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NEW   MORE EFFICIENT   LOWER PRICED 

WIDE BAND Television Operation to 220 MC with 

Filaments of 

THORIATED TUNGSTEN 

Non-Emitting Grid 

re-tube 

with 

AMPEREX 

TYPE 9904/5923 

Data Sheets and (hails Available... 

" PE REX A X- 9-004 R 

Proven Life 

CONSERVATIVELY 

RATED 

TYPICAL TELEVISION OPERATION 
(Two tubes in Push-Pull) 

Frequency (MC)   

Bond Width (MCI  . 

D.C. Plate Voltage 

D.C. Grid Voltage   
Synchronizing Level   
Black level   
White Level   

Peak RF Grid Voltage 
IGrid to Grid)   

D.C. Plate Current IAMP) 
Synchronizing Level ........................... 

Black Level 

D.C. Grid Current IMA) 
Synchronizing Level   
Black Level   

Driving Power (approx. walls)   

Power Output IK W) 
Synchronizing Level   5 • 0.7 
Black Level   

GROUNDED GRID 

220 

14 

4000 

-200 
290 

550 

1000 

2.5 
1.76 

400 
160 

1000 

3 

AMPEREX ELECTRONIC CORP. 
25 W ASHINGTON STREET, BROOKLYN 1, NE W YORK 

In Canada and Newfoundland: Rogers Majestic Limited 
11-19 Ssentcliffe Road, Leaside, Toronto, Ontario, Canada 
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THE INSIDE STORY: 
WHY SPRAGUE MOLDED TUBULARS 

OUTPERFORM ALL OTHERS! 
Molded paper tubulars may look alike from the outside. But there's a 

whale of a difference inside—the part that really counts in the per-

formance of your products. 

The exclusive difference in Sprague molded phenolic tubulars is 

that: each is made by the same dry-assembly process as large metal-encased 

oil capacitors. They cannot be contaminated during manufacture! 

Every Sprague molded tubular from 200 to 12,500 volts is molded 

dry. After molding it is impregnated under high vacuum through an 
opening in the eyelet terminal. A lead is then inserted and the terminal 

solder sealed. Result? A capacitor that offers you superior heat and 

moisture protection .. . top insulation resistance . . . high capacitance 

stability and retrace under wide tempergure variations. 

Small wonder then why Sprague molded tubulars are preferred for 

the toughest television and auto radio applications. Take advantage 

of this superiority by calling in a Sprague representative today. Or, 

write for Engineering Bulletins 210B and 214. 

Hollo w eyele \t- 

ter minal  for 

impregnation after 

molding 

Solder seal as in 

large  metal-

encased  oil 

capacitors 

SP.R.A.GU E 
PI O NEE R S  IN 

CUT-AWAY VIEW 

Non-fla m mable, 

dense bakelite 

phenolic- molded 

housing 

Unifor m windings 

of hi gh purity 

paper and alu mi-

nu m foil 

SPRAGUE ELECTRIC COMPAAY 
North Adams, Massachusetts 
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How a whiff of stibine 

led toward lower telephone costs 

In the Bell System there are a million 
lead storage battery cells connected to 
telephone circuits in the central offices. 
Current seldom flows in or out of these 
cells beyond the trickle which keeps 
them charged. In the rare event of 
power failure, however, they stand 
ready to supply the current for your 
telephone service. 

Even in this stand-by service, cells 
require water to make up for electrol-
ysis. And they consume power and 
eventually wear out. But Bell Labora-
tories chemists discovered how to make 
a battery which lasts many more years 
and requires less attention — by chang-
ing a single ingredient, the clue to 

which came unexpectedly from an-
other line of their research. 

The clue was a minute trace of 
stibinc gas in battery rooms which 
electrochemists detected while on the 
lookout for atmospheric causes of re-
lay contact corrosion. In small traces 
the gas wasn't harmful but to battery 
chemists it offered a powerful hint. 

For stibine is a compound of anti-
mony—and antimony is used to harden 
the lead grids which serve as me-
chanical supports for a battery's active 
materials. Tracing the stibinc, the 
chemists discovered that antimony is 
leached out of the positive grid and 
enters into chemical reactions which 

.41 the Neu; York Telephone Company's 
Triangle exchange in Brooklyn, emer-
gency batteries stand ready to deliver 
3000 amperes lor several hours. 

hasten self-discharge and shorten bat-
tery life. 
Meanwhile, in the field of cable 

sheath research Bell metallurgists had 
discovered that calcium could be used 
instead of antimony to harden lead. 
And theory showed that calcium would 
not react destructively in a batten. 
The result is the new long-life calcium-
lead battery which cuts battery replace-
ment costs, goes for months without 
additional water, and needs but 1/5 the 
trickle current to keep its charge. 

It demonstrates again how diverse 
lines of research conic together at Bell 
Telephone Laboratories to keep down 
the cost of telephone service. 

BELL TELEPH ONE  LABORATORIES 

itrking estsaintmll) to keep y.me Welsh U M' serriee big its table (mil btu in f•IINI. 



Precision Voltmeters... 

FAST ACCURATE READINGS 
c s to 700 mc 

ANOTHER -hp- SERVICE 
Person-to-Person Help With 

Your Measuring Problems 

Almost anywhere in America, -hp- field 
representatives can give you personal 
help with your measuring problems. 
They have complete data on -hp- in-
struments, their performance, servicing 
and adaptability. Call the nearest -hp-
neld representative whenever, wherever 
you need help with a measuring problem. 

ALBUQUERQUE, NEW MEXICO 
Neely Enterprises 
3021/2  W. Central Ave., Albuquerque 3-2245 

BOSTON 16, MASSACHUSETTS 
Burlingame Associates 
270 Commonwealth Ave., KEnmore 6-8100 

CHICAGO 40, ILLINOIS 
Alfred Crossley & Associates 
4501 Ravenswood Ave., UPtown 8-1141 

CLEVELAND 15, OHIO 
M. P. Odell Co. 
2536 Euclid Ave., PRospect 1.6171 

DALLAS 5, TEXAS 
Earl Lipscomb Associates 
4433 Stanford St., LOgan 6-5097 

DAYTON 2, OHIO 
Alfred Crossley & Associates 
410 W. First St., Michigan 8721 

DENVER 3, COLORADO 
Ronald G. Bowen 
852 Broadway, AComa 5211 

DETROIT 5, MICHIGAN 
S. Sterling Company 
13331 Linwood Ave.. TOwnsend 8-3130 

FORT MYERS, FLORIDA 
Arthur Lynch & Associates 
P. 0. Box 466, Fort Myers 1269M 

HOUSTON 5, TEXAS 
Earl Lipscomb Associates 
3919 Riley St.. Linden 9303 

HIGH POINT, NORTH CAROLINA 
Bivins & Caldwell 
Rm. 807, Security Bk. Bldg., High Point 3672 

LOS ANGELES 46, CALIFORNIA 
Neely Enterprises 
7422 Melrose Ave.. W Hitney 1147 

NE W YORK 13, NE W YORK 
Burlingame Associates 
103 Lafayette St.. Dlgby 9-1240 

PHILADELPHIA 44, PENN. 
Burlingame Associates 
422 Coulter St., TEnnessee 9-2006 

SAN FRANCISCO 3, CALIFORNIA 
Neely Enterprises 
954 Howard St.. DOuglas 2-2609 

ST. LOUIS 3, MISSOURI 
Harris-Hanson Company 
208 North 22nd St., MAin 5464 

SYRACUSE, NE W YORK 
Burlingame Associates 
712 State Tower Bldg., SYracuse 2-0194 

TORONTO 2-11, ONTARIO, CANADA 
Atlas Radio Corporation, Ltd. 
560 King Sr. West. W Averley 4761 

WASHINGTON 9, D. C. 
Burlingame Associates 
2017 S Street N. W., DEcatur 8000 

-hp-
MODEL 
400C 

From 2 cycles to 700 megacycles, there's an accurate, easy-to-operate 
-hp- voltmeter to fit every voltage measurement requirement. You can 
choose from 5 precision voltmeters (including a battery-operated 
instrument) the ones which precisely fill your measuring need. Each 
has the familiar -hp- characteristics of high sensitivity, wide range, 
versatility, compact size, and time-saving ease of operation. These -hp-
precision voltmeters are used by radio stations, manufacturers, research 
laboratories and scientific men throughout the world. 

INSTRUMENT FREO. RANGE VOLTAGE RANGE ACCURACY 
INPUT 

IMPEDANCE 
PRICE 

-hp- 400A 10 cps to 1 mc 
.005 to 300 v 
9 ranges Within  3% 

1 meg., 
16 Isjad shunt $155.00  

-hp- 4008 2 cps to 100 Sc 
.005 ici 300 v 
9 ranges Within 3% 

10 meg., 
20 patcl shunt 195  00  

-hp- 4000 20 cps to 2 inc 
.0001 v to 300 v 
12 ranges Within  3% 

10 meg, 
15 µyid shunt 200 00 

-hp- 404A 
(tout", Op d I 

2 cps to 50 Sc 
.0005 v to 300 tx 
11 ranges 

Within 5% 
10 meg., 

20 Aipfd shunt 185 00 

-hp- 410A 20 cps to 700 mc 
0.1 via 300 v 
7 ranges Within 3% 

10  meg., 
1.3 pizfd shunt 245.00  

For complete data on any - lip. 

instrument, write direct to fac-

tory or contact the nearest -hp-

technical representative. 

HE WLETT-PACKARD CO. 
I876-D PAGE MILL ROAD • PALO ALTO, CALIF. 

Export Agents: Frazar & Hansen, Ltd. 

301 Cloy Street, Son Francosco 11, Cahforma, U.S.A. 

isy/FgokorFtE0Dry iA IN1 t IA  1 #  
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MALLORY 

NP CAPACITORS 

Mallory NP Capacitors are non-

polarized and designed for heavy-

duty applications where extreme 

dependability is essential. Priced 

competitively at ordinary capac-

itor levels, they are ideal for 

controls and other unusual cir-

cuits. Write for your copy of the 

Mallory NP Capacitor data folder. 

tiP1# 

'ed/ 
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#/nfive rn /JO 

Mallory Capacitors Deliver 
Extreme Dependability 
in Critical Applications! 

Long trouble-free service has become so synonymous with 

Mallory Capacitors that customers have come to assign 
critical responsibilities to them without hesitation. 

For example .. . a complex rpm control for diesel-electric 
locomotives. The failure of a single component would stall 
the train, blocking rail traffic for hours. For absolute safety 
and dependability, the manufacturer specified Mallory NP 
Capacitors in this control. 

The Mallory-originated NP Capacitor is widely used in such 
important applications. This complete confidence is the 
result of years of demonstration of Mallory superiority. Yet 
Mallory Capacitors cost you no more. 

That's results beyond specifications! 

And whether your problem is electronic or metallurgical. 
what Mallory has done for others can be done for you! 

MALLORY 
P. R. MALLORY a CO.. Inc.  

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

SERVING INDUSTRY WITH 

Capacitors 

Controls 

Rectifiers 

Special 
Switches 

Contacts 

Resistors 

Vibrators 

Power 
Supplies 

Resistance Welding Materials 
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now color tv for industry! 

•  I  e 

CLOSED CIRCUIT 
oni mptaiso 

COLORIT SYSTEM 

i Xe • ALLEN B. DU MONT LABORATORIES, INC. 

leg 7 —  Television Transmitter Division, Clifton, N.J. e iet/tG; • 

Now available! The Du Mont tried-and-proved industrial 
color television system in a complete, packaged, ready-
to-operate form. Designed specifically for industrial 
applications,the new Du Mont TA-164A Industrial Color 
TV System provides bandwidth of 18 mc. and picture 
resolution of 525 lines. Full high-fidelity color from light 
pastels to deep colors. 

Engineered to provide dependable day-in day-out serv-
ice required by industry, research, medicine, merchan-
dising and countless other fields. Compact, lightweight, 
portable units are joined by interconnecting cables uti-
lizing the famous Du Mont "Jiffy" connectors assuring 
complete flexibility and the Du Mont kind of depend-
ability. May be plugged into power line anywhere. 
Operates on 110-volt 60-cycle AC. 
sp. DETAILS ON REQUEST 

PROCEEDINGS OF THE I.R.E.  November, 19.50 SA 



Center, on black background, 
are the eight standard sizes of 
Arnold Tape- Wound Toroids. 
Around them are a number of 
other cores of special nature 
produced for individual needs. 

ARNOLD lirPOEligrAIIID CORES 
APPLICATI ONS 

MAGNETIC AMPLIFIERS 

PULSE TRANSFORMERS 

NON-LINEAR RETARD COILS 
and TRANSFORMERS 

PEAKING STRIPS, and many other 
specialized applications. 

RANGE OF SIZES 

Arnold Tape- Wound Toroids are 
available in eight sizes of stand-
ard cores —all furnished encased 
in molded nylon containers, and 
ranging in size from 1/2 " to 21/2 " 
I.D., 3/4" to 3" 0.D., and Ye" to 
Y2" high. 

RANGE OF TYPES 

These standard core sizes are 
available in each of the three 
magnetic materials named, made 

from either .004", .002" or.001" 

tape, as required. 

of DELTA MAX 

4-79 MO-PER MALLOY 

SUPERMALLOY * 
In addition to the standard toroids described at left, Arnold 
Tape- Wound Cores are available in special sizes manufac-
tured to meet your requirements—toroidal, rectangular 

square. Toroidal cores are supplied in protective cases. 

I  •./ 

or 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

6A PR()(-17.1)1V,;C OF 1 IIE 1.R.E.  November, 195) 



COMPOVIEMIS 
Capacitors 

Trimmers • Choke Coils 
Wire Wound Resistors \ 

BETTER 4 WAIS 

V' PRECISION 

V UNIF OR MITY 

V  DEPENDABILITY 

// MINIATURIZATION 

• The engineering laboratory is the alert guardian 

of 14.-Q quality. No component can be put into 
production until it has proven that it meets HI-Q's 
exacting standards to the complete satisfaction of 
these technicians. It is their further responsibility 
to see that standards are rigidly maintained during 
production runs. In addition. Hi-Q engineers are 
always available to work with your engineers in the 

development of components to meet your specific 
needs. Feel free to call on them whenever and as 
often as you see fit. 

If you haven't received your copy of the new 

Hi-0 Catalog. write today. 

JOBBERS  ADDRESS: 740 Belleville Ave , New Bedford, Moss. 

Seca/if:ea' Reaceaace ewtft, 
OLEA N, N. Y. 

SALES OFFICES: New York, Philadelphia 

Detroit, Chicago, Los Angeles 

PLANTS. Olean, N. Y., Franklinvdle, N. Y. 

Jessup, Pa., Myrtle Beach, S. C. 

PROCEEDINGS OF THE I.R.E. NUT ifIlher, 29,o , s 
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SMALLEST SIZE YET 
for conservatively rated 

.5 watt controls! 

You save appreciable space with Stack-

pole LR variable resistors—yet still have 

ample wattage capacity for most TV and 

mobile radio applications. Only 57/64" in 

diameter, these sturdy controls are con-

servatively rated at 1/2 watt* and are out-

standingly quiet, fully dependable. 

Single LR controls are supplied with or 
without SP-ST or DP-ST line switches. 
Dual concentric controls—tops for dozens 
of space-saving applications—are avail-
able with practically any needed shaft or 
switch arrangement. 
Write for details or samples to your 

specifications. 

Electronic Components Division 

STACKPOLE CARBON COMPANY, ST. MARYS, PENNA. 
*1/2 Wall rating :there voltage arrott unit, doer not exceed 350 
roll, for  linear taPers. or for non-linear control.' hating a taper of 
no le.rs than 10% of the total remtance al 50% rotatu,n and u hen 
tollage Is not in eateff of 225 to/ti. 

FIX ED AND VARIABLE CARBON RESISTORS •  AMAG® CORES  
IRO N CORES • CER  

MOLDE D COIL FORMS  • MOLDED "GI MMICK" CAPACITORS  • INEXPENSIVE 

LINE AND SLIDE SWITCHES 

I'ROCTF1)1.\'(;.̀, (I; HIE I I? L. .Vo-rember, 



Those in the Radio and Television Industries 

know from actual use the fine performance 

of these Tubes. 

They also know that our large production 

capacity assures them of a dependable source 

of supply with prompt delivery. 

Ask us about these spirally 
laminated paper base phe-
nolic  tubes  in  diameters, 
wall thicknesses and lengths 
that will meet your needs. 

CLEVELITE* 

and 

COSMALITE' 
LAMINATED PHENOLIC TUBING 

is used also for many other electri-

cal products at a considerable sav-

ing where exacting specifications 

must be carefully followed. For the 

best ... "Call Cleveland." 

CLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES el Plernowth, Woe , Chicago, Detroit, Ogdensbing, NY, lornesburg, N.1 

ABRASIVE DIVISION oi Cleveland, Ohio 

CANADIAN PLANT: The Clitv•Iond Contatnor, Canada, Ltd , Pfrolcort Ontario 

REPRESENTATIVES 

NE W YORK AREA  R. T MURRAY, 614 CENTRAL AVE, EAST ORANGE, N 1 

NE W ENGLAND  R S. PETTIGRE W EL CO, 968 FARMINGTON AVE 
WEST HARTFORD. COMM 

CANADA  W M. T. BARRON, EIGHTH LINE, RR eI, OAKVILLE, ONTARIO 

Trade Marks 

1.1r0(  lin I Ie N 07 .ernbcr,  I% 



I. 

ELECTRONICS 

ELECTRONIC COMPONENTS 

A HIGHEST QUALITY LINE 

—constant improved and added to— 
  for your equipment designs 

APPARATUS DEPARTMENT 

• Meters and instruments  • Timers 

• Capacitors  • Control switches 

• Transformers  • Selsyns 

• Pulse-forming networks  • Relays 

• Delay line  • Amplidynes 

• Reactors  • Amplistots 

• Thyrite  • Terminal boards 

• Inductrols  • Glass bushings 

• Voltage stabilizers  • Thermistors 

• Fractional hp motors  • Dynamotors 

ELECTRONICS DEPARTMENT 

• Tubes  • Speakers 

• Television components  • Quartz crystal unit 

• Phono pickups  • Germanium diodes 

When you're building any of thousands of complex 
industrial and military electrcnic devices, reliable 
components are a must. 
To give you, the designers of these devices, the 

Utmost in reliability, General Electric is constantly at 
work improving and redesigning in its ever grow 
line of electronic components. 
The list at left only partially covers the thou-

sands of parts in the complete G-E line. We'll tell 
you about as many of them as space will permit in 
these pages from month to month. Apparatus Depart-
ment, General Electric Corn panl. Schenectady 5. \. Y: 

10.% PROCEEDINGS OF THE I.R.E.  November, 1950 



TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

JEW,/ 

LINE-VOLTAGE STABILIZERS 

—get rid of ups and downs! 

THYRITE— 
R varies inversely as E4 

When you're after a steady 115 volts at the input of 
your equipment and the line is fluctuating any-
where between 95 and 130, use a G-E voltage 
stabilizer. These units use a special transformer 
circuit to provide a stabilized output voltage 
within -±-1% of 115 volts for fixed, unity-power-
factor loads. Fast response of G-E stabilizer restores 
normal output voltage in less than three cycles. 
15-, 25- and 50-va stabilizers are small enough to 
mount on radio or electronic instrument chassis 
(2 inches high, 9 inches long). Standard ratings 
up to 5000 va are available in larger sizes. Write 

for Bulletin GEA-3634. 

TYPE HMA RELAYS—up to 30 amps, closing 

The G-E Type HMA relay is only the size of cigarette 
package. hut it closes at currents up to 30 amperes! HMA 
relays have self aligning, silver-to-silver contacts; are posi-
tive in action, instantaneous in operation. They're avail-
able in either back or front connected models. For coil 
voltages of 6, 12, 24, 32. 48, or 125 d-c; 115 or 230 a-c. 
Single- or double-break contacts. Bulletin GEA-5457. 

With the unique electrical property of varying in-
versely in resistance as the fourth power (or even 
higher) of the applied voltage, Thyrite resistance 
material has solved many problems for the design 
engineer. 
Use it with a-c, d-c, or short duration pulses; for 

such applications as the limiting of voltage surges, 
stabilization of rectifier output voltages, control-
ling of voltage-selective circuits, and potentiom-
eter division of voltages. 
Thyrite comes in disk form in diameters from 

0.25 to 6.00 inches, with or without mounting 
holes. Smaller sizes are furnished with wire leads. 
See Bulletin GEA-4138. 

_ 

'Registered Trade Mark of General Electric Co. 

General Electric Company, Section B667-0 

Apparatus Department, Schenectady 5, N. Y. 

Please send me the following bulletins: 

Indicate 
( V ) for reference only  0 GEA-3634 Voltage stabthxers 

( X ) for planning an immediate 0 GEA-4138 Thyrite 
project  0 GEA-5457 HMA relays 

Name 

Company 

Address 

City State 

PROCEEDINGS OF THE I.R.E.  November, 1930  11. 
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WTCH Helps Shawano Evening Leader : 
Reach The Northeastern Wisconsin Market 

WTCH serves more than 150,000 families in north-
eastern Wisconsin. It is a 1000 watt daytime station 
operated in conjunction with the Shawano Evening 
Leader, Shawano, Wisconsin. The 240 foot Truscon 
Tower with 52 x. 48 Truscon Ground Screen assures 
an excellent signal. 

"We are very well satisfied with our Truscon Radio 
Tower" says W TCH Manager, D. W. Hodgins. 
"Recently the tower withstood 80-mile-an-hour winds 
with no damage and no loss of operation. It has also 
withstood heavy sleet storms and other adverse weather 
conditions which we in northern Wisconsin experience, 
especially in the winter." 

Truscon Radio Towers have a world-wide reputation 
for"staying in business" under all types of topographical 
and meteorological conditions. Each installation is 
engineered to the particular requirements of the job. 

Whether you're planning in terms of AM, FM, or 
TV, call or write your nearest Truscon district office. 
Capable technicians will work with you in selecting 
location and type of tower—guyed or self-supporting, 
uniform or tapered cross-section, tall or small—which 
best will serve you and your audience. 

TRUSCON STEEL COMPANY 
YOUNGSTO WN 1, OHI O 

Subsidiary of Republic Steel Corporation 

TRUSCON 
SELF-SUPPORTING 

TOWERS AND UNIFORM 
CROSS SECTION GUYED 

TRUSCON COPPER MESH GROUND SCREEN 

12A PROCEEDINGS OF THE I.R.E.  November, 1950 



RHEOSTATS 

RESISTORS 

TAP SWITCHES 

World Renowned for Dependability 
To thousands of equipment manufacturers the world over—the 

d M e  )11 11 III'. has beci , • +N nonymous with Q( ..41,171.. These 

manufacturers have put )11NIITE resistance products through the 

 s( rigid of all tests- performance in the field  and these su-

perior units have provided consistently dependable performance 

II g life under the most difficult operating condit . . 

Ale Right with 1)11 1I IF  is more than just a slogan to these 

iiscra. They know that wlit-ti the  speed.% 4 )11l ITE, they get the 

tioest resistance equii •nt It%ailable  anywhere! 

OH MITE MFG. CO. 
4861 Flournoy St 

Chicago 44, III. 

91J /9.5 

WRITE on company 
letterhead for 

catalog and engineering 
manual No. 40 

Ve Re9Itt add  0  M  T 
RHE O ST ATS RE SI ST O R S  TA P  S WITC HE S 



Families of characteristic curves of 
electronic tubes, complete with all hori-
zontal and vertical graph lines, are 
automatically traced on a cathode ray tube 
face anal photographed with this new 
Sylvania-engineered equipment. 

Precise calibration is assured by 
automatic compensation for circuit non-
linearities and tracing errors. 

Rapid operation yields accurate 
data even in regions of high current 
operation as encountered in Class C 
and pulse applications. This in-
strument, result of years of Sylvania 
development and research. provides 
tube engineers with more accurate 
evaluation of new designs. Radio 
and television circuit designers 
gain from it better application 
data over a wider range of 
applied voltages. 

It marks one more Sylvania 
advance toward better product 
performance—better 
design—better service. 

New Sylvania 
instrument speeds 
tracing of receiving 
tube curves 

This engineer is studying the characteristic run es of a 
subminiatur e tube with the :ew Sylvania Cathode-ray Curve 
Tracer. With this instrument he quickly obtains families 

of 

wide vari ety of conditions. curves for more accurate data about  tube behavior under a 

SITILKANIA 
ELECTRIC 

ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES: ELECTRONIC TES1 EQUIPMENT 

14A 

FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS, PHOTOIAMPS, TELEVISION SETS 
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THIS GEM-SIZED UNIT DOES A 

ol' dA/176- JOB 
Each tiny El-Menro UNI-13 capacitor perform: at maxi-

mum efficiency regardless of climate or critical operating con-

ditions. Before leaving the factory, it is tested for dielectric 

strength at double working voltage—for insulation resistance 

and capacity value. Every gem-sized El-Menco capacitor 

meets and beats the strictest Army-Navy standards. That's 

why you can always depend on this tiny condenser to give 

aiontie performance in your product. 

CM-15 MINIATURE CAPACITOR 

Actual Size 9 32" x 1 2" x 3 16" 
For Television, Radio and other Electronic 
Applications. 

2 to 420 mmf. cap. at 500v DCw. 
2 to 525 mmf. cap. at 300v DCw. 
Temp. Co-efficient  50 parts per million 
per degree C for most 
capacity values. 

6-dot color coded. 

M OL DE D  MI C A 

A CO MPLETE LINE OF  CAPACITORS  TO 

MEET EVERY REQUIREMENT 

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

Write on your firm letterhead for 

Catalog and Samples. 

CAP ACIT ORS 
MI C A  TRI M MER 

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC. CONN. FOR INFORMATION. 

ARCO ELECTRONICS, INC. i 03 Lafayette St., New York, N. Y.—Sole Agent tor Jobbers and D,stributors n U.S. and Canada 

PROCEEDINGS OF THE I.R.E. N ember, /93,) 
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SIGNAL GENERATORS b 
AIRCRAFT RADIO CORPORATION 

The Type 1-1-1.1 Signal Generator, 108-118 
megacycles, provides a standard signal 
source for the complete testing of VHF 
airborne omnirange and localizer receivers 
in aircraft or on the bench. It provides for 
testing 2 omni courses, plus left-center-
right checks on both amplitude and phase 
localizers. Aircraft may be checked out 

411MI TYPE H-1 0—Microwave Test 

ARC Communication 
and Navigation Equipment 

Aircraft Radio Corporation also manufactures 
LF and VHF airborne communication and nav-
igation equipments—all CAA-Type-Certificated 
for scheduled air-carrier use or for those whose 
type of flying requires a high degree of reli-
ability and performance. Equipment consists of 
light, small units which can be combined to 
provide the required operation, whether it be 
the 1 Receiver/1 Transmitter (15 pound) instal-
lation in a 2-place helicopter, or a 3 Receiver/2 
Transmitter/ VHF Omni installation (70 
pounds) in larger 2-engine aircraft. 

Pros ides source of cw or pulse 
frequency—modulated RF, power 
level — 37 to —90 dbm. RF power 
meter measures levels from +7 to 
+30 dbm. Frequency meter for 
measuring output or input RF ac-
curate to better than 20 mc. Pri-
mary purpose of the H-10 is to 

TYPE H-14 
1 0 8 -1 1 8 ME G A CYCLES 

Tests OMNI Receiving Units 

in Aircraft or on the Bench 

Checks on: 

• 24 Omni courses 

• Left-center-right on Phase-
localizer 

• Left-center-right on Amplitude-
localizer 

• Omni course sensitivity 

• To-From and Flag-alarm opera-
tion 

• All necessary quantitative bench 
tests 

quickly and accurately just before 
take-off. RF output for ramp 
checks, 1 volt into 52 ohm line and 
for bench checks, 0-10,000 micro-
volts. Provision for external voice 
or other modulation. AF output 
available for bench maintenance 
and trouble shooting. 

Price: $885.00 net, f.o.b. Boonton, N. J. 

Set; 23,500-24,500 Megacycles 

measure receiver sensitivity, band-
width, frequency, recovery time, 
and overload characteristics, plus 
transmitter power and frequency. 
Recommended as a standard source 
of RF for research or production 
testing. Equal to military 
TS-223/AP. 

Price: $1692.00 net, f.o.b. Boonton, N. J. 

INN TYPE H-1 2—VHF Signal Generator; 900-2100 Megacycles 
Provides source of cw or pulse 
amplitude-modulated RF, power 
level 0 to — 120 dbm. Internal 
pulse circuits with controls for 
width, delay, and rate, and provi-
sion for external pulsing. Single 

dial tuning, frequency calibration 
accurate to better than 1c7c. Built 
to Navy specifications for research 
and production testing. Equal to 
military TS-419/U. 

Price: $1950.00 net, f.o.b. Boonton, N. J. 

WRITE TODAY for descriptive literature on A.R.C. Signal Gen-
erators or airborne LF and VHF communication and navigation 
equipments, CAA Type Certificated for transport or private use. 

fiircraft i{adio Corporation 
Boonton, N. J. 

Dependable Electronic Equipment Since 1928 
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''.11114,11 §Po1/4140"0.  

AlSiMag is impervious to moisture 

_Nets \ 

iii-ssw rot '"",4014 '• 
7;4 "4111 .11 

AlSiMag does not rust, 
oxidize or corrode 

\ 5001 RPOLT 

AlSiMag is as 
light as aluminum 

\lb 

AlSiMag is non-magnetic  AlSiMag has higher insulation 
at high temperature 
than fused quartz 

AlSiMag is chemically inert 

//  \II r reprkillk 

AlSiMag is permanently rigid 

TPADI rAMP PF G ,STERT Co U S  PATE NT OF F,CF 

AlSiMag is harder 
than granite 

AlSiMag withstands 
higher compressive 
loads than steel 

AlSiMag has lower coefficient of 
expansion than any commonly used metal 

CUSTOM MADE TECHNICAL CERAMICS 
AlSiMag is the trade name of a large family of versatile ceramics. Among the many AlSiMag 
compositions, you may find one which has exactly the physical characteristics you need. 
AlSiMag makes parts to your blue prints, cooperates on design when desired. These parts 
come to you ready for your assembly line. They are uniform, dimensionally accurate, and 
are economically fabricated in quantity. The AlSiMag Property Chart is sent free on request. 

AMERICAN LAVA CORPORATION 
4  9  T H  Y E A R  O F  C E R A M I C  L E A D E R S H I P 

CH A T T A N O O G A  5,  TE N N E S S E E 

OFFICES  METR OPOLITAN AREA  671 Brood St., Newark, N. J.  Mitchell 2•8159 • CHICA G O, 228 North LaSalle SI., Central 6-1721 
PHILADELPHI A,  1649  North  Brood  St.,  Stevenson  4.2823  •  LOS  AN GELES,  232  South  Hill  St.,  Mutual  9076 
NE W  EN GLAND,  38.B  Brottle  St.,  Cambridge,  Mass.,  Kirkland  7-4498  •  ST.  LOUIS,  1123  Washington  Ave.,  Garfield 11959 



the 4-400A 

EIMAC 4-400A PO WER TETRODE 

TYPICAL OPERATION 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 

Class AB,  (Sinusoidal  wave, two tubes, 
unless otherwise specified) 

DC PLATE VOLTAGE  3000  4000 

DC SCREEN 
VOLTAGE  - - -  750  600 

DC GRID VOLTAGE 
(approx.)  • - - - —136  —116 

ZERO  SIGNAL  DC 
PLATE CURRENT - 

MAX.  SIGNAL  DC 
PLATE CURRENT - 

ZERO  SIGNAL  DC 
SCREEN CURRENT 

MAX.  SIGNAL  DC 
SCREEN CURRENT 

EFFECTIVE LOAD 
PLATE TO PLATE - 9200 16,000 

PEAK AF GRID 
INPUT VOLTAGE 
(per tube)  - - .  136  116 

DRIVING POWER  -  0  0 
MAX. SIGNAL PLATE 
POWER OUTPUT - 1100  1280 Watts 

•A,1  to q, (• statocl zero s.gnal plate cu,rent. 

160 

620 

28 

130 

Volts 

Volts 

Volts 

Ma 

510  Amp 

0 Ma 

10 Ma 

Ohms 

Volts 
Watts 

*  Long Life 

*  Low Drive 

RF Amplifier 

*  Audio Amplifier 

*  Simplified Cooling 

Pyrovac Plate 

*  Non-Emitting Grids 

And .. . thoroughly proved 

7  in service. 

A pair of Eimac 4-400A tetrodes provides the ideal answer for a one-
kilowatt AM or FM.broadcast power amplifier stage. The 400-watt plate 
dissipation rating of these tubes allows extremely conservative operation 
at the 1-kw level, thus assuring long, trouble-free tube operation. 

In AM service, the 4-400A is FCC rated for 500 watts output per tube 
in high level modulated amplifiers. In FM applications, the superlative 
performance of the 4-400A at VHF alloWs an easy I-kw of useful power 
output from a paircf tubes. 

The low driving-power requirement of these tetrodes allows the driving 
equipment to be reduced to simple low power stages employing low cost 
tubes. The rugged construction of the 4-400A, plus a Pyrovac plate and 
the use of other time-proven materials and manufacturing, processes, con-
tributes to the tube's long life and ability to withstand both physical and 
electrical abuse. 

To simplify transmitter design, an Eimac air system socket and chimney 
assembly is available for the 4-400A. This assembly provides a balanced 
flow of cooling air to the tube with minimum air waste, as well as com-
pleting the shielding between input and output circuits. 
The low driving-power required by the 4-400A makes it an ideal choice 

for audio as well .as r-f application. High audio power at low distortion 
can easily be obtained with zero driving power. (See accompanying data.) 

,For tube economy in one-kilowatt equipment, consider the service-proven 
4-4COA developed by America's foremost tetrode manufacturer .... Eimac. 
Complete technical data are available ... write today. 

EITEL- McCULLOUGH,  INC. 
San  Bruno,  California 
Export Agents: Fraser & Hansen, 301 Clay St., San Francisco, California 
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GRID VOLTAGE 

fotILYST1010 
NE W 

PO WER SUPPLY for 
microwave oscillators 

Now" 
DIRECT 
READING 
CONTROLS 

— coarse and fine — 

allow repeller volt-

age to be accurately 

odjusted from —20 

to —750 volts. 

sil i eroi s e i s- ., ,  ,, -  -.•  "   

may  be  varied 

continuously from 

—300  volts  to 

o positive value 

limited  by  the 

klystron grid cur-

rent. 

CONTINUOUSLY 
VARIABLE 

corefully regulated beam 

voltage supply provides 

cathode-to-grounded -

anode potential in two 

ranges  with  choice  of 

operation  from  300  to 

1500 volts at 65 ma or to 

3600 volts at 25 ma. , 

PANEL 
METERS 

indicate beam 

voltage  and 

current di -

redly. 

• 

The Type 801-A Universal Klystron 
Power Supply has been developed by 
PRD to meet the increasing need of 
research and production engineers 
for a unit to operate the many differ-
ent klystrons now in use throughout 
the microwave spectrum. 

Provision is made for c-w, square-wave, sawtooth, and ex-
ternal modulation of conventional internal cavity klystrons, 
external cavity oscillators, and the new millimeter tubes now 
coming into use in microwave spectroscopy. 

Excellent voltage stabilization guarantees a maximum of 
oscillator frequency stability. Carefully controlled modula-
tion wave-shapes insure accuracy of standing wave measure-
ments and spectrum analysis when made with oscillators 
powered by this supply. 

The new 95-page catalog describing the complete PRD line 
of precision test equipment is now available—write for your 
copy today to Dept. R-9. 

RESEARCH 

81 DEVELOPMENT COMPANY, Inc. 
Ci 2 TILLARY ST., BR O OKLY N  I, NE W YORK 

PRECMON 
ITS711111Pilill 
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7-PIN and 9-PIN...and SUB MINIATURES 

Now MYCALEX offers both 7-pin and 9-pin lllll nature 
tube sockets ... with superior low loss insulating prop-
erties, at new low prices that offer ceramic quality for 
the cost of phenolics. 

MYCALEX miniature tube sockets are injection 
molded with precision that affords uniformity and 
extremely close tolerances. MYCALEX insulation has 
high dielectric strength, very low dielectric loss, high 
arc resistance and great dimensional stability. 

Produced in two grades: MYCALEX 410 conforms 
to Grade IA specifications, having a loss factor of 
only .015 at 1 MC. It is priced comparably with 
mica filled phenolics. 

MYCALEX 410X is for applications where low 
cost of parts is v;tal. It has a loss factor only one-
fourth that of "everyday" quality insulating ma-
terials, and a cost no greater. 

Prices gladly quoted on ybur specific require-
ments. Samples and data sheets by return mail. 
Our engineers will cooperate in solving your 
problems of design and cost. 

Mycalex Tube Socket 
Corporation 

'Under Exclusive License of Mycolex Corporation 

of America•' 

30 Rockefeller Plaza, New York 20, N.Y. 

MYCALEX CORP. OF AMERICA 
-Owners of 'MYCALEX' Patents; 

Executive Offices 30 Rockefeller Plaza, New York 20, N. Y.  Plant and General Offices: Clifton, N. J. 
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Mobile Unit 
Handles Film Commercials on the Spot 
for Better Control and Economy 

ABC 
Pioneers New 

Telecast Technique 
with 

GPL 
UTILITY PROJECTOR 

WJZ-TV 
T ELE VIS ION 

AIX ••••,•• 

11419ae,•,.• 

Using the new GPL 16-mm Utility Pro-
jector, the American Broadcasting Com-
pany scored another television "first" by 
handling filmed commercials direct from 
its mobile units at football games. This 
new technique eliminates the need for 
expensive studio stand-by facilities and 
film-chain tie up. It results in smoother 
programming. And it gives the director 
on location full control of timing. 

The GPL Utility Projector (PA-101) 
is used with a standard image orthicon 
camera without special phasing facili-
ties. It projects either direct into the 
camera, or on an intermediate screen in 

TV Camera Chains • TV film Chains 

TV Field and Studio Equipment 

Theatre TV Equipment 

a shadow box. With the latter, one of 
the cameras used for game pick-up can 
be swung around to the shadow box to 
take commercials. 

The PA-10I is not only a professional 
auxiliary projector for the larger sta-
tion, it is ideal for studio as well as field 
work in smaller stations. Easily port-
able, it may be used for film preview 
or rear screen projection. And for film 
telecasts, it may be used with regular 
studio cameras to provide quality equal 
to specialized iconoscope film-chain 
equipment. 

O SI O 

4 011< =1 " 

0 
111 

E=9 
Oitipogt116 

Write, wire 

11111 

-v 

ABC ENGINEERS designed a special pro-
jector-camera mount for their mobile 
units. Set-up is easily removable; camera 
rotates on base for adjustment. Split 
coupling keeps out light. 

Camera swings 
from gam• pick-up 
to shadow-box 

Scroen in 
shadow-box 

Projector with 
reversal mirror 

NO EXTRA CAMERA required with this 
alternate arrangement which uses shad-
ow-box screen in stadium camera booth. 
Camera used for game pick-up may be 
swung to shadow-box to make com-
mercials. 

or phone for details . 

General Precision Laboratory 
I N  C  0  R  P  O R  A  T  E D 

PLEASANTVILLE NE W YORK 
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Type 89ZXY Aerolites4 Aer-
ovox-Improved metallized pa-
per capacitors were devel-
oped to meet present-day re-
quirements for capacitors of 
improved reliability and re-
duced size. Type 89ZXY Aer-

oliteni, are metallized-paper 
capacitors  in  hermetically-
sealed metal cases. Other Aer• 
olite* capacitors are available 
in tubular, bathtub and other 
case designs. 

Type SRE Bantams':'  The 
smallest electrolytics yet. Es 
pecially suitable for personal 
radios, filler circuits and sim-
ilar functions. Hermetically. 

coaled aluminum can with di-
ameter-reducing stud termi-
nals.  Improv ,c1  processing 
and materials combined with 
more efficient space utiliza-

tion, means smaller sizes — 
but no reduction in life. 

Typo '87 Aeroccns — Self. 
molded plastic tubular, with 
new impregnant, Aerolene*; 
new rock-hard Duranite* end 
seals.  All the performance 
characteristics of molded. 
plastic capacitors at a price 
close to that of conventional 
paper tubular,. Excellent heat 

and humidity resisting quali-
ties. Operating temperatures 
of —30° C to +100' C. 

• Tell us what you are designing or producing. Our 

engineers will gladly show you better assembly pos-

sibilities with marked economies. Literature on re-

quest. Write on your letterhead to Aerovox Corpora-

tion, Dept. DF-65, New Bedford, Mass. 

Type P12310 Miniatures - 
Metal-cased, metallized-paper 
capacitors featuring vitrified 
ceramic terminal seals for 
maximum immunity to cli-
matic conditions  heal, cold, 
humidity. For severe-service 

applications and for usage in 
critical as well as ultra-com-
pact  radio-electronic assem-
blies. 

Type P83Z Mirro- Minia-
tures• Smaller than previous 
"smallest"  a distinct depar-
ture from conventional foil-
paper and previous metal-
lized-paper constructions. 
Radically new metallized di 
electric makes possible excep 
tionally small physical sizes. 
Available in two case sizes 
(3/16" x 7/16" and 1-4" x 
916"); voltages of 200, 400. 
600; operating temperatures 
range from —15°C to  85°C 
without derating. 

There is something new in sizes! 
• Never was so much capaci-
tance packed into so little bulk. 
And with improved performance 
and life, too. Aerovox Research 
and Engineering have developed 
capacitor materials that now chal-
lenge the thinking of the progres-
sive radio-electronic designer on 
several counts: 

For elevated temperatures: Im-
munity of Aerolene impregnant 
and Duranite end fills. For humid-
ity extremes: perfected hermeti-
cally-sealed metal-can casings 

even in tiniest sizes. For minia-
turizations: perfected metallized-
paper sections: For compact fil-
ters: smallest electrolytics yet. 
For maximum reliability: the most 
conservative ratings. For lower 
prices:  advanced  engineering 
backed by highly mechanized 
fabrication. 

New design thrills at your fin-
ger tips! That's what these latest 
Aerovox capacitors mean to you 
by way of still better radio-elec-
tronic assemblies. 

CA P A CI T O R S • VI B R A T O R S • TE S T  IN S T R U M E N T S 

deele<1- 11 (1  
AEROVOX CORPORATION. NEW BEDFORD, MASS., U. S. A. • Sales Offices In All Principal Cities 

(rood: 41E. 42nd St.. New York 17, N. Y. • Cable AEROCAP. N Y • In Canada AEROVOX CANADA LTD., Hamilton. Ont. 

• - • = MI 
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WORLD WIDE STANDARD OF 

Type CVH—With Harmonic 
Filter: 

;•"..• •) 

„ •••••  • 
," • 

'x',"/•; IN4it 

/ 

. „ 

Type CV—Standard: 

'•• • 
••• 

• 

Wide range of capacities and volt-
ages . . . regulation  1% or less 
with a total primary variation of 
30% . .. for electronic equipment 
requiring close regulation. 

Type CVE — Plate and Filament 
Supply: 

A single, compact source of fila-
ment and plate supply voltages 
. regulated to within  3% or 

less with line voltage variations of 
100-130 volts. 

; 

SOLA Constant Voltage Transformers are 
manufactured and employed throughout 
the world for automatic, instantaneous reg-
ulation of voltage. They do not have mov-
ing parts, or require manual adjustments. 

'es 

ENGLANL 
Ad  Components Ltd. 
Walthamstow, E., England 

". 

• 

- 

FRANCE 
M. C. B. IL Veritable Alter 
Courbevoie (Seine), France 

.  c̀-• 
.; • .--%•:* 

ARGENTINA 
Ucoa Radio S. A. 
Buenos Aires, Argentina 

AUSTRALIA 
Endurance Electric Company 
Concord West. N. S. W., Australia 

Incorporates harmonic neutralizer 
circuit . . . 1% regulated volt-
age . . . less than 3% harmonic 
distortion. 

Type CVA—For Television 
Receivers: 

Voltage regulation of home TV 
Receivers at moderate price . . . 
plug-in type . . regulation  3% 
or less. 

soil A ovetitz-vot p=0-‘, TRANSFOR MERS 

We invite your inquiry on the 
application and benefits of SOLA 
regulators to your product. 
BOOKLET K CV-102 is available 
on req./elf 

liLir  b 
Trensferm•rs fort Constant Voltage • Fluorescent Lighting • Cold Cathode Lighting • Airport Lighting • Series  Lightin g • I.ure l t e Signs 
OH Burner Ignition • X-Roy • Power • Control* • Signal Systems • etc. • ISOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois 

M•nuf.. unit, Slows by! AutiAtticg COMPONENTS LTD., Walthimitou E., Tailing!  • M. C. B. & VERIl ABLE  C 
ALTER.  .urbevose kSen.), I  

ENDURANLE ELECTRIC CO., Comord W m. N. S V., ;v."06 •  UCOA RADIO S.A., Buenos Aire', Argentin' 



STAN AR  141* 

VHF ! 
15 MC 
to 

400 MC 

C U B 

Sensit y  as  two•termino l vo ltmeter, (95  ohms  balanced)  Com mercial equivalent  of  TS•587,1.1.  

2 microvolts 15.125 MC;  5 microvolts 138400 MC.  Field 
intensity  oteosurements using calibrated dipole.  Frequency 

range includes FM and TV Bonds. 

ETERS 

DEVELOPED BY STODDART 
FOR THE ARMED FORCES. 

AVAILABLE COMMERCIALLY 

! 
150 KC 
to 

25 MC 
NM - 20A 

Commercial equivalent of AN PRM.1. 
Self•contoined batteries.  A.G. supply optional. Sensit ty as 
two.terminal voltmeter,  1 microvolt.  Field intensity with 
meter rod antenna,  2 microvolts.pet-meter; rotatoble loop 
supplied.  Includes standard broadcast bond, radio range. 

W WV, and communications frequencies. 

Since 1944 Stoddort RI-FI• instruments hove established the 
standard for superior quality and unexcelled performance. 

