voice channels, 
frequency-division multiplexed, while the 
centimeter-wave sets handled eight channels 
by time-division multiplex. Basically, radio 
relay provides an rf substitute for wire 
and cable long-distance trunk circuits. The 
advantage is that it costs much less shipping 
tons per circuit mile, and can be installed 
more quickly with less men. 
The demand for this type of service is 

complete evidence of its value. But impor-
tant as this new achievement now is, a com-
parison with telephone circuits indicates its 
present faults. The FM radio relay of 
World War II handled four telephone cir-
cuits over not more than five or six jumps of 
about thirty miles each, with a signal-to-
noise plus crosstalk ratio of something like 
20 db. A standard Bell System K carrier 
circuit handles twelve channels per cable pair 
over the same distance, with approximately 
50 db signal-to-noise plus crosstalk ratio. 
The centimeter-wave equipments were 

designed to perform as via trunks with 50 

db signal-to-noise ratio. But they are 
limited to eight single voice channels, one 
of which is usually used as an order wire for 
maintenance purposes. There is no provision 
for transmission of wide-band signals, such 
as television or high-speed facsimile. On the 
other hand, coaxial telephone cables now 
handle frequency-stacked groups of 480 
voice channels or television signals out to 4 
Mc. It is necessary to provide very-high 
frequency FM radio relay comparable in 
performance with commercial carrier tele-
phone service, and microwave radio relay 
circuits comparable with coaxial telephone 
cable. 
Careful mathematical analyses have been 

made of all the aspects of this problem. These 
show that the most difficult problem to be 
solved is to devise a distortion-free means of 
modulating wide-band signals upon a micro-
wave carrier and subsequently demodulating 
them. To handle a multiplexed group of 
100 voice channels in a bandwidth of 500 
kc, and to transmit them over 100 jumps 
averaging 30 miles and recover each with a 
signal-to-noise and crosstalk ratio of 50 
db, requires that the distortion caused in 
each link be less than 0.1 per cent. 

ANTENNAS 

There are, of course, many other prob-
lems of a general nature which remain to be 
solved. One of these is the insistent demand 
for more efficient and more effective an-
tennas. With the use of wider and wider 
frequency coverage, there is insistence upon 
the development of broadband antennas 
which need not be tuned and for smaller 
antennas (for instance, on tanks) which are 
not so visible and do not interfere with the 
guns. The infantryman demands an antenna 
which does not interfere with his progress 
in the jungle and make him the prime 
target of every sniper who knows what an 
antenna means. It is necessary to plan for 
major installations to be in deep bombproof 
shelters, and it may be unsafe even to make 
tuning adjustments on the surface, to say 
nothing of repairing bomb damage. 
The terms "efficient" and "effective," 

used to describe the performance charac-
teristics, may be differentiated in this way. 
A transmitting antenna is efficient if it 
radiates practically all of the energy avail-
able in the output circuit of a transmitter. 
A receiving antenna is efficient if it delivers 
substantially all of the energy which it col-
lects at the receiver input terminals. Gen-
erally speaking, both transmitting and re-
ceiving antennas may be made efficient, if 
they operate near their resonant frequencies 
and are properly matched to the input and 
output circuits. This would seem to dictate 
that, for small, inconspicuous antennas, an 
extremely high frequency must be used. But 
the amount of energy which a receiving 
antenna collects is a function of its physical 
size, other factors being equal. 
Therefore, as frequency is increased and 

the size of a resonant antenna decreased, its 
effectiveness as a collector goes down, al-
though its efficiency may be constant. In 

cases where a resonant antenna cannot be 
used, coupling circuits must be provided 
which cancel the reactive component, in 
addition to matching impedances. With 
these, good efficiencies can be achieved if 
the network is substantially loss-free. The-
oretically, this technique could be carried 
to the point of efficiently radiating energy 
from antennas which are extremely short 
both physically and electrically. But the 
technique has yet to be devised whereby 
large amounts of energy can be collected 
with a receiving antenna which is physically 
short. What seems to be needed is an effec-
tive wave magnet. 
The present understanding of the be-

havior of antennas is based on the work of 
Maxwell performed about eighty years ago. 
Since that time, his work has been studied 
repeatedly without discovering phenomena 
which cannot be explained by his equations. 
They are, therefore, considered valid and are 
accepted as a law of nature. If it is true that 
present-day antenna designs represent nearly 
the ultimate which can be achieved by these 
theories, then the radical improvements 
which are needed can be achieved only after 
fundamental discoveries as basic and as 
advanced as Maxwell's have been made. 

PLANNING FUTURE RESEARCH 

Planning the research and development 
program for the solution of problems such 
as these is one of the foremost jobs in which 
the service laboratories have been engaged 
since the end of hostilities. The Signal 
Corps alone is sponsoring research and de-
velopment totaling millions of dollars in 
scores of universities and colleges and private 
and commercial laboratories, in addition to 
its own efforts. 
But the service laboratories alone cannot 

possibly suggest, sponsor, and direct all of 
the work which will be necessary. Such prob-
lems as these cannot be reduced to terms of 
dollars and cents and solved simply by con-
tracting for a certain amount of effort for 
a year or two. Their solutions will come 
from the mind of man, not from his hands. 
They require the careful thought and patient 
research of many men, their findings prop-
erly evaluated and correlated with other 
efforts, verified by experiments and aided 
now and then by sparks of genius to recon-
cile the irrational and so accomplish the 
impossible. Such work cannot be purchased; 
it cannot be hired; it must be inspired. 
The radio engineering profession is 

challenged to produce advances in its science 
and techniques as far-reaching as those 
being made in other fields, for communica-
tions are the nervous system of our national 
defense and only radio can provide the 
speed and mobility which will be essential 
if ever again our national security is im-
periled. The services rely upon the profession 
to keep the subject of national defense con-
stantly in mind and to make many important 
contributions. Only through the co-opera-
tion of the entire profession with the efforts 
of the service laboratories can our full scien-
tific potential be realized. 
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Telemetering Guided-Missile Performance* 
JAMES C. COEt, VOTING ASSOCIATE, IRE 

INTRODUCTION 

ASTATEMENT was once made by Lord Kelvin 
to the effect that when you were able to meas-
ure something, then you were in a position to 

talk about it. 
Progress in the development of pilotless aircraft and 

guided missiles, including testing techniques, has been 
extremely rapid since VE Day. It is imperative that 
adequate instrumentation be provided to test and evalu-
ate all phases of guided-missile performance. The types 
referred to herein include target-type pilotless aircraft, 
and missiles in which the propelling force is not gravita-
tional or delivered solely during the initial stages of the 
flight. There are aerodynamic control and supporting 
surfaces such as wings, flaperons, rudders, etc. Stated 
in the negative sense, these are pilotless aircraft rather 
than bombs, projectiles, or rockets. 
In the field of pilotless aircraft, including targets and 

guided missiles, as in conventional aircraft, a great deal 
of information can be obtained on the ground, from 
wind tunnels, and from test stands. Pilotless aircraft 
and missiles can be carried under the wing of the parent 
plane in captive flight for additional information. Such 
an installation is shown in Fig. 1, with a KDD sus-

Official U. S. Navy Photograph 

Fig. 1—KDD target-type pilotless aircraft suspended under a 
PB4Y-I. 

pended under a PB4Y-1. With missiles capable of out-
distancing any chaser plane, direct observation by the 
pilot is limited. Instruments being photographed inside 
the missile yield useful information, but they are not 
satisfactory where very rapid changes are involved and 

• Decimal classification: 621.375.616 X R560. Original manuscript 
received by the Institute, October 15, 1947; revised manuscript re-
ceived, May 17, 1948. Presented, 1947 IRE West Coast Convention, 
September 24, 1947, San Francisco, Calif. 

U. S. Naval Air Missile Test Center, Point Mugu, Calif. 

the information only becomes available hours later, if 
ever. From the wreckage shown in Fig. 2, an armored 
film magazine was recovered. 

Official U. S. Navy Photograph 

Fig. 2—An armored film magazine was removed from this 
wreckage. 

Under actual launching and flight conditions, in-
formation can be obtained by observation from the 
chaser plane, through phototheodolites, and by other 
optical means. Photographic data are extremely useful 
during the launching and early stages of flight. Fig. 3 
shows a KUW after separation from the sled and the 
piston of the catapult. A small target-type pilotless 
aircraft is shown on its catapult in Fig. 4. This target 

Offictal U. S. Navy Photograph 

Fig. 3—KUW after separation from launching sled and piston. 

is recovered by means of a parachute contained within 
the hatch which is aft of the wing. Extremely ac-
curate position information is not so important with 
guided missiles also capable of homing on a target as it 
is with projectiles. Doppler radar and doppler radio 
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yield velocity information primarily, while position is 
obtained directly from tracking radar or from explosive 
charges dropped over water and located by underwater-
sound measurements. Velocity and position information 
are valuable, but yield information only on the effect, 
leaving the causes open to conjecture. An integration 
of all the causes is required, and can best be supplied by 
telemetry. 

Official U. S. Navy Photograph 

Fig. 4—XKD2R-1 on catapult. 

All ground tests have obvious limitations. Aerody-
namic factors cannot be adequately controlled simul-
taneously by scale factors in a reduced-scale wind 
tunnel. Supports, tunnel walls, tunnel temperature and 
pressure—all cause errors to enter into the determina-
tion of the aerodynamics of the missile. Vibrations oc-
curing in free flight may augment those due to the pro-
pulsion to cause malfunctioning of many components. 
Ram air is necessary for the simulation of flight condi-
tions in air engines. Control mechanisms likewise en-
counter a different set of conditions at high speeds and 
altitude. The effects of hot gases on radio control at 
higher altitudes has been the subject of some concern. 
Performance is different at speeds higher than the parent 
plane is capable of obtaining. 

EARLY FORMS OF TELEMETERING 

Telemetry is a word of Greek origin meaning meas-
urement from a distance. The word is generally taken 
to include the conversion of quantities to be studied 
into electrical signals, the transmission of these over a 
radio link, their reception, and their presentation in 
the form of indications or permanent recordings. From 
the latter they may be studied at leisure. Thus, tele-
metering permits the measurement and study of per-
formance from a remote point. Photographic or other 
recordings made aloft are not considered telemetering, 
since there is no distance involved between the instru-
ments and the recorders. The use of the word "in-
former" as applied to the transmission of measurements 
by radio has been superceded by "telemeter." A simple 
form makes available only "yes-no" information, such 
as fuze arming time. This type simply tells an observer 

when an event has taken place. A usual form that this 
takes is by changing an audio modulation frequency 
each time an event takes place. The frequency change 
gives evidence that the transmitter was working both 
before and after each successive event. In such a trans-
mitter no rigid demands are made on the stability of 
the audio frequency, or upon its wave form. If an in-
strument panel were observed through the medium of 
television, this would constitute a form of telemetering 
having in effect a large number of channels in which 
quantitative information is made immediately available 
for observation and recording. Radiosondes, as sus-
pended from weather balloons, provide weather in-
formation by sampling the readings of various meteoro-
logical instruments in sequence. Resistance values are 
caused to vary due to humidity, temperature, etc., 
which in turn cause modulation of the transmitter. 
Originally the transmitter consisted of a single channel 
which was commutated. Telemetering in one form or 
another has been used in radio-controlled and other air-
planes for a number of years. Pilotless aircraft and mis-
siles present their own peculiar problems, due to limited 
space, high launching acceleration, high speed, and the 
varied and numerous measurements required. 

REQUIREMENTS OF TELEMETERING 

A great deal of information is desired through the 
various stages of a missile test program, such as launch-
ing information, flight data, and automatic homing. It 
is required to know at one time changes in attitude in-
cluding roll, pitch, and yaw; position determinations 
such as air speed and altitude; additional aerodynamic 
information such as is obtained from the various ac-
celerations; ambient conditions such as temperature, 
humidity, and pressure; structural information such as 
vibration and strain; control functions such as the 
functioning of the control receiver, autopilot operation, 
servo operation, displacements of control surfaces, 
operation of the homing or target-seeking equipment; 
propulsion information including fuel flow and thrust; 
ordnance functions such as fuze arming time; upper-air 
research; the performance of the electrical system; and 
information regarding the telemetering equipment it-
self, including reference voltages for calibration and 
timing marks which permit synchronizing recordings as 
received by several receivers located along the flight 
path. Many of the above measurements are interrelated. 
Some require a high order of time resolution, especially 
as the speed of the missile increases, while for others a 
few samplings per second are entirely adequate. A 
telemetering system must be capable of transmitting 
large amounts of varied data per second. With so much 
information to be desired, a multichannel system is 
plainly indicated, since a single commutated channel 
would not give sufficient time resolution. 
Except for certain target pilotless aircraft which are 

equipped with parachutes for their recovery, missiles 
are fired only once. During that flight certain informa-
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tion is required before the next phase of the test program 
is started. Any malfunctioning is corrected and new 
functions are added. Due to unforeseen difficulties, the 
changes in the telemetering installation are made to fit 
the requirements of the particular test, and the exact 
functions to be telemetered for each flight must be care-
fully chosen. For example, a small number of functions, 
rather than a large number on a time-division basis, 
may be more exactly studied, and at a considerable sav-
ing in time necessary to instrument the missile. A com-
mon mistake is to demand the full utilization of the 
maximum number of end instruments without due re-
gard to the selection of the functions as applied to the 
purposes of the test. Having determined the measure-
ments to be made, the ranges of measurement should be 
properly selected so as to present that portion of the 
range most useful to the test being conducted. Since 
most missiles are fired only once, it is imperative that 
the telemetering be reliable, or a sizable expenditure of 
time and money will be wasted. It follows, therefore, 
that accuracy, stability, and simplicity are imperative. 
Because of this, telemetering personnel check their 
calibration work just prior to launching. Launchings are 
made from the mainland and San Nicolas Island, from 
shipboard or aircraft. Fig. 5 is a pictorial representation 

1 
X 
Officzal U. S. Nov> Photugfraph 

Fig. 5—Pictorial representation of Naval Aircraft Missiles Test 
Center, Point Mugu, Calif. 

of the sea range of the Naval Aircraft Missiles Test 
Center, Point Mugu, Calif. Launchings subject the 
telemetering equipment to severe conditions, particu-
larly due to acceleration or condensation. Thus before 
launching at high altitude from the parent plane, the 
parts will have become cooled; then, upon reaching a 
low altitude the condensation which takes place may 
impair operation of the telemetering equipment. 
Malfunctioning of the control equipment may cause 

the missile to roll, or it may be thrown into a climb or 
steep dive, and through all these gyrations the tele-
metering equipment must continue to function. A direc-

tional antenna may cause the signal to be lost entirely, 
along with valuable information, at a critical time; 
therefore, such an antenna requires more receiving sta-
tions. The pattern of the antenna on the missile should 
be such that reception will not be impaired due to such 
changes in attitude. The antenna should not present 

Official U. S. Navy Photograph 

Fig. 6—KD2-C equipped with a stub which is not insulated from 
the airframe and which is fed internally. 

too much drag, and with supersonic missiles this be-
comes an increasingly important factor. Pitot tubes 
or an insulated section of the nose have been used as 
radiators. These are not always efficient radiators, so 
the airframe itself may be excited through a feed line of 
one kind or another. At this activity there has been 
developed a "zero drag" antenna without slots or in-
sulated sections, as shown in Fig. 6. To do this the air-
frame was excited at the base of the stabilizer by an 
internal feed line. This was possible by means of an 
opening around the tail pipe, and because of the fact 
that covers are attached with fasteners spaced at wide 
intervals. A spike extending aft supplied end loading 
and improved the three-dimensional pattern of radia-
tion. Another spike, electrically continuous with the 
airframe, is shown in Fig. 7. In this instance the air-
frame was excited by a feed line external to the target 
pilotless aircraft. 
As in any measurement, the telemetering equipment 

should not impair operation, nor should it exert an un-
due influence upon the quantity to be measured. In 
small target pilotless aircraft, for example, the distribu-
tion of telemetering equipment is important in order 
that the center of gravity remain unchanged. Tele-
metei ing equipment should be appropriately packaged 
to fit the particular requirements of the airframe, and 
this is generally done by utilizing a number of small 
components properly located with respect to vibration, 
temperature, etc. 
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The final requirement of telemetering is the proper 
recording of the data, and the most usual method is the 
recording on paper or film. The decoding equipment, 
which cuts down the routine work of data reduction, is 
part of the receiving equipment, as is indicating equip-
ment which shows the variation of certain quantities as 
the flight progresses. 

Official U. S. Navy Photograph 

Fig. 7—XKD2R airframe excited by an external feed line. The 
spike is electrically continuous to the horizontal stabilizer. 

FREQUENCY BANDS 

While most of the work has been done under 100 Mc, 
this is at present on a noninterference basis. The new 
channels are from 217 to 220 Mc, and from 2200 to 
2300 Mc. Some telemetering has also been done in the 
neighborhood of 440 and 520 Mc. Operation at higher 
frequencies poses so many difficulties that their use is 
not warranted in small missiles. 

TIME RESOLUTION 

As the speed of missiles increases and reaction times 
become less, accurate time studies become more im-
portant. When it is considered that the entire time re-
quired to home upon a target is only a small portion of 
the entire flight, the seriousness of the problem becomes 
readily apparent. 
The problem starts with the end instruments, of which 

there are many varieties. The more common types de-
pend either upon motion or upon a temperature or cur-
rent change. Diaphragms, bellows, bourdon tubes, 
gyros, autosyns, vanes, and the like, depend upon 
motion for their action. These take in a large variety of 
measurements, including altitude, pressure, position, 
and flow. Force, pressure, velocity, and acceleration 
measurements usually involve mechanical motion. Even 
with strain-gage measurements there must be motion, 

however slight,and wherever there is motion the mechan-
ics of the system, including damping and inertia, be-
come a factor. If the damping coefficient of an ac-
celerometer for example, is 65 or 70 per cent of critical, 
as commonly used, it requires about one cycle to arrive 
within 5 per cent of the final value. The sensitivity gen-
erally varies inversely as the square of the frequency. In 
other words, a sensitive system is sluggish, and one 
with a more rapid response is less sensitive. A coil 
which cuts flux involves either motion or a change in 
flux. Due to the self-inductance of the winding, time is 
required between the initial and final conditions. 
Temperature measurements involve means which are 
usually sluggish, whether a change in position, re-
sistance, or generated voltage is involved. 
While the great majority of end instruments require 

time to reflect a change, the transducers attached to 
them would necessarily have to respond equally fast if 
the time resolution is to remain unimpaired. Potenti-
ometers used as transducers have limitations in this 
respect. Resolution takes on a different meaning in the 
dynamic sense, rather than a static one involving only 
turns per inch or ohms per degree of rotation. Variable-
reluctance-type transducers as described below are 
capable of a very rapid response. 
The time resolution or frequency response of a tele-

metering channel need not exceed that of the end in-
strument or transducer. Progress in the radio end of 
telemetering toward the obtaining of frequency-re-
sponse characteristics necessary for a high order of time 
resolution far exceeds that in most end instruments and 
transducers. It is odd that some telemetering systems, 
which are superior from the standpoint of bandwidth, 
are designed for potentiometer-type transducers which 
cannot give an intelligible response during rapid changes. 
The time resolution and accuracy of telemetering may 
also suffer due to the recording process. This may be due 
to the optics of the recording means when distortion 
results from the cathode-ray-tube and camera combina-
tion. The speed at which film or paper travels through 
the recorder is also a factor in obtaining data during 
rapid changes of the function being telemetered. 

TRANSDUCERS 

The transducer performs the function of converting 
the varying physical quantity under measurement into 
an electrical quantity. The transducer is generally re-
ferred to as the electrical link following the end instru-
ment. It is just as important that the transducers be 
able to withstand the rigorous conditions of accelera-
tion, vibration, temperature, humidity, etc., as any 
other link in the system. This conversion need not 
always be linear. It is sometimes desired to have it vary 
nonlinearly. The end instrument may not be linear, 
but by proper design of the transducer, the calibration 
curve of the variation of the physical quantity as plotted 
against the electrical output of the transducer may be 
linear. Also, it may be desired to emphasize a critical 
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part of the range by having a small change produce a 
relatively large change in transducer output. There are 
too many types of transducers as applied to end instru-
ments to cover the entire field, except in a general way. 
They may be classified according to whether they are 
modulating or generating. Examples of the modulating 
type are the variable inductance, variable capacitance, 
and the variable resistance. Examples of the latter are 
potentiometers, resistance strain gages, and electron 
tubes. Electron tubes may also be operated as the gen-
erating type of transducer. Other kinds of generating 
transducers include the piezoelectric, photoelectric, 
thermoelectric, and magnetic. The generating type, as 
applied, is not always capable of completely modulating 
the designated circuit of the transmitter, nor is the 
modulating type always capable of completely perform-
ing this function. In these instances the transducer must 
be modified or the output amplified so that small initial 
variations are caused to produce the required modula-
tion. For the sake of simplicity, weight, and space, it is 
extremely desirable to use simple transducers capable of 
producing the necessary output. 

Official U. S. Nat.)) Photograph 

Fig. 8—Fuel pressure, airspeed, gyro horizon, direction gyro, altitude, 
and air-pressure instruments equipped with microtorque po-
tentiometers for telemetry. 

A primary step in instrumenting a missile is to cali-
brate each end instrument with its transducer attached. 
Often standard aircraft instruments are modified by the 
addition of the transducer, and the transducer must not 
impair the operation of the instrument. A group of 
such instruments with potentiometer-type transducers 
is shown in Fig. 8. A low-torque potentiometer requiring 
a torque of only a few thousandths of an inch-ounce 
will cause measurable drag on some instruments, such 
as the 1000-foot range of aircraft altimeters. If close 
indications of altitude are desired, an instrument and 
transducer in combination designed for the purpose is a 
better answer. Another method is to couple a variable. 
reluctance type of transducer to the instrument by at-
taching a small piece of magnetic material to the 
needle. The torque necessary to drive the metal is ex-
tremely 'low. This arrangement is best fitted to work 
into a frequency-changing arrangement such as results 

when the reluctance of a frequency-controlling induc-
tance is caused to vary with motion. Usually this is the 
tank coil of an audio oscillator, whose frequency then 
varies with the position of the metal segment. Correct 
operation is obtained when the metal and tank padder 
capacitor are adjusted to the center frequency of the 
carrier, and the shape or position of the metal is ad-
justed so that the frequency is caused to vary the de-
sired amount. The frequency of the oscillator may be 

E - COIL  

MU METAL SEGMENT. 

MU METAL SEGMENT. 

E-COIL 

Fig. 9—Two methods of adapting an E coil for use as a 
tachometer. 

varied over the desired range by causing a change of as 
little as a few thousandths of an inch in the transducer 
air gap. It is also possible to obtain the change in fre-

Official U. S. Navy Photograph 

Fig. 10—E coil and mu-metal segment for tachometer or 
motion meter. 
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quency from a large change in air gap with increased 
spacing of the metal. These transducers are excellently 
adapted for attachment to such instruments as ac-
celerometers, altimeters, airspeed indicators, pressure 
gages, tachometers, and various position and displace-
ment meters. Figs. 9, 10, and 11 show some of these 
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Fig. 11—Pressure gage and accelerometer with E coils, saturable 
reactor, and oscillator. 

applications. A saturable reactor has been developed 
which also embodies the tank circuit of an audio oscil-
lator, and is shown in Fig. 11. Information obtained 
from resistance strain-gage bridges, thermopiles, and 
current changes of a few milliamperes can thus be con-
verted into af changes. Mu metal is widely used in 
order to reduce errors due to hysteresis. 

TELEMETERING SYSTEMS 

It is not possible to cover all the various types of 
systems, and so in this paper the telemetering systems 
which show particular promise will be discussed. They 
can be divided into two classifications; namely, fre-
quency-modulated multiple subcarrier, frequency-mod-
ulated carrier (frequency-division), and pulse-position 
(time-division) systems which differ greatly in design. 
Since the FM/FM system is used most commonly, it 

is covered in some detail. Synchronizing circuits are not 
required, since this is a function of the subcarriers, and 
distinction between channels is achieved by them. Fre-
quency-modulated subcarrier FM telemeters are rela-
tively simple since the total number of components in 
the system are few, resulting in low power require-
ments and small size. Test equipment and techniques 
are well established. The underlying theory of operation 
is similar to FM broadcasting, so the specialized training 
of technicians does not present a serious problem. This 
is a factor, considering the range crews required to oper-

ate the various island stations and to instrument a 
number of missiles and targets each week. Frequency 
modulation of the subcarriers also has an advantage 
from the standpoint of noise. 
In the design of equipment employing frequency 

modulation of the subcarriers, emphasis is placed upon 
the frequency stability of the subcarrier oscillators, 
even though ambient conditions such as temperature, 
humidity, acceleration, or power-supply voltage vary 
as the flight progresses. Any drift in subcarrier frequency 
would appear as a change in the function being tele-
metered. By incorporating a switching arrangement in 
the receiver which, in effect, removes the intelligence 
from the subcarrier for a few hundredths of a second, 
any drift in center frequency becomes evident by a 
displacement of the recorded trace, which can be taken 
into account in the process of data reduction. 
In Fig. 12 is shown a multivibrator type of oscillator 

circuit with a preamplifier and RC filter. This is used in 
connection with low-torque potentiometer-type trans-
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Fig. 12—Preamplifier, multivibrator, and RC filter used with end 
instruments equipped with low-torque potentiometers. 

ducers. The function being telemetered causes a maxi-
mum variation of 3 volts to be impressed upon the pre-
amplifier in order to obtain the desired frequency devia-
tion. Fig. 13 is a phase-shift oscillator adapted to the 
telemetering of voltages from a high-impedance source. 
RC filtering of the plate supply to each oscillator is 
used to reduce interchannel interference through the 
power-supply leads. The simple oscillator shown in 
Fig. 11 has a very low harmonic output, and is used 
without filtering the output, although it would be a 
simple matter to add RC filtering since a high resistance 
is necessary to reduce the output to the necessary value. 
The higher harmonics coming from the low-frequency 
subcarriers would result in cross talk with the higher-
frequency subcarrier channels, and it is therefore neces-
sary that they be kept down. To preclude the possibility 
of second-harmonic cross modulation, the limit fre-
quencies of each band are so selected that their second 
harmonics fall outside the ranges of the other channels. 
These frequencies are as follows: 2300, 3000, 3900, 
5400, 7350, and 12,300 cps. 
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With a deviation of plus or minus 7.5 per cent there is 
less likelihood of cross modulation due to harmonics 
than if a greater deviation were used. The wave-form 
requirements of the modulated subcarriers are less exact-
ing with this deviation than with a greater deviation. 
This has resulted in a corresponding reduction in the 
pass band, and of the modulating frequency of the in-
telligence. The characteristics of the several filters used 

Fig. 13—Phase-shift oscillator for voltage from a 
high-impedance source. 

in the receiving equipment to separate the modulated 
subcarriers are likewise limited to pass the frequencies 
extending 7.5 per cent on each side of the center fre-
quencies. Assuming that adequate performance can be 
obtained by admitting all the frequencies including the 
third harmonic of the intelligence frequency, then the 
intelligence frequency varies from 57.5 to 307.5 cps, 
depending upon the channel used, as shown in Table I. 

TABLE I 

Channel  Subcarrier  ±7.5 per cent Intelligence 
Frequency 

1  2,300  ± 172.5  57.5 
2  3,000  ±225  75 
3  3,900  ±292.5  97.5 
4  5,400  ±405  135 
5  7,350  ±551  183.6 
6  12,300  ±992.5  307.5 

A subminiature telemetering transmitter, consisting 
of a reactance modulator, master oscillator, and power 
amplifier, is shown in Fig. 14, and the circuit is given in 
Fig. 15. The range of this equipment may be increased 
by means of an auxiliary power amplifier. 
A typical receiving station is shown in Fig. 16. For 

convenience in calibrating the complete system on the 
mainland, the receiving equipment was installed in a 
truck. A modified RBF-3 Navy receiver and pano-

Official U. S. Navy Photograph 

Fig. 14—Bendix subminiature telemetering transmitter. 

AMVEMNA CAP 

Fig. 15—Schematic of the subminiature telemetering transmitter, 
consisting of reactance-modulator, master-oscillator and power-
amplifier circuits. 

Fig. 16—Truck installation of subcarrier receiving equipment, con-
sisting of FM receiver and panoramiscope, subcarrier filters, 
audio discriminators, and recording oscillographs. 
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ramiscope are used with filters and discriminators for the 
various subcarriers. A fourteen-channel recording oscil-
lograph is used to record the intelligence of the various 
channels, timing marks, and control signals. 
Typical accuracies which may be expected from fre-

quency-modulated multiple subcarrier telemetry are 
listed in Table II. Improvements in the accuracy 
of a function being telemetered may be improved by 
reducing the effects of vibration, acceleration, tempera-
ture, and other ambient conditions, particularly on the 
end instruments. In some instances the added accuracy 
obtainable by more complex end instruments and trans-
ducers cannot be utilized due to space limitations, or if 
instability results from their use under flight conditions. 

TABLE II 

ACCURACIES OBTAINED FROM FREQUENCY-MODULATED 
MULTIPLE SUBCARRIER TELEMETRY 

Over-All Accuracy Using Variable-Reactance Transducers: 
Amplitude   2.0 per cent 
Acceleration   3.0 per cent 
Motion and Position 
Angular   1.0, per cent 
Linear   1.0 per cent 

Pressure   3.0 per cent 
Velocity 
Rotational   0.05 per cent 
Reciprocating   0.05 per cent 

Over-All Accuracy Using Saturable-Reactance Transducers: 
Strain, Temperature, Voltage, or Current   5.0 per cent 

Over-All Accuracy Using Resistance Transducers: 
Add approximately 1 per cent to the end instrument accuracy. 

Accuracies of Typical End Instruments with Resistance Transducers 
Attached 
Altitude: 
100 ft on 10,000 ft range; 150 ft on 10,000-20,000 ft range; 200 ft 
on 20,000-35,000 ft range. 

Airspeed: 
3 mph on 500 mph range; 5 mph on 700 mph range. 

Linear Acceleration: 
0.15g on 12g range. 

Angle of Pitch and Yaw Vane Transmitters: 
t° 45°4/-45° 

Direction Gyros: 
Maximum drift not to exceed 3° in 15 min; 360°-0-360° 

Attitude gyros: 
2 per cent 
2 per cent 
2 per cent 

Rate Gyros: 
Rate of roll 

Rate of pitch 

Rate of yaw 

Fluxgate Compass Indicator: 
0.5 per cent  0-360° azimuth 

Pressure: 
2.0 per cent 

Flow Rate: 
0.5 per cent 

Fuel Remaining: 
0.5 per cent 

Flow Totalizer: 
0.5 per cent 

100°-0-100° roll 
95°-0- 95° roll 
360°-0-360° roll 

1 per cent 
1 per cent 
1 per cent 

1 per cent 
1 per cent 
1 per cent 

1 per cent 
1 per cent 
1 per cent 

70°-0-70° pitch 
65°-0- 65° pitch 
360°-0-360° pitch 

0- 90° per sec 
0-180° per sec 
0-270° per sec 

0- 90° per sec 
0-180° per sec 
0-270° per sec 

0- 90° per sec 
0-180° per sec 
0-270° per sec 

MULTIPLEXING SUBCARRIER SYSTEMS 

In order to obtain additional telemetered informa-
tion, several methods may be employed. The number of 
subcarriers may be increased at the expense of power per 
channel. It is better from the standpoint of space in the 
missile, as well as power, to obtain additional informa-
tion by incremental frequency shift of the subcarrier, 
or by time division of one or more subcarriers. The 
former superimposes one function upon another without 
interrupting the first. Time and frequency information 
are particularly well adapted to this type of multiplex-
ing. Tachometer indications, for example, may be made 
to appear as a sinusoidal trace on the oscillograph paper. 
A displacement in trace position will not change the 
number of alternations. This shift may be due to the 
arming of a fuze. In this manner "yes-no" information 
may be superimposed upon the speed indication. 
Physically this may be done by using a relay to connect 
a capacitor across the tank circuit to decrease the fre-
quency. A pronounced and sudden change in amplitude 
of the trace can convey such information without im-
pairing the usefulness of the original information. It is 
required that the frequency deviation of the function 
be limited so that the total does not cause overmodula-
tion. A subminiature installation in which this method 
was used is shown in Fig. 17. The relay box was mounted 

O fficial U. S. Navy  g, ,if 

Fig. 17—Typical installation of subminiature telemetering equipment 
in KD2C. 
Upper left: roll and pitch gyros with mu-metal segments and 

E coils. 
Upper right: relay box for superimposing fixed displacements 

upon certain channels. 
Lower left: power amplifier. 
Lower right: six subcarrier oscillators. 
Note: standoff insulator at upper left is for control receiver 

antenna. 

on the cover of the box in the upper right. The subcar-
rier oscillators are shown at the lower right, the roll and 
pitch gyros with E coils are at the upper left, and the 
power amplifier with coax from the transmitter is lo-
cated at the lower left. 
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Multiplexing by time division is adapted to measure-
ments which do not require a high time resolution, such 
as result from many mechanical and electrical changes. 
A simple means of subdividing a channel is by means of 
a motor-driven switch shown in Fig. 18, which causes 

Ogit.tal U. S. Navy Photograph 

Fig. 18—Motor-driven multiplexing. 

one function to be recorded for the larger part of the 
cycle, and another to be recorded the smaller part of 
the time, resulting in short and long trace indications. 
The difference in dwelling time readily distinguishes 
each function. The period time is about one-tenth of a 
second. It is therefore necessary to select functions not 
subject to more rapid changes. Temperature or other 
functions not subject to rapid change may be tele-
metered on a relatively slow divided-time basis such as 
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Fig. 19—Subcarrier output multiplexing. 

this. Circuitwise this may be accomplished by inserting 
the motor-driven switch between the end instruments 
and the oscillator, in which case only one channel is 
divided between the end instruments. With four end 

instruments to share a channel, for example, there is 
less time per instrument than if there were only two 
end instruments. It is possible that four end instru-
ments have as much time per end instrument as if 
only two were used, by eniploying four oscillators on 
two channels, with one end instrument per oscillator. A 
two-position switch can be made to select between the 
outputs of two pairs of oscillators as shown in Fig. 19. 
One oscillator of each pair would be set for 2300 cps, 
and the other for 3000 cps. During a part of the time 
these two and their end instruments would be con-
nected, and during the remainder of the time the other 
2300 cps and 3000 cps oscillators and their particular 
end instruments would be connected to the modulator. 
A difference in dwelling time or of spacing is necessary 
to distinguish between pairs. This method is extremely 
simple, but involves dividing time on more than one 
channel. 
A multisegment, motor-driven switch, spoken of as 

a commutator, provides another means of dividing the 
time of a channel. The various end instruments would 
connect to their respective segments. The commutated 
channel thus provides many sources of information, not 
all of which are available for end instruments, since 
reference voltages are transmitted for calibration pur-
poses. where voltage variations in flight would be re-
flected in accuracy. Timing pulses are also transmitted 
and are particularly necessary for the establishment of 
the proper time sequencing of the recordings of the 
several receiving stations as the missile comes into the 
effective range of each. At this activity a low-speed 24-
segment commutator has been developed in which the 

ta • 

Fig. 20—Low-speed commutator with high duty cycle. 

dwelling time is nine times the transfer time. A Geneva 
movement was used in this commutator, shown in 
Fig. 20, in order to obtain this ratio. In Fig. 21 is shown 
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a higher-speed mechanical commutator which is driven 
at 5 revolutions per second. With 30 segments, this 
represents a total of 150 samplings per second. Since 
this number imposes more stringent bandwidth re-
quirements, it is generally used on the 7350 or 12,300 
cps subcarrier frequencies where the bandwidths are 
adequate for this commutator. If more than five sam-
plings per second are desired of a particular function, the 
number may be increased by utilizing more segments, 
at the expense of the number of functions to be tele-
metered. For example, if segments number one and 
number sixteen are multiplied, ten samplings per second 
result, but one less function can be telemetered. If 
numbers one, eleven, and twenty-one are multipled, 
then fifteen samplings per second are obtained of this 
function, and at the expense of two functions. 

Official U. S. Navy Photograph 

Fig. 21 —Experimental high-duty-cycle commutator being 
subjected to vibration tests. 

Avenues for the improvement of mechanical com-_ 
mutation have by no means been exhausted. Some 
work has been done with electronic commutation ar-
rangements, but this is in the experimental stage. 

PULSE SYSTEMS 

Official U. S. Navy Photograph 

Pulse systems are fundamentally based upon time 
division, characterized by pulses of high amplitude and 
with one-half to two microseconds duration. Also, a syn-
chronizing means must be supplied. Because of the 
comparatively long intervals between pulses, some 
pulse systems are capable of expansion or contraction 
into a greater or lesser number of channels. Pulse sys-
tems are numerous and varied. 
Pulse-position modulation apparently offers the most 

encouragement for missile work. Once during each 
period each channel is sampled. The channel pulses are 
advanced or retarded about their quiescent positions 
due to modulation. The amount of advancement or re-

tardation is dependent upon the amplitude and polarity 
of the input voltage at the instant each sample is taken. 
The input frequency determines the rate at which the 
pulses corresponding to a given channel vary from the 
quiescent position. The maximum change in pulse 
position must be limited to prevent adjacent channels 
from overlapping, and to reduce crosstalk. If each 
channel occupies 10 degrees, a total of thirty-five chan-
nels excluding the sync channel are obtained. With a 
one-half microsecond pulse length and a sampling time 
of twenty times this amount, the time per channel is 
10 microseconds, and a maximum sampling rate of 2777 
samplings per second would result. A greater pulse 
length would result in a lower sampling rate. Many 
ways of producing pulse-position modulation are pos-
sible; however, the method should be precise so that 
random errors in pulse position would be minimized. 
An experimental transmitter is shown in Fig. 22. The 

power supply for this transmitter is somewhat larger and 
heavier than the transmitter itself. Potentiometer-type 

Fig. 22 —Experimental pulse-position telemetering transmitter 
and location within KUW. 

transducers are employed with this equipment. A similar 
type of pulse telemetering is described by Heeren, 
Hoeppner, Kauke, Lichtman, and Schiffiett.1 
The principal difficulty with pulse-position systems 

has been their dependence upon absolute timing cir-
cuits. This has been improved by causing each channel 
to assume a fixed relative position with respect to the 
others. It is not necessary to break a cycle down into 
eight parts directly (from a delay line, for example), 
since phase-doubling transformation can be used to 
obtain eight phase displacements from an original four. 
This is analogous to the use of transformers to convert 

1 V. L. Heeren, C. H. Hoeppner, J. R. Kauke, S. W. Licht-
man, and P. R. Shifflett "Telemetering from V-2 rockets," Electronics, 
vol. 20, pp. 100-107; March, 1947. 
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three-phase power to six-phase power. With the eighth 
channel used for synchronizing pulses, seven channels 
therefore result. Thirty-five channels would result from 
the breakdown of a cycle into 10-degree samplings. 
In another pulse-position system, a subcarrier trans-

ducer system is employed in order to make it unneces-
sary to introduce reference level markers. The quiescent 
frequency of the subcarrier rather than the quiescent 
time position of the pulse determines zero level. The 
time interval between the marker pulse and each channel 
pulse is varied at an audio rate by the incoming signal 
from the transducer. The oscillator-frequency output 
is then used to modulate a channel whose pulse output 
is transmitted, received, and demodulated to produce 
the original signal. When it is desired to telemeter a 
voltage, it can control the frequency of the oscillator 
directly, just as is the case with frequency-modulated 
subcarrier systems employing phase-shift oscillators. 
Beyond this the similarity between these types of 
systems ends. 
Restrictions imposed by security regulations pro-

hibit a complete discussion of Navy pulse telemetering 
systems. 

CONCLUSIONS 

Numerous telemetering systems have been proposed, 

and a number have been built which are as different as 
the functions to be telemetered. 
Telemetering systems may be compared on the basis 

of several factors: 
Bandwidth is only a factor when the end instruments 

and transducers warrant an equally high time resolu-
tion. 
With a number of island stations, range is not as 

important as reliability with various missile attitudes. 
Reliability is a factor which is based largely upon the 

number of links in the chain of circuits. 
Speed in equipping and calibrating before flight is 

important in a test program, and depends largely upon 
the number of items which can go wrong. 
In small target pilotless aircraft, space is a particu-

larly critical factor, and the volume of the equipment 
depends again upon the number of circuits, power, and 
number of functions to be telemetered. 
The time required to make an installation, and the 

cost of the telemetering installation, is largely a function 
of the number of functions to be telemetered; however, 
this cost is low compared to the missile which is ex-
pended in a test flight. A failure of the telemetering re-
sults in the waste of a large sum because of the loss of 
the necessary data, necessitating the complete condi-
tioning and instrumenting of another missile. 

A Waveguide Bridge for Measuring Gain at 4000 Mc* 
A. L. SAMUELt, FELLO W, IRE, AND C. F. CRANDELLt, MEMBER, IRE 

Summary— A bridge has been constructed for measuring the 
gain and phase delay of amplifiers in the vicinity of 4000 Mc. The 

equipment is described, and the methods employed to reduce the 

possible errors are discussed. The general method may be adapted 
for use in any desired frequency range. 

RIDGE CIRCUITS, although much used at 
lower frequencies, have not been applied to any 
great extent at the high radio frequencies. The 

present paper describes a waveguide bridge which has 
been constructed to measure gain (or loss) and phase 
delay of devices at frequencies in the vicinity of 4000 
Mc. The general method consists in comparing the out-
put of the device under test to its input by means of a 
null balance. As in any ac bridge, this balance involves 
both amplitude and phase. The amplitude balance is ob-
tained by varying a calibrated attenuator, the calibra-

Decimal classification: R255.11. Original manuscript received by 
the Institute, December 1, 1947. Presented, 1948 IRE National Con-
vention, March 24, 1948, New York, N. Y. 
t Formerly, Bell Telephone Laboratories, New York, N. Y.; now, 

University of Illinois, Urbana, Ill. 
Formerly, Bell Telephone Laboratories, New York, N. Y.; now, 

Southwestern Bell Telephone Company, Dallas, Texas 

tion giving the gain directly. Phase balance is obtained 
by moving the position of a pickup point on a standing-
wave detector, the distance by which this point must 
be moved when the amplifier is replaced by a passive 
circuit of known characteristics (usually a short section 
of waveguide) being a measure of the phase shift. Bal-
ance is indicated by a null observation on a cathode-
ray oscilloscope which simultaneously presents the out-
put versus frequency characteristic of the amplifier on a 
second trace. 

GENERAL EXPLANATION 

A photograph of the complete bridge is shown in Fig. 
1. It consists of (1) the high-frequency oscillator and 
driving amplifier with their coaxial-line connections 
located on the extreme upper right corner of the bench, 
and partly obscured by the waveguide assembly; (2) the 
waveguide assembly which constitutes the bridge 
proper; and (3) the associated power supplies, monitor-
ing circuits and switching circuits, etc., which are 
mounted on the racks to the right and left and on the 
shelf above the waveguide unit. 
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Fig. 1—The complete bridge assembly with all auxiliary 
equipment and power supplies. 

The waveguide section only is shown in greater de-
tail in Fig. 2. Power from the high-frequency oscillator, 
shown in the upper right with its motor modulating de-
vice, is supplied to the driving amplifier (partially hid-
den by the waveguide assembly) by means of a flexible 
coaxial cable and from there to the input of the wave-
guide which is located just outside the picture to the 
right. The unseen portion of guide to the right contains 
wave meters and an impedance-matching unit. Enter-
ing the visible portion of rectangular waveguide from 
the right, the first unit encountered is an input attenua-
tor (with circular dial), then the input directional cou-
pler (the three-tier guide section), where samples of in-
put power and input reflected power are obtained. The 
amplifier under test is in the center foreground between 
the input directional coupler to its right and a similar 
output directional coupler to its left. The traveling 
probe of the standing-wave detector, with its flexible 
coaxial output, is seen behind the amplifier. The cali-
brated attenuator with its dial indicator (white faced) 
can be seen in the waveguide section between the output 
directional coupler and the traveling probe. 

Fig. 2—The waveguide bridge proper showing the arrangement 
of the parts. 

MEASUREMENT OF GAIN 

A simplified schematic of the bridge is shown in Fig. 
3. The wave pattern existing in the section of guide con-
taining the traveling probe can be considered as result-

ing from two independent waves. One of these, propor-
tional to the input power to the amplifier under test, 
is traveling to the right, while the other is proportional 
to the output power, and is traveling to the left. If the 
loss introduced by attenuator No. 1 is exactly equal to 
the gain introduced by the amplifier (assuming the 
directional couplers to be identical), the amplitudes of 
these two wave components will be equal, producing a 
resulting standing-wave pattern with a series of nodes. 
A null balance can therefore be obtained by moving 
the pickup probe along the slotted section to one of these 
nodal points, and by a critical adjustment of the 
attenuator. 

Fig. 3—A simplified schematic of the bridge illustrating the 
basic principle. 

It should be noted that this bridge compares the for-
ward power in the input line with the forward power in 
the output line. The bridge, therefore, measures gain 
defined as the ratio of the power impressed on the out-
put line to the power impressed on the input to the 
amplifier. The actual power delivered to a useful load 
may be reduced by an impedance mismatch, and the 
power absorbed by the amplifier input may be similarly 
reduced by an input mismatch. Measurements made un-
der mismatch conditions must be properly interpreted, 
but they are otherwise perfectly valid. However, it is 
customary to make gain measurements under matched 
conditions where the distinctions between available 
power, impressed power, and absorbed power are of no 
consequence. 
Although the circuit shown in Fig. 3 is perfectly usa-

ble for the measurement of gain on an unmodulated cw 
basis, the measurement is greatly facilitated by the use 
of a frequency-modulated source which, in effect, pe-
riodically sweeps the frequency of the high-frequency 
oscillator through the pass range of the amplifier. By 
means of a synchronous switch the oscillator is turned 
off for every alternate half cycle of the frequency ex-
cursion, so that the frequency sweep is unidirectional. 
The off period also provides a zero reference line on the 
oscilloscope. Under these conditions it is possible to ob-
serve the band-pass characteristics of the ampliffer as a 
function of frequency. By means of a channel switch 
one may view this band-pass characteristic on the 
oscilloscope at the same time that the oscilloscope is 
being used to observe the null balance of the bridge. 
Of course this balance will now occur at only a single 
frequency (within the range being swept) for which the 
gain and phase setting are correct. 
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Fig. 4 is a schematic drawing of the complete bridge 
circuit. It includes the frequency-modulated source, to-
gether with a number of additional features which have 
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Fig. 4—Schematic drawing of the complete bridge. 

not yet been described. Small sketches indicate the ap-
proximate appearance of the signal (or its envelope) 
existing at various parts of the circuit. These plots are 
against time as an abscissa, but in most cases they can 
be thought of as plots against frequency because of the 
nature of the frequency modulation on the high-fre-
quency oscillator. Fig. 4 is a composite drawing and 
contains features which are not all used simultaneously. 
The two-channel display on the oscilloscope makes it 

possible to adjust for a null at any desired point in the 
amplifier pass band, while simultaneously insuring that 
the pass band is of the desired shape. The appearance 
of the oscilloscope is indicated in Fig. 5. One trace 

Fig. 5—An unretouched photograph of the oscilloscope screen show-
ing the simultaneous display of the amplifier pass-band charac-
teristic and the bridge balance indication. 

shows the bridge balance, while the second shows the 
pass-band characteristic, which is in the form of the 
usual resonance curve. Both curves are plotted against 
a common abscissa scale proportional to frequency. The 
null point is the center point of the "kV" where it comes 
into alignment with the horizontal zero lines. The am-
plitude rises rapidly for frequencies to either side of the 

balance. A narrow-band amplifier is used in the bridge 
output channel to prevent overloading at far off-
balance frequencies, thus giving the "W"-shaped pat-
tern. This enables one to operate the bridge under condi-
tions of maximum sensitivity. The location of the null 
point along the abscissa scale corresponding to the 
maximum output on the other trace indicates that the 
gain is being measured at this point in the pass band. 