These instruments fully comply with test equipment require• 
ments of such radio interference specifications as JAN-I-225, 
ASA C63.2, 16E4(SHIPS), At4.1.240, AN-I-42, AN•I-27a, AI•41-40 

and others. Many of these specifications were w ritten or re-
vised  to  the  stondords  of  performance  demonstrated  in 

Stoddart equipment. 

VLF ! 
14 KC 
to 

250 KC 

Commerciol equgvolent of AN 'URM-6 
A new achievement in sensitivity!  Field intensity measure-
ments,  1 microvolt•per•meter using rod;  10 microvolts•per-
meter using shielded directive loop.  As two•terminal volt-

meter.  1 microvolt. 

*Radio Interference 

6644 SANTA MONICA BLVD. HOLLYWOOD 38, CALIF. 

294 

UtIF 

375 MC 
to 

1000 MC 

Commercial equivalent of AN URM.17. 
Sensitivity as two-terminol voltmeter, (50-ohm coaxial input) 
10 microvolts.  Field intensity measurements using calibrated 
dipole.  Frequency range includes Citizens Bond and UHF 

color TV Band. 

The rugged and reliable instruments illustrated above serve 
equally well in field or laboratory.  Individuolly calibrated 
for consistent results using internal stondord of reference. 
Meter scales marked in microvolts and DB obove one m icrovolt. 
Function selector enables measurement of sinusoidal or complex 
waveforms,  giving  overage,  peak  or  quasi-peak  values. 
Accessories provide means for measuring either conducted 

or radiated r.f. voltages. Graphic recorder available. 

and Field Intensity. 

Precision Attenuation for UHF 

Less than 1.2 VSWR to 3000 MC. 
• Turret Attenuotor: 
t. 0, 10, 20, 30. 40, 50 DB. 
Accuracy + .5 DB. 

". Patents applied for. 
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Secondary 
Impedance 

50. 125. 200.  60,000 ohms in 
250, 333. 500/ too sections 
600 ohms   
As above 50.000 ohms 
50. 125. 200. 120.000 ohms 
250. 333. 500/ overall. In two 
600 ohms  sections 
As above 80.000 ohsns 

overall. In two 
sections 

Bridging line to single or  5.000 ohms  60,000 ohms in 
push pull grids  two sections  

95.000 ohms; 
1.251 each side 

THE ULTIMATE IN QUALITY... 
UTC Linear Standard Audio Transformers represent the closest approach 
to the ideal component from the standpoint of uniform frequency re-
sponse, low wave form distortion, high efficiency, thorough shielding 

and utmost dependability. 

UTC Linear Standard Transformers feature ... 
True Hum Balancing Coil S ttttt Ore ... mold-
III urn  neutralization of stray fields. 

Balanced Variable Impedance Line ... per .. 
'nits highest fidelity on every tap of a universal 
unit . . . no line reflections or transverse coupling. 

Reversible Mounting ... permits obove chassis 

or sub-chassis wiring. 

Alloy Shields ... maximum shielding from in. 

ductive pickup. 
Hiperm-Alloy ... a stable,  high permeability 

nickel-iron core material. 

•  Semi-Toroidal  Multiple  Coil  Structure ... 
minimum distributed capacity and leakage re-

actance. 

•  Precision Winding ... accuracy of winding 
.1 n/0  perfect balance of inductance and capacity; 
exact impedance reflection. 

et High Fidelity ... UTC Linear Standard Trans-
formers are the only audio units with o guarar, 
reed uniform response of 'I.-. 1 DB from 20-20,000 

cycles. 

TYPICAL LS LOW LEVEL TRANSFORMERS 
Relative  Max. 
hum.  Unbal-

Primary  :!irldb  Max.  pickup  anted DC 
froAppli m  cation  Impedance Level  reduction in prim', 

20.20,000  +15 DB -74 DR  5 MA 
Lou  Impedance mike, 
pickup, or multiple line 
to grid 
As Above 
Low impedance mike. 
pickup, or multiple line 
to push pull grids 

LS•12X As above 

LS-26 

LS.I9 Single plate to push pull 15,000 ohms 
grids lAce 2A3. 61.6, 300A. 
Split secondary  

LS-2I Single plate to push pull  15,000 ohms  135.000 ohms; 
grids. Split primary and  turn ratio 
secondary  3:1 overall   

LS.22  Push pull plates to push  30.000 ohms  80.000 ohms: 
pull grids. Split primary  plate to plate  turn ratio 
and secondary  1.6:1  overall 

50. 125. 200,  50. 125, 200. 250. 20-20,000  +17 DB -74 DR 
250. 333. 500/ 333. 500/600 ohms 
600 ohms   

List 
Price 

$25.00 

20-20,000 +14 DB -92 DB  5 MA  32.00 

20-20,000  +151)8 -74 DR  5 MA  28.00 

20-20,000  +14 DB -92 DR  5 MA  35.00 

LS.30  511xing,  low  impedance 
mike, pickup. or multi-
ple line to multiple line 

LS.30X As above  As above  As above  20-20.000 
LS.27  Single plate to multiple  15.000 ohms  50, 125. 200, 250.  30-12.000 

line  333, 500/600 ohms cycles   

LS-50  Single plate to multiple  15,000 ohms  50. 125. 200. 250.  20-20,000 
line  333, 500/600 ohms   

L8-5I  Push pull low level plates  30,000 ohms  50. 121. 200, 250,  20-20,000 
to multiple line  plate to plate  333. 500/600 ohms   

LS-141  Three sets of  balanced  500/600 ohms  500/600 ohms  30-12,000 
windings for hybrid ser-
vice. centertapped  

15-20,000  +20 DB -74 DB 

20-20.000  +17 DB -50 DR 

0 MA  25.00 

20-20.000 +14 DR -74 DB 0 MA  24.00 

20-20,000 +26 DR -JO DR .25 MA  31.00 

5 MA  25.00 

+15 DR -92 DR 3 MA  32.00 

+20 DR -74 DR 8 MA  24.00 

+17 DR -74 DB 

+20 DR -74 DB 

+10 DB -74 DR 

TYPICAL LS OUTPUT TRANSFORMERS 
Typo 
No. 

LS.52 Pusli pull 245, 25% G M 42 or 
2A5 A Prime 

Primary will match 
following typical tubes 

5,000 ohms plate 
to plate and 
3,000 ohms plate 
to plate 

L8•55  Push pull 2A3's. 6A5(.1 s, 300A's. 
275A's, 6A3's. 61.13s 

Primary  Secondary 
Impedance  Impedance 

8.000 ohms 

LS-57 Same as above 5,000 ohms plate 
to plate and 
3.000 ohms plate 
to plate   

LS•58  Pull. pull parallel 2A3'.. 6A50 s, 2.500 ohms plate 
300A's, 6A3's  to plate and 

1.500 ohms plate 
to plate 

1-8-6L1  Push pull 61.6 s self bias 11.000 ohms 
Plate  

0 MA  24.00 

1 MA  24.00 

0 MA  28.00 

db  Max. 
from  Level 

500, 333, 250, 25-20.000 
200, 125, 50, 30. 
20. 15, 10. 7.5, 
5. 2.5, 1.2   
500, 333, 250, 
200. 125, 50, 30. 
20. 15, 10, 7.5, 
5. 2.5. 1.2 

25-20,000 

15 watts 

25-20.000  20 watts 

500, 333, 250.  25-20,000 
200. 125. 50. 30. 
20. 15. 10. 7.5, 
5. 2.5, 1.2   
500. 333, 250,  25-20,000  30 watts 
200. 125. 50, 30. 
20. IS, 10. 7.5. 

List 
Price 

$28.00 

20.00 

40 watts 50.00 

42.00 
Write for our Catalog P5-409 

150 VARI C K  STREET  NE W  YO R K  13.  N. V. 

EXPORT DIVISION: 13 EAST 40th STREET. NE W YORK 16, N. V.,  CABLES: "ARLAB" 



ML-2C39A  GENERAL CHARACTERISTICS 

The New ML-2C39A*... 
t, 

6 

4 

Electrical 

Cathode: Coated Unipotential 

Healer Voltage   6.3 volts 
Heater Current   1.0 amperes 

Amplification Factor (Average)   100 

Direct Interelectrode Capacitances (Average) 
Grid Plate   1.95 mOci. 
Grid Cathode   6.50 A/mid. 
Plate Cathode   0.035 Apt d. 

Transconductance 

(lb  70 ma, EL.  600 v.) (Average). 23,000,umhos 

Radio Frequency Power Amplifier 
Class-C FM Telephony or Telegraphy 
(key-down conditions, 1 tube) 

Maximum Ratings 

D-C Plate Voltage   1000 max. volts 
D-C Cathode Current   125 max. ma. 
D-C Grid Voltage   —150 max. volts 
Peak Positive R-F Grid Voltage   30 max. volts 
Peak Negative R-F Grid Voltage   —400 max. volts 
Plate Dissipation   100 max. watts 

Grid Dissipation   2 max. watts 

For assistance on your specific problem, write to 

EFICIACHLED 

Proving once again that 

i(e/t.ef.cee 
1. Design of cathode lead for positive adjustment and 
control of transconductance; limits are 20,000-23,000 
umhos or only 25(A, of permissible specified range. 

2. High temperature ceramic in hot cathode end elim-
inates danger of gas evolution from glass at high tem-
peratures. Assures better protection under overload 
conditions. 

3. Uniquely processed mesh grid assures greater fre-
quency stability with variation in grid dissipation. 

4. Gold over silver plating to maintain optimum sur-
face conductivity even in corrosive atmospheres. 

5. Machletes high vacuum processing for good cath-
ode activation and freedom from gasiness. 

6. Stronger glass-metal seals. L ess breakage inserting 
and removing tubes. 

* Conforms with recently issued JAN specifications. 

ML-381 FOR PULSED APPLICATIONS 

Maximum Ratings (Tentative) 

ep, peak   

ip, peak   

ig, peak   

Ii., ave   

Ig, aye   

T, pulse length 

duty   

  3500 volts 

4.5 amps 

2.0 amps 

30 MA 

15 MA 

5 sec. 

I% 

Et   5.5 volts ÷ 5% 

In all other respects the ML-381 is electrically and 
mechanically interchangeable with the 2C39A. 

IP 

.40-‘  7%,e Tale 5fiece.44er 
Long experience in the development and manufac-

ture of the 2C39A electron tube has given Madden 
Laboratories a comprehensive understanding of the 
operating problems encountered in a wide variety of 
applications of this tube type. 

Machlett Laboratories 

or contact your local Graybar office. 

O VER  50  YE ARS  OF  ELE CT R O N  TU BE  EX PE RIE N CE 
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IMPEDANCE MEASUREMENTS 

SPEED AND CONVENIENCE 

Rapid, accurate measurement of im-
pedance, reflection coefficient and stand-
ing wave ratio. Small size, convenient for 

field use. 

50 to 500 Mc. 

Can be inserted in various sizes of 
solid coaxial line or flexible cables. 

Make three readings, plot diagram 
and read off impedance to  5%. 

$400.00. 

FTL-42A IMPEDOMETER 

PRECISION 

Precise impedance measure-
ments in the range of 60 to 1000 
megacycles per second. Accuracy 
-± 2%. 

1000 to 2000 Mc range cov-
ered with slightly reduced accuracy. 

Coaxial line 250 centimeters 
long having a surge impedance of 
51.0 ohms 4 0.5 ohms. 

$2,495.00. 

FTL-30A SLOTTED LINE 

Write for FTL-30A and FTL-42A brochures 

Federal Telecom m u ic at/on Laboratories, Inc. 

500 Washington Avenue  Nutley 10, New Jersey 

PROCRIMINGs 61:  I.R.E. NoVember, 1950 
27% 



HERE'S 

LA B  O R  PR O D U CTI O N 

A QUICK CHECK OF LOW 
RESISTANCE CONNECTIONS 
BONDS, CONTACTS etc. I 

Shallcross low  ce tes t sets greatly iacilitate  
re sistan 

comparison  tests between 2 and 800,000 microts-o, hamrms. 
Their uses range horn testing the electrical conductivity 

ot bonds, welds and seals to  contacts, tilamen -
atures  or tor making any measurement under I ohm. 
Suitable units are ava ilable tor either held, laborator y or 

pro duction line use . Write tor Bulletin 

LBT-1. 

KELVIN plus WHEATSTONE 
RANGES IN ONE HANDY 

BRIDGE 
Why pay for two instruments when one will do 

both jobs? Providing both Kelvin and Wheatstone 

ranges from 0.0001 ohm to 11.11 niegohms, this 
Shallcross No. 638-E1 combined bridge is highly ac• 

curate and outstandingly convenient. Priced at only 
a little more than a single bridge with a limited range, 
it is a typical example of Shallcross instrument 
efficiency and economy. 

DECADE RESISTANCE 
BOXES TO MA CH YOUR 

NEED...exactly 
tance  Boxes 

Over 40 Shallcross stand R day.  'Types range horn  

ard esis  prov ide 

the widest assortment available to   
1 to '7 dials (tom  0.01 ohm to 111  megoluns and are 

available in styles, sizes and prices  tot  ptacti y  

cally an 

laboratory or pt oduction testing need.1N rite tot Bulletin. 

5111Alt(iR 
SHALLCROSS MANUFACTURING CO MPANY 

Collingdale  • Penna. 

NE W 

OVAL 

SELECTOR 

SWITCHES 

Several new oval rotary 
selector  switches  are 
described  in  Bulletin 

L13 just issued by the Shallcross Manu-
facturing Co., Collingdale, Pa. Six basic 

plates and three rotor types produce 
switches having from one to three poles 
per deck or gang and with other desired 
mechanical and electrical details. As 
many as 18, 9 or 6 positions may be ob-
tained in single-, double-, or triple-pole 
types respectively. These may be single-, 
double-, or triple-pole decks exclusively 
or a combination of different types. 

VERTICAL STYLE PRECISION 

RESISTORS FOR JAN USES 

Improved vertical style 
precision wire-bound re-
sistors  for  use  where 
mounting  requirements 
make it desirable to have 
both  terminals  at  the 
same end of the resistor 
have been introduced by 
the Shallcross Manufac-
turing  Co.,  Collingdale 
Pa. These units provide a 

longer leakage path from the mounting 
screws to the terminals. Known as Shall-
cross Types BX120, BX140, and BX160, 
they are designed to meet JAN require-
ments for styles RB40B, RB41B and 
RB42B  respectively.  For  commercial 
uses, the resistors carry somewhat higher 

ratings than for JAN applications. Wire 
leads  instead  of ,terminals  can  be 
furnished if desired. Complete details 
will gladly be sent on request to the 
manufacturer. 

FLAT, METAL-ENCASED 

WIRE- WOUND RESISTORS 

Flat, metal-encased, Type 265A wire-
wound power resistors introduced by the 
Shallcross Manufacturing Company, Col-
lingdale, Pa., are space wound, have mica 
insulaton, and are encased in aluminum 
for mounting flat against a metal chassis. 
At 175 ° C. continuous use they are con-
servatively rated for 71/4  watts in still 
air and 15 watts when mounted on a 
metal chassis. Write for Bulletin 122. 
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"with A MERIC A N 46, AIRLI NES 

111 WEI ISA  MST... 
States HERSCHEL W OLF 
of American Airlines 

"...G-E High-Reliability Tubes 
Lift SAFETY and SAVINGS, Too!" 

CAN'S Herschel Wolf, in charge of aircraft radio communications a for American Airlines: "You can trust G-E High-reliability 
Tubes to do their job a// the time. They've helped us lift our high 
safety standards still higher." 
You can't beat these special G-E miniatures for steady perform-

ance "under fire"—the kind of day-in, day-out job you can count 
on. So take a tip from American and other enthusiastic users, and 
specify G-E High-reliability Tubes in the equipment now on your 
drawing-boards! You'll lower upkeep costs, increase safety factor, 
widen your product's acceptance. 
Altimeters, radio compasses, radio control apparatus, h-f air-

craft receivers—all are employing G-E High-reliability miniatures 
with marked success. Every tube gets 50 hours' service at the factory 
under Class A conditions. Also, frequent samples are chosen for 
life tests, during which the tube is operated normally but inter-
mittently by turning the heater on and off at one-minute intervals. 

Communications . . . industry . . . along with aviation, find 
numerous applications for G-E High-reliability miniatures—the 
better tubes for better service where conditions are exacting! Write  GL-5686 
for further information. Learn more about what these tubes are; 
what they will do; how they can serve your needs more efficiently. 
Electronics Department, General Electric Co., Schenectady 5, N. Y. 

GENERAL ELECTRIC 

GL-5670 

GL-5654 
GL-5670 
GL-5686 

GL-5725 

GL-5726 

GL-5749 

GL-5750 

GL-5751 
GL-5814 

GL-5654 

Sharp-cutoff r-f pentode 

H-f twin triode 
Power-amplifier pentode 

Semi-remote-cutoff r-f 
pentode 
Twin diode 

Remote-cutoff r-f pentode 

Pentagrid converter 
High-mu twin triode 
Medium-mu twin triode 

1 
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News—New Prod ucts 

writ TEN& -OM colic 
For faster production of jet part, TV 

cones, or experimental designs, call Teiner. 

Capacity is immediately available for sheet metal 

working and spinning of all metals. 

Automatic machines for TV 

Cones, power tools for spinnings up to 16 ft. 

and facilities for handling stainless steel and new 

Timken alloy can be applied to your fabrication needs. 

For shrouds, reflectors, hemispheres, guards, 

baffiles,  conical,  spherical  or  parabolic 

shapes, flanged or dished heads or special designs, send 

samples or drawings for prompt estimates. 

Save time and money — Consult Teiner 

R O L AIR D 

WE 
CO M P A N Y,  IN C O R P O R ATE D 

134 TREMONT ST, EVERETT 49, MASS  Tel. EV 7-7800 

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

Marked Brushes Aid in 
Brush Replacement 

Carter Motor Co., 2644 N. Nlaplewt,od 
Ave., Chicago 47, III., has developed a way 
to measure brush life so that replacements 
may be made before service fails or damage 
011 ltrti. 

Described as Line-O-Life, these brushes 
are interchangeable with older types of 
similar size, and are in all respects similar, 
except for the addition of a visual indicator 
line impressed across the top of the brush 
at a point indicating full service life. When 
worn down to this Line-O-Life, brushe, 
should be replaced. 

Excessive brush wear results in poor 
contact, sparking, worn and grooved com-
mutators. These brushes avoid serious 
trouble by showing you when replate-
ments should be made. 
For descriptive literature on converters 

and dynamotor power supplies equipped 
with new Line-O-Life brie:hes, write to 
Carter Motor Co. 

New Nuclear Scaler 
Described as the first of a series it 

"building block" units, the Atomic In-
stillment Co., 84 Nlassachtisetts Ave., 
Boston 39, Mass., announced that their 
new 1010 scaler is now in. production and 
is available for delivery. 

The standard Model 1010 is furnished 
optionally with a scale-of-100 or scale-of-
256, and added scaling assemblies to make 
either a scale-of-1,000 or a scale-of-4,096 
may be specified %% it hout appreciably 
affecting delivery. 
A partial list of the standard features 

and modificat ions now available includes: 
Optional scale iii-100 or scale-of-256; plug-
in input and diode-coupled scaling strips 
(binar‘ t,r ,lei ade ,, resolving time less than 
5 micro,•tonds : Minos: C,-NI probe 9.25 
volt s •nsii  e\tcrnal preamplifier: 
pulse height discriminator, adjustable. 
2,500 v line and load regulated high voltage 
supply, etc. 

(Cott:ink:a on Page 44.4) 
30A 
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• 

LAVOIE PRODUCTS 
INCLUDE: 

RADAR RECEIVERS 
RADIO RECEIVERS 

SIGNAL GENERATORS 
FREQUENCY METERS 
ANTENNA EQUIPMENT 
PULSE GENERATORS 
OSCILLOSCOPES 
RADAR BEACONS 

COMMUNICATION 
SYSTEMS 

CRYSTAL IMPEDANCE 
METERS 
ETC.. ETC. 

• 

‘1%Vtiift•ft 

•  • 

•  • 

•  • 

. If 

. If 

. If 

UHF design or development is a major problem with 
you, Or . . . 
low-unit manufacturing cost is essential to satisfactorily 
meet competition, or... 
trustworthy, confidential collaboration is a highly 
necessary factor ... 

THEN Lavoie Laboratories, Inc. can be of invaluable assistance. We have 
the Engineering Staff ... the shop techniques. .. a competent understanding 
of government contract procedures . . . and the reputation for satisfactorily 
meeting all of these requirements. 

We welcome your inquiries on any phase 
of UHF design, development or production. 

Xavoie Xdoinakft cAc 
MORGANVILLE, N. J. 
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KEEP PosrED 
on 

Electron Tubes 

with the most authoritative 
technical literature in the field 

Tube Handbook —All Types HB-3 

(734" x 5 ) The -bible - of the 
industry—contains over 2500 pages of 

loose-leaf data and curves on all RCA re-
ceiving tubes, power tubes, cathode-ray tubes, 
phototubes, and special tubes. Three de luxe 
4-prong binders imprinted in gold. Available 
on subscription basis. Price, $10.00 including 
service for first year. Write to Commercial Engi-
neering for descriptive folder and order form. 

13 Receiving Tube Manual —RC-16 (S W x 
51/2 1-300 pages. New, completely up-

to-date. Covers technical information on more 
than 460 RCA receiving tubes and kinescopes. 
Includes an expanded circuit section, enlarged 
section on resistance-coupled am plifiers,newdata 
on cathode-follower design, and completely 
revised tube classification charts, including mini-
ature types and their GT equivalents. Features 
lie-flat binding. Price, 50 cents. 

Radiotron Designer's Handbook —(9' x 
6") -356 pages. Edited h) F. Langford 

Smith of Amalgamated Wireless Valve Company 
Pty. Ltd. in Australia. Of value to anyone inter-
ested in fundamental principles of practical cir-
cuit design. Copiouslt illustrated. Price, $1.25. 

Power and Gas Tubes for Radio and In-
dustry —Bulletin PC-10 1-A (11"x EiVal 

—20 pages. Contains basic data on more than 
150 air-and-water-cooled transmitting tubes, 

Use this convenient coupon 

for obtaining the RCA tube 

literature you need. 

- •̂ 

RA DIO CORPORATIO N of A MERICA 

ELECTRON TUBES  HARRISON N.J. 

rectifier tubes, thyratrons, ignitrons, and voltage 
regulators. Features brief descriptions, applica-
tions, terminal connection diagrams, and photos 
of representative types. Price, 15 cents. 

101 Phototubes, Cathode-Ray and Special Types —Bulletin CR PS-i 02A (11 x 8%') 
—20 pages. Contains basic data on more than 
145 single-unit, twin-unit, and multiplier photo-
tubes, cathode-ray tubes, camera tubes, mono-
scopes and types for special applications. In-
cludes brief descriptions, applications, terminal 
connections, and photos of many types. Spectral 
response curves are given for all phototubes. 
• Price, 15 cents. 

El Receiving Tubes for AM, FM, and Tele-
vision Broadcast — Bulletin 1275-E--24 

pages. Completely revised and brought up to 
date. Contains characteristics on more than 
450 RCA receiving tubes including kinescopes 
and a classification chart which lists all types 
according to function, and group types having 
similar characteristics and same cathode voltage. 
Socket connection diagrams arranged for quick 
and easy reference. Price, 10 cents. 

El Instruction Booklets —Complete author-
ized information on individual RCA 

iransinitting tubes and other tubes for communi-
cations and industry. Be sure to mention tube-
type booklet desired. Single copy on any type 
free on request. 

4. III IM III El III NI ill III INI REI M III 
RCA, Commercial Engineering 

II Section K47R, Harrison. N. .1. 
Send me the RCA publications checked below. I am enclosing 
$   to cover cost of the books for which there is a charge. 

111 Name  

II Address  

I City   Zone State  

0 1411-3 Tube Handbook ($10)* (A)  
I  0 RC-I6 Receiving Tube Manual (50 cents) (10 

0 Radiotron Designer's Handbook ($1.25). (C) 
0 Power and Gas Tubes for Radio and Industry (15 cents) (D) I D Phototubes, Cathode-Roy and Special Types (15 cents) (E) 
0 Receiving Tubes for AM. FM, an d TV (10 cents ) (F) 
0 Instruction Booklet on tube types  (Free) (0) III 'Prices apply to U.S and possessions only 
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Chairmen of Recent IRE Sections 

Harry L. Thorson 
SCHENECTADY SECTION 

Harry L. Thorson, Chairman of the Schenectady Section, was 
born in Minneapolis, Minn., on September 28, 1908. Upon graduation 
from the University of Minnesota in 1931 with the B.S. degree in elec-
trical engineering, he joined the General Electric Company test 
course at Schenectady. Mr. Thorson became associated in 1934 with 
the Vacuum Tube Engineering Department, which later became the 
Tube Division of the Electronics Department of that company, as 
a design engineer on the initial development of the metal receiving 
tube. Following this assignment he had design engineering responsi-
bilities for television picture tubes, industrial power-control tubes, 
and transmitting tubes. In 1942 he was made assistant section engi-
neer on transmitting tubes and in 1947 he was appointed section 
engineer, responsible for the design and application engineering of 
power control and rectifier tubes. 

Mr. Thorson joined the Institute in 1942 as an Associate and 
became a Senior Member in 1950. He is Chairman of the IRE Gas 
Tube Subcommittee and is a member of the parent Committee on 
Electron Tubes and Solid-State Devices. In addition to his IRE ac-
tivities, he has been active in several committees of the Joint Elec-
tron Tube Engineering Council of NEMA and RTMA. Active in the 
formation of the Schenectady Section, Mr. Thorson became the first 
Chairman in March, 1950, and will continue in office until June, 1951. 

Fred M. Ashbrook 
INYOKERN SECTION 

Fred M. Ashbrook, Chairman of Inyokern Section, was born in 
Alhambra, Calif., in 1918, and received the B.S. degree in electrical 
engineering from California Institute of Technology in June, 1942 
Upon graduation he went directly to the Massachusetts Institute of 
Technology to join the staff of the Radiation Laboratory. NVhile there 
he worked on the development of receiving equipment for microwave 
radars, and later joined a specialized group engaged in the research 
and development of antijamming techniques and equipment. 
In January, 1946, Mr. Ashbrook transferred to the Naval Ord-

nance Test Station, Inyokern, Calif., to work on problems of elec-
tronic instrumentation for the rocket and missile ranges. At present 
he is head of the Missile Instrumentation Section at NOTS. 
Mr. Ashbrook was active in the organization of the Inyokern Sec-

tion of the IRE and was the first Vice-Chairman of the Section. He 
presented a paper on the "Problems of Rocket and Missile Range 
Instrumentation" at the 1950 National Convention of the IRE in 
New York, N. Y. 
Mr. Ashbrook joined the Institute as a Student Member in 1941 

and became an Associate in 1944. He was elevated to the rank of., 
Member in 1945, and in 1949 advanced to the grade of Senior Mem-
ber. He became Chairman of the Inyokern Section on January 26, 
1950, and will hold office for a year. 
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The achievements of engineers stand in such high repute that they are often taken for granted 
by the public. Most products of engineering design generally function satisfactorily. As a result, 
it is usually assumed that engineers are competent and that the devices or mechanisms which they 
produce will function adequately. 
The more complex—and costly—any product which is sold to the public, the more critical will 

be the purchasers. For this reason television receivers in the home represent a real responsibility 
imposed upon the engineer, the production experts, and the test personnel. 
This subject has been treated in stimulating fashion by a pioneering television engineer who 

is as well an industrialist, a Fellow of The Institute of Radio Engineers, a past member of certain 
of the IRE Committees, and the recipient of awards from the Television Broadcasters Association 
and from the Veteran Wireless Operators Association.—The Editor. 

Quality in Engineering 
ALLEN B. DUMONT 

As a manufacturer of cathode-ray tubes, oscillographs, and television equipment, I have from 
the very beginning insisted that quality should be the first consideration in all of the products 
bearing our company name. I have always believed that thorough inspection and testing were 
necessary to insure that material and workmanship were kept at high levels. 
I would like to stress one fact which is commonly overlooke rm connection with quality con-

trol. I find that many people, who are aware of the necessity for quality control, feel that be-
cause they have a staff of inspectors who are familiar with the latest sampling techniques, tables, 
and formulas, can talk knowingly of X-bars and A.Q.L., and utilize control charts and methods, 
they have done about all they can, so far as quality control goes. 
I say to you that quality control can and must go far beyond that. In my plants, we have 

numerous placards posted which read "Quality cannot be inspected in, it must be built in." This 
is an excellent slogan, but it does not really get down to basic fact. I feel that quality must be 

designed in! 
Every single component and piece of material used in the assembly may be thoroughly tested, 

every connection and solder joint may be perfect, every individual set may, on its completion, 
meet all of the operating specifications. However, if the basic design was not made with the idea 
of quality constantly in the mind of the engineer, the final result will be just another radio or 

television set. 
Quality control must commence on the drawing board, not on the assembly line, and it is up 

to each engineer to recognize the need for quality. Don't leave it up to the assembly line in-
spectors. They can't produce a quality product no matter how hard they try, if the basic design 
is weak. Specifications should be made as complete as possible, and components should be in-
cluded therein only after thorough investigation and test to determine their suitability for the 
work in hand. A television receiver, for example, can only be as good as its poorest component, 
and even the best components will fail if they are used in applications for which they were not 

intended. 
I realize all too well that, in these days of competition in the industry, production costs are of 

vital importance and that, in many cases, top management has agreed to compromise in design 
or construction in order to shave a few cents here and there. However, too much of this type of 
economy will result in field failures or poor operation which will be reflected first, in excessive 
replacement costs under guarantee, and second, in the attitude of the buying public. In these 
early days of the giant new television industry, we should all as engineers and manufacturers 
strive constantly to bring the design of television equipment up to the highest standards pos-

sible. 
In closing, I would like to quote a brief but eloquent thought on quality, the author of which 

is unknown to me, but which should be kept before us always: 
"Quality is never an accident. It is 
always the result of high intentions, 
sincere effort, intelligent direction, 
and skillful execution." 
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Management's Role in Research and Development 
of Electronic Systems* 
RALPH I. COLEt, SENIOR MEMBER, IRE 

I NTRODUC HON 

YSTEMS ENGINEERING has many 
la meanings  to different  engineering 

groups. To some, "systems" thinking 
involves mere assemblage and installation of 
a group of equipments which have been 
gathered together to work at a common site, 
followed by the preparation of an over-
all instruction book as a guide in the op-
eration. To others, it means the planning 
effort that goes into detailed study of 
the operation of a number of separate 
equipments, together with the design of 
whatever additional interconnection black 
boxes that are necessary. Other equally 
prevalent systems concepts involve meth-
ods and procedures of evaluating data 
channelled through a plurality of equip-
ments, and being able thereby to express 
predicted operational characteristics from 
the engineering point of view. Not only 
do the divergent points of view of systems 
actively complicate the role of manage-
ment in order to insure completeness of ac-
tion, but equally important is the fact that 
it is very difficult clearly to distinguish, 
using concepts derived from "equipment" 
thinking, between any one system and an 
assemblage of integral systems. Generally 
speaking, the latter type or "Comprehensive 
Electronic System" may be regarded as 
made up of minor systems or elements to 
accomplished the following: 

(a) Data gathering or data receiving ele-
ment. 

(b) Data  processing,  including such 
items as special treatment of data, 
storage of information as well as 
intercommunications with all di-
rectly related elements. 

(c) Data utilization—final output in-
formation—display techniques. 

(d) Data transfer—external communica-
tions. 

While it is possible to catalogue most sys-
tems as to types using the above "Data" 
concepts, it will be shown that in most in-
stances "systems engineering" thinking must 
be extremely broad and encompassing, possi-
bly influencing the design of even minor 
components. Research and development 
management must ever be on the alert to 
keep the end objectives in the forefront to 
insure compatibility of the various elements 
of the systems and to achieve greatest effi-
ciency in the use of men and facilities. 
Vagueness of systems concepts must be re-
duced if full advantage is to be taken of 
performance of individual elements. 
"Systems" research and development of 

the type discussed herein is confined to that 
effort involved in the design, development, 
and evaluation of experimental systems end-
ing with the preparation of procurement in-

* Decimal classification: R010. Original manu-
script received by the Institute. May 17, 1950. 

I Watson Laboratories. AMC, Red Bank. N. J. 

formation for quantity production. This 
line of demarkation usually provides an ac-
ceptable basis for management, assisting in 
clarification of over-all responsibilities. 

I. GENERATING AND DIRECTING 
"SYSTEMS THINKING" 

Realizing  that adequate  electronics 
"systems" do not merely evolve from an 
assemblage of separate equipment concepts, 
it is well to consider in detail how manage-
ment may plant the seeds that will create the 
atmosphere of systems thinking. Of initial 
importance is the interpretation of the de-
sired end goals in terms of possible electronic 
performance. Having once set forth these 
engineering parameters required for the 
end objectives, it is logical to next consider 
the necessary basic electronic systems 
standards to be utilized, taking into account 
other established systems as well as equip-
ment standards which have already been 
generally accepted. For example, the stand-
ards on electronic and electrical interfer-
ence levels, power input voltage character-
istics, ambient operating conditions, relay 
rack assemblages, and the like, as well as the 
influence of component standards back on 
the over-all system. In this latter regard, the 
interchangeability of electrical connectors 
and cables is a prime example of the need of 
possible continuous review by management 
of the over-all research and development 
program in order to insure that the various 
departments having cognizance over their 
own particular activity are able to produce 
devices to form integrated systems. Such 
thinking is necessary to create the at-
mosphere on the part of the design engineer 
wherein he becomes cognizant of the fact 
that he no longer may have free reign on the 
choice of his individual components, if by so 
doing he unnecessarily increases the num-
ber of types of parts or minor components 
without achieving material gain. Electronic 
systems engineering should therefore be ac-
cepted by management as a necessary and 
highly desirable specialization and given 
adequate support and backing. 

H. PLANNING OF ACTUAL 
SPECIFIC SYSTEMS 

While many electronic systems may 
initially evolve from an assemblage of al-
ready developed components, this is re-
garded as the exception, and not the type of 
operation that management can depend 
upon. Starting with the end objectives 
clearly enunciated, one of the first steps in 
the research and development of systems is 
the determination of the specific functional 
elements necessary to achieve the end re-
sults. In deciding upon these characteristics, 
adequate safety factors and tolerances must 
be added to each of the data processors in 
order that end results will not fall short of 
goals. At this stage, effective management 
insures that proper channels of co-ordina-

tion are set up between the equipment de-
signers and the required systems engineers 
and should act in the role of arbitrators as 
difficulties and problems occur which cannot 
be readily adjudicated. As has been stated 
heretofore, the "system engineer" must have 
intimate knowledge of the performance 
capabilities of the elements chosen to make 
up the entire entity. The over-all systems 
engineer must insure the minimum of com-
plexity and have the authority to make over-
riding decisions on the individual com-
ponent characteristics. In merging the indi-
vidual elements into an electronic system 
he must also take into account ancillary 
items such as test equipment, to insure that 
the final systems list does not include un-
necessary duplication that would normally 
occur from merely adding together the test 
items considered necessary with each major 
equipment. This same philosophy must per-
meate into the systems engineering think-
ing to such other items as instruction books, 
spare parts, and the like, where undue cost 
will result if he and management do not play 
an active role in avoiding duplication. Fur-
thermore, the electronic systems engineer 
must keep in mind that systems are often 
united ,A ith other systems, and hence their 
data output circuits and airangements must 
be such as to provide for interconnection to 
form master operational entities. 

III. PROGRAMMING OF THE ASSEMBLY 
OF ELECTRONIC SYSTEMS 

Those engineers who are actively en-
gaged in research and development of elec-
tronic components and/or equipments real-
ize careful scheduling of the parts that are 
to make up the electronics systems is but 
one of the many items that management, in 
association with the systems project engi-
neer, should give _their utmost attention. 
This involves frequent reexamination of 
progress on the research and development of 
individual equipments and a great deal of 
flexibility in control of rate of completion of 
items. Furthermore, care must be exercised 
in avoiding premature assembly of the sys-
tem prior to first having the opportunity of 
completely checking each major item to as-
sure that when assembled into the final 
groupings the expected performance has a 
chance of being achieved. This pretesting 
phase should be carefully scheduled and due 
allowance made for a reasonable amount of 
replacement of such items as vacuum tubes, 
the life of which is not always correctly pre-
dictable. 

IV. EVALUATION OF SYSTEMS 

It is recognized that it is most difficult to 
give adjective ratings of the manner of per-
formance of a complete electronic system, 
be it a minor one or an all-encompassing de 
entity. This is due in large part to the in-
ability to foresee the deleterious effect of one 
equipment upon another, as well as to have 
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foreseen the exact effect of individual toler-
ances upon the system objectives. Preparing 
a comprehensive systems testing program, 
setting forth clearly the individual objec-
tives of each phase, should be considered by 
management to be as important as the 
actual research and development of the in-
dividual items. Co-ordination of this pro-
gram prior to initiation of tests permits 
alerting of all separate departments who 
may be involved, as well as providing an 
excellent document for the briefing of all 
testing personnel on detailed procedures 
and techniques to be followed. Only after 
engineering management is satisfied that 
the evaluation program is the one which 
will have the greatest chance of yielding the 
most trustworthy appraisal should the actual 
taking of data begin. Furthermore, each step 
of the data taking process should be under 
careful supervision to insure that a sufficient 
quantity of information is recorded under 
controlled conditions in order to prevent 
unnecessary redoirft of any phase of the 
program. This may mean that some tests 
may be temporarily delayed until it has been 
ascertained that the data recorded will 
suffice for the appraisal of the systems ob-
jective. 
Of late there has come the realization 

that human engineering plays a large part 
in what may be called the efficiency of sys-
tems operations, and an excellent oppor-
tunity is afforded for appraising human en-
gineering during the actual conducting of 
the test. In general, it may be well to re-
quest the systems engineer to carefully make 
comment upon the following items: 

(a) Is the physical arrangement of equip-
ments optimum? 

(b) Have the environment factors, such 
as seating, lighting, operator fatigue, 
been taken into account? 

(c) l'rocessing of internal data through 
the system by the human operators 
involved. Stated in another manner, 

have the optimum time-motion fac-
tors been considered? 

(d) Processing of the final output data. 
In this regard, is the output data in 
such form as to require the minimum 
of operator processing time? 

As has been previously mentioned, engi-
neering appraisal must be made from time 
to time of all data as it is taken and an-
alyzed. The final formal engineering report, 
however, should present only that informa-
tion which is vital to the rating of the sys-
tem and clearly delineate engineering con-
clusions based upon thorough reliable in-
formation. The defects as well as the good 
points should be discussed, and manage-
ment's role is to determine whether or not 
the system will satisfactorily meet the ob-
jectives. Furthermore, this group of reports 
can well serve as the background for prep-
aration of the instructional literature which 
will later be issued to the operating person-
nel when and if quantity production is 
undertaken. 

V. PREPARING OF PROCUREMENT 
SPECIFICATIONS FOR QUANTITY 

PRODUCTION 

The problem of preparing adequate pro-
curement specifications for systems re-
quires an appreciation on the part of man-
agement and systems engineers that the re-
producibility of a complete system involves 
far more than production of individual ele-
ments. Particular attention must be paid to 
setting of the performance requirements be-
low that actually obtained on the full engi-
neering model in order to allow for tolerances 
beyond the control of either the Single Sys-
tem or the "Comprehensive" Systems Engi-
neer. Furthermore, test procedures that can 
be accomplished at the source of manu-
facture must be analyzed to permit, insofar 
as possible, synthesis of the actual test that 
may have been accomplished in the field 
under controls not now available. Analysis of 

test procedures used on other possibly 
similar types of systems usually provide 
guide lines to be followed. Reports from the 
field on operation of other items of similar 
nature may also prove of great value. 
Another phase of procurement informa-

tion preparation concerns requirements for 
test equipments of the systems type. This 
must not be overlooked, since the systems 
performance may well deteriorate far below 
safe values and will therefore require read-
justment at sometime in the future. The 
systems engineer must also be concerned 
with the spare parts requirement, and should 
carefully appraise this factor and take it into 
account. The requirements for instructional 
literature of the systems type must also be 
very carefully scrutinized to insure that the 
operating personnel would be able to 
achieve the best possible results from the 
assemblage of equipments making up the 
individual systems. The tying together of 
all of the above factors can best be insured 
by the use of check lists applicable to the 
system under consideration which lists all 
the separate items making up the system, 
plus their individual identifiable separate 
components. 

VI. CONCLUSIONS 

It is recognized that there are other as-
pects of systems engineering, such as "In-
stallation," which may be as important as 
any discussed herein. However, research 
and development personnel are usually not 
directly involved. The phases of systems 
engineering which have been discussed 
point up the importance of this effort and 
indicate that management must play a 
vital role in view of the wide scope of this 
type of activity involving many diverse 
types of engineering talent. The success of 
systems engineering of the type discussed 
will be in a large measure governed by the 
keenness of engineering management to ap-
preciate the many problems involved. 

Statistical Methods in Research and Development* 
L. LUTZKERt, ASSOCIATE, IRE 

Manufacture or construction, in the early stages of their development, are conducted vigor-
ously but in somewhat haphazard fashion. As these processes evolve, orderly controls are essential 
to determine statistically the quality of the product or service at any time. Thus waste, defective 
output, and resulting disorganization are largely avoided. 
The following paper on this subject has received the approval of the IRE Professional Group 

on Quality Control, and is published through the good offices of that Group.—The Editor. 

Summary—Many engineers have heard of the recent advances 
in the field of applied statistics. It is the purpose of this paper to in-
troduce and demonstrate one of the many statistical tools that can 

• Decimal classification: R010. Original manuscript received by 
the Institute, May 8, 1950. Presented, 1950 IRE National Conven-
tion, New York, N. Y., March 6, 1950. 

Allen B. DuMont Laboratories, Inc., Passaic, N. J. 

be of considerable aid in reducing trial and error experimentation 
for the design, development, or research engineer. 
Some variability enters into every experiment that may be under-

taken. Some of the vaziability is due to chance errors of measure-
ment and some is due to definitely assignable causes operating on 
the factors producing the data. Separation of the various assignable 
causes entering the experiment and their comparison with experi-
mental error is known as the "analysis of variance." 



1254 PROCEEDINGS OF TIIE I.R.E. November 

In order to most efficiently determine the significance and mag-
nitude of the assignable variabilities, experimental error must be 
minimized. Methods of accomplishing this end are discussed. Fol-
lowing a discussion of some basic concepts, a computational example 
of an analysis is shown. The paper concludes with a summary of 
steps used in carrying a development problem to completion. 

M ANY ENGINEERS have probably heard of the 
recent advances made in the field of applied sta-
tistics and have wondered how these advances 

could be of use to the design, development, or research 
engineer. It is the purpose of this paper to answer this 
question in part by introducing and demonstrating one 
of the many statistical tools that the engineer can use. 
By using this tool, many needless hours of trial-and-
error experimentation can often be eliminated, in addi-
tion to making more information obtainable from the 
data than is usually possible with conventional methods 
of analysis. The underlying theory of this tool will not 
be treated as it may be found in the literature listed in 
the bibliography. However, several important terms will 
be defined and discussed to help you understand the 
tool. 

All are aware of the fact that some degree of experi-
mental error is attendant upon every observation that 
we make, whether it be in a laboratory or on the pro-
duction line. In order to determine the reliability and 
value of a given set of data, it is therefore necessary to 
compare the data with an estimate of the chance errors 
inherent in the data. This comparison is called a "test 
of significance" by the statistician. 
In performing an experiment, the engineer always 

seeks to minimize the magnitude of error in order that 
any significant details in the results may show up clearly 
and not be masked by the errors involved in the experi-
ment. Minimization of errors may be accomplished in a 
number of ways. One is the use of precision measuring 
apparatus. Another is to replicate or repeat the experi-
ment a number of times and average the results. Still 
another method is to control all factors except the par-
ticular one in which the experimenter is interested. In 
designing the experiment to yield the most effective 
data, all the factors in the experiment that cannot be 
kept constant must be allocated at random throughout 
the entire experiment. The reason for this statement 
will become clear very shortly. 
The development of the technique under considera-

tion, hereafter called "analysis of variance," may be fol-
lowed most easily by considering a hypothetical experi-
ment and noting how the problems arising in connection 
with it are solved. Let us assume that a company wishes 
to develop an ultra-high-frequency tube. Four men are 
assigned to the project to work independently for a 
specified period of time. At the end of this period, each 
one has developed a tube. The company now wishes to 
know which, if any, of the four tubes will perform most 
satisfactorily. 
The variables that enter in the experiment are condi-

tions of construction, materials used, tools used, and 

technique of the technicians building the tubes. There 
are undoubtedly many others but, for our purposes, let 
us assume that the above-mentioned are the only ones. 
Since one of the methods of minimizing experimental 
error is control of the variables, the tubes will be built 
under the same conditions in so far as possible. In addi-
tion, the materials used will be drawn from batches of 
material known to be homogeneous. To speed comple-
tion of the project, four technicians and four machines 
(tools) are assigned. The explanation will be simplified 
by referring to the tube developments as I, 11, III, and 
IV; to technicians as A, B, C, and D; and to machines 
as 1, 2, 3, and 4. As the experiment can be carried out 
in a number of ways, several of these will be considered 
and the best determined. 
The first method that suggests itself is to assign one 

tube development and one machine to each technician, 
letting each one build eight tubes (replication or repeti- , 
tion of each tube development so that some of the error 
is averaged out). The performance data would then be 
be recorded as shown in Table I. Each letter-number 

TABLE I 

Tube Developments 

II 

A I 
A 1 
A 1 
A 1 

. A 1 
A 1 
A 1 
A 1 

B 2 
B 2 
B 2 
B 2 
B 2 
B 2 
B 2 
B 2 

Ill IV 

C 3 
C 3 
C 3 
C 3 
C 3 
C 3 
C 3 
C 3 

D 4 
D 4 
D 4 
D 4 
D 4 
D 4 
D 4 
D 4 

combination represents the technician-machine com-
bination that built the tube development models indi-
cated at the top of the column. In this form, the aver-
ages or totals for each column may be compared to 
determine whether or not they are essentially alike. By 
examining this array of data, it is immediately obvious 
that any significant differences' among the four columns 
may be attributed to differences among tube develop-
ments, technicians, machines, or some combination of 
these factors. Since the experimenter is interested only 
in differences that may exist among tube developments, 
it becomes necessary for him to assign the technicians 
and machines differently in order that significant dif-
ferences among columns be due only to tube develop-
ments. As was suggested earlier, technicians and ma-
chines are assigned at random for the construction of 
each development. Randomization is carried out in 
such a manner that each of the four levels of a given 
variable appears in each column once and only once. 
Thus, each column will contain the same factors an 
equal number of times and permit 
error due to these factors. 
This step results in the layout 

the averaging out of 

shown in Table 11. 

' See Appendix I for a discussion of significant differences. 
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Each row now contains each technician and each ma-
chine only once. Thus any real differences among tech-
nicians or machines are averaged out. Any real differ-
ences that now exist among the columns can be due only 
to differences among tube developments. It can now be 
stated that the reason for allocating all factors, except 
the ones with which the experiment is concerned, at 
random is to average out the effects of the variables that 
'could not be controlled. 

TABLE II 

Tube Developments 

IV 

C 2 
C 2 

A 1 
A 1 

B 4 
B 4 

D 3 
D 3 

A 4 
A 4 

D 1 
D 1 

C 3 
C 3 

B 2 
B 2 

B 3 
B 3 

C 4 
C 4 

A 2 
A 2 

D 1 
D 1 

C 1 
C 1 

B 3 
B 3 

Nsa2 = n E (s.2). 
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cal theory requires the assumption that the samples 
come from normal populations of the same variance be 
verified. If the variances were not the same but were 
significantly different from each other, it would not be 
possible to ascertain whether the source of the signifi-
cant differences in the data was the differences among 
means or the differences among the variances. The above 
stated assumption is tested by calculating 

. . . 1/ k ( 12. s2 2 

=   
S.2• S.2 • • • S.2 

and finding the level of significance at which the value 
of L1 falls. In the above equation for L1 

nsi2 = E (x — 10 2 

D 2 
D 2 

A 4 
A 4 

Table III represents a set of hypothetical data col-
lected in the form indicated by Table II. The analysis 
of variance consists of breaking the total variance in the 
data into its component parts. In the experiment at 
hand, these are the variance among tube developments 
(among-column variance) and the error variance 
(within-column variance). 

TABLE III 

Tube Developments 

II III IV 

144 
147 

154 
156 

153 
145 

149 
156 

147 
143 

141 
148 

154 
145 

155. 
157 

160 
156 

154 
159 

150 
155 

158 
155 

141 
146 

148 
142 

144 
153 

153 
143 

The computational arithmetic, though essentially of a 
very elementary nature, may be simplified by reducing 
the magnitude of the numbers dealt with. This is done 
.by shifting the mean of the data so that the converted 
data has a mean of approximately zero. In this case, 
isubtracting 150 from each observation accomplishes 
this purpose. Shifting the mean is permissible since the 
variance of the data is not affected. 
Table IV shows the data after the mean has been 

shifted. The figures in parenthesis are the squares of 
each observation to the left of the parenthesis. Before 
undertaking the formal analysis of variance,2 the classi-

ttS22 =  E — 22)2, • 

TABLE IV 

Tube Developments 

—6 ( 36) — 3 ( 9) 
—3 ( 9) — 7 ( 49) 

+4 ( 16) — 9 ( 81) 
+6 ( 36) — 2 ( 4) 

+3 ( 9)  + 4 ( 16) 
—5 ( 25) — 5 ( 25) 

—1 ( 1)  -I- 5 ( 25) 
+6 ( 36)  -I- 7 ( 49) 

(168)  (258) 
+4 ( 16)  —10 (100) 

III 

+10 ( 100) 
+ 6 ( 36) 

+ 4 ( 16) 
+ 8 ( 64) 

+ 0 ( 0) 
• 5 ( 25) 

+ 8 ( 64) 
A- 5 ( 25) 

( 330) 
+46 (2,116) 

IV 

— 9 ( 81) 
— 4 ( 16) 

— 2 ( 4) 
— 8 ( 64) 

— 6 ( 36) 
▪ 3 ( 9) 

+ 3 ( 9) 
— 7 ( 49) 

(268) 
—30 (900) 

The level of significance is determined by looking up the 
value of L1 in a table of L1 values.3 The data shown in 
Table IV yield a value of 0.903 for LI. Since this does not 
reach the 5-per cent level of significance, the hypothesis 
that the populations from which the data originate are 
normal and have no significant differences among their 
variances is verified. The analysis of variance may 
therefore continue. The arithmetical computations fol-

low. 
Square the individual observations and add. 

= 168 + 258 + 330 + 268 = 1,024. 

Square each column total, add, and divide by the 
number of observations in each column. 

E X.2/n = (16 + 100 + 2,116 -I- 900)/8 = 391.5. (2) 

2 This is testing the hypothesis that the observed sample means 
come from normal populations whose means are essentially the same 
and whose variances are assumed the same. 

3 H. A. Freeman, "Industrial Statistics," John Wiley and Sons, 
Inc., New York, N. Y., Table X, p. 175; 1942. 
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Square the grand total, and divide by the total num-
ber of observations in the data. 

(E X) 2/N = (10)2/32 = 3.125.  (3) 

Table V is the table summarizing the analysis of 
variance. 

_ 

Source of 
Variance 

TABLE V 

Among tube 
developments 
(among columns) 

Sum of 
Squares 

(2)-(3) = 391.5 
-3.125 

388.375 

Error 
(within columns) 

(1)-(2)-=1,024 
-391.5 

632.5 

Total  (1)-(3)=1,024 
-3.125 

1,020.875 

Degrees of 
Freedom 

(c -1) 
4-1=3 

c(ne -1) 
4(8 -1) = 
28 

Mean 
Squares 

388.375/3 

129.46 

632.5/28 

22.59 

Before continuing the discussion, it would be well to 
interject a few words about degrees of freedom. The 
degrees of freedom that a given statistic has is usually 

"the number of ways that a group concerned can be ar-
bitrarily filled in if the total is determined. . . ." Thus, 
when c — 1 column totals have been filled and the grand 
total is known, the last column total is uniquely de-
termined. For within column degrees of freedom, each 
column can be filled (nc— 1) ways; since there are c 
columns, there are c(n,— 1) degrees of freedom for the 
within-column variance. Finally, the total degrees of 
freedom is equal to the sum of the components, which 
is c—l+c(ne— I) or cn,— 1. Having determined the de-
grees of freedom associated with each source of vari-
ance, the mean squares are found by dividing each sum 
of squares by its respective degrees of freedom. 
The last step in the analysis of variance is to compare 

the various sources of variance with the error variance 
for significance. This is done by means of the variance 
ratio or F test which consists of finding the ratio 
source variance/error variance and determining the level 
of significance at which the ratio falls, from a table of 
variance ratios.' Table V shows that the source (among 
columns) variance or mean square is 129.46 while the 
error mean square is 22.59. The variance ratio, 
129.46/22.59=5.73, is significant below the 0.01- or 
1-per cent level of probability but not quite at the 0.001-
or 0.1-per cent level. Thus, there are grounds for be-
lieving that the tube developments are not alike in 
their performance. 

4 K. A. Brownlee, "Industrial Experimentation," Chemical Pub-
lishing Company, New York, N. V. p. 50; 1948. 

6 See Table VIII, pp. 170-173, of footnote reference 3.. 

This being the case, which development or develop-
ments are best? If the larger observation implies better 
performance, Development III would appear to be the 
best. This hypothesis may be tested with a second table 
of variances. If tube I, II, and IV are alike, the result-
ing variance ratio should not reach the 0.05 level of 
significance. Table VI is the table for this analysis. The 
calculations necessary for this table are 

E X' = 168 + 258 -I- 268 = 674  (4) 

E X,' = (16 ± 100 + 900)/8 
= 1,016/8 = 127 

(E X)2/N24 = (-36)2/24 = 54. 
F = 36.5/26/05 = 1.41. 

TABLE VI 

(5) 

(6) 

Source of 
Variance 

Sums of  Degrees of 
Squares  Freedom 

Among columns 
I, II, and IV 

Within columns 
I, II, and IV 
(error) 

(5)-(6)=-127.0 
- 54.0 

73.0 

(c -1) 
3-1=2 

Mean 
Squares 

73.0,'2 

36.5 

(4)-(5)=674.0 c(pte- 1)  547.0,21 
-127.0  3(8-1)=21 

547.0 26.05 

Total (4)-(6) =674.0 
- 54.0 

620.0 

Since an F ratio of 3.47 is required for the 0.05 level of 
significance, the hypothesis that the tubes 1, II, and IV 
are alike is true. 
If, on the other hand, a small observation had implied 

better performance, the company would have had to 
choose among three developments to determine the one 
to use. In this case, economy and ease of manufacture 
would probably have been the deciding factors since the 
the data did not support any particular one of the 
three developments. 
In the same manner that I, II, and IV were hy-

pothesized to be alike, any other combination might 
have been tested. For example, if the variance ratio 
from Table VI had actually been significant, one of the 
three developments could have been assumed superior 
or inferior to the remaining two, and the latter tested 
for differences. The analysis of any given set of data 
can be carried on until no further conclusions can be 
drawn from the data. 
To summarize, the steps followed in analyzing a de-

velopment or research problem are: 
1. Several designs are developed and it is desired to 

find out which, if any, are superior to the rest. 
2. An experiment is designed to yield data in sys-

tematic groupings to permit the analysis of the varia-
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tions in the data into its components. All factors that 
are not being studied are controlled at the same level. 
If this is not practical, these variables are allocated at 

random. 
3. Replication or repetition of the experiment is used 

to reduce the estimate of experimental error. 
4. The data are analyzed by comparing the source 

variances with the error variance. 
5. If the resulting ratio is significant at or below the 

0.01 level of significance, a second analysis is made to 
determine which groups are alike and which are re-
sponsible for the significance in the data. 
6. If the resulting ratio is significant between the 0.05 

and 0.01 levels, additional replications are desirable. 
This will reduce the estimate of error and the level of 
significance if significant differences in the data really 

exist. 
7. If the resulting ratio is not significant at or below 

the 0.05 level, there are insufficient grounds for believ-
ing that any differences exist. 
The advantages gained from a systematic analysis 

such as described herein are: 
1. Elimination of trial-and-error experimentation to a 

great extent, thereby obtaining accurate information 

from fewer data. 
2. Attainment of conclusions based upon objective 

tests. 

APPENDIX I 

Significant Differences 

One of the important concepts that one deals with in 
statistical work is that of significant differences. If one 
were to build a large number of tubes of design I, using 
any particular combination of technician, machine, ma-
terial, and the like, the measurements of a given char-
acteristic would be found to array themselves in the 
form of a frequency distribution popularly known as 
"the normal curve of distribution.". Let this curve, 
arising from design or development I, be called distri-
bution I. Similarly, a large number of measurements of 
the same characteristic on development II would form 
a normal curve which would be called distribution II. 
Suppose now that both developments were exactly 

alike with regard to the performance characteristic be-
ing studied. It could be expected that distribution I 
could be superimposed upon distribution II and there 
would be no differences between the two. 
If the parent distributions are alike, it is natural to 

expect that samples drawn from these distributions 
should also be alike. In a statistical sense, they are alike. 
However, the means and variances (measure of varia-
tion of the data about the mean) of successive samples 
differ. When the means of a large number of successive 
samples, taken from the same or like parent distribu-
tions, are arranged in the form of a frequency distribu-
tion, it is found that this also approximates the normal 
curve. The distribution of sample means is similar to 

the parent distribution in that the central tendencies or 
means of the two curves are the same. The difference is 
that the variance of the parent distribution is larger 
than the variance of the curve of smple means. To be 
exact, the variance of the parent curve is n times as 
large as the variance of the curve of sample means, 
where n is the sample size. Thus, for each value of the 
variable, there will be a certain probability that a 
sample mean will occur at that value when the sample 
was drawn from the assumed parent distribution. 
In order to determine whether a given sample came 

from the assumed distribution, the statistician sets up 
the hypothesis that the sample actually did come from 
the assumed population. The probability that the hy-
pothesis is correct is the probability figure discussed at 
the end of the last paragraph. If the probability is high, 
the hypothesis is considered to have been borne out. If, 
on the other hand, the probability is low, doubt is cast 
upon the hypothesis since it informs the statistician that 
it is improbable that the sample came from the as-
sumed population. 
The probability figure that is found is termed the 

"level of significance." As a rule, 0.05 is used as the 
level below which the difference between the sample and 
the population is said to be significant. In order words, 
the probability is 1 in 20 that the sample did come from 
the assumed population. Since the probability that the 
sample did not come from the assumed distribution is 
19 in 20, it may be stated that the odds are 19 to 1 
against the occurrence of a sample which appears at the 
0.05 level of significance. In some cases, the experi-
menter may wish to be more certain that the differences 
exist and consequently will adopt a lower figure such as 
0.01 probability as the level below which the difference is 
considered significant. In this case the odds would be 
99 to 1 against the hypothesis that the observed sample 
came from the assumed distribution or was like the 
sample with which it was compared. 
The best practical compromise is to consider all re-

sults at or near the 0.05- or 5-per cent level as worth 
following up and all results at or below the 0.01 or 1-per 
cent level indicative of significant differences. If the test 
for significance yields a result at or near the 5-per cent 
level and the significant difference really exists, gather-
ing more data will usually result in a lowering of the 
level of significance toward or below 1 per cent. 

BIBLIOGRAPHY 

1. K. A. Brownlee, "Industrial Experkinentation," 
Chemical Publishing Co., New York, N. Y.; 1948. 
2. F. E. Croxton and D. J. Cowden, "Applied Gen-

eral Statistics," Prentice-Hall, Inc., New York, N. Y.; 
1939. 
3. R. A. Fisher, "Statistical Method for Research 

Workers," Oliver and Boyd, Edinburgh, Scotland; 1938. 
4. H. A. Freeman, "Industrial Statistics," John Wiley 

and Sons, Inc., New York, N. Y.; 1942. 



1258 PROCEEDINGS OF THE I.R.E. November 

41, 

Standards on Television: Methods of Measurement 
of Time of Rise, Pulse Width, and Pulse Timing 

of Video Pulses in Television, 1950* 

M. W. Baldwin, Jr. 
R. R. Batcher 
H. G. Booker 
F. T. Budelman 
W. G. Cady 
P. S. Carter 
J. W. Forrester 

M. W. Baldwin, Jr. 
A. J. Baracket 
P. F. Brown 

I. C. Abrahams 
A. J. Baracket 
R. W. Clark 

COMMITTEE PERSONNEL 

Standards Committee 

J. G. BRAINERD, Chairman 
L. G. CurtnuNG, Vice-Chairman 
A. G. JENSEN, Vice-Chairman 

A. G. Fox 
R. A. Hackbusch 
J. V. L. Hogan 
J. E. Keister 
E. A. Laport 
Wayne Mason 
R. A. Miller 
L. S. Nergaard 

A. F. Pomeroy 
George Rappaport 
H. E. Roys 
P. C. Sandretto 
E. S. Seeley 
R. F. Shea 
J. R. Steen 
Henry Tanck 

Video Techniques Committee 

J. E. KEISTER, Chairman 

W. J. POCH, Vice-Chairman 

R. H. Daughterty, Jr. 
V. J. Duke 
G. L. Fredendall 

R. L. Garman 
L. L. Lewis 
L. W. Morrison, Jr. 

Subcommittee on Video Systems and Components 

W. J. Pool, Chairman 

R. Cotelesso 
R. DeBaun 

Bertram Trevor 
W. N. Tuttle 
L. C. Van Atta 
K. S. Van Dyke 
D. E. Watts 
Ernst Weber 
L. E. Whittemore 

R. S. O'Brien 
C. G. Pierce 
J. F. Wiggin 

G. L. Fredendall  J. H. Mulligan, Jr. 
J. R. Hefele  J. F. Wiggin 

1. INTRODUCTION 

1.1 General Description 

Fig. 1 portrays a typical composite picture signal 
wave form. The timing, the pulse widths or durations, 
and the time of rise or decay of various pulses are 
specified within definite limits. In order to insure con-
formance to these specifications, a measurement method 
must be available. This technique is applicable to the 
measurement of other television pulses. 
The tolerances prescribed for the steepness of wave 

fronts, as well as the duration and timing of the various 
pulses that make up the composite synchronizing signal, 
require measuring methods capable of determining frac-
tional microsecond time intervals. Along with the re-
quired high precision, it is necessary that the methods be 

• Reprint orders of this Standard, 50 IRE 23.S2, may be pur-
chased while available from The Institute of Radio Engineers, 1 East 

as simple and easy to use as possible under operating 
conditions. 

1.2 Definitions 

1.2.1 Time of Rise (Decay) of Video Pulses in Television 

The duration of the rising (decaying) portion of a 
pulse measured between specified levels. 

1.2.2 Pulse Width of Video Pulses in Television 

The duration of a pulse measured at a specified level. 

1.2.3 Pulse Timing of Video Pulses in Television 

The determination of an occurrence of a pulse or a 
specified portion thereof at a particular time. 

79 Street, New York 21, N. Y., at $0.75 per copy. A 20 per cent dis-
count will be allowed for 100 or more copies mailed to one address. 
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Fig. 1—A typical composite picture signal wave form. The pulse dimensions and notes 1 to 5 are 
given merely to portray the scope of measurement required. 

2. APPARATUS AND CIRCUITS 

2.1 Basic Method for Measurement of Time 
of Rise, Pulse Width, and Pulse Timing of 

Synchronizing Pulses 

2.1.1 Time of Rise, Pulse Width, and Pulse Timing by 
Means of an Expanded-Sweep Method 

A convenient method of measuring the small time 
intervals involved in the rise and decay of line syn-
chronizing pulses, as well as the larger time intervals in 
pulse duration and timing measurements, is the use of 
an oscilloscope incorporating some form of expanded 
sweep. The measurement is made by varying the phase 
of the sweep a known amount or by noting the relation-
ship of the pulse portions to timing markers.'-3 

I R. P. Abbehouse, "A cathode-ray oscillograph for precision 
time measurement," Presented, IRE National Convention, New 
York, N. Y., March 25, 1948. 

2 T. Soller, M. Starr, and G. Valley, "Cathode Ray Tube Dis-
plays," MIT Rad. Lab. Series, McGraw-Hill Pub. Co., Chap. 7; pp. 
251-302. 
I IRE Standards on Television: Methods of Testing Television 

Transmitters, 1947. 

2.1.2 Time of Rise, Pulse Width, and Pulse Timing by 
Means of a Phased Sine- Wave Sweep Method 

In this method, a sine-wave sweep, synchronized to 
the pulses it is desired to measure, is so phased that the 
proper pulse section appears in the center or the fastest 
portion of the sweep. The portion of the center of the 
sine wave sweep that the pulse section occupies bears a 
known relationship to the sweep period. The measure-
ment may then be obtained by calculation or by refer-
ence to a nomographic chart.3.4 
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3. PROCEDURE 

I 
:I 

3.1 Measurement Technique 

3.1.1 Time of Rise, Pulse Width, and Pulse Timing by an 
Expanded-Sweep Method 

With the synchronizing signal applied to the oscillo-
scope vertical amplifier and the gain adjusted for a wave 
form amplitude convenient for measurement, the sweep 
length should be adjusted to permit a spread on the 
screen of the signal portions to be measured. The meas-
urements may then be made by means of the electronic 
time markers or by advancing the pulse sections past a 
fixed scale reference point by means of the calibrated 
phase shifter or sweep delay control. 

3.1.2 Time of Rise, Pulse Width, and Pulse Timing by 
Means of a Phased Sine- Wave Sweep Method 

3.1.2.1 Pulse Width. The pulse to be measured is ap-
plied to the vertical-deflection amplifier, and the 
sinusoidal time base is applied to the horizontal-deflec-
tion plates. By means of the variable phase-shifting 
device, the pulse is shifted to the center of the horizontal 
trace. With a transparent millimeter scale, the width of 
the pulse is measured at the 10 per cent amplitude point 
(Fig. 5). This width in per cent of sweep frequency time 
can be found by means of the following equation: 

(C/D) 
per cent =   

1.8 

where C is the measured width of the pulse and D is the 
width of sinusoidal trace on the oscilloscope screen. The 
angle is expressed in degrees. 

 -1 

10 % AMPLITUDE 

Fig. 5—Measurement points on cathode-ray oscilloscope trace. 

In order to minimize the amount of calculation, a 
nomographic chart is provided in Fig. 6. 

3.1.2.2 Pulse Timing. The above method may be used 
to determine the timing of pulses. Another method 
makes use of a calibrated phase shifter. The first part 
of the wave is lined up with a reference point or cross 
hair on the oscilloscope, the setting of the calibrated 
phase shifter being noted. The phase is then shifted to 
bring the second part of the wave back to the reference 
point. Knowing the frequency of the sine wave and the 

phase shift in fraction of a cycle, the timing in micro-
seconds is found by dividing this phase shift by the 
frequency in megacycles per second. 
3.1.2.3 Time of Rise (Decay). A harmonic generator 

developing a sine-wave time base which is the 10th 
harmonic of the line frequency is used to increase the 
accuracy of measurement of the time of rise (decay) of 
pulses. The pulse edge is centered by means of a phase-
shift control and measurements are made as above with 
the transparent scale. The values obtained from the 
nomographic chart or by substitution in the equation 
are divided by 10 to give the duration of the time of 
rise in per cent of the line period. 

3.1.3 Time of Rise, Pulse Width, and Pulse Timing by 
Means of a Sine- Wave Sweep and a Phased Marker 

In this method, the pulse to be measured is applied 
to the oscilloscope vertical-deflection amplifier and the 
sine-wave time base to the horizontal amplifier. By 
means of the marker variable phase-shifting control, the 
marker is aligned with the beginning of the interval to 
be measured, and dial reading noted. The control is then 
adjusted for alignment of the marker with the end of 
the interval, and a second dial reading taken. The dif-
ference in dial readings corresponds to a definite time 
interval in per cent of the horizontal period or in micro-
seconds, obtained from a calibration chart. 

3.1.4 Area of Equalizing Pulses by an Integration Method 

After being fed through the RC circuit, the in-
tegrated synchronizing signal is viewed on an oscillo-
scope with an expanded sweep phased so as to view the 
field retrace period of the signal. A sharp rise represent-
ing the integrated vertical pulses will then be observed; 
preceding this will be the equalizing pulse period and the 
horizontal pulse period. The integrated amplitude dur-
ing the equalizing-pulse region will be.the same as during 
the horizontal-pulse region if the equalizing-pulse area 
is one half the horizontal pulse area. An increase or de-
crease in equalizing-pulse area will cause the integrated 
output to rise or fall during the equalizing-pulse region. 
Correct adjustment, therefore, is obtained ‘'hen the in-
tegrated amplitude decreases slightly or does not change 
during the equalizing-pulse region. 

3.1.5 Pulse Timing by the "Pulse-Cross" Method 

The display on the monitor picture tube is in the 
form of a "pulse cross." This is a useful operational test 
by which it is possible to count the number of equalizing 
pulses and vertical pulses, and obtain a rough check on 
the width of the front porch and back porch in relation 
to the width of horizontal sync. For observation of the 
field synchronizing region, the central portion of the field 
sweep should be expanded to three or four times normal 
scanning amplitude. 
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Absorption. The irreversible conversion of the energy 
of a radio wave into other forms of energy as a result 
of its interaction with matter. 

Angular Frequency. The frequency expressed in radians 
per second. It is equal to the frequency in cycles per 
second multiplied by 27r. 

Atmospheric Duct. An almost horizontal layer in the 
troposphere, extending from the level of a local mini-
mum of the modified refractive index as a function of 
height, down to the level where the minimum value is 
again encountered, or, down to the earth's surface if 
the minimum v.ilue is not again encountered. 

Atmospheric Radio Wave. A radio wave that is propa-
gated by reflections in the atmosphere. It may include 
either or both of the components, ionospheric wave and 
tropospheric wave. 

' Attenuation. Of a quantity associated with a traveling 
wave in a homogeneous medium, the decrease with 
distance in the direction of propagation. (Note—In a di-
verging wave, attenuation includes the effect of di-
vergence.) 

Attenuation Constant. For a traveling plane wave at a 
given frequency, the rate of exponential decrease of the 
amplitude of a field component (or of the voltage or cur-
rent) in the direction of propagation, in nepers or deci-
bels per unit length. 

Attenuation Ratio. The magnitude of the propagation 

ratio. 

Circularly Polarized Wave. An electromagnetic wave for 
v. hich the electric and/or the magnetic field vector at a 
point describes a circle. (Note—This term is usually 
applied to transverse waves.) 

Critical Frequency. The limiting frequency below which 
a magneto-ionic wave component is reflected by, and 
above which it penetrates through, an ionospheric layer 
at vertical incidence. 

Cylindrical Wave. A wave whose equiphase surfaces 
form a family of coaxial or confocal cylinders. 

D Region. The region of the ionosphere up to about 90 
kilometers above the earth's surface. 

Direct Wave. A wave that is propagated directly 
through space. 

Direction of Polarization. For a linearly polarized wave, 
the direction of the electric vector. 

Direction of Propagation. At any point in a homogene-
ous, isotropic medium, the direction of time average 
energy flow. 

E Layer. An ionized layer in the E region. 

E Region. The region of the ionosphere between about 
90 and 160 kilometers above the earth's surface. 

Effective Radius of the Earth. An effective value for the 
radius of the earth,' which is used in place of the geo-
metrical radius to correct for atmospheric refraction 
when the index of refraction in the atmosphere changes 
linearly with height. (Note—Under conditions of 
Standard Refraction the effective radius of the earth is 
8.5 X106 meters, or 4/3 the geometrical radius.) 

Electric Displacement Density. Electric Flux Density. 

Electric Field. A state of the medium in which sta-
tionary electrified bodies are subject to forces by virtue 

of their electrifications. 

Electric Field Strength. The magnitude of the electric 
field vector (Note—This term is sometimes called the 
electric field intensity, but such use of the word in-
tensity is deprecated in favor of field strength, since in-
tensity connotes power in optics and radiation.) 

Electric Field Vector. At a point in an electric field, the 
force on a stationary positive charge per unit charge. 
(Note—This may be measured either in newtons per 
coulomb or in volts per meter. This term is sometimes 
called the electric field intensity but such use of the 
word intensity is deprecated in favor of field strength 
since intensity connotes power in optics and radiation.) 

Electric Flux Density. At a point, the vector whose mag-
nitude is equal to the charge per unit area which would 
appear on one face of a thin metal plate introduced in 
the electric field at the point and so oriented that this 
charge is a maximum. The vector is normal to the plate 
from the negative to the positive face. (Note—The term 
electric displacement density or electric displacement is 
also in use for this term.) 

Electric Vector. See: Electric Field Vector. 

Electrical Length. The physical length expressed in 
wavelengths, radians or degrees. 

Electromagnetic Wave. A wave characterized by varia-
tions of electric and magnetic fields. (Note--Electro-
magnetic waves are known as radio waves, heat waves, 
light waves, etc., depending on the frequency.) 

Elliptically Polarized Wave. An electromagnetic wave 
for which the electric and/or the magnetic field vector 
at a point describes an ellipse. 

Envelope Delay. The time of propagation, between two 
points, of the envelope of a wave. It is equal to the rate 
of change with angular frequency of the difference in 
phase between these two points. It has significance over 
the band of frequencies occupied by the wave only if 
this rate is approximately constant over that band. 

Equiphase Surface. Any surface in a wave over which 
the field vectors at the same instant are in the same 
phase or 180° out of phase. 
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Extraordinary-Wave Component. The magneto-ionic 
wave component in which the electric vector rotates in 
the opposite sense to that for the ordinary-wave com-
ponent. (See: Ordinary-Wave Component.) 

F Region. The region of the ionosphere above the E 
region. 

F1 Layer. The lower of the two ionized layers normally 
existing in the F region in the day hemisphere. 

F2 Layer. The single ionized layer normally existing in 
the F region in the night hemisphere and the higher of 
the two layers normally existing in the F region in the 
day hemisphere. 

Fading. The variation of radio field strength caused by 
changes in the transmission medium with time. 

Ground Wave. A radio wave that is propagated over 
the earth and is ordinarily affected by the presence of 
the ground and the troposphere. The ground wave in-
cludes all components of a radio wave over the earth 
except ionospheric and tropospheric waves. (Note—The 
ground wave is refracted because of variations in the di-
electric constant of the troposphere including the con-
(lition known as a surface duct.) 

Group Velocity. Of a traveling plane wave, the velocity 
of propagation of the envelope of a wave occupying a 
frequency band over which the envelope delay is ap-
proximately constant. It is equal to the reciprocal of the 
rate of change of phase constant with angular fre-
quency. (Note—Group velocity differs from phase ve-
locity in a medium in which the phase velocity varies 
with frequency.) 

Guided Wave. A wave whose energy is concentrated 
near a boundary, or between substantially parallel 
boundaries, separating materials of different properties, 
and whose direction of propagation is effectively paral-
lel to these boundaries. 

Horizontally Polarized Wave. A linearly polarized wave 
whose electric field vector is horizontal. 

Incident Wave. In a medium of certain propagation 
characteristics, a wave which impinges on a discontinu-
ity or a medium of different propagation characteristics. 

Incoherent Scattering. When radio waves encounter 
matter, a disordered change in the direction of propaga-
tion of the waves. 

Ionosphere. The part of the earth's outer atmosphere 
where ions and electrons are present in quantities suf-
ficient to affect the propagation of radio waves. (Note— 
According to current opinion, the lowest level is ap-
proximately 50 kilometers above the earth's surface.) 

Ionospheric Wave. A radio wave that is propagated 
by way of the ionosphere. (Note—This is sometimes 
called a sky wave.) 

Left-Handed (Counter Clockwise) Polarized Wave. An 
elliptically polarized transverse electromagnetic wave in 
which the rotation of the electric field vector is counter 
clockwise for an observer looking in the direction of 
propagation. 

Linearly Polarized Wave. At a point in a homogeneous, 
isotropic medium, a transverse electromagnetic wave 
whose electric field vector at all times lies along a fixed 
line. 

Lowest Useful High Frequency. The lowest high fre-
quency effective at a specified time for ionospheric 
propagation of radio waves between two specified 
points. (Note—This is determined by factors such as 
absorption, transmitter power, antenna gain, receiver 
characteristics, type of service, and noise conditions.) 

Magnetic Field. A state of the medium in which moving 
electrified bodies are subject to forces by virtue of both 
their electrifications and motion. 

Magneto-Ionic Wave Component. Either of the two el-
liptically polarized wave components into which a 
linearly polarized wave incident on the ionosphere is 
separated because of the earth's magnetic field. 

Maximum Usable Frequency. The upper limit of the 
frequencies that can be used at a specified time for radio 
transmission between two points and involving propa-
gation by reflection from the regular ionized layers of 
the ionosphere. (Note--Higher frequencies may be 
transmitted by sporadic and scattered reflections.) 

Modified Index of Refraction. In the troposphere, the 
index of refraction at any height increased by h/a, where 
h is the height above sea level and a is the mean 
geometrical radius cf the earth. When the index of re-
fraction in the troposphere is horizontally stratified, 
propagation over a hypothetical flat earth through an 
atmosphere with the modified index of refraction is sub-
stantially equivalent to propagation over a curved earth 
through the real atmosphere. 

0 Wave. Ordinary-Wave Component. 

Optimum Working Frequency. The most effective fre-
quency at a specified time for ionospheric propagation 
of radio waves between two specified points. (Note—In 
predictions of useful frequencies the optimum working 
frequency is commonly taken as 15 per cent below the 
monthly median value of the maximum usable fre-
quency, for the specified time and path.) 

Ordinary-Wave Component. That magneto-ionic wave 
component deviating the least, in most of its propaga-
tion characteristics, relative to those expected for a wave 
in the absence of the earth's magnetic field. More ex-
actly, if at fixed electron density, the direction of the 
earth's magnetic field were rotated until its direction is 
transverse to the direction of phase propagation, the 
wave component whose propagation is then independent 
of the magnitude of the earth's magnetic field. 
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Penetration Frequency. See: Critical Frequency. 

Periodic Electromagnetic Wave. A wave in which the 
electric field vector is repeated in detail in either of two 
ways: (I) At a fixed point, after the lapse of a time 
known as the period, (2) At a fixed time, after the addi-
t ion of a distance known as the wavelength. 

Phase Constant. For a traveling plane wave at a given 
frequency, the rate of linear increase of phase lag of a 
field component (for the voltage or current) in the direc-
tion of propagation, in radians per unit length. 

Phase-Propagation Ratio. The propagation ratio di-
vided by its magnitude. 

Phase Velocity. Of a traveling plane wave at a single 
frequency, the velocity of an equiphase surface along 
the wave normal. 

Plane Earth Factor. The ratio of the electric field 
strength that would result from propagation over an 
imperfectly conducting plane earth to that which would 
result from propagation over a perfectly conducting 
plane. 

Plane of Polarization. For a plane polarized wave, the 
plane containing the electric field vector and the direc-
tion of propagation. 

Plane Polarized Wave. At a point in a homogeneous 
isotropic medium, an electromagnetic wave whose elec-
tric field vector at all times lies in a fixed plane which' 
contains the direction of propagation. 

Plane Wave. A wave whose equiphase surfaces form a 
family of parallel planes. 

Propagation Constant. For a traveling plane wave at a 
given frequency, the complex quantity whose real part 
is the attenuation constant in nepers per unit length 
and whose imaginary part is the phase constant in radi-

ans per unit length. 

Propagation Factor. See: Propagation Ratio. 

Propagation Ratio. For a wave propagating from one 
point to another, the ratio of the complex electric field 
strength at the second point to that at the first point. 

Radio Field Strength. The electric or magnetic field 
strength at a given location resulting from the passage 
of radio waves. In the case of a sinusoidal wave, the 
root-mean-square value is commonly used. Unless other-
wise stated, it is taken in the direction of maximum. 

Radio Frequency. A frequency at which coherent elec-
tromagnetic radiation of energy is useful for communi-
cation purposes. 

Radio Horizon. The locus of points at which direct rays 
from the transmitter become tangential to the earth's 
surface. (Note—On a spherical surface the horizon is a 
circle. The distance to the horizon is affected by at-
mospheric refraction.) 

Radio Wave Propagation. The transfer of energy by 
electromagnetic radiation at frequencies lower than 
about 3 X10" cycles per second. 

Refracted Wave. That part of an incident wave which 
travels from one medium into a second medium. 

Refractive Index. Of a wave transmission medium, the 
ratio of the phase velocity in free space to that in the 
medium. 

Refractive Modulus. In the troposphere, the excess over 
unity of the modified index of refraction, expressed in 
millionths. It is represented by M and is given by the 

equation 

M = (n  h/a — 1)106, 

where n is the index of refraction at a height h above sea 
level, and a is the radius of the earth. 

Relative Refractive Index. Of two media, the ratio of 
their refractive indices. 

Right-Handed (Clockwise) Polarized Wave. An ellip-
tically polarized transverse electromagnetic wave in 
which the rotation of the electric field vector is clockwise 
for an observer looking in the direction of propagation. 

Selective Fading. Fading which is different at different 
frequencies in a frequency band occupied by a modu-

lated wave. 

Shadow Factor. The ratio of the electric field strength 
which would result from propagation over a sphere to 
that which would result from propagation over a plane, 
other factors being the same. 

Sinusoidal Electromagnetic Wave. In a homogeneous 
medium a wave whose electric field strength is propor-
tional to the sine (or cosine) of an angle that is a linear 
function of time, or a distance, or of both. 

Sky Wave. See: Ionospheric Wave. 

Spherical-Earth Factor. The ratio of the electric field 
strength that would result from propagation over an 
imperfectly conducting spherical earth to that which 
would result from propagation over a perfectly conduct-

ing plane. 

Spherical Wave. A wave whose equiphase surfaces form 
a family of concentric spheres. 

Standard Propagation. The propagation of radio waves 
over a smooth spherical earth of uniform dielectric con-
stant and conductivity, under conditions of standard 
refraction in the atmosphere. 

Standard Refraction. The refraction which would occur 
in an idealized atmosphere in which the index of refrac-
tion decreases uniformly with height at the rate of 39 
X10-4 per kilometer. (Note—Standard refraction may be 
included in ground wave calculations by use of an effec-
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tive earth radius of 8.5 X10° meters, or 4/3 the geometri-
cal radius of the earth.) 

Standing Wave. A wave in which, for any component 
of the field, the ratio of its instantaneous value at one 
point to that at any other point does not vary with time. 

Surface Duct. An atmospheric duct for which the lower 
boundary is the surface of the earth. 

Tangential Wave Path. In radio wave propagation over 
the earth, a path of propagation of a direct wave, which 
is tangential to the surface of the earth. The tangential 
wave path is curved by atmospheric refraction. 

Transmitted Wave. See: Refracted Wave. 

Transverse Electric Wave. In a homogeneous isotropic 
medium, an electromagnetic wave in which the electric 
field vector is everywhere perpendicular to the direction 
of propagation. (\ote -This is abbreviated "TE 
Wave".) 

Transverse Electromagnetic Wave. In a homogeneous 
isotropic medium, an electromagnetic wave in which 
both the electric and magnetic field vectors are every-
where perpendicular to the direction of propagation. 
(Note—This is abbreviated "TEM Wave.") 

Transverse Magnetic Wave. In a homogeneous isotropic 
medium, an electromagnetic wave in which the mag-
netic field vector is everywhere perpendicular to the 
direction of propagation. (Note—This is abbreviated 
"TM Wave.") 

Traveling Plane Wave. A plane wave each of whose fre-
quency components has an exponential variation of am-
plitude and a linear variation of phase in the direction 
of propagation. 

Troposphere. That part of the earth's atmosphere in 
which temperature generally decreases with altitude, 
clouds form, and convection is active. (Note—Experi-
ments indicate that the troposphere occupies the space 
above the earth's surface to a height of about 10 kilo-
meters.) 

Tropospheric Wave. A radio wave that is propagated 
by reflection from a place of abrupt change in the di-
electric constant or its gradient in the troposphere. 

(Note—In some cases the ground wave may be so al-
tered that new components appear to arise from reflec-
tions in regions of rapidly changing dielectric con-
stants; when these components are distinguishable from 
the other components, they are called tropospheric 
waves.) 

Uniform Plane Wave. A plane wave in which the elec-
tric and magnetic field vectors have constant amplitude 
over the equiphase surfaces. (Note—Such a wave can 
only be found in free space at an infinite distance from 
the source.) 

Vertically Polarized Wave. A linearly polarized wave 
whose magnetic field vector is horizontal. 

Virtual Height. The apparent height of an ionized layer 
determined from the time interval between the trans-
mitted signal and the ionospheric echo at vertical inci-
dence, assuming that the velocity of propagation is the 
velocity of light in a vacuum over the entire path. 

Wave. A physical activity in a medium such that at any 
point in the medium some of the associated quantities 
vary with time, while at any instant of time, they vary 
with position. 

Waveguide. A system of material boundaries capable of 
guiding waves. 

Wave Interference. The variation of wave amplitude 
with distance or time, caused by the superposition of 
two or more waves. (Note—As most commonly used, 
the term refers to the interference of waves of the same 
or nearly the same frequency.) 

Wavelength. In a periodic wave, the distance between 
points of corresponding phase of two consecutive cycles. 
The wavelength X is related to the phase velocity, v, and 
the frequency, f, by X=v/f. 

Wave Normal. A unit vector normal to an equiphase 
surface with its positive direction taken on the same 
side of the surface as the direction of propagation. In 
isotropic media, the wave normal is in the direction of 
propagation. 

X Wave. See: Extraordinary-Wave Component. 
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Quality Rating of Television Images 
PIERRE MERTZt, FELLOW, IRE, A. D. FOWLERt, AND H. N. CHRISTOPHERt 

Summary —Two methods of evaluating impairments in television 
images are described. Both employ observers and, therefore, yield 
subjective evaluations. The first is an extension of Baldwin's in 
which observers vote a preference between pictures with different 
impairments; one of the pictures is optically projected somewhat out 
of focus and is used as a reference. In the second method, the im-
pairment is rated by observers in terms of pre-worded comments 
which are numbered and form a rating scale. Both methods permit an 
evaluation in terms of liminal increments as computed from the dis-
tribution of votes of the observers. These methods have been used 
to evaluate the impairing effects of echoes and noise in television 
pictures, and also to relate picture sharpness to other quality parame-

ters. 

INTRODUCTION 

T
ELEVISION images are subject to various de-
grees of impairment from any one or more of nu-
merous causes broadly classified as distortion or 

interference. Regardless of the source of the distortion 
or interference, whether in the camera chain, the trans-
mission path, or in the receiver, the impairing effect on 
the final image is only as slight or as serious as the 
viewer judges it to be. Impairment is, therefore, a sub-
jective quantity and is measurable in terms of the 
reaction of observers. For engineering purposes, it is 
desirable that evaluations by observers be expressed in 
numbers which apply equally well to all kinds of im-
pairments, and which serve as a scale of quality of 
television images. 
This paper reports the results of experiments in which 

observers were used to evaluate the quality of pictures. 
Two techniques, a comparison and a direct method, 
were used to determine the impairing effects of noise 
and echoes in television images. The comparison method 
was also used to obtain some rough estimates of the 
relative importance of sharpness, contrast, and bright-
ness in determining the quality of pictures. 

I. RECAPITULATION 

Two methods of rating impairments of pictures were 
investigated. The first method establishes the equiva-
lence of a pair of pictures having different impairments. 
For example, one picture, a lantern slide projection, is 
defocused until its quality, in the judgment of observers, 
equals that of another impaired picture of the same sub-
ject. The second method makes use of pre-worded com-
ments in terms of which observers rate various impair-
ments. 
The ratings obtained by these two methods can be 

expressed in three ways: (1) in terms of the defocusing 
of the reference picture, as determined directly from 

Decimal classification: R583.11. Original manuscript received 
by the Institute, August 17, 1950. Presented, 1950 National IRE 
Convention, New York, N. Y., March 8, 1950. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 

the first method; (2) in terms of pre-worded comments. 
as determined directly from the second method; and (3) 
in terms of liminal units, as derived from the distribu-
tion of votes in either method. (One liminal unit indi-
cates a 75 per cent vote preference for one picture con-
dition over another.) 
The ratings obtained by the two methods can be 

compared. The data show that the two methods agree 
reasonably well. 
As part of this investigation, data were gathered on 

the impairment to television pictures caused by single 
echoes and noise. These data, which are summarized 
in this paper, have already been found useful in the 
study of transmission requirements and tolerances. 
Initial data are also presented on the relative im-

portance of sharpness, contrast ratio, and highlight 
brightness as parameters of the quality of pictures. 
A calibration bf the defocused projections used in the 

comparison method was made in terms of resolvable 
test lines and equivalent television bandwidth. The 
results of this supplementary study are given in the 
Appendix. 

II. COMPARISON TECHNIQUE 

In this procedure, observers were asked to indicate 
their preference for one of a pair of pictures derived 
from duplicate lantern slides and viewed side by side as 
illustrated in Fig. 1. One of the pictures (a) was a tele-
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Fig. 1--Arrangement of apparatus for comparison tests. 

vision image with controlled amounts of echo. The other 
picture (b) was optically projected with controlled 
amounts of defocusing. In all other respects, including 
size, contrast, brightness, and color temperature, the 
two pictures were made as nearly identical as prac-
ticable. The projection optics are similar in principle to 
those described by Baldwin.' In order to match contrast, 
an adjustable fraction of the light from the side of the 
projection lamp was directed, by reflection, approxi-
mately uniformly over the area of the screen. 

1 m . W. Baldwin, Jr., "The subjective sharpness of simulated tele-
vision images," Bell Sys. Tech. Jour., vol. 19, pp. 563-587; October, 
1940. 
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By this procedure the impairing effect of a known 
amount of echo in a television picture is compared to 
that of a sharpness degradation in the projected picture. 
An illustration of such data is given in Fig. 2. The 

0 

.50[-
ECHO AT TENuAT.C,  B  '0 

1  _  1 
30  20  .0 0 

Fig. 2—Measure of echo impairment by defocusing of comparison 
picture, "Teacup Lady" slide. I—Undistorted echo, delayed 2 
microseconds. II—Undistorted echo, delayed 12 microseconds. 
I I I—"Partially differentiated" echo, delayed 2 microseconds. 

points plotted are those for which 50 per cent of the ob-
servations favored the television picture with its echo, 
and 50 per cent favored the optical picture out of focus 
by the amount indicated. The abscissae, "Echo At-
tenuation—DB," denote the number of decibels by 
which the 4-Mc picture signal intensity from the echo 
path was lower than the picture signal intensity from 
the main transmission path. The attenuation frequency 
distortions in the echo path for the indicated test con-
ditions are shown in Fig. 3. The ordinates of Fig. 2 de-
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Fig. 3—Attenuation-frequency distortion of echoes used. 

note the distance in thousandths of an inch, or mils, by 
which the projection lens was off focus, and indicate the 
degradation in sharpness of the projected picture. 
Data were obtained for both "positive" and "nega-

tive" echoes. Positive echoes are such that a white pic-
ture feature leads to a white echo, and a black picture 
feature to a black echo. Negative echoes are the reverse. 
The data for positive and negative echoes show no 
marked differences, and, therefore, have been pooled in 
all of the experiments described here. 