GAIN MEASUREMENT ERRORS 

Reflections in the balancing arm of the bridge will 
introduce an error in the measurement of gain. If the 
directional couplers, their terminations, and the wave-
guide components, particularly the elbows, are not all 
properly matched in impedance, reflections of one wave 
component will be added to the other, wave component 
in random phases, depending upon the exact locations 
and magnitudes of the discontinuities which produce 
them. Furthermore, the relative phases between the out-
put wave sample and the input wave sample, and hence 
the relative phases between the direct waves and the 
additive reflected-wave components, will depend upon 
the exact phase delay through the amplifier under test 
and upon the frequency. The balance obtained under 
these conditions is dependent upon these reflections in 
a complicated way, and an error is introduced which 
cannot be allowed for in the calibration. Instead, this 
error must be reduced to a tolerable value. Care was 
exercised in the construction of the individual circuit 
components and, in addition, they were all individually 
trimmed to match the impedance of the standard wave-
guide. Adjustment screws opposite the slots of the direc-
tional couplers (the top ones being visible in Fig. 2), were 
used to compensate for the reflection caused by these 
slots. The elbows were designed to be reasonably well 
matched, with the final trimming being provided by 
tuning plugs. The terminations were of a design which 
matched the waveguide with little or no trimming. In 
spite of all possible precautions of this sort it was not 
found possible to adjust the individual components to 
much better than 0.1 db standing-wave ratio over the 
desired frequency band. Since there are a relatively 
large number of these discontinuities in the system, the 
over-all error could easily reach 1 db or more. The ef-
fect of these discontinuities was further reduced by 
introducing 10-db attenuating pads on each side of the 
slotted section, as shown in Fig. 4. Because of these 
pads, the output signal sample on the input side of the 
slotted section is reduced in level by 20 db, with respect 
to the level of the input signal sample at this same loca-
tion. The input signal sample is similarly reduced by 20 
db, with respect to the output signal sample on the out-
put side of the slotted section. This reduces the effective 
size of the reflected signals by 20 db, and greatly im-
proves the accuracy of the bridge. The attenuating pads 
themselves must not introduce serious reflections; the 
pads actually used were somewhat better than 0.1 db 
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over the necessary band. The maximum error from this 
source is probably well under 0.2 db. 
Errors in the measurement of phase will occur as a 

result of differences in the lengths of the waveguide 
paths traversed by the input and output wave samples, 
and because of the variations in phase delay through the 
calibrated attenuator. No serious attempt has yet been 
made to evaluate or reduce this type of error. 

MEASUREMENT OF COMPRESSION 

An additional power amplifier, as shown in Fig. 4, is 
of value when one desires to study compression; that is, 
the variation in gain with power level. It cannot be used 
if one wishes to examine the pass-band characteristic 
of the amplifier tube under test because of the effect 
of its own relatively narrow pass band on the resulting 
picture. This driver amplifier can be arranged so that 
its output is switched at a 30-cps rate between two 
different power levels, which may be adjusted so that 
the power output from the tube under test is in turn 
alternated between two desired levels, say 1.0 watt and 
0.1 watt. It is, of course, necessary to remove the fre-
quency modulation on the high-frequency oscillator and 
to operate the amplifier on a cw basis, in order to meas-
ure the output power levels by the thermistor watt-
meter and to adjust the drive to the desired values. 
After this has been done, the frequency modulation can 
then be restored for the gain measurements. By ap-
propriate switching means, it is possible to observe the 
bridge balance signals corresponding to the two different 
levels, simultaneously, each on a separate oscillograph 
trace. If there is any difference in the tube gain at these 
two power levels, only one of the traces can be made to 
balance at a time. The amount by which the "Amp. 
Gain" attenuator must be changed to obtain a balance 
on the second trace is a measure of the compression be-
tween these two power levels. The ability to measure 
the difference in gain between the two power levels while 
the tube is being alternately pulsed between these two 
levels eliminates errors due to drifts in adjustment and 
to long-time variations in gain caused by heating ef-
fects. Changes in gain can be measured to an accuracy 
of the order of 0.1 db by this method, even though the 
absolute accuracy of the bridge is probably no better 
than 0.2 db. 

MEASUREMENT OF BANDWIDTH 

Bandwidth measurements are made by employing the 
circuit shown on the bottom of Fig. 4 to provide two 
frequency-marker pips which can be switched on one 
channel of the 'scope at the same time that the pass-band 
characteristic is being presented on the other channel. 
The appearance of these marker pips is illustrated in 
Fig. 6, where they are shown together with the pass-
band characteristic of the amplifier. These pips are 
separately adjustable as to amplitude, mean frequency, 

and frequency spread, so that it is relatively easy to 
measure the difference in frequency between any two 
desired points on the pattern, say between the 3-db-down 
points. The calibration of the ordinate scale on the 
pass-band characteristic may be made in terms of a 
calibrated attenuator in the output circuit. 

Fig. 6—The frequency marker pips as they appear when viewed 
with the amplifier pass-band characteristic. 

SIGNAL MONITORS 

The bridge is arranged to furnish, in addition to the 
amplifier output, two other monitoring signals which 
come from crystals connected to either end of the top 
deck of the input directional coupler. They are sche-
matically shown in Fig; 4, where they are labeled "Re-
flected Power" and "Forward Power." The signal from 
the "Forward Power" crystal represents the power sup-
plied to the bridge from the FM oscillator. When the 
oscillator and bridge are properly adjusted, this signal 
is a pulse of constant amplitude (with the reference zero 

Fig. 7—The input reflected-power pattern of an amplifier, shown 
with the amplifier pass band. 

line at each end) but of varying frequency. If the input 
level is not constant, an error will be introduced in the 
bandwidth measurements. By having the "Forward 
Power" monitor built into the bridge circuit, it is pos-
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sible at any time to check the adjustment of the oscil-
lator and the bridge circuits. 
The appearance of the "Reflected Power" pattern from 

an amplifier with the input circuit tuned to match the 
impedance of the waveguide at center frequency is 
shown in Fig. 7 (with the transmission pass-band char-
acteristic on the other channel). This pattern provides a 
very quick method of adjusting the input to the ampli-
fier, since the effects of mistuning and mismatching can 
be easily seen separated, and without regard to the 
adjustment of the output circuit. With the input circuit 
properly adjusted, it then becomes a simple matter to 
adjust the output circuit for maximum gain. This meth-
od is considerably faster than the method of tuning both 
circuits simultaneously with the output as the only in-
dication, since there may be no visible output signal if 
the cavities are far out of tune and it then becomes a 
matter of trial and error to determine the correct ad-
justment. 

THE RADIO-FREQUENCY OSCILLATOR 

The FM oscillator shown in Fig. 8 consists of an ex-
perimental oscillator tube in a wide-range cavity. The 

Fig. 8—The FM oscillator. 

mean frequency of this oscillator is determined by the 
position of a movable piston in one end of the resonant 
cavity, while the periodic variations in frequency are 
produced by a paddle (shown in detail in Fig. 9) which is 
driven by a synchronous motor. This oscillator will tune 
from 6.8 to 8.1 cm. 
At 4000 Mc, the frequency where the bridge is 

normally used, the oscillator output can be adjusted to 
be constant to within 0.2 db over a frequency swing of 
SO Mc. By introducing an alternating voltage in the 
power supply, it is possible to increase the frequency 
sweep to 600 Mc with not too great a sacrifice in con-
stancy of output. A Western Electric D-168479 relay 
operating at a 60-cps rate is used to supply the oscil-
lator with a square-wave input voltage. 

Fig. 9—The paddle used in the oscillator of Fig. 8 to produce 
the frequency variation. 

THE CHANNEL SWITCH 

A relay circuit provides the desired synchronous 
switching between any two selected channels. This re-
lay is driven by a 30-cps vacuum-tube oscillator 
which is synchronized by its 60-cps plate supply. This 
arrangement is much superior to an electronic switch 
which was originally used, and which was unsatisfactory 
at 30 cps because of its poor low-frequency response. 
A balance control provides for the injection of a small 
variable dc voltage of either sign into one of the two 
relay signal channels to displace one trace on the oscil-
loscope with respect to the other. A bank of six input 
terminals and input potentiometers, and the associated 
switches, enable one to select the desired pairs of sig-
nal channels for simultaneous observation. 
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A High-Level Single-Sideband Transmitter* 
OSWALD G. VILLARD, ,TR.f, ASSOCIATE, IRE 

Summary—Double-sideband suppressed-carrier signals can be 
generated with relatively high efficiency at high power levels in 
grid-modulated balanced modulators so biased that very little plate 
current flows in the absence of audio input. When tubes having a 
constant-current characteristic are used, and the necessary quadra-
ture phase shift between pairs of audio- and radio-frequency excita-
tion voltages exists, two high-power balanced modulators of this 
type may be connected to a common output circuit to produce sup-
pressed-carrier single-sideband signals. The peak efficiency of the 
combination for sinusoidal modulation is r/4 times or 78 per cent that 
obtainable when the same tubes are used as linear amplifiers. Op-
erating adjustments are shown ,to be straightforward. The simplici-
ty and power economy of this circuit make it attractive for those 
applications where moderately low distortion and reasonably.good 
rejection of the undesired sideband are satisfactory. 

THE ADVANTAGES of single-sideband radio-
telephone transmission in terms of bandwidth and 
power requirements have been understood for 

many years. However, difficulties of single-sideband 
generation and reception have so far prevented the 
general use of this system except in cases of absolute 
necessity, such as radiotelephony below 100 kc, carrier-
current communication, or long-distance multichannel 
short-wave telephone transmission. 
The classical method of producing single-sideband 

signals, employing sharp filters, balanced modulators, 
and frequency changers, is undeniably complex, and 
does not lend itself readily to incorporation in radio-
telephone equipment where flexibility in operation, as 
well as ease in adjustment and maintenance, are im-
portant. 
The phase-rotation method of single-sideband gen-

eration, in which two sets of carrierless double side-
bands are combined in such a way that the undesired 
upper or lower sideband is cancelled out, is funda-
mentally simpler (now that practical 90-degree audio 
phase-shift networks are available% but in the systems 
so far disclosed2-4  linear amplification is required in 
order to achieve the desired output power level. 
It is the purpose of this paper to describe a trans-

mitter of the phase-rotation type in which the single 
sideband is generated at high level and good efficiency 
directly in the final stage. The rf circuitry and circuit 
adjustments have been reduced to a minimum. The 
result is a transmitter which is scarcely more compli-

• Decimal classification: R423.52. Original manuscript received by 
the Institute, April 6, 1948; revised manuscript received, June 28, 
1948. 
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cated or more difficult to adjust than the conventional 
plate-modulated one, which produces its output at an 
efficiency closely approaching that of a linear amplifier, 
and which gives reasonably good suppression of the un-
desired sideband together with moderately low distor-
tion. 
A block diagram of the basic method is shown in Fig. 

1. Two balanced modulators, excited by rf voltages 90° 
out of phase, and by af voltages in phase quadrature, are 

RADIO 
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SHIFT 

90° PHASE 1  
SHIFT 
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MODULATOR 
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OUTPUT 

CIRCUIT 

Fig. 1—Block diagram of sideband-cancellation method. 

LOAD 

connected directly to a common output circuit. Four 
tubes having a substantially constant-current character-
istic are used, so that the amplitude and phase of their 
plate-current pulses is determined only by excitation and 
modulation voltages, and is independent of the loading 
and the tuning of the output circuit. The tubes are so 
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Fig. 2—Schematic of twin balanced modulator. 
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biased that very little plate current is drawn in the ab-
sence of an audio signal. The combination might be 
called a "twin balanced modulator." The schematic of a 
practical circuit is shown in Fig. 2. 

RF 

INPUT 

0 
000 

RFC 

— C 

AUDIO INPUT —0. 

TUNED TO 

FUND MENTAL 

FREQUENCY 

OUTPUT WAVEFORM 

FOR SINE WAVE MODULATING SIGNAL 

RF 
OUTPUT 

Fig. 3—Schematic of high-level, grid-bias-modulated balanced 
modulator. 

The operation of the circuit may be more easily 
visualized after a review of the mathematical and vector 
relationships involved. The equation of the output of an 
ordinary balanced modulator (see Fig. 3) may be writ-
ten as: 

e = m sin 27rft cos 2rf,t  (1) 

where 

e= instantaneous amplitude of the wave 
m=a constant proportional to the amplitude of the 

modulating wave, i.e., degree of modulation 
f. = modulating (or audio) frequency 
f =radio (or carrier) frequency. 

This equation may be thought of as representing a wave 
of carrier frequency whose instantaneous amplitude is 
proportional to the cosine of the angle of the modulat-
ing wave. When this angle is in the second and third 
quadrants, its cosine is negative, and the phase of the 
wave of carrier frequency changes by 180°. We there-
fore have an rf wave which starts out from zero with 
given rf phase, builds up sinusoidally to a maximum, 
and then returns to zero again in the first half of the af 
cycle. This process is repeated in the second half, but 
the phase of the rf wave is reversed. 
Cancellation of the undesired sideband in a double 

balanced modulator may be shown as follows. Equation 
(1) can be expanded to: 

e = — [sin 2r(f  + sin 2r(f — f„)1].  (2) 
2 

Now the output of a second balanced modulator, fed by 
a rf voltage 90° out of phase with that of the first, 
as well as an af voltage in quadrature with that of the 
first, has the form: 

e = m cos 27rft sin 27fit  (3) 

which, when expanded, is 

e = — [sin 21r(f  1.)1 — sin 27(f — Mt].  (4) 
2 

It will be seen that, when (2) and (4) are added, the 
difference-frequency sidebands cancel, while the sum-
frequency sidebands add. The 'opposite result may be 
obtained by reversing the phase of either the rf voltage 
or the af voltage fed to one of the balanced modulators. 
The two voltages of (1) and (3) (the rf outputs of the 

two balanced modulators) may be represented vectori-
ally as in Fig. 4. The dotted vectors EA and Eg represent 

E.  E.  E.  E. 

• 1 
Co•  22'A° 

AUDIO PHASE 

—E, 

45° 

—E. 

4  E. 
E.  E.  —E, 

180*  225' 

AUDIO PHASE 

E. 

90°  135' 

E.  E. 
E. 

270° 315°  360° 

E.—OUTPUT FIRST BALANCED MODULATOR 

E.—RESULTANT (OUTPUT VOLTAGE) 
E.—OUTPUT SECOND BALANCED MODULATOR 

Fig. 4—Vector diagram of twin balanced-modulator action 
(sine-wave modulating voltage). 

the magnitude and phase of the individual balanced-
modulator output currents as viewed at intervals during 
one sinusoidal audio cycle. These two currents are in 
quadrature, and their amplitudes vary in accordance 
with af modulating voltages 90° apart. The heavy solid 
line (ER) represents their vector sum; i.e., the voltage 
developed across the common tank circuit of the twin 
balanced modulator, assuming the tubes to be constant-
current generators. It will be seen that the resultant 
vector maintains a constant amplitude while making 
one complete revolution for each cycle of audio fre-
quency. The resultant is a new radio frequency different 
from that of the carrier—the upper, or the lower side-
band, as the case may be. 
The efficiency obtainable with a twin balanced modu-

lator of this type can readily be determined by examin-
ing the efficiency of a high-level balanced modulator by 
itself. (Throughout this paper it will be assumed that 
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the modulating voltage is a single-frequency wave.) 
Consider the circuit of Fig. 3. It is assumed that a steady 
rf input signal is applied, and that the tubes are so 
biased that no plate current flows in the absence of mod-
ulation. In the course of one cycle of modulation, the 
tubes alternately deliver their maximum power output 
to the common tank circuit, under conditions exactly 
the same as those obtaining at the positive crest of the 
modulating cycle in an ordinary grid-modulated ampli-
fier. Let the peak efficiency at this point in the cycle be 
called 77. The envelope of the balanced-modulator out-
put is shown in Fig. 3. The average rf output is exactly 
0.5 times the peak output power Pm, since the output 
voltage has the form of a series of half sine waves, and 
the average of a series of half sine waves squared is one-
half the peak value. The peak dc input power Pin equals 
the peak output power Pm divided by the peak effi-
ciency, namely, Pm/n. If the dc plate voltage is Eb, the 
peak dc plate current must be P./nEb. Now the wave-
form of the dc input current is exactly the same as that 
of the rf output envelope—a series of half sine waves 
whose average is 2/7r or 0.636 times their peak value. 
Therefore, the average dc input current is 2/7r times the 
peak current, or 2Pm/7rnEb. The efficiency, or average 
output power divided by average input power, is then 
0.5 P,,,/(2P,,,Eb/rnEb)=7rn/4. For 77 =0.66, the efficiency 
is 52 per cent. 
This is, of course, only true at full output, correspond-

ing to complete modulation with a single-frequency 
tone. As with any grid-modulated or linear amplifier, 
the efficiency of a single or twin balanced modulator for 
lesser amplitudes is proportional to the amplitude of 
the modulating signal. 
It is interesting to note that the efficiency of the twin 

balanced modulator is exactly equal to that of one high-
level balanced modulator by itself. Since the dc plate 
current drawn by the tubes is independent of the rf 
plate voltage in the common tank circuit, the input 
power drawn by the two balanced modulators is exactly 
twice that drawn by one. The combined average out-
put power, on the other hand, is equal to the peak 
power developed by each component balanced modu-
lator (as may be seen in Fig. 4), or twice the average 
power output of each balanced modulator alone. There-
fore, the efficiency of the pair is equal to that of its com-
ponents, or 0.7857b 
Since the circuit is symmetrical, each tube dissipates 

on its plate one-fourth the total power lost. This means 
that, for full utilization of tube plate dissipation ca-
pacity, somewhat higher operating voltages may be used 
than are customary for a single tube in class-C amplifier 
service. 
Screen-grid modulation, with this circuit, offers the 

greatest ease in adjustment, and is therefore to be pre-
ferred. Where the saving in audio power or voltage re-
quired for screen modulation outweighs a considerable 
increase in the complexity of adjustment, control-grid 
modulation may be used. Plate modulation is not satis-

factory, because at one point in the audio cycle the two 
tubes must operate with equal dc plate voltages of 
0.707 of maximum, yet must produce a combined rf 
output of 1.0 times the maximum. To support this out-
put, the instantaneous voltage at the tube plates would 
have to swing negative during the rf cycle at a time 
when plate current would normally be flowing, even 
when the various phase relationships are taken into ac-
count. Suppressor-grid modulation will also be found 
to be unsatisfactory; although it can be used, screen 
current and dissipation are high when the suppressor 
grid is biased to cutoff, thus preventing full utilization 
of tube capacity. 
The steady dc grid-current flow, which is present 

with screen modulation, greatly facilitates setting the 
90° phase shift between rf voltages applied to the two 
component balanced modulators of the twin balanced 
modulator. The two grid tuned circuits of the two pairs 
of tubes in Fig. 2 may be inductively coupled together, 
and excitation fed to one. When the secondary circuit is 
tuned to resonance, (as evidenced by maximum grid 
current) a 90° phase shift exists between the voltage 
across this circuit and that of the primary. By adjusting 
for critical coupling, the magnitudes of these voltages 
are made equal, so that all four tubes receive the same 
excitation. Somewhat less than the normal class-C grid 
excitation may be applied, the exact amount depending 
on the operating conditions chosen. 
The screen grids must be given a slight negative bias 

in order to prevent excessive plate-current flow in the 
absence of an audio signal. The exact amount is de-
pendent on the tube characteristics, the rf drive applied 
to the control grids of the tubes, and on the plate volt-
age. The correct value is not especially critical and may 
readily be found in practice. A no-signal plate current 
of roughly one-tenth the full-output plate current is 
generally satisfactory. 
The question of sideband suppression, and the various 

circuit adjustments necessary to maintain it, are con-
sidered next. First, it should be observed that high-level 
balanced modulators are inherently "balanced," insofar 
as carrier suppression is concerned. Since the tubes are 
biased nearly to cutoff, virtually nothing will be radi-
ated until an audio signal is applied. In cases where 
complete and automatic suppression of the carrier dur-
ing quiet intervals is desired, this feature is very con-
venient; however, it is obvious that, if the circuit is not 
properly adjusted, the carrier will reappear along with 
any sideband output. 
Suppression of the undesired sideband, in any side-

band cancellation system, is dependent on the accuracy 
of setting of both the rf and the af phases. Since this 
suppression depends on the difference between large 
quantities, it will always be difficult to maintain com-
pletely in practice. The situation for a misadjustment of 
either rf or af phase by itself is illustrated in Fig. 5. The 
voltages el and e2 represent the two upper or the two 
lower sidebands, whichever are to be cancelled. If it is 
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assumed that these voltages are equal in magnitude, R, 
their resultant, equals 2e1 sin a/2 where a is the angle 
by which either the rf or the af phase differs from 90°. 
The ratio of the desired sideband (very nearly 2e1) to 
this undesired resultant is approximately 2e1/2e1 sin a/2, 
or 115/a, where a is small and is expressed in degrees. 
(a may, of course, be considered to be the algebraic sum 
of rf and af phase deviations.) It is seen that when 
a =1°, the ratio of desired to undesired sideband is 
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ti 
A 
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Fig. 5—Effect of rf or af phase angle on sideband cancellation. 

roughly 40 db. This ratio drops to 20 db when a be-
comes approximately 10°. The necessity for close con-
trol of phase is clear. 
A simple audio phase-shift network of the sort shown 

in Fig. 6 (taken from footnote reference 1) provides a 

•412.  

•-- -1- 11   • 

Fig. 6—Sample 90° wideband audio phase shift network (as 
shown in footnote reference 1). 

phase shift departing from 90° by no more than 5° over 
the range 200-3000 cps. Over appreciable portions of the 
range, the phase characteristic is within 2°. 
By way of comparison, assuming the phase settings to 

be perfect, if one of the sidebands to be cancelled is 11 
per cent larger than the other, the ratio of desired to 
undesired sideband is nearly 25 db. Thus, a given inac-
curacy in phase setting is slightly more serious than a 
given inaccuracy in relative magnitude. 
Presence of any sizeable amount of the undesired side-

band shows up as a distortion of the envelope of the 
combined output, when the audio input is a sine wave. 
The undesired frequency component in the output corn-

bines with the desired sideband and causes the envelope 
of the combination to have a "modulation," or ripple 
whose frequency is twice that of the audio modulating 
frequency. Small inaccuracies in either magnitude or 
phase setting (af or rf) produce ripples nearly identical 
in appearance, since in each case the effect of the mis-
adjustment is to permit some undesired sideband to ap-
pear as a result of incomplete cancellation. 
This ripple may conveniently be used to find the cor-

rect rf phase setting. Assuming the audio phase shift to 
be correct, the operator must first equalize the individual 
balanced-modulator output amplitudes, which may be 
done by adjusting the relative gain of the two af input 
channels. One balanced modulator should be operated 
at a time, and its output may conveniently be measured 
by means of a meter or oscilloscope. The two are set to 
produce rf outputs of equal magnitude for a given com-
mon modulating signal. The rf phase may then be 
adjusted until the ripple on the output envelope disap-
pears. 
This indication is quite sensitive, as may be seen with 

the aid of Fig. 7. Here EA and EB represent the instan-

E. (MAX) 

0707E, (MAX)—... 

MAGNITUDE 

AND PHASE OF 

4.- E, WHEN /3 • 0 

— 0707 E. (MAX) 

Fig. 7—Vector diagram illustrating sideband envelope modulation 
due to error in radio-frequency phase setting. 

taneous rf outputs of each pair of balanced modulators. 
It may be shown that for a given radio-frequency phase 
error 0, the resultant of these two voltages ER(, ) has 
its greatest value at the point in the audio cycle at 
which the two modulator outputs are equal, and 0.707 
times the maximum; i.e., the condition illustrated. 
Since the angle  represents the deviation of the radio-
frequency phase from quadrature, it follows that at this 
point in the audio cycle 

EH (max) = 2.0.707. EA. cos 1/2(90° — /3) 

= EA( . )(cos 19/2  sin 0/2) 

where EA(..) represents the output of one balanced 
modulator at the crest of the audio cycle. The percent-
age ripple superimposed on the twin-balanced-modu-
lator output envelope may be defined as follows: 

ER (max) —  crow 
percentage of ripple — 

EA (max) 

(5) 

X 100.  (6) 

EA(..), the peak output of one balanced modulator 
alone, is also the amplitude of the single-sideband out-
put in the absence of any ripple. The percentage of 
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ripple then equals 

percentage of ripple = 100(cos ft/2  sin 13/2 — 1) (7) 

100 sin t3/2 

0.8#, 

where  is small and expressed in degrees. 
Thus a 10° inaccuracy in phase setting results in an 

8 per cent ripple "modulation" of the single-sideband 
envelope, which is quite readily visible on an oscillo-
scope. 

Fig. 8—Trapezoidal pattern: one balanced modulator, balancing 
resistors improperly set. 

When highest accuracy of setting is desired, it is best 
to observe the output envelope with an oscilloscope, 
"touching up" the grid tuning (i.e., the rf phase setting) 
until the ripple is at a minimum. Alternatively, a simple 
rectifier connected to a pair of earphones may be excited 
from the output: correct phase setting will result in a 
disappearance of the audible tone caused by the ripple. 

Fig. 9—Trapezoidal pattern: balancing resistors correct, but 
too high a negative bias on screen grids. 

A similar procedure can also be employed to equalize 
the outputs of the two tubes in each pair of balanced 

modulators. One possible way to adjust their outputs is 
to vary the grid-bias resistors shown in Fig. 2, until each 
tube produces the same rf output for a given positive 
dc screen voltage. To set the resistors, it is best to turn 
off one balanced modulator. If the remaining two tubes 
are not equalized with respect to each other, a trape-
zoidal oscilloscope pattern will resemble Fig. 8 or Fig. 11. 

Fig. 10—Trapezoidal pattern: correct adjustment. 

Fig. 11—Output envelope, same as Fig. 8. 

Fig. 12—Output envelope, same as Fig. 10. 
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Adjustment of the grid resistors for equal tube effi-
ciencies will give a pattern like that of Fig. 10 or Fig. 12. 
The process is then repeated for the second pair of bal-
anced modulators comprising the twin balanced modu-
lator. If an oscilloscope is not available, it is possible 
with some practice to set the grid resistors by listening 
to the rectified output envelope of each balanced modu-
lator in turn. The change in harmonic structure of the 
output envelope, when the two tubes of each modulator 
are equalized, may be detected by ear. 
The proper antenna loading is that which just allows, 

at full output, the dc plate voltage Eb in Fig. 2 minus the 
peak rf output voltage E„, across the common tank cir-
cuit, to equal the voltage at which a virtual cathode 
forms within the tubes. This is the point at which the 
tube plate current just begins to be appreciably affected 
by the instantaneous plate voltage and corresponds to 
the condition where saturation begins to occur. 
The first step in designing a twin balanced modulator 

is the selection of tetrode or pentode tubes (preferably 
the former, because of their lesser output capacitance) 
whose rated plate dissipation is one-fourth the desired 
peak rf power output. (This follows because the full-
output efficiency for a sine-wave modulating signal is 
approximately 50 per cent in practice, and each tube 
dissipates one-fourth the total power lost.) 
The rated tube carrier power output for class-B linear 

or grid-modulated telephony is noted, as well as the 
rated plate and screen potentials for this class of service. 
In order to produce the greatest peak power for single-
sideband service, it is desirable to scale the operating 
potentials upward by a factor equal to the square root 
of the ratio between the peak power desired and the 
peak power developed in linear or grid-bias modulated 
amplifier service. This will ordinarily be by a factor of 
the order of 1.5 times. The average dc plate current con-
sumed at full output may be calculated on the basis of 
the assumed over-all efficiency, which is w/4 times, or 
78.5 per cent, that of one tube operating as a linear 
amplifier of single-sideband signals. 
The screen input power required by the four tubes is 

supplied by the two audio amplifiers. The audio power 
needed is, in point of fact, far less than what would be 
expected if it were assumed that the screen current 
drawn in this class of service was in direct proportion to 
that drawn in class-C telegraph operation. On the basis 
of such an assumption, it may be shown that the two 
audio amplifiers would each be required to supply an 
audio power output equal to the normal class-C tele-
graph dc screen input to one tube of the four-tube twin 
balanced modulator. This in itself is not a large amount 
of power, as the dc screen input to a tetrode tube is 
commonly of the order of one-twentieth the radio-fre-
quency output power. 
However in twin balanced modulator service, a con-

siderable saving in screen modulating power results from 
the fact that virtual cathode formation is not permitted 

to occur at any point in the rf or af cycle. In normal 
class-C operation of tetrodes, the minimum plate volt-
age is allowed to swing down to the point where a large 
share of the space current is momentarily attracted to 
the screen grid, thus increasing the average screen cur-
rent and input power. With aligned-grid tetrodes—now 
almost universally used—when the minimum plate volt-
age is not allowed to swing this low, an exceedingly 
small fraction of the space current is diverted to the 
screen grid. This is a result of the normal electron focus-
ing action within the tube. In consequence, a screen-
grid-modulated balanced modulator requires a remark-
ably small amount of audio power, of the order of 3 or 
4 watts for a 500-watt output. The regulation of the 
voltage source must, of course, be good; a requirement 
which can readily be met by use of inverse feedback. 
The linearity of the modulation characteristic obtain-

able with a screen-grid-modulated balanced modulator 
has been found to be entirely acceptable. 
The output capacitances of the four tetrode tubes, 

which are all in parallel across the common tank cir-
cuit, may lead to lower-than-normal tank-circuit 
efficiency in the 15- to 30-Mc frequency range. With 
coils of ordinary Q, the inductance required for reso-
nance, and therefore the parallel-resonant impedance, be-
come small. It will be found that tubes of recent design 
tend to have much lower output capacitances than their 
older counterparts. The 125-watt RCA type 803 pen-
tode, for example, has an output capacitance of 29 µµf; 
yet the 1000-watt Eimac type 4-1000A tetrode has an 
output capacitance of but 7.6 µµf. 
The effects of tube output capacitance may, of course, 

be mitigated by designing the tank circuit as a pi net-
work rather than as a simple resonant circuit, as is some-
times done in television practice. 
Choice of the proper tank-circuit Q is conventional. 

It may be of help to recall here that, at one point in the 
audio cycle, one of the four tubes is delivering the entire 
output, under conditions equivalent to those obtaining 
in any class-C amplifier. 
Oscillograms illustrating the operation of an experi-

mental twin balanced modulator are shown in Figs. 8 
through 14. Figs. 8 through 10 are trapezoidal patterns 
obtained with only one balanced modulator running. In 
Fig. 8, the grid-bias resistors are improperly set, so that 
one tube has a lower efficiency than the other. The cor-
rect adjustment is that which makes the slopes of the 
diagonal lines the same in each half of the pattern. In 
Fig. 9, the resistors are set correctly, but the negative 
screen bias is excessive in relation to the tube plate 
voltage and rf excitation. Both tubes are cut off during 
a portion of the audio cycle. Fig. 10 shows the correct 
adjustment. (The right-hand half of this pattern is 
somewhat larger than the left because of stray carrier 
voltage being picked up from a buffer stage.) Fig. 11 
shows the appearance of the output envelope for the 
conditions of Fig. 8, while Fig. 12 shows the correct 
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adjustment. In Fig. 13 both balanced modulators are 
running, but the undesired sideband is not completely 

Fig. 13—Output envelope, both modulators: either amplitudes 
equal, rf phases incorrect, or amplitudes unequal, rf phase cor-
rect. 

cancelled due to inaccuracies in either phase or ampli-
tude setting, or both. The correct phase and amplitude 
settings produce an output envelope very nearly free 
from ripple, as will be seen in Fig. 14. 

Fig. 14—Output envelope, both modulators: amplitudes and 
phases correct. 

It is worth noting that the undesired-sideband rejec-
tion obtainable with the twin balanced-modulator cir-
cuit can be made as complete as desired by proper 
adjustment of phase and amplitude settings. (The re-
jection is to some extent dependent on audio level.) 
The amount of rejection achieved in practice over a 
band of modulating frequencies, then, is primarily deter-
mined by the phase and amplitude characteristics of the 
audio phase-shift network. Tests have shown that it is 
readily possible, at a single audio frequency, to attenu-
ate the undesired sideband far below the level of the 
higher-order sidebands caused by the presence of har-

nonic distortion in the audio amplifiers and by nonlin-
earities in the modulation process. 
An advantage of phase-rotation single-sideband trans-

mitters, in general, is the fact that the sideband radi-
ated may be changed by reversing the polarity of the 
audio input to one of the component balanced modu-
lators. This may be an operating convenience, particu-
larly when the receiver is one of the type deriving its 
effective selectivity from a combination of an audio low-
pass filter and 90° wideband phase-shift networks.3 In 
this instance, both transmission and reception can be 
changed from one sideband to the other merely by 
throwing switches at the transmitter and receiver, no 
retuning being needed. In certain cases, such flexibility 
is of great assistance in avoiding interference. 
To radiate a reduced carrier with the twin-balanced 

modulator, a positive bias voltage may be applied to the 
screen grid of one of the four tubes. 
Finally, it seems desirable to point out that one pro-

gram may be transmitted on one side of the suppressed 
carrier, and another on the other side, by providing a 
second pair of audio inputs between which a 90° phase 
shift exists. The polarity of one of these channels is re-
versed with respect to that of its counterpart in the 
first pair. These two pairs of audio voltages, when added 
and fed to the input terminals of the twin balanced 
modulator, will produce two independent sets of single 
sidebands, one on either side of the carrier. 

CONCLUSIONS 

Two high-power balanced modulators, biased to cut-
off in the absence of an audio input and using tubes 
which behave substantially as constant-current sources, 
may be connected to a common tank circuit for the 
generation of single-sideband signals by the phase-rota-
tion method. The efficiency obtainable with this ar-
rangement approximates that of a conventional linear 
amplifier. 
Simplicity, ease of adjustment, and power economy 

recommend this circuit for applications where a certain 
amount of distortion and undesired sideband output 
can be tolerated. 
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An Antenna for Controlling the Nonfading 
Range of Broadcasting Stations* 

CHARLES L. JEFFERSt, SENIOR MEMBER, IRE 

Summary—A new type of broadcast antenna is described which 
radiates very little energy over a wide, high angle. The angle above 
which minimum energy is radiated can be varied electrically from 
40° to 60°, thus permitting the fading wall to be adjusted for maxi-
mum primary service. The electrical height of the antenna is depend-
ent upon the specific vertical pattern desired but is approximately 
300°. The results of experiments with small model antennas are in 
good agreement with theory. 

INTRODUCTION 

T
HE PRIMARY SERVICE area of a broadcast 
station is important from a service and a com-
mercial point of view. The ideal antenna for a 

high-powered broadcast station, providing both a 
groundwave and a skywave service, should have a verti-
cal radiation characteristic such that the skywave sig-
nal does not interfere with the desirable groundwave 
service. The nighttime primary service area would then 
be practically as large as the daytime arm, since the 
fading or distortion wall would not be the limiting fac-
tor. It is further desirable that the skywave signal 
strength rise rapidly in order to limit the intense fading 
area to a narrow band around the station. 
The power, frequency, and the ground conductivity 

around the individual station determine the signal 
strength at a given location, while the general noise level 
fixes the minimum signal intensity required to provide 
a satisfactory service. Thus, the limit of satisfactory 
service is unique with each individual station; and a 
definite vertical radiation characteristic is required to 
achieve the ideal in each case. 
In recent years, considerable work'  -9  has been done 

toward improving the vertical radiation characteristics 
of broadcast antennas, and today a uniform-cross-sec-

• Decimal classification: R326.4. Original manuscript received 
by the Institute, October 27, 1947. 
t Radio Station WOAI, San Antonio, Texas. 
S. Ballantine, "On the optimum transmitting wavelength for 

a vertical antenna over perfect earth," PROC. I.R.E., vol. 12, pp. 833-
839; December, 1924. 

2 S. Ballantine, "High-quality radio broadcast transmission and 
reception," PROC. I.R.E., vol. 22, pp. 616-629; May, 1934. 

3 H. E. Gihring and G. H. Brown, "General consideration of tower 
antennas for broadcast use," PROC. I.R.E., vol. 23, pp. 311-356; 
April, 1935. 

4 A. B. Chamberlain and W. B. Lodge, "The broadcast antenna," 
PROC. I.R.E., vol. 24, pp. 11-35; January, 1936. 

6 R. N. Harmon, "Some comments on broadcast antennas," PRoc. 
I.R.E., vol. 24, pp. 36-47; January, 1936. 

6 G. H. Brown, "A critical study of the characteristics of broad-
cast antennas affected by antenna current distribution," PROC. 
I.R.E., vol. 24, pp. 48-81; January, 1936. 

7 G. H. Brown and John G. Leitch, "The fading characteristics of 
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stations," PROC. I.R.E., vol. 30, pp. 404-410; September, 1942. 

9 J. F. Morrison and P. H. Smith, 'The shunt-excited antenna,' 
Bell Telephone System Monograph B-938, 1936. 
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tion tower approximately 0.53-wavelength high is gen-
erally used to secure the maximum nonfading range. 
This antenna is still far from ideal, since the distortion 
zone usually limits the primary service area at night. 
This undesirable limitation is caused by the radiation of 
considerable power at the higher vertical angles. 
The purpose of this paper is to describe a new type 

of antenna that radiates practically all energy at angles 
below 50° of the horizontal, and extremely little energy 
above this elevation. Further, this angle can be varied 
from 40° to 60° by a simple electrical adjustment with 
but a small increase in higher-angle radiation. These 
limits are equivalent to distances of 80 to 160 miles for 
the first-reflection skywave signal, fixing the location of 
the center of the fading zone at approximately 100 to 
200 miles from the transmitter. 

ELECTRICAL CHARACTERISTICS 

The antenna consists of a linear array of two vertical 
elements, one directly above the other as shown in Fig. 
1. It is apparent that this is a combination of an an-

Fig. 1—Diagram illustrating notations used in developing the 
vertical radiation characteristics of the antenna. 

tenna at ground elevation, and an antenna elevated 
above the. earth. The vertical radiation characteristics 
of each of these antenna types are well known. It is the 
unique combination of these two antennas into a single 
radiator that reduces the high-angle radiation. 
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In Fig. 1, element A, the section at ground elevation 
has a length a; and B, the elevated section, a length b 
with the center of this section at a height h above 
ground. We then have, for a free-space wavelength X, 

A = 360 alA degrees 

B = 360 b/X degrees 

H = 360 h/X degrees. 

The antenna is driven so that the loop currents in 
elements A and B are in phase. If the magnitude of the 
loop current in A is considered as unity, the current ratio 
can be expressed as 

=  =  (1) 

It has been shown' that the vertical radiation character-
istic for the lower section A is 

KAf(0) = [cos (A sin 0) — cos A ]/cos 0  (2) 

where 0 is the angle above the horizontal. For the upper 
section B, which for simplicity in calculations is con-
sidered a half-wave element, the vertical characteristic° 
is 

Kef(0) = 2m cos (90 sin 0) cos (H sin 0)/cos 

and for both sections, adding (2) and (3), we have 

K0f(0) = [cos (A sin 0) — cos Al/cos 0 

+ 2m cos (90 sin 0) cos (H sin 0)/cos 0. (4) 

The form factor Ko referred to the current loop is 

1 — cos A + 2m 

and the vertical radiation characteristic for the antenna 
is 

(3) 

developing the optimum design of an antenna to give a 
particular radiation characteristic. This is done by 
evaluating separately the first part of the numerator of 
(5) for 

Ko cos of(0)4 = cos (A sin 0) — cos A,  (6) 

and the second part of the numerator for 

Ko cos 01(0)B/m = 2 cos (90 sin 0) cos (H sin 0). 
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Fig. 2—K0 cos 0 times the vertical radiation characteristics of 
the lower element of the antenna. 
• 

Fig. 2 is a plot of (6), Ko cos 0 times the vertical radia-
tion characteristics of the lower section A for various 
lengths A, while Fig. 3 is a similar plot of (7) for the 
upper section B for certain center heights H. 
An examination of Fig. 3 shows, for the values of H 

considered, that the field from the elevated element goes 
through a phase reversal around 25°, and above this 
point will be 180° out of phase with the high-angle field 

= cos (A sin 0) — cos A ± 2m cos (90 sin 0) cos (H sin 0) 
f(0)   

(1 — cos A + 2m) cos 0 

Since the vertical characteristic of a half-wave ele-
ment in space, cos (90 sin 0)/cos 0, is practically equal" 
to cos 0, (4) and likewise (5) will hold as an approxima-
tion if the upper element is made less than one-half 
wavelength long. 
The form factor Ko is a constant for a particular com-

bination of element length A, and current ratio m, and 
cos 0 affects both elements similarly; therefore, it is con-
venient to omit the effect of the denominator of (5) in 

While the mutual reaction is small in this antenna, it is not 
necessary to consider it in the formula developed for the vertical char-
acteristics. As in all arrays, it must, however, be considered to deter-
mine the networks required to properly match the individual elements 
to the transmission line. 
" The exact equation of an element of any length in free space is 

given by the Federal Telephone and Radio Corporation's "Reference 
Data for Radio Engineers" as 

f(0) = [1 + cos" B  sin" 0 sin' B — 2 cos (B sin 0) cm B 

— 2 sin 0 sin (B sin 0) sin Min/cos O. 

(5) 

from the lower element. If the parameters A and H are 
correctly selected, and if the loop current in the elevated 
element is made less than the current in the lower ele-
ment by the proper amount, the fields of the two ele-
ments can be made nearly equal, and will cancel for 
angles deviating considerably from 90°. 

ANTENNA DESIGN 

For mechanical simplicity, a design was chosen in 
which the upper half-wave section rested on the top of 
the lower section. For minimum radiation above an 
angle of 50°, we have, from Figs. 3 and 4, a lower-element 
length of 120° and a center height of the upper element 
of 210°. The value of m for the 50° null is 0.69. It is of 
interest to note from Fig. 4 that this design results in 
practically no radiation above 50°—the maximum oc-
curring at 56°, where it is less than 0.02 of that in the 
horizontal plane. 
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Fig. 3—K0 cos 0/m times the vertical radiation characteristics 
of the elevated element of the antenna. 

In Fig. 4, in addition to the current ratio of 0.69, the 
vertical radiation characteristics of other m values have 
been plotted. It is apparent that a change of m from 0.9 
to 0.6, merely an electrical adjustment, can vary the 
angle above which little energy is radiated from 40° to 
60°. 

f(e) 

4 

m• 0.5 
m• 0.6 
m• 0.69 

•  0 8 

Z 

m 
m • 0 9 

30  dICS  NI  RA  7ff  en  ff, 

0—DEGREES 

Fig. 4—The vertical radiation characteristics of the antenna for 
various current ratios m, when A is 120°, B is 180°, and H is 
210°. 

The theoretical field gain of this antenna, for an m 
ratio of 0.69, is 14.5 per cent compared to a 0.53-wave-
length antenna, or 41.5 per cent referred to a quarter-
wavelength antenna. These field gains are equivalent to 
power gains of 32 and 100 per cent respectively. 
The advantages of the new arrangement are readily 

seen in Fig. 5, which compares the performance of the 
proposed antenna with a 0.53-wavelength antenna. 
Both antennas are assumed to radiate a field of 1770 
millivolts per meter at one mile on a frequency of 1000 

0.01 

kc over earth with a conductivity of 10—u emu. The sky-
wave signal values are for 50 per cent of the time. For 
the 0.53-wavelength antenna, the center of the fading 
zone is at 127 miles where the groundwave signal has 
an intensity of 0.6 mv/m. The proposed antenna has the 
same distortion point at 164 miles and at a signal inten-
sity of 0.29 mv/m. The width of the two-to-one signal 
ratio skywave and groundwave fading zone has been re-
duced from 36 miles to 24 miles, because of the differ-
ence in the angle of the skywaire signal rise. In other 
words, the distortion zone of bad fading has been moved 
from a point of good rural primary service to a point 

1001>  

I 00 

GROUND WAVE 

-4- SKY WAVE 

0.53 X 
PROPOSED 
ANTENNA 

1  

11 

0.00110  
20  40  110  100  ROO 

MIL ES 
400 500  1000  1000 

Fig. 5—Comparison of the fading range of a 0.53-wavelength antenna 
and the new antenna. Both antennas produce a field of 1770 milli-
volts per meter at one mile for a transmitter frequency of 1000 
kc over earth with a conductivity of 10-11  emu. 

where the groundwave signal strength is hardly ade-
quate for year-round noise-free reception. If a current 
ratio m of 0.9 had been used, the point of maximum 
fading would have been moved to a distance of 185 miles 
for a signal level of 0.2 mv/m. 

EXPERIMENTAL TESTS WITH MODELS 

Experimental verification of the predicted radiation 
characteristics of this antenna was made by the use of 
small models operating close to 100 Mc. The model used 
as a comparison standard was, as nearly as possible, an 
exact scale duplicate of the WOAI 425-foot guyed uni-
form-cross-section tower. This is an insulated tower sup-
ported by a foundation pier, with an over-all height 
above ground of 435 feet. The model of the proposed an-
tenna consisted of a I-inch-diameter conductor 300° long, 
with the lower 120° shielded by a 1-inch conductor. This 
in effect gave a lower, or A, section of 120° and an upper, 
or B, section of 180°. At broadcast frequencies, the outer 
shield could be a wire cage insulated from a vertical 
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tower. The two different sections were fed so that the 
current could be adjusted both as to magnitude and 
phase angle. The magnitude of the current was adjusted 
by connecting the two feed lines to the antenna at the 
proper points along a shorted one-quarter-wave slotted 
coaxial line. Power from the transmitter was fed to this 
same one-quarter-wavelength line. The phase of the cur-
rent was controlled by a trombone-type section in the 
feed line to the upper element. 
The frequency used for these tests was 116.1 Mc, giv-

ing a reduction factor of 96.9 over 1200 kc, which made 
the 0.53-wavelength antenna 52.6 inches high. A propa-
gation constant of 0.937 was used for the new antenna, 
making it 79.2 inches high. 
The vertical radiation characteristics were measured 

by means of a receiving antenna mounted at the apex of 
a wooden "A" frame. The two pivot points were 20 feet 
apart, with the model antenna under test located half-
way between these two points. (Fig. 6.) The apex of the 
"A" frame was 50 feet from the model. This distance 

Fig. 6—The scale model of the new antenna in position between 
the pivot points of the "A" frame. 

provides less than 10° phase differential between the top 
and bottom of the 300° antenna for elevations above 45°. 
The "A" frame was moved by means of a block and 
tackle from a minimum elevation of 19.5° to a maximum 
elevation of 85°. These limits were imposed by mechani-
cal factors. The receiving antenna, Fig. 7, consisted of a 
vertical dipole and corner reflector with 14 elements in 
the reflector. The directivity was used to minimize the 
reflections from objects in the vicinity of the equip-
ment. 
The voltage induced in the dipole was rectified by 

means of a Sylvania I N34 crystal rectifier with the dc 

component being fed down one leg of the "A" frame by 
a shielded wire. This current was measured by means of 
a 100-microampere meter. The detector was calibrated 
by connecting the high-frequency probe of a vacuum-
tube voltmeter to the lower end of the 0.53-wavelength 
antenna and varying the power output of the transmit-
ter. A comparison of the two meter readings provided 
the required calibration. 