By analyzing the distribution of the vote resulting 
in the median curves of Fig. 2, it is possible to evaluate 
how much the preference amounts to for any given 
comparison. This follows a method used by the psy-
chologists and applied by Baldwin' to measure the sub-
jective appreciation of sharpness in pictures. It can also 
be used as the basis of a system of rating picture quality. 
The vote analysis, in brief, consists merely of setting 

as one "limen" the difference between two pictures 
where 75 per cent of the observers prefer the one to the 
other. The vote distribution is found in practice to fol-
low approximately the normal error law, so that the 
difference becomes two limens where the preference vote 
is about 91.1 per cent, and three limens where it is about 
97.8 per cent. The difference in quality between two 
pictures of a pair in this system of rating is measured by 
the number of "liminal units" computed from the prefer-
ence vote. 
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PER CENT VOTES FOR TELEVISION PICTURE 

Fig. 4—Distribution of preferences between television and 
comparison pictures—Case I of Fig. 2. 
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The distributions of votes from which the median 
points were taken for curve I in Fig. 2 are shown in Fig. 
4. Each curve in Fig. 4 represents the distribution for a 
given attenuation of echo with respect to the main 
picture. This plot is used to compute the differences in 
liminal unit rating between two television pictures hav-
ing differing echo amplitudes. At A, television pictures 
with echoes respectively 12.5 and 18.5 db down were 
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both compared with projected pictures 235 mils off 
focus. The preference vote in the first case was 7 per 
cent, and in the second case 50 per cent. Assuming a 
normal law, this gives a difference of 2.2 liminal units. 
The same television pictures were both compared at B 
with projected pictures 334 mils off focus, with prefer-
ence votes respectively of 50 and 95 per cent, giving a 
difference of 2.47 liminal units. An average difference of 
liminal units is therefore deduced between the im-

pairment for an echo 12.5 db down and one 18.5 db 

down. 
When the difference in impairment is large, e.g., be-

tween an unimpaired picture (infinite attenuation of 
echo) and one impaired by an echo only 12.5 db below 
the main picture, it is preferable to take the sum of the 
successive differences between intermediate impair-
ments, rather than the total difference in a single step. 
This was done using the distribution curves of Fig. 4 
for both increasing and decreasing impairments, as out-
lined in the previous paragraph. The resulting two sets 
of values of liminal units are plotted as small circles in 
Fig. 5. The averages of the two sets of values are repre-
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Fig. 5—Measure of echo impairment in liminal units. Data of 
Figs. 2 and 6. 

sented by the heavy solid line (curve I). Similarly, the 
results for the other echo conditions are shown as heavy 
curves (II and III) in the same figure. 

III. COMMENT TECHNIQUE 

The second technique which has been explored was 
also derived from the psychologists, though some 
changes (which will be discussed below) have been 
made for its application here. It consists in presenting 
to the observer a picture affected by differing and con-
trolled amounts of the given impairment, in irregular 
sequence. The observer is given a list of comments, and 
asked to specify which comment most nearly charac-
terizes his judgment regarding the impairment to the 
picture. The comments which have been used are 
1. Not perceptible 
2. Just perceptible 
3. Definitely perceptible, but only slight impairment to picture 

4. Impairment to picture but not objectionable 
5. Somewhat objectionable 
6. Definitely objectionable 
7. Not usable. 

This technique has been applied to rating the serious-
ness of the effect of a greater variety of impairments 
than the first, or comparison technique. To permit of a 
ready comparison between the two techniques, there 
will first be described the results of a series of experi-
ments performed at the same time, and on the same im-
pairments, as those used to illustrate the first technique. 
These results, for the same three echo cases as before, 
are plotted as a set of curves in Fig. 6. The curves, as 
before, represent median results. A typical distribution 
for Case I (paralleling that for mils off focus of Fig. 4) 
is shown in Fig. 7. From this distribution it is also pos-
sible to evaluate the ratings in liminal units, exactly as 
was done for Fig. 4. This was carried out for the three 
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Fig. 6--Measure of echo impairment by comment number. Same 
subject matter as Fig. 2. 

C
O
M
M
E
N
T
 
N
U
M
B
E
R
S 

ECHO 
ATTENUATION 

0.1  1 0  10  25  50  75  90  99  09.5 

PER CENT VOTES FOR GIVEN COMMENT OR FOR COMMENT 

DESCRIBING LESSER DEGRADATION 

Fig. 7—Distribution of comment votes—Case I of Fig. 6. 



1272 PROCEEDINGS OF TI1E I.R.E. .\.'n'eni ber 

cases, and the cumulative impairments obtained thereby 
have been plotted as the fine lines in Fig. 5. The com-
parison between the ratings determined by these 
various procedures will be discussed in the next section. 
In addition to the above, a considerable number of 

other data were taken on different subject material. The 
data on five motion picture film subjects have been 
consolidated, and are depicted in a some  hat different 
manner in Fig. 8. The co-ordinates here are like those of 
Fig. 6, but the poUits shown represent the original ob-
servations, without any averaging or other processing. 
The area of each point, as designated in the legend, is 
used to indicate the number of individual multiplicate 
observations falling at the same location. 
If the observations are cumulated, from those in-

dicating the minimum perception of degradation to 
those indicating the maximum perception of degrada-
tion, a solid figure is built upon the co-ordinates of Fig. 
8. A perspective sketch of the nature of this solid figure 
when smoothed, is shown in Fig. 9. Contour lines are 
dotted in to indicate various cumulated proportions of 
observations in the progression from lenient to exacting 
demands. 
In the process of smoothing the data of Fig. 8 auxil-

iary plots are made, shown in Figs. 10 and 11. These, 
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Fig. 9—Three-dimensional schematic plot of array of Fig. 8. 

when individually smoothed, can then be conceived of as 
sections of Fig. 9 parallel to the comment number axis 
or to the echo attenuation axis. The first are shown in 
Fig. 10 and the second in Fig. 11. The common experi-
ence is that averaging by either set of sections alone 
leads to lines of regression, which are in general different 
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20 

ECHO ATTENUATION,  DB 

Fig. 8— Array of comment observations. Pool of 5 film subjects listed in Fig. 12. Undistorted echo delayed 2 microseconds. 
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can be given than "not perceptible," and none was 
supplied worse than "not usable." The dotted lines in 
Fig. 8 have then been drawn in as expressing about the 
best trend of the broken lines, except near the ends of 
the comment number scale. These represent the projec-
tions upon the horizontal plane (comment number 
versus echo attenuation) of the corresponding dotted 

contour line, of Fig. 9. 
As stated above, the data of Figs. 8, 10, and 11 are 

taken from consolidated tests on five motion pictures. 
The smoothed 50 per cent curves for the individual film 
subjects (whose general nature is indicated by the 
captions) are shown in Fig. 12, and there compared with 

99 9 

Fig. 10—Cross section of array of Fig. 8 at comment number 
contours. 
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DE SCRIBI NG  LESSER  DEGRADATION 

99.9 

Fig. 11—Cross section of array of Fig. 8 at echo level contours. 

for the two.2 To avoid a bias it is therefore desirable to 
smooth in both ways and use both sets of results in 
plotting the final curve. This has been done in plotting 
the broken lines in Fig. 8, which indicate the contour 
lines corresponding to the various cumulated percent-
ages of observations. These broken curves are not 
reliable, of course, near the extreme ends of the com-
ment number scale, because no better comment rating 

2 H. L. Rietz, "Handbook of Mathematical Statistics," p. 126, 
Houghton Mifflin Company, New York, N. Y.; 1924. 
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Fig. 12—Median distributions of individual subjects and average 
of Fig. 8, compared with same for "Teacup Lady" slide. Undis-
torted echo delayed 2 microseconds from cross-sectional plots 
like Figs. 10 and 11. 

the curve for the "Teacup Lady" lantern slide subject 
which was plotted as curve I in Fig. 6. It will be noted 
from Fig. 12 that there is a range of over 10 db in the 
susceptibilities of the various subjects to echo, for a 
given rating of impairment, and that this range is some-
what greater for slight than for serious impairments. 
The consolidated (or "average") curve is not far from 
the center of the range, i.e., about 5 db more lenient 
than for the most susceptible picture. It is also to be 
observed that the "Teacup Lady" slide, which was used 
for the common data to compare the two broad pro-
cedures, turns out to be a subject which is about the 
least susceptible to echo impairment of the whole group. 
The curves are shown here as curves and not as their 
best straight-line approximations, as was done in Fig. 8. 
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Data, similar to that of Figs. 8 and 12, have also 
been obtained for an undistorted echo delayed 12 micro-
seconds, and are shown in Figs. 13 and 14. In Fig. 13 it 
is observed that the impairment rating follows the same 
course as in Fig. 8, but that echo amplitudes for the 
same rating are about 5 db lower (more severe judg-
ment). This is shown again in the comparison between 
Figs. 14 and 12, where it is also seen that the spread 
between picture subjects is larger (namely, about 15 db) 
than for the echoes delayed 2 microseconds. 
Data on additional types of echoes were taken for 

two subject pictures, and are illustrated in Figs. 15 and 
16, respectively. The first is with the "Teacup Lady" 
lantern slide subject used for Fig. 6, and the second 
with one of the more sensitive film subjects of Figs. 12 
and 14 ("Model with White Hat 2"). 
As was the case with the echoes discussed in connec-

tion with Fig. 2, the distortion of the echo picture cor-
responds to the transmission of its signal through a 
path having one or the other of the attenuation charac-
teristics illustrated in Fig. 3. The "differentiated" echo 
is one equivalent to passing the signal through a path 
having a response rising with frequency at the rate of 6 
db per octave over the major part of the transmitted 
band. For "partial differentiation" the rise is somewhat 
less fast than this, and not uniform. 
It is to be observed from Figs. 15 and 16, first, that 

the impairing effect of the undistorted ("flat") echo in-
creases with its delay (as has already been noted); 
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Fig. 14—Median distributions of individual subjects and average of 
Fig. 13, compared with same for "Teacup Lady" slide. Undis-
torted echo delayed 12 microseconds. From cross-sectional plots 
like Figs. 10 and 11. 
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Fig. 13—Array of comment observations. Pool of S film subjects listed in Fig. 14. Undistorted echo delayed 12 microseconds. 
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second, that distorting the echo reduces the impairing 
effect (by some 15 to 20 db for "differentiation," and 
somewhat less than this for "partial differentiation"); 
and third, that the effect of differences in delay is less 
clear for the distorted echoes. 
For engineering use of the data, given for example in 

Fig. 8, it is preferable to simplify this plot and present 
it on "probability" paper instead of drawing in the nor-
mal distribution scale. For that purpose Fig. 8 would be 
converted to the pldt of Fig. 17. 

50 -------

40 

10 25  50  75 . 90 

PLO CENT or OBSCA4ATiONS AS  ,4PiC ATE D  FOR 

C ,,C N  (COO ATTC NUAT, ON 

Fig. 17--Characterization of 2-microsecond delayed echoes on pool 
of 5 film subjects. Processed data of Fig. 8 presented for en-
gineering use. 

The technique making use of pre-worded comments 
has also been applied to rating pictures impaired by 
random noise having a particular power frequency dis-
tribution. The distribution studied is one which is ex-
pected in some hypothetical coaxial cable system de-
signs, and is plotted as "unweighted noise" in Fig. 18. 
The scale of ordinates in that figure represents specifi-
cally the ratio, expressed in decibels, of the watts per 100 
kc to the watts in the entire band, in the electrical signal. 
It has been shown' 4 that in the perception of such noise 
the eye is less sensitive to the higher frequencies in this 
noise than it is to the lower frequencies. A weighting 
function mentioned in the literature, corresponding to 
the viewing of a standard television picture from a 
distance equal to 4 times its height, has been assumed 
in evaluating the electrical noise. It, and the distribution 
of the noise after this weighting, are also shown in Fig. 
18. The weighted noise represents a power 6.9 db below 
the unweighted noise. For a "flat" distribution of noise 

3 P. Mertz, "Perception of television random noise," Jour. Soc. 
Mot. Pk. and Telev. Eng., vol. 54, pp. 8-34; January, 1950. 

4 0. H. Schade, "Electro-optical characteristics of television," 
RCA Rev., vol. 9, Parts 1—IV, pp. 5, 245, 490 and 653; March, June, 
September, and December, 1948. 
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Fig. 18—Random noise distributions and weighting fun( tirm 
used for tests. 

the weighting would represent a power reduction of 2.2 
db from the unweighted noise. 

The data on impairments caused by noise have been 
plotted, in a manner similar to Figs. 8 and 13, in Fig. 19. 
These cover the consolidated results on three slides (the 
"Teacup Lady," a white vase and a two-character scene 
from a play). The abscissae represent the ratio of the 
peak-to-peak amplitude of a standard video signal in-
cluding synchronizing pulses to the rms amplitude of 
the weighted noise, as measured in decibels. 
'Observation of the broken lines in Fig. 19 shows the 
usual erratic behavior at the extreme comment numbers, 
but aside from this there is a distinct curvature down-
wards towards low values of noise. It had been obvious 
in setting up the pictures for these tests that there was a 
low but visible random noise on the pictures before any 
external noise was applied. If such a constant noise were 
assumed, then to the nominal noise indicated by the 
abscissae would be added (on an rss basis) a fixed noise 
having dominant weight where the nominal noise is low 
but negligible weight where it is high. This would in-
crease the comment numbers in the first case, but leave 
them unchanged in the second, and is therefore in the 
direction indicated by the curvature of the lines. The 
dotted lines have been drawn in the figure first by as-
suming straight lines asymptotic to the trend of the 
broken lines for the higher comment numbers. Then 
the straight lines have been distorted by finding, for 
each value of abscissa, a new nominal value which 
yields the old value when an estimated magnitude of 
fixed noise is added; and plotting the curves through 
these points. The fixed noise was adjusted to give the 
best fit for the 50 per cent curve, and the same value 
then used for the other percentage curves. The fit is 
seen to be good enough for the present exploratory 
work, though there is enough deviation for the extreme 
percentage curves to warrant reconsideration in a more 
definitive study. 
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Fig. 19 —Array of comment observations. Pool of 3 slide subjects. Random noise distribution of Fig. 18. 

IV. COMPARISON BETWEEN TECHNIQUES 

If systems of rating are to be realistic it is necessary, 
of course, that they lead approximately to the same 
rating, irrespective of the system or technique used. 
It is to check this that a portion of the experiments 
were performed using the two techniques substantially 
at the same time. From the plots of Figs. 2 and 6 it is 
possible to show the relationship between impairments 
resulting from echoes as measured in mils off focus of a 
comparison picture, and in comment numbers. This re-
lationship has been plotted in Fig. 20. The curve ex-
pressing this relationship should of course be inde-
pendent of the cases I, II, and III, particularly for 
comment number 1, for which there is no picture im-
pairment. The curves of Fig. 20, however, do show some 
variation in this relationship, enough to warrant an ex-
planation. The tests, from which the points were 
plotted, occupied a period of 10 days. The preliminary 
adjustments of both the television picture and the pro-
jected picture were made with great care to get the first 
as good as possible, and the second to match the first as 
nearly as possible. The judgments of several observers 
were used to set the adjustments. In the subsequent ad-
justments during the tests, however, only the highlight 
luminance and contrast ratio were measured several 
times each day. The collective judgments were not re-
peated. 
It appears in retrospect that this technique was not 

sufficient to prevent the television picture from becom-

ing degraded over such a period of time. The projected 
picture, however, retained its original quality. Thus a 
separate smoothed curve, indicated by the dotted parab-
olas, has been plotted for each case. If the television 
picture had been readjusted at frequent enough in-
tervals, the curves would obviously have coincided at 
comment number 1. The plot of the smoothed curves 
shows that there would probably have then been reason-
ably good coincidence for the other comment numbers. 

.• , 
466 156 

COMPARISON reciuot  miLi orr FOCUS 

Fig. 20—Relation between defocusing and comment numbers. 
Subject and cases of Figs. 2 and 6. 
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The correlation of the image ratings among the vari-
ous techniques and methods of deriving the results, as 
exemplified by Figs. 2, 5, and 6, is seen to run from fair 
to extremely good. Some of the uncertainties in the cor-
relation, for example in the evaluation of the relative 
susceptibilities to echoes in cases I, II, and III, show 
evidence of the effect of the limited number of observa-
tions. Where more observations were taken, as il-
lustrated in Figs. 15 and 16, the relative susceptibilities 
appear much more. distinctly. 
In a relative evaluation of the techniques, the com-

parison method is found to be more difficult for the ex-
perimenter to set up, and it requires more observations 
to obtain a significant result than the comment method. 
However, the observations are much simpler and easier 
to make, requiring only an indication of picture prefer-
ence, instead of an evaluation in terms of words. The 
observer judgments are more nearly independent of 
previous training. They are also more absolute, as was 
indicated in the discussion of Fig. 20, because a pro-

jected picture is more reproducible, in the present state 
of the art, than a television picture. 

At this point it is appropriate to consider some 
criticism which has been made of the language of the 
comments used in the second technique. In the usual 
technique employed by the psychologists, some aspect 

or dimension of the picture quality is specified, and the 
observer is asked to report in terms of predetermined 
steps or categories of the dimension. In the present case 
there are four dimensions, i.e., perceptibility, impair-
ment, objectionableness, and utility. The first is given 
three steps, the second two, the third three, and the 
fourth one, and some of the steps of one dimension are 
identified with other steps of another. The objection is 
made that the observer may be confused by this, and 
rank the picture in a single dimension of his own and 
following the ordered comment numbers. 

There is some validity to such an objection, but it is 
necessary to note that the information on picture im-
pairments is sought over a great range of these, and the 
observer's interest centers upon the successive aspects 
of the impairment over the course of this range. The 
prime objective of the technique is to catch the succes-
sive points at which these aspects reach importance, and 
the few steps are all that is necessary for each aspect for 
such a determination. The aspects themselves were 
chosen to reach importance successively. 
The criticisms were voiced in general form before the 

experiments reported were carried out. In view of the 
exploratory character of the experiments, it was de-
cided to carry them out with the comment wordings as 
prepared. To thwart the observer as far as possible in 
setting up an arbitrary numerical rating of his own, 
which might differ from observer to observer, the suc-
cessive objective degradations in the picture were pre-
sented in irregular order, and sometimes two different 
types of degradations were interleaved in irregular 
order. 

The general experience with the comment wordings 
chosen, during the course of the experiments, was quite 
favorable. There seemed to be little if any confusion in 
the observer's minds as to the meaning to them of the 
comments, and it is guessed that there was far more 
uniformity in their interpretations than is usually at-
tached to the words "just tolerable," which have been 
conventional in the past. There was still sonic suspicion 
that the observers were constructing scales of their own, 
but there was repeated evidence that the great majority 
of the observers were using the comment scale, in that 
the observers made numerous references to the sheet of 
paper on which the comments were written and fre-
quently would audibly read the words of two or more 
of the numbered comments before deciding which com-
ment suited the particular impairment. 
When the comment wordings were chosen, it was not 

known whether they would be spaced uniformly on i. 
general quality scale, nor was this an objective, although 
it has desirable aspects. The spacing of the comments 
in liminal units can be determined directly from the vote 

distributions on the comment numbers. For example, in 
Fig. 7 it is possible to measure off the number of com-
ment spacings between the 25 and 75 per cent votes 
(corresponding to 2 liminal units), divide this by 2, and 
plot the result against the comment number at the 50 
per cent vote. This has been done for the cases I, II, and 
III that were plotted in Fig. 6. and the results are 
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Fig. 21 —Liminal differences measured in comment intervals 
from data on subject and cases of Figs. 2 and 6. 

shown by the fine lines in Fig. 21. A few values very 
close to comment 1 undoubtedly are affected by the 
saturation near the extremes of the comment scale, and 
have therefore been omitted from an average of the 
data. 

Similarly the mils off focus spacings as recorded in 
Fig. 4 between the 25 and 75 per cent votes on the de-
focused picture have been computed. These have been 
converted to comment number spacings per liminal 
unit by using the smoothed curves correlating the two 
in Fig. 20, and divided by two. The results form the 
indirect data connected by the heavy lines in Fig. 21, 
and these were also averaged. 

Examination of Fig. 21 shows that the comment in-
terval spacings per liminal unit are systematically some-



1279 1 1950  Mertz, Fowler, and Christopher: Quality Rating of Television Images 

what greater for the indirect than for the direct data. It 
also shows that while the data are a bit scant, there is 
no strong evidence for variation in the spacing as a func-
tion of comment level except near the very ends of the 
comment number scale. 
Omitting the points near comment number 1, the 

gram: average of Fig. 21 indicates a comment number 
spacing of about one liminal unit. The additional data, 
reported on Figs. 8, 13, and 19, as smoothed, indicate a 
constant averaged value for each figure. The compari-

. son of all these is about as follows: 
Fig. 2 (Cases 1,11, and II, indirect)  1.15 
Fig. 6 (Cases I, II, and II, direct)  .83 
Fig. 8  1.00 
Fig. 13  1.155 
Fig. 19  1.00 

Average  1.03 

The broad conclusion, therefore, is that the comment 
spacings, at least as used by the observers, are uniform, 
and are about one liminal unit. 

V. COMPARISONS BETWEEN PICTURE QUALITY 
PARAMETERS 

The comparison technique has also been used to 
compare sharpness or definition as a quality parameter 
of the picture with the other quality parameters. 
Two pictures have been exhibited to the observer side 

by side, say, A and B. Picture A has a given definition 
and contrast ratio. Picture B has, say, a lower contrast 
range and its definition is varied over a range of values, 
all higher than for A. The observer is asked, for each 
value, presented in irregular sequence, to choose his 
preference for A or B. For some value of definition the 
vote is 50-50. Picture B at this sharpness and its con-
trast is then equally chosen with picture A at a higher 
contrast but lower definition. A line can then be drawn 
joining these two points on a graph, as in Fig. 22. This 
then can represent a segment of a curve of presumed 
equal quality, which could be plotted on the graph. By 
taking other pairs of pictures, other such segments can 

Fig. 22 —Contrast versus definition. "Swan" slide at 27 millilamberts 
highlight luminance. 

be drawn. This would permit sketching in the graph a 
succession of contours of presumed equal quality. From 
the 25 and 75 per cent votes the quality spacing be-
tween the contours can be estimated in liminal units. 
These are indicated in the figure by light lines. The con-
tours have not, however, been drawn in the plot. In 
plotting the curves the mils off focus have been squared 
to give a quantity approximately following frequency 
bandwidth. They have also been plotted from right to 
left, so that increasing sharpness, as bandwidth, goes 
from left to right. 
In Fig. 23 a similar comparison has been plotted be-

tween contrast and highlight luminance, and in Fig. 24 
between sharpness and highlight luminance. 
The three quality parameters can be presented in a 

unified composite graph having three dimensions. The 
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Fig. 23 —Contrast versus highlight luminance. "Swan" slide, 80 
mils off focus. 
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Fig. 24 -Sharpness versus highlight luminance. "Dinner table" 
slide at 50:1 contrast ratio. 
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4 

three planes of Figs. 22, 23, and 24 have been shown as 
intersecting to form this graph in Fig. 25. In such a 
figure the locus of pictures of presumed equal quality is 
a curved surface, and its intersection with the three 
planes forms a contour curve on each of the planes. In 
Fig. 25 one such contour curve has been sketched in for 
each of the three planes, and some idea of the curved 
surface may be derived from the perspective drawing. 
Other curved surfaces may be sketched, differing from 
that shown by any given number of liminal units. These 
have not been shown, however, in order to avoid com-
plicating the drawing. 

444,ce  

Fig. 25—Solid of picture quality parameters. 

Vi. APPENDIX 

The defocused projected picture has been used ex-
tensively in these tests as an illustration of a picture of 
reduced sharpness that permits comparison with a tele-
vision picture of limited frequency bandwidth. As part 
of the test, a calibration of the bandwidth corresponding 
to the defocused picture was carried out, as a function 
of the defocusing. 

The calibration could of course have been carried out 
by comparing an actual television picture of known fre-
quency bandwidth with the defocused picture. It was 
desired, however, to project the comparison to a picture 
of more perfect scanning spot structure than at present 
available on television screens. The telephotograph sys-
tem 5 developed some years ago gives an excellent and 
almost perfect structure of conventional type. Conse-
quently several pictures of various subject material were 
made into projection lantern slides and also transmitted 
locally over a telephotograph system of known band-
pass characteristics (see Fig. 26—the influence of the 
transmitting and receiving scanning apertures has been 
estimated) and made into positive transparencies. By 

6 F. W. Reynolds, "A new telephotograph system," Bell Sys. 
Tech. Jour., vol. 15, p. 549; October, 1936. 
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Fig. 26 -Over-all band-pass characteristics, telephotograph 
system. 

transmitting the pictures at varying amounts of mag-
nification varying numbers of scanning lines could be 
obtained. 

The transparencies (suitably illuminated from the 
rear) replaced the television picture in Fig. 1 and were 
compared with the defocused projections. The results of 
these comparisons are shown in Fig. 27. The ordinates 
here are expressed in terms of a normalized variable 
ag which characterizes defocusing under varied projec-
tion conditions. The quantity g is the actual lens dis-
placement off focus in mils. The factor a is defined by 

a = 7r(m — 1)/(2F1I) (1) 
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Fig. 27 —Subjective correlation of telephotographed transparencies 
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I where 
m = in-focus magnification 
F= ratio of focal length to diameter of aperture of 

projection lens 
H= height of picture in inches. 
With a as above, and g in mils, the variable ag comes 

, out in convenient numbers, which are 1,000 times what 
they would be if g were expressed in inches. 
The points shown represent the averages of the ob-

servations. A smoothed curve has been drawn, with a 
doubtful dotted extrapolation. The 25 and 75 per cent 
votes have also been represented by smoothed dotted 

lines. 
The frequency conversion from the telephotograph to 

the television bands is accomplished by multiplying the 
frequencies in Fig. 26 by the ratio of the scanning speeds 
for the assumed television systems to that for the tele-
, photograph systems. Each telephotograph transparency 
has a number of scanning lines in height, designated as 
N . The scanning is done on the machine itself at 100 
lines to the inch, and at 20 inches per second, conse-
quently covers a horizontal distance along a scanning 
line equal to NT scanning line widths in 0.0005 NT sec-
onds. In the corresponding television systems it is as-
sumed that all of them have a frame frequency of 30 
per second, and horizontal and vertical blanking in-
tervals of 17.25 and 6.5 per cent, respectively (present 
standards). Then the time required to cover NT 
scanning line widths, in a horizontal direction, is 
0.774/(40NT) seconds. The ratio of the two speeds is 
consequently 0.02584Nr2. 
The "bandwidth" of a transmitted signal is, of course, 

an elastic concept, depending upon the purposes for 
which the quantity is to be used. For the present it will 
be assumed as the frequency band up to the 45-db cut-
off, including electrical and aperture losses. This gives, 

I in Fig. 26, a "bandwidth" of 1.345 kc, and, for varying 

.00 

t 01..  7,1. 

Fig. 28 Equivalent frequency bands for telephotographed 
transparencies. 
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values of NT, the equivalent bandwidths indicated in 
Fig. 28. Translating the scanning line numbers of Fig. 
27 into frequency bands gives Fig. 29, which gives the 
calibration of the mils off focus used in Figs. 2 to 4 and 
20, for which a = 0.0654. 
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Fig. 29 —Calibration of off-focus displacement in terma of 
equivalent frequency band. a =0.0654. 

For many purposes it is desirable that the calibration 
shall be given in terms of resolving power. This is done 
by viewing a parallel line test chart and measured in 
terms of lines just resolved (counting black lines and 
white lines) in a picture height. For this test it turned 
out to be more convenient to measure just beyond this, 
i.e., lines just not resolved. The experimental indica-
tions were that the difference in lens displacements 
satisfying these two criteria is probably less than 2 per 
cent. These resolving powers for the various lens dis-
placements, for three different projection setups all 
viewed at 4 times picture height are plotted as the 
various points in Fig. 30. 
A theoretical curve has been derived ,for the data 

shown in Fig. 30, briefly as follows. The influence upon 
resolution of bar patterns of eye limitations, lens limita-
tions, and defocusing is considered as an attenuation or 
loss varying with the closeness of the lines.'.3.4 For con-
venience the losses are measured logarithmically, as 20 
logop, where p is the luminance ratio. Then 

L(N, ag) = L1(N) 1,2(N) + 1,3(N, ag),  (2) 

where 
L =over-all loss 
Li =loss due to eye limitation 
I.2 = loss due to lens limitation 
= loss due to lens defocusing 

N = number of lines in picture height 
ag = normalized lens displacement. 
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Fig. 30—Subjective correlation of off-focus displacement with 
test lines just not resolved. 

The eye and lens limitations are independent of de-
focuFing, as noted. The over-all loss, near threshold, can 
be taken as a constant figure (say Lo), which establishes 
then an implicit functional relation between N and (IT 
determined by (2). 

The eye and lens losses are in general approximately 
parabolic6 near the origin, but they are exactly para-
bolic if the distribution in their figures of confusion is 
Gaussian. This distribution is indicated by experiment 
to be approximately the case for most lenses. I.e., 

L1(N)  L2(N) = kiN2 k2X2 = k3N2.  (3) 

•The proportionality constant can be measured from the 
resolution at sharp focus No for which L 3 =  0. 
Hence 

k3 = Lo/NO2. 

The defocusing loss is6 

1,3(X, a = 20 logio [(agN/1,000)/2 MagN/1,000d, (5) 

where 

J1( ) = Bessel function of first kind and order 1. 
The factor of 1/1,000 in the argument is needed to offset 
the measure of g in mils as explained under (1). 

Thus the implicit equation between N and ag is 

20 log io kag.V/1,000)/1/1(agX/1,000)] 

= Loll — (N/N0)1.  (6) 

This is the equation shown by the fine dotted line in 
Fig. 30, for Lo = 45, and No=1,750. The Bessel function 
is used for arguments between zero (for zero value of g) 
and its first root (for small values of N). As N ap-
proaches zero, the right-hand member of the equation 

• P. Mertz and F. Gray, "Theory of scanning," Bell Sys. Tech. 
Jour., vol. 13, p. 464; July, 1934. 

(4) 

approaches constancy, and therelore the argument of 
the Bessel function also approaches constancy. Thus g 
becomes nearly inversely proportional to N. This cor-
responds to the 11)011.10ii of I hc curve toward the right of 
Fig. 30. It is to lie noted I lilt this portion is displaced 
somewhat from the di I tidl points. The exact reason for 
this displacement is not ( lcdr, but it has been noted 
before' that tlw effective size of an optical figure of 
confusion tends to run to about 85 per cent of its cal-
culated value from geometrii al optics. 

The experimental points in Fig. 30 group themselves 
about a quite smooth curve, indicating the general 
\dlidity of the normalized variable which has been 
derived from (1). Because of this the smoothed empiri-
cal curve, shown as .1 !, 111i d  line in Fig. 30, has been used 
rather than the theoretical curve, for the application to 
calibration of the line resolution in effective frequency 
bandwidth. 

This calibration is effected by using the relationship 
determined in Fig. 29 bctween the normalized lens dis-
placement and frequency bandwidth to substit ute the 
latter for the former in Fig. 30. This then givf•ti Hg .31 
which is the calibration desired. 

100 

4 

200  400  800 800  ,000 

SOL WCO 

Calibrati,o1 of lines just not resolved, in terms of 
equivalent frequency band. 

This calibration, it will be noted, permits an inde-
pendent determination of the factor' w•hich has been re-
ferred to as the "Kell factor." This, in a conventionally 
used television system, is the ratio of the vertical 
definition, in resolved lutes, to the actual number of 
scanning lines. Calling the first N,„ and the se( ond X.. 
(it Mill not (I() simply to use NT front lit. 27, because 
this was determined from over-all subjective evaluation 

19342.R. I). Kell, A• V• Bedford, and NI. A. Trainer, "An e  n \perimetal 
television system ," Pitoc. vol. 22, pp. 1246-1266; November, 
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with a different horizontal resolution), the ratio gives 

the relation 

N, = kN r.  (7) 

The frequency bandwidth required is 

F = (1/2) XI/ XB X N, X (4/3)N„,  (8) 

where .1/ is the frame frequency, B is the allowance re-
quired for horizontal and vertical blanking (equal to 
1/0.774 or 1.292 in present standards, and already 
made in Fig. 28), and it is assumed that the horizontal 
resolution is N,, (measured along a length equal to 
picture height, and aspect ratio 4 to 3). Thus with the 
vertical resolution also N,, 

F = (2/3) M BN ,2/ k  (9) 

or 

k = (2.1/13N„')/3F. (10) 

The value of h as determined from substituting F and 
Ni, from the straight line part of Fig. 31 is 0.89. This 
is somewhat higher than the figures which have up to 
the present been given.' In part of course it is due to the 
measurement in Fig. 30 of "lines just not resolved" in-
stead of "lines just resolved." The figure is also however 
very sensitive to the smooth curve plotted through the 
rather irregular points of Fig. 27. It is to be hoped that 
further measurements can some time be made either 
with telephotograph transmitted transparencies or good' 
quality television pictures to permit a more precise plot 
in this figure. 
The viewing conditions for the major part of the work 

have been sketched in Fig. 1. They were chosen largely 
for simplicity and ease of reproduction, and to permit of 
a generally critical evaluation, but do not pretend to be 
a standard. For the data in Figs. 22 to 25, inclusive, a 
somewhat larger picture, namely 15 by 20 inches, was 
projected on the screen, and the value of a for the lens 
was 0.0852. The viewing was in as complete darkness as 
could easily be obtained. It was realized that this w as an 
artificial condition, but for exploratory purposes it was 
deemed not too far off, it was easily reproducible, and it 
did not interfere with the high picture contrast pos-
sibilities which were desired. To secure relaxed vision at 

the comparatively close viewing distances, lens pairs 
were made available to the observers to hook on over 
their own spectacles (or over empty frames) if they 
wished. These moved back the virtual plane of the 
viewed screens, by an amount depending upon their 
focal lengths. The lenses were available in a variety of 

focal lengths. 
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Fig. 32 —Circuits for echo and noise tests. 
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Block schematics of the circuits used for the echo 
and noise tests are illustrated in Fig. 32. These are con-
ventional in character and self-explanatory. The net-
works used to obtain differentiation and partial differ-
entiation were of the minimum phase type. As picture 
source a film scanner of a general type which has al-
ready been described' was used. An arrangement on it 
permitted scanning still slides. 

8 A. G. Jensen, 'Film scanner for use in television transmission 
tests," PROC. IKE., vol.29, pp. 243-250; May, 1941. 

CORRECTION 

J. NI. Pettit, author of the paper, "Ultra-High-Frequency Triode Oscillator 
Using a Series-Tuned Circuit," which appeared on pages 633-635 of the June, 
1950, issue of the PRocEEDINGs OF THE i.R.E., and F. J. Kamphoefner, author 
of the paper, "Feedback in Very-High-Frequency and I'Itra-I ligh-Frequency 
Oscillators," which appeared on pages 63G-632 of the same issue, have brought 
the following omission to the attention of the editors: 
The authors wish to acknowledge the support of the Office of Naval Research 

in the work reported in their respective papers. 
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Tone Rendition in Photography* 
\V. T. WINTRINGHAMt, SE NIOR M E MBER, IRE 

Som mary —The photographic field is reviewed to 
find whether the tone rendition of a good picture can 
be predicted. The television engineer can find no 
solace in the fact that good photographs were made 
before measurements were made of the photographic 
media. He will be thwarted further when he learns 
that the best print is the result of experienced criti-
cism of a work print. However, the experience of the 
photographer in obtaining pleasing results in spite 
of the limitations and distortions of the photographic 
process should be useful to the television engineer. 

IN [ADDUCTION 

' T' ONE RE N DI1 IO N is one of the im-

1  portant factors which  make  up  a 

pleasing picture. However, it would 

appear to be poorly understood, even in the 

century-old photographic field. Neverthe-

less, what little data we have was colle( ted 

in that field, where some work has been at-

tempted in correlating sensitometry and the 

end result—a pleasing picture. First, let us 

understand the fact which should be obvi-

ous, that the most usual task for any repro-

duction system (including television sys-

tems) is the production of a pleasing picture 

with the appearance of realism. 

Lest this statement of the aim of repro-

ducing processes be considered as biased in 

favor of artists and pictorialists, let us ex-

amine the technical photographic litera-

ture. Mees' points out that the problem of 

tone rendition may be considered from two 

points of view; first, the objective one where 

brightness in the original and in the repro-

duction are compared; and second, the sub-

jective, where the appearance of the repro-

duction conveys an impression of realism. 

Si milarly Neblette2 and Miller' preface their 

discussions of tone rendition cc ith statements 

that the end result of the photographic pro( - 

ess is the impression conveyed to the viewer. 

This same thought is found in as unemo-

tional a source as a manual prepared for the 

use of technicians in motion picture labora-

tories.' 

Is it so surprising that level-headed sci-

entists should write in this c ein? If it were 
otherwise, good pictures could have been 

only fortunate accidents before the practice 

of sensitometry. And as you know, good pic-

tures were the rule during a part of the half 

century that preceded even the first experi-

ments in sensitometry. Of course it is not 

stated that daguerreotypes showed good tone 

values— quite the contrary was the fact. 

But Brady's wet-plate pictures of the Civil 

War era were good. Examine his portraits, 
say, of Lincoln, and you will see realistic and 

• Decimal classification: 770.2836 X R583. Origi-
nal manuscript received by the Institute, December 9, 
1949; revised manuscript received. July IL 1950. 
t Bell Telephone Laboratories, Inc.. Murray Hill. 

N. J. 
I C. E. Kenneth Mees. The Theory of the Pho-

tographic Process,' The Macmillan Co.. New York, 
N. 1•._; 1944. 

C. B. Neblette. "Photography —Its Principles 
and Practice. • D. Van Nostrand and Co., New York. 
N. Y.. Fourth Ed.; 1942. 
• Carl W. Miller. 'Principles of Photographic Re-

production.' The Macmillan Co.. New York. N. Y.; 
1942. 
• Motion Picture Laboratory Practice," Eastman 

Kodak Co., Rochester, N. Y.; 1936. 

pleasing pictures seldom equaled today. Si m-

ilarly, Jackson's pictures of the West were 

marvelous. The photographers of that time 

used  color-blind  negative  materials  and 

printing-out papers. Sensitometry, being un-

known, contributed not at all to their re-

sults. In fact, sensitometric descriptions of 

the materials they used are al most nonexist-

ent. So sensitometry can not be said to have 

contributed to good still photography, ex-

cept in that it may have made the process 

somewhat easier. 

But, you say, how about the movies? 

Compare, if you will, a clean print from one 

of Strauss' best negatives with any modern 

picture you choose. And remember, now, 

that sensitometry only ca me to Hollywood 

with sound.' Exact duplication of brightness 

beca me important in the movie field. only 

when each release print carried a sound track 

along its edge. 

So, in discussing tone rendition, do not 

forget the purpose of a picture, which is to 

produce a realistic and pleasing impression 

of the original. Now, let us set down some of 

the things we know about photographic re-

productions, not necessarily in the order of 

importance, for we do not know how to do 

that. 

PHYSICAL FACTS IN PHOTOGRAPHIC 
REPRODUCTION 

One of the most obvious differences be-

tween an original scene and a photograph is 

that the scene is three-di mensional and the 

photograph to o-di mensional (excepting, of 

course, the effect produced by the stereo-

scope). 

A scene is in color and most photo-

graphs are in monochrome. 

A scene is boundless, and a photo-

graph is bounded by a border which in 

most cases is foreign to the subject. 

A photograph generally shows ob-

jects at other than their natural sizes. 

The depth of field is fixed in making 

the picture, and the effect may be quite 

different from what you see in the origi-

nal. 

The picture always is noisy (grainy), 

and usually it is viewed on paper or a 
screen which has texture. 

We have been able to describe the differ-

ences so far without mentioning tone rendi-

tion. It requires no stretch of the imagina-

tion to suppose that the effect of some of 

these physical differences can be partially 

compensated by control of the gradation in 
the picture.' 

The maxi mu m brightness in a scene 

usually is much larger than that in the 
reproduction. 

The brightness range, or ratio of 

maximu m to minimu m brightness in a 
scene is usually different from that in the 
picture. 

There is seldom a uniform distortion 

of the brightness scale in reproduction. 

Ralph M. Evans. 'An Introduction to Color.' 
John Wiley & Sons. Inc., New York. N. Y.; 1948. 

All of these latter ite ms can be described 

in sensitometric terms. Since distortion in 

the sensitometric sense must exist and since 

some compensation for the first group of 

physical  distortions may be  possible,  it 

should be apparent that a good deal more 

than physical measurement is required to 

produce a good picture. 

SE NSITOMETRIC TERMINOLOGY 

Before we consider how a good picture 

might be produced, let us recall the termi-

nology of sensitometry so that we may at 

least think we know what we are talking 

about. 

An over-all characteristic for a photo-

graphic process is shown in Fig. 1. Here the 

logarith ms of lu minances of points in the c• 

reproduction are plotted against the loga-

rith ms of lu minances of corresponding points 

in the original. This S-shaped curve is typi-

cal of all photographic processes, showing as 

it does a concave upward region called the 

toe, a concave downward region called the 

shoulder, and an intermediate linear part. 

Various  processes  differ  in  the relative 

length of the three parts into which the curve 

may be divided. This curve is typical also in 

that the range of lu minances in the repro-

duction is different from the range of lu mi-

nances in the original. 

-c 

LOG Lo 

Fig. 1— Diagram showing sensitometry. 
L.=- lu minance of a point in the object 
L,= lu minance of a point in the repro-
duction 

Slope of b—c -= gradiant at a 
Slope of e — f = maximu m gradient =-). 
Slope of g —h = average gradient. 

The slope of this curve at any point, for 

exa mple, point a, is the gradient at that 

point. It is customary to designate the max-

imu m value of the gradient as gam ma, in ac-

cordance with the nomenclature introduced 

by Hurter and Driffield.' The slope of the 

line connecting the two ends of the curve in 

Fig. 1 (line g-h) is called the average gradient 
of the reproduction. This is a measure of the 

change in lu minance range between  the 

original and the reproduction, or more cor-

rectly of the logarithms of these ranges. 

• F. Hurter and V. C. Driffield, •Photochemical 
investigations and a new method of determination of 
the sensitiveness of photographic plates.• Jou:. Six. 
Chem. Ind.. vol. 9. p. 455; 1890. 
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It may not be amiss to repeat one point. 
The term gamma applies to the maximum 
gradient in the characteristic. The value of 
gamma is larger than the average gradient. 
Only if the whole characteristic were a 
straight line would the value of the average 
gradient become equal to gamma. Therefore 
gamma is none too significant a description 
of a rel_:oduction. 
Returning to the names given the three 

regions of the characteristic curve, Hurter 
and Driffieldi called the toe and shoulder re-
gions, respectively, the regions of under and 
of over exposure. They called the intermedi-
ate linear part of the curve the region of cor-
rect exposure. This choice of words unfortu-
nately suggests that linearity in this 
logarithmic plot is desirable, i.e., that good 
pictures are a result of a simple power law 
relation between object and image lumi-
nances. It is only in recent years that experi-
ments made in the Kodak laboratories' have 
demonstrated that such linearity is not nec-
% essary and possibly is undesirable in the 
making of good pictures. Neblette2 points 
out too that it would be well to drop the 
designation "correct exposure," because it 
carries such an unfortunate connotation. 
The over-all characteristic shown in Fig. 

1 is not to be confused with the more com-
mon characteristic of a negative or a positive 
material. Both of these characteristics are 
combined into this curve which includes as 
well the effect of stray light (or flare) in the 
camera and of room lights on the screen in 
the case of a projected picture. In case the 
print is made by projection from the nega-
tive, the effect of stray light or flare in this 
process is included likewise in the over-all 
characteristic. 

THE PHOTOGRAPHIC PitocEss 

If we assume that linearity is required for 
good reproduction, it is hard to see how good 
photographs occur, since this process seldom 
is linear. Even if we know how a photog-
rapher proceeds in making a picture, we are 
still at a loss. No small part of the difficulty 
in understanding arises because a good pho-
tographer does not talk the kind of language 
that television engineers understand. His 
jargon and ours are different. However, let 
us examine each step in the over-all problem 
of reproducing a scene, and see if we can 
guess the significance of the photographer's 
manipulation.' 
The various technical elements which de-

termine the quality of a picture, aside from 
matters of composition are: 

(1) The brightnesses in the original 
scene. 

(2) Quality of the image produced by 
the camera lens, including resolu-
tion and stray light (or flare). 

(3) The negative material used, includ-
ing its sensitotnetric characteristics, 
and its spectral sensitivity. 

(4) The exposure given the negative, 
including the effects of any filter 
that might be used. 

(5) The development of the negative. 
(6) After-treatment of the negative. 

Individual references to photographer's tech-
I niques will not be cited. The information used here 
I has been obtained over a long period from a wide field 
1 of references and by discussion with successful pho-
tographers. 

(7) The material chosen for the posi-
tive. 

(8) Exposure and development of the 
positive. 

(9) After-treatment of the positive. 
(10) Conditions under which the print 

is viewed. 

We have some technical information about 
every one of these factors and likewise some 
idea of how a good photographer might 
work. If we put these bits of knowledge to-
gether, we may learn something about tone 
rendition in photography. 

Scene Br ightnesses 

Nlees' quotes quite liberally from a paper 
by Jones and Condit reporting work carried 
out on the measurement of scene luminances 
in the Kodak Research Laboratories. Ob-
servations were made on 150 outdoor scenes 
and photographs made of each. In these 
scenes, the maximum observed luminance 
was 11,500 foot-lamberts; and the mini-
mum 0.82. 1 t was found that the lumi-
nance range of each of these scenes varied 
from 750:1 to 27:1, where the largest range 
occurred in sunlit scenes with objects of in-
terest in open shade and illuminated from - 
the sky. Quoting from Nlees: 
"The logarithm of 160, the average 

brightness scale found in this work, is 2.2. 
Since the available density scale of a glossy 
developing-out paper is approximately 1.8, 
the entire brightness range of an average 
scene cannot be rendered without some com-
pression. Most exterior scenes have bright-
ness scales which greatly exceed the average 
value, and in many cases a very considerable 
compression of the brightness scale must be 
accepted in photographic reproduction." 
The scenes chosen in the Kodak study 

undoubtedly include some which a good 
photographer would not attempt to photo-
graph. He despises deep shadows and will 
wait for fleecy clouds to form to throw light 
into them. If nature fails him, reflectors or 
even artificial lights are used to illuminate 
the shadow areas. Just how much this re-
duces the luminance range of the subjects of 
good pictures is unknown but it is likely that 
the average value 160 to 1 of the Kodak study 
is close to the good photographer's maxi-
mum.' In this connection Nlees states that 
the range of luminance on portrait and 
movie sets seldom exceeds 150 to 1. 

The Camera Lens 

The lens in the camera has two defects in 
producing the image in the negative ma-
terial. The imagery may be poor (in a variety 
of ways) and non-imaged light may fall on 
the negative. The sharpness of the image has 
a complicated and little understood effect on 
the desirable over-all gradient of the photo-
graphic process. It is known that some com-
pensation for lack of sharpness can be gained 
by increasing the over-all gradients.' This 
compensation is only partially explained on 
technical grounds. 
In an otherwise perfect lens, there will be 

stray light on the negative due to multiple 
reflection from the glass-air surfaces of the 
lens elements. Such flare is increased by 

See page 775 of footnote reference 1. 
In this connection. see footnote reference 3. page 

130. 

dust, moisture films, or thumb prints in the 
lens surfaces. Nlees1 devotes considerable 
space to this question, and we may sum-
marize it in this rough way. The flare light 
increases by a factor of about 2 for each pair 
of glass-air surfaces added. The flare for a 
lens with four glass-air surfaces was such 
that the average luminance range for the 150 
scenes measured was reduced from 160:1 to 
68:1. The major effect of the flare light is to 
illuminate the shadows in the image. The 
gradient of the scene luminance-negative 
exposure characteristic therefore is less than 
unity in the shadows, and a toe is introduced 
in the over-all characteristic from this cause. 
Fortunately, the present trend toward anti-
reflection coatings on lenses reduces the 
flare, provided, of course, that the lens sur-
faces are kept clean. 
It is possible that the preference of some 

photographers for double-anastigmats or 
even such meniscuses as the single Protar, 
over lenses with more elements, is due to this 
cause. Certainly such preference exists, es-
pecially among the older photographers, and 
is stated in terms of the greater crispness of 
the photograph. In my own experience, the 
shadow gradation of a negative taken with a 
single Protar element is noticeably superior 
to that when the taking lens has six or eight 
glass-air surfaces. 

The Negative Material 
The photographer has a choice of a wide 

variety of negative materials, varying in 
sensitivity and spectral sensitivity, maxi-
mum density range, maximum gradient, 
length of the straight part of the D-log E 
characteristic, graininess, etc. Since there 
are so many different negative materials 
available, the selection of a particular one 
for a picture must depend on more than ob-
jective accuracy in tone rendering. NIees'" 
shows that the toe of the characteristic of 
available materials may be long and sweep-
ing, covering log-E ranges greater than one, 
or may be short and sharp covering much 
smaller ranges in log E. However, he points 
out that the linear parts of the characteris-
tics of available materials are adequate to 
record the range of luminances of all of the 
150 scenes in the Kodak study in which the 
camera lens (without coating) had nominal 
flare. 
It seems that the use of a negative ma-

terial with a long sweeping toe in its charac-
teristic is not a bar to producing a good pic-
ture." Since we cannot tell too much about 
how the typical good picture was made, and 
since emulsions having such characteristics 
have been used to make good pictures, we 
should not weigh linearity in this stage of 
the process too heavily. 

Exposure of the Negative 

Photographers use one of two rules in 
exposing the negative. The one might be 
stated as follows: Expose for the shadows 
and let the highlights fall where they may. 
The other is similar, except that the words 
shadows and highlights are interchanged. 
The photographer using the first rule will 
place the exposure corresponding to the 

Is See page 787 of footnote reference I. 
For example, see page 454 of footnote refer-

ence 2. 
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deepest shadow at some point on the toe of 
the curve which his experience indicates is 
desirable. Unless the luminance range of the 
subject is excessive, the highlights w. ill fall 
on the linear part of the characieristic. If the 
second rule is lam% ed, tht• ma‘imunt high-
light will fall near the lo‘‘ er end of the 
shoulder of the curve and the shadows will 
work down toward the toe. In either case, 
Mees' data discussed in the preceding para-
graph indicate that the greater part of the 
exposure range of the negative falls on the 
linear part of its characteristic, unless the 
photographer makes conscious use of the 
more curved part of a long sweeping toe. 
The exposure of the negative is modified 

by the use of color filters. Besides changing 
the over-all color sensitivity of the photo-
graphic process, color filters modify the 
exposure range of the negative. Part of this 
effect comes about because we talk of ex-
posure  in visual  terms  (meter-candle-
seconds, for example) and the spectral-
sensitivity of the negative material is quite 
different front that of the eye. However. the 
photographer takes into account the effect 
of the filter when he makes his exposure. 

Development of the Negative 

The published characteristics of any 
emulsion apply only to certain restricted 
conditions. The shape of the characteristic 
depends on the spectral distribution of the 
radiance producing the exposure and the 
duration of the exposure. The shape de-
pends also, and to a marked degree, on the 
development." 
There is possible a wide range of develop-

ment methods, extending from physical to 
the more customary chemical development. 
In the one case, the final image is produced 
by silver deposited front the developing solu-
tion; in the other, the silver halide grains in 
the emulsion are converted to silver. Chemi-
cal development may be accompanied by 
stain image formation, as is the case with 
pyrogallol as a developing agent. Each de-
velopment procedure results in a different 
characteristic of the negative material. Even 
more important changes in the shape of the 
characteristic result from variations in the 
concentration of antifogging agents (alkali 
bromides, etc.) in the developer. In particu-
lar, such restrainers tend to reduce the ap-
parent speed (sensitivity) of the negative 
material and to shorten the toe of the char-
acteristic. 
The photographer may make use of all ttf 

these variations. He does, however, adjust 
his exposures to his processing methods. 
Therefore, about the only generality we can 
draw about exposure and development is 
that some effort is made to place most of the 
middle and upper tones in the original on the 
linear part of the negative characteristic. 

After-Treatment of the Negative 

No photographer is infallible. Even in 
the movie industry, intensification and re-
duction of a negative to correct for incorrect 
exposure and development sometimes are 
necessary. However, quoting Mees:' 

"None of them, however, gives a final 
result equal to that obtained by correct 

See Part III of footnote reference 1. 

exposure and development; their use is 
an expedient and not a practice." 

For our purpose we may forget about the 
sensitometry of intensification and reduc-
tiOn.la 
There is another type of after-treatment 

that is practiced in still photography, and 
that is the local alteration of the scale of 
tones on the negative through the use of 
stains, pencil marks, etc. I fere again we may 
neglect safely consideration of the sensi-
tometry of such processes. 

Residua of the Sensitometry of the Negative 

Before we consider the production of a 
final print, let us bring together what we 
know about the negative. If it represents the 
work of a good photographer, the negative is 
a record of a scene in which the range of 
luminances was somewhat les, than 150:1. 
Flare from the surfaces of the camera lens 
increased the relative CX I )1 P., I rt. of the 
shadows, so that the range of Mem ilia! in of 
the negative was less than half as great as 
the original scene, or less than 70:1. The 
deepest shadows were recorded on the toe of 
the negative characteristic, while most of 
the middle tones and the highlights were 
recorded on the linear portion of the curve. 
If the negative is a portrait or a movie, the 
maximum gradient (gamma) most likely is 
between 0.6 and 0.8.2.4 In the case of a com-
mercial photograph it may be close to 
unit v.2 in any case, the average gradient of 
the negative is most apt to be appreciably 
less than ttnity. (You will recall that gradi-
ents or gammas refer to the exponent of the 
input which produces the output, since these 
terms refer to a log-log plot.) 

Positive Materials 

The photographer has a very wide choice 
of positive materials, ranging from trans-
parency stock (lantern slides and movie 
film) to all sorts of light sensitive materials 
on paper. He is not limited to emulsions of 
silver halides in gelatine, and in fact he may 
not use such emulsions." The sensitometric 
characteristics of these various printing 
media vary. The density range required in the 
negative to print in each of these mediums 
may be different too. The good photog-
rapher, however, has chosen his procedure 
in making the negative with his printing 
process in mind. If he had changed his mind 
after making the negative, there are ways of 
altering the negative or of making another 
negative from it, so that the printing 
medium is used properly. 
Let us consider first a movie positive 

(assuming that all of the intermediate dupli-
cation processes ordinarily used do not affect 
the over-all result). The characteristic curve 
for positive film has the general shape shown 
in Fig. 1, with a relatively long straight por-
tion. Quoting from the literature: 

"It is well known, however, that the 
shape of the characteristic curve for 
positive film can be modified profoundly 
by the composition of the developer, and 
many laboratories use developers which 
produce curves quite different from those 

II Paul L. Anderson. "The Technique of Pictorial 
Photography." J. B. Lippincott Co.. New York. 

shown in Figure 25. In some cases, for 
example, the transition between 'toe' and 
the 'straight-line' portions of the curve 
takes place at relatively low densities, 
while in other cases this transition may 
occur at much higher densities. In the 
first case the 'toe' is comparatively short, 
while in the second case it is much longer 
and is frequently referred to as 'basket-
shaped.' ... 
"The point of transition between the 

straight-line portion of the curve and the , 
'shoulder' is also influenced by processing 
conditions. however, this is generally of 
minor importance, as the density at 
n lti Ii the transition occurs is, in the vast t 
majority of cases, beyond that which is 
practically useful in a positive for projec-
tion." 

As we have seen, the highlights of the 
original scene generally fall on the linear part 
of the negative characteristic, and the 
shadows are compressed to some extent, 
When such a negative is printed on the 
positive film, the denser part of the negative 
corresponding to the highlights will be 
printed on or near the toe of the positive 
characteristic, and the shadows in the nega-
tive will fall on the linear part of the positive 
characteristic. Obviously there will be some, 
and there may be considerable, compression 
of both the shadows and the highlights in the 
over-all process. 
In (7atie the print is made on a silver-

halide-gelatine paper, the result is much the 
same. llowever, in this case the shoulder of 
the characteristic of the positive material 
cannot be avoided, so that additional com-
pres.ion t he shadows over that present in 
the mega:ix, to be expected. It must be 
kept in mind that the density range in such 
a print cannot be greater than 1.1 to 1.8, 
depending on the paper surface.2 
The pictorialist of today still may utilize 

media for his best prints which were used by 
the better photographers of a generation 
past. Instead of silver 'halides in gelatine, the 
light-sensitive material might be a bi-
chromated colloid, or ferric oxalate in the 
presence of  potassium  chloroplatinate. 
Anderson" as a 'representative of those in-
terested in pictorial photography, recom-
mends platinum or platinum overprinted 
with bichromated gum arabic as the best 
process, with carbon as a second choice. 
Characteristics of these printing media 

are presented by Nliller.3 The platinotype 
paper has an extremely long linear portion 
in its characteristic, will] substantially no 
toe. The maximum densi: v is not very high 
(about 1.2), so that Anders,m's recommends 
overprinting the shadtms ‘‘ith gum. This 
latter process has a density range of only 0.6 
or 0.7, but it requires a correspondingly 
small exposure range. In combination, these 
two processes result in a printing character-
istic which is linear over an extremely large 
range of densities. (It should be noted that 
Anderson considers the highlight gradation 
of platinum the best of all printing processes, 
indicating again that the toe covers a small 
part of the total exposure range.) 
The characteristics of carbon are shown 

by Miller. 3 This process is another which 
produces characteristics with very short toes 
and long linear portions. As Anderson's 
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points out, the minimum density in a carbon 
print often is undesirably high, and for this 
reason he prefers platinum. 
These latter printing processes differ 

from silver for another reason. The density 
range of 1.8 is obtained with a silver print 
only when the surface is glossy. However, 
equally high density ranges can be obtained 
from sor.e of these processes on matte sur-
faces. The reason, of course, is that the light 
absorbing particles in one case are imbedded 
in a constant thickness film of gelatine which 
is not present in the other cases. 
The net result of this discussion is to 

conclude that the characteristics of paper 
prints or transparencies need not be much 
different. 

Exposure and Development of the Positive 

As indicated in the preceding paragraphs, 
the characteristic produced in a printing 
process depends on the processing conditions 
(the composition of the developer, etc.). It 
does not seem profitable even to try to sum-
marize all the variables that can be intro-
duced at this point. 
It might pay to point out that the 

method of exposing the positive may intro-
duce nonlinearity. If the print is made by 
contact, the relation between the diffuse 
density of the negative and the log-exposure 
of the positive is linear, and a one to one 
correspondence exists. If projection printing 
is used, the difference between diffuse den-
sity and printing density of the negative, 
under the conditions existing in the printer, 
disturbs this direct correspondence (the 
Callier effect).' In addition, flare light in the 
printer illuminates the highlights in the 
print more than should be. In consequence, 
projection printing reduces the gradient in 
the highlights. 

After-Treatment of the Positive 

The positive print may be used following 
development and fixation, or it may be 
worked over. Of the after-treatments possi-
ble, the most useful is reduction using a sub-

t tractive reducer. As Nlees' shows, a subtrac-
t tive reducer decreases all densities of a silver 
image equally. This, therefore, is a means for 
suppressing the toe of the characteristic of 
the printing emulsion. 
This process does not seem to be used to 

any extent in the production of movies.' 

However, it is used commonly to "clear the 
highlights" of lantern slides. It is used, with 
the same justification, by some older photog-
raphers with silver prints on paper. 
Some of the toning processes have similar 

reduction characteristics.' In these processes, 
changes of the color of the silver image is 
accompanied by a suppression of the toe of 
the characteristic. Obviously, it is necessary 
to lengthen the printing exposure when such 
processes are used. 

Viewing Conditions 

One of the favorable qualities of a paper 
print is that the range of luminances in it is 
not modified by the viewing conditions, 
except for specular reflection which can be 
avoided easily. In the case of a projected 
transparency, conditions are not so simple. 
The projection density of the print differs 
from the diffuse density by amounts which 
depend on the projector;' the projector in-
troduces flare light; and the room lighting, if 
present, dilutes the shadows. The net effect 
is a decrease of the shadow gradient over 
that in the highlights, and usually an in-
crease in the highlight gradient. 

Over-all Tone Rendering 

We have seen how each step in the pro-
duction of a photograph may alter the shape 
of the overall relation between scene 
luminance and reproduction luminance. We 
can generalize to the extent that the over-all 
characteristic has the general shape shown 
in Fig. 1 with the proviso that the toe, the 
straight portion, and the shoulder of the 
curve each may have any relative impor-
tance. In practice there seems to be some 
effort to produce an over-all average gradi-
ent of unity, with as small a departure there-
from as is possible. 
There is little information on the effect 

on the observer of the change in absolute 
level of luminance between the original and 
the reproduction. Mees' has some discussion 
of this effect, and concludes that it prrxhices 
a further reduction of the gradient of the 
over-all process in both the shadows and the 
highlights." 

14 See Fig. 273 of footnote reference I. 

CORRECTION 

As a part of a study of negative speeds 
by judgment of print quality, Jones investi-
gated the effect of changes of the over-all 
characteristic, but for one scene only." 
These results are not conclusive, since it was 
not possible to produce average over-all 
gradients much greater than unity. With 
this limitation, it was found that the pre-
ferred average gradient was unity, without 
much effect front variations of maximum 
gradient in the range 1.29 to 1.57. 

CONCLUSIONS 

It should be obvious that it is difficult to 
describe a good photograph in technical 
terms." There is some evidence that the 
average gradient of a good photographic re-
production is not far from unity. Since the 
typical characteristic is S-shaped, the maxi-
mum gradient is somewhat greater than the 
average. We may conclude that an effort is 
made in good photography to produce and 
use a long linear over-all characteristic. 
It appears further that by suitable 

choices in the several steps of the photo-
graphic process, the maximum gradient may 
fall in any region of the characteristic curve. 
It is pointed out in the laboratory hand-
book' that the final choice of characteristic 
is based on experienced criticism of the 
print, and that the position of the maximum 
gradient should depend on the part of the 
tone scale in which the greatest interest is 
centered. 
The conclusions, applied to television, 

might be summarized as follows: 
(1) The television tube should be cap-

able of making a picture with a luminance 
range of the order of 100 to 1. 
(2) The average gradient of the system, 

from light to light, averaged over an output 
luminance range of 100 to 1 should not be 
far front unity, possibly being slightly 
greater than 1. 
(3) Means should be available to the 

program director to shape the over-all sys-
tem characteristic so that the picture pleases 
him. 

" See page 815. et seg., of footnote reference I. 
is Bearing on this, Anderson says, "It will also be 

obvious that although gamma is extremely useful to 
the research worker or to the laboratory technician, it 
has no value whatever to the pictorialist ...." 

R. C. Hergenrother and B. C. Gardner, authors of the paper, "The Recording 
Storage Tube," which appeared on pages 740-747 of the July, 1950, issue of the 
PROCEEDINGS OF TIIE I.R.E., have brought the following error to the attention 
of the editors: 
In Appendix B on page 746, in equation (3), the term preceding the integral 

on the right-hand side of the equation should read 

instead of 
S/v S/2 
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Tone Rendition in Television* 
B. M. OLIVERt, MEMBER, IRE 

Summary—This paper is a review of some of the brightness 
transfer characteristics which may be obtained in television using 
present-day apparatus and techniques. Several families of curves 
are presented which show the effects of varying one or more of the 
relevant factors, the remainder being held constant at reasonable 
values. 

I. INTRODUCTION 

TELEVISION today is passing out of the novelty 
stage and more attention will be given as time 

  goes on to the pleasing reproduction of intermedi-
ate brightnesses. Not until this is done will the full 
capabilities of television as an artistic medium be real-
ized. Just as the end result in photography is secured by 
a proper balance of negative and positive film character-
istics, so also in television the transmitter and receiver 
characteristics must be properly matched to secure good 
results. This in turn implies a standardization of both 
the transmitter and receiver characteristics, so that 
any receiver can be used to best advantage with any 
transmitter. But there is more to the story than merely 
matching the two characteristics. If we assume for the 
moment that linear reproduction of brightness at the 
receiver is desired (reproduced brightness everywhere 
proportional to original scene brightness) then this re-
sult could be achieved with a linear transmitter and a 
linear receiver, or a square root transmitter and a square 
law receiver, or with a logarithmic transmitter and an 
exponential receiver; in fact with any two single valued 
functions such that one is the inverse of the other. 
Which pair of matched characteristics is best, depends 
upon other considerations, such as the relative amount 
of disturbance produced by added noise or signal level 
changes which may occur between the transmitter and 
receiver. 

This paper is a review of some of the various char-
acteristics which are obtainable with present day tech-
niques. Some of the virtues of certain of these character-
istics as compared with others are pointed out. An at-
tempt has been made to normalize the scales and quan-
tities involved so that results are generally applicable 
and not sprifically limited to the present standards as 
to sync, pulse height, set-up etc. 

II. DEFINITION OF TERMS 

The following terms are used throughout the paper, 
and their definitions are collected here for ready refer-
ence. 

B = elemental scene brightness 
= maximum scene brightness 
= minimum scene brightness 

• Decimal classification: R583. Original manuscript received by 
the Institute, December 9, 1949; revised manuscript received, June 
2, 1950. 
t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

b= reproduced brightness corresponding to B 
b„,..= value of b when B=Bm„„ 
bmin= value of b when B=Bmin 
R=B,„../Bmin=brightness ratio of original scene 
r =b,,,../b„,,„= brightness  ratio  of  reproduced 
image 

= B / Bmin 

x=b/bmin 
A =normalized signal amplitude (i.e., A=0 when 

B=Bmin, A =1 when B=Bn. 
S= transmitter brightness sensitivity =dA/(dB/B) 
s= receiver brightness sensitivity = (db h) 'dA 
g = gradient = (db/b)/(dB/B) 

1/m = exponent of transmitter characteristic 
n =exponent of receiver characteristic. 

• 

III. TRANSMITTER CHARACTERISTICS 

We will call the functional relation between the ele-
mental scene brightness and the corresponding signal 
amplitude at some convenient measuring point (such 
as the video line from the studio or the current in the 
radio transmitter antenna) the transmitter brightness 

characteristic. This does not imply that the radio 
transmitter itself has a nonlinear relation between video 
signal amplitude in, and rf signal out. On the contrary, 
the radio transmitter would probably in all cases be 
reasonably linear, and the brightness characteristic 
would be determined principally by the characteristics 
of earlier parts of the system, notably the camera and 
any associated corrective amplifiers. 
All ordinary cathode-ray tubes exhibit a power law 

characteristic of screen brightness versus control grid 
voltage. Since such tubes are almost universally used in 
receivers which are otherwise fairly linear, the most nat-
ural class of transmitter chara'cteristics to consider 
would appear to be those in which the output signal 
amplitude is proportional to some root, say the mth root 
of brightness. Then 

= K1/ ' K2. 

Adjusting the constants K1 and K 2 so that A =0 when 
and A = 1 when B=B.,.. we obtain: 

— 1 
(1) 

— 1 

If m =1, the transmitter is linear, if m = 2 it has a square 
root characteristic, and so on. For m = (1) becomes 
indeterminate, but the limiting form can be found by 
L'Hospital's rule. Thus as M  X : 

(1 

- (X 1 — 

(1111 
= lim 

In • 

— - (R " — 
dm 
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Thus a logarithmic transmitter characteristic can be 
regarded as the limit of an mth root characteristic as 

The characteristics (1) and (2) for several values of m 
s o  are shown on Fig. 1(a) for R=100, and on Fig. 1(b) for 

R=30. Since the scale chosen for A is linear, and that 

for B  is logarithmic, the logarithmic character-

o 9   iStiC (771 = ) plots as a straight line, while the linear 
characteristic (m=1) plots as an exponential curve. 

0 8   The log scale for B/B„. was selected on the basis of the 
if  Weber-Fechner law of sensation as applied to the eye. 

0 7   Over the range of brightness commonly encountered in 
television, equal percentage changes in B are almost 
equally perceptible, i.e., over this range of B, the value 
of ABIB required to produce a perceptible change is al-

most constant. Now 

d tin  B )  dB 
  = 
B„,„„ B 

so that equal distance increments along the abscissa 
0 3  correspond to equally perceptible changes in B. A linear 

scale for B/B.„...would seriously compress the low bright-
() 2  ness end of the curves. The subjective midpoint of the 

brightness range is the geometric mean of Bm  and 
Bmin and the scale used should show this point in the 
middle. A log scale does this. On the other hand noise 

o and other added disturbances produce equal changes in 
001 0I   o A, regardless of its value. Thus the scale for A is chosen 

BMAX  • to be linear. 
(a) It will be noticed that the curves for m = 2 and m =3 

lie about midway between m =1 and m = co . Thus, in a 
sense, a logarithmic transmitter is as bad a match for 
a 2.5-power receiver (n = 2.5) as a linear transmitter. 

09 This will appear more clearly in some of the later curves. 

R= n =30 Another quantity of interest, in connection with the BMAX 

0 8  transmitter, is the slope of the characteristics shown in 
Figs. 1(a) and (b). This we will call the transmitter 
brightness sensitivity S, although transmitter log-

._ brightness sensitivity would be a more accurate term. 

(2) 

and we obtain 

C., 

07 
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0 
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Fig. 1 Transmitter brightness characteristics. 
(a) R =B.A./ R.i.= 100; (b) R=13,„,2113.,in = 30. 

.MIN 

In X 

In R 

k We define S=dA/(dB/E). Thus from (1) 
Co 
Q-
.r 

and from (2) 

=   (m < co), 
m R"̂. — 1 

1 
S =  

In R 

(3) 

= ).  (4) 

S is a measure of how much response the transmitter 
gives to equally perceptible changes in B, over the range 
of B. Fig. 2(a) shows some curves of S for R=100, while 
Fig. 2(b) shows the case for R= 30. Referring to Fig. 2(a), 
it will be seen that for equally perceptible changes in 
B, the linear transmitter has only 1/100 the response at 
B/Bmsx 0.01 that it has at B/Bms. =1. The matching 
receiver, in this case linear, must construct an equally 
perceptible change in b out 1/100 the signal change at 
B=Bms„ that it has to work with a B=13... The 
logarithmic transmitter, on the other hand, responds 
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Fig. 2—Transmitter brightness sensitivity. (a) R= B„,„./Bmin= 100; 

equally over the range to equally perceptible changes in 
B. 

IV. RECEIVER CHARACTERISTICS 

We will assume in accordance with the actual facts, 
that the receiving tube characteristic closely approxi-
mates a power law, with some exponent n, and take as 
the form for the receiver characteristic: 

b =  k2:1". 

Adjusting the constants k1 and k2 so that when A =0, 
b = and when A =1, b =b.., we obtain 

x =   = [1 + (run — 
bmin (5) 
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(b) 

Fig. 3—Receiver brightness sensitivity. (a) r =  = 100; 
(b) r= b..„./bmin= 30. 

= — 
bmax 

for n < co. For n =  , we obtain by taking the limit as 
before: 

x = In = lw 14x r, 

c (.4-11 In r 

(6) 

Thus the exponential receiver characteristic may be 
regarded as the limit approached by an nth power 
characteristic as  



IA quantity which is very useful in describing receiver  
performance is the receiver brightness sensitivity (or log 
,brightness sensitivity) s, defined as (db/b)/dA. From (5) 

?we have: 
db dx 
= -x-

run _ 1 
=   dA, 

[1  (r" — 1)A 

— 1  r" — 
s = n  = n 

[1 + (run — 1)A ] 

land from (7) for n = cc : 

s =-- in r. 

X " 

1 
 , (7) 

(8) 

The receiver brightness sensitivity is a measure of the 
response of the receiver in relative brightness change to 
a given change in signal amplitude, over the operating 
range. The larger s is, the smaller will be the increment 
in signal amplitude which just produces a perceptible 
brightness change. By the same token, the smaller s is, 
the greater will be the noise amplitude which can be 
present in the signal without being visible on the screen. 
Fig. 3(a) shows some receiver brightness sensitivity 

curves for R=100. Fig. 3(b) shows the case for R=30. 
Referring to Fig. 3(a), it will be seen that the linear 
receiver is 100 times as sensitive to noise at b/bn,..= 0.01 
as it is at b=b,„... The exponential tube, on the other 
hand, is equally sensitive to noise at all brightnesses. 
Let us imagine four receivers, one linear, one square 

law, one cubic, and one exponential, all supplied with thc 
same initially noise-free signal, and all adjusted to the 
same r. If noise is now added to the signal and gradually 
increased in level, it will become visible first in the 
shadows in the linear receiver, then in the shadows in 
the square-law receiver, then in the shadows in the 
cubic receiver, and finally all over the picture in the ex-
ponential receiver. By this time, the noise would be 
quite bad in the linear receiver. The ratio of the value 
of s at b=b,,,h, for an nth power receiver to the value of 
s for an exponential receiver, is a measure of how much 
greater the signal-to-noise ratio must be for the nth 
power receiver to keep the noise below threshold. This 
ratio (expressed in db) has been plotted against n in 
Fig. 4 for the cases r = 100 and r =30. We see that the 
threshold noise penalty for a 2.5-power receiver is 
about 8 db; for a 5th power receiver, about 4 db; and 
for a 10th power receiver about 2 db. In appraising these 
figures it must be remembered that they apply only to 
noise added at points in the system between the non-
linear transducers which determine the transmitter and 
receiver brightness characteristics (e.g., input circuit 
noise), and that further they apply only when this added 
noise is at or near threshold. For larger amounts of 
noise, the difference must be estimated in other ways. 
For example, if the noise level is high enough to show 
up on an exponential receiver, it will be visible all over 
the picture, while on a cubic receiver under these condi-
tions the noise would be worse in the shadows, but less 
visible in the highlights. It is hard to say without tests 
which picture would be more pleasing. 
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Fig. 4—Threshold noise penalty. 
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Fig. 5—Relative sensitivity to level changes. 

The received signal may be disturbed in other ways 
besides the addition of noise or interference. When the 
direct path transmission is poor, as when the receiver 
is located behind buildings or a hill, reflection off air-
craft by combining in and out of phase with the direct 
ray can produce large level fluctuations. Unless the re-
ceiver is provided with a fast automatic volume control, 
these signal level changes will appear in the picture. If 
the signal is clamped in the receiver at A =0, then the 
brightness fluctuations will be most pronounced in the 
highlights. The relative sensitivity of various receiving 
brightness characteristics to level changes when the 
signal is clamped at A =0 is thus given by the relative 
values of s at b=b,„... In Fig. 5, 20 log sat b = b,„„x IS plot-
ted against n for r = 100, and r=30 (solid curves). The 
dashed line in Fig. 5 shows the relative sensitivity to 
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IV. RECEIVER CHARACTERISTICS 

We will assume in accordance with the actual facts, 
that the receiving tube characteristic closely approxi-
mates a power law, with some exponent n, and take as 
the form for the receiver characteristic: 

b = k1-1- k2.1". 

Adjusting the constants k1 and k2 so that when A =0, 
b=b,,,in, and when A =1,b=b..„, we obtain 

ii 
x =  = [1+ _ 

bmin (5) 

IC 

= 
bmax r' 

for n < Go. For n = , we obtain by taking the limit as 
before: 

CA In r =  10AI gr, 

= = e (A-1) In r 
• 
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A quantity which is very useful in describing receiver 
performance is the receiver brightness sensitivity (or log 
brightness sensitivity) s, defined as (db/b)IdA. From (5) 

we have: 
db  dx 
= — = 

b  x 

_ 1 
 ,dA, 
1.1 4.. (riin _ 1)A1 

_ 1 

[1+ (run — 1)A] 

and from (7) for n = cc 

$ = in r. 

r1/n  1 — 

 , (7) 
X1/n 

(8) 

The receiver brightness sensitivity is a measure of the 
response of the receiver in relative brightness change to 
a given change in signal amplitude, over the operating 
range. The larger s is, the smaller will be the increment 
in signal amplitude which just produces a perceptible 
brightness change. By the same token, the smaller s is, 
the greater will be the noise amplitude which can be 
present in the signal without being visible on the screen. 
Fig. 3(a) shows some receiver brightness sensitivity 

curves for R=100. Fig. 3(b) shows the case for R=30. 
Referring to Fig. 3(a), it will be seen that the linear 
receiver is 100 times as sensitive to noise at bIbm.„=0.01 
as it is at b= b... The exponential tube, on the other 
hand, is equally sensitive to noise at all brightnesses. 
Let us imagine four receivers, one linear, one square 

I law, one cubic, and one exponential, all supplied with the 
same initially noise-free signal, and all adjusted to the. 
same r. If noise is now added to the signal and gradually 
increased in level, it will become visible first in the 
shadows in the linear receiver, then in the shadows in 
the square-law receiver, then in the shadows in the 
cubic receiver, and finally all over the picture in the ex-
ponential receiver. By this time, the noise would be 
quite bad in the linear receiver. The ratio of the value 
of s at b=bmin for an nth power receiver to the value of 
s for an exponential receiver, is a measure of how much 
greater the signal-to-noise ratio must be for the nth 
power receiver to keep the noise below threshold. This 
ratio (expressed in db) has been plotted against n in 
Fig. 4 for the cases r =100 and r =30. We see that the 
threshold noise penalty for a 2.5-power receiver is 

I about 8 db; for a 5th power receiver, about 4 db; and 
for a 10th power receiver about 2 db. In appraising these 
figures it must be remembered that they apply only to 
noise added at points in the system between the non-

I linear transducers which determine the transmitter and 
receiver brightness characteristics (e.g., input circuit 
noise), and that further they apply only when this added 
noise is at or near threshold. For larger amounts of 
noise, the difference must be estimated in other ways. 
For example, if the noise level is high enough to show 
up on an exponential receiver, it will be visible all over 
the picture, while on a cubic receiver under these condi-
tions the noise would be worse in the shadows, but less 
visible in the highlights. It is hard to say without tests 
which picture would be more pleasing. 
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Fig. 4—Threshold noise penalty. 
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Fig. 5—Relative sensitivity to level changes. 
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The received signal may be disturbed in other ways 
besides the addition of noise or interference. When the 
direct path transmission is poor, as when the receiver 
is located behind buildings or a hill, reflection off air-
craft by combining in and out of phase with the direct 
ray can produce large level fluctuations. Unless the re-
ceiver is provided with a fast automatic volume control, 
these signal level changes will appear in the picture. If 
the signal is clamped in the receiver at A=0, then the 
brightness fluctuations will be most pronounced in the 
highlights. The relative sensitivity of various receiving 
brightness characteristics to level changes when the 
signal is clamped at A =0 is thus given by the relative 
values of s at b=b,„„„. In Fig. 5, 20 log sat b = is plot-
ted against n for r = 100, and r =30 (solid curves). The 
dashed line in Fig. 5 shows the relative sensitivity to 
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level changes, for all r, when the signal is clamped at a 
level corresponding to b= 0 (cutoff). The effect is larger 
in this case but corresponds to a pure brightness change, 
with no effect on picture contrast, as will be seen later. 
Summarizing the above briefly, then, we may say that 

the lower the exponent of the receiver brightness char-
acteristic, the greater will be the sensitivity to changes 
which affect the signal amplitude in the shadows, and 
the smaller will be the sensitivity to changes which 
affect the signal amplitude in the highlights. 
It should be mentioned that the receiver exponent 

need not be fixed by the picture tube characteristic 
alone. The video amplifier can easily be made nonlinear 
so as to raise or lower the exponent considerably, but 
this nonlinearity must be introduced after the dc rein-
sertion. 

V. OVER-ALL BRIGHTNESS CHARACTERISTICS 

The expressions given in the previous two sections 
can readily be combined to give expressions for any 
combination of transmitter and receiver. Aside from 
camera color response and halation effects which are not 
representable here, the over-all brightness character-
istic completely defines the system so far as tone rendi-
tion is concerned, but in addition it is useful to know 
another quantity: the system gradient, g. This is the 
slope of the over-all brightness characteristic when 
plotted on log paper, and is defined as: 

d(lnb)  db'h 
g=   

d(ln B) dB 'B 

A 1 per cent change in scene brightness produces g per 
cent change in reproduced brightness. When g> 1, the 
contrast is enhanced; when g <1, the contrast is reduced. 
In the curves to follow, g is plotted on a log scale. The 
rationale for this is that the suppression of contrast rep-
resented by g=1 or I, say, is as serious as the enhance-
ment represented by g= 2 or 4, and that therefore any 
value of g should plot as far from the line g= 1 as the 
reciprocal of this value. 

Because the /nth root and nth power expressions be-
come indeterminate ‘‘ hen m or n is infinite, and must be 
replaced by the limiting logarithmic or exponential 
forms, four sets of expressions are necessary for the 
over-all characteristics. These are given below. 

mth Root Transmitter, nth Power Receiver 

From (1) and (5) 

x = [1 +   (X1 - 1) 
r"" - 1 

R"- — 

From (3) and (7) 

R' —  I 

g  =  — 4 1 + (r"" -  

(9) 

(10) 

mth Root Transmitter, Exponential Receiver 

From (1) and (6) 

x = exp  \-T 71  I- In [ 
I?' u - 1 

From (3) and (8) 
In r XII m 

r]. 

g 

m RII") - 1 

Logarithmic Transmitter, nth Power Receiver 

From (2) and (5) 

= 1 4- (r' - 1 17 -1 4. 
lop; R 

of 10 

B MAX 

(b) 

Fig. 6—Over-all brightness characteristics with a linear transmitter 
(a) R=r =100; (b) R=r =30. 
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(13) 
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From (4) and (7) 

n [In X +   
r'in — 1_1 

ln R 

Logarithmic Transmitter, Exponential Receiver 

From (2) and (6) 

x = exp 

From (4) and (8) 

10 

1 03 
1.0 

.0 co 
17 '0 

co 

LINE 

[In r ln X]. In R 

In r 
g= ln R 

11 1 

AR (n.$) 

Using these expressions, the brightness characteris-
tics and the corresponding gradient curves have been 

(14)  calculated for three transmitters: linear, 2.5-root, and 
logarithmic, together with four receivers: linear, square 
law, cubic, and exponential, in all combinations. The 
receivers are assumed to be adjusted so that the repro-
duced brightness range, r is equal to the original scene 

brightness range R. Two cases are considered; the  figures  
(15)  designated by the subscript a are for the case R = r = 100, 

while those designated b are for the case R = r = 30. 
Figs. 6(a) and 6(b) show the over-all brightness char-

acteristics which result from the use of a linear trans-
(16)  mitter and various receivers, while Figs. 7(a) and 7(b) 
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Fig. 7 -Over-all gradient with a linear transmitter. 
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show the corresponding gradients. In this case, the 
linear receiver naturally gives linear brightness repro-
duction, while the (higher) power law receivers all show 
contrast suppression in the shadows and contrast en-
hancement in the highlights. When operated so that 
highlight saturation is avoided, many modern camera 
tubes are linear devices. The exponent n for typical 
cathode-ray tubes ranges from about two to three with 
the metal backed tubes lying near the upper end of this 
range. Thus the curves on Figs. 6 and 7 for n =2 and 
n=3 may be considered to bracket the range of bright-

ness characteristics obtained with present-day camera 
and viewing tubes, when no gradient correction is em-
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Fig. 9—Over-all gradients with a 2.5-root transmitter. 
(a) R=r=100; (b) R=r=30. 

1.0 

ployed. It will be seen from the curves that the contrast 
in the highlights is enhanced. This uses up most of the 
reproducing brightness range to portray a relatively 
narrow highlight range in the original, with the result 
that the shadow detail is all too dark, and the shadow 
contrast is suppressed. 
Figs. 8(a) and 8(b) show the over-all brightness char-

acteristics produced by a 2.5-root transmitter in com-
bination with various receivers, while Figs. 9(a) and 9(b) 
show the corresponding gradients. \Vith a 2.5-root trans-
mitter, a 2.5-power receiver, properly adjusted, would 
give linear reproduction. It is evident from the curves 
that any receiver exponent lying between 2 and 3 is 

(a) 

(h) 

Fig. 10—Over-all brightness characteristics with a logarithmic 
transmitter. (a) R.---r=100; (b) R=r=30. 
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not too bad a match. With n = 2, the brightness in the 
middle of the range is only about 25 per cent too high, 
and with n =3 it is about 15 per cent too low. Also 
from the gradient curves it is apparent that the contrast 
in the reproduced image is nowhere seriously enhanced 

or suppressed for 2 < n <3. 
Finally, Figs. 10(a) and 10(b) show the brightness 

characteristics obtained when the same four receivers 
are used with a logarithmic transmitter. Figs. 11(a) 
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I. 11 Over-all gradient , vith logarithmic transmitter. 
(a) R=r =100; (It) /( r =30. 

and 11(b) are the corresponding gradients. Here the 
situation is the reverse of that obtained with a linear 
transmitter. The exponential receiving tube gives linear 
brightness reproduction while all the (lower) power law 
receivers show contrast enhancement in the shadows, 
and contrast suppression in the highlights. For the cases 
n = 2 and n=3 the intermediate brightnesses are repro-
duced much too brightly. Most of the available repro-
ducing range is absorbed in exaggerating the contrast in 

the shadows. 
These figures show that if the brightness range of the 

reproduced picture is set approximately equal to the 
brightness range of the original subject matter, then 
neither a linear transmitter nor a logarithmic trans-
mitter comes close to producing an over-all linear char-
acteristic when used with receiver characteristics having 
exponents on the order of 2 to 3. Furthermore, it is 
evident that a 2.5-root transmitter characteristic pro-
vides a reasonably good match, with receiver character-
istics having exponents lying anywhere in the range 
from 2 up to 3 or 4. 
Up to this po:nt, all the over-all brightness character-

istics and gradients we have considered have assumed 
the reproduced brightness range r to be equal to the 
original scene brightness range R. The over-all gradient 
is then constant and equal to unity when the trans-
mitter and receiver exponents are matched, i.e., when 
m =n. From (10) it will be seen that for an mth root 
transmitter and an nth power receiver, the gradient 

\\ ill be constant, and equal to nlm, if 

= RI 1"' 

r = 

This is also the adjustment which would make physical 
black in the image coincide with physical black in the 
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Fig. 12 --Over-all brightness characteristics of a linear 
transmitter, 2.5-power receiver. 
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November 

original, provided the assumed brightness character-
istics held over that range. If g is constant in a given 
system we may integrate directly and obtain the same 
result: 

db  ffin.. dB = g 

b„,i„  b  Bo,  -j :j---

/  = g log  (13moz \ 
log   

binin B) 
r = Rg. 

The average gradient, g, of any system, may be defined 
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as the gradient of a constant gradient system having 
the same R and r as the system in question. Thus 
log r/log R. 
In photography the term "gamma" is commonly used 

to denote the maximum gradient of the over-all photo-
graphic process, i.e., -y=g,,,... The actual gradient will 
be equal to 7 at only one point in the range (or at most 
over a relatively small range of brightness). At higher 
or lower brightnesses, the gradient will be less than 7. 
The average gradient, g ,will therefore also be less than 
7, and may in some cases, be less than unity. The fact 
that good pictures are often made with 7 on the order 
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Fig. 13—Over-all brightness characteristics of (a) linear transmitter and linear receiver, R=100; k b 2.5-root transmitter and 
2.5-power receiver, R= 100; (c) logarithmic transmitter, and an exponential receiver. R =• 100. 
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of 1.5 is thus certainly no justification for assuming that 
a constant gradient system with g =1.5 would be desir-
able in television. 
To reproduce an original brightness range of 100 to 1 

with a constant gradient of 1.5 requires a brightness 
range of 1,000 to 1 in the reproducing means. Con-
versely, if the reproducing means has a usable bright-
ness range of 100 to 1, then the range of original scene 
brightnesses which can be reproduced with a constant 
gradient of 1.5 is only 21.5 to 1. In a constant gradient 
system, therefore, g cannot be much greater than unity 
without either demanding an excessive brightness range 
in the reproducer or else seriously limiting the usable 
brightness range of the subject matter. 
In television, the reproduced brightness range is 

under control of the receiver operator. He can vary the 
so-called "brightness" and "contrast" controls to suit 
himself, and thus has at his disposal a whole family of 
brightness characteristics. Fig. 12 shows some of the 
possible characteristics obtainable when the transmitter 
is linear and the receiver obeys a 2.5-power law. The 
curves are all concave upward for r <100,000. For 
r =100,000 =100", the gradient is constant and equal 
to 2.5. 
Figs. 13(a), (b), and (c) show the types of character-

istics obtained for various r and with m =n = 1, 2.5, 
and  Comparing these figures, it will be seen that 
when r #R, the system gradient becomes more nearly 
constant as m = n is increased. With the matched linear. 
system (m = n = 1) of Fig. 13(a), the increase or de-
crease in r is produced principally by gradient changes 
in the shadows with relatively little effect upon the 
highlights. Small changes in r distort the shadow repro-
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Fig. 14 —Over-all brightness characteristics of a logarithmic 
transmitter, 2.5-power receiver; 100. 

1.0 

duction greatly. For higher m = n the deviation from 
linear reproduction (i.e., g =1) is spread mot-, uniformly 

over the brightness range, and relatively large changes 
in r can be accommodated without serious contrast 
suppression or enhancement in any particular part of 
the range. Finally, a logarithmic transmitter, ex-
ponential receiver combination (m = n = co) is inherently 
a constant gradient system as may be seen from Fig. 
13(c). Regardless of r, the gradient will be constant 
over the range and will be given by g= log r/log R. 
Fig. 14 shows part of the family of characteristics ob-

tainable with a logarithmic transmitter and a 2.5-
power receiver. All these characteristics are markedly 
convex upward. Contrast, and camera noise in the 
shadows is enhanced for all values of r greater than 14. 
No setting of the controls results in a linear character-
istic (except the trivial case r =1). The characteristics 
are, if anything, less usable than those for the linear 
transmitter. 

VI. CHANGE OF OPERATING CONDITIONS 

In this section we shall assume that transmitter and 
receiver are matched, i.e., that m =n, and investigate 
the effect on the-brightness characteristic of a change in 
operating conditions, for various values of n. 
Suppose the bias control in the receiver is malad-

justed, or the bias potential drifts, or the setup in the 
signal changes. What effect does this have? If the bias 
control and gain control in the receiver are set initially 
so that r =R, then the brightness characteristic will be 
a straight line of unity slope for all m =n, as shown by 
the line marked A in Fig. 15. If now, for any reason, 
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Fig. 15 The eflect of 10 per cent bias shift. 

the applied signal shifts by 10 per cent in the white di-
rection, so that all signal amplitudes are changed from A 
to A +0.1, the resulting characteristics for different 
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in =-- n are as shown by the curves marked A +0.1. Simi-
larly if the applied signal shifts 10 per cent in the black 
direction, we obtain the set of curves marked A —0.1. 
hg. 16 shows the gradient curves under these same con-
ditions. 
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Fig. 16—The effect of 10 per cent bias shift. 