Fig. 7—The receiving antenna used in experimental measurements 
of the vertical radiation characteristics of the scale models. 

The model antennas were excited with approximately 
5 watts of rf energy from an Army Air Forces Type 
SCR-522 transmitter through 100 feet of RG 8/U co-
axial cable. This long cable permitted placing the trans-
mitter equipment outside of the pickup field of the re-
ceiving antenna. The coaxial-cable was matched to the 
antenna by means of a shielded matching network. 
The vertical fields radiated from the 0.53-wavelength 

antenna were measured by adjusting the meter to read 
0.76, the theoretical relative amplitude at an elevation 
of 19.5°. The "A" frame was then moved by increments 
to the maximum elevation, readings being taken at each 
position. The ground-plane field strength was measured 
with a separate detector, using a short vertical antenna 
at ground elevation. Three separate measurements were 
made with this separate antenna, with quite close 
agreement. 
In the case of the new antenna, the "A" frame was 

raised to an elevation of 50°, and the antenna currents 
were adjusted for minimum 50°-angle field and maxi-
mum zero degree field. Measurements of the vertical 
fields were made in a similar manner as for the 0.53-
wavelength antenna, except that the meter was adjusted 
to read 0.62 at 19.5°, the theoretical value. 

EXPERIMENTAL RESULTS 

Preliminary tests were made with the models erected 
on top of a chicken-wire ground plane 20 feet wide and 
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16 feet long, with a small 5-inch-square copper plate 
directly under the antenna support to simulate the nor-
mal 40-foot-square ground mat. The results of these 
tests are plotted in Fig. 8. While there is considerable 
deviation from the expected theoretical characteristics, 
the proposed antenna has a vertical radiation character-
istic which is a decided improvement over that of the 
0.53-wavelength model. The irregularities on the curves 
at 40° were caused by reflections from the edge of the 
ground screen. The dotted lines on Fig. 8 illustrate the 
results to be expected in the absence of the ground-
screen reflection. 
It has been shown" that, for a model antenna to be a 

simulation of a full-scale system, the dielectric constant 
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Fig. 8—The measured vertical radiation characteristics for the 
two models when operating over very poor earth. 

90 

of the soil should be the same as the full-scale system, 
but !he conductivity should be increased by the ratio of 
the frequency of the model to that of the system. The 
results shown in Fig. 8 would indicate that the chicken-
wire mesh apparently made little improvement over the 
existing soil, having a conductivity of approximately 
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Fig. 9—The theoretical and measured vertical radiation charac-
teristics for the 0.53-wavelength model. The circles are experi-
mental. 

12  G. Sinclair, "Notes on modeling vehicular antennas," The Ohio 
State University Research Foundation, October, 1945; not pub-
lished. 

20 X 10-". At 116.1 Mc the conductivity would be 
equivalent to 2.07 X 10-", which represents a very poor 
earth. 
Since, for these experiments, it was not practicable to 

increase the conductivity of a large area of earth by a 
factor of 96.9, the mesh was removed and replaced by a 
copper-screen wire ground plane 16 feet wide and 33 feet 
long. The screen was placed so that the model was 21 
feet from the end nearer the receiving antenna at mini-
mum elevation. 
The theoretical and measured vertical characteristics 

for the 0.53-wavelength antenna using the new ground 
screen are plotted in Fig. 9; Fig. 10 is a similar plot for 
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Fig. 10—The theoretical and measured vertical radiation charac-
teristics for the new antenna. The circles are experimental. 

the new antenna. Minimum 50° radiation for the latter 
was secured with a current, or m ratio, of 0.70. The 
ground-plane measurements showed a field reading of 
68 microamperes for the 0.53-wavelength antenna and 
78 microamperes for the new antenna, or a signal gain 
of 14.6 per cent. For m adjusted to 0.84, the field gain 
measured 16 per cent, the maximum secured. The slight 
deviations at 35° were due to reflections from the edge 
of the copper-screen ground plane. This effect appeared 
on all measurements made. 
Additional tests were made for current ratios m from 

0.41 to 1:2'3, with the phase being adjusted for each 
measurement, to zero angle or maximum ground-plane 
field. For both the lower and higher ratios, there was a 
considerable increase in high-angle radiation, but within 
the limits of m=0.5 to 0.9 the increase was small, as 
predicted by theory. 
Fig. 11 shows the relative current distribution on the 

two types of antennas. The currents were measured by 
means of a small loop mounted within a Faraday shield. 
The loop was tuned to resonance and the rectified dc 
output was conducted by means of a twin-conductor 
choke coil mounted within a 3-foot fiber handle to a 200-
microampere meter with suitable shunt. A "V";shaped 
guide at the end of the probe maintained equal spacing 
and angle with respect to the antenna element. The cur-
rent distribution was measured by placing the guide on 
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size of the probe or end radiation from the open top of 
the lower section made it impossible to secure expected 
results at the junction of the upper and lower sections 
of the antenna. 

CONCLUSIONS 

The proposed antenna achieves a notable reduction of 
higher angle radiation and a substantial gain in signal 
strength. For the higher-powered stations, these ad-
vantages should more than compensate for the necessary 
increase in tower cost. Furthermore, the ability to 
adjust electrically the angle of minimum radiation by 
variation of the current ratio m will prove of consider-
able value in securing the proper nonfading range by 
field measurements. 
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The Light-Pattern Meter* 
R. E. SANTOt 

Summary—A new meter which determines the amplitudes of 
sine waves recorded on disks is described. It is accurate to 0.5 db 
and obviates the need of a dark room for measurement of the useful 
"christmas-tree pattern." 

T
HE BUCHMANN-MEYER, or optical, system 
of measuring the velocity of sine waves recorded 
on disks has been used for a number of years by 

many people without all the necessary precautions be-
ing taken to obtain full accuracy. These precautions 
have been pointed out by Bauer' and Hornbostel2 in the 
literature. Their papers derive formulas giving the maxi-
mum instantaneous velocity when the light and observer 
are not at infinity. 
This paper describes an instrument which employs a 

modified form of the Buchmann-Meyer principle, and 

Decimal  classification:  621.375.607 X621.385.971.  Original 
manuscript received by the Institute, January 2, 1948; revised manu-
script received, June 24, 1948. 

Canadian Broadcasting Corporation, Montreal, Quebec, Can-
ada. 
I B. B. Bauer, "Measurement of recording characteristics by 

mean of light patterns," Jour. Acous. Soc. Amer., vol. 18, pp. 387-395; 
October, 1946. 

J. Hornbostel, "Improved theory of the light-pattern method for 
the modulation measurement in groove recording," Jour. Acous. Soc. 
Amer., vol. 19, pp. 165-169; January, 1947. 

has been constructed so that it is contained completely 
in a portable box and is free from errors assignable to 
its mode of operation. 

Fig. 1—Illustration of the general theory of the 
light-pattern meter. 

Fig. 1 shows a portion of a sine wave recorded on a 
disk at a radius R from the center C. The eye of the ob-
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server is placed on a line perpendicular to the surface 
of the disk and passing through the point 0. If a point 
source of light is movable along a line, between the 
points S—S", which is perpendicular to the line joining 
the center of the disk C and the point 0, reflected light 
will reach the eye. Since these perpendicular reflections 
do occur, the edge of the groove must be slightly 
rounded. The point S" is on a line drawn perpendicular 
to the line of maximum slope of the recorded groove at 
0. When the light is beyond S" there is no reflecting 
surface element on the record which is perpendicular to 
the plane containing S" and the line between the eye 
and the point 0. Therefore, no reflected light will reach 
the eye. If the light is set so that the borderline between 
the light and dark appearance occurs at 0, the tangent 
of the angle S"OS will, with no correction, be equal to 
slope of the sine wave at 0. In order to maintain the line 
of sight to the eye exactly perpendicular to the disk 
surface at 0, a small pointer and a peephole are re-
quired. The exactly vertical rays of light only must be 
used; therefore, no lenses (which widen the angle of 
vision) can be permitted. Under these conditions the 
eye and the point source of light may be at any distance 
from the point 0, and not affect the accuracy. 
Fig. 2 shows that the incident light ray is not in the 

plane of the disk surface, but at an angle m above it. 

AS* 

Fig. 2—Drawing showing the angles between the surface of the 
disk and the rays of light. 

The distance from S to 0 is called M, and so the hori-
zontal distance OT is equal to M cos m. If the distance 
of light travel S—S" or T —T" is equal to P (measured 
in the same units as M), then the slope of the sine wave 
at 0 will be given by tan a =P/M cos m. 
The stylus velocity of interest in a recording is the 

maximum instantaneous linear velocity of the stylus tip 
back and forth along a radius of the disk as it follows the 
modulated groove. 
The maximum instantaneous radial velocity of a sty-

lus following a sine wave whose maximum slope is tan a 
at a radius Ron a disk turning at 331 rpm is given by the 
following: 

33.33 
V=  X 22-R tan a cm/sec if Ris in centimeters; 

60 

i.e., V=3.485 R tan a cm/sec. 

But 

therefore, 

tan a = 
M cos m 

3.485RP 
V =  cm/sec at 331 rpm. 

M cos m 

Using these principles, a light-pattern meter was con-
structed. Since M and m are fixed quantities in any 
particular meter, the absolute value of the velocity is 
equal to a constant times the product of R and P. The 
lengths of R and P as measured by the light-pattern 
meter are converted to two electrical voltages propor-
tional to R and P, respectively. These two quantities 
are multiplied together in an electrical circuit and the 
result shown on a meter. The meter is calibrated to 
read in db above and below the reference level V 
=5 cm/sec. 

Fig. 3 shows an external view of the new meter. The 
dial at the upper left controls the movement of the light; 

Fig. 3—External view of the light-pattern meter. 

the other dial at the top controls the position of the disk 
under test. The lower left knob (P1) is used to calibrate 
the electrical circuit, and the remaining knob is used to 
control the meter range switch (Si). This switch is cali-
brated for use with disks recorded at 78.26 and 331 rpm. 
Fig. 4 shows the meter with the cover removed. The 

light is provided with sliding contacts on the metal 
tracks which are used to supply it with power. The 
light control turns the potentiometer P2 in exact pro-
portion to the movement of the light. The turntable 
control turns the potentiometer P3 in exact proportion 
to the radius R, which is the distance from the turntable 
center to the pointer. The turntable is moved by a rack 
and pinion from the control dial. The center line 
through the eyepiece and the tip of the pointer must be 
perpendicular to the disk surface. 
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Fig. 4—Internal view of the light-pattern meter. 

The circuit used in the instrument is shown in Fig. 5. 
It is based on the fact that the output voltage from two 
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Fig. 5—Electrical circuit of the light-pattern meter. 

potentiometers in cascade will be proportional to the 
product of the arm positions. The potentiometer P2 
gives an output voltage proportional to the movement 
of the light. A 100,000-ohm potentiometer is used here 
in order that small increments of voltage may be meas-
ured as the pointer moves from wire to wire. Zero out-
put voltage is obtained at the center of the potentiom-
eter movement. This zero must coincide with the me-
chanical zero of the instrument; that is, when the center 
of the light-pattern is directly under the pointer. Exact 
tracking is obtained by using screwdriver-controlled P5. 
The output from P2 is fed to the first cathode follower. 
The cathode resistor of this tube is the potentiometer 

P3, which gives an output proportional to the radius R. 
Tracking of P3 with R is adjusted by screwdriver-
controlled P4. 
To measure the velocity of a sine wave recorded on a 

disk, the disk is mounted on the small turntable. The 
radius control is then adjusted until the required track 
is seen under the tip of the pointer. The meter switch is 

set at the "calibrate" position and the calibrate control 
adjusted until the meter reads zero vu. This calibration 
will vary with line voltage, and therefore needs to be 
checked occasionally. The light-control dial is adjusted 
until one light-pattern edge is directly under the pointer. 
The meter switch is then turned to the appropriate 
range and the velocity read in db relative to a zero 
level of 5 cm per second. A reading may be taken using 
the opposite edge of the light pattern, also. Any differ-
ence in the two readings indicates either that the control 
P5 was not properly adjusted, or that there is distortion 
in the recorded wave shape. 
Fig. 6 shows the pattern as seen in the meter. Rela-

tive widths of the bands of light do not represent rela-

Fig. 6—Light pattern as observed through the meter eyepiece. 

tive velocities in the photograph, since the bands must 
be moved under the pointer tip one by one for measure-
ment. The narrow light strip between successive bands 
of light represents irregularities in smoothness of 
groove surface. These irregularities are the cause of 
"surface noise" when the disk is played on a reproducer. 
The width of this band as measured by the light-pat-
tern meter does not indicate the noise level of the disk, 
since the waveform is nonsinusoidal. 
The reason for the small turntable is to provide a 

definite edge to the light-pattern at the very low fre-
quencies. By turning the disk slightly by hand, it is pos-
sible to line up several waves on successive grooves 
along the same radius line, and these individual reflec-
tions, combined with the retentivity of the eye, provide 
the necessary definite edge. 
This paper has shown that a means is available of en-

closing the equipment for light-pattern measurements 
in a box of reasonable dimensions. The light-pattern 
meter provides an accurate, portable, and time-saving 
device for the otherwise tedious job of light-pattern 
measurements. Measurements have been made con-
sistently within 0.5 db. 
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ACOUSTICS AND AUDIO 
FREQUENCIES 

016: 534  2684 
References to Contemporary Papers on 

Acoustics —A. Taber Jones. (Jour. Acous. Soc. 
Amer., vol. 20, pp. 350-355; May, 1948.) Con-
tinuation of 2118 of September. 

534.213: 532.584  2685 
The Absorption of Sound in Suspensions of 

Irregular Particles —R. J. Urick. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 283-289; May, 1948.) 
For small spherical particles, the greater part of 
the absorption can be attributed to the viscous 
drag between the fluid and the particles in the 
sound field; the absorption thus found agrees 
with that obtained otherwise by Lamb. Experi-
mental results for suspensions of irregular par-
ticles of sand and kaolin, obtained by a pulse-
reflection method at megacycle frequencies, 
agree approximately with the idealized theory 
as the particle size, viscosity, and frequency 
are varied. 

534.23/.24  2686 
Reflection and Transmission of Sound by a 

Spherical Shell —J. B. Keller and H. B. Keller. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 310-313; 
May, 1948.) A modification of Rayleigh's 
method for the reflection of a plane wave by an 
infinite plate of finite thickness is applied to 
obtain an exact solution for a spherical shell 
with the sound source at the center. Agreement 
is obtained with the results of Primakoff and 
Keller (912 of May). 

534.241:534.213  2687 
Reflection of Sound from Coastal Sea Bot-

toms —L. N. Liebermann. (Jour. ACOUS. Soc. 
Amer., vol. 20, pp. 305-309; May, 1948.) Val-
ues of the reflection coefficient were obtained 
experimentally for ultrasonic waves at grazing 
incidence. The reflection coefficient appears to 
depend on the average and relative size of the 
particles, and on bottom topography. 
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stracts and References, covering those published from February, 1947, through 
January, 1948, may be obtained for 2s. 8d. postage included from the Wireless 
Engineer, Dorset House, Stamford St., London S. E., England. 

534.321.9: 538.569.4: 546.212  2688 
The Origin of Ultrasonic Absorption in Wa-

ter —Hall. (See 2774.) 

534.78  2689 
Effects of High Pass and Low Pass Filtering 

on the Intelligibility of Speech in [fluctuation] 
Noise —I. Pollack. (Jour. Acous. Soc. Amer., 
vol. 20, pp. 259-266; May, 1948.) Discussion of 
articulation tests, using speech of limited fre-
quency range, in the presence of fluctuation 
noise having a level of 81.5 db above 0.0002 
dyne/cm2. The Bell Telephone Laboratories' 
method for computing the articulation index 
was found to be adequate for assessing the ef-
ficiency of communication systems. The rela-
tive contribution of the higher speech frequen-
cies to the articulation increased with the in-
tensity level of the speech signal. 

534.78  2690 
Speech Communication under Conditions of 

Deafness or Loud Noise —W. G. Radley. (Jour. 
IEE (London), part I, vol. 95, pp. 201-212; 
May, 1948. Discussion, pp. 212-216.) A theo-
retical study indicates that when speech has to 
be very loud in order to be distinguished, the 

greatest intelligibility can usually be expected 
if the amplification varies with frequency in a 
manner indicated graphically by J. 0. Ack-
royd in an appendix. This was confirmed by 
tests on a large number of deaf people. 
The noise level in some armored fighting 

vehicles, and the effectiveness of ear pads in ex-
cluding the noise, are discussed. The over-all 
amplifications versus frequency characteristics 
of the intercommunication and radio telephone 
systems for such vehicles are considered. For 
optimum results, the response should have no 
sudden changes with frequency. 

534.833.4  2691 
Absorption-Frequency Characteristics of 

Plywood Panels —P. E. Sabine and L. G. 
Ramer. (Jour. Acous. Soc. Amer., vol. 20, pp. 
267-270; May, 1948.) 

534.851  2692 
Balanced Clipper Noise Suppressor —S. L. 

Price. (Audio Eng., vol. 32, pp. 13-16, 37; 
March, 1948.) Design details of a circuit for the 
suppression of surface noise without any sacri-
fice of high-frequency fidelity. Development 
work is discussed and a diagram is given of the 
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the greatest number of readers. Ac-
cordingly, the PROCEEDINGS con-
tents are under analysis and subject to 
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circuit finally adopted, with a frequency-re-
sponse curve for normal suppression at maxi-
mum output. See also 3006 of 1947 (Scott) and 
1233 of June (Goodell). 

534.851:621.396.645.029.3: 621.395.813  2693 
An Amplifier and Noise-Suppressor Unit — 

Scott and Dyett. (See 2759.) 

534.851.6  2694 
Misconceptions  about  Record  Wear — 

N. C. Pickering. (Audio Eng., vol. 32, pp. 11-
14, 47; June, 1948.) For minimum record wear, 
a highly compliant pickup of low movivis mass 
and with a highly polished diamond srylus is 
preferable. Arm friction and turntable vibra-
tion should be avoided and tracking pressure 
should be low. Some improvement can be ef-
fected at the expense of the very high frequen-
cies by introducing compliance between the 
stylus and the moving system. Lacquer and 
vinylite disks do not show wear as readily as 
shellac records, but are much more susceptible 
to surface dirt and are easily damaged by a 
worn stylus. Tests indicate that with standard 
commercial records, a stylus radius of 0.003 
inch or larger produces more rapid wear than 
one of radius 0.0023 to 0.0025 inch. 

534.86:534.322.1  2695 
Influence of Reproducing System on Tonal-

Range Preferences —H. A. Chinn and P. Ei-
senberg. (Pitoc. I.R.E., vol. 36, pp. 572-580; 
May, 1948.) An investigation of listeners' pref-
erences when the transmission system is com-
pensated for the changes in the response of the 
ear with loudness level. The main conclusions 
are: (a) A wide frequency range is not pre-
ferred even with a fully compensated system. 
(b) A similar bandwidth is favored for both un-
compensated and compensated systems. (c) 
Bass is preferred to high frequencies in music; 
sibilance in speech is disliked. (d) Changes 
other than compensation in the reproducing sys-
tem do not affect tonal range preferences. See 
also 3567 of 1945, 612 of 1947, and 1236 of June 
(Olson). 

534.86:534.322.1  2696 
Optimum  Frequency  Range —J.  Moir. 

(Electronic Eng. (London), vol. 20, pp. 98-99; 
March, 1948.) Discussion of the results of 01-
son's listener preference tests (10 of February). 
For earlier work see 1185 of 1947. 

534.862.4: 621.396.665  2697 
A Modern Sound-Reinforcement System 

for Theaters  C. E. Talley and R. W. Kautzky 
(Jour. Soc. Mot. Pic. Eng., vol. 50, pp. 149-161; 
February, 1948.) Description of a system used 
at the Roxy Theatre, New York, N. Y., which 
includes a control console of unusual design, 
equipped with mixers and volume controls of a 
new type. Stereophonic reproduction is also 
discussed. 

534.87  2698 
The Magnetostrictive Radial Vibrator — 

L. Camp. (Jour. Acous. Soc. Amer., vol. 20, pp. 
289-293; May, 1948.) A vibrator for underwa-
ter sound signaling. Operating characteristics 
are specified. A plastic cast to protect the wind-
ings improves rather than decreases the poten-
tial efficiency. 

534.87:621.395.611.62  2699 
Characteristics  of  Stepped-Frequency 

Transducer Elements —F. P. Bundy. (Jour. 
Acous. Soc. Amer., vol. 20, pp. 297-304; May, 
1948.) Transducers for underwater signaling 
made up of elements tuned to slightly different 
frequencies, to produce a broad response curve, 
are no more efficient than more heavily 
damped single-frequency elements. They have 
also a more irregular frequency and phase re-
sponse. 

534.88(26.03):621.396.932  2700 
Sofas [sound fixing and rangingj —Stifler 

and Saars. (See 2797.) 

621.395.61/.62  2701 
A New  Electro-Acoustic  Transducer— 

G. Bradfield. (Electronic Eng. (London), vol. 
20, pp. 74-78; March, 1948.) Instead of trav-
ersing and re-traversing a path of limited 
length in the transducer, the wave is here gen-
erated at a point remote from the ends of the 
body in which it is propagated; it gives rise to 
two waves moving in opposite directions, one of 
which is propagated freely in the body and 
does not interfere with the other, which is 
launched from the end of the body, and can be 
used for exploration. Apparatus generating 
such waves is illustrated and described in de-
tail. Its mode of operation is discussed, and os-
cillograms of various test pieces are included. 
The apparatus has been applied to determining 
the thickness of a concrete slab. 

621.395.623.7  2702 
Single-Diaphragm Loudspeakers —A.  C. 

Barker. (Wireless World, vol. 54, pp. 217-219; 
June, 1948.) A composite moving coil is used, 
consisting of an energized primary coil and a 
closed-turn secondary energized by induction. 
The secondary is separated from the primary 
by a resilient material which permits relative 
movement at high frequencies. The secondary 
thus gives improved high-frequency response 
and provides magnetic damping at low fre-
quencies. An improved type of cone is de-
scribed. 

621.395.623.7  2703 
The Energy Transformation in Electrody-

namic Loudspeakers —E. Synek. (Radio Tech. 
(Vienna), vol. 23, nos. 2 and 3, pp. 124 ff.; 1947; 
and vol. 24, no. 5, pp. 232-236; May, 1948.) 
Electromechanical relations are first consid-
ered. By transformation of the fundamental 
equations for cone loudspeakers and by use of 
electroacoustic analogies, an equivalent system 
is derived from which the current distribution, 
the various losses, the radiation, and the fre-
quency characteristics are easily obtained. It is 
found that, below the fundamental resonance 
frequency, the radiation falls off very rapidly; 
at resonance it has a high maximum and above 
the resonance frequency it is practically con-
stant throughout a relatively wide frequency 
band. Nonlinear distortion can be minimized 
by suitable design and by avoiding overload-
ing. The absolute value of the efficiency and its 
dependence on frequency are also derived by 
means of an equivalent system. The efficiency, 
except for a small range near the resonance fre-
quency, is extraordinarily small, and the cur-
rent heating losses in the moving coil exceed the 
radiated acoustic power. For the electrody-
namic cone loudspeaker, only increase of the 
air-gap flux can give an appreciable increase of 
efficiency. 

621.395.623.8  2704 
The Problem of Sound Distribution: Part 1 

—O. L. Angevine, Jr., and R. S. Anderson. 
(Audio Eng., vol. 32, pp. 18-23; June, 1948.) 
Discussion of the planning of complete sound 
systems for speech or music either indoors or 
outdoors. Graphs assist in determining the 
loudspeaker power required for assigned inten-
sity levels. 

621.395.623.8  2705 
Three- Way Speaker System —G. A. Doug-

las. (Audio Eng., vol. 32, pp. 15, 47; June, 
1948.) Two series-type dividing networks are 
connected in cascade to give low-pass, band-
pass, and high-pass transmission characteristics 
suited to the three loudspeakers, with cross-
overs at 500 and 3000 cps. The method of ob-
taining correct phasing is described briefly. 

621.395.625  2706 
The Recording and Reproduction of Sound: 

Parts 14-17-0. Read. (Radio News, vol. 39, 
pp. 72-73, 120; 60-61, 187; 65-67, 170; and 52-
53, 126; April to July, 1948.) Part 14: Discus-
sion of phonograph pickup tracking error, 
groove skating, and record wear. Part 15: 
Theory, design, and construction of a dynamic 
noise suppressor unit having standard parts. 
Part 16: Performance testing of voltage and 
power amplifiers used in recording units. Part 

17: A study of the decibel. For earlier parts see 
2441 of October and back references. To be 
continued. 

621.395.625.2  2707 
Increasing Volume Level in Disc Record-

ing—E. Cook. (Audio Eng., vol. 32, pp. 17-20, 
38; March, 1948.) The average recorded level 
can be increased by 6 to 12 db if two limiting 
amplifiers working on different parts of the af 
spectrum are used. The response versus fre-
quency characteristic of the recording channel 
is modified during high-level bursts, giving a 
marked improvement in apparent dynamic 
range. 

621.395.625.2:621.395.667  2708 
A Bass Correction Circuit for Moving Coil 

Pickups —N. Winder. (Electronic Eng. (Lon-
don), vol. 20, pp. 187-189; June, 1948.) Com-
plete circuit details, with the calculated re-
sponse curves, for a pre-amplifier stage. A high-
pass circuit, in which 1 'GI °= R and I XL I R, 
is used for negative feedback in the cathode cir-
cuit of a pentode tube. The anode wave form is 
constant down to any given frequency, with a 
sensibly linear increase for the lower three oc-
taves or more, according to circuit values. See 
also 833 of 1946 (Haines). 

621.395.625.6  2709 
Synthetic Sound on Film —R. E. Lewis and 

N. McLaren. (Jour. Soc. Mot. Pic. Eng., vol. 
50, pp. 233-247; March, 1948.) An analysis of 
both hand-drawn and machine-made sound 
tracks. 

621.395.667:621.396.611.3  2710 
RC Circuits as Equalizers —Dahl. (See 

2742.) 

621.395.92  2711 
The Comparative Performance of an Ex-

perimental Hearing Aid and Two Commercial 
Instruments —C. V. Hudgins, R. J. Marquis, 
R. H. Nichols, Jr., G. E. Peterson, and D. A. 
Ross. (Jour. Acous. Soc. Amer., vol. 20, pp. 
241-25 8; May, 1948.) Discussion of systematic 
articulation tests with hard-of-hearing sub-
jects as listeners. For most listeners, the ex-
perimental hearing aid, described in an appen-
dix, was found to be superior to the commercial 
instruments. 

621.396.611  2712 
A New Electro-Mechanical Oscillator and 

Resonator —P. J. Neilson. (Marconi Rev., vol. 
11, pp. 14-16; January to March, 1948.) The 
resonant properties of a mild steel ring can be 
used for fundamental or harmonic frequencies 
above 1 kc. A curve is given relating frequency 
and thickness for a given diameter of annulus. 
In a particular case, the temperature coeffi-
cient of frequency was +160 X 10-6  per 1°C at 
2550 cps with a Q value in excess of 1000. 

534.78  2713 
Visible Speech [Book Reviev/J —R. K. Pot-

ter, G. A. Kopp, and H. C. Green. D. Van 
Nostrand, New York, N. Y., and Macmillan, 
London, 1947,441 pp., 25s. (Nature (London): 
vol. 161, p. 334; March 6, 1948.) A detailed 
treatment of the major results and develop-
ment to date. "Can be unreservedly recom-
mended to all those who have a specialist's in-
terest in speech sounds, and in particular, to 
those who are intimately concerned with the 
interests of the deaf." 

621.395.92  2714 
Hearing Aids [Book Reviewl--H. Davis, 

S. S. Stevens, R. H. Nichols, Jr., C. V. Hudg-
ins, R. J. Marquis, G. E. Peterson, and D. A. 
Ross. Harvard University Press, Cambridge, 
Mass., 1947, 197 pp., $2.00. (Electronics, vol. 
21, pp. 242-243; June, 1948.) The results of 
war-time work on the adaptation of hearing 
aids to individual users. Intelligibility tests 
were conducted on 18 hard-of-hearing men and 
women; tone quality and ease of listening were 
not considered. Conclusions from the results do 
not agree with the general experience of the 
reviewers. 
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ANTENNAS AND TRANSMISSION 
LINES 

621.315  2715 
On the Theory of a Coaxial Spiral Line — 

L. N. Loshakov and E. B. Orderogge. (Radio-
tekhnika (Moscow), vol. 3, pp. 11-20; March 
and April, 1948. In Russian.) 

621.315.212:621.317.333.4  2716 
Pulse Techniques in Coaxial Cable Testing 

— Roberts. (See 2842.) 

621.315.68.011.2  2717 
The Characteristic Impedance of Cable 

Junctions. —P. G. Violet. (Frequenz, vol. 2, pp. 
80-82; March, 1948). Formulas applicable to 
coaxial cables are derived. 

621.392.029.64  2718 
Structure of a Wave of Phase Velocity c— 

A. Abragam. (Comp. Rend. Acad. Sri. (Paris), 
vol. 226, pp. 1356-1357; April 26, 1948.) Theory 
shows that only waves of phase velocity equal 
or nearly equal to c (the velocity of light) can 
impart large amounts of energy to an electron 
in an ordinary accelerator. Discussion of waves 
propagated axially in a waveguide shows that 
waves of phase velocity c cannot, in general, 
be obtained by combining a TM wave with a 
TE wave. The properties of waves with phase 
velocity c are discussed. Transverse effects be-
come negligible for the case of symmetry of 
revolution. 

621.392.029.64  2719 
Directional  Couplers—W.  H.  Watson. 

(Pitoc. I.R.E., vol. 36, p. 632; May, 1948.) A 
basic combination of slots described in 1855 of 
August (Riblet and Saad) has previously been 
recorded in the author's publications noted in 
1360 and 2689 of 1947. 

621.392.029.64  2720 
Properties and Applications of Waveguides 

of Oval Section —M. Jouguet. (Compt. Rend. 
Acad. Sci. (Paris), vol. 226, pp. 1515-1517; 
May 10, 1948.) By use of a section of nearly cir-
cular waveguide of suitable length and cross 
section, a wave with plane polarization can be 
transformed into a wave of the same type, but 
with the plane of polarization rotated through 
any required angle. A plane-polarized wave can 
also be transformed into one with elliptical 
polarization of any ellipticity. Applications are 
described in which these principles are used for 
the transmission of waves round elbows of any 
total angle. 
The remarkable property, that the attenua-

tion of Ho waves decreases with increase of 
frequency, does not hold when the waveguide 
section ceases to be exactly circular, because 
the least deformation of the cross section of the 
waveguide causes a longitudinal current to ap-
pear, with a consequent attenuation which in-
creases with frequency. See also 2724 below. 

621.392.029.64:512.831  2721 
Reflections from Circular Bends in Rec-

tangular Wave Guides —Matrix Theory —S. 0. 
Rice. (Bell Sys. Tech. Jour., vol. 27, pp. 305-
349; April, 1948.) A general matrix theory is 
developed for propagation in waveguides, and 
applied to E- and H-bends in a guide of rec-
tangular cross section. The application of the 
method involves considerable computation. 
Approximate solutions are derived which apply 
strictly to large radii of curvature but which 
appear to be useful for rather sharp bends. 
These solutions agree with those previously 
derived by other methods. 

621.392.029.64:513.3  2722 
Geometry of Rectangular Waveguides — 

A. C. Bartlett. (Wireless Eng., vol. 25, pp. 
202-210; July, 1948.) Discussion of transmis-
sion, critical wavelengths, resonant wave-
lengths, attenuation, Hop and 110,0 modes, etc., 
etc., for waveguides in vacuo or containing dis-
sipative dielectric. All results are obtained by 
simple geometrical constructions based on geo-
metrical properties implied in the standard 
waveguide formulas and equations. 

621.392.029.64:621.3.09  2723 
Note on the Propagation of Electromag-

netic Waves in a Cylindrical Waveguide —R. 
Rigal. (Onde Alec., vol. 28, pp. 158-163; April, 
1948.) A simplified treatment based on a funda-
mental theorem, proof of which is given, and 
on a generalization of the concept of phase 
velocity. Expressions are derived for the cutoff 
frequency and the impedance for TM and TE 
waves. The case of Hoi waves in a guide of 
rectangular section is considered briefly. 

621.392.029.64:621.3.09  2724 
Wave Propagation in a Guide of Nearly 

Circular Section —M. Jouguet. (Comfit. Rend. 
Acad. Sri. (Paris), vol. 226, pp. 1436-1438; 
May 3, 1948.) Detailed discussion of the prin-
cipal and secondary effects of slight deforma-
tion of a waveguide from an exactly circular 
shape shows that all waves resulting from an 
wave in the circular waveguide, except the 

E0 and Ho waves, are unstable. Numerical 
calculation shows that the effects of the insta-
bility are considerable. As regards the second-
ary effects, each of the two waves which corre-
spond to a given wave can be regarded as the 
superposition of a principal wave of the same 
type and of perturbations of small amplitude. 
See also 2000 of 1947 and 2720 above. 

621.392.029.64.012.8  2725 
E-Plane Bend —J. W. Miles. (Paoc. I.R.E., 

vol. 36, p. 632; May, 1948). It is admitted that 
results described in Radiation Laboratory 
(MIT) Report 43, dated July 2, 1944, are 
more accurate than those in the author's paper 
noted in 648 of April. 

621.396.67  2726 
Short Receiving-Antenna Design Factors— 

H. Kees. (Communications, vol. 28, pp. 26-27, 
35; May, 1948.) Discussion of design problems 
for aircraft and other antennas with an elec-
trical length less than about 10 ft at standard 
broadcasting frequencies. 

621.396.67  2727 
. Antenna Pattern Measurement —H. R. 

Skifter and J. S. Prichard. (Communications, 
vol. 28, pp. 26-28, 43; March, 1948.) Discus-
sion of various methods and short description 
of a scale-model system of measurement. 

621.396.67:517.512.2  2728 
The Fourier Transform of the Incomplete 

Gaussian Function —Millington. (See 2833.) 

621.396.671  2729 
Radiation Resistance of an Antenna with 

Arbitrary Current Distribution—C. J. Bouw-
kamp. (Philips Res. Rep., vol. I, pp. 65-76; 
January, 1946.) The radiation resistance is 
expressed as the integral of a function which 
depends in a very simple way on the antenna 
current distribution. It is thus possible to cal-
culate the radiation without knowledge of the 
radiation pattern. The formula is applied to 
many "classical" cases and the results are com-
pared with those of other authors. 

621.396.671  2730 
The Problem of Optimum Antenna Current 

Distribution —C. J. Bouwkamp and N. G. de 
Bniijn. (Philips Res. Rep., vol. 1, pp. 135-158; 
January, 1946.) La Paz and Miller (2138 of 
1943) define the theoretical optimum current 
distribution in a vertical antenna of given 
length as that current distribution which gives 
the maximum possible field strength on the 
horizon for a given power output. It is shown 
that this problem of optimum current distribu-
tion has no "exact" solution. 
A method is here developed to realize any 

given vertical radiation pattern by suitable 
choice of the current distribution. This gives 
theoretical distributions far better than the 
"optimum distributions" of La Paz and Miller. 
See also 2732 below. 

621.396.677  2731 
Note on the Maximum Directivity of an 

Antenna —H. J. Riblet. (Paoc. I.R.E., vol. 

36, pp. 620-623; May, 1948.) "It has been 
shown by Bouwlcamp and de Bruijn [2730 
above] that the directivity of a linear current 
distributioii of fixed length may be made arbi-
trarily large. By a slight extension of their 
arguments, the same conclusion is demon-
strated for a two-dimensional current distribu-
tion and for a distribution of current on an in-
finite strip." 

621.396.677:621.317.733  2732 
Transmission-Line Bridge —Westcott. (See 

2854.) 

621.396.679.4  2733 
Feeding the Beam with Inductively Coupled 

Loops —H. E. Stewart. (CQ, vol. 4, pp. 42-47, 
70; March, 1948.) The driven element of a 
parasitic array can be inductively coupled to 
its transmission line by means of two loops 
coaxial with the vertical shaft on which the 
antenna system rotates. The theory of induc-
tive coupling, as applied to antennas, is dis-
cussed. This method can also be used as an im-
pedance transforming device. Practical data 
are included. 

CIRCUITS AND CIRCUIT 
ELEMENTS 

621.3.018.12  2734 
Phase —"Cathode Ray." (Wireless World, 

vol. 54, pp. 187-190 and 227-230; May and 
June, 1948.) An elementary discussion. 

621.392  2735 
On a Remarkable Property of the Bridged-

T Line and Its Application to the Calculation of 
the Powers Distributed in the Branches of this 
Line. —C. Kafian. (Radio Franc., pp. 18-20 and 
11-14; March and April, 1948.) Methods of 
calculation of bridged-T lines are usually rather 
long, or require a knowledge of general network 
theory. Starting from a I' line, simple theory 
shows that for the bridged-T line, the potential 
of the midpoint is equal to the output potential. 
This property greatly simplifies the calculation 
of the powers distributed in the different 
branches of the line. Simple relations between 
these powers are derived and curves are given 
from which the maximum power dissipated in 
the various branches can be found for bridged-
T lines with linear attenuation variation. 

621.392  2736 
The Response of a Linear Diode-Voltmeter 

to Single and Recurrent R. F. Impulses of 
Various Shapes —R. E. Burgess. (Jour. lEE 
(London), part III, vol. 95, pp. 106-110; March 
1948.) "The response to a short single impulse 
of arbitrary shape is evaluated in terms of the 
time integral or area of its envelope. The ratio 
of this area to the peak amplitude is termed the 
effective duration of the impulse." The re-
sponse to recurrent impulses whose spacing is 
small compared with the discharge time con-
stant is expressed in a general manner; graphs 
are given for the cases of rectangular and tri-
angular impulses. The "effective charge time 
constant" of the voltmeter depends on impulse 
and circuit parameters. The rectification effi-
ciency for triangular impulses lies between 
0.75 and 1.0 times that for rectangular impulses 
of the same effective duration and periodicity. 

The maximum indication of a critically 
damped meter corresponding to the rectified 
voltage produced by the application of a single 
impulse is evaluated in terms of the ratio of the 
meter and discharge time constants. 
The damping imposed by the diode rectifier 

on a sharply tuned circuit is calculated for 
single and recurrent impulses; it is considerably 
greater than for continuous waves. 

621.392:003.62  2737 
Improving Circuit Diagrams —L. H. Bain-

bridge-Bell. (Electronic Eng. (London), vol. 
20, pp. 175-177; June, 1948.) A selection from 
the recommendations contained in the new edi-
tion of Inter-Service Standard Graphical Sym-
bols is given, with comments and illustrative 
diagrams. See also 2030 of 1947 (Keen), and 
3812 of 1947 for which the above U. D. C. 
would have been preferable. 
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621.392:621.314.2  2738 
On the Generation of Two Out-of-Phase 

Voltages —H. Thiede. (Funk wad Ton, vol. 2, 
pp. 219-222; May, 1948.) The conditions are 
determined for obtaining two voltages of the 
same amplitude but of different phases, from 
two in-phase voltages of different amplitudes. 
The particular case is considered where the 
amplitudes of the in-phase voltages are propor-
tional to the sine and cosine of an angle. 

621.395.665.1  2739 
Surgeless Volume Expansion —A. A. Tom-

king. (Wireless World, vol. 54, pp. 234-235; 
June, 1948.) Description of a circuit using an 
auxiliary tube which is modulated in parallel 
with the expander tube by variations of the 
bias on the suppressor grids. The auxiliary tube 
screen grid is connected to the expander tube 
anode and the total current measured at this 
anode thus remains constant. No distortion 
was apparent for inputs up to Iv from 20 to 
16,000 cps. 

621.396.611.1:517.942.932  2740 
Forced Oscillations in Nearly Sinusoidal 

Systems —M.  L. Cartwright.  (Jour.  I EE 
(London), part III, vol. 95, pp. 88-96; March, 
1948; summary, ibid., part I, vol. 95, p. 223; 
May, 1948.) The behavior, near resonance, of 
the solutions of the equation 

(a +/iv -1,0)61- cuIv.= Ewt2 sin wit 
where a/co, Wu and -y/o, are small, has been 
discussed by Appleton, van der Pol and others. 
A more complete discussion is given of the 
synchronized and quasiperiodic solutions near 
resonance, their phases, amplitudes and energy, 
and also the passage from one stable solution 
to another as the parameters of the system 
vary. The phase and amplitude favorable to 
synchronization are prolonged just before 
synchronization. This agrees with Appleton's 
experimental results. Hysteresis also occurs. 
"The decrease in energy with decrease in de-
tuning is explained by the fact that the phase 
favorable to synchronization is that which 
opposes the motion and is prolonged." 

621.396.611.21:549.514.51  2741 
Quartz Crystals —Fielding. (See 2812.) 

621.396.611.3:621.395. 667  2742 
RC Circuits as Equalizers —H. M. Dahl. 

(Audio Eng., vol. 32, pp. 16-17; June, 1948.) 
A simplified method of computing the values of 
circuit components to give the required re-
sponse curve. 

621.396.611.4  2743 
Resonant Cavities —A. V. J. Martin. (Radio 

Tech. Dig. (Franc.), vol. 2, pp. 69-83; April, 
1948.) General discussion, with formulas for 
resonance frequency Q and shunt impedance 
for various types of cavity. 

621.396.615  2744 
A Selsyn Driven V.F.O. —R. V. McGraw. 

(CQ, vol. 4, pp. 17-20, 92; March, 1948.) A 
remote-controlled variable-frequency master 
oscillator which is sufficiently well screened for 
simultaneous operation with a receiver on the 
same frequency. This enables the transmitter 
to be keyed at a stage following the oscillator, 
with a consequent improvement in the keyed 
wave form. 

621.396.615.17  2745 
Milli-Microsecond Pulse Generation by 

Electron Bunching —J. 13. Hosted. (Proc. Phys. 
Soc., vol. 60, p. 397; April 1, 1948.) Details of a 
method for producing pulses of duration 10-9  
sec or less by bunching electrons with alternat-
ing voltages of frequency 210 Mc. The elec-
tronic arrangement consists essentially of a 
lclystron in which the resonant catcher is re-
placed by a nonresonant collector in the form 
of a coaxial line. Satisfactory agreement is 
found between experimental results and Harri-
son's mathematical theory of electron bunching 
(617 of March). The theoretical pulse width is 
of the order of 2X W u sec, with spacing about 
5 X 10-9  sec. It is hoped to verify these figures 

with viewing equipment. The device is ex-
pected to be capable of supplying pulses of 
variable width and of duration short enough 
for testing wide-band coincidence counting 
circuits. 

621.396.615.17  2746 
Linear  Saw-Tooth  Generators —A.  W. 

Keen. (Wireless Eng., vol. 25, pp. 210-214; 
July, 1948.) By including a constant-current 
charging tube in the discharge-circuit loop, a 
circuit is obtained whose linearity and fly-back 
time are satisfactory over a wide frequency 
range. Only two tubes are required. The charg-
ing tube assists the discharge tube during the 
fly-back period. 

621.396.615.17  2747 
Multivibrator  Step-Down  by Fractional 

Ratios —K. H. Davis. (Bell Lab. Rec., vol. 26, 
pp. 114-118; March, 1948.) Step-down by ra-
tional ratios such as 1789 to 121 is possible by 
application of feedback to multistage multivi-
brators. Typical circuits are analyzed. 

621.396.615.17:518.4  2748 
Multivibrator Design by Graphic Methods 

—A. E. Abbot. (Electronics, vol. 21, pp. 118-
120; June, 1948.) Curves are given for com-
monly used tubes. All phenomena affecting 
circuit operation are taken into account. 

621.396.615.17:621.317.755  2749 
Improving Fly-Back Time on a Miller Time-

base —V. Attree. (Electronic Eng. (London), 
vol. 20, p. 97; March, 1948.) By means of a 
cathode follower, fly-back time may be reduced 
by a factor of approximately 100 for sweep 
durations greater than 1 ms. 

621.396.615.17:621.317.755  2750 
A Linear Hard-Valve Time-Base for Oscil-

loscopes —(Radio and Electronics (Wellington, 
N. Z.), vol. 3, pp. 4-8, 48; April 1, 1948.) A 
3-tube time-base unit which generates an ac-
curately linear sweep. The ratio of fly-back 
time to sweep time is independent of the sweep 
frequency. 

621.396.619.13  2751 
Factors Affecting the Frequency Deviation 

in Reactance-Tube Frequency Modulation 
Circuits--Chai Yeh and Y. K. Tz'u. (Chin. 
Jour. Phys., vol. 7, pp. 72-80; December, 1947.) 
Theoretical discussion of the frequency devia-
tion of both inductive and capacitive circuits 
as affected by the phase-shift constants and the 
L/C ratio of the oscillator tank circuit. Experi-
mental results are in fair agreement with theory. 

621.396.645  2752 
Constant Amplification in Spite of Change-

ability of the Circuit Elements —J. J. Zaalberg 
van Zelst. (Philips Tech. Rev., vol. 9, no. 10, 
pp. 309-315; 1947 and 1948.) Methods of mak-
ing the amplification depend very little on tube 
slope were discussed in 3063 of 1947. Here the 
problem of keeping amplification constant with-
in limits narrower than the tolerances of other 
variable circuit elements is solved similarly. 
Circuits can thus be made with an amplifica-
tion per tube of say 8±1 per cent for a toler-
ance of ±5 per cent in component ratings. A 
number of such stages can be placed in cascade. 

621.396.645  2753 
Wide-Band Amplification —L. Ratheiser. 

(Radio Tech. (Vienna), vol. 24, pp. 200-204; 
May, 1948.) Discussion of (a) direct and (b) 
carrier-frequency amplification, with design 
methods for practical amplifiers and charts for 
determining the numerical values of circuit 
components. 

621.396.645  2754 
Wide-Band Power Amplifiers —J. A. Rode-

lin. (Radio Franc., pp. 20-25. April, 1948.) 
Discussion of (a) voltage amplificatic.n and 
compensation circuits; (b) counter-reaction and 
its use for distortion reduction, stability im-
provement, increase of bandwidth, and de-
crease of the internal resistance viewed from 

the output terminals; (c) transformer and 
cathode-follower output stages. 