10 

Obviously the linear system (m =n=1) is very sensi-
tive to these bias changes. With such a system, the set up 
at the transmitter and the bias control at the receiver 
would be very critical. Small changes would wreck the 
picture quality. The way in which the brightness char-
acteristic for the linear system swings around at the low 
brightness end with small bias shifts is in keeping with 
the high noise sensitivity of a linear receiver for low 
brightness. Both bias changes and noise are signals 
added to the correct signal. 
As the system exponent is increased, the effect of bias 

shift becomes less at low brightnesses and greater at 
high brightnesses, as one might expect. Finally for 
m=n= x, a bias shift produces only a change ill 
brightness. The characteristics remain straight lines of 
unity slope, and all reproduced brightnesses are in-
creased or decreased by the same factor. 
Fig. 17 shows what happens to the initially line.ir 

brightness characteristic when the signal am 1)1  tide i-
changed by 10 per cent; that is from A to 1.1A or 
In this figure it is assumed that the signal is clamped at 
A = 0 (black level) in the receiver. As a result, no change 
in brightness is produced at b=bmin, but the gradient is 
changed to 1.1 or 0.9 at this brightness for all system 
exponents. This change in initial gradient is maintained 
over the entire range for the logarithmic—exponential 
system (nt =n = ) and the effect may be described as a 
"gradient change of 10 per cent" with the brightness 
corresponding to the clamping level held constant, 
With the linear system (m =n=1) the initial contrast 

November 

Change at b =  Hui 111,111i1,tilled oVer the range, and 
the gradient rapidl• reverts to unity at the higher 
brightnesses. As a result t he harai lyrist ics loi in = n = I 
diverge les, tutu those for m = n =  , and less bright-
ness cltane in I he highliOits is produced. The curves 
lot in = n -- 2.5 al t• ILI y intermediate to the others. 
The highlight brightness change produced by the 10 
per cent signal amplit tide change is ;Wont 10 per cent 
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Fig. 17 —The effect of 10 per cent change in signal amplitude, 
signal clamped at A =0 
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for m =n =1, 23 per cent for m=n =2.5, and 59 per 
cent for m=n = co. These figures are in accord with the 
earlier curves for the relative sensitivity of various re-
, ceivers to level changes. 
Most receivers do not clamp the signal at black level, 

but rather reinsert the dc by "bouncing" off the sync 
peaks. This corresponds to clamping the signal at 
A = —1. The effect of a 10 per cent level change under 
this type of operation is shown on Fig. 18. The applied 
signal is now changed from A to 1.1A +0.033 or to 
0.9A-0.033 and the corresponding curves are so 
marked. The effect on the system for which m = n=2.5, 
it will be seen, is substantially that of a pure brightness 
change. 
In many more recent receivers, the dc developed by 

the second detector is preserved by using dc coupling 
in the video amplifier. Since zero rf signal corresponds 
roughly to the maximum scene brightness, this amounts 
to clamping the signal at approximately A =1. The 
brightness characteristics resulting from a 10 percent 
signal amplitude change under this type of operation 
are shown in Fig. 19. The highlight brightness now is 
unaffected, as we might expect. The linear system now 
shows the greatest variation, and the logarithmic-ex-
ponential system the least, while the 2.5-root-2.5-
power system again is intermediate. 

4:3 

Fig. 19—The effect of 10 per cent change in signal 
amplitude, signal clamped at A =1. 

Apparently, then, a linear receiver is undesirable be-
cause of its extreme sensitivity to changes which affect 
the signal amplitude in the shadows. Certainly n (and 
m) should be at least two to avoid undue trouble from 
this cause. On the other hand, unless the signal is 
clamped somewhere near "white" level (A =1), very 
I high values of n (and therefore m) are undesirable from 
the standpoint of level changes. If the use of dc coupled 

TABLE I 

System Good Features Bad Features 

n Small 
(any m) 

n Large 
(any m) 

Insensitive to level changes 
if clamped at A =0 

Good correction for stray 
light possible 

Fairly insensitive to level 
changes if clamped at 
A.,••••••1 

m<<n  Insensitive to bias changes 
and added noise 

tn>>n  Large usablerangeof scene 
brightness 

Less sensitive to stray light 
than m 5n 

In= n 
(both small) 

nvz-- n 
(both large) 

r can be varied widely with-
serious distortion in any 
one part of brightness 
range 

Sensitive to level changes 
if clamped at A 

Sensitive to bias changes 
and added noise 

Sensitive to level changes 
if clamped at A =0 

Contrast in shadows sup-
pressed 

Contrast in highlights en-
hanced 

Small usable range of 
scene brightness 

Very sensitive to stray 
light 

Contrast and  camera 
noise in shadows en-
hanced 

Contrast in highlights 
suppressed 

r and R must be nearly 
equal to avoid serious 
contrast distortion in 
shadows 

video amplifiers were adopted as standard practice, 
however, there would be little reason not to make m and 
n both quite large. 

VII. STRAY LIGHT 

The effect of a uniform ambient illumination of the re-
producing screen is to add a constant brightness incre-
ment to all parts of the reproduced picture. If the over-
all system is adjusted to a linear characteristic (g= 1) 
in the absence of stray light, then the principal effect 
of the stray light will be to "fill up" the shadows and 
reduce the contrast in those portions of the picture. 
The effect of stray light can be reduced by readjusting 
the receiver so that the contrast in the shadows is again 
increased. Not all receiver characteristics are equally 
suitable in this respect. 
A linear receiver has the property that a simple bias 

change adds or subtracts a constant brightness incre-
ment over the entire brightness range (see Fig. 15). 
By merely changing the bias control on a linear receiver, 
therefore, one can substract off the brightness added by 
the stray light, so that over the brightness range be-
tween the highlight brightness and that produced by 
the stray light alone, linear reproduction is restored. At 
signal amplitude corresponding to brightnesses below 
that produced by the stray light alone, the receiver is, 
of course, completely cut off, and all detail in these por-
tions is lost. For example, if the stray light produced a 
screen brightness of one-tenth the highlight brightness, 
then the linear receiver might be biased so that the opera-
tion were along the curve A — 0.1, m = n =1, in Fig. 15. 
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m=n are as shown by the curves marked A+0.1. Simi-
larly if the applied signal shifts 10 per rent in the black 
direction, we obtain the set of curves 'narked A —0.1 
Fig. 16 shows the gradient curves u mier t hese same Ci m-

ditions. 
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Fig. 16—The effect of 10 per cent bias shift. 

10 

Obviously the linear system (m = n =1) is very sensi-
tive to these bias changes. With such it system, the setup 
at the transmitter and the bias control at the receiver 
would be very critical. Small changes would wreck the 
picture quality. The way in which the brightness char-
acteristic for the linear system swings around at the low 
brightness end with small bias shifts is in keeping w it h 
the high noise sensitivity of a linear receiver for low 
brightness. Both bias changes and noise are signals 
added to the correct signal. 
As the system exponent is increased, the effect of bias 

shift becomes less at low brightnesses and greater at 
high brightnesses, as one might expect. Finally for 
m=n= x, a bias shift produces only a change in 
brightness. The characteristics remain straight lines of 
unity slope, and all reproduced brightnesses are in-
creased or decreased by the same factor. 
Fig. 17 shows what happens to the initially linear 

brightness characteristic when the signal amplitude 
changed by 10 per cent; that is from A to 1.1.4 or 0.9.1. 
In this figure it is assumed that the signal is clamped at 
A = 0 (black level) in the receiver. As a result, no change 
in brightness is produced at b= bmin, but the gradient is 
changed to 1.1 or 0.9 at this brightness for all system 
exponents. This change in initial gradient is maintained 
over the entire range for the logarithmic—exponential 
system (m =n = ) and the effect may be described as a 
"gradient change of 10 per cent" with the brightness 
corresponding to the clamping level held constant, 
With the linear system (m = ii = I) the initial contrast 

change at b b„, is nut maintained over the range, and 
the gradient rapidly reverts to unit y at the higher 
brightnesses. \- a itsijlttin C11,11- for m = n = 1 
diverge less thin t hose fur m=n= , Ind less bright-
IlesS Change in 1 he highlights is produced. The curves 
fur m = n = 2.5 are naturally intermediate to the others. 
The highlight brightness change produced by the 10 
per cent signal ;unpin tide change is about 10 per cent 
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17--The effect of 10 per cent change in signal amplitude, 
signal clamped at A =0 
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for m =n =1, 23 per cent for m=n =2.5, and 59 per 
cent for m=n = 00. These figures are in accord with the 
earlier curves for the relative sensitivity of various re-

ceivers to level changes. 
Most receivers do not clamp the signal at black level, 

but rather reinsert the dc by "bouncing" off the sync 
peaks. This corresponds to clamping the signal at 
A = —1. The effect of a 10 per cent level change under 
this type of operation is shown on Fig. 18. The applied 

signal is now changed from A to 1.1A +0.033 or to 
0.9A-0.033 and the corresponding curves are so 
marked. The effect on the system for which m = n=2.5, 
it will be seen, is substantially that of a pure brightness 

change. 
In many more recent receivers, the dc developed by 

the second detector is preserved by using dc coupling 
in the video amplifier. Since zero rf signal corresponds 
roughly to the maximum scene brightness, this amounts 
to clamping the signal at approximately A =1. The 
brightness characteristics resulting from a 10 per cent 
signal amplitude change under this type of operation 
are shown in Fig. 19. The highlight brightness now is 
unaffected, as we might expect. The linear system now 
shows the greatest variation, and the logarithmic-ex-
ponential system the least, while the 2.5-root-2.5-
power system again is intermediate. 

0.1 

13 

BMAX 

Fig. I9—The effect of 10 per cent change in signal 
amplitude, signal clamped at A = 1. 

1 0 

Apparently, then, a linear receiver is undesirable be-
t ause of its extreme sensitivity to changes which affect 
the signal amplitude in the shadows. Certainly n (and 
no should be at least two to avoid undue trouble from 
this cause. On the other hand, unless the signal is 
r Limped somewhere near "white" level (A =1), very 
high values of n (and therefore m) are undesirable from 
the standpoint of level changes. If the use of dc coupled 

System 

TABLE I 

Good Features Bad Features 

n Small 
(any m) 

n Large 
(any m) 

Insensitive to level changes 
if clamped at A =0 

Good correction for stray 
light possible 

Fairly insensitive to level 
changes if clamped at 
1-1 

rn<<n  Insensitive to bias changes 
and added noise 

m>>n  Large usablerangeof scene 
brightness 

Less sensitive to stray light 
than m 5n 

rn n 
(both small) 

n 
(both large) 

r can be varied widely with-
serious distortion in any 
one part of brightness 
range 

Sensitive to level changes 
if clamped at A 

Sensitive to bias changes 
and added noise 

Sensitive to level changes 
if clamped at A =0 

Contrast in shadows sup-
pressed 

Contrast in highlights en-
hanced 

Small usable range of 
scene brightness 

Very sensitive to stray 
light 

Contrast  and  camera 
noise in shadows en-
hanced 

Contrast in highlights 
suppressed 

r and R must be nearly 
equal to avoid serious 
contrast distortion in 
shadows 

video amplifiers were adopted as standard practice, 
however, there would be little reason not to make m and 
• n both quite large. 

VII. STRAY LIGHT 

The effect of a uniform ambient illumination of the re-
producing screen is to add a constant brightness incre-
ment to all parts of the reproduced picture. If the over-
all system is adjusted to a linear characteristic (g =1) 
in the absence of stray light, then the principal effect 
of the stray light will be to "fill up" the shadows and 
reduce the contrast in those portions of the picture. 
The effect of stray light can be reduced by readjusting 
the receiver so that the contrast in the shadows is again 
increased. Not all receiver characteristics are equally 
suitable in this respect. 
A linear receiver has the property that a simple bias 

change adds or subtracts a constant brightness incre-
ment over the entire brightness range (see Fig. 15). 
By merely changing the bias control on a linear receiver, 
therefore, one can substract off the brightness added by 
the stray light, so that over the brightness range be-
tween the highlight brightness and that produced by 
the stray light alone, linear reproduction is restored. At 
signal amplitude corresponding to brightnesses below 
that produced by the stray light alone, the receiver is, 
of course, completely cut off, and all detail in these por-
t ions is lost. For example, if the stray light produced a 
screen brightness of one-tenth the highlight brightness, 
then the linear receiver might be biased so that the opera-
tion were along the curve A —0.1, m = n =1, in Fig. 15. 
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signal is applied to a linear current generator which 
drives a nonlinear impedance with a current di-
rectly proportional to the brightness of the area being 
scanned. The output stage is, in turn, driven by the 
voltage across this nonlinear impedance—the "rooted" 
signal —and delivers its output to the line. We merely 
need, then, a suitable nonlinear impedance. 

VIDEO IN 
 40 

HOP DR 

FEEDBACK 

AmPL 'FIE R 

CLAMP 

CIRCUIT 

LINEAR 

CURRENT 
GENERATOR 

NON-
LINEAR 
IMPEDANCE 

OUT PUT 

STAGE 

VIDEO OUT 

Fig. 2—Block diagram of rooter. 

The plate current-versus-grid voltage characteristic 
of a triode, like the brightness characteristic of a cath-
ode-ray tube, can be closely approximated by a power-
law relation. In some tubes the exponent of this power 
law is quite high. Fig. 3 shows the plate current-versus-
cathode voltage characteristic of a 2C51 with 150 volts 
on the plate and —7 volts fixed bias on the grid. 1-nder 

CA
T
H
O
D
E
 
V
O
L
T
S 
(N
E
G
A
TI
V
E 

CATHODE CURRENT  IN MILLIAMPERES 

Fig. 3—Cathode current-voltage curve of 2C51. 

these conditions, the plate current is quite closely pro-
portional to the 3.3 power of the cathode voltage, i.e., 

= KE.3.3.  (2) 

Now either 1.„ or Ec may be considered to be the inde-
pendent variable here. If the cathode is driven from a 
high impedance source so that the cathode current is 
specified, then the cathode will assume the potential 
required by (2) and this potential will be proportional 
to the 3.3 root of the applied current. This is the prin-
ciple used in the present rooter. 

CIRCUIT DETAILS 

Fig. 4 is a schematic diagram of the complete rooter 
circuit including the clamp circuit. 
The feedback amplifier comprises the first two tubes 

(404-A's) in the upper row. A 75-ohm potentiometer 
terminates the input cable and serves to adjust the in-

put level to the amplifier to the proper value of 0.5 
volt maximum peak to peak. The applied signal must be 
of the standard polarity, i.e., black negative, and should 
not contain any excursions more negative than black 
level (no sync pulses). The feedback amplifier has about 
20-db loop gain from low frequencies up to 4 Mc. Above 
4 Mc, the loop gain falls first at 12, and then a 6 db per 
octave, and gain crossover is at about 14 Mc. The ex-
ternal gain is 26 db and is flat within about 0.2 (lb to 
10 Mc. 
The output signal from the feedback amplifier (10 

volts maximum peak to peak) is applied through a 
1,000-1.10 coupling condenser to the grid of the third 
404-A. The potential drop across the 1,000-µ0 con-
denser is adjusted as required at the start of every line, 
by current from the clamp circuit. The clamp circuit 
makes ground potential on the grid of the third 404-A 
correspond to black at all times. The potential of this 
grid thus varies over the range 0 (black) to +10 volts 
(maximum white) depending on the signal. This tube 
is the linear current generator. It is linear because of 
the 18 to 20 db of local feedback provided by the un-
by-passed cathode resistor. It is a current generator 
because the plate resistance is very high compared with 
the load impedance. Since this stage must have flat 
transmission clear down to dc, the screen voltage is ob-
tained from a gas-tube regulated supply rather than 
from the usual dropping resistor—bypass condenser 
combination. 

The "black current" in the driver stage just described 
(i.e., the plate current corresponding to black in the 
picture) is about 4 ma. All but about 100 Aza of this cur-
rent are drawn through the 24,000-ohm fixed and 0 to 
25,000-ohm variable resistors from B+. The remainder 
of the current demanded by the driver tube flows 
through the left half of the 2C51 and .the 100-ohm re-
sistor in series with the cathode of this tube. The 
nonlinear impedance shown in the block diagram thus 
consists of the cathode impedance, of a 2C51 in series 
with 100 ohms, and a shunt of 24,000 ohms to 49,000 
ohms around this combination. The effect of the linear 
resistances is to dilute the nonlinear resistance of the 
2C51 cathode so that the combination obeys a power 
law with a smaller exponent than the 2C51 alone, as 
will be shown later. 

The grid of the rooter tube (the left half of the 2C511 
is connected to the screen supply of the driver tube. 
This screen supply thus effectively becomes the 
"ground" or reference end of the nonlinear impedance. 
Variations in this supply voltage will cause correspond-
ing variations in the plate potential of the driver tube. 
In order to suppress these variations in the output stage 
(the right half of the 2C51) the cathode of this section 
is also returned to the screen supply. Bias for this sec-
tion is obtained by the tube current as well as the 
screen supply current flowing through a 560-ohm 
cathode circuit resistor. Since plenty of signal is avail-
able to drive the output stage, this resistor is left unby-
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passed. This improves the linearity and reduces the in-
put capacity. Direct-current coupling is used into the 
output stage grid. This also reduces the stray ca-
pacity by eliminating a bulky condenser, and further-
more reduces the peak-to-peak plate current swing in 
the output stage (between extremes of pictures ma-
terial) by about 4 di). 
A meter is provided to read either the plate current 

of the rooter tube or one tenth the plate current of the 
output stage. Under no signal (black picture) conditions 
the rooter-tube plate current is set by the left hand 
25,000-ohm control to about 100 ia, and the plate cur-
rent in the output stage is then set by the right-hand 
25,000-ohm control to 10 ma (1 ma on the meter). 
The lower part of Fig. 4 shows the clamp circuit. In 

the film scanner application for which this circuit was 
designed, the reference black in the video signal is ob-
tained as follows. The flyback time of the camera hori-
zontal sweep was made less than 6 microseconds. For 
the last few microseconds of the horizontal blanking 
time, the camera is therefore able to scan an unillum-
inated area to the left of the picture area on the photo-
cathode. Flyback in the camera horizontal sweep is 
initiated by the leading edge of the horizontal drive 
pulses. A suitable clamp pulse in the rooter is obtained 
by generating from each horizontal drive pulse, another 
pulse delayed by slightly more than the camera retrace 
time. This allows the camera flyback to be completed 
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Fig. 4 —Schematic of rooter. Capacitance in of, resistance in ohms, (k 1,000 ohms) unless otherwise specified 

and assures that the reference black edge is being 
scanned when clamping occurs. 
Presumably the same method could be used with live 

pickup cameras, provided an opaque field mask were 
were used. In a spot scanner, beam blanking during fly-
back might provide a suitable black reference, and in 
this case the delay multivibrator (the first tube in the 
clamp circuit) could be eliminated. 

OPERATING CHARACTERISTICS 

In the actual circuit the rooter tube is operated with 
about 100 µa of black current. There are several reasons 
for this. In the first place, this black current will vary 
several microamperes as the components warm up or 
age. If one tried to operate with zero black current, he 
would be walking right on the edge of a cliff. Any 
further decrease in the black current in the driver tube 
would find the rooter tube completely cut off and the 
cathode presenting infinite impedance. The load imped-
ance in the plate of the driver would then consist of the 
shunt resistors to B+, i.e., 24,000 ohms to 49,000 ohms, 
and relatively enormous distorted voltage waves would 
be applied to the output stage during the darkest 
portions of the picture. Besides this effect, the imped-
ance of the cathode of the rooter tube would be too high 
to preserve sufficient bandwidth in the shadows if the 
black current were less than about 100 µa. 
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The presence of this black current in the rooter tube 
means that the characteristic is no longer as given in 
Fig. 3. Rather one must plot the change in cathode volt-
age versus change in cathode current from the operat-
ing (black current) point. Thus the curve of Fig. 2 
must be shifted down 1.36 volts and to the left 0.1 ma. 
When this is done one obtains the solid curve of Fig. 
5. The 45° dotted lines on Fig. 5 are the current-voltage 
curves of the 100-ohm series resistor and an assumed 
value of 33,000 ohms for the shunt-feed resistor. The 
total resultant characteristic may now be obtained by 
adding the ordinates of the tube characteristics and the 
100-ohm line and then adding the abscissas of that curve 
and the 33,000-ohm line. This resultant is the operating 
curve of the rooter, and doesn't look much like the nth 
root law we are seeking. 
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I lg. 5 --Rooter interstage characteristic. 
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However, one must remember that an arbitrary con-
stant voltage may be added to the output voltage. This 
corresponds to changing the bias on the cathode-ray 
tube (or the setup in the line amplifier following the 
rooter). When the resultant curve of Fig. 5 is shifted 
up by 0.4 volt, the result is the solid curve of Fig. 6. 
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Fig. 6— Effective rooter characteristics. 
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While the abE..-issa of Fig. 6 is the same as Fig. 5, i.e., 
"milliamperes change from operating (black) current," 
this abscissa may also be interpreted as proportional to 
subject brightness since the camera is assumed linear. 
We see that the effective characteristic is a good 2.2-
root law over a subject brightness range of about 60 

to 1. If a 2.2-power-law cathode-ray tube is used, the 
reproduction will be linear over this range while the 
reproduced brightness corresponding to physical black 
in the subject will be about 1/375 of the reproduced 
highlight brightness. All this is a distinct improvement 
over the situation with no rooter. 
As the cathode impedance of the rooter tube increases, 

the bandwidth of the rooter decreases. The decrease is 
not serious over the useful brightness range of the re-
producing tube. Assuming a 2.2-power-law tube and a 
highlight brightness of 100 foot-lamberts the following 
figures are approximately correct: 

Reproduced brightness 
>7  foot-lamberts 
4 foot-lamberts 
1.5 foot-lamberts 
1 foot lamberts 

Response is down 3 db at 
>10 Mc 
8 M 
5 Mc 
4 Mc. 

The bandwidth is thus greater than 10 Mc over a 14-
to-1 brightness range and greater than 4 Mc over a 
100-to-1 brightness range. 

PERFORMANCE 

The rooter described above is in use in a laboratory 
film scanner employing a modified Farnsworth dissector 
as a camera tube. The improvement in picture quality 
as a result of the rooting of the signal is rather spec-
tacular, particularly in low-key pictures. 
One fear we had at the outset was that camera noise 

in the shadows would be intolerable when the rooter 
was used. The small signal gain of the system is about 
18 db greater in the shadows when the rooter is used 
than without it. Noise in the shadows is therefore en-
hanced this much. However, with the signal-to-noise 
ratios present in the film scanner, the effect is not 
nearly so serious as had been anticipated. It is true 
that the shadow noise is increased, but so is the shadow 
detail, and the over-all effect is. much more pleasing. 
(The rooter, after all, does not pro'duce any noise in the 
shadows, it merely prevents the reproducing tube from 
suppressing this noise, along with the shadow detail, 
as it otherwise would.) With poorer initial signal-to-
noise ratios, the results would undoubtedly be different. 
Not only would the higher noise level in the shadows 
be more disturbing in itself, but the rectification of this 
noise by the viewing tube would dilute the blacks with 
unwanted light, and thus obscure the effects of the 
rooting. 

In many respects the signal from the dissector tube, 
or from a flying spot scanner, is ideal for rooting. In the 
first place, these devices are strictly linear, and there 
are no appreciable shading signals, or spurious modula-
tions of the signal from one part of the picture by de-
tail in other parts (such as halations, and the like). 
Secondly, a true black reference may be obtained; 
there is no question as to where to begin rooting. 
Thirdly, the noise which is already low in the high-
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f 1 lights (or can be made so with enough light) is even 
. less in the shadows. Let us consider this last point more 

I fully. 
' The action of an ideal rooter may be expressed as 

y = xv", 

, where 

x = normalized input signal amplitude 
y = normalized output signal amplitude 
(x and y =0 for black, 1 for maximum white) 

n = exponent of the rooting law. 

The small signal transmission of the rooter is then given 

by 

I A small input 
put 

dy  1 = 
dx  n 

disturbance Ax, will produce an out-

1 
A y =  x(li n) - 1A x . 

Now in a properly designed dissector or flying spot 
scanner, all the noise will be shot noise and the noise 
power will be proportional to brightness. Therefore, for 
such a system: 

ax =Nx" 

where N= root-mean-square noise amplitude in the 
highlights. Thus the root-mean-square noise amplitude 
out of the rooter will be 

1 
= — x(i/n)-(1/2)N. 

For n = 2, i.e., a "square rooter," this reduces to 

The noise in the output signal is now independent of the 
brightness x, and everywhere 6 (lb less than in the high-
lights of the input signal. The resulting signal is in-
distinguishable from that which would be obtained by 
adding an independent noise of root-mean-square 
amplitude N/2 to a noise-free signal. 
For a 2.5-root device, n =2.5, and 

Ar 
Ay  =  _ x-irio. 

2.5 

Here the output noise is about 8 (lb less for x=1, and 
4 db less for x = 0.01. 
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Thus, if the camera noise is all shot noise, then over a 
100-to-1 brightness range (x =0.01 to x =1), rooting of 
the type described will always produce less noise 
amplitude in the rooted signal than in the highlights of 
the unrooted signal. This is shown in Fig. 7. 
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Fig. 7—Rooting of shot noise in signal. 

Fig. 8 shows She situation when the camera noise is 
independent of brightness. In this case, the output noise 
exceeds the input highlight noise for all brightnesses 
less than one fourth to one fifth of the highlight. 
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Fig. 8—Rooting of noise independent of signal. 

In the film scanner in which the present rooter is used, 
the camera noise is all shot noise and in the highlights 
the ratio of peak-to-peak signal to root-mean-square 
noise is about 40 db. In the output of the rooter, the 
noise therefore is about 44 to 48 db down on the peak-
to-peak signal depending on the brightness. From these 
figures it appears that a rooter might also be used to 
advantage with flying spot scanners. The successful use 
of a rooter with present image orthicons, where the noise 
is, if anything, greater in the shadows than the high-
lights, and where black level is harder to obtain accu-
rately, appears questionable. 
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Methods of Calibrating Frequency Records 
R. C. MOYERL D. R. ANDRE WS , MEMBER, IRE, AND H. E. ROYSI, SENIOR MEMBER, IRE 

Summary —A frequency record cut in lacquer, while an FM cal-
ibrator was used to measure the amplitude of motion of the cutting 
stylus, was processed and calibrated by the following means: a "stat-

ic" method in which the amplitude of the recorded groove was meas-
ured by means of a displacement sensitive gauge; a variable speed 

method in which the velocity was measured with a pickup while the 
same reproduced frequency was maintained by rotating the disk at 
different turntable speeds; the reflected-light-pattern method com-
monly used in evaluating the recorded velocity; and by direct meas-
urement of the recorded amplitude as pictured in photomicrographs. 

I. INTRODUCTION 

RESPONSE MEASUREMENTS  of disk reproduc-
tion systems, or of pickups, require the use of 
records of known frequencies and recorded lev-

els. Normally the reproduced frequency will be the 
same as that used during recording unless a difference in 
speed exists between the playback and recording turn-
tables. If a difference does exist, the exact frequency 
can usually be determined, easily and accurately, by 
comparing it with a known frequency and thus presents 
no problem. Evaluation of the recorded level, however, 
is more difficult and requires a knowledge of the ampli-
tude of the recorded wave, or of its velocity, which is a 
function of amplitude and frequency. 

It is the purpose of this paper to discuss several meth-
ods of calibration that were used during the evaluation 
of a particular frequency record. Since the calibration 
principles with which we are concerned are widely dif-
ferent, it seems desirable to describe the methods first, 
setting forth their advantages and limitations, and then 
to discuss the results of our experiments. It is thought 
that by doing so, the reader, having the different prin-
ciples of calibration in mind, will find the comparison 
less confusing. For the same reason, it is thought desir-
able to explain sonic of the terms commonly used in 
disk recording before proceeding with the calibration 
methods. 

II. GENERAL 

A. Constant Amplitude and Velocity Recording 

It is the usual practice in recording phonograph rec-
ords to cut a groove from the outside towards the 
center of the disk in such a manner that the unmodu-
lated groove has the form of a spiral. When modulation 
is applied, the stylus moves at right angles to the spiral 
and varies about the mean in accordance with the fre-
quency and amplitude of the signal being applied. If 
the change in the spiral radius for each revolution of 

Decimal classification: 621.385.971 X R391.1. Original manu-
script received by the Institute, April 10, 1950. Presented, 1948 IRE 
National Convention, New York, N. Y., March 24, 1948. 
t RCA Victor Division, Indianapolis, Ind. 
RCA Victor Division, Camden, N. J. 

the turntable is slight, high amplitudes of modulation 
iiiav rause the stylus to cut into the adjacent grooves. 
To avoid this form of overcutting it has become common 
practice to cut the lower frequencies, where the high 
amplitudes are apt to occur, on a constant amplitude 
basis. That is, signals having the same voltage as applied 
to the recording amplifier, but of different frequencies, 
are recorded with equal amplitudes. This form of record-
ing is illustrated by fl and f2 of Fig. 1(a). For the higher 
frequencies it is the usual practice to design the cutter 
so that the amplitude of cut decreases in proportion to 
the frequency increase or so that the velocity of stylus 
motion remains constant. Constant velocity recording s, 
is illustrated by f2, f3, and f4 of Fig. 1(a). 
Actually, constant velocity and constant amplitude 

recording characteristics are not strictly adhered to in 
cutting phonograph records. It is common practice to 
pre-emphasize, or tip up, the higher frequencies in re-
cording in order to obtain a better signal-to-noise ratio, 
and in addition, sonic recording companies prefer a 
slight pre-emphasis at the lower frequencies. The cutter 
is usually designed, however, for constant-amplitude 
and constant-velocity operation and the pre-emphasis is 
obtained by electrical means. The "crossover" or "tran-
sition" frequency between the two modes of operation 
varies with recording companies, but it usually occurs 
between 300 and 500 cycles. For the frequency record 
under discussion the transition frequency was 500 cy-
cles; frequencies lower than this were recorded on a 
constant-amplitude basis, while the velocity was main-
tained constant for the higher frequencies. 

B. Stylus Velocity 

If we consider the excursion of the cutting stylus when 
a sine-wave signal is applied, we may express the equa-
tion of displacement as 

where 

y = a sin wt (1) 

y = the displacement 

a = the amplitude 

w = 27rf 

= time. 

To obtain an equation in terms of velocity, or change 
in displacement with respect to time, we differentiate 
the above equation. 
Then 

dy 
V = — = 1 W cos WI (2) 
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where 
v = stylus velocity. 

Stylus velocity becomes greatest where the displace-
ment curve (1) crosses the zero axis, which is the point 
where the slope is the greatest (see Fig. 1(b) ). Mathe-
matically, the maximum stylus velocity is expressed as 

Vff,a, = 27fa  (3) 

and occurs whenever cos wt =1. 
From these equations it is readily seen that in order 

for the slope, or the velocity, to remain constant, the 
amplitude must decrease as the frequency is increased 
(see .1.2, fa, and f4 of Fig. 1(b) ). Likewise, for the ampli-
tude to remain constant, the velocity, or slope, must 
decrease in proportion to the frequency decrease. This is 
illustrated in Fig. 1(b) by J., and f2. In calibrating sine-
wave recordings by the optical pattern method, as will 
be shown, it is the maximum slope of the recorded 
groove that determines the last point of reflection, and 
hence, the width of the optical pattern. The measure-
ments, therefore, give results in terms of maximum or 

"peak" velocities. 

C. Groove Velocity 

The speed of the medium relative to the stylus point 
is usually designated as "groove velocity." It depends 

3 CONST SP 0011 UP% ' N 

I Co, 
0. 

/ 

(a) 

(b) 

Fig. 1 —Constant amplitude recording is illustrated in (a) by fre-
quencies ft and f2 and constant velocity by frequencies12, fa, and 
./4. In (b) note that the slope is the same for frequenciesf2, fa, and 
fi which were plotted on a constant-velocity basis. For constant-
amplitude recording the slope decreases as the frequency de-
creases as shown by 

upon the turntable speed and the radial distance from 
front the center of the record to the point where the 
stylus contacts the groove. Mathematically it is ex-
pressed as follows: 

= 2nrn 

where 

V.= groove velocity 
r =radial distance from the center of the disk to the 
point in question 

n = turntable speed. 
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Groove velocity reaches a maximum at the outside 
of the disk where the radius is the greatest and mini-
mum at the inside. The change in groove velocity from 
outside to inside results in a decrease in wavelength as 
illustrated in Fig. 1(a) by the two traces of fj, one near 
the outside and the other near the center of the disk. 
Both traces must be maintained in the same angular dis-
placement if the frequency is to remain the same. The 
maximum slope of the inner trace of fl (Fig. 1(a) ) is 
greater than the outer slope, and the increase is in pro-
portion to the decrease in radial distance to the center 

of the record. 

I II. METHODS OF CALIBRATION 

A. Optical Method 

A widely used method of evaluating the velocity of 
modulation is an optical one based upon the light re-
flected from the side walls of the recorded groove." 
When using this method, a light pattern is visible to an 
observer in front of the record when parallel light rays 
strike the disk at a slight angle with respect to its sur-
face. Fig. 2 is a photograph of the light pattern of a 

Fig. 2 Photograph of a light p. them of a frequency riq ord. A close 
examination will show that the pattern is made up of numerous 
points of reflection. 

I G. Buchmann and E. Meyer, "A new optical method of meas-
urements for phonograph records," Elek. Nach. Tech., vol. 7, pp. 147-
152; April, 1930. Translated by J. M. Cowan, Jour. A cons. Soc. Amer., 
vol. 12, pp. 303-306; October, 1940. 

2 R. H. Hauer, "Measurement of recording characteristics by 
means of light patterns," Jour. Arous. Soc. Amer., vol. 18, pp. 387-
395; October, 1946. 
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frequency record and shows the optical pattern that is 
visible to the observer. The light pattern is made up of 
numerous points of reflection from various parts of the 
recorded waves. For an unmodulated groove, reflec-
tions are visible along a radial line parallel to the inci-
dent light rays. When the groove is modulated, reflec-
tions occur either side of center at points where the 
slope, due to modulation offsets the angle due to the 
curvature that exists because the unmodulated groove 
is cut in the form of a spiral. When the mean curvature 
of the groove due to its spiral form exceeds the maxi-
mum slope of the recorded wave, the light is reflected 
back at an angle outside of the scope of the observer, 
and fixes the boundary where reflections are no longer 
visible. The width of the optical pattern is dependent 
upon the maximum slope of the recorded wave. For fre-
quencies recorded at the same velocit, the maximum 
slopes of the waves are the same and hence the width 
of the light patterns equal. This correlation holds true 
across the entire surface of the disk, for as the recorded 
diameter is decreased, increasing the mean curvature, 
the wavelength is decreased and its slope increased, all 
in the same proportion. A measure of the width of the 

pattern permits calculation of the absolute magnitude 
of the recorded velocity. 

It can be observed in Fig. 2 that the fifth recorded 
band from the bottom (400 cps) shows points of reflec-
tion that are distinct and separated a maximum amount 
at the center of the pattern. Toward the edges of the 
pattern, the reflection points come closer together and 
finally merge to form a bar of reflected light. Beyond the 
bar of reflection, points again appear, becoming smaller 
in size, and these eventually disappear. 
Fig. 3 was constructed in order to illustrate how the 

bars are formed. Assume that the light is coming from 
above at a slight angle with the surface of the page. The 

GROOVE 

(1) NORMAL 

(e) 

DIRECTION OF PARALLEL LIGHT RAYS 

(h) 

(d) 

Fig. 3—These diagrams, simulating recorded grooves, show how the 
parallel light rays are reflected from portions of the groove side-
walls to the observer. Note that when the recorded wave is tilted, 
as occurs when it nears the edge of the pattern, the reflection 
points, indicated as circles, come closer together, finally form a 
bar where the two merge, then appear again as a point, and 
eventually are no longer visible to the observer. 

reflections that occur from the side walls of the simu-
lated recorded groove are indicated as circles. When a 
portion of the recorded wave is in the position illustrated 
by Fig. 3(a), the points of reflection occur at the peaks 
and valleys and are separated one-half a wavelength. 
As we progress towards the edges of the light pattern 
where the recorded wave is now rotated with respect 
to the incident light rays due to curvature of the 
spiral, the reflecting points come closer together (Fig. 
3(b) and merge into a bar as illustrated by Fig. 3(c). 
According to theory, the last point of reflection should 
occur as illustrated in Fig. 3(d), where a perpendicular 
at the point of maximum slope of the recorded wave, is 
parallel to the direction of the light rays. If the wave-
length is further rotated as in Fig. 3(e), the surfaces 
can no longer reflect light back to the observer. , 
To illustrate this condition a photograph, Fig. 4, was 

taken near the boundary of an optical pattern while an 
addit ional light was spotted on the surface of the disk 

Fig. 4 —.1 photograph near the boundary area shows the reflected 
points of light from the groove walls. The modulated groove is 
made visible by using another light to obtain a reflection from the 
flat surface of the disk. 

to show the grooves. The merger of the two points into 
a bar of reflected light is clearly shown. Beyond the bar 
of reflection, points are again observed and these be-
come smaller in size and finally disappear. Selecting the 
proper reflection points for measurements presents a 
problem, especially where the recorded level is to be de-
termined accurately, for the final reflection points are 
not readily determined in many cases. 
For recordings made at 78 rpm where the wavelengths 

are long, the slopes gradual and the pattern narrow, 
the boundary at which the reflections cease is usually 
sharp and well defined. But at 331 rpm, where the 
wavelengths are shorter and the slopes steeper, the pat-
tern is wider and usually diffused and the boundary is 
difficult to determine. The indefinite boundary is prob-
ably due to the fact that the reflecting surfaces of the 
side walls have become smaller, and surface irregulari-
ties being relatively larger result in a greater diffusion 
of light. A sharper boundary can oftentimes be obtained 
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by rotating the disk so that the outermost points of re-
flection are continuously visible, and this expedient is 
resorted to in many cases. It is difficult to obtain photo-
graphs while the disk is rotating, however, since any 
wobble or eccentricity will result in a blurred pattern. 
Better reflective surfaces may be obtained for cali-

brating purposes by using the metal molds or stampers 
from which the pressings are formed. The use of a 
stamper, which is a negative, with its ridges instead of 
grooves, is of interest, for the light pattern is now made 
up of reflections from the tops of the ridges, or the por-
tions which form the bottoms of the grooves in the 
pressing. Since contact with the stylus is usually near 
the top of the groove during playback, it might be con-

, sidered more appropriate to calibrate the pressing and 
to do so near the line of contact. This may be true; 
however, if the edge of the groove is included in the 
, reflected pattern and is deformed and rough as it often 
is, the included surface may not be a true representation 
of the modulated groove and, therefore, not an ideal 
surface for calibration either. 
The light-pattern method is difficult to apply at low 

frequencies since it is customary to record the lower 
frequencies at constant amplttude and not constant 
velocity, and as a result, the width of the light pattern 
decreases in proportion to the frequency decrease. 
Judging the relative flatness of recorded level by com-
parison then becomes difficult and, usually, measure-
ments must be made. For a fixed position of the disk the 
outermost points of reflection may not be visible to the 
observer due to the nonoptimum position of the re-
corded wave with respect to the mean curvature of the 
groove, as can be observed in Fig. 2. This can be 
overcome by rotating the disk, as mentioned before, so 
that reflections from the outermost point are always 
visible. 
Another factor that makes it difficult to obtain a 

sharply defined boundary is the appearance of inter-
ference patterns, colored or dark, that are observable 
throughout the reflected areas and, at some of the 
higher frequencies where these appear, a true pattern 
width is difficult to determine. A slight lateral shift in 
position of the observer will often change the interfer-
ence patterns enough to make measurements possible. 
Our measurements and observations were made using 

a small-filament heavy-current (10 volts, 7.5 amperes) 
lamp of the type used in film sound recording and re-
production. A lens, f/6.0, having a focal length of 23 
inches was used to obtain parallel light rays. 3 For di-
rect measurements a universal type of measuring micro-
scope having the optical system on a sliding carriage 
with a vernier scale was used. A telescopic objective 
lens was employed in this case since measurements 

3 An ordinary unfrosted 120-volt lamp when placed about 15 feet 
away from the disk, and without a lens, has been found satisfactory 
for such purposes. 

were made at a distance of about 10 feet from the disk. 
The disk was suspended vertically with its center at the 
same height above the floor as the light and the tele-
scope. The angle between the surface of the disk and the 
observer was the one that gave the brightest pattern. 
Observations were tried close to the disk so that the in-
dividual reflection points were plainly discernible. 
Where the area of the field within focus is small and 
only limited numbers of reflections are visible, difficulty 
was encountered in determining the exact boundary. 
For this reason, increased spacing between disk and 
microscope so that more boundary area was included 
was found to be more desirable. Photographs were made 
for examination and subsequent calibration using a 
toolmaker's microscope which has a two-way sliding 
carriage with micrometer adjustment. 
Buchmann and Meyer' gave the following equation 

for determining the recorded velocity from the width of 

the optical pattern: 

v =rbn  (4) 

where 

v = recorded velocity 
b= width of the optical pattern 
n = turntable speed at which the disk was recorded. 

They point out that in order to maintain good accuracy 
the distance between the observer and the disk should 
be many times the width of the optical pattern. 
Bauer2 has studied the problem and recommends that 

both reflected patterns, the one nearest the light source 
and the other beyond the center of the disk, be meas-
ured and combined in the following equation to give 
the true value of recorded velocity: 

bob; 
V = Iffn   

b. + 
(5) 

where 
bi = width of the nearest reflected pattern 
b.=width of the outside reflected pattern 
n = turntable speed at which the disk was recorded. 

The observer should shift position slightly in order to 
maintain the same angle with respect to the disk when 
measuring bi and b.. If the groove shape is symmetrical 
and the distance between the observer and the disk is 
great, then the two pattern widths should be equal. 
Separate pattern measurements may be used as fol-

lows: 

= mrb,(1  K 
D 

(6) 

where 
bi = the width of the inner pattern (the one nearest 

the light source) 

K = 
1 

1 ± cos B 
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B = angle between the observer and the surface of the 
disk 

R =radius (distance from the center of the te(ord ii 
the groove being examined) 

D =distance between the observer and the disk. 
For the outside pattern the equation where the sub-
script o refers to the outside pattern is 

Vc, = nirbo(1 —  K  DI (7) 
• 

B. Calibrating While Culling 

A method of measuring the amplitude of stylus ex-
cursion while cutting has been described in articles' 
on the FM calibrator, and good correlation with the 
light-pattern method has been observed, especially for 
disks cut at 78 rpm. Although the calibrator M ay ac-
curately measure the excursion of shins, it does not 
necessarily follow that the amplitude of the resulting 

recorded wave is the same. For springback or (1 iii flo,‘ 
of the medium and if a lacquer recording stylus is tise‘l, 

the width of the burnishing surface,6 may alter the 
groove shape and decrease the recorded amplitude es-
peci;illy at the higher frequencies. Burnishing surfaces 

are flats formed at a particular angle along the cut ting 
edges of lacquer styli in order to polish the side walls 
and so produce quieter grooves. The burnishing (•dge 
causes some lateral loading which has been measured 
with the FNI calibrator. Wax cutting styli do not ha\ e 

burnishing edges and therefore do not alter the ,,.;rooye 
shape or affect the high-frequency response when 
cutting wax. 

The frequency record  7 under discussion was made 
while using the FN1 calibrator. The approximate re( titl-
ing level for each frequency was determined beforehand 

and level adjustments made while cutting the unnunlu-
lated grooves between the frequency hands. A final ;,(1_ 
justment was made immediately ifter the signal was  
applied. Such procedure results in an initial level that 
may not be correct and measurements must therefure 
be based upon the latter part of the recorded band. This 
secondary adjustment refinement is believed unneces-
sary as in most cases the final adjustment was found 
to be slight. 

The master lacquer was cut laterally at 331 rpm, 
using a st his having a bottom radius less than  mil. 
Grooves were cut deep enough to accommodate tday-
back styli up to 3 mils radius and still maintain contact 
along the side walls below the record surface. A th , 
retical crossover point of 500 cycles, based upon the 

4 H. E. Roys, "Experience with an FM calibrator for disk record-
ing heads," Jour. Soc. Mot. Pic. Eng., vol. 44, pp. 461-471; June, 
1945. 

5 A. Badmaieff, "Push-pull frequency modulated circuit and its 
application to vibrating systems," Jour. Soc. Mot. Pic. Eng., vol. 46, 
pp. 37-51; January, 1946. 

6 C. J. LeBel, "Properties of the dulled lacquer cutting stylus," 
Jour. Acous. Soc. Amer., vol. 13, pp. 265-273; January, 1942. 

7 RCA Test Record 12-5-25 (460625-6). 

N.\ B Standard lateral recording characteristic, was 

dICISCII and frequencies above this value %yea. recorded 
it ,,,,ns t an t St yhis Vel0 H1 y N1 bile those below were cut at 

'instant stylus :implifildr. The frequem it's near the 
russov „.  ,,,,,,rded at level s which xvould re-

sult in a smooth gradual changeover from constant am-
plitude to constant velocity. Frequencies from 12,000 to 

1,000 cycles were recorded at 1,0 m-cycle intervals. To 

assure frequenev .1c( nracy the oscillator was set for the . 
correct Lissajous figures On an oscilloscope w bile using a 
1,00o-cycle tuning fork as the standard. Below 1,000 
les,I rc(111C1Irieti \\ ITC ret0111Cd which have been found 

iii! iii in testing , and, where possilde, these were also 

compared N11111  the tuning--fork standard. These pre-
cautions were taken even though a rim-driven turn-
table was used, as it was thought worth while to main-

tain the correct ratio bet ween frequency bands. An 
intermodulation band of 400 and 4,000 cycles was re-s 
corded war the outside of the 12-inch disk, for stamper 
control. A slight spiral was introduced just. ahead of the 

10,000-„C,000-, and 1,000-cycle bands for visual iden-
tification of these bands. After processing, unfilled vinyl 

pressings were made and these have been subjected to 
the calibration tests, described in this article. 

.S7atic Method of Calibration 

11 the amplitude and the frequency is known, the ve-
locity of the recorded w ave can be calculated. For the 
purpose of illeA!stirilig the amplitude a sensitive electro-

mechanicil 4,4 aligc, previously used for determining the 
force at the stylus tip while cutting, 8 was tried. The 
cutting St ylus wis replaced with a playback tip having 
a radius of 2.5 mils. The gauge was attached to a hori-
zontal rod extowlio!..; radially over and pivoted vertically 
about the center (I. the disk. ('ontrary to usual practice, 

the disk was maintained stationary while the stylus was 
pulled along the gruuve. It was moved slowly and 

Fig. 5 --This shows the pickup arrangement used to measure the 
amplitude of cut of the recorded gn,uve. Amplitude, a, low as 25 
microinches were readily measured. 

8 H. E. Runs, "Force at the styli], tip while cutting lacquer disk 
recording blanks," Plow_ 1.R.E., vol. 35, pp. 1360-1.363; November, 
1947. 
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smoothly by the simple expedient of wrapping a thread, 
attached to the gauge, around a shaft of small diameter. 
The action was so smooth and fine that the stylus tip 
could be stopped at the crest of even the shortest wave-
length. The equipment is pictured in Fig. 5. 
The method was found to be slow and tedious, but 

eventually sufficient measurements were made to de-
termine the effectiveness of this method. 