621.396.645  2755 
High Quality Amplifier with the 6AS7G — 

C. G. McProud. (Audio Eng., vol. 32, pp. 21-
24; March, 1948.) The twin-triode 6AS7G is 
discussed briefly; a circuit diagram and per-
formance details are given which show that 
this tube is an ideal substitute for a pair of con-
ventional tubes in the output stage of an am-
plifier. See also 2756 below. 

621.396.645  2756 
General Purpose 6AS7G Amplifier —C. G. 

McProud. (Audio Eng., vol. 32, pp. 24-29; 
June, 1948.) Modifications of the amplifier re-
ferred to in 2755 above are described, to pro-
vide bass and treble tone controls, a dynamic 
noise suppressor of a modified Scott type (932 
of May), a high-gain input stage, and connec-
tions for a recorder. Unit construction makes 
the instrument readily adaptable. 

621.396.645:537.533.9  2757 
Insulator Amplifies Current 500 Times — 

(Tele-Tech, vol. 7, pp. 72, 74; March, 1948.) 
A method of controlling the flow and amplifi-
cation of electric current, based on the dis-
covery that when beams of electrons are shot 
at an insulator, such as a diamond chip, electric 
currents are produced which may be 500 times 
as large as the current in the original electron 
beam. See also Electronics, vol. 21, pp. 140, 
172; April, 1948; and 2575 of October. 

621.396.645.011.2  2758 
Shunted-Amplifier Input Admittance —A. 

Shadowitz. (Elec. Commun., vol. 24, pp. 468-
477; December, 1947.) A method of calculating 
the admittance is given, and several cases are 
worked out for a shunting capacitance. "Ap-
plication to a frequency modulator is given in 
detail. Extensions are indicated to the theory 
of the tuned-plate tuned-grid oscillator, multi-
vibrator, and negative-impedance devices." 

621.396.645.029.3 :534.851 :621.395.813  2759 
An Amplifier and Noise-Suppressor Unit — 

H. H. Scott and E. G. Dyett, Jr. (F M and 
Telev., vol. 8, pp. 28-30, 44; March, 1948.) 
Discussion of the performance and character-
istics of a 20-w af amplifier for use with the 
Scott noise suppressor (991 of 1947 and 932 of 
May). The response is within the proposed 
RMA limits for the audio equipment of FM or 
AM broadcast transmitters. A preamplifier is 
built in, the response of which is designed to 
equalize the output of magnetic pickups. 

621.396.645.371  2760 
Quiet High-Gain Amplifier —C. C. White-

head. (Wireless World, vol. 54, pp. 208-210; 
June, 1948.) A push-pull af amplifier with tone 
control by negative feedback. 

621.396.662  2761 
Wavechanging and Tuning in Receivers be-

tween 30 and 180 Mcs —L. R. Head. (Marconi 
Rev., vol. 11, pp. 9-13; January to March, 
1948.) Discussion of various factors, such as 
stray inductance, which affect the range of fre-
quency available with a given tuning capacitor. 

621.396.662  2762 
Theory and Design of a Cavity Attenuator — 

J. J. Freeman. (Jour. Res. Nat. Bur. Stand., 
vol. 40, pp. 235-243; March, 1948.) The fields 
generated by an arbitrary current distribution 
exciting a piston-type or cavity attenuator are 
developed, and symmetrical distributions ex-
citing maximum amplitudes of the dominant 
mode and minimum amplitudes of unwanted 
modes are investigated. The relative error in 
voltage measurement due to spurious modes is 
computed as a function of spacing between ex-
citing and receiving coils for certain simple 
current distributions. The relative merits of 
circular and rectangular attenuator cross sec-
tions are discussed. 

621.396.69  2763 
Operating Characteristics cf Film Resistors 
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—J. Marsten and A. L. Pugh, Jr. (Tele-Tech, 
vol. 7, pp. 46-48, 84; March, 1948.) Long sum-
mary of paper read at the Bureau of Standards 
Symposium on Printed Circuits. See also 1614 
of July (Murray). 

621.396.813:621.392.015.3  2764 
Phase and Amplitude Distortion in Linear 

Networks —M. J. DiToro. (Psoc. I.R.E., vol. 
36, p. 623; May, 1948.) Corrections to 1901 of 
August. 

621.397.645:621.397.62  2765 
Selectivity in Television Amplifiers: Prob-

lems of Sound-Channel Rejection —Cocking. 
(See 2952.) 

621.397.645.371  2766 
The Steady-State and Transient Analysis of 

a Feedback Video Amplifier —J. II. Mulligan, 
Jr, and L. Mautner. (Paoc. I.R.E., vol. 36, 
pp. 595-610; May, 1948.) Analysis of transient 
and steady-state phenomena, and of the con-
nection between them, for a two-stage ampli-
fier. Design curves are given which determine 
the necessary amplifier parameters when (a) 
the percentage transient overshoot is given, 
together with either the rise time or the net 
gain, or (b) the overshoot in the steady-state 
characteristic is given, together with either the 
frequency for 3-db attenuation or the mid-
band gain. 

GENERAL PHYSICS 

535.317.6  2767 
Optical Aberrations in Lens and Mirror 

Systems —W. de Groot. (Philips Tech. Rev., 
vol. 9, no. 10, pp. 301-308; 1947 and 1948.) 
The  principal (third-order)  aberrations of 
large-aperture optical systems in general and 
of the spherical mirror in particular are dis-
cussed. All these aberrations, except field cur-
vature, can be eliminated by means of an 
aspherical correction plate such as that used in 
the Schmidt system. 

537.311.31.029.64  2768 
The Conductivity of Metals at Microwave 

Frequencies —A. B. Pippard, G. E. II. Reuter, 
and E. H. Sondheimer. (Phys. Rev., vol. 73, 
pp. 920-921; April 15, 1948.) Criticism of 1345 
of June (Serin). The problem is shown to be 
more complex than is there suggested; a critical 
value exists for the mean free path of an elec-
tron, above which no wave propagation can 
take place. Different solutions apply to the two 
regions separated by the critical value. 

537.311.4:539.23:621.315.59  2769 
The Influence of Surface Films on the 

Electrical Behavior of Contacts —C. C. Dil-
worth. (Proc. Phys. Soc., vol. 60, pp. 315-325; 
April 1, 1948.) The variation of current with 
voltage at an idealized contact between two 
crystals of a semiconductor is calculated on the 
assumption that electrons penetrate the sur-
face barrier by tunnel effect. Comparison with 
experimental curves for silicon carbide pow-
ders leads to the conclusion that these crystals 
are covered by an insulating surface film. The 
existence of such a film affects the rectifying 
properties of the crystal when it is in contact 
with a metal. It is shown that this can account 
for the discrepancies observed between experi-
mental curves and those deduced from the 
simple Schottky theory of rectification. 

537.525.83  2770 
The Contraction Phenomenon in a Neon 

Glow Discharge with Molybdenum Cathode — 
F. M. Penning and J. H. A. Moubis. (Philips 
Res. Rep., vol. I, pp. 119-128; January, 1946.) 

537.533.9:621.396.645  2771 
Insulator Amplifies Current 500 Times— 

(See 2757). 

538.566  2772 
A Note on Singularities Occurring at Sharp 

Edges in Electromagnetic Diffraction Theory — 
C. J. Bouwkamp. (Physica, 's-Gras., vol. 12, 
pp. 467-474; 1946; summary in Philips Res. 
Rep., vol. 2, p. 351; October, 1947.) Wave 

functions u describing diffraction by plane 
screens can be divided into two classes accord-
ing as u or au/an vanishes at the surface of the 
screen. Differentiation with respect to the co-
ordinate a normal to.the screen alters the char-
acter of the wave function, but tangential dif-
ferentiation does not, Differentiation also pro-
duces singularities at the edge of the screen. 
Difficulties in electromotive diffraction theory 
are discussed, with particular reference to 
solutions by Sommerfeld and Moglich. 

538.566  2773 
Spherical Waves from a Plane Boundary 

dividing Two Media —L. Brekhovskikh. (Zh. 
Tekh. Fiz., vol. 18, pp. 455-472; April, 1948. 
In Russian.) 

538.569.4:534.321.9:546.212  2774 
The Origin of Ultrasonic Absorption in 

Water—L. Hall. (Phys. Rev., vol. 73, pp. 775-
781; April, 1, 1948.) The suggested theory re-
lates the absorption in a liquid to the molecular 
states of packing. Acoustic compression causes 
some molecules to alter their arrangement, and 
a time lag in this process causes absorption. 
The use of this theory to explain the excess ab-
sorption in water leads to reasonable agree-
ment with experimental data. 

GEOPHYSICAL AND 
EXTRATERRESTRIAL 

PHENOMENA 
521.15:538.12  2775 
Magnetic Field of Massive Rotating Bodies 

— H. T. H. Piaggio. (Nature (London), vol. 
161, p. 450; March 20, 1948.) Blackett (3112 
of 1947) has suggested that a satisfactory 
explanation of the proportionality between the 
magnetic moment and angular momentum of 
massive rotating bodies would not be found 
except within the structure of a unified field 
theory. J. Mariani claims to have provided 
such an explanation and theory in his "Theorie 
des champs macroscopiques." Application of 
the theory to massive rotating bodies gives the 
desired  proportionality  between  magnetic 
moment and angular momentum, the earth 
being supposed to have a positive volume 
charge compensated by a negative surface 
charge. The constant of proportionality for 
the earth, the sun, and the milky way is of the 
right order of magnitude. Short papers by 
Mariani have appeared in Corn pt. Rend. Acad. 
Sci. (Paris), vol. 206, p. 1247; 1938; vol. 211, 
p. 430; 1940; vol. 218, p. 447 and p. 855; 1944, 
and in Cahiers de Physique Theorique (Paris), 
part 1, 1945; see also 1927 of August. 

521.15 :538.12 :538.71(24.084)  2776 
On the Magnetic Field inside the Earth — 

A. Gila. (Compt. Rend. Acad. Sci. (Paris), 
vol. 226, pp. 1298-1300; April 19, 1948.) Cal-
culations based on the author's theory (1634 
of July and back references) lead to formulas 
which show that while the horizontal com-
ponent H of the earth's field decreases with 
depth, the vertical component V increases. 
Formulas are given showing the increases to be 
expected for V in the Transvaal and in Lanca-
shire. 

523.16:621.396.822  2777 
Radio Noise of Extra-Terrestrial Origin and 

Its Effect on the Technique of Telecommunica-
tions—M. G. Lehmann. (Onde Elec., vol. 28, 
pp. 164-172 and 200-205; April and May, 
1948.) The work of Jansky, Grote Reber, Ap-
pleton, Southworth, and Dicke is reviewed. 
The fundamental principles of thermodynam-
ics necessary for interpreting the results are 
recalled, noise factor is defined, and a particu-
lar method of measuring it is described. The 
performance of actual uhf receivers is com-
pared with that which would be theoretically 
possible. 

523.53  2778 
Radio and Meteorites —R. Jouaust. (Onde 

Elec., vol. 28, pp. 150-157; April, 1948.) Dis-
cussion of radio methods of observation and of 
the experimental results of many investigators' 

Theory does not at present account for all the 
facts. 

523.53 :621.396.96  2779 
Radio Echo Observations of Meteors — 

J. P. M. Prentice, A. C. B. Lovell, and C. J. 
Banwell. (Mon. Not. R. Astr. Soc., vol. 107, 
no. 2, pp. 155-163; 1947.) The apparatus used 
is described briefly, and the results obtained 
during the period June to August, 1946, are 
discussed. For X 4.2 m, good correlation with 
observed meteors was obtained for echoes last-
ing longer than 0.5 sec. Data are included for 
the daily rate of occurrence, and an approxi-
mate quantitative relationship is established 
between meteoric ionization and echo ampli-
tude. See also 411 of March (hey and Stewart) 
and 2780 to 2782 below. 

523.53:621.396.96  2780 
Radio Echo Observations of the Giaco-

binid Meteors 1946—A. C. B. Lovell, C. J. 
Banwell, and J. A. Clegg. (Mon. Not. R. Astr. 
Soc., vol. 107, no. 2, pp. 164-175; 1947.) An 
account of observations, on X 4.2 m, of the 
echoes produced by the meteor shower of 
October 10, 1946. Simultaneous visual observa-
tions were obtained for 21 of these echoes. The 
height distribution, duration and amplitude of 
the echoes are discussed. A 96 per cent decrease 
in the number of echoes was noted when the 
radio beam was directed into the radiant. See 
also 2779 above, 2781 and 2782 below. 

523.53 :621.396.96  2781 
Radar Observations of the Giacobinid 

Meteor Shower, 1946—J. S. Hey, S. J. Par-
sons, and G. S. Stewart. (Mon. Not. R. Astr. 
Soc., vol. 107, no. 2, pp. 176-183; 1947.) An 
account of observations on X 5 m. A mean 
value for the geocentric velocity fo 22.9 km 
per sec has been deduced from the analysis of 
22 tracks. The characteristics of the stronger 
echoes are outlined. See also 2779 and 2780 
above, and 2782 below. 

523.53 :621.396.96  2782 
Characteristics of Radio Echoes from Me-

teor Trails: Part 1—The Intensity of the Radio 
Reflections and Electron Density in the Trails 
—A. C. B. Lovell and J. A. Clegg. (Proc. 
Phys. Soc., vol. 60, pp. 491-498; May 1, 1948.) 
Formulas are derived for the intensity of re-
flected radiation assuming the electrons to be 
created in a long narrow column, of diameter 
small compared with the wavelength of the in-
cident radiation. Experimental work is de-
scribed which confirms the predicted variation 
of received power for X 4.2 to 8.3 m, and also, 
according to preliminary results, for X 1.4 to 
4.2 m. The electron density in the trail can be 
deduced. See also 2779 to 2781 above. 

523.72.029.6:621.396.822  2783 
Solar Radiation in the Radio Spectrum: 

Part 1—Radiation from the Quiet Sun -D. F. 
Martyn. (Proc. Roy. Soc. A., vol. 193, pp. 
44-59; April 22, 1948.) Theory of the emission 
of thermal radiation from the solar envelope is 
developed. The Lorentz theory of absorption 
is used in conjunction with Kirchoff's law to 
derive the effective temperature of the various 
regions of the solar disk over the radio spec-
trum. A maximum effective temperature ap-
proaching 106°K is found near X 1 m. 

523.72.029.6:621.396.822  2784 
An Investigation of Radio-Frequency Radi-

ation from the Sun—M. Ryle and D. D. Von-
berg. (Proc. Roy. Soc. A., vol. 193, pp. 98-120; 
April 22, 1948.) Measurements of solar radia-
tion at frequencies of 175 Mc and 80 Mc are 
described. Special antennas and receiving 
equipment enabled solar radiation to be re-
corded separately from the galactic radiation, 
and also eliminated errors due to variation of 
receiver gain or internal noise. The results ob-
tained indicate an equivalent surface tempera-
ture of the order of 106° K, but values as high as 
l0-10'°K have been observed during the pas-
sage of large sunspots. Measurements of the 
diameter of the source, by a method analogous 
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to Michelson's stellar interferometer, show that 
during periods of very great intensity the 
radiation originates in an area comparable with 
that of a sunspot. During periods of increased 
activity, the radiation is mainly circularly 
polarized. See also 96 of February. 

523.75  2785 
On the Structure of the Solar Corona and 

Chromosphere —H. Bondi, F. Hoyle, and R. A. 
Lyttleton. (Mon. Not. R. Asir. Soc., vol. 107, 
no. 2, pp. 184-210; 1947.) The existence of the 
solar atmosphere is explained on the assump-
tion of the accretion of interstellar material, 
arriving at the sun with a high energy per unit 
mass. The steady state of this atmosphere is 
examined mathematically. The nature of non-
steady states is also discussed with particular 
reference to prominences and othei features of 
the solar atmosphere. See also 2409 of 1947 
(Waldmeier). 

523.75  2786 
Granulation,  Magneto -Hydrodynamic 

Waves, and the Heating of the Solar Corona — 
H. Alfven. (Mon. Not. R. Asir. Soc., vol. 107, 
no. 2, pp. 211-219; 1947.) 

537.591  2787 
Cosmic Rays: Parts 1 and 2—C. W. Hew-

lett. (Gen. Elec. Rev., vol. 51. pp. 11-16 and 
23-31; March and May, 1948.) A concise ac-
count of the various types of cosmic rays and 
their properties, with methods of investigation 
and discussion of possible explanations of their 
origin. 

550.384+550.37  2788 
Electrical and Magnetic Effects of Marine 

Currents —(Okservalory, vol. 68, pp. 55-59; 
April, 1948.) Report of a Royal Astronomical 
Society discussion. Measurements of the varia-
tion of the vertical component of the earth's 
magnetic field on opposite sides of a water 
channel indicate that short-period fluctuations 
are due to electric currents flowing in the earth, 
the water channel providing a low-resistance 
path. Measurements of the electric potential 
gradient produced in tidal streams by the ver-
tical component are also described. 

550.3841941.06"  2789 
A Distinctive Geomagnetic Epoch, 1941 

June  9-14--H. W.  Newton.  (Observatory, 
vol. 68, pp. 60-65; April, 1948.) Description of 
some world-wide sudden commencements that 
occurred in June, 1941, between the two in-
tense geomagnetic storms of March and Sep-
tember. 

550.384.4  2790 
Daily Variation of the Horizontal Magnetic 

Force at the Magnetic Equator —J. Egedal. 
(Nature (London), vol. 161, pp. 443-444; 
March 20, 1948.) Discussion of the unusually 
large variations observed at Huancayo and 
Kodaikanal. See also 1936 of August. 

551.508.94:621.317.32  2791 
A Radiosonde Method for Atmospheric 

Potential Gradient Measurements —Belin. (See 
2840.) 

551.510.52  2792 
On the Ionic Equilibrium of the Lower At-

mosphere —J. Bricard. (Comp!. Rend. Acad. 
Sci. (Paris), vol. 226, pp. 1536-1538; May 10, 
1948.) Theoretical treatment, with derivation 
of a formula for the intensity of ionization. 

621.317.792  2793 
A Lightning Warning Device —B. F. J. 

Schonland and P. G. Gane. (Trand. S. Afr. 
Inst. Elec. Eng., vol. 39, pp. 58-59; February, 
1948.) Discussion on 3987 of 1947. R. Davis 
calls attention to a somewhat similar device 
noted in 3138 of 1946. See also 2794 below. 

621.317.792  2794 
The Ceraunometer—P. G. Gane and B. F. 

G. Schonland. (Weather (London), vol. 3, pp. 
174-178; June, 1948.) A device to record the 
number of lightning discharges within a given 
radius. See also 3987 of 1947, and 2793 above. 

551.510.535+551.594.5  2795 
Ionospheric Research at College, Alaska, 

July 1941-June 1946 —S. L. Seaton, H. W. 
Wells, and L. V. Berkner. Auroral Research at 
College, Alaska, 1941-1944 —S. L. Seaton and 
C. W. Malich. Combined in Carnegie Institu-
tion of Washington Publication 175, 396 pp., 
$1.85. (Paoc. I.R.E., vol. .36, p. 646; May, 
1948.) 335 pages are devoted to hourly values 
of ionospheric data. 14 pages of tables give 
zenith auroral intensity measurements. Instru-
ments and instrumental procedures are de-
Berthed fully. 

LOCATION AND  AIDS TO 
NAVIGATION 

621.396.663  2796 
Marconi Multi Channel Visual H.F. Direc-

tion Finder Type DFG 28 —D. J. Fewings. 
(Marconi Rev., vol. 11, pp. 1-8; January to 
March, 1948.) A single spinning goniometer 
without range switching provides bearings on 
four channels for frequencies between 3 and 
17.5 Mc. The channels are independent both for 
bearings and for sense and all may work simul-
taneously, bearings being shown on cathode-ray 
tubes with linear scales. Spaced vertical mast 
antennas of the Marconi Adcock type are used 
with buried feeders; no vertical sense antenna 
is necessary. A signal-to-noise ratio of 20 db 
is obtained with signal strengths varying be-
tween 0.5 and 6Xv/m. The case containing the 
goniometer and driving motor .s specially de-
signed to reduce noise. 

621.396.932:534.88(26.03)  2797 
Sofar [sound fixing and raagingj—W. W. 

Stiffer, Jr. and W. F. Saars. (Electronics, vol. 
21, pp. 98-101; June, 1948.) A hyperbolic posi-
tion-fixing system depending upon the propa-
gation of sound from a small bomb exploded at 
a critical depth in the ocean. With a combina-
tion of three or more receiving stations, the 
system gives a fix accurate to within 5 miles at 
a range of 2000 miles. Continuous-monitoring 
equipment, used to time the arrival of impulses, 
is described, with sample records. 

621.396.96  2798 
Principles of Frequency-Modulated Radar 

—I. Wolff and D. G. C. Luck. (RCA Rev., 
vol. 9, pp. 50-75; March, 1948.) Principles of 
operation are discussed in detail and quantita-
tive expressions for the determination of range 
and speed in terms of the output frequency are 
derived. The main advantage claimed is that 
lower peak power is required, the main disad-
vantages being the slowness of search and the 
complexity of apparatus required to increase 
the search speed. To be continued. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5:621.3.032.53  2799 
The Effect of Various Treatments on the 

Stresses in Glass-to-Metal Seals —G. D. Red-
ston and J. E. Stanworth. (Jour. Sci. Instr., 
vol. 25, pp. 138-140; April, 1948.) The photo-
elastic method of axial sighting on a bead seal 
is adapted to the measurement of (a) the varia-
tion of seal stress with temperature, (b) the 
effect of high temperature and of intensified 
humidity on seal stress. The seal stress versus 
temperature curve agrees with theory. Most 
seals are unaffected by humidity; certain types, 
notably alkali-borosilicate versus tungsten 
seals show irregular and striking stress changes 
after one or more humidity cycles. 

533.5:621.3.032.53  2800 
A Titanium Technique for Metal-Ceramic 

Seals —H. W. Greenwood. (Electronic Eng. 
(London), vol. 20, p. 100; March, 1948.) Ex-
tract by H. W. Greenwood from R. I. Bond-
ley's paper noted in 3917 of 1947. 

535.37  2801 
Luminescence Efficiency Changes in Zinc 

Sulphide Phosphors below Room Tempera-
ture —G. F. J. Garlick and A. F. Gibson. 
(Nature (London), vol. 161, p. 359; March 6, 

1948.) Variation of efficiency at temperatures 
below that of thermal quenching of lumines-
cence may be either positive or negative, de-
pending on the wavelength of the excitation. 
Typical curves for  a self-activated ZnS 
phosphor are given and discussed. 

535.37  2802 
The  Temperature  Dependence  of the 

Fluorescence of Tungstates and Molybdates in 
Relation to the Perfection of the Lattice —F. A. 
Kroger. (Philips Res. Rep., vol. 2, pp. 340-
348; October, 1947.) 

537.228.1  2803 
EDT and DIET Crystals for Carrier Channel 

Filters —W. P. Mason. (Bell Lab. Rec., vol. 26, 
pp. 222-225; May, 1948.) A short account of 
their principal properties and of the methods of 
cutting to secure a low temperature coefficient 
of frequency. See also 740 of April. 

538.221  2804 
The Adiabatic Temperature Changes Ac-

companying the Magnetization of Some Fer-
romagnetic Alloys in Low and Moderate Fields. 
—L. F. Bates and E. G. Harrison. (Proc. 
Phys. Soc., vol. 60, pp. 213-225; March 1, 
1948.) The temperature changes which occur 
when a ferromagnetic substance is taken 
through a single hysteresis cycle have been 
measured for seven ferromagnetic alloys. A 
cooling effect is observed initially as the mag-
netization is reduced from its maximum value. 
Results indicate that large changes in thermo-
magnetic properties are caused by small changes 
in composition. See also 896 of 1941 (Bates and 
Weston) and 2805 below. 

538.221  2805 
The Adiabatic Temperature Changes Ac-

companying Magnetization in Low and Mod-
erate Fields: A Further Study of Iron —L. F. 
Bates and E. G. Harrison. (Proc. Phys. Soc., 
vol. 60, pp. 225-235; March 1, 1948. Discus-
sion pp. 235-236.) A commercial moving-coil 
ballistic galvanometer was used with the Bates 
and Weston method (896 of 1941) of measuring 
small changes of temperature in the magnetiza-
tion of iron. Measurements were made on 
Armco iron, 99.89 per cent pure, and Hilger 
H. S. electrolytic iron, 99.96 per cent pure. 
Heat changes associated ‘‘. ith the virgin mag-
netization curve have been measured for the 
first time. See also 2804 above. 

538.221  2806 
Supermalloy —(Bell Lab. Rec., vol. 26, pp. 

111-113; March, 1948.) A brief general dis-
cussion. See also 2802 of 1947 (Boothby and 
Bozorth). 

538.221:621.317.41  2807 
The Measurement of the Permeability of 

Low-Conductivity Ferromagnetic Materials at 
Centimetre Wavelengths—J. B. Birks. (Prot. 
Phys. Soc., vol. 60, pp. 282-292; March 1, 1948.) 
The complex magnetic and dielectric properties 
of a specimen filling a section of waveguide are 
derived from standing-wave measurements of 
the short-circuit and open-circuit impedances 
of the section. Measurements were made for X 
60 to 1} cm; typical results for 7-ferric oxide 
are given. Magnetic dispersion is apparently 
an inherent property of the material and is not 
attributable to skin effect. 

538.27  2808 
The Effect of an Airgap on the Complex 

Permeability of Coil Cores —R. Feldtkeller and 
E. Stegmaier. (Frequenz, vol. 2, pp. 71-79; 
March, 1948.) Experimental results for various 
core materials show how the curves connecting 
the complex permeability with the amplitude 
of the ac induction and with the frequency are 
displaced when an airgap is used. The curves 
relating the Q of a coil to frequency are dis-
placed toward higher frequencies, in a direction 
parallel to the frequency axis; the amount of 
the shift depends on the effective width of the 
airgap used. 
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546.23:537.311.33  2809 
On the Electrical Conductivity of Selenium 

Crystals—F. de Boer. (Philips Res. Rep., vol. 
2, pp. 352-356; October, 1947.) Values ranging 
from 2X10' to 5X10 0. cm were obtained for 
the specific resistance of Se monocrystals paral-
lel to the c-axis; it is suggested that the value 
for a pure monocrystal lies near the lower limit. 
The specific resistance at right angles to the c-
axis was found to be 2 X 106S1. cm. Experimental 
results concerning the effect of temperature 
and pressure on the conductivity are also dis-
cussed. 

546.431.82:548.5  2810 
The Growth of Barium Titanate Crystals - 

B. Matthias. (Phys. Rev., vol. 73, pp. 808-809; 
April 1, 1948.) Quantitative data for an ad-
vanced growing technique. See also 2535 of Oc-
tober (Walker). 

548.0:53  2811 
Physical Properties of Crystals and Their 

Symmetry —M.  Tournier.  (Elec. Commun., 
vol. 24, pp. 478-525; December, 1947.) The 
particular symmetry conditions of various 
crystalline substances indicate certain phenom-
ena that are likely to take place in the ma-
terial. A short review of the historical back-
ground of piezoelectricity is followed by an 
introduction to linear transformation theory, 
tensor algebra and matrix algebra. Proofs of 
theorems of symmetry are obtained by matrix 
multiplication. Symmetry in crystals is de-
termine whether the moduli relating physical 
effects to their causes are finite or zero. Pyro-
electricity, dielectric susceptance, piezoelec-
tricity, elasticity, and piezomagnetism are 
examined in this way. The 32 classes of sym-
metry in crystals are described and illus-
trated, and the components of the character-
istic tensors are tabulated for each class. 

549.514.51:621.396.611.21  2812 
Quartz Crystals —E. A. Fielding. (Proc. 

RSGB, no. 3, pp. 1-7; Spring, 1948.) Long 
summary of RSGB paper. A general discus-
sion of the production of quartz crystal plates, 
their defects and piezoelectric properties, and 
of the use of such crystals in resonant circuits 
and filters. 

549.514.51(73)  2813 
Domestic Sources of Piezoelectric Quartz 

—H. H. Waesche. (Amer. Jour. Sci., vol. 246, 
pp. 182-185; March, 1948.) Discussion of pos-
sible American sources of supply other than 
Brazil. 

549.623.5  2814 
Mica: Its Preparation and Some Applica-

tions —A. E. Williams. (Engineer (London), 
vol. 185, pp. 227-229; March 5, 1948.) An ac-
count of the different varieties of mica, their 
chemical  composition,  physical  properties, 
and place of origin, with details of the manu-
facture and properties of micanite. 

620.193+620.197  2815 
Tropical Proofing of Radio Apparatus for 

Use in Tropical Climates —(Radio Component 
Mfrs' Fed. Tech. Bull., vol. 1, pp. 3-5; Feb-
ruary, 1948.) In the tropics destructive insects 
abound, and temperatures of 85 to 90°F with 
relative humidity 100 per cent are common. 
The effect on radio and other equipment is dis-
cussed. Protective measures are suggested. 
High-quality components must be used, as 
radio service hardly exists. See also 2816 below. 

621.3(54):1620.193 +620.197  2816 
Electrical Engineering Problems in the 

Tropics —R. Allan. (Jour. IEE (London), part 
II, vol. 95, pp. 275-283; June, 1948; summary, 
ibid., part I, vol. 95, p. 474; June, 1948. Dis-
cussion, pp. 283-289.) Full paper; summarized 
in 1378 of June and 1658 of July. 

521.3.013.783t:621.316.97  2817 
Screening at V.H.F. —B. Roston. (Wireless 

Eng., vol. 25, pp. 221-230; July, 1948.) An 
experimental method of testing the effective-
ness of various sprayed and deposited metal 
surfaces. The change in width of a resonance 

curve is observed when the screen is introduced 
the surface resistivity is deduced. Results are 
given for Cu and Zn sprayed on a plastic base 
and for Cu and Ni electro deposited on a steel 
base. 

621.3.015.5.029.63/.64 :546.217  2818 
The  Microwave  Spark —D.  Q.  Posin. 

(Phys. Rev., vol. 73, pp. 496-509; March 1, 
1948.) The breakdown of an airgap was studied 
experimentally for X 1.25, 3, and 10 cm. The 
required field is strongly dependent on the 
width of the pulse, the intensity of initial ion-
ization (as determined by nearby radioactive 
materials), gap width and pressure, and to a 
less degree on pulse repetition rate. See also 
750 of April (Cooper). 

621.315.61  2819 
Recent Researches on Insulating Materials 

—L. Piaux and G. Beauvais. (Tech. Mod., vol. 
40, pp. 85-88; March 1 to 15, 1948. In French.) 
A review, partly from the chemical and partly 
from the electiical standpoint, of present knowl-
edge of polymer plastics and of ceramics of the 
titanate groups. 

621.315.61:546.287  2820 
Silicone Rubbers and Their Use as Insu-

lators in Electrotechnics —M. de Buccar. (Rev. 
Gen. Elec., vol. 57, pp. 93-102; March, 1948.) 
A short discussion of their chemical structure 
and a detailed account of their physical and 
electrical properties. The wide range of tem-
perature over which the mechanical and elec-
trical characteristics are maintained renders 
these rubbers particularly useful for extreme 
operating conditions. Resilience and flexibility 
are maintained down to about —60°C and 
cables insulated with silastic have shown no 
signs of damage after heating to 250°C. Nu_ 
merous practical applications are mentioned. 

621.315.61.011.5  2821 
Dielectric Losses —J.  Granier.  (Compt. 

Rend. Acad. Sci. (Paris), vol. 226, pp. 1354-
1356; Apri126, 1948.) A modification of Debye's 
theory leads to a formula representing the 
"goodness" of a dielectric, which gives results 
in good agreement with measured values for 
glycerine and for a phenolic resin. 

621.315.616:621.785.545.45  2822 
The Hardening of Synthetic Materials in 

High-Frequency Fields —H. St8ger. (Brown 
Boveri Rev., vol. 34, pp. 129-138; June and 
July, 1947.) Results of a comprehensive series 
of tests on laminated materials and wood/wood 
bonds. Optimum working conditions are es-
tablished by which setting time is greatly re-
duced and maximum strength attained. Syn-
thetic resins with a nitrogen constituent give a 
wood bond immune to tropical conditions and 
bacterial attack. 

621.315.616:666.18:679.86  2823 
Scale Glass as a Substitute for Mica —J. 

M. Stevels. (Philips Res. Rep., vol. 1, pp. 129-
134; January, 1946.) A product composed of 
small scales, preferably of thickness 1-.5µ, 
which adhere under certain conditions and are 
formed into plates in distilled water to which is 
added a little HIP04 and K2SiO3. The plates 
when partly dried are deformable. Various ap-
plications are suggested. 

621.315.618  2824 
New Researches on the Dielectric Strength 

of Compressed Gases —N. J. Felici and 
Y. Marchal. (Rev. Gen. Elec., vol. 57, pp. 155-
162; April, 1948.) The breakdown properties of 
gases at ordinary pressure are discussed with 
particular reference to Townsend's theory. 
Possible causes of discrepancies with Paschen's 
law are examined. The apparatus and method 
used for investigations at potentials up to 250 
kv and pressures up to 70 atmospheres are de-
scribed. Results are tabulated for air and for 
H2,  with electrodes of different materials. 
While stainless steel electrodes only give a 
breakdown strength, in vacuo, of 20 kv/mm, 
in compressed gases they give values 5 or 6 
times greater. 

621.316.99  2825 
Earthing Problems —R. W. Ryder. (Jour. 

IEE (London), part II, vol. 95, pp. 175-184; 
April, 1948. Summary, ibid., part I, vol. 95, 
p. 226; May, 1948.) Discussion of the various 
factors which affect the resistance of earth 
electrodes with a review of earthing practice. 

621.318.22:621.775.7  2826 
Permanent Magnets —S. J. Garvin. (Elec. 

Times, vol. 113, pp. 633-636; May 27, 1948.) 
Discussion of the properties of various mate-
rials, with special reference to the advantages 
and limitations of the sintering process. 

621.791.3:669.715  2827 
Soldering Aluminum Alloys —F. W. Thomas 

and E. Simon. (Electronics, vol. 21, pp. 90-92; 
June, 1948.) The soldering-iron tip is vibrated 
at an ultrasonic frequency by means of a mag-
netostriction tube-driven oscillator. Surface 
oxidation is thus removed. The method can be 
applied to other surfaces which are difficult to 
solder normally. 

666+6691:621 .775 .7 2828 
Metal Ceramics —H. H. Hausner. (Metal 

Ind. (London), vol. 72, pp. 405-407; May 14, 
1948.) A description of the properties of 
"ceramals," materials formed from ceramic and 
metal powders. Two groups are considered: 
(a) mixtures of metallic and ceramic powders, 
and (b) combinations using different layers of 
metal powders and ceramic powders. The metal 
powders in the first group act as producers of 
free electrons or reducing agents for the ceram-
ic oxides. Different combinations give a wide 
range of temperature coefficients. The second 
group includes materials resistant to high 
temperatures and suitable for use in jet n̂-
gines and for turbine blades. 

666.1  2829 
The Physical Properties of Glass in Relation 

to Its Structure —J. M. Stevels. (Jour. Soc. 
Glass Tech., vol. 30, pp. 31-53; 1946. Summary 
in Philips Res. Rep., vol. 2, p. 400; October, 
1947.) A discussion of present knowledge of the 
structure of glass in relation to its density and 
electrical conductivity. 

669.74/.75:621.3.011.2  2830 
Study of the Variation of Electrical Re-

sistance with Temperature of MnSB Ferro-
magnetic Alloy —G. Nlannevy-Tassy. (Compt. 
Rend. Acad. Sci. (Paris), vol. 226, pp. 1592-
1593; May 19, 1948.) Curves are given showing 
the resistance variation between —200°C and 
+650° C. The changes are cyclic up to about 
450° C., but if this temperature is exceeded, the 
resistance for decreasing temperatures is con-
siderably less than for increasing temperatures. 

678:1620.193+620.197  2831 
Rubber and the Weather —J. Crabtree. 

(Bell Lab. Rec., vol. 26, pp. 119-123; March, 
1948.) A general discussion of the various kinds 
of damage that can be caused by exposure, and 
of methods of producing such damage arti-
ficially and of preventing it in practice. 

MATHE MATICS 

513.3:621.392.029.64  2832 
Geometry of Rectangular Waveguides - 

Bartlett. (See 2722.) 

517.512.2:621.396.97  2833 
The Fourier Transform of the Incomplete 

Gaussian Function—G. Millington. (Marconi 
Rev., vol. 11, pp. 17-30; January to March, 
1948.) The function G(z/ira) =21ajok exp (—y") 
cos (zy/k)dy is considered by studying an 
allied contour integral. The method of steepest 
descents is used to obtain asymptotic forms 
for large values of the argument; a Maclaurin 
expansion is used for small values. G(zhra) has 
"side lobes" even for an infinite aperture when 
n>2. The important case when n=2 is dis-
cussed by an alternative method involving 
approximate numerical integration of a differ-
ential equation; "side lobe" amplitudes are 
given as functions of the width of the finite 
aperture. 
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519.5: [512.25+512.831  2834 
An Automatic Simultaneous Equation Com-

puter and Its Use in Solving Secular [i.e. 
characteristic)  Equations —W.  A.  Adcock. 
(Rev. Sci. Instr., vol. 19, pp. 181-187; March, 
1948.) Discussion of the design of an analogue 
computer based on a feedback method which 
is more general than the Gauss-Siedel iteration 
method discussed on p. 85 of Murray's book 
[noted in 1074 of May]. Resistive voltage di-
viders represent the coefficients, and voltages 
represent the variables, which are automat-
ically adjusted by the feedback system. Ac-
curacy within 1 per cent can be expected. The 
operation is explained in detail for sets of four 
equations. Problems where the characteristic 
equation has repeated roots can be solved. 
[Note. No indication is given of the maximum 
number of equations and variables for which 
the method will work.] 

518.61  2835 
The Approximate Solution of Linear Dif-

ferential Equations —M. C. Gray and S. A. 
Schelkunoff. (Bell Sys. Tech. Jour., vol. 27, 
pp. 350-364; April, 1948.) Examples of the ap-
plication of a wave perturbation method, il-
lustrating its high accuracy in solving certain 
equations used in electromagnetic and other 
problems. See also 1570 of 1946. 

519.2: 621.385.1  2836 
Notes on the Exponential Distribution in 

Statistics [of valve life) —N. W. Lewis. (P.O. 
Elec. Eng. Jour., vol. 41, part 1, pp. 10-12; 
April, 1948.) An elementary account, indicating 
the relation between the exponential and Pois-
son distributions. 

MEASUREMENTS AND TEST GEAR 
53.08+621.3.08  2837 
Précis of a Discussion on "Practical Con-

siderations in Instrument Design" —London, 
1948. —(Jour. Sci. Instr., vol. 25, pp. 122-124; 
April, 1948.) Suggestions made included: (a) 
Scales should be easy to read. (b) Difficulties 
connected with wear and lubrication may be 
lessened by substituting rolling spheres or 
cylinders or sliding constraints. (c) Precision 
measuring instruments of the future should use 
inertialess beams of light or cathode rays. The 
relative merits of kinematic and electrical in-
struments were discussed and improvements in 
design detail were suggested. Another account 
in Engineer (London), vol. 185, p. 257; March 
12, 1948, 

531.76:681.11  2838 
Measuring the Rate of Watches with a 

Cathode-Ray  Oscillograph —II.  van  Such-
telen. (Philips Tech. Rev., vol. 9, pp. 317-320; 
1947 and 1948.) By means of a microphone and 
amplifiers, watch ticks are converted to voltage 
peaks producing a vertical deflections on a cro. 
The time base voltage is synchronized with a 
standard frequency of 60 cps derived from a 
quartz oscillator by frequency division. The 
speed at which the voltage peaks move across 
the cro screen thus gives a measure of the rate 
error of the watch. Rate errors of a few seconds 
per day can be determined in a few minutes. See 
also 1669 of July (Mackay and Soule). 

621.317.029.63  2839 
Improvements in Decimetre-Wave Meas-

urement Technique —H. H. Meinke. (Fre-
quenz, vol. 2, pp. 41-49; February, 1948.) 
General account of modern methods using con-
centric transmission lines. 

621.317.32:551.508.94  2840 
A Radiosonde Method for Atmospheric 

Potential  Gradient  Measurements —R.  E. 
Belin. (Proc. Phys. Soc., vol. 60, pp. 381-397; 
April 1, 1948.) For another account see 1674 
of July. 

62 1.317.333+621.317.371:621.315.212.029.6 
2841 

The Voltage Characteristics of Polythene 
Cables —R. Davis, A. E. W. Austen, and 
W. Jackson. (Jour. lEE (London), part III, 

vol. 95, pp. 111-112; March, 1948.) Discussion 
on 3179 of 1947. 

621.317.333.4:621.315.212  2842 
Pulse Techniques in Coaxial Cable Testing 

—F. F. Roberts. (P.O. Elec. Eng. Jour., vol. 
41, part 1, pp. 13-17; April, 1948.) The princi-
ples of fault location by pulse technique are 
discussed. Intermittent faults can be found by 
display of echoes of 3-pa dc pulses on a cro. 
Equipment has been developed for measuring 
small impedance irregularities under conditions 
similar to those in long-distance television 
relay systems. This equipment gives 0.3-as 
pulses of a 20-Mc carrier, with a spacing of 
about 500 j.ts. 

621.317.336  2843 
A Note on the Lecher Wire Method of 

Measuring Impedance —M. Williamson. (Proc. 
Phys. Soc., vol. 60, pp. 388-391; April 1, 1948.) 
Discussion of factors which affect the accuracy 
of measurements by Williams' method (1255 
of 1944). 

621.317.374  2844 
On the Determination of the Loss Angle of a 

Dielectric Inserted in a Double Line —P. Aba-
die. (Compt. Rend. Acad. Sc. (Paris), vol. 
226, pp. 1590-1592; May 19, 1948.) Formulas 
are derived which can be used for frequencies 
as high as 3000 Mc. 

621.317.41:538.221  2845 
The Measurement of the Permeability of 

Low-Conductivity Ferromagnetic Materials at 
Centimetre Wavelengths —Birks. (See 2807.) 

621.317.715.5  2846 
Anti-Vibration Immersion Galvanometer — 

M. Picard. (Rev. GM. Elie., vol. 57, pp. 141--
146; April, 1948.) The mean density of the 
moving system is the same as that of the C2C14 
in which it is immersed, and its center of grav-
ity coincides with the geometric center, so that 
the instrument is insensitive to all translation 
acceleration. Sensitivity is not very high, but 
the robust construction and freedom from shock 
effects makes the galvanometer particularly 
useful under conditions which would put other 
instruments out of action. 

621.317.725/.726  2847 
Stable Voltmeter Amplifier —J. D. Clare. 

(Wireless Eng., vol. 25, pp. 231-236; July, 
1948.) Analysis of a dc amplifier circuit which 
can be used either as an electrostatic volt-
meter or, with a diode probe, as an ac peak 
voltmeter. Changes in supply voltages and tube 
parameters have practically no effect on the 
meter reading. 

621.317.725  2848 
Inverted  Valve  Voltmetet —W.  Geyer. 

(Arch. Tech. (Messen), no. 155, T78-79, 4 pp.) 
June, 1948.) Discussion of the principles and 
performance of voltmeters in which the voltage 
to be measured is applied between anode and 
cathode of a triode tube. For ac voltages, the 
use of a small voltage transforme.- with a center-
tapped secondary, whose two sections are con-
nected to the anodes of a double triode and to 
the common cathode, gives greater sensitivity. 
See also 3974 of 1945 (Foster). 

621.317.725.027.7  2849 
The Design of an Ellipsoid Voltmeter for 

the Precision Measurement of High Alternat-
ing Voltages —F.  M.  Bruce. (Jour.  IEE 
(London), part II, vol. 95, pp. 364-365; 
June, 1948.) Discussion on 3584 of 1947. 

621.317.728.029.6  2850 
Calibration of Uniform-Field Spark-Gaps 

for High-Voltage Measurement at Power 
Frequencies —F.  M.  Bruce.  (Jour.  IEE 
(London), part II, vol. 95, pp. 364-365; June, 
1948.) Discussion on 3585 of 1947. 

621.317.73  2851 
Direct-Reading  Impedance  Meter—J. 

Schifrine. (Rev. Tech. Comp. Franc., Thomson-
Houston, pp. 31-40; April, 1948.) In French, 

with English summary.) Theory and circuit 
details of instruments which give both the real 
and imaginary components of an impedance. 
Accuracy is within about 3 per cent. One in-
strument can measure impedances up to sev-
eral hundred ohms at frequencies in the range 
0 to 10,000 cps, with impedance currents up to 
0.5 amp. The second can be used for im-
pedances up to 1 M12, has a frequency range of 
30 to 10,000 cps, and is independent of the power 
in the impedance. 

621.317.73:621.317.755  2852 
Frequency-Scanning VHF Impedance Me-

ter—L. L. Libby. (Electronics, vol. 21, pp 94-
97) June, 1948.) An instrument designed to 
display at any instant the impedance versus 
frequency curve; it can scan rapidly band-
widths up to 30 Mc in the range 10 to 250 Mc. 
The output, which can be used with any cro 
is proportional to the amount of energy re-
flected from the end of a transmission delay 
line to which the apparatus under test is con-
nected. Details of design are given and the 
method of operation is described, with an ex-
ample. 

621.317.733  2853 
Theory of Wagner Ground Balance for Al-

ternating-Current  Bridges —R.  K.  Cook. 
(Jour. Res., Nat. Bur. Stand., vol. 40, pp. 245-
249; March, 2948.) A method is described for 
using a Wagner earth with any 3-terminal 
source for elimination of earth capacitance ef-
fects. The basic idea is the insertion of im-
pedances between the two ungrounded ter-
minals of the source and the corresponding 
terminals of the Wagner earth and the bridge, 
so as to balance approximately the currents 
from the source. The method is applicable to 
high-voltage Schering bridges. A Schering 
bridge incorporating the principles of the new 
method is described; this is designed primarily 
for the measurement of the small capacitances, 
about 50pF, of some types of capacitor micro-
phone. 

621.317.733:621.396.677  2854 
Transmission-Line Bridge —C. H. West-

cott. (Wireless Eng., vol. 25, pp. 215-220; 
July, 1948.) Four X/4 sections of transmission 
line are connected in a re-entrant loop, one sec-
tion containing a transposition of the two feeder 
wires. Equal loads connected to opposite cor-
ners of the loop may be fed simultaneously by 
two generators connected to the two remaining 
corners. No interaction occurs between the 
generators, but by altering their relative phase, 
the total power can be applied to each load in 
turn. When this principle is applied to a re-
ceiving array, using two receivers as the loads, 
one receiver may be made to respond to off-
target bearings only, and its output used to 
cancel (at video frequency) the output of 
the main receiver, resulting in an apparent 
lobe narrowing. Another application is the 
production of split beams with a common 
antenna. The system may be used over a fairly 
wide frequency range, as its action depends 
only on symmetry. See also 1355 of 1947 (Tay-
lor and Westcott). 

621.317.755:621.396.813  2855 
Technique for Distortion Analysis —S. S a - 

baroff. (Electronics, vol. 21, pp. 114-117; 
June, 1948.) The effect of the circuits under ob-
servation on clipped sine waves is displayed on 
a cro. Typical patterns are reproduced, and 
simple equipment comprising biased crystal 
rectifiers is described. 

621.317.761  2856 
Checking FM Transmitter Frequencies with 

W WV—R.  R.  Freeland.  (Communications, 
vol. 28, pp. 16-18, 31; May, 1948.) The equip-
ment includes a specially designed secondary 
standard consisting of a 6F6 oscillator driving 
a 10-kc multivibrator, which in turn drives a 
2-kc multivibrator. Two stages of amplification 
provide harmonic outputs up to 110 Mc. The 
transmitter frequency and a standard W WV 
frequency are both corn pared with this sec-
ondary standard. 
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621.317.79: 621.394.813  2857 
The Measurement of Telegraph Distortion 

—A. B. Shone and R. T. Fatehchand. (Elec-
tronic Eng. (London), vol. 20, pp. 181-185; 
June, 1948.) The main features of the BBC 
"start-stop" distortion measurement set, are 
the phantastron timebase and the "Multiar." 
The "start" pulse triggers the timebase; the 
sweep duration is 125 ms, so that the entire 
teleprinter signal between successive start 
pulses can be displayed on a cro. The phan-
tastron output also feeds the Multiar. By ad-
justment of a calibrated auxiliary voltage, the 
Multiar will fire at any point on the timebase 
to produce a bright spot. The auxiliary voltage 
is regulated by a potentiometer network cali-
brated from 0 to 130 ms. Distortion can be 
measured to an accuracy within 2i per cent. 

Details of the phantastron and Multiar 
circuits, given fully in 985 of May (Williams 
and Moody), are summarized in an appendix. 
See also 2478 of October (Close and Leben-
baum). 

621.317.79: 621.396.615.12: 621.395.813  2858 
An Improved Intermodulation Measuring 

System —G. W. Read and R. R. Scoville. 
(Jour. Soc. Mot. Pic. Eng., vol. 50, pp. 162-
173; February, 1948.) Description of an inter-
modulation analyzer and associated two-signal 
generator, for measuring distortion in af sys-
tems. Paired signals are used; they can be se-
lected in several combinations from 40 to 
12,000 cps. The equipment is particularly useful 
for determining optimum processing conditions 
for variable-density recording. 

621.317.79:621.396.813  2859 
The. Measurement of Delay Distortion in 

Microwave Repeaters —D. H. Ring. (Bell 
Sys. Tech. Jour., vol. 27, pp. 247-264; April, 
1948.) IRE 1947 National Convention paper. 
Description of equipment which can measure 
delay distortion of the order of 10-9  sec in a 
wide-band television relay repeater. Circuits 
are discussed (a) for measuring relative phase 
shift as a function of frequency, from which the 
delay distortion is computed, (b) for direct 
delay measurement. The equipment is designed 
for an if between 50 and 80 Mc but can be 
adapted for use at microwave frequencies. 

621.317.79: 621.396.822  2860 
Method of Measurement of Noise Ratios 

and Noise Factors —A. van der Ziel. (Philips 
Res. Rep., vol. 2, pp. 321-330; October, 1947.) 
Crystals, tube circuits, and receivers are tested 
by this method. A saturated diode provides a 
noise output for use as a test signal, its output 
level being monitored by a linear amplifier 
(bandwidth 50 to 100 kc) and a thermocouple. 

621.317.79:621.396.97  2861 
Monitor for Frequency-Modulation Broad-

casting —M. Silver. (Elec. Commun., vol. 24, 
pp. 428-432; December, 1947.) A detailed de-
scription of a monitor designed to meet FCC 
specifications. Using separate discriminators, 
center transmission frequency is measured with 
an error of +100 cps under full modulation 
conditions, and modulation percentage is meas-
ured within ± 5 per cent. Noise and distortion 
monitoring facilities and an overmodulation 
warning are provided. The inherent noise and 
distortion in the monitor are estimated. 

621.317.794.029.64  2862 
The D.C. Thermal Characteristics of Micro-

wave Bolometers —E. Peskin and E. Weber. 
(Rev. Sci. Inst., vol. 19, pp. 188-195; March, 
1948.) A theoretical study of the temperature 
distribution and variation of resistance of a 
temperature-sensitive,  resistive  rod.  Both 
linear and quadratic thermal laws are postu-
lated, and the results are compared with ex-
perimental curves for actual bolometers. The 
sensitivity of resistance to changes in the di-
rect current is defined and computed. 

621.319.4.089.6  2863 
The Calibration of Capacitors at the Na-

tional Physical Laboratory, 1947 —G. H. Ray-

ner and L. H. Ford. (Jour. IEE (London), 
part II, vol. 95, pp. 312-318; June, 1948. 
Summary, ibid., part I, vol. 95, p. 234; May, 
1948.) Astbury's modification of the Carey-
Foster bridge is described briefly and a more 
detailed account is given of the precision Scher-
ing bridge used, in which particular attention 
is paid to screening. Possible errors are within 
1 part in 104 for capacitance and 0.002 per 
cent for power factor when measuring any but 
the smallest capacitances. 

621.396.69.001.4  2864 
Tests for the Selection of Components for 

Broadcast Receivers —G. D. Reynolds. (Jour. 
I EE (London), part III, vol. 95, pp. 54-64; 
March, 1948. Discussion, pp. 64-68.) Methods 
are described for finding out whether a given 
component is suitable for incorporation in a 
range of radio or television receivers; the re-
sults of such tests are surveyed. Fuller details 
are given for the less usual methods. 

621.317.7.029.64  2865 
Techniques of Microwave Measurements 

[Book Revievd —C. G. Montgomery (Ed.). 
McGraw-Hill, New York, N. Y., 1947, 922 pp., 
$10.00. (Fe m. I.R.E., vol. 36, p. 645; May, 
1948.) Volume 2 of the Radiation Laboratory 
series. Laboratory types of measuring equip-
ment are described. "Fourteen authors, each 
an expert in one or more fields, have con-
tributed to write a complete story. Although 
complete, it does not pretend to be exhaustive 
There are numerous references ...." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

533.15: 537.534  2866 
Vapor Leak Detection by Thermonic Ef-

fects —NV. C. White and H. S. Hickey. (Elec-
tronic Ind., vol. 2, pp. 7-8; March, 1948.) 
Another account noted in 2303 of September. 

534.321.9.001.8: 57  2867 
Applications of Ultrasonics to Biology — 

S. Y. White. (Audio Eng., vol. 32, pp. 30, 45; 
June, 1948.) Discussion of applications to the 
sterilizing of liquids and also in medical research. 

535.61-14/-15  2868 
Infra-Red  Instrumentation  and  Tech-

niques —V. Z. Williams. (Rev. Sci. Instr., 
vol. 19, pp. 135-178; March, 1948.) An ex-
tensive summary of instruments and experi-
mental methods used for X between 2.5 is and 
1 cm. Molecular absorption in the near infra-
red (2.5 to 25 ja) is discussed, and industrial 
application of spectrometry in this region de-
scribed, with details of the sources, dispersive 
media, optical systems, absorption cells, and 
detectors used. Photosensitive detectors and 
grating spectrometers used in the far infrared 
(up to 350 is) are described briefly. Some experi-
ments on gaseous absorption in the microwave 
region are mentioned, in which bolometers, 
crystals, or radiometers are used as detec-
tors. Infrared filters are described, together 
with various applications of infrared radiation 
in pyrometry and military equipment. A bibli-
ography of 210 items is included. 

536.53  2869 
Electronic Instruments in Temperature 

Measurement —I. P. Buchanan. (A us!. Jour. 
Inst. Tech., vol. 3, pp. 88-106; March, 1947.) 
Only instruments whose actuating elements 
are thermocouples or resistance thermometers 
are considered. Two main classes are (a) those 
for which a galvanometer is the detecting de-
vice, but the movement of the pointer is not 
impeded, (b) the "null" balance type, which 
has no galvanometer. Several commercial in-
struments in both  classes are described. 
Tubes used in such instruments should be op-
erated well below their ratings for radio re-
ceiver design; a reserve of power is usually 
available so that aging seldom causes failure. 

539.16.08  2870 
Modern Geiger-Muller Tubes-0. J. Rue-

sell. (Electronic Eng. (London), vol. 20, pp. 
70-73; March, 1948). A brief discussion of 
their modes of operation, typical performance 
figures, and their use for estimating natural 
potassium, which contains an isotope emitting 
rays. 

621.317.792  2871 
A Lightning Warning Device —Schonland 

and Gane. (See 2793 and 2794.) 

621.365.5  2872 
Melting Metals by Induction Heating — 

N. Y. Stansel. (Gen. Elec. Rev., vol. 51, pp. 35-
42; March, 1948.) Operation data, electrical 
features, construction, and applications of core-
less-inducation and submerged-resistor types 
of heating equipment. 

621.384.6  2873 
On the Dynamics of Electrons in a Linear 

Accelerator —A. Messiah. (Compt. Rend. Acad. 
Sci. (Paris), vol. 226, pp. 1357-1359; April 
26, 1948.) Discussion of the effect of fluctua-
tions of the electron velocity, in the neighbor-
hood of the velocity of light on the output 
energy spectrum. 

621.384.6  2874 
A High Frequency Cyclotron Generator 

wih Demountable Tubes —H. Atterling and 
G. LindstrOm. (Ark. Mat. Asir. Fys, vol. 35, 
part 1, section A, 9 pp.; April 16, 1948. In 
English.) Description of the high-frequency 
oscillator now in use for 32-inch cyclotron at 
the Nobel Institute for Physics in Stockholm. 

621.384.6  2875 
An Equipment for Automatic [cyclotron] 

Resonance Control —G. Lindstrom (Ark. Mat. 
Astr. Fys., vol. 35, part I, section A, 8 pp.; 
April 16, 1948. In English.) For cyclotron res-
onance, the product of the magnetic field and 
the wavelength of the high-frequency system is 
constant. Both these quantities, however, are 
liable to drift slowly and steadily. By charging 
two capacitors in successive equal intervals, and 
then coupling the capacitors in series, a differ-
ence voltage dependent on the rate of drift is 
obtained. This voltage is used to correct for the 
drift by altering the magnet current. 

621.384.6:621.3 86  2876 
Recent Progress in the Production of X 

Rays —J. Saget. (Bull. Soc. Franc. Elec., vol. 
8, pp. 245-254; May, 1948.) Modern develop-
ments of high-voltage equipment, including 
Van de Graaff generators and all types of par-
ticle accelerators, whose principles of operation 
are described and characteristics tabulated. 

621.385.833  2877 
The Focal Length of a Long Magnetic Lens 

— N. Svartholm. (Ark. Mai. Astr. Fys., vol. 
35, part 1, section A, 9 pp.; April 16, 1948. 
In English.) A formula is obtained for the focal 
length under stated assumptions. Two types of 
definite integral are involved. See also 2205 of 
1941 (Glaser). 

621.385.833  2878 
100-kV Electron Microscope —(Elec. Times, 

vol. 113, p. 463; April 15, 1948.) A new Metro-
politan-Vickers model, E.M.3, which differs 
from Type E.M.2 principally in the redesign 
of the electron gun and in the introduction of 
an extra intermediate projection lens. This 
lens allows the magnification to be varied con-
tinuously from 1000 to 100,000 without al-
teration of the focal length of the object lens, 
and also enables the over-all length of the in-
strument to be reduced considerably. 

621.385.833  2879 
Experimental Electron Microscope —(En-

timer (London), vol. 185, p. 517; May 28, 
1948.) An illustrated description of the Plessey 
Co.'s instrument. Suitable specimens can be 
directly viewed at magnifications up to 20,000 
diameters and the images can be further en-
larged 10 times by optical methods. 
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621.385.833  2880 
On the Shape of the Field for Electrostatic 

Lenses —V. V. Sorokina and P. V. Timofeev. 
(Zh. Tekh. Fiz., vol. 18, pp. 509-516; April, 
1948. In Russian.) 

621.395.658  2881 
A Magnetic Stepping Switch for Control 

Applications —A.  F.  Horlacher.  (Electronic 
Ind., vol. 2, pp. 3-5,11; March, 1948.) Discus-
sion of a switch, essentially similar to those 
used in automatic telephones, for (a) selection 
of one channel out of 20 or 40, (b) sequence 
control, (c) counting, (d) cumulative addition, 
(e) production of a coded series of pulses. 

621.396.9:623.26  2882 
Buried Metal Detection —(Efec.  Times, 

vol. 113, p. 307; March 11, 1948. Discussion, 
p. 308.) Summary of two IEE papers. The 
first, "Development and Use of Magnetic Ap-
paratus for Bomb and Mine Detection," by 
A. Butterworth, shows the superiority of mag-
netic over induction detectors for location at 
great depths. The second, "Development of 
Locators for Small Metallic Bodies Buried in 
the Ground," by Roston, discusses the history 
and future design trends of af detectors, which 
can be used to discriminate against low-con-
ductivity magnetic materials. 

629.13.05  2883 
The Physical Principles of Some Basic 

Aircraft Instruments — W. H. Hoather. (Jour. 
Sci. Instr., vol. 25, pp. 113-122; April, 1948.) 
General theory and design of altimeter, air 
speed indicator, Machmeter, climb indicator, 
magnetic compass, and similar instruments. 
Particulars of performance and accuracy are 
included. 

PROPAGATION OF WAVES 

621.396.11: 551.510: 535  2884 
Ionospheric  Refraction—S.  Estrabaud. 

(Onde Elec., vol. 28, pp. 146-149; April, 1948.) 
A rigorous law of refraction is established, and 
the approximations of Forsterling and Lassen 
are critically discussed. Comparison between 
results deduced from an approximate formula 
and from that of Forsterling and Lassen shows 
their approximation to be satisfactory in prac-
tice. In consequence, the English abacs are to 
be trusted in all cases where the ion distribu-
tion is truly parabolic. 

621.396.11:551.510.535  2885 
Ionospheric Disturbances —G. H. M. Gle-

adle. (P.O. Elec. Eng. Jour., vol. 41, part I, 
pp. 34-38; April, 1948.) Discussion of the two 
main kinds of disturbance that upset long-
distance short-wave radio communication and 
of methods of counteracting them, with special 
reference to the great solar flare of July, 1946. 

621.396.11:551.510.535  2886 
Techniques for the Application of Iono-

sphere Data to Practical Short Wave Transmis-
sion  and  Reception —T.  W.  Bennington. 
(Proc. RSGB, no. 2, pp. 1-7; 1948.) A review 
of the present knowledge of the ionosphere 
with particular reference to its effect on long 
distance  short-wave  propagation.  Typical 
curves of diurnal, seasonal, and solar cycle 
variations of the critical frequency are given, 
and methods of maximum usable frequency 
forecasting are outlined. 

621.396.11: 551.510.535  2887 
The Determination of Maximum Usable 

Frequencies for Radio Links —P. Lejay. (Onde 
Elec., vol. 28, pp. 129-146; April, 1948.) 
A detailed account, with critical comparison, 
of American and English methods for the case 
of (a) a plane earth, and (b) a curved earth. 
Modification of the results when account is 
taken of the effect of the earth's magnetic field 
is also considered. 

621.396.11: 551.594.6  2888 
A Possible Mode of Propagation of the 

"Slow" or Tail Component in Atmospherics — 
A. L. Hales. (Proc. Roy. Soc. A., vol. 193, 
pp. 60-71; April 22, 1948.) Surface wave solu-

tions for the propagation of electromotive 
waves between Infinite plane conductors are 
obtained. If one of the layers is of finite con-
ductivity, there is a solution which corre-
sponds qualitatively with the observed veloci-
ties and periods of the slow component. 

621.396.11.029.58  2889 
Short-Wave Echoes —H. A. Hess. (Funk 

und Ton, vol. 2, pp. 244-253; May, 1948.) 
Describes investigations of the reception of 
signals from stations less than 1000 km dis-
tant, where multipath effects and scattering 
are often observed. The bearing of such effects 
on the measurement of the time taken for a 
signal to travel round the earth, and on the 
measurement of the distance of a transmitter, 
are discussed. Measurements on signals that 
have traveled several times round the earth, 
and on split signals, are also described. See also 
2053 of August. 

621.396.81  2890 
Some Effects of Obstacles on the Propaga-

tion of Very Short Radio Waves —E. C. S. 
Megaw. (Jour.  I EE (London), part III, 
vol. 95, pp. 97-105; March, 1948.) Diffraction 
at a straight edge and round a cylinder is con-
sidered, and the scattering of electromotive 
waves from cylinders is discussed theoretically. 
Experimental results show the effects of ships' 
masts and superstructures on vhf communica-
tion and navigational radar. In most of the 
practical problems discussed, prediction to a 
useful degree of approximation is found pos-
sible. Results are also given for transmission 
over land, showing the effects on decimeter 
and centimeter waves of hills, trees, buildings, 
etc., near to or directly in the path of the beam. 
See also 509, 511, and 518 of 1947. 

621.396.81:518.3  2891 
Free Space Microwave Propagation —A. L. 

Hammerschmidt. (RCA Rev., vol. 9, pp. 159-
166; March, 1948.) Abacs for calculating the 
performance of microwave relay equipment. 

620.396.812  2892 
Simultaneous Field Strength Recording on 

47.1, 106.5, and 700 Megacycles —W. L. 
Carlson. (RCA Rev., vol. 9, pp. 76-84; March, 
1948.) For the lower frequencies, the 45-mile 
path was just beyond optical range, but the 
700-Mc transmitting antenna was 340 ft higher 
than the others; the receiving antennas were 
located together. Transmissions were recorded 
on all three frequencies during the summer of 
1946 and intermittently thereafter on 47.1 and 
106.5 Mc until May 21, 1947. Early afternoon 
signals usually had steady values, assumed to 
be those which occur when the gradient g of 
the atmospheric dielectric constant is normal. 
Abnormal values of g were more favorable to 
reception on the higher frequencies. The re-
ceived 700-Mc field strength was sometimes 
abnormally high, particularly when rainstorms 
occurred near the receiver. Typical records are 
reproduced and discussed. 

621.396.812:621.396.97(494)  2893 
Broadcasting Research with F. M. Ultra-

Short Waves — W. Klein and J. Dufour. (Tech. 
Mitt. Schweiz. Telegr.-Teleph Verw., vol. 26, 
pp. 1-21 and 61-83; February 1 and April 1, 
1948. In German.) A comprehensive account 
of reception tests for transmissions from 
Chasseral, an elevated station N.E. of Neu-
chatel. Three characteristic reception zones 
were noted. In Zone A, the region of direct ra-
diation, appreciably higher field strengths were 
observed when using horizontally polarized 
waves, whereas in Zone B, beyond the optical 
range, vertical polarization gave the greater 
signal strength. In Zone C, between A and B, 
reception was markedly dependent on local 
conditons. A simple type of directive antenna 
usually gave a decided Improvement in recep-
tion in this zone, but made little difference in 
Zone B. See also 546 of March or 2632 of Oc-
tober (Gerber and Tank). 

621.396.812.4.029.64  2894 
Microwave  Propagation  Experiments — 

L. E. Thompson. (PRoc. I.R.E., vol. 36, pp. 
671-676; May, 1948.) One-way propagation 
tests at frequencies between 3000 and 4000 Mc 
are described, for three optical paths. The ef-
fect of changes in atmospheric refraction is dis-
cussed and methods of reducing signal varia-
tions are considered, with special reference to 
microwave relay communication systems. The-
oretical diffraction data are included. 

RECEPTION 

621.396.621  2895 
Bush Model EBS4 —( Wireless World, vol. 

54, pp. 214-215; June, 1948.) Test report. Coy-
etage is continuous for X 10 to 560 m. Full cir-
cuit details are given. The set is designed to 
withstand tropical conditions. 

621.396.621:621.396.619.11  2896 
The Synchrodyne Receiver Again —(Radio 

and Electronics (Wellington, N. Z.), vol. 3, pp. 
30-34; April 1, 1948.) Abridged version of 525 
and 526 of March (Tucker). 

621.396.621.2  2897 
Input Circuits for Broadcasting Receivers — 

L. de Valroger. (Rey. Tech. Comp. Franc. 
Thomson- Houston, pp. 5-30; April, 1948. In 
French.) Conclusion of 2068 of August. 

621.396.621.53  2898 
Band Spreading by Double Heterodyning— 

J. Baumgartner. (Radio Tech. (Vienna), vol. 24, 
pp. 185-190; May, 1948.) Various techniques 
for short-wave band spreading are reviewed 
and a method is described which gives increased 
sensitivity, is less susceptible to image-fre-
quency interference and gives a linear fre-
quency distribution on all bands. 

621.396.81:621.396.96  2899 
Signal-Noise Ratio in Radar —M. Levy. 

(Wireless Eng., vol. 25, pp. 236-237; July, 
1948.) Author's reply to criticism of 1146 of 
May by de Walden (1739 of July). 

621.396.82  2900 
Radio Interference in Ships —S. F. Pearce. 

(Engineer (London), vol. 185, pp. 261-263; 
March 12, 1948.) Details of experiments on 
interference conducted aboard five merchant 
ships. The coupling between supply wiring 
and the antennas, measured at several places on 
the ship, was —70 ± 13 db. Results indicate 
that suppression on the ancillary electrical 
equipment may be reduced to a negligible 
amount if suitable precautions are taken in the 
design and layout of the wireless room and 
nearby supply circuits. High-quality reception 
should be possible when machines of rf terminal 
voltage as high as 5 my are in operation. See 
also 2348 of September (Matthews and Borrow). 

621.396.82  2901 
Impulsive  Interference  in  Amplitude-

Modulation Receivers —D. Weighton. (Jour. 
I EE (London), part III, vol. 95, pp. 69-79; 
March, 1948.) The response of an AM receiver 
to impulsive interference is analyzed, using the 
Fourier integral theorem. The general behavior 
of such receivers is deduced from the formulas 
obtained. The method is applied to the calcula-
tion of the performance of noise-suppression 
circuits, which are classified as amplitude, dif-
ferential, or delay limiters. Simple expressions 
are derived for estimating the suppression in 
any particular case. Experimental results for 
the first two types are in fair agreement with 
the calculated values. A comparison is made 
between the behavior, under conditions of im-
pulsive  interference, of FM,  pulse-length-
modulation, and suppressed AM systems. 

621.396.821:551.594.6  2902 
Pulse Flux Defining the Operation Thresh-

old for a Receiver-Recorder of the Mean Level 
of Atmospherics —F. Carbenay. (Compt. Rend. 
Acad. Sci. (Paris), vol. 226, pp. 1710-1712; 
May 24, 1948.) 



1948 Abstracts and References 1445 

621.396.822  2903 
Some Fundamental Considerations Con-

cerning Noise Reduction and Range in Radar 
and  Communication—S.  Goldman.  (Paoc. 
I.R.E., vol. 36, pp. 584-594; May, 1948.) 
1947 National Electronics Conference paper. 
A general analysis of fundamental principles 
based upon "information theory" and the theory 
of probability. Three general theorems concern-
ing the probability relations between signal and 
noise are proved, and one is applied to inves-
tigate the effect of pulse length and repetition 
rate on radar range. The following subjects are 
discussed:  (a)  existing  noise-improvement 
systems, and reasons why more powerful sys-
tems should be possible; (b) noise improvement 
thresholds and their dependence upon a co-
herence standard; (c) laws governing the 
maximum operating range of a radar or com-
munication system for a given average power, 
and general methods of increasing this range; 
(d) the use of extra bandwidth to reduce dis-
tortion; (e) possible relations of this work to 
biology and psychology. 

621.396.822:523.16  2904 
Radio Noise of Extra-Terrestrial Origin and 

Its Effect on the Technique of Telecommunica-
tions —Lehmann. (See 2777.) 

621.396.822:621.317.79  2905 
Method of Measurement of Noise Ratios 

and Noise Factors —van der Ziel. (See 2860.) 

621.396.712:621.396.828  2906 
Eliminating Interference Resulting from 

Coupled Antennas—F. E. Butterfield. (Com-
munications, vol. 28, pp. 18, 40; March, 1948.) 
Serious interference between two 250-w trans-
mitters, operating on frequencies of 1450 kc 
and 1490 kc respectively and with their an-
tennas 560 ft apart, was practically eliminated 
by fitting rejection filters in the tuning units of 
the transmitters. Details of these filters and of 
their adjustment are given. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39:1384+620.193.21  2907 
The Development and Design of Colonial 

Telecommunication Systems and Plant; and 
The General Planning and Organization of 
Colonial  Telecommunication  Systems. — 
C. Lawton and V. H. Winson. (Jour. IEE (Lon-
don), part III, vol. 95, pp. 79-87; March, 
1948.) Discussion on 1149 and 1150 of May. 

621.391.63/.64  2908 
Survey of Near Infra-red Communication 

Systems —W. S. Huxford and J. R. Platt. 
(Jour. Opt. Soc. Amer., vol. 38, pp. 253-268; 
March, 1948.) Sixty years' work is reviewed; 
only voice and code systems are considered. 
Discussion of: (a) components used and quali-
ties desirable in such systems; (b) early sys-
tems developed before World War I in Ger-
many, and during that war, in America and 
England; (c) latest equipment developed dur-
ing World War II in Italy, Japan, Germany, 
and America. A bibliography of 61 papers is 
Included. 

621.391.63/.64  2909 
Principles of Optical Communication Sys-

tems —H. S. Snyder and J. R. Platt. (Jour. 
Opt. Soc. Amer., vol. 38, pp. 269-278; March, 
1948.) Factors governing the range of optical 
communication systems are enumerated and 
discussed. A general equation relating the range 
to these factors is derived. Laboratory meas-
urements on components are described; from 
these the field range of a system may be 
predicted to within ± } mile if the attenuation 
due to the atmosphere is known. 

621.395.43  2910 
Multi-Channel Telephony —(Elec. Times, 

vol. 113, p. 432; April 8, 1948.) Short account of 
an IEE paper by R. J. Halsey and J. Swaf-
field entitled "Analysis-Synthesis Telephony 
with Special Reference to the Vocoder." The 
vocoder uses about 10 frequency bands, se-

lected by band-pass filters whose rectified out-
puts define the energy in the corresponding 
parts of the speech spectrum. Transmission of 
these code signals need only occupy a band-
width of the order of 300 cps. Details were given 
of the construction of both the transmitting 
and receiving equipment, but these details are 
not included in the present summary. 

621.395.47  2911 
The Potentialities of the Vocoder for 

Telephony  over  Very  Long  Distances — 
J. Swaffield. (P.O. Elec. Eng. Jour., vol. 41, 
part 1, pp. 22-28; April, 1948.) A speech analy-
sis-synthesis system whose design and per-
formance are described. Some of the article is 
taken from the paper noted in 2910 above. 

621.396.41  2912 
A Two-Phase Telecommunication System: 

Parts 1 and 2—D. G. Tucker. (Electronic Eng. 
(London), vol. 20, pp. 150-151 and 192-195; 
May and June, 1948.) The fundamental prin-
ciples of a two-phase transmission system are 
discussed. Two signals in the same frequency 
band may be separated on demodulation, 
provided they are originally modulated with 
carriers having the same frequency but dif-
fering in phase, preferably by 712. The de-
modulation is achieved in each of two branches, 
by carriers whose phase is such that one 
signal is eliminated in each branch. Stability 
of phase throughout the system is essential; 
methods for achieving this are outlined. Other 
practical difficulties in the design of a system 
for single- or multiple-channel working are dis-
cussed and suggestions are made for suitable 
equipment. 

621.396.619.15  2913 
Frequency Shift Telegraphy —Radio and 

Wire Applications —J. R. Davey and A. L. 
Matte. (Bell Sys. Tech. Jour., vol. 27, pp. 265-
304; April, 1948.) Reprint abstracted in 2362 
of September. 

621.396.65  2914 
A Portable Microwave Communication Set 

—C. E. Sharp and R. E. Lacy. (Paoc. I.R.E., 
vol. 36, pp. 676-680; May, 1948.) IRE 1947 
National Convention paper. A double concen-
tric transmission-line oscillator tube is used in 
the transmitter, while the receiver is super-
regenerative. Duplex operation is provided. The 
total power consumption is about 20 w and the 
practical communication range in rolling coun-
try is 5 miles. The frequency used is 2200 to 
2400 Mc. 

621.396.65:523.3  2915 
Considerations of Moon-Relay Communi-

cation —D. D. Grieg, S. Metzger, and R. Waer. 
(Paoc. I.R.E., vol. 36, pp. 652-663; May, 
1948.) IRE 1947 National Convention paper. 
Discussion of communication between two 
places on the earth's surface by means of radio 
waves reflected from the moon. 

621.396.65: 621.396.41  2916 
Microwave Radio Communication: Eight-

Channel Multiplex Point-to-Point Equipment 
—(Electrician, vol. 140, p. 963; March 26, 
1948.) A v.m. i-w transmitting tube for X 6 cm 
is used, with pulse-width modulation for the in-
dividual channels, which are sampled at a repe-
tition frequency of 9 kc. At the receiver, the 
relatively long synchronizing pulse is used to 
generate a gating pulse in each channel unit. 
Successful tests have been carried out on an 8-
channel link extending 25 miles across London. 
See also Wireless World, vol. 54, p. 179; May, 
1948. 

621.396.65.029.64  2917 
Experimental Studies of a Remodulating 

Repeater —W. M. Goodall. (Paoc. I.R.E., vol. 
36, pp. 580-583; May, 1948.) A superhetero-
dyne receiver is used with a microwave reflex-
oscillator transmitter to form a repeater. Ar-
rangements are described for testing this sys-
tem by circulating 1-ns pulses through it and 
observing the deterioration of the pulse shape 
after several circulations. Oecillograms show 

the performance, with and without phase 
equalization, for 1 to 30 circulations. 

621.396.65.029.64  2918 
Microwave Repeater Research —H.  T. 

Friis (Ed.). (Bell Sys. Tech. Jour., vol. 27, pp. 
183-246; April, 1948.) Discussion of a compre-
hensive research program, as yet incomplete, 
for which the New York to Boston link (1755 
and 1756 of July) was an initial objective. Sec-
tions by various authors deal with (a) propaga-
tion studies, (b) repeater circuit planning, (c) 
antenna research, (d) filter research, (e) re-
peater amplifier, (f) receiving converter, (g) 
transmitting converter or modulator, (h) rf am-
plifier, and (i) the complete repeater. 

621.396.65.029.64  2919 
Repeaters for the New York to Boston Ra-

dio Relay System —A. A. Roetken. (Bell Lab. 
Rec., vol. 26, pp. 193-198; May, 1948.) Each of 
the seven repeater stations has 4 repeaters, 2 
for each direction of transmission. Si rectifiers 
are used to shift the signal band from 4000 Mc 
to an if band with mid-frequency at 65 Mc. 
After amplification at this frequency, a second 
varistor modulator is used to shift the frequency 
back to the microwave range. In the second 
modulation, an additional shift of 40 Mc is pro-
vided so that the signals sent out by the re-
peater are 40 Mc higher or lower than those re-
ceived. Amplitude-variations are less than 0.1 
db over the 10-Mc pass band and the total noise 
due to the complete system is barely discernible 
in a television picture. See also 1755 of July 
(Durkee). 

621.396.65.029.64  2920 
Terminals for the New York to Boston Ra-

dio Relay System —J. G. Chaffee. (Bell Lab. 
Rec., vol. 26, pp. 97-100; March, 1948.) Each 
repeater station is provided with equipment 
which converts received microwave signals to 
an if of 65 Mc, amplifies them and translates 
them back to microwaves for further transmis-
sion. At the terminals, television signals and 
multiplex telephone and other broadband sig-
nals are accepted; from these a modulated if 
wave is produced and then impressed on the 
microwave transmission. The necessary equip-
ment is described and a block diagram given. 
See also 1755 of July (Durkee) and 1756 of July 
(J. M.). 

621.396.65.029.64:621.397.743  2921 
Two- Way TV Relay —W. H. Forster. (Tele-

Tech, vol. 7, pp. 46-48; April, 1948.) A wide-
band FM system between Philadelphia and 
New York. It operates in the 1295 to I425-Mc 
band and requires a 20-Mc channel. The 84 
miles are covered by 3 links with an over-all sig-
nal-to-noise ratio of 45 db. A block diagram of 
the transmitter, receiver, and repeater is given 
and their operation fully described. See also 
1756 of July (J. M.). 

621.396.712(44)  2922 
Allouis OCIII Centre for Broadcasting on 

Decametre Waves —M. Matricon. (Onde Elec., 
vol. 28, pp. 121-128; April, 1948.) Details of a 
new station for world-wide communication, and 
of its equipment. The station should be in service 
before the end of 1948. Transmitting power will 
be not less than 100 kw on the shortest wave-
length and will reach 150 kw for X 50 m. Op-
erating frequencies,which are quartz controlled, 
range from 6 to 21 Mc. Twelve rhombic an-
tennas are installed and are fed through a 
specially designed commutation system which 
permits various combinations of transmitter 
connections. 

621.396.712(493)  2923 
Speech-Input Equipment of Brussels Broad-

casting House —F. Mortiaux. (Elec. Commun., 
vol. 24, pp. 415-427; December, 1947.) General 
description of the equipment, which includes 19 
studios, 5 recording rooms, and the necessary 
communication, signaling and supervisory ac-
cessories. 

621.396.712.3  2924 
Enlarged WOAI/ WOAI-FM Studio Tech-

nical Facilities —C. Jeffers. (Communications, 
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vol. 28, pp. 12-15, 36; March, 1948.) An ac-
count of the modifications of existing facilities 
and the new equipment rendered necessary for 
dual AM and FM operation when a FM trans-
mitter was installed. 

621.396.931  2925 
The Development of a Radio Communica-

tion Network for the South African Railways — 
G. D. Walker. (Trans. S. Afr. Inst. Elec. Eng., 
vol. 39, part 2, pp. 54-58; February, 1948.) 
Author's reply to discussion on 2942 of 1947. 

621.396.932  2926 
Radio in the Merchant Marine —J. J. Cana-

van. (Electronics, vol. 21, pp. 84-89; June, 
1948.) A survey of ship communication equip-
ment. Legal requirements and future develop-
ments are considered. 

SUBSIDIARY APPARATUS 

621.3.013.783 t : 621.316.97  2927 
Screening at V.H.F. —Roston. (See 2817.) 

621.314.653: 621.316.722  2928 
Ignitrons in Broadcast Service —H. E. Zu-

vers. (Tele-Tech, vol. 7, pp. 27-29, 70; April, 
1948.) A combination of ignitor and grid con-
trol can be used to regulate rectifier output volt-
age and also to provide "circuit-breaker" action 
in the ignitrons themselves in case of a fault in 
the dc circuit. The general design of a high-
voltage ignitron is described and illustrated, 
and diagrams of ignitron control circuits are 
given. 

621.316.722.1  2929 
Shunt Voltage Stabilizer —J. McG. Sow-

erby. (Wireless World, vol. 54, pp. 200-203; 
June, 1948.) Design details for low internal re-
sistance or high stabilization ratio. Bridge and 
feedback types are considered. See also 1691 of 
1939 (Hunt and Hickman) and 2105 of 1939 
(Neher and Pickering). 

621.316.722.1  2930 
A Negative-Current Voltage-Stabilization 

Circuit —Peilin Luo. (Paoc. I.R.E., vol. 36, p. 
583; May, 1948.) The circuit of a stabilizer us-
ing two triodes is analyzed. With this circuit, 
stabilization within 0.21 per cent was obtained; 
the corresponding value for a simpler con-
ventional circuit was 7.5 per cent. 

621.317.755: 778.3  2931 
An Oscilloscope Camera —H. E. Hale and 

II. P. Mansberg. (Electronics, vol. 21, pp. 102-
107; June, 1948.) Continuous records of cro 
patterns are made on film or paper at speeds 
from 1 inch per minute to 5 ft per sec, using 
electronic motor control. 

621.352.1:536.48/.49  2932 
Operation of Lead-Acid Batteries under 

Extreme Climatic Conditions —W. Lever. (Elec. 
Times, vol. 113, pp. 329-331; March 18, 1948.) 
At 0°F the effective capacity is reduced by as 
much as 50 per cent of that at 75 to 80°F; there 
is a serious risk of freezing of the acid when the 
battery is discharged; charging is inefficient, on 
account of higher internal resistance. At high 
temperatures—above 90°F—serious sulphation 
may occur with acid of customary specific grav-
ity, so that the working specific gravity must be 
reduced. Self-discharge rates are also greatly 
increased. 

621.352.7  2933 
Correlations of the Gel Strength of Paste 

Walls and the Shelf Life of Electric Dry Cells — 
W. J. Hamer, (Jour. Res. Nat. Bur. Stand., vol. 
40, pp. 251-262; March, 1948.) 

621.396.68: 621.316.722.1  2934 
A Note on Stabilising Power Supplies — 

E. J. Harris. (Electronic Eng. (London), vol. 
20, pp. 96-97; March, 1948.) The Miller circuit 
uses two double triodes to mix and amplify frac-
tions of the Input and output voltages. Both 
these functions are here performed by a single 
hexode. 

621.396.68:621.397.6  2935 
Television E.H.T. [extra high voltage] Sup-

ply —A. II. B. \\Talker. (Wireless World, vol. 
54, p. 215; June, 1948.) Corrections to 2390 of 
September. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397: 621.383  2936 
Facsimile Modulator Tube —Shonnard. (See 

2961.) 

621.397.331.2: 621.385.832  2937 
New Viewing Tube for Color TV—A. Bron-

well. (Tele-Tech, vol. 7, pp. 40-41, 65; March, 
1948.) The "Chromoscope" cathode-ray tube 
contains a single electron gun and a specially 
designed color image screen having four paral-
lel semitransparent screens which are elec-
trically insulated from each other so as to per-
mit independent control of the screen poten-
tials. The screen nearest the gun is relatively 
transparent to light and electrons and is given 
a constant high positive potential, while the 
other three are coated with phosphors corre-
sponding to the primary colors and are con-
structed so that one-third of the available elec-
trons strike each screen. Fluorescence occurs on 
any one color screen while the others are extin-
guished if a high positive potential is applied to 
the screen which is to fluoresce and a low poten-
tial to the other two. To obtain a three-color 
picture, it is merely necessary to apply a high 
positive potential in turn to the three color 
screens. 
Observer parallax errors exist, since the 

three color screens cannot coincide, but these 
errors would not be apparent in a projection 
type of television system. 
As electronic switching can be used, the 

color interval may be made very small and 
synchronized with the line sweep frequency, 
This suppresses the two objectionable charac-
teristics of color systems known as color flicker 
and color break-up. For another account see 
Electronic Eng. (London), vol. 20, pp. 190-191; 
June, 1948. 

621.397.335  2938 
Television Field Equipment —J. R. Smith. 

(FM and Telev., vol. 7, pp. 30-32; December, 
1947.) A synchronizing generator is described 
which provides all the timing impulses required 
to operate one or more television cameras; viz., 
horizontal and vertical drivir.g signals, and 
synchronizing and blanking signals. 

621.397.5  2939 
Television D.C. Component —K. R. Wendt. 

(RCA Rev., vol. 9, pp. 85-111; March, 1948.) 
A general survey, with reference to transmitter 
and receiver applications. The relative merits 
of various restorer circuits are considered. The 
design of equipment for receiving the signal 
with the dc component present is also dis-
cussed. 

621.397.5  2940 
Electro-Optical Characteristics of Televi-

sion Systems: Introduction and Part 1-0. H. 
Schade. RCA Rev., vol. 9, pp. 5-37; March, 
1948.) A general review and broad methods of 
analysis, with discussion of vision and visual 
systems. 

621.397.5:535.88  2941 
Large-Screen Television Projector of the 

Compagnie des Compteurs —P. Mandel. (Bull. 
Soc. Franc. Elec., vol. 8, pp. 191-200; April, 
1948.) Details are first given of the high-fre-
quency receiver and video amplifier. The pro-
jection cathode-ray tube uses a maximum volt-
age of 80 kv and has a mean beam current of 
0.5 ma and maximum 2 ma. A special powder 
is used for the coating of the 20-cm screen. The 
image is finally projected on a screen made up 
of a very large number of tiny concave mirrors, 
whose dimensions are appreciably less than 
those of an element of a 450-line image. The 
surface of the screen is concave, the radius be-
ing 9 m; the image size is 3 m X 2.25 m. 

621.397.5:535.88  2942 
Big Picture Practices—(Tele-Tech, vol. 7, 

pp. 30-35, 67; March, 1948.) A survey of large-
size television picture display systems in Amer-
ica, ranging from large direct-viewing cathode-
ray tubes in metal tubes to optical projection 
systems and lens magnifiers. No one method 
seems superior to the others. 

621.397.5:535.88  2943 
New Projection Package for Television—. 

L. J. A. van Lieshout. (Tele-Tech, vol. 7, pp. 
30-35, 56; April, 1948.) A folded adaptation of 
the Schmidt optical system, designed to fit into 
cabinets of various sizes. A sealed transformer 
unit using a ferroxcube score provides a 25-kv 
second-anode supply for the M W-6 projection 
tube. 

621.397.5:791.9  2944 
Theater Television —a General Analysis — 

A. N. Goldsmith. (Jour. Soc. Mot. Pic. Eng., 
vol. 50, pp. 95-117; February, 1948. Discussion, 
pp. 118-121.) A descriptive report of the pres-
ent partly developed state of the art, with 
discussion of possible future trends. 

621.397.6  2945 
Film Pickup System — IT. R. Smith and G. S. 

Gregory. (FM and Telev., vol. 8, pp. 31-33,49; 
March, 1948.) Discussion of equipment for con-
verting pictures obtained from slides or films 
into the form required for the program mixing 
facilities of standard television stations. The 
equipment consists of an iconoscope scanning 
unit, control desk, and associated power units. 
Provision is made for the inversion of black and 
white so that negatives can be used as originals. 
Special care has been taken to provide easy ac-
cess for servicing and testing. 

621.397.6: 621.385.832  2946 
Barrier Grid Storage Tube and Its Opera-

tion —Jensen, Smith, Mesner, and Flory. (See 
2986.) 

621.397.6:621.396.68  2947 
Television E.H.T. [extra high voltage] Sup-

ply—A. H. B. Walker. (Wireless World, vol. 54, 
p. 215; June, 1948.) Corrections to 2390 of Sep-
tember. 

621.397.61  2948 
TV Transmitter Design —G. E. Hamilton. 

(Communications, vol. 28, pp. 12-15, 30; May, 
1948.) Discussion of design trends, with special 
consideration of video amplifier and modulator 
requirements, and modulated amplifier and 
Class-B linear amplifier stages. The operation 
of de restorer circuits is also analyzed. 

621.397.61-182.3  2949 
How WABD Handles Remotes —O. Free-

man. (Tele-Tech, vol. 7, pp. 42-45, 85; March, 
1948.) Description of apparatus and opera-
tional procedure for televising sporting and 
other special events. See also 3685 of 1947. 

621.397.62: 621.385.1  2950 
Radio-Frequency Performance of Some Re-

ceiving Tubes in Television Circuits—Cohen. 
(See 2971.) 

621.397.645:621.397.62  2951 
Selectivity in Television Amplifiers: Prob-

lems of Sound-Channel Rejection—W. T. 
Cocking. (Wireless iVorld, vol. 54, pp. 204 -207; 
June, 1948.) To accept the full radiated band-
width of ±3 Mc the response curve must have 
a cutoff slope of at least 54 db per Mc on the 
side nearest the sound channel. Single-sideband 
working and the relative merits of superhetero-
dyne and straight reception are discussed 

621.397.743 621.396.65.029.64  2952 
Two-Way TV Relay —Forster. (See 2921.) 

TRANSMISSION 

621.316.726.078.3 : 538.569.4  2953 
Frequency Stabilization with Microwave 

Spectral Lines —W. D. Hershberger and L. E. 
Norton. (RCA Rev., vol. 9, pp. 38-49; March, 
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1948.) IRE 1948 National Convention paper. 
Absorption lines of gases at reduced pressure 
exhibit Q values of 100,000 in the 24,000-Mc 
range, and the center frequency is unaffected by 
pressure and temperature. Stabilization of a K-
band klystron has been effected, using the 
23,870.1-Mc line of ammonia contained in a short 
section of matched waveguide, both at the cen-
ter frequency of the line itself and at frequen-
cies removed from the line frequency by a con-
trolled intermediate frequency. Indications are 
that the frequency stability attained compares 
favorably with that of quartz crystals but with 
the added advantages that arise from the in-
herent stability of spectral lines. Applications 
to a wide range of frequencies in the microwave 
range, and to a clock of high precision, are indi-
cated. 

621.396.61  2954 
The Mighty Midget [transmitted —H. L. 

Apple. (CQ, vol. 4, pp. 27-30; March, 1948.) 
Construction, circuit, and operation details of 
a 35-w fixed or portable transmitter weighing 
only 3} lb, and with over-all measurements 3} 
inches by 5 inches by 5} inches. Only standard 
full-size components are used. 

621.396.61:621.396.41  2955 
Medium-Power Multichannel Communica-

tion Transmitters —B. T. Ellis. (Elec. Corn-
man., vol. 24, pp. 433-435; December, 1947.) 
A brief description of fractional-kilowatt trans-
mitters for continuous service. Separate rf units 
are used with a common power supply and 
modulator to provide alternative frequency 
channels. Six units may be accommodated, giv-
ing three frequency bands, 200 to 540 kc, 2 to 
20 Mc, and 108 to 140 Mc, on each of which two 
channels may be used simultaneously, pro-
vided that they are not both used for teleph-
ony. 

621.396.61:621.396.712  2956 
20-kW Broadcasting Transmitters Type 

TH1392 —C. Beurtheret. (Rev. Tech. Comp. 
(Franc.), pp. 41-49; April, 1948. In French.) 
Description, with illustrations of particular sec-
tions, of a "Monobloc" transmitter for the range 
550 to 1560 kc. Within the useful modulation 
range of the transmitter, harmonic distortion 
is of the order of I per cent for all fundamentals 
from 30 to 5000 cps. Background noise is 70 db 
below the maximum level of modulation. 

621.396.61.029.62  2957 
Engineering a 50-kW F.M. Transmitter — 

C. J. Starner. (Tele-Tech, vol. 7, pp. 42-45, 72; 
April, 1948.) Discussion of tube and circuit de-
sign developments to secure efficient operation 
in the range 88 to 108 Mc. Grounded-grid cir-
cuits are used with air-cooled external-anode 
triodes Type 7C24 and Type 5592. The exciter 
unit includes all the frequency-generating, 
modulating, and frequency-multiplying circuits 
of the transmitter, except the final doubler. 
Center-frequency stability is maintained auto-
matically to within 1 kc by comparing a sub-
harmonic of the modulated signal with a stand-
ard crystal-controlled frequency, using the fre-
quency difference to operate a correcting de-
vice. 

621.396.619.23  2958 
Reducing F.M. Band-Width —A. G. Cham-

bers. (Wireless World, vol. 54, pp. 221-222; 
June, 1948.) Discussion and circuit diagram of 
a crystal-controlled reactance modulator unit. 

VACUUM TUBES AND THERMIONICS 

621.383  2959 
The Structure of Photo-Sensitive Lead 

Sulphide and Lead Selenide Deposits and the 
Effect of Sensitization by Oxygen —H. Wilman. 
(Proc. Phys. Soc., vol. 60, pp. 117-132; Feb-
ruary I, 1948.) An investigation, by electron 
diffraction and photoconductivity experiments 
of the structure of these deposits, prepared by 
chemical deposition and by sublimation in 
vacuo or in oxygen. The PbS and PbSe crystals 
were found to have a lattice axial dimension 
which was constant to 0.1 per cent in all sam-

pies measured, even in strongly oxidized prod-
ucts. Oxygen treatments increase the sensi-
tivity of PbS to wavelengths of 1 to 3, but 
do not do so for PbSe. 