D. Variable Speed Method 

This method is not new; it was used by Kendall and 
Burt as early as 1929, to measure the response of pick-
ups. They also used the method to check the calibra-
tion of some early Victor Constant Note records. In 
addition, a published article9 reveals that it was used for 
calibration purposes in Germany in 1929 at the same 
time Kendall and Burt were independently doing their 

work. 
The principle of operation when calibrating records 

requires an adjustment of the speed of the turntable so 
that the recorded bands are reproduced at some com-
mon reference frequency. Such procedure eliminates the 
necessity of amplifier and pickup calibration. In prac-
tice, where a wide range of recorded frequencies is in-
volved, several reference tones are usually necessary 
but these can be selected so that a good crosscheck can 
be obtained between them. 
The variable speed turntable" used for these tests 

operates from 5 to 80 rpm and reference tones of 2,000; 
700, and 200 cycles were used with an additional cross-
check at 1,000 cycles. These reference tones adequately 
covered the range of the 331 rpm frequency record which 
extended from 12,000 to 30 cycles. When the recorded 
frequency differs greatly from the reference tone, noise 
becomes a problem and band-pass filters were found 
necessary for attenuating the noise either side of the 

passed frequency. 

E. Photomicrographs of Grooves 

A method of determining absolute groove modula-
tion amplitude by the use of photomicrographs is rela-
tively simple and seems to give excellent results. A 
metalloscope capable of making photographs with a 
range of magnifications from 26 times to 2,000 times was 
used for these tests. I t was found that a highly reflecting 
surface was most suitable for photographing with this 
equipment. Therefore, all photomicrographs were made 
from a chrome-faced "stamper" which is a negative 
metal part used for pressing records. 
When record grooves are examined at high magnifica-

tion, it becomes apparent that the groove walls and 
bottom are not perfectly smooth. Fine lines, caused by 
cutting stylus imperfections, are visible along the 

9 E. Meyer and I'. Just, "Frequency curves of electrical pickups 
and mechanical gramophones," Elek. Nach. Tech., vol. 6, pp. 264-
268; July, 1929. 
IS If. E. Haynes and If. E. Boys, "A variable speed turntable and 

its use in the calibration of disk pickups," PRoc. 1.13.E., vol. 38, pp. 
239 -243; March, 1950. 

grooves (see Fig. 6). Although these markings might 
normally be considered undesirable, they prove to be of 
considerable value in making measurements of groove 
modulation. Any of these lines at or near the bottom of 
the groove which display clear sinusoidal wave forms 
may be focused on. This gives a much clearer tracing 
than when focused on the edge of the record groove 
which is usually distorted or indistinct. 
To insure the accuracy of magnification, the metallo-

scope was calibrated with a stage micrometer. A photo-
graph of the micrometer scale was also taken for verifi-

cation. 
The photomicrographs may be measured with a tool-

maker's microscope very easily. A toolmaker's micro-
scope is equipped with cross hairs and a table which can 
be moved with micrometer adjustments in either di-
rection. These adjustments are calibrated very accu-
rately with divisions of 0.0001 inch. If the photographs 
of the higher frequencies are magnified 250 times, one di-
vision of the microscope will correspond to 0.4 micro-
inches. A 10,000 cps signal recorded with a normal stylus 
velocity of 5 cm- per sec will have an amplitude of ap-
proximately 62.5 microinches peak to peak. Therefore, 
one division of the microscope scale will be well under 
1 per cent of the lowest amplitude that is likely to be 

encountered. 

Fig. 6 —A photomicrograph of a 6,000-cycle recorded wave. Because 
of slight nicks or imperfections in the cutting stylus the sine-
wave trace is plainly visible, thus permitting a measurement of 
the amplitude of the recorded signal. A magnification of 250 
times was used to obtain this picture. 

IV. RESULTS 

A. Static and Variable Speed Tests 

The static and variable speed methods gave similar 
results. Below 1,000 cycles good agreement was ob-
served between the two methods, and also with the FM 
calibration measurements which were made while 

cutting (see Fig. 7). 
Above 1,000 cycles a progressively greater reduction 

in high-frequency response was observed with both 
methods and this loss increased as the vertical force on 
the stylus was increased (see Fig. 8). Playback loss," 
or reduction in amplitude of stylus motion due to tip 
size, relative to the recorded wavelength and yield of the 

" 0. korner, "Playback loss of phonograph records," Jour. Soc. 
Mot. Pic. Eng., vol. 37, pp. 569-590; December, 1941. 
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Fig. 7—Response characteristic of the record used for the investiga-
tion. The dashed curve shows the intended characteristic. The 
points obtained by the different methods of calibration are in-
dicated. 
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Fig. 8—Results obtained by the static method are similar to those 
obtained by the variable speed method illustrated here. A loss in 
high-frequency response exists due to the yield of the record ma-
terial. The loss is dependent upon the vertical force and the radius 
of the stylus tip. 

record material still exists even though the rotational 
speed of the record is reduced during playback. De-
creasing the turntable speed during reproduction does 
not alter the recorded wavelength. Therefore, both 
methods are suitable for low-frequency calibration pur-
poses only, and not higher frequencies where the wave-
lengths are short with respect to the stylus radius. The 
data illustrated in Fig. 8 were obtained with a light-
weight magnetic pickup having a stylus tip of 2.9 mils 
radius. These data indicate that the wavelength should 
be at least three times the stylus radius to minimize the 
playback loss. The record was a vinyl pressing. 
Both methods, however. offer excellent means of 

studying playback loss while maintaining substantially 
constant mechanical impedance of the pickup. In the 
static method where the stylus moves along the groove 
at an extremely low rate, the mechanical impedance 
is essentially that of the stiffness of the moving system. 
For the variable speed method the mechanical im-

pedance of the pickup depends upon the frequency at 
which the tests are made. For any reference frequency 
it should remain constant and for one such as 2,000 
cps, which may be near the fundamental resonance 
of the moving system (free vibration in air) where the 
pickup is easy to actuate, the impedance should be low. 
While making measurements with the static meth-

od, a slow continuous yield of the record material was 
noted and considerable judgment had to be exercised 
during these tests. What effect the dynamic elastic prop- , 
erties of the material may have on record reproduction is 
not known yet; however, it is not believed to be a serious 
factor. 

For ease of manipulation and speed of operation the 
variable speed method is preferred to the static method. 

B. Photomicrograph Results 

Good results were obtained with this method, es. 
pecially at the higher frequencies where the wavelengths 
are short so that many of them appear within the focus-
ing area. At the lower frequencies a decrease in magni-
fication of the camera is necessary in order to obtain a 
sufficient number of wavelengths within the focusing 
field since they are now longer. Accuracy is also im-
paired as the curvature of the modulation approaches 
the average curvature of the record groove. The success 
of the method depends largely upon tiny imperfections 
of the cutting stylus which is inconsistent with good 
recording practice where every effort is made to obtain 
smooth quiet grooves free from scratches. 

When the method can be applied, it offers an ex-
cellent means of measuring the amplitude of cut and 
thus determining the recorded velocity independently 
of the optical pattern method. The method is less re-
liable for the low frequencies where the wavelengths are 
long and the curvature of the spiral must be taken into 
account. 

C. FM Calibrator Results 

The FM calibrator used to measure the amplitude 
of stylus motion while recording gave results that 
checked extremely well with the other methods both at 
the high and low frequencies. The good agreement at the 
high frequencies is unusual and the method cannot be 
relied upon when cutting lacquer where springback may 
occur. When cutting wax with a sharp-edged stylus 
without burnishing surfaces, the method may be quite 
accurate. It is reliable and accurate at the lower fre-
quencies and so may supplement the optical method 
where difficulty is usually encountered in evaluating the 
longer wavelengths. In this particular record, a dis-
crepancy at the low-frequency end between expected 
and actual recorded level resulted due to a forgotten 
low-frequency loss in the calibrating amplifier that 
caused us to raise the recording level in order to obtain 
the proper meter reading. 
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tO. Optical Method 

5 
The optical method still appears to be the best over-

ill method of calibrating recorded disks. If an absolute 
velocity measurement is wanted, the width of both re-
flected patterns must be measured and averaged.' Some 
judgment is required in determining the boundary 
especially at the higher frequencies. A study of the 
photograph of Fig. 4 reveals that it is difficult to decide 
which spot of reflected light represents the case of Fig. 
)3(d) and hence is the one that should be used. Richard 
,BierP' concludes from a geometrical study that the last 
point of reflection does not appear at the point of maxi-
mum slope but the error even for unfavorable conditions 
is less than one per cent. It is quite likely that some of 
the minute spots are reflections beyond the optimum 
, point and are visible only because of irregularities in the 
record groove. This being the case, the boundary that 
we are seeking must be somewhere between the bar of 
reflection and the last-minute spot. In our case, the at-
tempt was made to obtain an absolute measurement of 
the 1,000-cycle band and a relative width measurement 
of the other bands. A point between the reflected bar 
and the last tiny point was taken, one that appeared 
about equally discernible at each different high-
frequency band. 

I ig. 9—Photograph of the optical pattern without any color filter. 

Photographs of the reflected pattern of the metal 
stampers were taken, some of which were made with a 
red filter before the camera lens so that the result was 
essentially that of using a monochromatic light. In this 

12  R. Bird, "The error in the light band width of phonograph 
records," Akus. Zeit., vol. 5, pp. 145-147; May, 1940. 
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particular case a very sharp image was obtained and it 
took several different exposures without the red filter to 
obtain a negative of equivalent sharpness (see Fig. 9). 
However, there appears to be no advantage in using a 
monochromatic light source. When interference pat-
terns are present, and they were observed in all cases, it 
appears desirable to use a system of uniform color 
sensitivity so that the color effect of the interference 
patterns is averaged out. 
For low-frequency measurements it is necessary to 

rotate the disk so that a sharply defined boundary is ob-
tained. Where two frequencies are combined such as 
those used for intermodulation tests, it also becomes 
necessary to rotate the disk in order to obtain readings. 
A wide pattern such as encountered at high modula-

tion levels and low turntable speeds may exceed the 
limiting conditions considered by Bierl and cause an ap-

preciable error. 

V. CONCLUSIONS 

Considering the results of all of the different methods, 
FM calibrator, variable speed, photomicrograph, and 
light pattern, we came out with results remarkably close 
to each other as illustrated in Fig. 7. Each method offers 
some advantages. It is not expected that the FM cali-
brator will always check so well at the higher frequencies 
due to other factors that enter in, such as width of the 
burnishing edge and the hardness and cold flow of the 
medium being cut. If groove burnishing is not necessary 
and sharp cutting edges are used, then the FM calibra-
tor may prove useful for calibration purposes. The static 
and variable speed methods are valuable for measure-
ments at low frequencies where the wavelengths are 
long. Neither are applicable at high frequencies where 
losses due to yield of material and the physical size of 
the reproducing tip become appreciable. On the other 
hand, the photomicrograph method is particularly 
suited for short wavelengths, the disadvantage being, 
however, that it requires a stylus with imperfections in 
the cutting edges and this is contrary to good recording 
practice. The optical method therefore, appears to be 
best suited for calibration purposes. It is reliable and not 
too difficult to apply. Comparative measurements be-
tween frequency bands can be made easily and in many 
cases, the relative response, determined in this manner, 

is all that is wanted. 
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Combined Search and Automatic Frequency Control 
of Mechanically Tuned Oscillators* 

J. GREGG STEPHENSONt, hiEMBER, IRE 

Summary—A system is described whereby an oscillator is either 
swept continuously across its tuning range or is tracked to an incom-
ing signal. The novelty of the system is that it automatically switches 

from the sweeping regime to the tracking regime when a signal is en-
countered and returns to the sweeping regime when the signal van-
ishes. 

The control is applied to a superheterodyne receiver whose inter-
mediate frequency is 30 Mc. In the searching mode, the local 
oscillator is mechanically swept back and forth across its entire 
tuning range. When a signal is received in the intermediate-fre-
quency channel, the sensing circuit transfers the system to the track-
ing regime so that the local oscillator keeps the signal centered on 
the intermediate-frequency passband. In this application, the system 
is capable of varying the frequency of a mechanically tuned ultra-
high-frequency triode oscillator over a 100-Mc range, or of holding it 
to within 15 parts per million at 1,300 Mc. 

INTRODUCTION 

THIS PAPER describes a difference-frequency 
servomechanical method for automatic frequency 

  control of mechanically tuned oscillators, com-
bined with an automatic searching feature that em-
braces a wide pull-in range. The method is applicable to 
radar, communication, or other equipments having a 
fixed intermediate frequency. 

* Decimal classification: R361.215 X R355.6. Original manuscript 
received by the Institute, August 8, 1949; revised manuscript re-
ceived, March 31, 1950. Presented, 1949 IRE Nationil Convention, 
March 10, 1949, New York, N. Y. 
t Airborne Instruments Laboratory, Inc., Nlineola, L. 1., N. Y. 
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I. ILLUSTRATIVE APPLICATION 

The essential features of this method are illustrated 
in Fig. 1. Output from the local oscillator under control 
is mixed with the reference signal in a conventional . 
crystal mixer. The resulting intermediate-frequency 
output is amplified, limited, and connected to the auto-
matic frequency control (AFC) unit, which drives a 
servo motor to tune the controlled local oscillator. The 
AFC unit contains one further stage of intermediate-
frequency amplification, a discriminator, pulse stretcher, 
balanced modulator, servo amplifier, and a special seps-
ing circuit that will later be described in detail. In the 
searching regime, the controlled oscillator frequency is 
swept continuously back and forth across its entire 
range until a reference signal appears at the input to the 
AFC unit. The sensing circuit then automatically 
changes to normal AFC operation, and the controlled 
oscillator locks in relation to the reference signal so as 
to maintain a constant difference frequency as long as 
the signal is present. Automatic frequency control 
(AFC) is thus made available over a pull-in range much 
greater than the discriminator bandwidth. 
.The circuit was designed for controlling an L-band 
coaxial-line triode oscillator tuning over a total range of 
100 Mc at 1,300 Mc. A 30-Mc intermediate frequency 
having a bandwidth of 2.5 Mc was employed. Because 
known electronic tuning techniques were inadequate for 
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Fig. 2 -Tuning characteristics of AFC system. 

the relatively wide pull-in range required in this case, 
mechanical tuning was necessary. A scheme combining 
an automatic searching function with normal AFC ap-
peared to offer the simplest solution. The problem, 
therefore, resolved into two parts: (1), design the servo-
mechanical AFC, and (2) design suitable control cir-
cuits to provide automatic searching. The first part in-
volves the application of the theory of servomechanisms 
to AFC systems, and has been covered previously in the 
literature.'-3 Principal emphasis in this paper will be on 
the control circuit requirements of wide-range differ-
ence-frequency servomechanical AFC systems. 
This AFC method is ordinarily applied to heterodyne 

systems where the incoming signal is converted to an 
intermediate frequency. The following discussion will 
assume that the controlled local oscillator has a tuning 
range considerably greater than twice the intermediate 
center frequency, and that continuous rotation of the 
tuning motor produces cyclical variation of the oscil-
lator frequency throughout the entire tuning range as 
shown in Fig. 2. 

UPPER LIMIT OF OSCILLATOR TUNNG RANGE 

(STABLE PONT) 

(UNSTABLE POINT) 

LOWER LIMIT OF OSCILLATOR TUNING RANGE 

II. SENSING CIRCUIT 

The following considerations entered into the design of 
the sensing circuit: 
1. A positive, rapid transition between the search and 

normal AFC regimes must be provided. 
2. The transition must be controlled by the presence 

or absence of the desired signal. 
3. The circuit must distinguish between stable and 

unstable operating points, allowing locking only at 
stable points. 
The sensing circuit and its connections in the AFC 

system are shown in Fig. 1. The switching between the 
two regimes of operation is accomplished by a small 
sealed relay under control of the sensing circuit. The 
double triode flip-flop sensing circuit is similar to one 
described first by Schmitt,' and has been altered to 
achieve triggering on one of the grids with a positive 

' V. C. Rideout, "Automatic frequency control of microwave os-
cillators," PROC. I.R.E., vol. 35, pp. 767-771; August, 1947. 

F. A. Jenks, "Simplified microwave AFC," Parts I and II, Ekc-
Ironics, vol. 20, pp. 120-125, November, 1947; and pp. 132-136, De-
cember, 1947. 

3 Ff. Lauer, R. Lesnick, and L. E. Matson, "Servomechanism 
Fundamentals," McGraw-Hill Book Co., New York, N. Y.; 1947. 

0. IL Schmitt, "A thermionic trigger," Jour. Sci. Instr., vol. 15, 
pp. 24-26; January, 1938. 

voltage of about 15 volts. This triggering voltage is de-
rived from one side of the staggered discriminator char-
acteristic (described later). The transition between the 
relaxed and energized condition of the relay is a rapid 
snap action resulting from the cross connection of the 
plate of V8 to the grid of V9, and the common coupling 
of the cathode resistor, R6. This satisfies the first design 

consideration. 
It will be noted that a positive direct voltage derived 

from the supply bus is applied to the cathode of V8. 
This, together with potentiometer R4 in the pulse 
stretcher circuit, enables control of the voltage level at 
which conduction is transferred from V9 to V8. Com-
mon cathode coupling resistance, R6 is important in 
determining the difference between tripping and release 
levels at the grid of V8. For example, when V9 is con-
ducting (relay energized), the resulting voltage drop 
across R6 serves to increase the voltage at the cathode 
of V8, and hence raise the triggering level at the grid 
of V8. But when V8 is conducting (with V9 cut off), 
less current flows through R6 and the release level is 
therefore lower than the triggering level. These features 
satisfy the second design consideration, as will be shown 

in later discussion. 

III. SWITCHING UNDER STABLE CONDITIONS 

A special problem arises in AFC systems of this type 
when the local-oscillator frequency may be varied over 
a range considerably greater than the intermediate fre-
quency. This problem results from the presence of both 
stable and unstable operating points (insofar as AFC is 
concerned) where 30 Mc difference frequency signals 
are produced at the input to the AFC system, and pro-
vision must be made to distinguish between them. 
Examination of Fig. 2 shows that there are, in general, 

four points in the oscillator tuning cycle where a signal 
will appear at the input to the AFC system. These 
points appear as conjugate pairs, marked A and B in 
Fig. 2, and are distinguished by the direction of travel 
of the signal through the intermediate-frequency pass-
band for a given direction of motor rotation. The A 
points, for example, show traversal from the low- to 
high-frequency edges of the passband. If the servo con-
nections are correct for stable, null-seeking operation 
at the points marked A, the system will lock on fre-
quency at either A point, and normal AFC will result. 
At the conjugate points B, however, the servo connec-
tions are effectively reversed, because a given direction 
of motor rotation produces a frequency change just op-
posite to that at the stable points. These are unstable 
points, and the sensing circuit must reject them and 
allow the local oscillator frequency to progress to the 
next stable operating point and lock there. 
Differentiating between stable and unstable operating 

points is based on time and voltage relationships, and is 
accomplished as follows. By arranging the sensing cir-
cuit so that it is triggered by a voltage derived from the 
low-frequency peak of the discriminator, it will be 
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tripped early with reference to the intermediate-fre-
quency passband at the stable A points, and late at the 
unstable B points. At the stable points there is ample 
time for the discriminator to take control of the tuning 
and pull the frequency into the proper value, but at 
unstable points the tripping is delayed past dead center. 
This causes the motor to continue tuning away from 
crossover frequency, because the servo connections at 
the unstable points are opposite to those necessary for 
stability. The signal is, therefore, tuned out of the pass-
band until the decrease in signal causes the searching 
operation to be resumed. The choice of polarities 
throughout the circuit must be co-ordinated properly 
so that the direction of tuning on search is such as to 
approach stable points from the low-frequency side of 
the passband. Reversing the leads to one phase of the 
motor interchanges the stable and unstable points, but 
also reverses the direction of tuning in search, and the 
system still operates normally. 
It should be noted that the intentional differential be-

tween trip and release points in the operation of the 
sensing circuit enables control to be retained by the 
discriminator at stable points for frequencies somewhat 
beyond the 30-Alc center frequency. The net result of 
this control action is that the system searches for a 
reference signal, and upon finding one, stops and locks 
at any stable point, but tunes through unstable points 
after only a brief hesitation. This fulfills the third design 
consideration. 

IV. CIRCUIT DETAILS 

The system shown in Fig. 1 represents a practical 
solution to the design requirements. For proper AFC 
operation the intermediate-frequency preamplifier must 
deliver a limited output for either continuous wave or 
pulsed signals, as otherwise the effective gain of the 
servomechanical loop would be subjected to unpre-
dictable variations and the subsequent control circuits 
could not be properly adjusted. 
Intermediate-frequency signals are further amplified 

and applied to the primary of a capacitively coupled, 
stagger-tuned discriminator. For continuous-wave sig-
nals, the output of the discriminator diodes may be ap-
plied directly to the following stages, but if the system 
must operate from a pulsed reference signal, pulse 
stretching is necessary to obtain direct voltage for con-
trol of following circuits. If the requirements for the 
servo tuning system indicate the desirability of error-
rate damping, an RC differentiating network may be in-
terposed at this point, as shown by R1, R2, Cl, and R3, 
R4, C2 in Fig. 1. 
The output from each discriminator diode (and what-

ever pulse-stretching and differentiating circuits follow) 
consists of a positive direct voltage to ground. These 
voltages in each half of the symmetrical circuits will be 
equal when a suitable signal is centered at the crossover 
frequency, as illustrated in the typical discriminator 
characteristics of Fig. 3. In addition to performing the 

error sensing function for normal AFC operation, 
discriminator output is also utilized to actuate 
sensing circuit as will presently be explained. 
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Fig. 3 —Typical discriminator characteristics. 
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For normal AFC operation, the balanced modulator 
stage serves to convert the direct voltages at the dis-
criminator output into a 60-cps voltage having a mag-
nitude proportional to the frequency error, and with a 
180-degree phase reversal occurring on each side of the 
30-Mc crossover frequency. Balance potentiometer R5 
permits the center frequency to be adjusted to com-
pensate for slight variations in discriminator alignment, 

and to accommodate changes due to tube replacement. 
Because this stage has a residual 120-cps output at the 
null point, it is followed by a parallel-T rejection filter 
tuned to 120 cps. The 60-cps voltage emerging from the 
balanced modulator and parallel-T filter is then ampli-
fied ill a conventional servo amplifier that produces 
enough power to drive the variable phase of the servo 
motor. 

The action of the discriminator on the sensing circuit 
is shown in Fig. 3. Each of the staggered secondary out-
puts appears as a positive direct voltage to ground, the 
system being set up so that the sensing circuit is tripped 
from the low-frequency peak. Assume first that there is 
no signal present at the input to the AFC unit. No trip-
ping voltage will appear at the grid of V8 so this triode 
will be cut off. Therefore, 1'9 conducts and energizes 
the relay. In this condition, the modulator stage is com-
pletely unbalanced, causing the servo motor to run con-
tinuously in one direction, driving the local-oscillator 
frequency until a signal is intercepted. 
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When a signal of sufficient magnitude to exceed the 
tripping threshold at the grid of V8 appears, this tube 
conducts suddenly and cuts off V9, thus de-energizing 
the relay and connecting the discriminator output di-
rectly through to the modulator for normal AFC action. 
Thus, as long as a sufficiently large signal is present, 
the normal AFC regime will hold, while in the absence of 
a signal, the tunable oscillator will search continuously. 
In the particular system described, consistent locking 

of oscillator frequency within about 15 parts per million 
is possible. Operation is automatic and, when once 
locked on a reference signal, the 30-Mc difference fre-
quency will be held regareless of drifts in either the 
reference signal or the local oscillator. The delay in 
correcting for small frequency changes is well under one-
tenth of a second, but because of mechanical inertia this 
system obviously cannot compare with electronic meth-
ods in speed of response. Where short-time stability con-

siderations in the oscillator are important (over periods 
up to 0.1 second or more), a mechanical AFC system 
of this type is more advantageous than those electronic 
methods that cause the oscillator frequency to vary 
continuously about the desired value. The time required 
for a complete search cycle depends on many factors 
such as the frequency range of the oscillator, band-
width of the discriminator and intermediate-frequency 
system, inertia of moving parts, and gear ratios. For 
most applications, the search time will be an appreciable 

part of a minute. 

ACKNOWLEDGMENT 

The development of the system described was carried 
out under the sponsorship of Watson Laboratories of the 
Air Force. The author wishes to acknowledge the help-
ful co-operation of a number of his colleagues in making 

this development possible. 

A Test of 450-Megacycle Urban Area Transmission 
to a Mobile Receiver* 

A. J. AIKENSt, ASSOCIATE, IRE, AND L. Y. LACYt, SENIOR MEMBER, IRE 

Summary—Measurements were made of mobile radio-telephone 
transmission at 450 Mc in New York City using frequency modula-
tion. Comparison was made with transmission at 150 Mc using identi-
cal speech modulation. Effective radiated powers were about equal. 
Direct comparison tests were made with the receivers installed in a 
moving automobile. The transmitter and the receiver used at 450 Mc 
were developed especially for the job. The receivers used at the two 
frequencies had substantially the same noise figures. The tests per-
mitted estimates of the relative magnitudes of the shadow losses at 
the two frequencies and included measurements of rf noise. Subjec-
tive tests of circuit merit comparing the two frequencies were made 

by a number of observers. 

THE PROJECT 

F
ROM THEORETICAL considerations it had 
been predicted that frequencies as high as 450 Mc 
might be useful for providing mobile telephone 

service. In order to determine whether such frequencies 
could be used for telephone transmission to vehicles in 
urban areas, a series of tests was undertaken with meas-
uring equipment located in a test automobile and with 
transmitting equipment located atop the Telephone 
Building at 32 Avenue of the Americas, New York, 

N. Y. 
An FM transmitter operating at 456.090 Mc' was 

located on the roof of the Telephone Building. Band-

* Decimal classification; R630.3. Original manuscript received by 
the Institute, September 8, 1949; revised manuscript received, De-
cember 22, 1949. Presented, IRE National Convention, New York, 
N. Y., March 8, 1949. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
' The actual test frequencies of 456.090 and 152.63 Mc have been 

rounded off to 450 and 150 Mc for convenience in this discussion. 

width and frequency deviation of the system were made 
the same as in the present 150-Mc system (i.e., +10 
radians at the final frequency) wherein the transmitter 
is also located on the roof of the Telephone Building. 
Both antennas were about 460 feet above street level. 
The effective radiated power of the 450-Mc system was 
equivalent to about 100 watts from a coaxial dipole (24 
watts actual power plus 6-db antenna gain). Direct 
comparison tests were made between the experimental 
system and one of the channels of the regular 150-Mc 
system, which uses a coaxial dipole antenna radiating 
about 200 watts. Effective radiated power was thus 
about 3 db less at 450 Mc than a 150 Mc. 
The experimental 450-Mc receiver consisted of a 

radio-frequency preamplifier and mixer, the mixer 
output being fed into a standard Western Electric 38B 
Mobile Radio Receiver operating at an input frequency 
of about 160 Mc. A standard 38B Radio Receiver was 
used directly for the 150-Me tests so that the band-
widths of the receiving systems, which are determined 
entirely by the 38B Radio Receivers, were closely com-
parable for the 450- and 150-Mc tests. The noise fig-
ures' for both receivers were measured as about 8 db; 
this value implies good receiver design and alignment. 
A survey was made of reception at both frequencies in 

a car equipped with quarter-wave whip antennas. At 
many locations in Manhattan, at some points in the 

2 H. T. Friis "Noise figures of radio receivers," Paric. I.R.E., 
vol. 32, pp. 419-22; July, 1944. 



1318  PROCEEDINGS OF THE I.R.E. November 

Bronx, and at a few spots in Westchester County, the 
strength of the radio-frequency signals across the radio 
receiver inputs was measured, as well as the audio-fre-
quency signal and noise outputs of the two receivers; 
the same audio-frequency modulation was used in the 
two transmitters. On a separate series of test runs, judg-
ments of circuit merit were made at several locations by 
four different observers. All measurements were made 
with the car in motion at normal driving speed. 

COMPARATIVE RESULTS AT THE TW() FREQUENCIES 

The radio-frequency signal strengths and circuit 
merits found in Manhattan are shown on Fig. 1. Signal 
strengths are given in the form of equal signal contours, 
expressed in db above 1 microvolt across the radio re-
ceiver inputs. Circuit merits' are shown by dots with 
numbers beside them. 
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Fig. 1—Transmission on a single FM channel in New York, N. Y. 

The signal strength contours must be interpreted in a 
rather special way. Each value represents an average 
over a distance of 200 to 300 feet. On the perimeter of 
Manhattan, the values noted represent the signals re-
ceived on West Street below 72 Street, on Riverside 
Drive between 72 Street and 125 Street, on the I Ienry 
Hudson Parkway above 125 Street, and on South Street 
and the East River Drive on the other side of Man-
hattan. Inland, however, the values represent the sig-
nal strengths found on east-west streets in the middle of 
the blocks. These signal strengths are of interest because 
they are measured in the spots to which transmission is 
most likely to be marginal. It was observed that the re-

3 The scale of circuit merits is as follows: 
Merit 
5 
4 
3 
2 
1 

Description 
Excellent 
Good 
Just commercial 
Poor 
Hopeless 

ceived signals averaged about 15 db higher at both fre-
quencies on the inland north and south avenues than in 
adjacent crosstown streets. This latter detail is not 
shown on the contour maps. 
Comparison indicates that the average received sig-

nal at the car at 450 Mc is about 4 db weaker than at 
150 Mc.' Difference in radiated power accounts for 3 of 
the 4 db. Close correspondence of the average received 
signals, when taken on an equal radiated power basis, 
indicates little difference in the net ,effect of city build-
ings at the two frequencies. 
In tests at 21 suburban locations in the Bronx and 

Westchester, on parkways and numbered routes, from 
13 to 26 miles from the transmitter, the received signal 
voltage averaged the same at the two frequencies on the 
basis of equal radiated powers; individual values at 450 
Mc ranged from 8 db above to 14 db below correspond-
ing 150-Mc values. 

Performance of the radio circuit also depends upon 
the ambient radio-frequency noise. In many locations in 
Manhattan, and at all the test points in the Bronx and 
in Westchester County, measurements were made of the 
amount of radio-frequency signal required to override 
ambient noise and produce a specified audio signal-to-
noise ratio at the receiver output. On the average, 10 db 
more radio-frequency signal was required at 150 Mc 
than at 450 Mc. Test car ignition noise was suppressed. 
The factors of signal strength, ambient noise, and 

signal fluctuations are all combined in the judgment of 
circuit merit. Judgments of circuit merit were made at 
several locations in Manhattan. As noted in Fig. 1, the 
circuit merits at the two frequencies were estimated to 
be about the same (4 observers). This indicates that 
for equal transmitted powers, the reception would have 
been slightly better at 450 Mc than at 150 Mc. 
All of the factors taken together tend to confirm the 

expectation that transmission at the higher frequency 
would be suitable for mobile telephone coverage in large 
cities. 

OTHER RESULTS 

Comparison with Computed Signal Atnplitude 

The test results are compared with computed received 
signal voltage across a 100-ohm receiver in Figs. 2 and 3. 
The measured values are corrected to a reference of 100 
watts of power delivered to a coaxial dipole. The com-
puted values are for 100 watts in a standard dipole 460 
feet above ground plane and assume smooth spherical 
earth. 

In Manhattan, the average difference between com-
puted and measured values is about 30 db, practically 
all the difference lying in the range 20 to 40 db. There is 
no significant distinction between the two transmitted 
frequencies, in this regard, nor between receiving loca-
tions (all urban) from about 3 to 11 miles from the 

4 This is an over-all average for urban and suburban locations at 
distances greater than about 2 miles from the transmitters. At 
shorter distances, the difference in vertical directivity of the two 
transmitting antennas tends to depress the 450-Mc signals more than 
4 db below the 150-Mc signals. 
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Fig. 3—Received signal strengths in Bronx-Westchester. 

transmitter. In considering these values, it will be re-
called that they are obtained in a city of skyscrapers, 
and that a large proportion of them were measured on 
crosstown streets, the received signals on the north and 
south avenues averaging some 15 db stronger than on 
the crosstown streets. 
In Bronx-Westchester, on terrain that may roughly 

be described as suburban rolling country, the average 
difference between measured values and computed 
smooth-earth values is about 23 db, all the individual 
differences being comprised in the range 5 to 40 db; 
also, there is no significant distinction between the two 
frequencies in this regard, nor between locations from 
13 to 26 miles from the transmitter. 

RECEIVED SIGNAL VARIATIONS IN SHORT DISTANCES 

A limted number of measurements at 450 Mc with a 
recording instrument in the car showed signal variations 
up to about 15 db in a distance of about one foot of 
travel (which is about one-half wavelength) on city 
streets; the average variation per foot of travel was 
probably closer to 5 db. In a car moving at normal speed, 
these variations tend to be averaged out. Total variation 
over distances of 200 to 400 feet was roughly 20 to 25 
db, with either a dipole or a gain antenna. On flat open 
meadows, at 450 Mc the signal variation per foot of 
travel was around 1 or 2 db, and the total variation in 
300 feet was 11 or 12 db. 

NOISE VERSUS RECEIVED SIGNAL 

The average audio speech-to-noise ratio plotted vs. 
received signal amplitude is shown on Fig. 4. These 
figures represent average conditions in Manhattan and 
cover regions of lower and higher noise and lower and 
higher signals.6 Ignition noise is controlling at both fre-
quencies. Variations of individual locations from the 
average values shown, for the lower signal values, would 
cover a range of about +10 db. Both speech and noise 
values for the speech-to-noise ratios were measured on 
an audio noise meter; the speech modulation was normal 
for the volume-regulated urban mobile radiotelephone 

system. 
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Fig. 4—Average audio speech-to-noise ratio versus radio-
frequency signal strength (Manhattan tests). 

It will be seen from Fig. 4 that for equal audio speech-
to-noise ratios at 450 and 150 Mc, the required radio-
frequency signal voltage input to the receiver was, on 
the average, about 10 db lower at 450 than at 150 Mc. 
This figure applies to urban reception, ignition noise 
being controlling, and assumes equal signal frequency-
swings at the two frequencies. It assumes set noise low 
enough (noise figure of about 8 db, and a reasonable 
input impedance match with a quarter-wave antenna) 
so that the effect of the ignition noise is permitted to 
override set noise at both frequencies. 

TEST TRANSMITTERS 

Both transmitters were modulated simultaneously by 
the same speech source and were adjusted for equal 
phase deviation maxima of about + 10 radians at the 
final frequency. The speech source was from talkers 
using standard telephone instruments. The volume was 
regulated to ± 4 vu by regular mobile radiotelephone 
control terminal equipment. Arrangements were pro-
vided for removing modulation during noise measure-
ments. 
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6 A source of noise, ahead of the radio transmitter, which was 
peculiar to the particular setup and limited the speech-to-noise ratio 
to a maximum of about 32 db, has been removed by computation 
from the values given on Fig. 4. 
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A Six-System Urban Mobile Telephone Installation 
with 60-Kilocycle Spacing* 

R. C. SHA WL SENIOR MEMBER, IRE, P. V. DI MOCKt, SENIOR MEMBER, IRE, 
W . STRACK, JR.t, AND W . C. HUNTERt, MEMBER, IRE 

Summary—This paper describes a 6-system mobile radiotele-
phone installation in Chicago, operating in the 152- 162-megacycle 
band, and using 60-kc spacing of carrier frequencies, rather than the 

120-kc spacing of previous practice. The measures required to 
achieve this frequency saving are described, including filters and 
special antenna arrangements at the land transmitter, "off-channel 
squelch" in the land receivers, connection of six land receivers to a 
common antenna, and other special co-ordinating means. 

INTRODUCTION 

HE DENIAND for telephone communication to 
vehicles in some urban areas has far exceeded the 

  capacity of available radio channels. To cope in 
some measure with this demand, the Bell Telephone 
Laboratories, in co-operation with the Illinois Bell Tele-
phone Company and the New York Bell Telephone 
Company, have engineered an installation using a block 
of six adjacent channels wherein the normal frequency 
spacing between channels has been halved. Thus, the 
number of useful channels has been doubled. In the 
allocation plan of the Federal Communications Com-
mission for the urban frequency range of 152-162 Mc, 
the designated channel spacing is 60 kc. However, 
channels have in the past been assigned only every 120 

* Decimal classification: R542X R460. Original manuscript re-
ceived by the Institute, August 3, 1949; revised manuscript re, 
ceived, June 9, 1950. Presented, 1949 IRE National Convention 
New York. N. Y., March 10, 1949. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
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kc %ithin the same city. Field tests have shown that 
operation with 60-kc spacing, using currently available 
equipment, is feasible if several special measures, the 
most important of which is the "co-ordinated operation 
of land transmitters," are followed. 
The six-system installation shown in Fig. 1 is essen-

tiall y a group of six single-system systems which are 
carefully co-ordinated to minimize mutual reactions. 
The six land transmitting antennas are mounted on a 
single mast and are arranged so that the coupling be-
tween them is a minimum. Separate land receivers -at 
each receiving location are used for each channel and 
are fed by a single antenna. For reasons of economy, the 
land and mobile equipments employ the same basic 
units as a single-channel installation. The frequencies 
of the land transmitter channels are located near the 
lower edge of the 152-162-Mc band and are spaced at 
intervals of 60 kc. The corresponding mobile transmit ter 
channels are about 5 Mc higher in frequency and are 
also separated by 60 kc. Standard commercial equip-
ment is used throughout, although in some instances 
minor modifications have been made to meet the re-
quirements for adjacent channel (60-kc) operation. 
The operation of several adjacent channels in the 

same geographical area creates certain problems that 
do not occur in.the operation of a single isolated channel. 
Only those problems pertaining to the operation of 
adjacent channels will be considered here. 
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Fig. 1—A six-system urban mobile telephone installation. 
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MOBILE RECEIVER SELECTIVITY 

The selectivity of mobile receivers now in general use 
is insufficient to permit the audio output of the receiver 
to be unaffected by a modulated carrier in an adjacent 
channel under many conditions of reception. When an 
adjacent channel carrier, but no desired channel carrier 
is present, a vehicle subscriber, picking up his handset 
to make a call, might hear distorted modulation and 
noise. If the desired carrier is present, but an adjacent 
channel carrier is received in sufficiently greater 
strength, intolerable cross talk may result. This may 
occur if the transmitters are widely separated and the 
vehicle is near the interfering transmitter but distant 

from its own transmitter. 
The situations described above can be avoided if a 

desired channel carrier is present whenever an adjacent 
channel carrier is received and is strong enough to over-
ride the unwanted signal.' To realize this, all land 
transmitter antennas for a block of adjacent channels 
should be located at the same point and should be ener-
gized simultaneously. This may be termed "co-ordinated 

operation of transmitters." 
The simultaneous activation of all land transmitters 

in a block of adjacent channels can be easily accom-
plished by simple relay control circuits. From the view-
point of field distributions, it might be desirable for all 
transmitters to radiate from a single antenna so that 
differences in field strength, due to multiple-path trans-
missions and shadows, would be minimized. However, 
it is necessary to introduce appreciable attenuation 
between power amplifiers of the transmitters to pre-
vent excessive intermodulation. This can be done con-
veniently by physical separation of the antennas. 

LAND TRANSMITTER INTERMODULATION 

The problem of intermodulation can be illustrated 
by considering the operation of two or more land trans-
mitters with their antennas in close proximity. Voltages 
will be induced in each antenna due to the radiation 
fields of all other antennas. The resultant antenna volt-
age will be transmitted to the output stage of the asso-
ciated transmitter which presents a nonlinear imped-
ance, and thus intermodulation will take place between 
the various signals present in the plate circuit of the 
output stage. It can be shown that if p and q represent 
the output frequencies of two transmitters which are 
mutually coupled, the major distortion components will 
have the frequencies (2p —q) and (2q —p). Other terms 
will also be generated but their levels will be sufficiently 
low or their frequency so far removed from the useful 
channels that they can be attenuated by simple filters. 
The terms produced by six transmitters arc shown in 
Fig. 2. Here, for convenience, channels or frequencies 
are referred to by numbers. The channels are numbered 
consecutively and are spaced 60 kc apart in frequency. 
Channel number 1 is the first (or lowest) channel in 

' Satisfactory operation has been obtained in some instances 
when the level of the desired channel carrier was reduced 20 db be-
low its normal value. 

the 152- 162-Mc band. Channels 7 through 12 are as-
sumed to be the active channels. Each row shows the 
frequencies of important intermodulation products gen-
erated by a pair of transmitters, and the 15 rows show 
all possible pairs for the six transmitters. A large propor-
tion of the intermodulation products fall on channels 
outside the assigned group of six adjacent channels and 
will be referred to as "extraband radiations." 

CHANNEL 
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X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X 0 

X • 
0 

X 0 

X • 0 
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ASSIGNED 
CHANNELS 

IV E CHANNELS 

X - PRODUCT GE NERATED IN LOWER FREQUENCY TRANSMITTERS 
0 - PRODUCT GENERATED IN HIGHER FREQUENC Y TRANSM ITTERS 

Fig. 2—Third-order intermodulation products generated 
in six transmitters. 

It is desirable to reduce extraband radiation occur-
ring in land transmitters to as low a level as possible. 
The rules2 of the Federal Communications Commission, 
covering the subject of spurious emissions of mobile 
radio telephone equipment are, for apparatus of this 
type, that the amplitude of the spurious product shall 
be at least 70 db below the level of the unmodulated 

carrier. 
In general, distortion products of the form (2p — q) 

can be reduced by attenuating the product itself with 
selective circuits or by decreasing the coupling between 
transmitters. Two methods which appear most feasible 
are (1) optimum geometrical arrangement of antennas, 
and (2) frequency-selective circuits located between the 
output stage of each transmitter and its antenna. 
The method of mounting antennas3 has been studied 

and an arrangement of staggered antennas adopted. 
Frequency-selective circuits located in the output trans-
mission lines between each transmitter and its associ-
ated antenna can be designed to provide attenuation 
to both the incoming unwanted signal and to the 
generated intermodulation products. The selective cir-
cuits used in this system were distributed constant 

2 Federal Register, vol. 14,13. 2315; May 6,1949. 
'W. C. Babcock and It W. Nylund, "Antenna systems for 

multichannel mobile telephony," PROC. I.R.E., p. 1324,  this issue. 
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circuits of the coaxial-line type supplied by Motorola, 
Inc. 

By measures outlined above, it was possible to re-
duce the extraband radiation to the desired levels. 
The unwanted products were, in all cases, more than 
70 db below the carrier level, thus meeting the require-
ments of the Federal Communications Commission. 

MOBILE RECEIVER I NTERMODULATION 

Some intermodulation may be produced in mobile 
receivers in chamiels close to the assigned 6-channel 
group. When such receivers are operated close to the 
transmitter site and the desired transmitter is at a 
considerable distance, these distortion products may 
override the desired signal. The susceptibility of re-
ceivers to this type of difficulty increases as the field 
strength of the unwanted signals becomes stronger but 
is a problem only in the immediate vicinity of the un-
wanted transmitters. 

LAND RECEIVER SELECTIVITY 

Insufficient selectivity in the land receivers may re-
sult in interference from adjacent channel signals 
when the desired channel is inactive. 
The traffic operator in a mobile telephone system is 

notified of a call from a vehicle by a signaling circuit 
actuated by a reduction in noise output of the detector 
of a land receiver. This operation takes place when an 
on-channel carrier of sufficient strength to give accept-
able service is received. However, it is possible for a 
strong carrier on an adjacent channel, in the absence of 
a carrier on the desired channel, to reduce the noise 
sufficiently to cause a false signal to be sent to the 
traffic operator. To overcome this fault, a relatively 
simple "off-channel" squelch was developed. 

TO 
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The off-channel squelch is controlled by the second 
limiter grid voltage. This voltage has to exceed a certain 
limit in order for the receiver to be enabled. Gain and 
selectivity of the intermediate-frequency stages of the ' 
receiver are such that an adjacent channel carrier will 
never produce a limiter grid voltage exceeding the ' 
threshold value. The off-channel squelch serves only to 
decrease the susceptibility to interference when no 
carrier is present in the desired channel. Experience indi-
cates that other types of interference in land receivers 
are of negligible proportions. 

DESCRIPTION OF CHICAGO SIX-SYSTEM 
INSTALLATION 

A six-system urban mobile telephone installation 
has been placed in operation by the Illinois Bell Tele-
phone Company in Chicago, Ill. Following is a descrip-
tion of the essential components of this system. 

Land Transmitters 

The land station transmitters are operated on chan-
nels 7 through 12 inclusive from 152.390 Mc, with 60-
kc channel spacing, to 152.690 Mc as assigned by the 
Federal Communications Commission. 4 Fig. 3 is a func-
tional block diagram of the land transmitting equip-
ment. 

One Western Electric Company 540A Radio Trans-
mitting Equipment is used for each of the six urban 
mobile telephone channels. A seventh serves as a 
standby in the event of a transmitter failure and to 
facilitate routine maintenance with a minimum loss of 
service. A trunk terminating equipment panel provides 

4 Effective July 1, 1949, channels 9 through 14 were assigned for 
this service. 
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Fig. 3—Block diagram of land transmitter installation. 
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patching facilities for rapid switching of the audio, 
remote control, and frequency monitor alarm circuits. 
Two cavities in cascade are interposed between each 

transmitter and its antenna for channels 7, 8, 11, and 12. 
A single cavity is used in conjunction with the transmit-
ters on channels 9 and 10. Fig. 4 shows the bank of trans-
mitters and high-Q filters. 

Fig. 4—Land transmitter installation at Chicago. 

Land Receivers 
The land receivers used in the Chicago six-system 

installation are Western Electric 40A and 40B Radio 
Receivers. These are double-heterodyne FM receivers 
specifically designed for mobile telephone applications. 
The receivers are rated at 40-db selectivity to an 
unmodulated adjacent channel carrier. Each receiver 
has been modified to incorporate an off-channel squelch 
circuit. 
Each receiver installation, of which there are ten in 

the Chicago area, consists of six receivers, one for each 
of the six adjacent channels. The receivers are con-
nected to a single antenna, as shown in Fig. 5, through 
a coaxial-line bridging network that provides satisfac-
tory impedance matches. The incoming power divides 
equally among the six receivers, thus giving a bridging 
loss of about 8 db relative to a single receiver con-
nected to the antenna. For most urban receiver loca-
tions, this reduction of input is not important because 
ambient noise rather than receiver noise is controlling. 
In a few locations where receiver noise is expected to 

control, antennas have been installed having gain in 
the horizontal plane to partially offset the bridging loss. 
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Fig. 5—Land receiver installation. 