621.383 : 535.247.4  2960 
Concerning the Local Variations of Sensi-

tivity in Photocells —N. Laycock and G. T. 
Winch. (Compt. Rend. Acad. Sci. (Paris), vol. 
226, p. 1445; May 3, 1948.) KMV6 and RMV6 
photo cells can be used for high-precision pho-
tometry in spite of the sensitivity variations ob-
served by Terrien, Anglade, and Touvay (1814 
of July), provided that the measured light is 
distributed always in the same manner on the 
cell cathode. The construction of these photo 
cells has recently been modified to reduce local 
sensitivity variations. 

621.383:621.397  2961 
Facsimile Modulator Tube —J. R. Shon-

nard. (Electronics, vol. 21, pp. 82-83; June, 
1948.) A new type of photo cell with simplified 
bridge modulator that enables light from the 
facsimile scanner to produce the modulation 
directly without generating frequencies that 
must be eliminated by costly filters. The cell 
has two flat cathodes which act alternately as 
cathode and anode. High resolution is ob-
tained, and the output range is more than suf-
ficient for average transmission channels. 

621.385.029.63/.64  2962 
The Theory of the Traveling- Wave Tube -

0. E. H. Rydbeck. (Ericsson Tech., no. 46, 18 
pp.; 1948. In English.) The small-signal theory 
is developed in detail. The variation of the am-
plification range of the beam velocity with 
beam current (J) and diameter is discussed. For 
small beam currents, the gain of the amplified 
wave component varies as .P/3, but, in general, 
this gain varies as J114  and is also proportional 
to the voltage bandwidth. The characteristic 
impedances of the helix waves are deduced and 
the total helix output voltage is computed for 
a particular case as a function of beam velocity. 
Interaction between the components of the 
helix waves produces an output-voltage versus 
beam-velocity curve with a very characteristic 
shape. This has been proved experimentally. A 
typical cro record of such a curve is reproduced. 
This curve was obtained for X  3 cm with one 
of the traveling-wave tubes developed at the 
Massachusetts Research Laboratory of Elec-
tronics. 

621.385.1  2963 
Anode Current, Noise Factor, and Current 

Modulation of a Valve with a Nonlinear Char-
acteristic in Class A, B, and C Operation — 
H. Kanberg. (Funk and Ton, vol. 2, pp. 140-
149, 193-207, and 227-243; March to May, 
1948.) A comprehensive mathematical treat-
ment. The amplitudes of all harmonics up to 
the fifth are calculated for various characteris-
tics defined by different values of m in the for-
mula  KV", where h, is the anode current 
and V the effective control voltage. The results 
are presented graphically and discussed; curves 
are also given for the anode-current noise fac-
tor. 

621.385.1  2964 
Reflections in Electron Tubes —J. L. H. 

Jonker. (Philips Res. Rep., vol. 2, pp. 331-339; 
October, 1947.) The effect of reflected electrons 
on the electric field between the electrodes is 
deduced from observations at low potentials. 
Irregularities in some tube characteristics are 
thus explained. 

621.385.1  2965 
Special Valves —M. Alixant. (Radio Tech. 

Dig. (Franc.), vol. 2, pp. 95-103; April, 1948.) 
Operational data for a wide range of tubes par-
ticularly suitable for television, including also 
cathode-ray tubes, Ge and Si rectifiers, and 
stabilizers. 

621.385.1  2966 
Rugged Electron Tubes —I. L. Cherrick. 

(Electronics, vol. 21, pp. 111-113; April, 1948.) 

Discussion of: (a) the United States Joint 
Army and Navy Electron Tube Specifications 
for electrical and mechanical stresses that tubes 
must withstand, (b) an "impact machine" for 
testing tubes, (c) structural alterations required 
in Types 6L6GA, 6AC7, 2050, 6H6GT and 
6ALS, (d) reduction of heater failure by using 
helical coil heaters, (e) the use of more rugged 
clips and stops. 

621.385.1  2967 
Modern Transmitting Valves under Dif-

ferent Operating Conditions —F. Jenny. (Brown 
Boveri Rev., vol. 34, pp. 139-142; June and 
July, 1947.) A brief general survey of proper-
ties and modes of operation. Characteristics of 
the ATL and ATW series of tubes, with anode 
dissipation up to 50 kw, are tabulated. 

621.385.1  2968 
Table of the Characteristics of New Euro-

pean  Valves —(Radio  Franc.,  pp.  16-17; 
March, 1948.) Details of the following: triode-
hexode frequency changer, UCH41; high-fre-
quency pentode with variable slope, UF41; sin-
gle diode-pentode with variable slope, UAF41; 
output pentode, UL41; half-wave rectifiers, 
UY41 and UY42. 

621.385.1:519.2  2969 
Notes on the Exponential Distribution in 

Statistics [of valve Wei —Lewis. (See 2836.) 

621.385.1:537.291  2970 
The Excitation of Resonance Circuits by 

Electron Streams in the Transit-Time Region 
—F. W. Gundlach. (Arch. Elek. Obertragune. 
vol. 1., pp. 173-183; November and December, 
1947.) A method is described for determining 
the magnitude of the active and wattless cur-
rents arising from the excitation of oscillations 
in a resonator by the action of periodic electron 
streams. The intensity and velocity of the 
streams across the excitation space can depend 
in any way whatever on the time. Curves are 
provided to simplify calculation for all com-
monly occurring cases, including retarding-
field excitation. 

621.385.1:621.397.62  2971 
Radio-Frequency Performance of Some Re-

ceiving Tubes in Television Circuits —R. M. 
Cohen. (RCA Rev., vol. 9, pp. 136-148; March, 
1948.) Measurements of over-all gain, noise, 
image rejection, and oscillator frequency sta-
bility were made on a number of tubes used in 
the rf amplifiers, mixers, and local oscillators 
of television receivers. Both push-pull and un-
balanced circuits are discussed. Measurements 
were made in the frequency bands 66 to 72 Mc 
and 198 to 204 Mc. 

621.385.1.012.3:621.316.722  2972 
Circuit Design for Gas-Discharge Regulator 

Tubes —W. G. Hoyle. (Tele-Tech, vol. 7, pp. 
46-47, 72; February, 1948.) Graphical methods 
for determining circuit parameters to ensure 
that tubes are operated within their normal 
ratings. 

621.385.1.032.216  2973 
Variation of the Spectral Emissive Power of 

Oxide Cathodes as a Function of Various Fac-
tors—R. Champeix. (Compt. Rend. Acad. Sci. 
(Paris), vol. 226, pp. 1256-1257; April 19, 
1948.) Experiments show that the emissive 
power (ek) decreases as the thickness of the ox-
ide layer increases. For thin layers ek may be 
0.35, dropping to 0.05 for thick layers. For lay-
ers of the thickness normally used in small 
tubes, about 60 to 70 a, ex is about 0.2 but varies 
between 0.1 and 0.3. The spectral emissive 
power of Ni increases rapidly with tempera-
ture, but that of oxide cathodes is little af-
fected by temperature or activation. ex is 
slightly lower after activation. See also 1010 of 
May (Champeix). 

621.385.032.216  2974 
Thermion's Emission from Oxide-Coated 

Cathodes —F. A. Vick. (Jour. Sci. Instr., vol. 
25, pp. 56-60; February, 1948.) A report of the 
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London Summer Meeting of the Electronics 
Group of the Institute of Physics, June 14, 
1947, at which papers describing recent work 
on the subject were discussed. The use of oxide 
cathodes for pulse work has led to speculation 
on the mechanism by which peak saturated 
current can be many times the normal satu-
rated current at the same temperature. X-ray 
study of the structure of oxide cathodes shows 
that during life the surface layers become nearly 
pure Sr0 and rectifying barrier-layer com-
pounds are formed at the core oxide boundary. 
The resistance of this latter layer has been 
measured and the potential difference across it 
at high currents could limit the emission avail-
able from the cathode. For a shorter account 
of the meeting see Nature (London, vol. 160, 
pp. 725-726; November 22, 1947.) 

621.385.15  2975 
Electron Multiplier Tube of Large Effective 

Cathode Surface Area —P. S. Farag6. (Nature 
(London), vol. 161, p. 60; January 10, 1948.) 
The effective area is increased by the use of an 
electrostatic lens to project the electron-optical 
image of a large-surface cathode on the first 
multiplying electrode of an ordinary multiplier 
tube. 

621.385.2  2976 
Extension and Application of Langmuir's 

Calculations on a Plane Diode with Maxwel-
lian Velocity Distribution of the Electrons — 
A. van der Ziel. (Philips Res. Rep., vol. 1, pp. 
97-118; January, 1946.) Langmuir's differen-
tial equation for the potential distribution be-
tween cathode and anode is extended to the 
saturated and exponential regions of the char-
acteristic. Formulas are derived relating the 
transconductance of a diode to the anode volt-
age and current and to the cathode tempera-
ture. The quantity C/Co is also calculated for a 
triode, where C is the equivalent ac grid capaci-
tance under operating conditions and Co the 
capacitance when cold. Exact calculation is 
somewhat difficult, but approximate calcula-
tion is greatly simplified by making certain as-
sumptions. 

621.385.2  2977 
Extension of Langmuir's (t, n) Tables for a 

Plane Diode with a Maxwellian Distribution 
of the Electrons —P. H. J. A. Kleynen. (Philips 
Res. Rep., vol. 1, pp. 81-96; January, 1946.) 
Langmuir's tables have been extended by graph-
ical interpolation and by calculation. Graphs 
show (a) the value of the potential minimum as 
a function of anode current at different cathode 
temperatures, (b) the distance d,,, of this mini-
mum from the cathode as a function of anode 
current at a cathode temperature of 700°C for 
different values of the saturation current. A ta-
ble is given whereby similar curves for do. for 
other temperatures can be calculated. Ex-
amples illustrate the use of the (t, n) tables. See 
also 2976 above. 

621.385.3  2978 
Dimensional Analysis Applied to Very-

High-Frequency Triodes —G. Lehmann. (Elec. 
Commun., vol. 24, pp. 391-408; September, 
1947.) English version of 3821 of 1946. 

621.385.3  2979 
The Dyotron Microwave Oscillator—(Com-

munications, vol. 28, pp. 24-25; May, 1948.) 
Summary of IRE 1948 National Convention 
paper by E. D. McArthur noted in 2664 of Oc-
tober. A new type of uhf tube, which is unusu-
ally stable, has a very wide tuning range and 
can be used in local oscillators. A 70-pF capaci-
tor connects grid and cathode inside the tube, 
which otherwise is similar to the 2C39 triode. 
Experiments are described in which a single 
coaxial cavity with a piston tuner is used; a 
continuous tuning range of 370 to 3700 Mc is 
obtained. 

621.385.3  2980 
A.C. Operated Triodes —A. Grainge. (Elec-

Ironic Eng., vol. 20, pp. 178-180; June, 1948.) 
A graphical method for predicting the operat-
ing conditions of a triode which derives anode 
voltage from ac mains. The method is used to 
design a sensitive relay for the indirect control 
of a 2-kw load. 

621.385.4.029.62/.63  2981 
500-Mc Transmitting Tetrode Design Con-

siderations —W. G. Wagener. (Psoc. I.R.E., 
vol. 36, pp. 611-619; May, 1948.) IRE 1947 
National Convention paper. Discussion of 
characteristics of a power amplifier for the 30 
to 500-Mc band and of the relative merits of 
triodes and tetrodes in this range. For tetrodes, 
self-neutralization occurs at a particular fre-
quency, which can be adjustsd by external cir-
cuit arrangements. Tetrodes are preferred to 
neutralized triodes, chiefly on the ground of 
greater stability. Two new transmitting tetrodes 
are described. 

621.385.5 : 621.395.92  2982 
Hivac Miniature Valves —O. P. Herrnkind. 

(Funk und Ton, vol. 2, pp. 254-259; May, 
1948.) Data and characteristics of XWO 75A 
and B pentodes for initial stages and of XYI 
4A, B and C output pentodes. These tubes are 
particularly suitable for use in hearing aids, on 
account of their small size and low current 
consumption. 

621.385.832  2983 
An  Image  Storage  Tube —(Electronics, 

vol. 21, pp. 132, 134; May, 1948.) Extract from 
Air Technical Intelligence. Tech. Data Digest, 
p. 11; July I, 1947. Description of the Kra-
winkel storage tube developed in Germany. 
The writing beam charges up a storage plate 
of small capacitors which can remain charged 
for three weeks. The storage surface may be 
scanned and an image projected on to a fluores-
cent screen. Leakage is minimized by incor-
porating in the tube a triode with a getter-
coated anode, to maintain a high vacuum. 

621.385.832 : 535.767  2984 
Stereoscopic Viewing of Cathode-Ray Tube 

Presentations —H. A. Iams, R. L. Burtner, and 
C. H. Chandler. (RCA Rev., vol. 9, pp. 149-
158; March, 1948.) Discussion of: (a) two meth-
ods of presenting 3-dimensional information on 
cathode-ray tubes, with examples of oscillo-
grams and radar presentations in 3 dimensions, 
(b) the effect of flicker on stereoscopic view-
ing, and (c) possible applications. 

621.385.832:621.396.96  2985 
The Visibility of Signals on Radar Range 

Presentations —E. R. Andrew. (Jour. IEE 
(London), part IIIA, vol. 93, no. 10, pp. 1559-
1563; 1946.) An investigation of the depend-
ence of the minimum detectable signal on param-
eters of the equipment, such as pulse length, 
bandwidth, timebase speed, and brightness of 
the oscilloscope trace. 

621.385.832:621.397.6  2986 
Barrier Grid Storage Tube and Its Opera-

tion —A. S. Jensen, J. P. Smith, M. H. Meaner, 
and L. E. Flory. (RCA Rev., vol. 9, pp. 112-
135; March, 1948.) Twd cathode-ray tubes, one 
with electromotive and one with electrostatic 
focusing and deflection systems, have been de-
signed for storing video signals electrostatically 
on an insulating screen. Methods of measure-
ment of the tube characteristics are described 
and the theory of operation is discussed. After 
storage times of up to 100 hours, there was no 
evidence of distortion or decay. 

621.396.615.141.2  2987 
Low-Power  Resonant-Segment  Magne-

trons for Centimetre Waves —J. C. Dix and 
E. C. S. Megaw. (Jour I EE (London), part 
IIIA, vol. 93, no. 10, pp. 1585-1592; 1946.) 
The development and use of a range of small 
glass magnetrons having anode systems consist-
ing of a number of interleaved segments. Char-
acteristics of Types E1210, CV79, and CV89 are 

given, together with descriptions of the asso-
ciated circuits. Methods of modulation, par-
ticularly pulse-width modulation, are also dis-
cussed. 

621.396.615.142.2  2988 
Multifrequency Bunching in Reflex My-

strons —W. H. Huggins. (Pnoc. I.R.E., vol. 36, 
pp. 624-630; May, 1948.) Webster's simple 
bunching theory is estended to include simul-
taneous oscillations in a reflex klystron at two 
or more frequencies. General expressions for the 
power and electronic admittance are derived 
that show the intermodulation effects of the 
oscillations upon each other. 

621.314.63  2989 
Crystal Rectifiers [Book Revievd —H. C. 

Torrey and C. A. Whitmer (Eds.). McGraw-
Hill, New York, N. Y., 1948, 443 pp., $7.50. 
(Electronics, vol. 21, pp. 248, 250; June, 1948.) 
Vol. 15 of the MIT Radiation Laboratory se-
ries. The object is "to present the fund of knowl-
edge on crystal rectifiers that accumulated 
during the course of World War II." 

MISCELLANEOUS 

621.3  2990 
Electrical Research —(Engineer (London), 

vol. 185, p. 182; February 20, 1948.) A report of 
some of the activities of the British Electrical 
and Allied Industries Research Association dur-
ing 1947. 

621.3 (083.74)  2991 
Standard  Terms  and  Abbreviations — 

H. Jefferson and A. L. Meyers. (Wireless Eng., 
vol. 25, p. 236; July, 1948.) Comment on 2426 
to 2428 of September 

621.38:519.283  2992 
Statistical Methods in the Design and De-

velopment  of  Electronic  Systems —L.  S. 
Schwartz. (Paoc. I.R.E., vol. 36, pp. 664-670; 
May, 1948.) IRE 1948 National Convention 
pa per. 

621.395  2993 
Progress of Telecommunication Services in 

British Post Office —(Elec. Commun., vol. 24, 
pp. 300-309; September, 1947.) A general re-
view of the British telephone service with brief 
reference to oversea radio links and ship-to-
shore radiotelephone systems. 

621.396  2994 
Radio Progress during 1947 —(Pkoc. I.R.E., 

vol. 36, pp. 522-550; April, 1948.) This sum-
mary for 1947 covers generally, for the subjects 
dealt with, developments described in publica-
tions issued up to about the first of November. 
The material has been prepared by members of 
the 1947 Annual Review Committee of the 
Institute, with editing and co-ordinating by the 
Chairman. A bibliography of 689 references 
arranged under broad subject headings is given. 

621.39  2995 
The Fundamental Research Problems of 

Telecommunications [Book Noticel—Depart-
ment of Scientific and Industrial Research, 
H. M. Stationery Office, London, March, 1948, 
80 pp., is. 6d. (Govt. Publ. (London) p. 16; 
April, 1948.) Comprises the reports of the nine 
working parties set up by the Telecommunica-
tions Research Committee (chairman: Sir Stan-
ley Angwin)• 

621.396(075.8)  2996 
Radio  Engineering  [Book  Reviewl—F. 

E. Terman. McGraw-Hill, New York, N. Y., and 
London, 3rd edition 1947, 969 pp., $7.00. 
(Paoc. I.R.E., vol. 36, pp. 511-512; April, 
1948.) The co-ordination and combination with 
older material of developments in radio en-
gineering in the last ten years has been so ac-
complished that "the whole is incorporated 
within the covers of a single volume suitable 
for classroom use of engineering seniors." 
Fundamental  principles  are  emphasized 
throughout. 



ou can depend on Stackpole 
controls. Carefully supervised 
production means that you can 

depend on each unit to operate 
satisfactorily after it has been soldered 
into the circuit — and Stackpole facilities 
are such that you can depend, too, on 
quantity deliveries to meet your needs. 

In both fixed and variable resistors, 
Stackpole is a major supplier to an im-

portant segment of the radio and elec-
tronic industries. If you are not already 

checking Stackpole regularly as your 
production releases and design require-
ments come up, we welcome the op-
portunity to cooperate on your next 
assignment. Write for Stackpole Control 
Engineering Bulletin RC-7D. The Com-
plete Stackpole Electronic Components 
Catalog is also available on request. 

ST AC K P OLE  CA R B O N  C O M P A N Y  •  ST.  M A R YS, PA. 

RESIST O R S  • CO NTR OLS  • S WITC HES  • IR O N  CORES 
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SHURE "900MG" 

Gives Maximum Reproduction of 
Micro-Groove Record Fidelity 

The Shure "900MG" Pickup is an ideal instru-

ment for tracking on the new micro-groove 

records. It tracks at 6 grams . .. uses a special 

offset osmium-tipped needle with a point radius 

of only .001" . . . and has an output of 1 volt! 

The Shure lever system has been adapted in the 

development of this new pickup—providing a 

high needle compliance. Listen to it—you will be 

thrilled with the results! 

Model "900MG" Code: RUZUZ 

Shure Patents Issued and Pending. Licensed under the Patents of the Brush Development Co. 

SHURE BROTHERS, Inc. 
Microphones and Acoustic Devices 

225 W. HURON ST., CHICAGO 10, ILL. • CABLE ADDRESS: 

34A 

BUENOS AIRES 
'Radar —Its Applications to Marine Service,' 

by A. H. Cassiet, Argentine Navy; July 23, 1948. 
'Television —Considerations on Transmitters — 

Agreements of Latest Television Congresses." by 
R. Barthflemy, Academy of Sciences (Paris); 
August 16, 1948. 

'Measurements on Broadcast Antennas Instal-
lations —Radiation Patterns.' by L. M. Malvirez, 

Standard Electric Argentina, August 20, 1948. 

'Microwave Multiplex Transmission,' by C. 
Baumann. Radio Corporation of America, Victor 
Division (Argentina); September 10. 1948. 

CEDAR RAPIDS 
"Stereophinic Sound for the Home." by M. 

Camras. Armour Research Foundation; September 
15, 1948. 

CONNECTICUT VALLEY 

'Modern Loran Radio Station Equipment,' by 
E. B. Redington, United States Coast Guadr Train-
ing Station; September 16, 1948. 

DALLAS-FORT WORTH 
'Radio Communications System of the KATY 

Railroad.' by H. Kratiger, KATY Railroad; 
August 5. 1948. 

DAYTON 
'Microwave Communications.' by J. W. Mc-

Rae, Bell Telephone Laboratories; September 15, 
1948. 

Los ANGELES 

'Instruments for Cosmic Ray Research,' by 
W. C. Roesch, California Institute of Technology; 
August 17, 1948. 

"The Role of Ionization Chamber, and DC 
Amplifier Meters in Radiation Hazard Control," 

by E. Molloy, National Technical Laboratories; 
August 17, 1948. 

NEW Mimic° 
"Thunderstorms, • by E. J. Workman, New 

Mexico School of Mines; August 27, 1948. 

'Upper Atmosphere Temperatures from Re-
mote Sound Measurements,' by E. F. Cox, Sandia 
Laboratory; September 24. 1948. 

NEW YORK 

'A New Long Playing Disc Recording System.' 
by P. C. Goldmark, Columbia Broadcasting Sys-
tem; September 8, 1948. 

PITTSBURGH 
'Recent Developments in Television Receiver 

Design,' by F. S. Kornetz. Westinghouse Electric 
Corporation; September 13, 1948. 

PORTLAND 

'Equipment Requirements for Television Broad-
cast Stations,' by R. J. Newman, Radio Corpora-
tion of America; September 2. 1948. 

SAN DIEGO 

"Factors in Television Receiver Design," C. F. 
Able and B. A. Penners, Western Communications 
Company and Consolidated Vultee Aircraft Com-

pany, respectively; September 7, 1948. 

TORONTO 

'C.B.C. International Broadcasting Service.' 
by R. D. Calhoun, International Broadcasting 
Service, C.B.C.; April 5, 1948. 

'Antenna Models." by G. Sinclair, University 
of Toronto; April 1948. 
Election of Officers; April 19, 1948. 

SUBSECTIONS 

HAMILTON SUBSECTION 

"Some Aspects of Design of Panel Meters," by 
J. R. Bach, Bach-Simpson, Ltd.; April 16, 1948. 

Election of Officers; April 16. 1948. 
'Construction and Characteristics of Fixed 

Capacitors,' by J. H. Pickett, Aerovox Canada, 
SHUREMICRO  Ltd.; May 17. 1948. 
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D esigned  for  a  wide  variety  of  laboratory  m easure ments, 

especially those w here high sensitivity and a long scale arc are required. 

Electrostatically and m agnetically shielded, M odel 622 is ideally suited for 

precise m easure ments of potential and current at the very lo w energy levels 

frequently encountered in nuclear physics, electronics and electro-che mical 

research. M icroa m meters, Millia m meters, millivolt meters and volt meters are 

available in single and m ulti-range D- C types: millia m meters and volt meters 

in ther m° and rectifier types for R F and A- C. 

Co mplete  infor mation on  M odel  622  is  available  fro m  your 

nearest W ESTON representative, or by writing ... W ESTON Electrical Instru ment 

C orporation, 589  Frelinghuysen A venue, N e wark 5, N. J. 

WESTON 
i r",r4.4"117 

ALBANY • ATLANTA BOSTON • BUFFALO • CHARLOTTE • CHICAGO • CINCINNATI • CLEVELAND • DALLAS • DENVER • DETROIT • HOUSTON • IACKSONV:LLE KNOXVILLE • L:TTLE ROCK • LOS ANGELES • HERTEN • MINNEAPOLS • NEWARK 

NEW ORLEANS • NEW YORK • PHILADELPHIA • PHOENIX • PITTSBURGH • ROCHESTER • SAN FRANCISCO • SEATTLE • ST. LOUIS • SYRACUSE • TULSA • IN CANADA, NORTHERN ELECTRIC CO.. LTD., POWERLITE DEVICES. LTD 
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.. as putting the cap on your fountain pen • . you 

change Cartridges in Astatic's  PICKUP to 

switch trona Microgroove 

to  72. RPM RECORDS 

No tools needed. . 

No changing of needle pressure 

. . Nothing else to do! 

U NPARALLELED quality of reproduction of Columbia Micro-
groove Records is not the only advantage of Astatic's FL-33 
Pickup. This new achievement of Astatic precision manufac-
ture offers superior utility and convenience as well. Produced 
to Columbia's own specifications, its LP-33 Crystal Cartridge 
is easily, instantly replaceable with the new LP-78 Cartridge 
for playing conventional 78 RPM Records.  No tools are 
needed, no adjusting of needle pressure, there is nothing else 
to be done. Identical in appearance, the cartridges are de-
signed for insertion in the FL Arm on the same slip-in principle 
with which the modern fountain pen secures itself in its cap. 
The LP-78 Cartridge has a permanent sapphire needle with 
.003-inch tip radius, as compared with the .001-inch tip of 
the LP-33. Check the accompanying detailed features. Write 
for further information. 

FEATURES 
OF 

ASTATIC'S 
F L - 3 3 
PICKUP 

I. Five-Gram Needle Pressure. 

2. Permanent Sapphire Needle with .001' Tip Radius. 

3. Approximately One-Half Volt Output. 

4. Frequency Range 30 to 10,000 c. p.s. 

Novel Design at Base Eliminates Tone Arm Reso-
nances and Assures Perfect Tracking. 

6. LP-33 Cartridge For Microgroove instantly replace-
able in FL Arm with LP-78 Cartridge having .003' 
radius needle For playing 78 RPM Records. Both 
simply slip into position, no tools needed, N O 
CHANGING OF NEEDLE PRESSURE. 

FL FILTER —For best p•rformance 
with high quality speakers. Controls 
high Frequency response. 

Astatic Crystal Devices Manufactured 
Under Brush Development Co. Patents 

LISTED IN RADIO INDUSTRY RED BOOK 

CORPORATION 
c ora uf A u r  004/ 0 

The following transfers and admissions 
were approved to be effective as of Novem-
ber 1, 1948 

Transfer to Senior Member 

Bailey. L. W.. 28 Browning Ave. Lenola. Moores-
town. N. J. 

Lichtman, S. W., 6596"Bock Rd., S.E.. Washington 
20. D. C. 

Moffett. L.. 9 Glenwolde Pk., Tarrytown, N. Y. 
Nibbe, G. H., 14315 Bessemer St., Van Nuys. Calif. 
Richie, S. M., 207 N. Stone Ave.. La Grange, Ill. 
Stevenson, M. H., do Radio 2UE Sydney Pty. 

Ltd.. 29 Bligh St., Sydney, N.S. W., 
Australia 

Wilkins, A. F., 'Veva" Cliff Road. Felixstowe, 
Suffolk. England 

Admission to Senior Member 

Barlow, E. J., 48 Roydon Dr. E., Merrick, N. Y. 
Kirkman. R. A., 1910 Oak Dr., West Belmar, N. J. 
Peixoto. E. S., S. A. Varig, Box 243. Porto Alegre. 

RS, Brazil 
Ponte, M. J. H.. 3 Rue Villaret De Joyeuse, Paris 

17, France 

Transfer to Member Grade 

Arnold, H. H.. Box 3031, Winston Salem. N. C. 
Bernstein, J.. 1363 Findlay Ave.. New York 56, 

N. Y. 
Bey, W. 1.. fiox 1545, Fargo. N. flak. 
Carew, S. J. H., 358 Bessborough Dr.. Toronto. 

Ont., Canada 
Chasteen, J. W...3717 E. 12 St., Kansas City. Mo. 
Fiske, J. J., 2031 Vista Del Mar Ave., Los Angeles 

28. Calif. 
Fonda-Bonardi, G., 1723 Golden Ave.. New York 

60, N. Y. 
Graham. W. B., 51 St. Luke Pl.. Franklin Square. 

L. I.. N. Y. 
Hall, E. G.. R.F.D. 2, County Farm Road, La-

fayette. Ind. 
Haubrock, F. W., 2329 Blake St., Berkeley 4, Calif. 
Legault. E. G.. 422 Mt. Royal E., Montreal. Que., 

Canada 
Price. R. L., 3277 Wrightwood Ave., Chicago 47. III. 
Subrahmanyam. G., Box 152, International House. 

500 Riverside Dr.. New York 27. N. Y. 
Suchard. D. G.. 90 Adelaide St. S.. London, Ont., 

Canada 

Admission to Member Grade 

Beisel, R. W.. 1421 Eagle Dr., Fort Worth 11. Tex. 
Carpenter. R. C., 2807 Blaine Dr., Chevy Chase 15. 

Md. 
Green, J. W. Jr.. Professor of Electricity. U.S.M.A., 

West Point. N. Y. 
Halliday, 0. T.. 2415 Brazoria, Houston 6. Tex. 
Howe, D. W., Jr., 29 Chadwick St.. Worcester 5, 

Mass. 
Johnson. 13. L.. 7101 E. Zion St.. Tulsa 15, Okla. 
LaGrone, A. H., Box F. University Station, Austin 

12, Tex. 
Shipp, R. L., Jr., 3407 Earlham Dr., Dayton 6. Ohio 
Taylor, B. M.. 4661 El Cerrito Dr., San Diego 5. 

Calif. 
Watkins, W. B., Jr., 4015 Fairy Dr., Louisville, Ky. 
Williams. J. B.. Philco Corp., Tioga & C. Sts., 

Philadelphia 34, Pa. 

The following admissions to Associate 
grade have been approved and were effec-
tive as of October 1, 1948 

Allison. D. B., 835 N. Kansas. Hastings. Neb. 
Babb, J. M.. Wakeeney, Kan. 
Bales, E. D., Sandia Base Branch. Albuquerque. 

N. M. 
Beraducci, S., 260 Union St., Brooklyn 31. N. Y. 

(Continued on page 39A) 
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30 MC I.F. STRIPS 
Overall gain: 25 db or mere. 
Bandwidth: 4 plus or minus .4 mc  3 db down. 
Center freq: 30 plus or minus .5 mc. 
Current drain: 30 plus or minus 5 ma. 
New, less tubes  $17.50 

PULSE EQUIPMENT 

MODULATOR UNIT BC 1203-B 

Provides 200-4,000 PPS. Sweep time: 100 to 2.100 
Microsec. In 4 steps, fixed mod, pulse. suppression 
pulse,  sliding  modulating  pulse,  blanking  voltage. 
marker pulse, sweep voltages, calibration voltages. 
voltages. Operates 115 vac, 50-60 cy. Provides various 
types of voltage pulse outputs for the modulation of a 
signal generator such as General Radio 180411 or $804C 
used in depot bench testing of SCR 695, SCR 595, and 
SCR 535, New  $99.50 

MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
Power: 114 KW (12 KY at 12 amp). Duty Ratio: 
.001 max. Pulse duration: .5, 1.0, 2.0 microsec. In-
put voltage: 115 v, 400 to 2400 cps. Uses 1-715-B. 
1-829-B, 3-'72's, 1-'73. New  5110.00 

APQ-I3 PULSE MODULATOR. Pulse Width  5 to 1.1 
Micro Sec. Rep. rate 624 to 1348 Pps. Pk. pwr. out 
35 K W. Energy 0.018 Joules   

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 24 
MV (1200 K W ph); pulse rate 200 PPS, 1.5 micro-
see: Pulse line impedance 50 ohms. Circuit-series 
charging version of DC Resonance type. Uses two 
705-A's as rectifiers. 115 v. 400 cycle input $4 N9e5w0 
with all tubes   

APS-10 MODULATOR DECK, Complete, less tubes 
  $75.00 

APS-10 Low voltage power supply, less tubes ..$18.50 

PO WER EQUIP MENT 

INVERTER PE 218. Input: 25-28 VDC @ 92 amps. 
Output: 115 volts @ 1500 volt-amps. 380-500 cycles. 
New   $49.95 

STEP DO WN TRANSFORMER: Pr': 440/220/110 volts 
ac. 60 cycles. 3 KVA. Sec. 115 v. 2500 volt insula-
tion. Size 12" x 12" x 7"   $40.00 

PLATE TRANSFORMER. Pri: 117 v. 60 cy Sec. 
17.600 V. @ 144 ma, with choke. Oil immersed Size: 
26" x 29" x 13' , Amertran  $65.00 

FIL. TRANSFORMER: Pri: 220 v.a.c., 60 cy: .05KVA. 
See. 5 v.c.t.. 34.000 v. test  $24.50 

FIL, TRANS. UX6899, Pri: 115 V. 60 rye. Sec: Two 
5 V. 5.5 amp wdge, 29KV Test  $24.50 

PLATE TRANSFORMER: Pri: 115/230 v.a.c 50-60 
cy. Sec: 21.000 v. 100 ma  $120.00 

"TRANSTAT" VOLTAGE REG. 11.5 KVA, 0-115 vac. 
60 cy. 100 amps  $75.00 

VOLTAGE REG Transtat. Amertran type RH 2 KVA 
load, input: 90/130 V. 50-60 cy output 115 v. $40.00 

ITE CIRCUIT BREAKER, 115 A, 600 V  $15.00 
KS 9668: Pri: 115 v. 60 cy 1 phase, tapped to give 
2750/2470/2240 v, on see. at 750 ma.. no CT. 7.000 
• ins.   $34.50 

I7X 6801 (Raytheon): PH: 110 V. 60 (7. 1 ph.  c•c: 
22,000 v, 234ma, 5.35 KVA. Dim: 23" x 24" x 
10%". 

31911 (Amertran): prl: 115 v. 60 cy, 3 ph. 4 KVA. 
Sec: 105/125 v. Dim: 20" x 14% x 12 14". 

Plate Xfmr: Pri: 198, 220, 240 v, 60 cy, 1 ph, 16.7 
KVA. Sec: 3650 v, 30 KY test 
MODULATION REACTOR: Amertran $33153: 50 hy At 
3 amp. SO ohms DCR, .03 cy to 10 Ice. plus 63db. 
40 KY test. Nominal circuit imp 3,000 ohms 

SB 19/GT CONSOLE 

Supendsors  Panel. Provides fa-

cilities for patching and monitor-
ing network of lines for telephone 
Intercom,  radio reception,  tele-

graph reception,  recording, etc. 
Complete central one supervis-
ing position   5350.00 

MICRO WAVE ANTENNAS 
AN  MPG-1  Antenna. Rotary feed type high speed 
scanner antenna assembly, including horn parabolic 
reflector. Less internal mechanisms. 10 deg. sector 
scan. Approx. I2'L x 4' W x 3'H. Unused. (Gov't 
Cost-54500.001   $250.00 

APS-4 3 cm. antenna. Complete. 14 14" dish Cutler 
feed dipole directional coupler, all standard 1" x 1/4 " 
waveguide. Drive motor and gear mechanisms for 
horizontal and vertical scan. New, complete ..$65.00 

AN/1P5.3, Parabolic dish type reflector approx. 10' 
diem. Extremely lightweight construction. New, In 
3 carrying cases  $69.50 

RELAY SYSTEM PARABOLIC REFLECTORS: ap-
prox. range: 2000 to 6000 mc. Dimensions: 41/4 ' x 3' 
rectangle, new  $85.06 

TDY "JAM" RADAR ROTATING ANTENNA. 10 an. 
30 deg. beam. 115 v.a.c. drive. New  $100.00 

SO-13 ANTENNA. 24" dish with feedback dipole 360 
deg. rotation, complete with drive motor and selsyn. 
New   $120.00  Used   $45.00 

DBM ANTENNA. Dual. back-to-back parabolas with 
dipoles.  Freq.  coverage 1,000-4500 mc. No drive 
mechanism   $65.00 

AN/I28A ANTENNA. Two Vertical dipoles working 
against a square reflector apx. 3' x 4'. Range: 140-
200 me.  NEW $40.00 

AS I25/APR Cone type receiving antenna, 1000 to 
3200 megacycles. New  $4.50 

140-600 MC. CONE type antenna, complete with 25' 
sectional steel mast, guys, cables, carrying case. 
etc. New  849.50 

ASD 5 cm. antenna. used, ex. cond.  $49.50 1C O M M U NI C A TI O NS  E Q UI P M E N T  C O. 
131-11 Liberty Si., New York, N.Y.  Digby 9-4124 

MICRO WAVE GENERATORS 

AN/APS.I5A  "X" Band compl RP head and 
modulator, incl. 725-A magnetron and magnet. 
two 723A/B klystrons (local oec & beacon). 11324 
TB, revr-ampl, duplexer. HV supply, blower. 
pulse xfmr. Peak Pwr Out: 45 KW apx. Input: 
115, 400 cy. Modulator pulse duration .5 to 2 
micro-sec am 13 KY Pk Pulse. Comet with all 
tubes incl. 715-B. 829B. RIER 73. two 72's. 
Compl pkg. new  $210.00 

APS-15B. Complete pkg. as above, less modu-
lator  $150.00 

MICROWAVE PLUMBING 
to CENTI METER 

MAGNETRON TO WAVEGUIDE coupler with 721-A 
duplexer cavity, gold plated  $45.00 

10 CM WAVEGUIDE SWITCHING UNIT, switches 1 
input to any of 3 outputs. Standard 11/2 " a 3" guide 
with square flanges. Complete with 115 vac or do 
arranged switching motor. Mfg. Raytheon. New and 
complete   $150.00 
10 CM. END-FIRE ARRAY POLYRODS ...$1.75 ea. 
"S" BAND Mixer Assembly, with crystal mount, pick-
up loop, tunable output  $3.00 

72I-A TR CAVITY WITH TUBE. Complete with pul-
ing plungers  $0.00 

10 CM, McNALLY CAVITY Type SG  $3.50 
WAVEGUIDE SECTION. MC 445A, rt. angle bend, 
5% ft. OA. 8" slotted section  $21.00 

10 CM. OSC. PICKUP LOOP, with male Homedell 
output   $2.00 
10 CM. DIPOLE WITH REFLECTOR in lucite ball. 
with type 'N" or Sperry fitting  $4.00 

10 CM, FEEDBACK DIPOLE antenna. In Incite ball. 
for use with parabola  $(1.00 

Ye" RIGID COAX - %" I.C. 
RIGHT ANGLE BEND. with flexible coax output Pick-
up loop  Woo 

SHORT RIGHT ANGLE bend, with pressurizing nip-
ple   $2.00 

RIGID COAX to flex coax connector  $3.00 
STUB-SUPPORTED  RIGID COAX, gold plated 5' 
lengths. Per length  55.00 

%" COAX. ROTARY JOINT  $8.00 
RT. ANGLE BEND 15" L. OA  IV °  
FLEXIBLE SECTION. 15" L. Male to female ..25 
MAGNETRON COUPLING to 74" rigid coax %'  IC 
line. less "M" nut, with TR pickup loop, gold 
plated   $7.50 

3 CENTI METER PLU MBING 
(STD.  1"  a I/2" GUIDE.  UNLESS OTHERWISE 

SPECIFIED) 

"X" Band pressurizing gauge section, with 15-the. 
gauge and pressurizing nipple  510.50 

45 DEG. TWIST. 6" Long  $10.00 
12" SECTION. 45 deg. twist. 90 deg. bend  $6.00 
II" STRAIGHT WAVEGUIDE section choke to cover. 
Special heavy construction, silver plated   50 

15 DEG. BEND. 10  choke to cover    54.50 
5 FT. SECTIONS, choke to cover  $10.50 
18" FLEXIBLE SECTION  $17.50 
"E" and "H" PLANE BEND  $12.50 
BULKHEAD FEED THRU  $15.00 

BAND WAVEGUIDE, 114" a %" OD, 1/16" 
wall, aluminum  per rt. 8 .75 

WAVEGUIDE, 1" x %" I.D. per ft.  $1.50 
TR CAVITY for 724-A TR tube, transmission or ab-
sorption types  $3.50 

3" FLEX SECTION. square flange to circular flange 
adapter   $7.50 

724 TR tube (41-TR-11  $2.50 
WAVEGUIDE SECTION. CO 251/APS-15A, 26" long 
choke to cover, with 180 deg. bend of 254" rad. at 
one end  $6.00 

SWR MEAS. SECTION. 4" L, with 2 type "N" out-
put probes MTD full wave apart. Bell size guide. 
Silver plated  $10.00 

ROTARY JOINT with slotted section and type "N" 
output pickup   $8.50 

WAVEGUIDE SECTION. 12" long choke to cover. 45 
deg. twist & 214" radium. 90 deg. bend  $4.50 

SLUG.  TUNER/ATTENUATOR,  W.E.  guide,  gold 
plated   $6.50 

TR/ATR DUPLEXER section with iris flange  $4.50 
TWIST 90 deg.. 5" choke to cover. w/press nipple $6.50 
WAVEGUIDE SECTIONS 2% ft. long, silver plated. 
with choke flange  $5.75 

WAVEGUIDE. 90 deg. bend E plane, 18" long . $4.00 
ROTARY JOINT, choke to choke  $6.00 
ROTARY JOINT, choke to choke, with deck mount-
ing   $6.00 

S-CURVE WAVEGUIDE. 8" long cover to choke $3.50 
DUPLEXER SECTION for 1824  $10.00 
CIRCULAR CHOKE FLANGES. solid brass .... .55 
"T" SECTION (TR-ATR) choke to choke, supplied 
with clic. or sq. flanges  $3.50 

APS-I0 2 K25/723A13, X band local oscillator mount 
with (I) choke coupling to beacon reference cav-
ity: (2) choke coupling to TR and receiver: (3) 
Iris coupling with AFC attenuator to antenna 
waveguide: (4) Radar AFC crystal mount: 15) 
Receiver crystal mount; (6) Attenuating slugs. 
Mfg. DeMornay. Budd  $22.50 

TR/ATR Duplexer section for above  $4.00 

21/4 " FLEXIBLE SECTION, rawer to cover  $4.00 
SHORT ARM "T" section, with additional choke out-
put on vertical section  $4.00 

1.25  CENTI METER 
MITRED ELBO W cover to cover  $4.00 
TR/ATR SECTION choke to cover  $4.00 
FLEXIBLE SECTION I" choke to choke  $5.00 
KBAND Rotary Joint  $45.00 
ADAPTER. rd. cover to sq. rover  95.00 
MITRED ELBO W and S sections choke to cover  $4.50 

MAGNETRONS 

KLYSTRONS 

TUBE  FRO. RANGE PK. 
2.131  2820-2860 mc. 
2.121-A  9345-9405 mc. 
2.122  3267-3333 me. 
2.120  2992-3019 mc. 
2127  2965-2992 mc. 
2232  2780-2820 mc. 
2138 l'kg.  3249-3263 mc. 
2139 Pkg.  3267-3333 mc. 
2155 Pkg.  9345-9405 me. 
3131  24,000 mc. 
5130 
714AT 
720BY  2800 mc. 
720CY 
725-A 
730-A 
KLYSTRONS: 723A/I1 $12.50 707B 

M AGNETS 
For 2121, 725-A, 2122, 2126, 2127, 2131, 2132. and 
3131    Each 1 00 

4850 Gauss, 54" bet, pole faces, %" pole diem.  .00 
1500 Gauss. 1%" bet, pole faces, 1%" pole Warn.  00 

PWR. OUT 
265 KW. 
50 KW. 
265 MW. 
275 KW. 
275 KW. 
285 KW. 

K W. 
87 KW. 
50 KW. 
50 K W, 

1000 K W. 

PRICE 
$15.00 
525.00 
$15.00 
$15.00 
$15.00 
$15.00 
$25.00 
$25.00 
$25.00 
$55.00 
$39.50 
$15.00 
$50.00 
$50.00 

W/CAVITY 120.00 

2.5.00 
25.00 

TUNABLE PKG'D "C W" 

MAGNETRONS 

QIC59 2675-2900 Mm.  (110.61 2975-3200 riv. 
Q1i60 2800-3025 Mcs.  QK62 3150-3375  s 

New -$55 each 

LABORATORY ACCESSORIES 

VARISTORS W.E. 
D-171121  95  D-168549 
D-171631  95  D-162482   
D-167176  95  D-9913(1   
D-170225  $  95  D-168271  $$$321..650050 
D-168687  $  95  D-182356  $1.50 
D-171812 $  95  D-161871A   $ 

$  95  D-99946  $22;85  00 D-171528   
D-163298  $95 

THER MISTORS-- W.E. 
D-167332 (tube) ....1.95  D-164699 FOR MTG. In 
D-170396 (bead)  -1.95  "X" Band Guide .32.50 
D-167613 (button) . 5.95  D-107018 (tube) ....$.90 
D-166228 (button) ..$.95 

COAX CABLE 

Re 23/U. twin coax. 125 ohm imp. armored ..1  5501/14L. 
RG 18/17. 52 ohm im. armored   

RA 28/U. 50 ohm imp, pulse cable. Corona min. start-
hut voltage 17 KT   

$  35  U G 254 U  I ....1.38//.475: 

RG 35/C, 70 ohm imp. armored   

COAX CONNECTORS 
83ISP 
83IAP  $  35  UG 255 U . .  $1.25 
8314P  $  15  UG 146 U  .$1.00 
UG 21/U  $  83  UG 85 U  $1.25 
UG 86 U  $95 

"N" male adapter Ramsdell male to typeROTATING YOKE TYPE. Complete with all 

necessary oscillator circuits. CR tube 5FP7, complete 
with tubes Used with SO radar  $100.00 

SPERRY KLYSTRON TUNER Mod. 12  $2.00 
SINE POTENTIOMETERS. GE251:96 or W.E SKS 
15138 1.01  $3.50 

CG 27 TYPE "N" CABLE ASS'Y, 3' long, male to 
female   $2.50 

LINE INSERTION ATTENUATOIL type OAX-1. 20 
Db,  attenuation, with 3-contact plug and socket 
(amphenol 16S-5)  $2.25 

$  95 

TBK-17  500  WATT  NAVY  TRANSMITTERS, 
2-18 mc. 

AVAILABLE:  10  NEW  TRANSMITTERS.  5 
MOTOR  GENERATOR  SETS.  220/440 VAC: 
3 MODULATOR UNITS FOR PHONE OPERA-
TION: 50 SPARE OSCILLATOR UNITS. 
SEND FOR INFORMATION 

MICRO WAVE  TEST 

EQUIP MENT 
TS 108-AP dummy load $65.00 
"X" Band calibrated attenuator 
  $85.00 

Shielded klystron tube mounts 
with rough attenuator out-
puts  $90.00 

W. E. I 138. Signal generator. 2700 to 2900 Mc range. 
Lighthouse tube oscillator with attenuator & output 
meter.  115 VAC input.  reg.  Pwr.  supply,  With 
circuit diagram   $50.00 

TS-238 GP. 10 cm. Echo box with resonance indicator 
and micrometer adjust cavity. 2700 to 2900 MC9 
calibrated   $85.00 

3 cm. wavemeter: 9200 to 11.000 mc transmission type 
with square flanges  $15.00 

3 cm. stabilizer cavity, transmission type  $20.00 
3 cm. Wavemeter, Micrometer head mounted on X' 
Band guide. Freq, range approx. 7900 to 10,000 
Mc.   $75.00 

All merchandise g  teed. Mail order, promptly filled. All prices, F.O.B. New York City. Send 
Money Order or Cheek. Only shipping charges sent C.O.D. Rated Concerns send P.O. Prices 

subject to change without notice. 
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THE LOW-LOSS, HIGH FREQUENCY INSULATION 

for every electrical and mechanical requirement 

MYCALEX, a most versatile, low-loss insu-
lation material, possesses unusual character-
istics that ideally suit it for use in ultra high-
frequency applications. It can be molded, or 
machined to very close tolerances —it is im-
pervious to water, oil or humidity; has dimen-

sional stability, high dielectric strength and 
will not carbonize. Metal inserts can be 
molded into the material giving it an almost 
endless number of applications in the field 
of electronics. It is available in the three 
following types: 

M YCALEX 410 

This injection-molded form of Mycalex is useful in 4 cases: 
1. When shape is too intricate to permit fabrication by machine. 
2. When cp_antities necessitate high production and low cost. 
3. When great dimensional stability is essential. (Mycalex 410 
can be molded to very close tolerances.) 4. When metal inserts 
must be incorporated into the insulator. These inserts may be 
made of any common metal that can withstand temperatures of 
about 1200° F and that has a coefficient of thermal expansion 
of the order of 100 to 175 x 10  per degree C. Mycalex metal 
seals can withstand pressure of 90 psi. 

M YCALEX 400 

Compression molded for high-frequency applications. Its loss factor is well 
within requirements for operation in this portion of the electromagnetic 
spectrum. An outstanding characteristic is the long frequency range over 
which the loss factor is a minimum. Tropical climates do not impair its 
electrical and physical properties. It is, therefore, used for insulation in 
radio transmitters, radio receivers, communication panels, switchboard 
panels, arc shields in high tension switches, brush holders, relay contact 
supports, etc. Available in sheets 14 by 18 in.; thickness of Vs to I in. Rods 
18 in. long, diameter 1/4 to 1 in. 

1••• 

M YCALEX K series 
Ceramic Capacitor 

Dielectrics.  Many ceramic materials offer low power factor, negligible 
moisture absorption, high dielectric strength, lack of cold flow, ability to 
withstand high temperatures.  Few, however, include a dielectric constant 
greater than 7 or 8 at radio frequencies. Few are available with flat surfaces 
of large dimensions that don't warp, or close tolerances in rods. Mycalex 
capacitor dielectrics combine all of them and is available in practically any 
form. Power factor varies from 0.002 to 0.004 at 1 mc. 

MYCALEX FABRICATING SERVICE 
Mycalex can be machined to customers' exact speci-

fications in our new plant at Clifton, N. J. This plant is 
especially tooled for large volume machining of Mycalex 
in a wide variety of forms. This service offers the following 
advantages . . . PRECISION WORKMANSHIP: specialized 
equipment that assures remarkable precision and super-

vision by skilled engineers. REDUCED COSTS: substantial 
savings effected by efficient performance on a quantity 
basis.  RELIEF TO PLANT BOTTLENECKS. PROMPT 
DELIVERIES. Consult our engineering staff for advice on 
the application of Mycalex to your insulating problems. 

MYCALEX CORPORATION OF A MERICA 
"Owners of 'MYCALEX' Patents" 

Plant and General Offices CLIFTON, N. J.  Executive Offices, 30 ROCKEFELLER PLAZA  NE W YORK 20, N Y 

3SA PROCEEDINGS OF THE I.R.E.  November, 1948 



(Continued frLm page 36) 

Bhandari, J. N.. Electrical Communication Engi-

neering,  Indian  Institute  of  Science, 
Bangalore 3, India 

Bisaria, J. N., E. C. Department, Indian Institute 
of Science, Banglore 3. India 

Braun. A., Rousseaustr. 94, Zurich, Switzerland 
Buchtel, P. F.., 2245 13 St., Akron 14, Ohio 

Busier. L. F.. Jr.. 60 N. Willett St., Memphis 4, 
Tenn. 

Chapman, L. B., 2459 Parkview Ave., Toledo 6 

Ohio 
Davis, S. E., Radio Station WCNR, 38 W. niiti 

St.. Bloomsburg, Pa. 
DeBell, J. M.. Jr., 5 Albion St., Passaic. N. J. 

Dilson, J., 535 E. 14 St., New York 9. N. Y. 
Dotson, E., 111 N. Metcalf. Lima, Ohio 
Dumas, K. L., 4022 Corby St., Omaha. Neb. 
Escher, P. H.. 309 Las Casas, Pacific Palisades. 

Calif. 
Everhart, VV, II., 136 A Eighth St., Sandia Base 

Branch, Albuquerque, N. M. 
Franklin, P. E., 401 Caroline. Houston 2, Tex, 

Gottschalk, M., 37 W. 52 St.. New York 19, N. Y. 
Hall, R. W., c/o KFMX-KS W1. Council Bluffs, 

Iowa 
Hammer. W. A., Managing Director, Autophon 

A. G., Soleure, Switzerland 
Hennigar, N. E., Box 12, Newport Beach, Calif. 

Hodge. C. E., 1330 W. Fourth St., Winston Salem. 
N. C. 

Hutton, W. 1., 3545 South St., Lincoln 6, Neb. 
Janardhan, N. M., Department of Electrical Com-

munication Engineering, Indian Institute 
of Science. Bangalore, India 

Kimble, J. A., Radio Station K WBB, 351 N. To-
peka, Wichita 2. Kan. 

Lavin, H. P., 803 N. Bellevue. Hastings, Neb, 
Ludebid, M. L., Brasil 975, 3er Psio, Buenos Aires. 

Argentina 

Miles. R. B., 4534 Lake Park Ave., Chicago IS. 

Molloy, G. C., 1323 Madison Ave., Baltimore 17, 
Md. 

Newman, L., 191 Central Ave., Newark 4. N. J. 
Phillips. P. C., 322 W. Ruscomb St.. Philadelphia, 

Pa. 
Rappaport, R. B., 4140 Buckingham Rd., Los An-

geles, Calif. 
Rector, C. V., 1617 W. Carter St., Kokomo. Ind. 
Reid, T. C.. 15144 Gordon St.. Hollywood 28, Calif. 

Reinsch. F. J., 445 W. 118 St., Los Angeles 3, Calif. 
Robertson, A. J. L., 5540 Saylor, Lincoln 6, Neb. 
Robinson, R. J., Longhill Rd.. R.F.D. 1, Littli. 

Falls, N. J. 
Ross, I. L., 228 E. Sheldon St., Philadelphia, Pa. 
Rudd, F. A., 3676 Ida St., Omaha 11, Neb. 
Sangiovanni, E. R.. San Juan 2631.1er Piso, Buenos 

Aires, Argentina 
Sheffrey, T. N., 1337 N. 39 St., Lincoln, Neb. 
Sibilia, L.. 714 S. 38 Ave., Omaha 5, Neb. 
Sims, T. W., 54 Bluegrass, Fort Thomas. Ky. 

Skolnik, S.. Milner Hotel, 131 W. Fifth St.. Dayton 
2, Ohio 

Smith, H. B., 467 Park Ave., Birmingham, Mich. 
Steve% P. J., 115 W. 63 St.. New York 23, N. Y. 
Stropki, G. T., 3333 N. Marshfield Ave.. Chicago. 

Subrahmanyam, D. L., Technical Assistant. Re-
search  Department,  All  India Radio. 
Curzon Road, New Delhi, India 

Swanson, D. A. KM MJ Transmitter, Phillips, Neb. 
Von Utfall, J. C., United Nations Sound and Re-

cording Section CA-04I, Lake Success. 
N. Y. 

Wallace, B. E., Jr., Randallstown, Md, 
Washburn, C. A., 203 N. Edith St., Albuquerque. 

N. M. 

An Important Statement 

by 

MYCALEX 
CORPORATION OF AMERICA 

An explanation of the properties and 
advantages of Mycalex (glass bonded 
mica) 410, Mycalex 400, and Mycalex 
K are given on the opposite page. 

Your attention is also called to the 
Mycalex 410 advertisement which 
appeared on pages 30 and 31 of the 
October 1948 issue of Proc. of I.R.E. 

Constant research, improved technics, 
advances in the art, new, modern plant 
expansion, improved engineering, more 
efficient manufacturing equipment--
now permit us to make available in 
increased quantities—Mycalex 410— 
molded—at prices comparable to other 
less efficient molded insulations. 

MYCALEX 410 is now priced 
to meet rigid economy requirements 

Any interest evidenced on your part 
in Mycalex products and services—will 
receive the prompt, courteous and 
intelligent attention of a competent 
Mycalex sales engineer. He will receive 
the fullest backing and cooperation from 
other factory executives—to serve you 
promptly — with a quality 
product and at an econom-
ical and fair price. 

(Continued on page 40.4) 
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KSAC 
On the broad, flat Kansas plains, 
this Truscon Radio Tower stands out 
as a monument of service 
dedicated to the people of a great 
area. This station is operated by 
the Kansas State College of 
Agriculture and Applied Science. 

Truscon Radio Towers have a great 
record for service, strength and 
stability all over the United States 
and in foreign countries, operating 
in a wide range of wind, 
temperature and humidity 
conditions. The knowledge gained 
from such a diversity of installations 
assures you highly competent 
engineering service. 

Truscon Radio Towers are available 
in guyed or self-supporting types, 
either tapered or uniform cross 
section, for AM, FM and TV 
broadcasting. Experienced Truscon 
radio tower engineers will be glad 
to help solve your radio tower 
problems of today and tomorrow. 

Radio Station KSAC, Manhattan, 
Kansas, uses a Truscon Self-Supporting 
Tower 425 feet high. 

TRUSCON   
SELF-SUPPORTING 

CROSS SECTION GUYED 
AND UNIFORM TOWERS 

Manufacturers of a Complete 

Line of Self -Suppo-ting Radio TRUSCON STEEL COMPANY 
Towers ... Uniform Cross-

YOUNGSTO WN 1, OHIO 
Section Guyed Radio Towers 

Subsidiary of Republic Steel Corporation 
... Copper Mesh Ground Screen 

... Steel Building Products. 

(Continued from page 39A) 

Watson, R. V., 48 High St., Hoddesdon, Hert-
fordshire, England 

Weston, L. Y., Jr., Electronic Computer Project, 
Institute for Advanced Study, Princeton, 
N. J. 

The following transfers to Associate grade 
were approved to be effective as of October 
1, 1948 

Bennett, W. C., 5819 Kingman Blvd., Des Moines 
II, Iowa 

Chang. S-H., 77 Duston St., Brighton 35, Mass. 
Gauthier, L. P., 59 Rangely Rd., West Newton. 

Mass, 
Guida, J. A., do Dr. E. B. Kent, Arlington, Vt. 
Huang, T-S., c/o Mr. C. Y. Huang, 271 Foochow 

Rd., Shanghai. China 
Hurwitz. M. L., 7709 Yates Ave., Chicago 49, III. 
King, G. L.. 480 Albert St.. Kingston Ont., Canada 
Lenoir, S. P.. Jr., Prairie, Miss, 
McAuley. J. H., 956 Myrtle St.. N.E., Atlanta. Ga. 
Normando, N. J., 6001 Grove St.. Jersey City. 

N. J. 
Pearsall. S. H., 612 Russell St., Nashville, Tenn. 
Vendeland, R. N.. 711 E. 258 St., Euclid 23. Ohio 

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 30A) 

Small Tachometer 

A new, rugged, small electric tachom-
eter, designed for continuous operation, 
has just been announced by The Electric 
Tachometer Corp., 2218 Vine St., Phila-
delphia 3, Pa. 

This unit, Model M-1200, measures 
only 2'X5', is housed in cast bronze, 
and will operate in any position through 
a wide range of temperatures. 
Various drive-shaft arrangements and 

a suitable assortment of indicating meters 
are available to cover all operating condi-
tions. 
Booklet M-120 gives complete descrip-

tive information. 

40A 

(Continued on page 44,4) 
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THE  KOLLS MAN SYNCHRON OUS DIFFERENTIAL 

Teague   
Witt; bosh motors connected To o  

.2 1. 141_110 c.  13.6 volt supelo  so  
shot  t h•er  In •pposlto 
direetton• wn•n vie wed from one end  
of the unit, the motors shell re moin  

synch when o loot; Of II  02.14 is 
applied from ', Mut. *k W of the  
output  shaft  

The Kollsman Synchronous Differential solves 
many difficult problems for the design engineer. 
It is an electro-mechanical error detector with 

mechanical output for use in position or speed 
control servo systems. 
This unit is composed of two small synchro-

nous motors and a mechanical differential in a 
completely enclosed frame. The 1/4 " threaded 

output shaft turns at a rate equal to 1/2  the dif-
ference of the individual speeds of the two 

motors. When the input frequencies are equal, 
the shaft remains stationary. 

The efficiency of this unit is greatly increased 
by the use of hysteresis-type motors. These 

'S 1.4 7.•• 

ts= r—geo 
—.1000 

fr-

1 2. _1151 

CnOoto•cl %Ne w of Shoff  End  
Scots 4:1  

la 

1.---fq 4.Q. •it 
Lona 

.s...5,toNon  let rn11_2912_ 

0-327A 

11.72  7.45 

Note:-
Plotkin 

VOLT A 6, 
II 35  1512  IA 9 ' 

Shown awns' lize • Weight: 28 oz. 

motors yield the greatest running torque found 
in self-starting synchronous motors. The units 
now being produced are designed to operate from 
a three-phase source over a 15-60 cycle frequency 

range with an input voltage of .007 times the 
frequency, in cycles-per-minute. Similar units 

wound for higher voltages and two- or single-
phase operations are also available. 

The Synchronous Differential is but one of a 
complete line of special purpose motors de-

veloped by Kollsman for remote indication and 
control applications. Write for further informa-
tion to: Kollsman Instrument Division, Square 

D Company 80-86 45th Avenue, Elmhurst, N.Y. 

KOLLSMAN INSTRUMENT DIVISION 

Jji.jj SQURRE DCOMPR NY 
ELMHURST, NEW YORK  ntINDALF, CALIFORNIA 
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Soup-or Duck Soup? 
GCA. makes the difference! Aviation's dread 

bogey—fog—has been scratched. 

In 36 states, 15 foreign nations, nearly two 
hundred GCA-equipped airports now carry on 
routine transport operations in all weather. Pilots 
land 'instrument'  . without incident. 

As original manufacturer of the GCA radar 
landing system, Gilfillan has pioneered most 
of its refinements. Five-man, multi-scope trailer 
equipment has been engineered down to a trim 
one-man, two-scope unit in the control tower. 
Latest GCA self-powered military units are 
streamlined, air transportable. 

Outstanding new GCA feature is the AZEL 
three-dimensional scope, which combines eleva-
tion, range and azimuth data. MTI (Moving Tar-
get Indicator) is another. Eliminating all ground 
clutter, it gives sharp definition to every airborne 
aircraft within a 30-mile radius. 

GCA means pilot assurance and passenger con-
fidence. Helping the aviation industry to achieve 
dependable air transportation is Gilfillan's deter-
mined objective. 

'Ground Controlled Approach. 

Gil/ft/Ian 
LOS ANGELES 

RCA International Division, New York, N. Y. 
Exclusive Export Distributor 



News—New Products 

db GAIN..+ 
more signal strength for greater distance 

and the best picture 

AMPHENoi 
STACKED ARRAY 

MODEL NO. 114-301 is a conversion 
kit for use in building Amphenol's 
No. 114-005 Antenna into a STACKED 
ARRAY —mounting casting and phas-
ing stub included. (Mounts on 11/4" 
mast - not included.)  $20.50 
MODEL NO. 114-302 complete two-
bay stacked array (mounts on 11/4" 
mast —not included) including 75 it. 
of Amphenol twin-lead.  $42.00 

Stacked Array multiplies the universally acknowl-
edged features of the Amphenol All-Channel TV 
Antenna (No. 114-005). Stack to provide reception at 
greater distances—Stack for picture brilliance and 
clarity—Stack for controlled TV reception. Provide 
the TV Receiver with the Best Antenna to Produce 
the Best Picture. Amphenol's Stacked Array is your 
assurance of top TV picture quality. 

Performance Charts Available 
It you are not now receiving the month:y 
AMPHENOL ENGINEERING NE WS —you 
will want to request the September issue 
which included pattern and gain charts 
for the Stacked Array. We will be glad to 
mail it and to place your name on our list 
to receive future issues —write Dept. 13D. 

AMERICAN PHENOLIC CORPORATION 
1830 SOUTH 54TH AVENUE  CHICAGO 50  ILLINOIS 

COAXIAL CABLES AND CONNECTORS • INDUSTRIAL CONNECTORS, FITTINGS AND 

CONDUIT • ANTENNAS • RADIO COMPONENTS • PLASTIC FOR ELECTRONICS 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 40A) 

AC, DC or Half-Way 
Rectified AC Relay 

A new miniature relay, Type 118XBX, 
is now on the market from Struthers-Dunn 
Ind., 150 N. 13th Street, Philadelphia 7, 
Pa. 

a. 
This open-type relay has double-pole 

double-throw contacts, rated at 2 amperes 
at 115 volts ac, is  high, li• long, and I" 
wide, and weighs approximately 2 ounces. 
If required, it may be housed in a metal 

enclosure 11' long and wide by 11' high 
and equipped with a tube-type octal base. 
It is also adaptable to hermetic sealing. 

Phase-Sequence 
Indicator 

A new phase-sequence indicator de-
signed for a wide range of applications 
in the manufacturing, industrial, and 
central-station fields has been announced 
by the Meter and Instrument Divisions, 
of General Electric Co., Schenectady 5, 
N. Y. 

This indicator is entirely static, with 
no moving parts, bearings, or pivots. 
The indicator is applicable to either 120-, 
240-, or 480-volt circuits at 25, 50, and 60 
cps. 
It may be used to predict the direc-

tional rotation of polyphase meters for 
machine drivers, elevators, air-condition-
ing equipment, and similar devices; to de-
termine the proper connections for parallel-
ing generators, transformer banks, and 
power buses; to determine proper con-
nections for watthour meters, reactive-
component meters, power-factor meters, 
kva meters, reverse-power relays, and 
phase-sequence relays; to check electron-
tube, thyratron, rectifier, and inverter 
installations; and to study vector relations 
of polyphase circuits. 

(Continued on page 46A) 

44A PROCEEDINGS OF THE I.R.S.  November, 1948 



If it's Electronic.. 

B&W CAN MAKE IT FOR YOU 
From small electronic components up to carefully engineered 

test equipment and complex electronic devices, Barker and 

Williamson can engineer and manufacture high quality prod-

ucts to your specifications. 

Three B&W plants, comprising 150,000 square feet, completely 

equipped with a competent engineering staff, machine shop, 

tool room (including all machines for drilling, milling, turning, 

stamping and forming metals and plastics), and a complete 

woodworking shop are at your disposal. Your inquiries are 

welcome. Write Department PR-118 for prompt reply. 

NOW IN PRODUCTION AT B&W 

COMPLETE RA MO TRANSMITTERS • DUAL DIVERSITY 

CONVERTERS, CONTROL UNITS and FREQUENCY SHIFT 

EXCITERS FOR RADIO TELETYPE TRANSMISSION • SPE-

CIAL TEST EQUIPMENT o REDESIGN, MODERNIZATION 

AND M ODIFICATION OF EXISTING EQUIP MENT 

M ACHINE W ORK • METAL STA MPING • COILS 

CONDENSERS  • OTHER  ELECTRONIC  DEVICES  IN 

A WIDE RANGE OF TYPES 

PLANT No  '1 

Bi2IST OL  PA 

•••'.• 

, 

FREQUENCY SINT Excret 
—Provide; RF drive cnd 
frequercy shift keying to 

transmitter 

2 KV,. iseNTLIFIER  R-F 
Amp if cr Frequency Range 

1 to 25 Ors. 

CONTROL UNIT — Operates 
as an electronic repe•xer in 

teletypc wire lines. 

DUAL DP/ MITE .:0.4-
vERTER — Provides 
diversim. -nixing on 

frequiercy shift cir-

cuit. 

RECEIVER ASSEMBLY 
—Standard Army BC-342 

Receivers modified for 

Dual D versify Recepsoo. 

Coupling Amplifier; 

botto m front. 

B&W AU) 0 OSCILIATCR 

Afolel 200 

B & W FREQUENCY METER 
Moe 300 

B&W 

ST NTION METER 

Model 4(0 

B&W TURRETS 

B&W ;MALL BUT -FREIE 

VARIABLE CAPACITORS 

B&W ROTARY COILS 

B&W HEAVY CUTE 
VARIABLE CAPACITORS 

B&W 3400 

SERIFS INEUCTORS 



DESIGNED FOR ONE SPECIFIC PURPOSE-

INDUSTRIAL 
ELECTRONIC 
TESTING 

TYPE 
YNA-4 

INDUSTRIAL OSCILLOSCOPE 
Check — Measure—Test—with the G-E Industrial Oscilloscope. 

The following partial list of uses will indicate its importance where 
ever electrical apparatus is employed. 

For checking welding equipment, testing photo-electric circuits, 
checking performance of relay contacts, performance of high power 
rectifier tubes, measuring voltage and current relationship in motors, 
performance of commutators, checking audio oscillators—the YNA-4 
Industrial Oscilloscope performs all these important checking and 
testing functions most efficiently. 

D-C Amplifiers for Horizontal and 
Vertical Deflection—Give a true trace 
combEling both the AC and DC 
components important for industrial 
purposes which is not possible with 
the ordinary oscilloscope used in 
radio work. 

Completely Insulated Case—Since the 
entire unit is insulated, it may be 
operated as high as 550 volts above 
ground. Instrument may be placed 
on metal working surf ac'es, 
machinery, and other advantageous 
working spots even when connected 
to ungrounded circuits. 

Internal Calibrating Voltages—The 
YNA-4 provides internal calibrating 
voltages of known value to enable 
the operator to set the deflection 
sensitivity of the oscilloscope. Func-
tions as a vacuum tube voltmeter 
permitting AC and DC voltage 
measurements without a voltmeter. 

Flexible Input Circuits—Vertical 
Amplifier—varied inputs are avail-
able to accommodate a wide range 
of voltages and circuit requirements. 
This oscilloscope may be used to 

GENERAL 

examine voltages from 1.0 volt to 500 
volts and its input impedance may 
be switched from 1 megohm to 10 
megohms or to open grid. 

Horizontal Amplifier—direct coupled 
input terminals are provided or the 
built-in sweep generator may be 
used for horizontal deflection. This 
generator may be synchronized with 
the power line, the vertical ampli-
fier or with an external source. 

Wide Sweep Frequency Range—The 
YNA-4 has been designed so that 
the operator can observe separate 
cycles over a wide band of fre-
quencies. A minimum sweep rate of 
10 cycles has been established as 
desirable for industrial operations— 
this has been incorporated in YNA-4. 

For complete information 
on the YNA-4 Industrial 
Oscilloscope and other 
precision measuring 
equipmentswritetodayto: 
General Electric Company, 
Electronic's Park, Syracuse, New York. 

ELECTRIC 

11113.0111 

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 fro m page 44,4) 

Powdered-Iron Transformers 
For Television Deflection 

A core fabricated in powdered iron is 
being made by Henry L. Crowley & Co., 
Inc., West Orange, N.J., that is claimed by 
the manufacturer to reduce costs to less 
than one quarter those of equivalent 
laminated-sheet or strip metal types. 

It consists of a two-piece frame and 
center slug assembly for television receiver 
deflection transformers, and with proper 
windings held by this transformer core 
structure there is provided a low-loss 
energy-recovery system requiring no addi-
tional electrical energy yet providing large 
increases in deflection capability. 
Depending upon molding pressures 

ranging from 15 tons to upwards of 60 tons 
per square inch, the degree of dc saturation 
and again the peak amplitude of ac flux 
density, effective ac permeabilities of the 
order of 40 to 230 are available in these 
assemblies. High-q systems are attainable 
at low cost because of the small particle 
thickness  obtainable.  The  stepped-up 
efficiency eliminates the necessity for dis-
sipating large amounts of energy from the 
transformer and deflecting-yoke structures. 
Furthermore, it is claimed, the molded 
core structure produce negligible hum noise 
in comparison with laminated-core struc-
ture. 
A single driver tube with a single 

damper tube and two small rectifier tubes 
can provide full deflection as well as 
second-anode high voltage for a 50° 
cathode-ray tube, at accelerating voltages 
up to 17 kilovolts, under present tube 
ratings. 

Recent Catalogs 
• • •A 44 page booklet containing much 
helpful data for selecting and applying 
brushes for longer life and better perform-
ance on a wide variety of small motor 
equipment entitled  "Fractional Horse-
power Equipment Brush User's Guide".by 
Stackpole Carbon Co., St. Marys, Pa. 

• • • On a new capacitor type filter to con-
trol radio interference caused by fluores-
cent lamps, by Cornell-Dubilier Electric 
Corp., South Plainfield, N. J. 

(Continued on page 484) 
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For Accurate and Up-to-date News of Every British 
Development in Radio, Television and Electronics 

RELESS WORLD ,s Britain's leading technical 
magazine in the general field of radio, television 

and electronics.  For over 37 years it has consistently 
provided a complete and accurate survey of the newest 
British technique in design and manufacture.  Artie/es of 
a high standard include reviews of equipment, broadcast 

receivers and components, while theoretical 
with design data and circuits for every 

articles deal 
application. 

Subscriptions can be placed with British 
Publications Inc.. 150 East 35th Street, 
New York. 16. N.Y., or sent direct by 

WIRELESS  ENGINEER  is  read  by  research 
engineers, designers and students, and is accepted 

internationally as a source of information for achanced 
workers.  The  Editorial  policy  is to publish only 
original work,  and representatives of the National 
Physical Laboratory, the British Broadcasting Corporation 
and the Engineering Department of the British Post 
Office are included on the Editorial Advisory Board. 

ILIFFE 
PUBLICATION S 

International Money Order to Dorset House, 
Stamford Street, London, S.E.1, England. 
Cables : " Iliffepres,  Sedist.  London." 

ASSOCIATED  TECHNICAL BOOKS:  " Television  Receiving Equipment"  (2nd Edition), by W. T. Cocking, M.I.E.E.  One of the mast 
important  British  books  on television.  13 shillings  I $2.60). : " Wireless Direction Finding"  (4th Edition).  by R. Keen, B.Eng. (Hon 4.), 

A.M.I.E.E  km  up-to-date  and  compre lensive  work  on  the  object.  15  I i nzs  ( 39.25) : available  from  the  British  address  above 



News—New Products 

for arlf 
ond PA4  

seaa dvabie 
„t ate/ 

Now, ONE crystal holder will 

cover your requirements for tele-

vision and frequency modulation 

transmission. RH-7 hermetically 

sealed crystal units offer a fre-

quency runge from 1 to 75m, to 

tolerances as close as  .0002°3. 

Space-sawing, easily installed and 

replaced, RH-7 crystals will fit all 

circui1s. Two pin sizes or wire 

leads are available. 

Why not standardize now, 

on just ONE! 

REEVES 4HOFFMAN 
CO R P O R A TI O N 
CHERRY AND NORTH STREETS  •  CARLISLE, PA. 

Nese manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

( untintied from .ra!),' 46,1J 

DC-AC Chopper 
The type 222 Chopper, an electro-

mechanical chopper or rectifier (demodula-
tor) is a new product being manufactured 
by Stevens-Arnold Inc., 22 Elkins Street, 
South Boston 27, Mass. 

When used as a chopper, it will con-
vert pure dc into pulsating dc or ac so that 
the output of thermocouples, strain gauges, 
or other low-level dc sources may be am-
plified by means of an ac rather than a dc 
amplifier. As a rectifier, it will convert ac 
to dc. As the principal element in a square-
wave generator, it may be used to produce 
square waves in the range of 10 to 500 cps. 
The single-pole, double-throw contacts 

may be open or closed on either or both 
contacts when the armature is at rest, be-
cause there are two independent floating 
armatures inside the chopper. The nominal 
rating is 0.050 amperes, 50 volts dc. The 
maximum rating is ampere, 110 volts dc. 
The coil—fully shielded electrostati-

cally—is rated at 12 volts, 10 to 500 cps, 
but this may be increased to 24 volts with-
out damage. 

Recent Catalogs 
• • • This is a list of available bulletins 
and catalogs of an English firm: type No. 
623 Electronic Process Timer; type No. 
701 H. F Signal Generator; type No. 702, 
Low Frequency Signal Generator; type No. 
703 Bridge Oscillator and Amplifier De-
tector; type No. 704 Electronic Decade 
Counter; type No. 705 Stabilized Power 
Supply unit; type No. 708 Power Output 
Meter; type Nos. 707 & 713 Electronic 
Heat Generators; type No. 712 Valve 
Voltmeter; type No. 723 DC Oscilloscope; 
type No. 726 Frequency Meter (Tachom-
eter; type No. 732 Electronic Ionization 
and Insulation Tester; type No. 734 
Photocell Unit, by Airmec Laboratories, 
Ltd., 19 Charterhouse St., London, Eng-
land. 

48. 

(Continued on page 60A) 
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To study the simultaneous  

characteristics of any device 

or thic 
small.. 

Both the concomitant electrical and/ 
or mechanical characteristics of a piece of 

equipment may be conveniently examined 

and recorded with a Du Mont Type 5SP-

Dual-beam Cathode-ray Tube. Especially 
so if used with a Du Mont Type 279 Dual-

beam Cathode-ray Oscillograph. 

For example: You can compare speed 

and vibration, velocity and acceleration. 
You can observe transient voltage and cur-

rent; the input and output signals of am-
plifiers; related phenomena on different 

sweep frequencies; or again the complete 
signal and an expanded portion thereof. 
And for ease of recording, there is also 

available the Du Mont Type 314 Oscillo-

graph-record Camera. 

Indeed, the Type 5SP- is an unique cath-
ode-ray tube since it embodies two com-
plete and independent electron guns and 
deflection plate assemblies for the produc-

tion of two entirely separate electron 

0 ALLEN B. DU MONT LABORATORIES, INC. 

...use the 

DU MONT Type 5 SP-

CATHODE-RAY 
TUBE 

beams. The Type 5SP- does not produce a 
split electron beam. Rather it presents two 
separate traces on the screen. Intensifier 

electrodes are used for high light output 
at maximum deflection sensitivities. Type 
5SP- is also -available with any of four dif-

ferent screen phosphors. 

And please remember this: The Du Mont 

Type 5SP- is the only dual-gun cathode-ray 

tube registered with the Radio Manufac-
turers Association. * Details on request. 
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ELECTRONIC ENGINEERS 

PHYSICISTS 

SERVO AND COMPUTER ENGINEERS 

PROJECT ENGINEERS SENIOR ELECTRONIC ENGINEERS 
THIS IS YOUR OPPORTUNITY TO GO PLACES 

IN ELECTRONIC RESEARCH AND DEVELOPMENT 

MEN ARE ESPECIALLY NEEDED TO DO ORIGINAL W ORK 

IN THE FOLLO WING FIELDS: 

1. Pulse circuits including rang-
ing, scope, video, trigger and 
square wave generator circuits. 

2. Radar type transmitters, in-
cluding high voltage power sup-
plies, receivers and modulators. 

3. Micro-wave antennae, radomes, 
wave guides and other radio 
frequency components of radar 
systems. 

4. Servo-mechanism and controls. 

5. Electronic Instrumentation. 

Send résumé to 

PERSONNEL DEPARTMENT 
THE GLENN L. MARTIN COMPANY 

Baltimore 3, Maryland 

No Housing Problem in Baltimore, Maryland 

PHILCO 
To maintain the Philco tradition of progressive research 

and development in the electronic field an ever increasing 

staff of engineers and physicists has been employed over 

the last two decades. Continuing expansion of Philco's 

engineering and research activities is producing excellent 

opportunities for engineers and physicists. 

The scope of the work in the Philco laboratories includes 

basic research on the theory of semiconductors; vacuum 

tube research and design, including cathode ray tubes; 

and the design of special circuits, radio, television, television 

relay and radar systems. 

IF YOU ARE INTERESTED IN YOUR OPPORTUNITY AT PHILCO, 

WRITE... 
Engineering Personnel Director 

Philco Corporation 

Philadelphia 34, Pa. 

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. 
East 79th St., New York 21, N.Y. 

MICROWAVE ENGINEERING EXECUTIVE 

Well versed in electro-magnetic theory 
and application, to administer currently 
successful microwave antenna research 
and development group. Moderate sized 
laboratory in New York City area seek-
ing the man for this position. Box 531. 

JUNIOR ELECTRONIC ENGINEERS 

B.S. degree in radio, electronics or 
electrical engineering required. Experi-
ence not necessary. Outstanding oppor-
tunities in special vacuum tube develop-
ment work with a small progressive or-
ganization. Box 532. 

ELECTRICAL AND AERONAUTICAL 
ENGINEERS 

This corporation, engaged in develop-
ment of aircraft remote control and 
telemetering equipment, has need for 
engineers of several categories: 
1. Young graduate electrical engineers 

having good background in electronics 
and communications. 
2. Graduate electrical engineers with 

experience in electronics and communica-
tions. 
3. Graduate electrical or mechanical 

engineers having background in servo-
mechanism design. 
4. Aeronautical engineers having ex-

perience in stability and control. Wing 
Engineering Corporation, Colonel Bldg., 
Philadelphia 7, Pa. 

JUNIOR ENGINEERS 

Microwave research and other ad-
vanced radio work, requiring college 
degree and natural aptitude. Opportunity 
for valuable experience and advancement 
in a small, growing organization. Sub-
urban location on Long Island near New 
York City. Send personal  record to 
Harold A. Wheeler, Wheeler Labora-
tories, Inc. Great Neck, N.Y. 

TECHNICAL WRITERS 

Our manual department is receiving 
additional orders at an increasing rate, 
and experienced writers with electronic 
engineering background are needed for 
registration in our files. We request ap-
plications now to facilitate assignment of 
jobs as they arise in the near future. 
Send complete resume to Mr. J. J. Roche, 
or phone for appointment. Boland & 
Boyce, 460 Bloomfield Ave., Montclair, 
N.J. 

ELECTRONIC ENGINEERS—ELEC-
TRONIC TECHNICIANS 

Men with production, inspection or re-
design experience preferred. Direct in-
quiries to SLX-1, P. 0. Box 5800, 
Albuquerque, N.M. 

(Continued on page 52A) 
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Developed during the war, Loran projects long-distance radio beams to guide ships on lanes charted by radio-electronics. 

WANTED!  Design and Development Engineers 

LORAN provides a new kind of road map for 
the sea and air, day and night, and in almost 
any kind of weather. With Loran, ships and 
planes, as far as 700 to 1400 miles offshore in the 
densest fog, can determine their positions with 
uncanny accuracy. 

Continued expansion of the diversified activities 
at RCA have created additional opportunities 
for experienced design and development 
electronic engineers. 

W RITE TO:  CAMDEN PERSONNEL DIVISION 

RCA VICTOR DIVISION 

CAMDEN, NE W JERSEY 
PROCEEDINGS OF THE I.R.E.  November, 1948 



CURTISS 
WRIGHT 

Corp. 

PROPELLER DIVISION 
Route 6  Caldwell Township 

New Jersey 

Requires Experienced Graduate 

AERO DYNAMICIST 
ENGINEERS 

to work on the design of Analog 

Computers, to simulate the flight 

characteristics of specific aeroplanes. 

3 years experience in stability and 

control essential . . . knowledge of 

Servo Mechanisms, Dynamics of Free 

Flight and applied mathematics de-

sirable. 

ELECTRONICS 
ENGINEERS 

TOP FLIGHT 

Must have 10 years Design and De-

velopment  experience  on  Servo 

Mechanisms and Amplifiers, circuits 

and equipment layout. 

Apply in person ... or 

submit complete resume to 

Personnel Department 

Mon. thru Fri.. 8 A.M. to 4:30 P.M. 

CURTISS 
WRIGHT 

Corp. 

PROPELLER DIVISION 
Route 6, 

Caldwell Township, N.J. 

(Continued from page 304) 

TEACHER 
Southwestern church-related university 

needs experienced teacher with Master's 
degree to teach radio theory and elec-
tronics in the Physics Dept. Salary $3300 
for 9 months. Write full particulars to 
Mr. Stewart H. Ross, Chairman, Dept. 
of  Physics,  Trinity University,  San 
Antonio 1, Tex. 

TELEVISION ENGINEERS 
Well established electronics manufac-

turer, located in suburban New York City 
area needs high grade television develop-
ment engineers. Company is expanding 
its television activities and seeks capable 
men with background sufficiently com-
plete to merit responsible positions. Send 
details to Chief Engineer, Box 536. 

ELECTRICAL ENGINEER 
To act as field engineer in Ohio to 

service electronic equipment used for test-
ing steel. Some knowledge of metallurgy 
preferable, but not essential. Advise 
qualifications, references and salary ex-
pected. Box 537. 

PROJECT ENGINEERS 

Stamford firm engaged in development 
and research work with government agen-
cies requires project engineer with tech-
nical and practical background in UHF 
radar work. Salary open depending upon 
background.  Company is young and 
growing with promising future for able 
engineers in this kind of work. Box 538. 

ELECTRONIC ENGINEERS 
College graduates with 3-5 years of 

development engineering experience in 
circuit design. Well versed in magnetic 
circuits, non-linear circuit operation and 
electronic theory. Send resume and all 
particulars to Personnel Department, Gen-
eral Precision Laboratory, Inc., Pleasant-
ville, N.Y. 

RADIO ENGINEERS 
Senior and Junior engineers to work 

on design and development of radio and 
television components. Send replies to 
Chief Engineer, Automatic Manufactur-
ing Corporation, 65 Gouverneur Street, 
Newark 4, N.J. 

RESEARCH AND DEVELOPMENT 
Engineers with considerable experience 

in RF and UHF circuits wanted by large, 
well established radio company in New 
York area. Send resume of education and 
experience to Box 539. 

GRADUATE PHYSICIST 

Graduate physicist or electronic engi-
neer with good background in gaseous 
conduction wanted by established New 
England radio tube manufacturer, for de-
velopment work on gas filled tubes. Box 
540. 

MATHEMATICIANS, ENGINEERS 
PHYSICISTS 

Men to train in oil exploration for 
operation of seismograph instruments, 
computing seismic data, and seismic sur-
veying.  Beginning salary $250.00 to 
$300.00 per month depending on back-

(Continued on page 544) 

WANTED 
Middlewestern manufacturer has 
excellent openings for two engi-
neers: 

CIRCUIT ENGINEER 

Must be experienced in measure-
ment work, FM and television fre-
quencies,  and  have  thorough 
knowledge of the performance 
characteristics and correct appli-
cation of ceramic capacitors. 

CERAMIC ENGINEER 
Must be experienced in all phases 
of the development and manufac-
ture of high dielectric ceramic 
body capacitors. 

* * * 

Kindly give full information cov-
ering  your  educational  back-
ground, practical experience, age, 
dependents, and compensation ex-
pected. 

ADDRESS 

Box 547 
The Institute of Radio 

Engineers 

1 East 79th St.  New York 21, N.Y. 

ENGINEERS 

Attractive  positions  immediately 
available for: 

PROJECT ENGINEERS 

Experienced in design of automobile 

radio receivers. 

SENIOR DRAFTSMEN 

Experienced in the handling of me-

chanical layout work and design of 

automobile radio receivers. 

RADIO ENGINEERS 

To kandle liaison work with radio 

and  television  production  depart-

ment. 

In reply give only brief outline of 

work experience. Standard applica-

tion blanks will be forwarded if de-

tailed information or personal inter-

view is desired. 

Personnel Manager 

BEN = RADIO DIVISION 

Towson 4, Maryland 
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All Resistors Are 
Precision Film Or 
Wire Wound Types... 
Sealed For Permanent 
Accuracy. 

Unit Construction ...Re-
sistors, Shunts, Rectifier, 
Batteries All Are Housed 
In A Molded Base Built 
Right Over The Switch... 
Provides Direct Connec-
tions Without Cabling . . . 
No Chance For Shorts. 

Inside  view  cover 

removed... inverted 

TECH DATA 
D.C. VOLTS: 0-3-12-60-300-1200-6000, at 20,000 Ohms/Volt 
A.C. VOLTS: 0-3-12-60-300-1200-6000, at 5,000 Ohms/Volts 
D.C. MICROAMPERES: 0-60, at 250 Millivolts 
D.C. MILLIAMPERES: 0-1.2-12-120, at 250 Millivolts 
D.C. AMPERES: 0-12, at 250 Millivolts 
OHMS: 0-1000-10,000; 4.4 Ohms at center scale on 1000 scale; 

44 Ohms center scale on 10,000 range. 
MEGOHMS: 0-1-100 
DECIBELS: -30 to +4, +16, +30, +44, +56, +70 
OUTPUT: Condenser in series with A.C. Volt ranges 

TRIPLETT ELECTRICAL INSTRUMENT CO. • BLUFFTON, OHIO 
In Canada: Triplett Instruments of Canada, Georgetown, Ontario 

NOTE 
the Sensational 
Improve ments 

Model 630 

$3750 U. S. A. 
Dealer Net 

Lea ther Carrying Case  $5.75 
ADAPTER PROBE FOR TV 

HIGH VOLTAGE TESTS EXTRA 

A completely new Volt-Ohm-Mil-
Ammeter that does more .... has 
proved components .... and will 
give a lifetime of satisfaction. 

Pueueog te,e4a. „ to Zeta 

id. e)11,6;77 
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Wanted 
Design Engineers 
Physicists 

Men with a college degree and 

two to four years design experi-

ence should investigate the oppor-

tunities offered by the Collins Ra-

dio Company. This well-recog-

nized manufacturer of radio equip-

ment has a limited number of po-

sitions available for qualified en-

gineers and physicists. These men 

will work on the design and devel-

opment of broadcast, communica-

tions, radar, and electronic cir-

cuits in the design and research 

departments. Give present posi-

tion, nature of work, experience, 

and education in first letter. 

ADDRESS DEPARTMENT EP 

COLLINS RADIO COMPANY 
CEDAR RAPIDS, IOWA 

ENGINEERS 

Electronic 

Mechanical 

Electro-Mechanical 

Small progressive company offers 

excellent opportunities in electron-

ic digital computer field to engi-

neers with research, development, 

or design experience in video and 

pulse circuits, computers, servo-

mechanisms, high-speed printers, 

or small intricate mechanical and 

electrical instruments. 

Write full details of education, ex-

perience, and salary requirements 

to the 

Chief Engineer 
Eckert-Mauchly Computer 

Corporation 

Broad and Spring Garden Streets 

Philadelphia 23, Pa. 

Radio and Radar Development 
and Design Engineers 

Openings at 

HAZELTINE ELECTRONICS 
CORPORATION 

Little Neck, L.I., N.Y. 

Please furnish complete resume of experience with salary expected to: 

Director of Engineering Personnel 

(All inquiries treated confidentially) 

ENGINEERS - ELECTRONIC 
Senior and Junior, outstanding opportunity, progressive company. 

Forward complete resumes giving education, experience and salary 

requirements to 
Personnel Department 

M ELPAlt, INC. 
452 Swann Avenue 

Alexandria, Virginia 

(Cointinued from page 52A) 

ground. Excellent opportunity for ad-
vancement determined on ingenuity and 
ability. The work requires changes of 
address each year; work indoors and out; 
general location in oil producing loca-
tions. Send complete resume and include 
snapshot to National Geophysical Co., 
Inc. 8800 Letnnion Ave., Dallas 9, Tex. 

ELECTRONICS ENGINEER 

Well known, 40 year old manufacturer 
of electrical and electronic instruments 
wants research engineer experienced in 
design of radio electronic apparatus at 
high frequencies, for the development of 
military and civilian test equipment. Box 
542. 

PHYSICISTS—ENGINEERS 

Opportunities for physicists and elec-
tronic engineers at the Naval Ordnance 
Test Station, P.O. China Lake, Cali-
fornia. Applicants should have college 
degree or equivalent, plus professional 
experience. Especially desired are applica-
tions from persons with experience in 
design and development of microwave 
radar components. Send application form 
57 to Placement Officer U.S.N.O.T.S., 
Inyokern, P.O. China Lake, Calif. 

ENGINEERS 

A young rapidly expanding mid-west-
ern research laboratory has openings for 
the following types of personnel: 
(1) ELECTRONIC DESIGN ENGI-

NEERS—Experienced  circuit  design 
engineers wanted for indicator timing 
circuit development. 
(2) SERVO DESIGN ENGINEERS 

OR PHYSICISTS—Experience required 
for the development airborne computer 
equipment. 
Top pay offered to those capable of 

project responsibility. Local university 
offers graduate courses in servo and 
computer design, and applied mathe-
matics. Send complete resume. Our Engi-
neering Dept. knows of this announce-
ment. Box 544. 

ELECTRONIC ENGINEERS—PHYSICISTS 

A leading electronics company in Los 
Angeles, California offers permanent em-
ployment to persons experienced in ad-
vanced research and development. State 
qualifications fully. Box 545. 

ELECTRONIC ENGINEER 

An opportunity for a man with con-
siderable experience to head a small de-
velopment and engineering group in a 
growing company located in Chicago. 
Pulse experience a necessity and a back-
ground of work with nuclear radiation 
instruments and nuclear detectors very 
desirable. Please give full details. Box 
546. 

RADIO AND TELEVISION ENGINEERS 

The Industry Service Laboratory (for-
merly License Laboratory), New York, 
has several positions open for Senior and 
junior engineers having qualifications for 
development and consultation work in 

(Continued on page 564) 
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Midget Miracles for Personal Portables 
"Eveready" No. 467, 67'2-volt 13" battery with "Eveready" No. 950 1 '2-volt "A" batteries is 

the standard power complement for most personal portable radios. Some new designs, how-

ever, need batteries of even smaller size. New "Eveready" batteries described below are pro-

vided to meet these requirements. Like all other "Eveready" batteries, they are available 

everywhere and offer users the utmost in service life and ease of replacement. 

"Eveready" No. 724 6-volt "A" battery for tiny 3-way per-

sonal radios. 1 7/32" long, 1 7/32" wide, 2 11/32" high, 

weighs 2 2/3 oz. Fitted with Flashliaht Type terminals. 

No. 724 "A" BATTERY 

• 

"Eveready" No. 457 67 ,2-volt "B" battery for ultra small and 

light personal radios. 2 13/16" long, 138" wide, 21/2 " high. 

weighs 7 2/3 or. Fitted with Snap Type terminals. 

No. 457 "B" BATTERY 

• 

"Eveready" No. 736 4,2 volt "A" battery for 3-way personal 

radios. Matches "B" battery service. 3 15/16" long, 1 5/16" 

wide, 4 3/32" high, weighs 1 lb. 1 or, Terminals: Plug-in: —, 

+4 1/2 . 

No. 736 "A" BATTERY 

• 

"Eveready" No. 490 90-volt "B" battery for increased power 

output in personal radios.  3 23/32"  long,  13a"  wide, 

3 45/64" high, weighs 1 lb. 12 oz. Terminals: Snap Type: 

— 90. 

No. 490 "B" BATTERY 

• 

For complete information on these and other "Eveready" 

radio batteries, send for Battery Bulletin No, 1, 1949 Revision. 

The registered trade-marks "Eveready" and "Mini-Max" distinguish products of 

NATIONAL CARBON COMPANY, INC. 

30 East 42nd Street, New York 17, N.Y. 

Unit of Union Carbide and Carbon Corporation 

UCC 
Division Sales Offices: Atlanta:  •  Chicago  •  Dallas  •  Kansas City  •  New York  •  Pittsburgh  •  San Francisco 
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FREE 

,4 
1F TRANSFORMERS 

SOCKITS 

ver COUPLINGS 

the new  948 catalog of famous 

National p-ecision components, parts, 

and commLnication receivers. 
WRITE TODAY TO 

(Continued Irons page 54A) 

television and radio. Good technical edu-
cation and some experience required. In-
teresting work, broadening experience, and 
wide contacts. Write fully to Director, 
Industry Service Lab., RCA Laboratory 
Division, 711 Fifth Ave., New York 22, 
N.Y. 

X-RAY TUBE ENGINEER 

Experienced man familiar with X-ray 
production and design methods. Excellent 
opportunity. Salary is open. Call or write 
Amperex Electronic Corp., 25 Washing-
ton St., Brooklyn 1, N.Y. 

CRYSTAL ENGINEER 

Manufacturer of Piezo electric crystals 
desires experienced  engineer  familiar 
with quartz oscillating crystals and their 
application to radio frequency control. 
Write full details. Box 548. 

RESEARCH AND DEVELOPMENT 

Wanted for advanced research and de-
velopment. Should have extensive experi-
ence on analysis of electronics systems in 
the fields of microwaves, missiles, radar, 
servomechanisms communications, naviga-
tional devices. Outstanding ability in E.E. 
or Physics required. Please furnish com-
plete resume, salary requirements and 
availability to: Personnel Manager, W. L. 
Maxson Corporation, 460 West 34th 
Street, New York, New York. 

WANTED 
ELECTRONIC 
ENGINEERS 

AND 

PHYSICISTS 
Excellent opportunities for grad-
uates  with  research,  design, 
and/or development experience 
in Communications and aerial 
navigation systems including di-
rection finders, radar, FM, tele-
vision, micro-wave. 

Write complete details regarding 
education, experience and .4alar, 
desired. 

To Personnel manager 

Federal Telecommunication 

Laboratories 

500 Washington Ave. 

Nutley, New Jersey 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development experience on radio com-

munications systems, Servomechanisms 

(closed loop) electronic & mechanical 

aeronautical  navigation  instruments 

and ultra-high frequency & microwave 

technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY 
DIVISION OF SPERRY COIRP. 
Marcus Ave. & Lakeville Rd. 

Lake Success, L.I. 

WESTINGHOUSE 
RESEARCH 
Openings 

in Pittsburgh 

ENGINEER having three or more 

years experience in radar or tele-

vision for work on television systems 

and television receiver research. 

ENGINEER or PHYSICIST with ex-

perience in underwater acoustics. 

PH.D. PHYSICIST with background 

for working on solid state problems. 

ENGINEER or PHYSICIST for work 

on magnetic circuits and materials. 

ELECTRONIC ENGINEER to work on 

advanced circuit design problems. 

ENGINEER or PHYSICIST with three 

centimeter wave guide experience. 

For application address  Manager, 

Technical  Employment,  Westing-

house Electric Corporation, 306-4th 

Avenue. Pittsburgh, Pennsylvania . 

61 Sher man St. Malden, Mass. 
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e KENYON 
KENYON one of the oldest names in trans-

formers, offers high quality specifi-
cation transformers custom-built to your require-
ments. For over 20 years the KENYON "K" has been 
a sign of skillful engineering, progressive design and 
sound construction. 

KENYON now serves many leading compan-
ies including: Times Facsimile Cor-

poration, Western Electric Co., General Electric Co., 
Schulmerich Electronics, Sperry Gyroscope Co., Inc. 

Yes, electronification of modern industrial machinery 
and methods has been achieved by KENYON'S 
engineered, efficient and conservatively rated 
transformers. 
For all high quality sound applications, for small 
transmitters, broadcast units, radar equipment, ampli-
fiers and power supplies — Specify KENYON! 
Inquire today for information about our JAN ap-
proved transformers. 

Now — for the first time in any transformer catalog, 
KENvON'S new modified edition tells the full com-
plete story about specific ratings on all transformers. 
Our standard line saves you time and expense. Send 
for the latest edition of our catalog nowt 

KENYON TRANSFORMER CO., Inc. 8N4E BYAORRRKY5S9T,RNEEyT 

Tektronix Type 51I-A Oscilloscope 

• Wide band vertical amplifiers (10 mc. 1 
stage; 8 mc. 2 stages). 

• Vertical amplifiers individually adjusted for 
optimum transient response at high and 
low frequencies. 

• Vertical deflection sensitivity 0.27 V to 200 
V per cm. (peak to peak). 

• 0.25 microsecond video delay line may be 
incorporated at nominal charge. 

Price $795.00 f.o.b. Portland Your  

Phone, EAst 6197 

Cables, TEKTRONIX 

AUGMENTED 
ACCURACY... 

The Tektronix Type 511-A Oscilloscope retains 
all of the features that have mode its prede-
cessor, the Type 511, the universally accepted 
instrument in its category, PLUS a completely 
new power supply providing full regulation in 
all DC circuits, including the accelerating volt-
age. Line voltage fluctuation between /05 
and 125 volts produces no noticeable effect on 
image intensity, sweep speed or deflection 
sensitivity. 
The Type 511-A is a truly portable precision 

instrument—total weight 50 pounds and self-
contained. 

TYPE 51 1 -A FEATURES 

• Continuously variable sweep speed 0.1 sec. 
to 1 microsec. (10 cm. deflection). 

• Calibrated direct reading sweep speed dial, 
permitting quantitative measurement to 5% 
accuracy. 

• Choice of triggered, recurrent or single 
sweeps at all speeds. 

• Any 20% of normal sweep may be expand-
ed 5 times. 

inquiry will bring more detailed information and 
name of the nearest Field Engineering Representative. 

712 S. E. Hawthorne Blvd. 

Portland 14, Oregon 

3 outstanding books 
from the M.I.T. 

RADIATION LABORATORY 
SERIES 

SEE THEM 
10 DAYS FREE 

Electronic Instruments 
Vol. 21. Edited by IVAN A. GREENWOOD, JR., 
General Precision Laboratory, Inc.; J. V. HOLDAM, 
JR., Laboratory for Electronics, Inc.; and D. Mac-
RAE, JR., Teaching Fellow, Harvard. 721 pages, 
illustrated, $9.00 

A detailed presentation of the theoretical 
background and use of electronic analogue 
computers,  instrument  servomechanisms, 
voltage and current regulators, and pulse 
test equipment. It includes many illustrative 
examples of practical application of design 
techniques. A section of the book is devoted 
to the design of light weight, low-power 
electronic servomechanisms, and examples 
taken from various radar and fire-control 
applications are included. 

Microwave Transmission 
Circuits 
Vol. 9. Edited by GEORGE L. RAGAN, General 
Electric Research Laboratory. 755 pages, illustrated, 
88.50 

Here is a valuable discussion of the prac-
tical techniques of power transmission at 
microwave frequencies. This book describes 
the theory of operation and complete de-
sign procedure of the various components of 
transmission lines, and shows what con-
sidertions are necessary for selecting proper 
equipment. 

Microwave Magnetrons 
Vol. 6. Edited by GEORGE B. COLLINS, Depart-
ment of Physics, University of Rochester. 806 pages, 
illustrated, $9.00 

This book includes the theoretical and prac-
tical aspects of multicavity magnetrons in 
the frequency range from 1000 to 24,000 
Mc/s and in the power output range from 
10 watts to 3,000,000 watts. It gives special 
attention to starting phenomena, tuning, and 
frequency stabilization. Practical problems of 

magnetron  design  and 
special applications of the =—_ magnetron principle to 
both  pulsed  and  CW 
tubes are dealt with in 
full. 

McGRAW-HILL 
MAIL COUPON TODAY 

M IN  SE MI 

McGraw-Hill Book Co., 330 W. 42nd St., N.Y.C. 18 
Send me the books checked below for 10 days' ex-
amination on approval. In 10 days I will remit total 
cost of books I keep, plus a few cents postage, and 
return unwanted books postpaid.• 
o Greenwood. Iloldam. and MacRae—Electronic 
Instruments  $9.00 

1:1 Ragan—Microwave Transmission Circuits  $8.50 
El Collins—Microwave Magnetrons  $9.00 

Name   

Address 

City   

Company 

position  rn.B41-48 
• SAVE! We pay postage and packing charges if 
you send cash with your order. Same return priv-
ilege. 

imm  mon  = IN 

Zone   State   
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MEASUREMENTS CORPOR VION 

TELEVISION STANDARD SiGNAL GENERATOR 

MODEL 
90 

SPECIFICATIONS: 

• CARRIER FREQUENCY 
RANGE: Continuously variable from 20 
to 250 ms gacycles, in eight ranges. 

ACCURACY: Crystal frequency standard 
permits se ting to .01%. Dial scale may 
be set to ).1%. 

STABIUTY: Worm-up drift less than .05%. 

LEAKAGE: less than 10 microvolts. 

• MODULATION 
Continuously variable from zero to 100%. 

ENVELOPE- Sinusoidal, or composite 
t elevision. Bandwidth to 3 db is 4 Mc. 
Rise lime -rom 10% to 90% modulation 

0.15 microsecond. Overshoot less than 
5%. Slope less than 5% on 60 cycle 
square w e. 

INPUT IMPEDANCE: 75 ohms  10% 
(RMA Standard). 

INPUT LEVEL. 1.5 volts peak to peak 

minimum revel for 100% modulation. 
Black negc-tive polarity. 

MODULATION PERCENTAGE: Ze-o to 
110%; pla e modulation. 

• OUTPUT 
LEVEL: Cortinuously variable from 0.3 
microvolt tc 0.1 volt balanced to ground 
(measured at 100% modulation level). 

I MPEDANCE: (a) 107 ohms line to line 
(balanced). 

(b) 53.5 ohms line to ground 
(unbalanced). 

(c) Suitable pads may be 
employed to alter these 
impedances. 

• DIMENSIONS 

OVERALL:  Height -583/4 ";  Width -
28 "; Depth -25 1/2 ". 

WEIGHT: Model 90 -302 pounds. 
External Vcdtage Regulator 92 pounds. 

POWER SUPPLY: 117 volts, 60 cycles. 

MANUFACTURERS OF 

Standard Signal Generators 
Pulse Grnerators 
FM &gnat Generators 
Square Vire GeneratOIS 
Vacuu m Tube Voltmeters  

UHF Radio Noise L Field strength Meters 

capao ty Bridges 
Megaiim Meters 

Phase Sequence Indicators 
TtleVISi011 and FM Test 

Equipment 

THE FIRST COMMERCIAL 

WIDE-BAND, WIDE-RANGE SIGNAL GENERATOR 

EVER TO BE DEVELOPED 

The Model 90 employs a master oscillator, 

buffer amplifier and modulated power am-

plifier. The push-pull buffer eliminates inci-
dental frequency modulation. 

Fecrtures• A self-contained crystal calibrator 

and individually calibrated dial scales permit 
frequency settings to a high degree of accuracy. A 

built-in video modulator with manual or automatic dc 

inserter, designed to operate from c standard R MA 

composite signal. Continuous mon toring is provided by 

built-in oscilloscope. 

This signal generator meets the most exacting standards 

required for high definition television use. 

MEASUREMENTS 
BOONTON 

58A 

ADDHIONAL DATA ON REQUEST 

CORPORATION 
NE W JERSEY 

*  * *  * 

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. 

ELECTRICAL ENGINEER 

McGill University B.E.E. 1948. Desires 
television, radio or industrial electronics 
work in design production or research. 
Canadian Army radar training. Box 
180W. 

ELECTRONIC ENGINEER 

10 years experience in research, design, 
development and supervision with auto-
motive and aircraft fields and guided 
missile projects. Seeking administrative 
position. Aggressive; personable. Box 
I88W. 

ENGINEER 

S.B.E.E. M.I.T. June 1948, major in 
electronics, minor in servomechanisms. 
Mechanical Engineering Ohio State Uni-
versity in Army S.T.P., Major in In-
ternal combustion engines. Experience: 6 
months Machine Shop, 11/2  years in-
spector and designer in precision bearing 
manufacturing. 11/2 years industrial engi-
neering in Manhattan project. Age 27. 
Single. Prefer development work but 
would like to hear from any firm for which 
I can be an asset. Box 189W. 

RADIO ENGINEER 

English radio engineer seeks position 
in communications. Fully qualified by 
examination. 12 years experience. Leslie 
F. Bennett, c/o Mercantile Trust Bank, 
Baltimore, Md. 

JUNIOR ENGINEER 

Electrical Engineer graduate. Age 24. 
Single. B.S.E.E. February 1948. Some 
experience in television field. Seeks in-
teresting position with good company in 
New York City area. Box 190W. 

ELECTRONIC ENGINEER 

Recent New York University graduate 
B.S.E.E. Age 27. Single. Excellent ex-
perience in electronics. Desires position 
in electronic circuit design and develop-
ment in New York metropolitan area. 
Resume on request. Box 191 W. 

(Continued on Page 59A) 
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Positions Wanted AN ENTIRELY NE W 
(Continued from page 58A) 

TELEVISION ENGINEER 

Graduating American Television In-
stitute of Technology November 1948 
with B.S.T.E. Age 26. Married. 1st class 
F.C.C. license. 4 years maintenance Navy 
radio equipment. Trained in Operation 
and Maintenance of RC.A. Image Orthi-
con and DuMont equipment. Desires 
position in television broadcasting field. 
Box 192W. 

JUNIOR ENGINEER 

Three years electrical engineering col-
lege, major in electronics, continuing 
studies for B.S. in E.E. at night. Desires 
work as Junior Engineer in design and 
development of communication equip-
ment under Senior Engineer. Prefer 
Long Island. Box 193 W. 

ENGINEER 

Graduating University of Michigan 
August 1948 with B.S.E.E. in communi-
cations. Age 24. Married. Two years 
Army radar (G.C.A.) Two years shop 
experience. Interested in sales or develop-
ment engineering. Prefer midwest area. 
Box 194W. 

JUNIOR ENGINEER 

Graduate R.C.A. Institutes. Age 27. 
Married, 1 child. Desires work West 
Coast in television, radio, electronics re-
search  or  development.  Limited Air 

• Force experience. Ambitious, persever-
ing. Box 195 W. 

ENGINEER 

Experienced in electrical, electronics 
and mechanical fields. Desire permanent 
position in management with West Coast 
firms. Can handle men. Age 33, B.S. in 
E.E. Available this fall. Interview at 
your expense; brochure free to interested 
firms. Box 202W. 

TECHNICAL EXECUTIVE 

Engineering  Physicist,  MA,  Gold 
medallist, 30, experienced in radio, radar 
and X-ray, division manager Montreal 
branch  of  European  concern  wants 
change to progressive North American 
concern that can use his talents not 
necessarily in these fields. Box 203 W. 

ELECTRONIC ENGINEER 

Currently engaged in production, de-
sign and development work for capaci-
tor manufacturer, desires position in 
electronic industry within Chicago area. 
B.S.E.E. January 1948 Illinois Institute 
of Technology. Communications major. 
Age 25. Married. Two years Navy Elec-
tronic experience including supervision of 
Radio Teletype Station. Box 204W. 
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foreff.aw 
AUTOMATIC DEHYDRATOR 

BY 

A uhew 

For pressurizing 

coaxial systems 

with dry air 

WRITE FOR 

BULLETIN 

85 

Now, for the first time, here is an automatic dehydrator that operates at line pressure! 
This means, (I) longer life, and (2) less maintenance and replacement cost than any 
other automatic dehydrator. 
Longer life because the compressor diaphragm operates at only 1/3 the pressure used 

in comparable units, vastly increasing the life of this vulnerable key part. 
Reduced maintenance and replacement costs because new low pressure design elisni. 

states many components. 
Operation is completely automatic. Dehydrator delivers dry air to line when pressure 

drops to 10 PSI and stops when pressure reaches 15 PSI. After a total of 4 hours' running 
time on intermittent operation, the dry air supply is turned off and reactivation begins, 
continuing for 2 consecutive hours. Absorbed moisture is driven off as steam. Indicators 
show at a glance which operation the dehydrator is currently performing. 

Output is 11/4  cubic feet per minute, enough to serve 700 feet of 61/4 " line; 2500 feet 
of 3'/t" line; 10,000 feet of 11/4 " line or 40,000 feet of 7/11' line. Installation is simple, 
requiring only a few moments. 
Important! Not only is this new differently designed Andrew Automatic Dehydrator 

completely reliable, but it is available at a surprisingly low price.  

C O R P O R A TI O N 

363 E 75th STREET, CHICAGO 19 

Eastern Office: 

421 Seventh Avenu•, New York City 

ANDREW 
TRANSMISSION LINES FOR AM. FM, 
TV. DIRECTIONAL ANTENNA EQUIP. 
MEET. ARNI M TUNING UNITS. TOWER 
LIGHTING EQUIPMENT. CONSUITING 
INEINEERING SERVICE. 

ANDREW CORPORATION, 363 E. 75th St., Chicago 19 

Please send me Bulletin 85 describing the new Type 1900 
Andrew Automatic Dehydrator. 

Name   

Title   

Company   

Address   

City  Zone  State   

IRE 11-48 
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New! All inclusive! 

STANDARD LINE OF 
TRANSMITTER COMPONENTS 
FOR AM, FM AND TV—LABORATORY 
AND  INDUSTRIAL APPLICATIONS 

WRITE 
FOR 

CATALOG 

60A 

• PLATE TRANSFORMERS TO 

10 KVA 

• FILTER REACTORS 

• 115/230 VOLT, 50/60 

CYCLE SUPPLY 

• RUGGED INTERNAL CON' 
STRUCTION, SUPPORTED CORE 

STRUCTURE 

• EYE  BOLTS  ON  LARGE 
UNITS FOR EASY HANDLING 

• FILAMENT TRANSFORMERS 
TO 15,000 VOLT TEST 

• PLATE FILAMENT TRANS. 
FORMERS LOW VOLTAGE 

• AIEE  SURGE  TEST  ON 
HIGH VOLTAGE UNITS 

• EFFICIENT  MAGNETIC 
AND ELECTRO-STATIC 

SHIELDING 

• UNIFORM 
APPEARANCE 

• STURDY STEEL CASES 

Here is one of the finest and most complete 
lines of standard transmitter components avail-
able today. Built to the same well-known high 
stan3ards as N Y T custom-built units, they 
bring to the design engineer the full economy 
of standardized construction.  Superbly con-
structed, inside and out, each unit fully reflects 
the years of experience that have made the 
name NE W YORK TRANSFOR MER synon-
ymous with quality, integrity and dependabil-
ity wherever inductive components are used. 

ALPHA, NE W JERSEY 

STREAMLINED 

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 48.4) 

Model OL-15B Oscillo-
synchroscope 

The Model OL-15B Oscillosynchro-
scope, which is a new laboratory instru-
ment for observation of transient and re-
current phenomena involving wide ranges 
of frequencies, is being manufactured by 
The Browning Laboratories, Inc., 742-750 
Main St., Winchester, Mass. 

A 5-inch cathode ray tube with 4000 
volts accelerating potential provides su-
perior intensity and definition of images. 
Other features include a vertical amplifier 
bandwidth of 6 Mc, recurrent sweeps of 5 
to 500,000 per second and driven sweep 
rates of 0.25 to 200 microseconds per inch. 
An internal trigger generator is also pro-
vided, as well as a variable delay circuit 
which may be used to provide delayed trig-
gers or a delayed sweep either internally 
or externally triggered. A calibration de-
vice provides measurement of deflection 
sensitivity through the amplifier. 
The vertical amplifier, which is linear 

without positive slope from 10 cps to 6 Mc, 
has a transient response such that a 100-
kilocycle square wave which rises or falls 
at the rate of 500 volts per microsecond is 
faithfully reproduced. 
Dimensions: 13rX141"Xl9r, weight 

95 lbs. 

Recent Catalogs-

• • •On a volt-ohm-milliammeter with a 
direct current sensitivity of 20,000 ohms 
per volt. Classified as the Roto-Ranger this 
instrument is being manufactured by 
Simpson Electric Co., 5200-18 W. Kinzie 
St., Chicago 44, Ill. 

• • •A 15 page illustrated bulletin, No. 
CDP-578, describing molded and lami-
nated plastics, and an 8 page illustrated 
bulletin, No. CDM-12 describing metal-
lurgical products by the General Electric 
Co., Chemical Dept., Pittsfield, Mass. 

(Continued on page 6.3.4) 
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That's how fast a STABILINE 
Automatic Voltage Regulator cor-
rects  line  voltage  fluctuations. 
Type IF (Instantaneous Electronic) 
has no moving parts — is com-
pletely  electronic  in  operation. 
Designed to act instantaneously— 
with a waveform distortion not 
exceeding 3 percent — and to keep 
output  voltages  stable  within 
-±-0.1 of 1 percent of the preset 
value, regardless of line variations. 
For any load current change or 
load power factor change from 
lagging  .5 to  leading  .9,  the 
STABILINE Type Ili will hold the 
output to within ±-0.15 volts of 
nominal. Various models available 
in numerous ratings. 

STABILINE Type IE 

Bulletin 547 gives you information 
on this and other Superior Electric 
voltage control equipment. Write 
for your copy today. 

THE 

SUPERIOR ELECTRIC 
COMPANY 

811 MEADO W STREET 

BRISTOL, CONN. 

NEW . . • 

HIGH PRECISION 2-inch POTENTIOMETER 

DESIGNED TO MEET 

HIGH STANDARDS 
DEMANDED BY COMPUTER 
AND MILITARY APPLICATIONS 

Mechanical Specifications 

• Precision machined aluminum base and cover 
2" diameter, I" depth. 

• Precision phosphor bronze bushing. 

• Centerless ground stainless steel shaft. 

• No set screws. 

• Mechanical rotation-360°. 

• Clamping method of gauging permits individual 
adjustment of angular position. 

This general line of precision 
Control Section of the Glenn 

Electrical Specifications 

• Winding—both linear to 0.2% and non-linear 
to I% accuracies. 

• Paliney contact to winding: two-brush roto-
take-off assembly with  precious metal  con-
tacts. 

• High,  uniform  resolution  provided  by  our 
method of winding non-linear resistances. 

• Electrical rotation maximum 320°. 
• All soldered connections (except sliding con-
tacts). 

potentiometers was developed in collaboration with the Fire 
L. Martin Company. 

Write for Bulletin 2011 with complete details. 

F-D TECHNOLOGY INSTRUMENT CORP. 
1 Li 1058 MAIN STREET, WALTHAM 54, MASS. 

mlswest (me.. Alfred Crossley • Asesolatos. MS W. Rudolph It.. Classes II, Illinois. State 7444 

PILOT LIGHT 
ASSEMBLIES 

PIN SERIES  Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUFACTURER OF PILOT LIGHTS 

900  BR O A D W A Y,  NE W  Y OR K  3,  N.  Y. 

Telephone—Spring 7-1300 
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SOLDERING 
IS A CINCH 

when you 

know 

these 

SIMPLE 

TRICKS! 

No matter how much you know about 
soldering, there's always a trick that will 
make it easier. This little 20-page pocket 
guide is crammed full of such time-and-
trouble savers. 
Without wasting words, it covers the 

whole soldering operation-points out 
DO's and DON 'T's-refreshes your mem-
ory on difficult points-suggests methods 
that help you work faster. Yet there's no 
hard studying, no tough technical talk. 
Every word is plain everyday English 
and every point is made clear by easy-
to-understand illustrations. 
Get this handy Soldering Guide today, 

and keep it on your bench for ready ref-
erence. It's a real handbook of professional 
soldering-not a catalog. Just mail the 
coupon with 10c cash or stamps and we'll 
send your copy at once. 

When you send for your 
Guide to Easy Soldering, 
be sure to ask about the 
New Weller Soldering Guns. 
They're a handful of conven-
ience, better from tip to grip. 

ELLER 
MANUFACTURING COMPANY 

821 Packer Street, Easton, Penna. 

Weller Mfg. Co., Easton, Pa. 

Enclosed find ten cents (10c) for which please 

send my copy of the Weller "Soldering Tips". 

0  S am also interested in tho new Weller 

Soldering Guns. Please send Catalog Bulletin. 

Name  

Address 

City   --Stair 

ot4 
i (-spaced aeficulated 
R.F. CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
A TTE N U ATI ON 

• 
We ore specially organised 
to handle direct enquiries 
from overseas and can give 

/MMI NATE DEI/YTAYEI 1-0/7 LVOV" 

Ivnito,cabit for data sheets cse de.4ve/ve.s/6 
tas avjeeifoteri ar( f/e.viVe co,spocro'Rf ables 

TRANSRADIO LTD 
CONTRACTORS  TO H. M. COVE RNME N T 

13BA CROMWELL ROAD-LONDON EWT ENGLAND 

CABIELI M ANIAC:, tovoom. 

0 0  0 
-wlie  • 

LON/VITA 
TYPES 

A 

A2 

A 34 

LOW G M 
TYPES 

PC 1 

C11 

C 2 

C 22 

C 3 

C 33 

!PAPER 
OHMS 

74 

74 

73 

CAPAC 

7.3 

10.2 

6.3 

6.3 

5.5 

5.4 

4.8 

Designed for 

YOUR APPLICATION 

Poeendr Pojel F•od e Mani 

ATTEN !LOADING  „ 
db1000  /En, 0 D 

ir 00 Atkti  

1.7  0.11  0.36 

1.3  0.24 0.44 

0.6  1.5  0.88 

IMPEL) 
OHMS 

150 

132 

173 

171 

184 

197 

220 

252 

AlTEN 
Zu10041.! 

2.5 

3.1 

'3.2 

2.15 

2.8 

1.9 

2.4 

2.1 

0 Er 

0.36 

0.36 

0.36  

0.44 

0.44 

0.64 

0.64 

1.034 21 2 1 1  

HIGH POWER 
FLE XIBLE 

PHOTOCELL 
CABLE 

PANADAPTOR 
Whether your application of spectrum an-
alysis requires high resolution of signals 
closely adjacent in frequency or extra broad 

spectrum scanning, there is a standard model Panadaptor to simplify and speed up your job. 
Standardized input frequencies enable operation with most receivers. 

MODEL SA-3 TYPES MODEL SA-6 TYPES 

Maximum Scanning Width 

Input Center Frequency 

Resolution at Maximum 

Scanning Width 

Resolution at 20°!„ of 

Maximum Scanning Width 

T-50 

53KC 

455KC 

T-100 

100KC 

455KC 

T-200 

200KC 

455KC 

T-1000 

1MC 

5.25MC 

T-1000  T-6003 

1MC  6MC 

13.2MC  30MC 

2.5KC  3.4KC  4.4KC  11KC  11KC  25KC 

1.9KC  2.7KC  4KC  9KC  7.5KC  22KC 

T-1000  T-10000 

1MC  10MC 

5.25MC  30MC 

T-20000 

20MC 

30MC 

11KC  75::C  91KC 

7.5KC  65KC  75KC 

le.ve..tregate elizae 

APPLICATIONS OF PANADAPTOR 

*Frequency Monitoring 

*Oscillator performance 

analysis 

*FM and AM studies 
WRITE NOW  for recommendations,  detailed 
specifications, prices and delivery time. 

RADIO  CORP 
ANOHAMI[ 
92 Cold St  Cable Address 

New York 7, N. t  PANORAMIC, NEW YORK 
Exclusive Canadian Representative: Canadian Marconi, Ltd 
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W res drawn te 

.00E14" diameter 

WRITE for list 
of stock alloy 

:tcliluta.! Lout; con! 
44J  LL' tL ia.Vi teLL 

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 60A) 

Extreme Temperature 
Range Capacitors 

The Sprague Pro!car capacitors, de-
signed to comply with unusual tempera-
ture extremes to which military electronic 
equipment is subjected, are now in mass 
production and available from the Sprague 
Electric Co., North Adams, Mass. 

It is..claimed that these small, new 
molded' tubulars are impregnated with a 
new high-temperature plastic that permits 
a considerable size and performance ad-
vantage at high temperatures over other 
known impregnants and provides stable 
performance under all operating conditions. 
They are rated for operation from 

—50°C to +125°C. Full details are avail-
able in the company's Engineering Bulle-
tin 2/1. 

Fluorescent Lamp Capacitor 

For use in cold-cathode flourescent 
lamp equipment, the Type KX-103 capac-
itor is now being produced by Cornell-
Dubilier Electric Corp., South Plainfield, 
N. J. 
Three capacitor elements are combined 

in a rectangular case 2i' X2 13/16°X 
2 
The specifications are: 0.006-0.006 i2f, 

750 volts ac, and 0.51 IA, 1050 volts ac. 
The same type and style is available in 
other capacity combinations, single or 
multiple units, at voltages up to 1200 
volts ac. 

Recent Catalogs 

• • • "Micro Tips," Volume 1, No. 2, has 
useful suggestions concerning applications 
of snap-action switches, published by 
Micro Switch, Freeport, Ill. 

• • • A catalog sheet describing; the new 
series 710, electronically regulated power 
supplies, by Furst Electronics, 800 W. 
North Ave., Chicago 22, Illinois. 

(Continued on page 644) 

SPECIFICATIONS? 

Would a slight change from the" stand-
ard" electrical specifications improve 
the  performance  of  your  finished 

product? If so, get in touch with Acme 
Electric engineers for assistance in de-
signing a "special" transformer from 

standard parts. 

For television, 
radio, and other 
electronic appli-
cations, Ac me 
produces a wide 
variety of trans-
formers all with 
different specifi-
cations fro m 
standard  parts. 
This means bet-
ter performance, 
better quality 
and often at 
economy prices. 

ENCLOSED 
TYPES 

The dies for making transformers that 
fit into this enclosed case, alone would 
cost you thousands of dollars. Acme 
produces to save you this expense. 

Here is a typical 
air-cooled de• 

sign which can 

be produced to 

meet a variety 

of applications. 

Write for Bulletin 

16BA for further 

details. 

ACME ELECTRIC CORP. 
4411 WATER ST. CUBA, N.Y. 
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Save Time... Speed Assembly 
with CTC ALL-SET Boards! 

On the assembly line and in the 
laboratory, CTC ALL-SET Boards 
are valuable time-savers. 
With Type 1558 Turret Lugs, a 

new board now offers mounting for 
miniature components.  1 1/16' 
wide, 3/32' thick, only. (Type 
X1401E.) 
With Type 1724 Turret Lugs, 

boards come in four widths: 
2',  2  3' — in 3/32",  3's", 
3/16" thicknesses. 
With the addition of the new 

miniature board, CTC ALL-SET 
Boards now cover the entire range 
of components. 
All boards are of laminated 

phenolic,  in five-section  units, 
scribed for easy separation. Each 
section drilled for 14 lugs. Lugs 
solidly swaged into precise position 
... whole board ready for your 
assembly line. 

SPECIAL PROBLEMS 
Custom-built boards are a spe-

cialty with CTC. We're equipped 
to handle many types of materials 
including the latest types of glass 
laminates . . . many types of jobs 
requiring special tools . . . and all 
types of work to government spec-
ifications. Why not drop us a line 
about your problem? No obligation, 
of course. 

Turret  Split 
Lugs 

%BO WS 

Swager 
Double-End 

410  

Short 

too 
Terminal 
Board 

Cm/ern eki gikepielmei 

Lie Timmer/Piked 
Cosithopten6 

CAMBRIDGE THERMIONIC CORPORATION 

456 Concord Avenue, Cambridge 38, Moss. 
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(Continued from page 63A) 

Studio Type Ribbon 
Microphone 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y., has announced their new 
high-fidelity ribbon microphone for broad-
cast, sound recording, and quality public 
address applications. Covering 40 to 14,000 
cps with an output of —56 dbm, it will 
find acceptance for use in existing studio 
speech input systems. 

Its smooth response will avoid feed-
back troubles in public address uses, and 
the low distortion factor claimed by the 
maker, 1%, makes its use suitable in 
FM and video sound applications. 

10 Watt All Triode Amplifier 
Brook Electronics, Inc., 34 DeHart 

Place, Elizabeth, N. J. in response to many 
requests have commenced production on a 
low-powered model of their well-known all-
triode amplifier, rated at a normal output 
of 10 watts, but capable of handling trans-
ients of much greater power with the low 
distortion percentages obtained from triode 
operation. 

Two models are offered with the pre-
amplifiers mounted remotely from the 
main amplifier chassis, or directly theron, 
according to the convenience of the user 
and his preference. In either case, full tone 
controls are incorporated, working through 
selector switches, to afford boost or at-
tenuation at each end of the audio spec-
trum. Provision is included for a radio 
tuner and crystal or magnetic cartridge re-
producers, with the proper equalization for 
the latter accessories, inbuilt within the 
amplifier. 

(Continued on page 67A) 
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• 13 Channel Linear Amplifier has 
been specifically designed to oper-

•, ate low impedance type of galva-
• nometer oscillographs. The output of 
the amplifier is 1.3 ohms, and full 
output voltage is 230 millivolts. The 
low output impedance and high 
output voltage permit loading down 
galvanometers of higher impedance, 
thus improving their frequency re-
sponse. For example, if 40 ohm 
galvanometer with response up to 
2KC be loaded down, the perform-
ance will be flat up to 5KC. The 
unit consists of A-10-A-A 13 channel 
amplifier, A-10-P-A power supply 

• and A-10-C-A accessories (includ-
ing cables, test jigs, etc.). 

•  POCKETSCOPES 

•  S-10-A 

•  Model S-10-B • 
•  Model S-11-A 
• 
•  RACK MOUNTED OSCILLOSCOPES 
•  Mod•I S-12-A 
• 
•  3'' RAYONIC CATHODE RAY TUBE 
•  Model 3MP1 
• 
•  RAYONIC CATHODE RAY TUBE 
•  ACCESSORIES 

•  Model 3MP 

A-10-A-A 

A-1 -P-A 

Each channel is a plug in unit con-
taining all controls including meter-
ing. Spare units are available. 

ALSO MANUFACTURERS OF 

For additional technical data on 

any of the above, please write: 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA 
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PROFESSIORAL CARDS 

W. J. BROWN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVISION 

25 years active electronic development 
experience 

P.O. Box 5106, Cleveland, Ohio 
Telephone & Telegrams Yellowstone 7771 

Office: 501 Marshall Building 

ED WARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM • Television • AM 

Audio Systems Engineering 

Roxbury Road  Stamford 34459 
Stamford, Conn. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box 3, Upper Montclair, N.J. 
Offs. & Lab.: Great Notch, N.J. 
Phone: Little Falls 4-1000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

1416 F Street. N.W. 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

Samuel Gubin, Electronics 
G. F. Knowles, Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic & Mechanical Designers 

540 North 63rd Street 
Philadelphia 31, Pa. 
GRanits 2-2333; 2-3135 

EUGENE MITTELMANN, EL, Ph.D. 
Cense:nogg Engineer & Physicist 
HIGH FREQUENCY HEATING 
INDUSTRIAL ELECTRONICS 
APPLIED PHYSICS & 
MATHEMATICS 

549 W. Washington Blvd. Chicago 6, III. 
Phone: State 8021 

ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker Design; Development; Mfg. 
Processes. High Quality Audio Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 

168-14 32 Ave.  Flushing, N.Y. 
FLushing 9-3574 

ONE OF A SERIES 

Uniform Damping 

MAGNETIC SHUNT as used by Burlington 

insures uniform damping characteristics. 

All ranges AC and DC available in 21/2", 

31/2", 41/2" rectangular or round case 

styles and are fully guaranteed for one 

year against defects in workmanship or 

material. Refer inquiries to Dept. I 118. 

I INSTRU MENT COMPANY 
BURLINGTON, IO WA 

• INSTANTLY computation. 
reading. No 

•ACCURATELY to a frequency de-termination of 0.05:. 

•VISUALL yiac tattohre 1.1nronb.of the dial 

Used effectively in leading labora-
tories, such as: Harvard University, 
Bell Aircraft Corp., and Hamilton 
Standard Propellers ... for measur-
ing natural frequencies or speed of 
rotating objects, checking or cali-
brating tachometers, oscillators, im-
pulse generators, similar equipment. 

C. G. CONN LTD., DEPT. 1113 

ELKHART, IND. 

7/Oliee itvz 
•r-ee 

Please send free Stroboconn 
folder containing information 
about operation and applica-
tion of this new precision in-
strument. I understand this places me under no obli-
gation. 

Name   

Company  Address  

City 

Position 

 Zone  State 
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News-New Products  30A 

ELECTRON TUBE 
MACHINERY OF 
ALL TYPES 

STANDARD 
AND SPECIAL 
DESIGN 

We specialize in Equipment and 
Methods for the Manufacture of 

RADIO TUBES 

CATHODE RAY TUBES 

FLUORESCENT LAMPS 

INCANDESCENT LAMPS 
NEON TUBES 
PHOTO CELLS 
X-RAY TUBES 
GLASS PRODUCTS 

Production or 
Laboratory Basis 

Manufacturers  contemplating 
New Plants or Plant Changes 
are invited to consult with us. 

KAHLE 
ENGINEERING COMPANY 

1315 SEVENTH STREET 

NORTH BERGEN, NEW JERSEY, U. S. A. 

"Trhere 
Professional 
Radiomen 
Study" 
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An Accredited Technical Institute 
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Washington 10, D.C. 
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4111Pf%  Home Study and Residence 

Courses in Practical Radio-
ihk Electronics and Television. 

Approved for Veteran Training 
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A 

PORIABLE SOURCE. 
OF 

V ARI ABLE 

A-C. VOLTAGE 

VOLTBOX 
A-C POWER SUPPLY 
• COMPACT 
• PORTABLE 
• HANDY 

Operation of the Superior Electric 
VOLTBOX is simple. Plug into 
50/60 cycle single phase source, 
snap "ON-OFF" switch to "ON". 
Snap  "LINE-LOAD"  switch  to 
"LOAD",  rotate  knob  to pro-
duce continuously adjustable out-
put voltage, from 0 to 17 per cent 
above line voltage. Read line volt-
age by snapping "LINE-LOAD" 
switch to "LINE". 

TYPE 

UC1 M 

INPUT:  115 volts, 50/60 cycle, 
single phase 

0-135 volts, 7.5 amperes, 
1000 VA 

Type UC2M avoilable for 230 volt operation 

OUTPUT: 

ALL THIS IN ONE PORTABLE PACKAGE 
Cast aluminum case • PO WER-
STAT variable transformer • Easy-
to-read voltmeter  • Superior 5-
Way Binding  Posts  • Output 
receptacles • "ON-OFF" switch • 
"LINE-LOAD" switch • Renew-
able fuse for overload protection • 
Six foot cord-plug. 

FOR FULL DETAILS WRITE 

THE 

SUPERIOR ELECTRIC 
COMPANY 

811 MEADO W STREET 

BRISTOL, CONN, 

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 64A) 

Equalized Pre-Amplifier for 
Magnetic Pick-Ups 

Brociner Electronic Laboratories, 1546 
Second Ave., New York 28, N. Y., has 
announced a new equalized preamplifier 
to adapt magnetic pickups to a useful out-
put voltage. The three bass roll-over fre-
quency adjustments and six treble at-
tenuation positions afford a combination 
of eighteen variable transmission curves 
to suit the listening choice or record-wear 
conditions. 

Small enough to mount on a 3i inch 
panel, it will fit into most phonograph cab-
inets and transcription turntable mounts. 
A companion power supply is also avail-
able, small enough to mount on the same 
panel, which supplies direct current for 
both the filament heaters as well as the 
plates of the tubes. Broadcasting stations 
will find this unit of interest, because of 
its incorporation of a curve very close to 
the NAB-recommended playback char-
acteristics. 

free 

For EVERYONE interested in 

TELEVISION • RADIO • ELECTRONICS 
SOUND SYSTEMS • INDUSTRIAL EQUIPMENT 

EVERYTHING in standard brand equipmentl 

Professionals, Rodio Hams! Television Enthusiasts! 
Beginners! Oldtimers! Amateurs! Hobbyists! Here's 
one book thot's a MUST for youl Our FREE 148 Page 
cotalog jammed with over 20,000 difIerent items. 
The smollest part to the most complete industrial 
system from one dependable source! 

24-NR.PAAll ORDER SERVICE • ONE YEAR TO PAY 

3 GREAT STORES: Uptown at 115 West 45th St. 
and Downtown at 212 Fulton St. in NEW YORK 
323 W. Madison St. in the heart of CHICAGO 

MAIL ORDER DIVISIONS: 242 W. 55th St., N. Y. 19 
ond 323 West Madison St., Chicago 6, Illinois 

EWARK 
I V RADIO II TELEVIHON 

MAIL COUPON NOW 

Newark Electric CO 
Dept . 1-23 212 W 55th St. 
Ni. York 19 N. Y. 

;Please send me FREE the Newark 1949 Catalog 

INAME   
:ADDRESS  CITY  STATE   

PREMAX 
Tests Prove Best 

All-Channel 
Television 
Antenna 

MEGACYCLES 

Horizontal Di-
rectivity 60 mc. 

Horizontal Di-
rectivity  190 
mc. 

The Premax All-Channel Televi-

sion Antenna No. T-44.8 consists 

of two fully adjustable arrays com-

plete  with  reflectors—intercon-

nected and licensed under AASK 

Patents 2,282,292 and 2,422,4.58. 

Can be used as a 12-channel anten-

na or may be purchased separately 

for high or low frequency chan-

nels and later converted to an all-

channel job. 

It's simpler—lower in cost—easier 

to erect—has oversize elements 

and the famous adjustable V dipole 

design which permits adjustment 

in both vertical and horizontal 

planes. 

List price $20. Send for test charts, 

full details and discount. 

PRE MIX PRODUCTS 
DIVISION CHISHOLM-RYDER CO., INC. 

4903 Highland Ave., Niagara Falls, N.Y. 
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Electron microscope, perfected at RCA Laboratories, reveals 
hitherto hidden facts about the structure of bacteria. 

Bacteria bigger than a Terrier 

Once scientists, exploring the in-
visible, worked relatively " blind." 
Few microscopes magnified more 
than 1500 diameters. Many bac-
teria, and almost all viruses, re-
mained invisible. 
Then RCA scientists opened new 

windows into a hidden world—with 
the first commercially practical elec-
tron microscope. In the laboratory this 
instrument has reached magnifications 
of 200,000 diameters and over. 100,000 
is commonplace ... 
To understand such figures, pic-

ture this: A man magnified 200,000 
times could lie with his head in 
Washington, D. C., and his feet in 
New York.... A hair similarly mag-
nified would appear as large as the 
Washington monument. 

Scientists not only see bacteria, but 
also viruses — and have even photo-
graphed a molecule! Specialists in 
other fields—such as industry, mining, 
agriculture, forestry—have learned un-
suspected truths about natural re-
sources. 

Development of the electron 

microscope as a practical tool of 
science, medicine, and industry is 
another example of RCA research 
at work. This leadership is part of 
all instruments bearing the names 
RCA, and RCA Victor. 

• • • 

When in Radio City, New York, you 
are cordially invited to see the radio, 
television and electronic wonders at 
RCA Exhibition Hall, 36 West 49th 
Street. Free admission. Radio Corpora-
tion of America, RCA Building, Radio 
City, New York 20. 

R A DI O C O R PO RA TI O N of A MERICA 
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i I 

TOUR PRODUCT r 
CAN BE RADIO NOISE-PROOFED WITH CND 

- - 

) 

- - - - - _ - 

I 
When we say Radio Noise-Proofed—we mean Radio 

Noise-Proofed. It's no trick at all to build a filter 

with high attenuation at 150 kc or 100 mc . . . but 

to build one which filters at 150 kc and 100 mc—as 

well as all points in between—is a horse of a differ-

ent color. We know because we've done it. It is 

only one of hundreds of available types of C-D 

Quietones designed for all standard requirements. 

i 
• 

i 
i 

i 
I 

i 

I 
I 
• 
i 

I 
Among these stock types there may be one which 

will bring the interference level of your product 

down to the level of a rabbit's bark. If not, we 

invite you to make full use of our Radio noise-

proofing laboratory and our engineers for the de-

velopment of a unit designed for your specific needs. 

Your inquiries are cordially invited. Address: 

Cornell-Dubilier Electric Corporation, Dept. M-11, 

South Plainfield, N. J. Other large plants in New 

Bedford, Worcester and Brookline, 

Mass., and Providence, R. I. 

o 
Reg. U.S. Pat 04 

Make Your Product More Saleable 

With C-D Quietone Radio Noise 

Filters and Spark Suppressors 

1 9 1 0 1 9 4 8 

MICA  •  DYKANOL  •  PAPER  • ILECTROLETIC 



NE W CAPACITANCE 

with a range of TEN BILLION to ONE 

Higher Accuracy  •  Greater Sensitivity  •  More Operating Conveniences 

For Measuring Electrolytic Condensers • Testing Dissipation Factor of Transformer Bushings 
and Insulators • Measuring Dissipation Factor and Dielectric Constant of Solid and Liquid 
Dielectric Materials • General Electrical Machinery Insulation Testing • Product Control 
and Uniformity Production Checks on Materials Sensitive to Variable Electrical Properties 

This new Type 1611-A Capacitance 
Test Bridge has many circuit and oper-
ating conveniences which make it 
highly adaptable to all sorts of capaci-
tance and dissipation-factor measure-
ments.  Its enormous range of 1 
micromicrofara4 to 11,000 microfarads 
is achieved with the unusually good 
accuracy of ±(1%  1 micromicro-
farad) over the whole range. For 
dissipation factor measurements the 
range is 0 to 60% at 60 cycles, with 
an accuracy of ± (2% of dial reading 
+ 0.05% dissipation factor). 
The bridge detector is composed of 

a single stage amplifier and an electron-
ray visual null indicator. The detector 

is designed to be very sensitive when 
the bridge is at or near balance, but 
relatively insensitive when off balance. 

A new zero-compensating circuit 
has been developed to provide marked 
improvement over previous bridges of 
this general  type when  making 
measurements below 1000 micromi-
crofarads. 

For measurements on electrolytic 
condensers, a polarizing voltage, up 
to 500 volts, may be applied, from a 
grounded power supply if desired. 
Terminal capacitances of the power 
supply do not affect the accuracy of 
the bridge. 

The bridge and its accuracy are un-
affected by temperature and humidity 
variations over normal room condi-
tions (65 deg. F. and 0 to 90% RH). 
The ac-voltage applied to the 

capacitance under test varies from 
approximately 125 volts at 100 micro-
microfarads to less than 3 volts at 
10,000 microfarads. 
This bridge combines all of the 

principal operating features of our 
popular Type 740-B and Type 740-BG 
bridges but improves the performance 
of each in most of their important 
characteristics 
TYPE 1611-A Capacitance Test Bridge ...$375.00 
WRITE FOR COMPLETE INFORMATION 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 