Mobile Equipment 

Western Electric 238B (6-volt) or 238C (12-volt) 
Mobile Radio Equipments are installed in the sub-
scribers' vehicles. Each installation consists of a re-
ceiver, a transmitter, a quarter-wave whip antenna, 

and a control unit which includes a handset, a power 
switch, and a bell. 
The receiver is a double-heterodyne FM type de-

signed to operate from the car battery. The selectivity 
is rated at 50 db to an unmodulated adjacent channel 
carrier. An automatic-gain-control circuit reduces the 
gain of the radio-frequency amplifier as the first limiter 
grid voltage increases. 
The transmitter is a crystal-controlled phase-modu-

lated transmitter with a frequency multiplication of 36. 
The radiated power is 20 watts. Modulation limiters are 
employed to prevent extraband radiation. 

CONCLUSIONS 

This Chicago six-system installation has been in 
commercial operation since November, 1948. A similar 
installation in New York City, having three channels 
with 60-kc spacing, has also been in service for about the 
same length of time. A highly satisfactory grade of 
service has been provided by both of these installations. 
Systems of this type will permit doubling the number of 
available channels in most of the large cities without 
any major equipment redesign. 
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Antenna Systems for Multichannel Mobile Telephony* 
W. C. BABCOCKt, MEMBER, IRE, AND H. W. NYLUNDt 

Summary—This paper describes an arrangement whereby several 
antennas may be mounted on a single mast at the transmitting site 
of a multichannel system operating in the 152- 162-megacycle 
band. The antennas are so disposed as to minimize shadowing effect 
of the mounting structure, while keeping intertransmitter coupling 
to a tolerable minimum. Measurements of the electrical character-
istics are presented for arrangements of 6 antennas mounted on a 
62-foot steel mast. These measurements on a full-scale structure 
are supplemented by tests at a higher frequency on reduced-scale, 
simplified models. 

0NE OF THE EARLY problems that had to be 
solved in the development of multichannel mo-
bile telephone systems was that of interchannel 

cross talk. This was troublesome because of the close 
frequency spacing between adji( ent channels, which 
was 60 kilocycles in a frequency-modulated system 
operating in the 152- 158-Mc band, and because the 
mobile unit might be considerably closer to the trans-
mitting antenna which served an adjacent channel 
than to the antenna which served its own channel. 
This problem was very appreciably reduced by locating 
all of the transmitting antennas serving a given area at 
the same site. 
When mounted on the same rooftop, however, the 

proximity of the transmitting antennas, which proved 
so useful in solving the interchannel cross-talk problem, 
introduced another of almost equal magnitude. The 
simultaneous operation of two or more transmitters, 
serving antennas closely coupled because of their prox-
imity to each other, gives rise to the generation of 
intermodulation products. These products are radiated, 
and, if uncontrolled, will appear as interfering signals 
at unwanted points in the frequency spectrum. 
The problem posed, therefore, was to locate as many 

antennas as possible in as limited space as possible 
without at the same time permitting the coupling be-
tween them to get completely out of hand. To be more 
specific, system requirements demand that the coupling 
between most of the antennas be of the order of 40 db 
or more whereas that between a few of them may be of 
the order of 30 (lb. Furthermore, each antenna should 
radiate a vertically polarized wave having a more or less 
uniform radiation pattern in the horizontal plane. 
For the same coupling two radiators collinearly dis-

posed can be located much closer to one another, as is 
well known, than when placed broadside. This suggests 
that a collinear arrangement of radiators might be suit-
able for our purpose. With one-wavelength spacing an 
over-all length of eight wavelengths is required to ac-

* Decimal classification: R326.2. Original manuscript received by 
the Institute, August 3, 1949; revised manuscript received, June 9, 
1950. Presented, 1949 IRE National Convention, New York, N. Y., 
March 8. 1949. 

Bell Telephone Laboratories, Inc., New York, N. Y. 

comrnodate six half-wave antennas. At urban mobile 
telephone frequencies, which are around 152 Mc, eight 
wavelengths are of the order of 50 feet so that a mast 
about 65 feet in the clear is required if the lowermost 
antenna is to be elevated some 15 feet above the mount-
ing surface. 
Coaxial antennas are currently used at urban land 

stations and are readily available commercially. Fig. 1 
shows schematically two arrangements of six such an-
tennas mounted on brackets attached to a mast. The 
question now arises: I low does the presence of the mast, 
cross arms, and transmission lines affect the electrical 
characteristics of the several antennas? A 62-foot tin-
guyed steel mast was erected on Bell Laboratories prop-

. 

Fig. —Two mounting arrangements, six 
antennas on one mast. 

erty at Murray lid], N. J., to answer that question. This 
mast, shown in Fig. 2, was designed by J. II. Gray of our 
Outside Plant Department and fabricated by "The Pole 
and Tube Works" at Newark, N. J. It is 14 inches in 
diameter at the base, tapering to 31 inches at the top. 
The brackets are telescoping affairs so that the spacing 
between mast and antennas is variable over the limited 
range of 31 to 6 feet. The brackets can also be swung 
around the pole so that the antennas may be oriented in 
any desired azimuthal direction. 
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In the Chicago installation, however, the length of 
RG-12/U cable provided with the antenna is connected 
to an end seal terminating a length of 7/8-inch pres-
surized cable mounted on the mast. This pressurized 
cable connects the end seal at the transmitter end of the 
line to the end seal at the antenna end of the line. Volt-
age standing-wave measurements were therefore made 
on a setup simulating this arrangement to insure that 
the load presented to the transmitter by the antenna 
and its associated connecting cable and fittings would be 

satisfactory. 
TESTS 

Three types of tests were made for each of several 
antenna arrangements. These tests may be described as 

follows: 

1. The voltage standing-wave ratio on the several 
transmission lines feeding the antennas was de-

termined. 
2. The couplings were determined for all antenna 

combinations. 
3. The radiation pattern in the horizontal plane was 
determined for representative antennas. 

Fig. 2—The Murray Hill mast. 

At the conclusion of experimental work conducted on 
this Murray Hill mast, a similar structure was erected on 
the roof of the Morton Building in Chicago where com-
mercial mobile telephone service is now being given on 
six separate channels. Still more recently, the New 
York skyline has been modified by the appearance of a 
somewhat similar structure on the Long Lines Building 
of the American Telephone and Telegraph Company at 
32 Avenue of the Americas. Fig. 3 shows the Morton 
Building mast with its six urban system antennas and, 
in addition, a single highway system antenna operating 
at approximately 35.5 Mc mounted at the very top of 

the mast. 

OBJECTIVES 

The tests herein described were made with the fol-
lowing objectives in mind: 

1. To determine the best antenna arrangement for 
use in the six-channel system that was later in-

stalled in Chicago. 
2. To develop a standard multichannel arrangement 
for general use if such standardization appears de-

sirable and feasible. 

DESCRIPTION OF INDIVIDUAL ANTENNAS 
AND THEIR TEST LEADS 

The antennas used in the tests as well as in the Chi-
cago installation are half-wave coaxial-type antennas, 
which are readily available commercially. Those used in 
the tests at Murray 11111 were provided with a length 
of  coaxial cable IA hich extended six feet below 
the bottom of the support staff. For most of the tests 
this cable was connected through type- N weatherproof 
fittings to another section of similar cable of sufficient 
length to connect to the test equipment. 

IMPEDANCE MEASUREMENTS 

Impedance measurements were made on a slotted 
line using standard techniques. The antennas were 
measured at different mast spacings and at different 
positions with respect to one another. The voltage 

Fig. 3 —The Chicago mast. 
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standing-wave ratios on a 70-ohm transmission line, 
which included two end seals and associated N-type 
connectors, ranged between 1.1 and 1.3 and were con-
sidered satisfactory. 

ANTENNA COUPLING 

The setup used in measuring the antenna coupling is 
shown in Fig. 4. Referring to this figure, the measuring 
procedure was as follows: The rnicrovolter was con-
nected initially through the variable attenuator box to 
the transmission line leading to one of the antennas 
while another antenna was connected through a fixed 
10-db pad to the receiver and associated audio de-
tector. A convenient reading was obtained on the 

MODULATED 
SIGNAL 

SOURCE 

TO 
01ST uRBING 
ANTENNA 

VARIABLE 
ATTENU-
ATOR 

TO 
DISTURBED 
ANTENNA 

1-1 PAD 

r 
RECEIVER - AUDIO 

DETECTOR 

Fig. 4—Setup for measuring antenna coupling. 

audio detector with 10 db in the attenuator box to 
stabilize the impedance seen by the microvolter. To 
calibrate this reading the microvolter was connected 
through the variable attenuator box directly into the 
pad preceding the receiver. The attenuator was then 
adjusted until the same reading was again obtained on 
the audio detector. The final setting of the attenuator 
down 10 db represents the coupling between the two 
antennas under test plus the line loss in the coaxial 
cables associated with the test antennas. 
Coupling measurements were made for all possible 

combinations of six antennas on a single mast for the 
following arrangements: 

1. Collinear arrangement of antennas. 
a. 4-foot spacing from center line of mast. 
b. 4k-foot spacing from center line of mast. 
c. 5-foot spacing from center line of mast. 

2. Staggered arrangement of antennas such as was 
used later at Chicago, as shown in Fig. 2. 
a. 41-foot spacing from center line of mast. 

Numbering the antennas in sequence from 1 to 6 in-
clusive, with the lowest number corresponding to the 
lowest antenna, the vertical spacing between like points 
on successive antennas was 9 feet for all arrangements. 
With the exception of a few of the nonadjacent com-

binations, the measured values of antenna coupling in 
arrangement 1 showed only minor variations with 
change of spacing between antennas and mast. The 
measured values of antenna coupling for arrangements 
lb and 2a are shown in Table I. 
Arrangement 2a represents an effort to reduce the 

coupling between adjacent antennas by rotating alter-
nate antennas 180 degrees around the mast in such 
fashion that the mast itself constitutes a shield lying be-

tween all antennas having a vertical separation of only 
9 feet. The measurements indicate that the coupling 
between successive antennas was decreased from 3 to 
6 (lb by this rearrangement of alternate antennas. 

2 
3 
4 
5 

1 
2 
3 
4 
5 

TABLE I 

MEASURED VALUES OF ANTENNA COUPLING 

2 

Collinear antenna arrangement lb 
(coupling in db) 

3 4 

35 47  57 
35  47 

34 

5 I 6 

58 
48 
43 
33 

Staggered antenna arrangement 2a 
(coupling in db) 

2 3 I 4  5 

39 45  51  51 
41  42  62 

37  40 
37 

61 
53 
46 
49 
33 

6 

66 
69 
46 
38 
38 

RADIATION PATTERNS 

It is extremely difficult to obtain reliable radiation 
patterns of mast-mounted antennas. It is usually im-
practical to move a test antenna around the fixed mast-
mounted antenna, since at any reasonable testing dis-
tance there are obstacles between the two antennas in 
some directions unlike those in others, which would 
therefore distort the measured pattern. Electrically it 
would be desirable to locate a test antenna at an opti-
mum testing distance in a direction that is free of ob-
stacles and then rotate the mast and mounting fixtures 
around an axis that is coincident with the mast-
mounted antenna. This is unfortunately not feasible 
mechanically. The procedure that was employed at 
Murray Hill involved locating a test antenna at an 
optimum testing distance in a direction that was free of 
obstacles and rotating the mast-mounted antenna 
around the mast. The deviations in the horizontal plane 
pattern from a true circle may not all be attributed to 
the mast and associated trappings since a pattern ob-
tained by moving the antenna around the same orbit in 
the absence of the mast would doubtless exhibit devia-
tions from a true circle. For this reason patterns were 
also taken on a model basis at a testing frequency of 
456 Mc to confirm, if possible, the patterns obtained on 
the actual mast-mounted antennas. Fig. 5 shows pat-
terns of antenna number 1, the lowermost antenna on 
the mast, obtained at a frequency of 153 Mc at spacings 
of 4.0, 4.5, 5.0, 5.5 and 6.0 feet, respectively, with the 
test antenna located at a point approximately 144 feet 
west of the mast. Patterns of this and other antennas on 
the mast were also obtained with the test antenna 
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located at different points both west, north, and south 
of the mast. The circular patterns also shown in Fig. 5 
represent estimates of the patterns that would have 
been obtained if the antennas had been located in free 
space and hence had not been influenced by the pres-
ence of the mast and its associated trappings. These 
idealized patterns were derived by replotting the meas-
ured pattern in terms of arbitrary microvolts, integrat-
ing the area of the resulting pattern with a planimeter, 
determining the radius of a circle having an equivalent 
area, and finally reconverting the microvolts cor-
responding to that radius back into decibels. 
An inspection of Fig. 5 shows that the response of 

antenna number 1 when spaced 41 feet from the center 
line of the pole was about 5 db below normal in some 
directions and about 2 (lb above normal in other direc-
tions. At all other spacings the loss was 6 (lb or more in 
some directions while the gain remained about 2 db in cer-
tain other directions. The shadow of the mast is very pro-
nounced at the 4-foot spacing whereas rather deep nulls 
occur at the sides of the pattern at the higher spacings. 
These nulls are apparently produced by the wave that is 
bounced off the mast in such fashion as to partially 
cancel the direct wave impinging on the antenna. 
Pattern measurements (not shown in Fig. 5) were also 

obtained on antenna number 5 when spaced 41 feet from 
the center line of the mast. It is of interest to note that 
this pattern is essentially a carbon copy of that obtained 
on antenna number 1 at the same spacing although 
the diameter of the mast is 13 inches at the point of 

210  iso° 

ANT SPACi N 

210 
180° 

ANT. SPACING*4.5 . 

attachment of antenna number 1 and only 4 inches at 
the point of attachment of antenna number 5. The simi-
larity of the two patterns is all the more remarkable in 
that the test antenna was located west of the mast for 
the pattern measurements on antenna number 1 awl 
south of the mast for those on antenna number 5. 

MODEL TESTS 

Supplemental studies, using model techniques, were 
made at a frequency of 456 Mc on a reduced-scale mast 
and antenna. These studies were made to obtain con-
firmation of the results already obtained from the full-
scale model tests and to obtain whatever additional in-
formation some simple tests might yield. These tests 
were designed to determine the effect upon the pattern 
of a single antenna of mounting the antenna at various 
distances from a metal mast. 

SETUP FOR MODEL TESTS 

The measurements were made at 456 Mc (with a few 
exceptions noted) which is very nearly three times the 
normal transmiaing frequency. This permitted scaling 
down the physical dimensions of the mast and antenna 
to one-third full size, which greatly facilitated setting 

up the desired test conditions. 
The mast and antenna arrangements are shown in 

Fig. 6. The coaxial antenna used was an early model, 
urban vehicular type, with whip and skirt shortened to 
give a good match to a 73-ohm feed line at 456 Mc. 
Two different masts, one of 2-inch brass pipe and one of 

20 DB 

21 
180 

ANT SPACING.5.5' 

0° 

ANT SPACING• 6' 

Fig, 5—Antenna patterns, full-scale tests. 

20 DB 
0  0° 

210 60° 
180 

ANT. SPACING. 
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4-inch galvanized leader pipe, were used. Both were 12 
feet tall above ground, equivalent (at 152 Mc) to a 6- or 
12-inch mast 36 feet tall. This is less than the height of 
the steel mast, but as only one antenna was used in the 
tests it was felt that mast height was not critical in pat-

PLATE elt 7" 

ALUMINUM YARDARM 
3602% 346" 

POLE 12' TALL ABOVE GROUND 
2"OD BRASS PIPE OR 

4.00 GALVANIZED LEADER PIPE 

INDEX POINTER--  - - -

AZiMuTH SCALE — - -

GROUND 

SPACING 
MEASURED 
(TO t 

7  3WR 4 I oei AT 456 bAC 
ON 73 ... Rc.-59/u 
ram LINE 

456 MC ANTENNA 
SPURT 1.00,WHIP 0 002 00 

STAFF" yei" 00 

taY6 

HEIGHT ABOVE GROUND 
MEASURED TO ANTENNA CENTER 

RC-59/U COAX CABLE 

TO RECEIVER 

Fig. 6—Mast and antenna arrangements, model tests. 

tern measurements. The antenna was mounted on the 
mast by means of an aluminum bar yardarm, 3/16 X2 
inch in cross section, with provision for varying the spac-
ing of the antenna from the mast by 2-inch increments 
from about 6 to 30 inches. The mast was free to rotate 
about its vertical axis, and a graduated azimuth scale 
was provided at the base to measure rotation. 
The over-all arrangements for the tests are shown in 

Fig. 7. The coaxial antenna on the mast was used as a 
receiving antenna, connected to a receiver through 
about 30 feet of RG-59/U line with a coaxial attenuator 
and impedance-stabilizing pad inserted near the re-
ceiver. A test signal was provided by a signal generator 

POLE FREE 
TO ROTATE 

WITH ANTENNA 

TWO X/2 DIPOLES, 
IN PHASE, WITH 

CORNER REFLECTOR 

COAXIAL 
.4 —ANTENNA 

(456 MC) 
5-OR 
PAD 

COA 
AT TENU-

RECEIVER ATOP 

SIGNAL 
GENERATOR 

Fig. 7—Stttip for measuring an  patterns, model tests. 

connected to a vertically polarized directive antenna, 
located 6 feet above ground and 85 feet distant from the 
mast. This produced a substantially uniform field within 
the area immediately surrounding the mast. Measure-
ments made at various times (luring the tests indicated 
that within a 3-foot radius from the pole the signal field 
at a fixed height varied less than + 0.8 db, and in the 
range of heights between 4 and 12 feet the variation was 
less than +2 (ii). 

METHOD OF MEASUREMENT 

Pattern measurements %%Al.(' made by setting up the 
desired conditions on the mast, rotating it in small 
angular increments and noting at each step the at-
tenuator setting required to bring the field-strength 
meter on the receiver back to an arbitrary reference 
reading. At intervals, the mast was removed and the 
antenna held in place on a wooden support to determine 
the response obtained in the absence of obstructions:. 
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Fig. 8 -Antenna patterns, 2-inch mast. 

TESTS ON THE TWO-INCH MAST 

The first series of pattern measurements was made 
with the antenna mounted on the 2-inch diameter mast, 
12 feet tall. The antenna was located with its center 9 
feet 4 inches off ground, and its distance from the mast 
Was varied in 2-inch steps from 6.5 to 28.5 inches, as 
measured between the axis of the mast and the antenna. 
Typical patterns thus obtained are shown in Fig. 8. The 
response obtained with the mast removed is shown on 
each pattern for comparison as a superimposed circle. It 
is interesting to note that, whereas the shape of the pat-
tern is essentially the same as that obtained on the full-
scale mast at a spacing of 0.715 wavelength, the deep 
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nulls obtained at larger spacings on the full-scale mast 
are not in evidence on these perhaps oversimplified 
model measurements. 
The curves shown in Fig. 9 portray the effect of an-

tenna spacing from mast on the horizontal-plane pattern 
distortion introduced by the mast. Curve A shows that 
in the direction of maximum field intensity the field 
strength has been increased about 2 (lb regardless of the 
spacing. This confirms similar results obtained in the 
tests on the full-scale mast. Curve B shows that at 0° 

4 

2 

-8 
G 2  0.3  0.4 05 06 07 08  0.9  1.0 

SPACING OF ANTE!. NA  FROM  MAST IN WAVELENGTHS 

Fig. 9—Horizontal-plane pattern distortion, 2-inch mast. 

A- MAJI Mu M  SIGNAL OF PATTERN 

8- S.GNAL AT 0° OP '.' • 

C - S GT:AL AT '80 ° • r." ON  

0. L 

orientation with the mast acting as a parasitic reflector. 
reinforcement of signal occurs when the spacing is an. 
odd number of quarter wavelengths and degradation of 
signal occurs when the spacing is an even number of 
quarter wavelengths. Curve C shows in general that at 
180' orientation the shadowing effect of the mast varies 

inversely with the spacing. 

TESTS ON THE FOUR-INCH MAST 

While the model measurements at 456 Mc on the 2-
inch mast tended to confirm the full-scale measurements 
at 153 Mc, there was nevertheless a discrepancy in the 
pattern measurements at spacin;;s between mast and an 

in excess of 0.75 wavelength. The relatively sharp 
deep minima observed at these spacings in the full-scale 
tests were much less prominent in the model tests. It 
appeared that this dis( repancy might be attributable to 
the difference in mast sizes since the full-s, ale measure-
ments were made at a point where the mast was 13 
inches (0.168 wavelength) in diameter \‘Iiile the model 
measurements were made on a (0,0773 wave-

length) mast. 
Accordingly, further measurements were made on a 4-

inch mast that was 12 feet tall. pattern obtained at 
456 Mc with 23.5-inch (0.91 w,tvelength) sparing of an-
tenna from mast is shown in 10. Situ e this pattern 
showed no sharp side minima, the frequein•y was raised 
to 497 Mc at which frequency the 4-inch mast diameter 
is 0.168 wavelength (the same as the 13-inch mast (Ii-
ameter at 153 Mc) and further data were taken. Corn-

plete patterns were not obtained, but the radiation was 
measured at 0° and 180° and at those intervening posi-
tions which gave a maximum or a minimum reading. 
The side minima were not pronounced and observation 
of the signal as the antenna and mast were slowly ro-
tated confirmed the fact that they were not sharp, but 
rather of a smooth character like those shown in Fig. 10. 
At present, therefore, this point of disagreement be-

tween the full-scale tests and the model measurements 
cannot be explained. It may be caused by the presence 
on the large mast of other antennas than the one being 
studied, which, with their yardarms, make the entire 
structure more complex than the model setup. 

o° 

180. 

Fig. 10—Antenna pattern, 4-inch mast. 

CONCLUSIONS 

1. A staggered arrangement of antennas which takes 

advantage of the shielding effect of the mast to 
reduce the coupling between successive antennas is 
somewhat preferable to a collinear arrangement of 
antennas from the standpoint of realizing lower 

over-all antenna coupling. 
2. Horizontal-plane pattern measurements obtained 
on the full-scale mast at 153 Mc indicated the 
optimum spacing of antenna from mast center line 
to be about 4.5 feet (0.70 wavelength). At this 
spacing the total spread of signal strength between 
the most favored and least favored directions of 
transmission was about 7 db. 

3. Simplified model measurements gave good over-all 
confirmation of the results obtained on the full-
scale mast; the model tests, however, did not show 
such pronounced nulls in the patterns as was ex-
perienced on the full-scale mast for antenna spac-

ings in excess of 0.75 wavelength. 



1330 PROCEEDINGS OF THE I.R.E. November 

Cross-Talk Considerations in Time-
Division Multiplex Systems* 

S. mosKownzt, MEMBER, IRE, L. M U M', AND L. FEITt, ASSOCIATE, IRE 

Summary—An experimental study was made of the effects on 
interchannel cross talk of the bandwidth characteristics of the trans-
mission medium in pulse-time multiplex systems. Pulse-amplitude 
modulation and pulse-position modulation systems are considered. 
The effects of various types of high- and low-frequency response are 
discussed from both experimental and theoretical points of view. 

I. INTRODUCTION 

0NE OF THE significant problems present in 
the development of pulse-multiplex communica-
tion systems is interchannel cross talk. An in-

vestigation was conducted to determine the factors 
that would permit the design of a system combining 
high interchannel cross-talk ratios with maximum econ-
omy of bandwidth. Pulse-position and pulse-an)plittyle 
modulation'.2 were investigated. 
Pulse-amplitude modulation is of considerable im-

portance, inasmuch as some form of it is used in many 
pulse-multiplex systems. In its simplest form, it is 
derived by sampling a signal at fixed time intervals. 
These pulse samples comprise the pulse-amplitude-
modulated signal. If these modulation samples are 
transformed to time displacement of the pulses with 
respect to a fixed time reference (such as a marker 
pulse), pulse-position modulation results. 
One common form of cross talk is caused by carryover 

of energy from one pulse to the following pulse. Thus, 
cross talk may occur from one channel to the following 
channel, decreasing rapidly as the pulses are further 
separated in time. This cross talk may be expressed as 
the ratio of the signal output of a given channel under 
normal modulation to the signal output of the same 
channel resulting from the modulation of some other 
channel. This ratio is customarily expressed in decibels. 

II. PULSE-POSITION MODULATION 

In analyzing the effect of bandwidth on pulse carry-
over, it is necessary to investigate the effect of the re-
sponse-frequency characteristic of the transmission sys-
tem on the shape of the pulses. Two types of high-fre-
quency response will be considered, a slow and an ex-
tremely rapid rate of high-frequency cutoff. 

* Decimal classification: R148.19 X R148.6. Original manuscript 
received by the Institute, August 17, 1949; revised manuscript re-
ceived, May 22, 1950. Presented, 1949 IRE National Convention, 
New York, N. Y., March 7, 1949. 
t Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
I F. F. Roberts and J. C. Simmonds, "Multichannel communica-

tion systems," Wireless Eng., vol. 22, pp. 538-549; November, 1945, 
and pp. 576-580; December, 1945. 

2 V. D. Landon, "Theoretical analysis of various systems of 
multiplex transmission," RCA Rev., vol. 9, pp. 287-351, June, 1948; 
and pp. 438--A82, September, 1948. 

A. Slow Rate of High-Frequency Cutoff 

A slow rate of cutoff may be obtained by a resistance-
capacitance circuit of the type shown in Fig. 1. Such a 
circuit represents either the standard resistance-coupled 
amplifier without peaking circuits or its band-pass 
analogue, the single-tuned circuit. 

0--A A N  I  0 

C 

(To-TH)To (To+Tm) 

I. TP   

Fig.p o1 a-tiEonff ecmt oodfu lhaitgihon-f reuqsuinegn cya  response on cross talk in pulseresistance-capacitance filter. 

.1C 

la! 3c 

FREQUENCY  F 

exp (Tp/ RC) 1 T Al \ 
Cross talk ratio = 

sinh (TM/ RC) k TR/' 

The relative amplitude-frequency response of such a 
circuit may be expressed as 

Eo = F1 cos [tan-1 (F/Fe)j 

where F is the frequency considered and F, is the cutoff 
frequency, which is equal to 1/(271-RC), at which point 
the relative amplitude drops 3 db. Fig. 1 shows the type 
of response given by this circuit. The rate of cutoff ap-
proaches 6 db per octave. 

The effect of such a response on a pulse of voltage 
may be calculated by simple transient analysis. With a 
rectangular input pulse, the rise time TR of the re-
ceived pulse increases with increasing transmission-
circuit time constant RC until a value of TR equal to 
the width of the original pulse is obtained. If RC is 
increased further, TR remains constant. 
The cross talk introduced by transmission of time-

modulated pulses through a medium having the type of 
frequency characteristic described can be calculated as 
follows. 
Referring to Fig. 1, two adjacent pulses of period Tp 

and rise time TR are Shown. The first pulse is time modu-
lated by a displacement TM from its resting position 



I950  Moskowitz, Diven, and Feit: Cross Talk in Time-Division Multiplex 1331 

'o and therefore moves between To+ Tm and To — Tift 
troducing carryover el and e2. 
! At one extreme, the carryover is 

= E exp — [(Tp — TM)/ RC]. 

At the other extreme, the carryover is 

e2 = E exp — [(Tp  Tm)/RC]. 

The peak-to-peak variation in amplitude of the pulse, 
.ecause of carryover, is then 

el — e2 = Flexp [ (TP T")] 
\ RC / 

exp  irp Tm\-I 
RC II . 

This may be rewritten as 

el — e2 = E[exp — (Tp/RC) exp (Tm/ RC) 

— exp — (Tr/ RC) exp —(7'31/RC)] 

= E exp —(Tp/RC)[exp (Tm/RC) 

— exp — (Tm/RC)i• 

PULSE-POSITION 

MULTIPLEX 

MODULATOR 

LINEAR 

AMPLIFIER 
FILTER 

This formula may also be expressed in terms of the 
time constant RC. 

exp (Tp/RC) f TM) 
Cross-talk ratio =   I. (2a) 

sinh (Tm/RC) \ 

To check the results that might be expected from the 
use of (2), a series of experiments were run using a 
commercial pulse-position-modulation multiplex sys-
tem in which 

=  1 microsecond 
TR= 0.3 microsecond (for low values of Fc) 
Tp= 5 microseconds. 

The inherent cross talk in the terminals was 66 
db, and this was therefore the highest cross-talk ratio 
that could be measured. A block diagram of the setup 
used is shown in Fig. 2. Resistance-capacitance filters 
of various cutoff frequencies were inserted at the point 
indicated, and cross talk at a modulating frequency of 
1,000 cycles was measured with a General Radio 736A 
wave analyzer. Only adjacent-channel cross talk was 
considered. 

CATHODE -

FOLLOWER 

PULSE-POSITION 

MULTIPLEX 
DEMODULATOR 

Fig. 2—Equipment used for cross-talk measurements on pulse-position modulation. 

The ratio of pulse amplitude to carryover is then 

1 

el— e2 - exp —(Tp/RC)[exp (Tm/R0—exp — (TM/RC)] 

exp (Tp/RC) 

exp (T,/RC)—exp — (Tm/ RC) 

exp (Tp/RC) 

2 sinh (TM/RC) 

Since F, =1 '(27r RC), 

exp (27rFeTp) 

— e2 2 sinh (2rF,Tm) 

This cross talk is expressed in terms of amplitude 
variation. It can be shown" that in pulse-position 
!modulation there is an improvement factor of 2(Tm/TR) 
1which may be applied to signal-to-noise ratio or to 
• cross talk. 
The output cross-talk ratio then becomes 

exp (27rFjp)  TM) 
cross-talk ratio =   • (2) 

sinh (27FcTm) \ TR 
3 E. NI. Deloraine and E. Labin, "Pulse-time modulation," Elec. 

commas., vol. 22, pp. 91-98; 1944. 
• S. Moskowitz and D. D. Grieg, "Noise-suppression character-

. tics of pulse-time modulation," PROC. 1.R E., vol. 36, pp. 446-450; 
April, 1948. 

WAVE 
ANALY1ER 

The results of these tests, together with the values 
derived from (2), are plotted in Fig. 3. It will be noted 
that the experimental results agree closely with theory, 
except at high cutoff frequencies, where the inherent 
cross talk in the equipment used becomes the limiting 
factor. 

B. Rapid Rate of High-Frequency Cutoff 

The cross talk arising from sharp cutoff of the trans-
mission response was also studied. Such a response is 
approached in intermediate-frequency amplifiers. If a 
rectangular pulse is passed through a low-pass system 
having uniform frequency and linear phase character-
istics up to a certain frequency, and zero response above 
this frequency, the equation of the resulting pulse 
can be shown to be 6 

e = El Si [nr(t' ± — Si [nir(11 —)] , 

where 

Si(X)Joi[(sin u)/u]du 
e= output voltage at any instant 
E= input pulse amplitude 
n =2F, W 

6 E. A. Guillemin, "Communication Networks," vol. 2, John 
Wiley and Sons, Inc., New York, N. Y., p. 485; 1935. 
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Fig. 3—Cross-talk ratio versus bandwidth for pulse-position modula-
tion. High frequencies have been attenuated by a filter as shown 
in Fig. 2, where Fe=1/(2vRC). 

F,= cutoff frequency 
IF= width of input pulse 
t'= Tp/IV 
Tp= pulse period. 

For such a theoretical transmission system, the cross 
talk may be derived as follows. 
The carryover at one extreme of modulation is 

= E{ Si [ ir (Tr — Tv ± 1)] 

II"  2 

si[nr( Tp — T 1\1} 

IF  

and at the other extreme it is 

e2 = E {Si [„7r (TP ±H, Tm  ± 21 )] 

— Si P r(TP  +11" T"  12)]} 

The peak-to-peak carryover ratio is then 

1 si r — Tif + 1 \-1 

el — e2 L 11- 2 
si  (Tp T1, +  yl 

2 LI 

Tm  1 yl 

II' 2 LI 

L  rif  1)T -1 
" r   

11'  2 I • (3) 

The build-tip time of the pulse, after transmission 
through this system, is 1/(2r) so that, if E/(ei—e2) is 
denoted by 1k, the net cross-talk ratio will be 

cross-talk ratio = 41//TmFc. (4) 

The characteristics of a filter or transmission medium 
as given in the above analysis cannot be met in practice. 
A fair approximation can be made, however, by means of 
,1 _ILIss r-section filter having a general character-
ist i,  ,Iluwn in Fig. 4. This filter had a rate of cutoff of 
appr,J\imately 20 db per octave. Tests on the same 
terminal equipment were made using such filters be-

H\ 

Fc FREQUENCY 

Fig. 4—Effect of high-frequency response on cross talk in pulse-
position modulation using a low-pass filter. For the tr network 
CoRC,=78,900, Ca,F,2=12,670, in micromicrofarads, 
microhenries, ohms, and megacycles, 

tween modulator and demodulator. The results of 
these tests are shown in Fig. 5. From these data, sub-
stantiated by theory, a high-frequency cutoff of about 
500 kilocycles is sufficient to obtain a cross-talk ratio 
of about 70 db. If a slow rate of cutoff is maintained 
such as that given by low-Q transmission circuits, 
transmission lines, or resistance-capacitance video-fre-
quency circuits, a half-power point at about 350 kilo-
cycles would give an equally satisfactory cross-talk 
ratio. 

C. Low-Frequency Cutoff 

The effect of low-frequency cutoff has also been 
considered. If a slow rate of cutoff such as that given 
by the resistance-capacitance circuit of Fig. 6 char-
acterizes the transmitting medium, the pulse will be 
distorted as shown. The response-frequency plot of such 
a circuit is also shown in this figure and is given by 

relative amplitude = cos tan-1 Fc/F, (5) 

where Fc=1/(2rRC). 
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The voltage e at any  time (T— W), where IV is the 

:vidth of the pulse, is 

t e = — E[1 — exp —(W/RC)] exp — [(T — W)/ RC]. 

; At one extreme of modulation, the carryover to the 

lext pulse is 

!I = — E [1 — exp — (11 -/RC) ] exp — [(Tp— W-1- T3E)/RC]. 

At the other extreme, the carryover is 

!2= —E[1—exp — (1V/RC)] exp — [(Tp — T1-- Tm)/RC]. 

The peak-to-peak carryover is then 

!2—ei= —E[1—exp —(IV RC)] lexp — [(Tp-11')/RCD 

[exp (TM ' RC )— exp —(T3E/RC)] 

= — E [1 — exp — (11./RC) 1 ] exp — [(Tv— WV ROI 

[2 sinh (TiE,'RC)]• 

The ratio of pulse amplitude to carryover is 

E  —exp [(Tp — IV)/ RC] 

e2 — el = 2[1 — exp — (11*/RC)] sinh (T3,/RC) 

Applying the pulse-position-modulation improve-
ment factor 2T m/ T ft, the following equation is obtained. 

70 • 
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Fig. 5 ( ro,s talk plotted  bandwidth for pulse-position 
modulation. High frequencies have been attenuated by the ir 
filter shown in Fig. 4. 
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To 

Fig. 6—Effect of low-frequency response on cross talk in pulse. 
position modulation using a resistance-capacitance filter. 

—TM exp [(Tp — W)/RCI  
Cross-talk ratio — • 

TR[1 — exp — (W/RC)I[sinh (T m/ RC)] 

Output cross-talk ratio 

— T, exp [(Tp — W)/RC] 

T, [1  exp — (W/RC)] [sinh (T3E/RC)] 

Substituting Fe= 1/(2r RC), 

Output cross-talk ratio 

TM exp [27rFe(Tp — IV)] 

Tp 

FREQUENCY 

3 DECIBELS 
I BONIN 

1  

1333 

Trek — exp (— 27rF,W)](sinh 2wF,TiE) 

Note that the cross talk introduced by poor low-

frequency response is opposite in polarity to that caused 
by poor high-frequency response. Further inspection of 
(6a) shows that the cross-talk ratio may be high at two 
values of Fr. The latter fact is borne out by the experi-
mental results plotted in Fig. 7. 

(6) 

40 

45 
to, 
—a 

OM 50  

55  
Vat 

1.7 

BO 

65 

(6a) 

70 
2 5  10  20  50  100  200 

Fc IN KILOCYLES 

Fig. 7—Cross talk plotted against bandwidth for pulse-position 
modulation. Low frequencies have been attenuated by a re-
sistance-capacitance filter having a cutoff frequency of P. 
1 /(2wRC). The high-frequency cutoff is at 3 Mc. 

500 1000 



1334  PROCEEDINGS OF THE I.R.E. Novembe 

The physical explanation of this curve is simply that, 
at very low values of cutoff frequency, the pulse is 
passed by the coupling network without distortion, so 
that no appreciable carryover occurs. At higher values 
of cutoff frequency, cross talk is present because of the 
carryover from channel to channel as shown in Fig. 6. 
As the cutoff frequency is raised still further, the pulse 
becomes differentiated and returns to the base line some 
time before the next channel occurs, again resulting in 
negligible carryover. 

D. Combined High- and Low-Frequency Cutoff 

The fact that cross talk due to high-frequency at-
tenuation is of opposite phase from cross talk due to 
low-frequency attenuation indicates that by suitably 
choosing the high and low cutoff frequencies some form 
of cancellation might produce a system featuring high 
cross-talk ratios with very narrow bandwidth. Results 
of experiments along this line are plotted in Fig. 8. In 
each case, the high-frequency response was kept to a 
value that would not greatly affect cross talk, and the 
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30 

40 
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v I N 
f 

1 

103 io •  105 

FREQUENCY IN CYCLES 

1000 OHMS 

106 

I  SOO 

INICRON1CRO 
FARADS 

10,000 OHMS 

Fig. 8—Relative gain plotted against frequency for pulse-position 
modulation with filter network shown. Values of C in micro-
microfarads and of cross talk in decibels are, respectively, for 
curve 1, 4,500 and 62; curve 2, 132 and 38; and curve 3, 4.8 
and 73. 

low-frequency cutoff was varied. Notice that in curve 3, 
where the over-all bandwidth between the 3-db points 
was considerably less than 1 Mc, a cross-talk ratio of 73 
db was obtained, whereas the inherent cross talk in the 
system was only 66 db. Thus, some of this inherent cross 
talk was actually cancelled out. In investigating causes 
of cross talk in a given system, it is important to re-
member that a good cross-talk figure may be the result 
of some form of accidental cancellation of two forms of 
cross talk arising from different sources. 

E. Miscellaneous Considerations 

The formula given in Fig. 1 is also useful in determin-
ing the spacing between adjacent pulses, and thus the 
number of channels that may be employed in a given 
bandwidth. The smaller the pulse spacing, the larger 
is the required bandwidth for a given deviation and 
cross-talk figure. In the case of the sharp-cutoff filter, 

however, this is not necessarily true. Because of the 
oscillations on the base line resulting from the distortion 
of the pulse, the pulses may be positioned such that the 
peaks and troughs of the overshoot can cause cross-
talk cancellation. Thus, a position may be found where 
cross-talk ratio is a maximum, whereas moving the pulse 
in either direction will cause the cross-talk ratio to de-
crease. With pulse-position modulation, it will be found 
that this type of cross talk varies considerably with 
percentage modulation, depending on the peak devia-
tion used. Such cross talk also may occur accidentally, 
due to ringing resulting from long inductive leads, in-
sufficient decoupling of circuits containing inductances, 
and other causes. 

III. PULSE-AMPLITUDE MODULATION 

A. High-Frequency Cutoff 

The interchannel cross talk caused by poor high-
frequency response ma be studied in a manner similar 
to that used in the above discussion. The expression is 
derived by the same procedure, with the exception that 
the displacement of the pulse under modulation is one 
(If amplitude and not a time deviation, and that there 
is no pulse-position-modulation improvement factor in 
this case. Referring to Fig. 9, at one extreme of modula-
tion, the carryover is 

ci = E exp [— (Tp:RC)[(1  M). 

At the other extreme of modulation, the carryover is 

e2 = E exp [ — (Tp/RC) [ (1 — 

The peak-to-peak amplitude variation of the pulse due 
to carryover is then 

e; — e2 = 23/ E exp —(T/RC). 

Since the peak-to-peak output of the channel when 
modulated in the normal fashion is 2.I/E, the cross-talk 
ratio becomes 

0--tvv\t—r--0 
o 10 

1.•.1 

fia.1 
CC 

Fig. 9—Effect of high-frequency response on cross talk in pulse-
amplitude modulation using a resistance-capacitance filter. 
M=A/E=modulation factor. Cross-talk ratio = exp (Tp/RC). 
Cross talk in decibels for 100-per cent modulation =8.68 Tp/ RC. 
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2ME  2M E 

— e2 2ME exp — (Tp/ RC) 

Cross-talk ratio = exp (Tp/ RC).  (7) 

faking the logarithm to the base 10 of both sides and 
-nultiplying by 20, gives 

8. 68T 
cross-talk ratio in decibels =   (8) 

RC 

8. Low-Frequency Cutoff 

Because of the presence of an audio-frequency com-
ponent in pulse-amplitude modulation, the effect of low-
frequency attenuation must be considered from a dif-
ferent standpoint. This audio-frequency component rep-
resents a change in the average value of the signal with 
modulation. When a pulse-amplitude-modulated signal 
is passed through a coupling network that does not 
transmit the direct-current component, displacement of 
the base line occurs. This displacement will vary in 
accordance with the modulation. The result is that when 
one channel is modulated, all other channels are affected. 
Since an exact mathematical analysis is rather in-

volved, an experimental procedure was followed similar 
to that used in the experiments with pulse-position 
modulation. A block diagram of the equipment is shown 
in Fig. 10. 
The transmitter consisted of a two-channel pulse • 

amplitude modulator with a pulse-repetition rate of 8 
kilocycles and a pulse width of approximately 3 micro-
seconds. A phasing network was incorporated so that 
the relative position in time of the two channels could 
be adjusted at will. Standard resistance-capacitance 
coupling networks of the type shown in Fig. 6 and hav-
ing various time constants were inserted at the point 
marked "transmission network." The desired channel 
I was demodulated and cross talk measured by means of 
I a wave analyzer as previously described. 

TRANSMITTER 
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Fig. 11—Cross talk p otted against modulation frequency for 2 pulse-
amplitude-modulated channels. The pulse-repetition rate is 8,000 
cycles. The designations on the curves correspond to the product 
of C and R (microfarads Xmegohms) in the coupling circuit 
shown. 

The results are shown in Fig. 11. The inherent cross 
talk in the system due to high-frequency carryover was 
70 db. It is interesting to note the dependence on modu-
lating frequency, and the extremely large time con-
stants that are required if high cross-talk ratios are 
to be obtained at low modulating frequencies. For 
example, to obtain a figure of 56 db with a modulat-
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Fig. 10- -Equipment used for cross-Ialk measurements on pulse-amplitude modulation. 
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ing frequency of 200 cycles, a 0.25-microfarad cou-
pling capacitor and a 1-mcgohm grid resistor would be 
required. The cutoff frequency of this network is only 
0.6 cycle! This, of course, represents only one coupling 
network. The requirements become far more severe in 
a multistage amplifier having several such networks in 
cascade. The use of such large coupling capacitors intro-
duces new problems, such as the effect on the high-fre-
quency response of capacitance to ground, and changes 
in the direct-current grid bias of the following tube 
resulting from leakage currents. 
The separation between the two channels was varied 

and the cross talk at 1,000 cycles measured for two 
values of transmission time constant. Cross-talk ratio 
was found to be independent of channel spacing. 
The effect of the coupling network may be expressed 

in several ways: in terms of time constant, cutoff fre-
quency, or in phase shift at a certain frequency. A con-
venient empirical relation may be derived by taking 
the data of Fig. 11 and plotting cross talk in decibels 
against logo phase shift in degrees, where tan 0= F,/F. 
This is shown in Fig. 12. Since the result is a straight 
line, the equation of the curve is 

cross-talk in decibels = 56.7 — 15.8 log10 0. (9) 

To obtain a cross-talk figure of better than 56.7 
db, a phase shift of less than one degree is required. 
In applications where it may be found impractical 

.Voz e tuber!' 

to obtain the required low-frequency response by using' 
large coupling capacitors, the usual methods of cor* 
recting the low-frequency response may be applied, 
providing all the stages involved are linear. I lowever,1 
it is advisable to determine the effect on the phase, 
response of slight variations in component tolerances. , 
Adjustment of such compensating networks may be 
found to be extremely critical. Any other networks that 
may affect low-frequency response must also be con-
trolled, such as screen-grid and cathode by-pass net- r 
works. 
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Fig. 12—Cross talk as a function of the logarithm of the phase shift 
of the coupling network for pulse-amplitude modulation. 

The Remainder Theorcm and Its Application 
to Operational Calculus Techniques* 

ALBERT S. RICHARDSON, JR.I. 

Summary—The necessary procedure involved in the transition 
from the Laplace transformation to the solution of linear differential 
equations is summarized, and a particular form of partial-fraction 
expansion which may be advantageous in special cases is noted. The 
remainder theorem with regard to algebraic polynomials is restated, 
and it is shown how this theorem may be applied to the evaluation of 
high-degree polynomials for real and complex numbers. A numerical 
example is treated to illustrate application to a typical transfer func-
tion. Finally, the method is shown to be useful in the evaluation of 
the frequency response of such a transfer function. 

INTRODUCTION 

1VIANY ENGINEERING PROBLEMS, particu-
larly those associated with the design of auto-
matic-control systems, are readily handled by 

* Decimal classification: 510. Original manuscript received by the 
Institute, December 9, 1949; revised manuscript received, June 14, 
1950. 
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means of the Laplace transform method. Although 
the method is widely recognized as a powerful tool of 
analysis, some difficulties are encountered in formulat-
ing a numerical solution to any given problem. Accord- • 
ingly, the following is presented in the interest (.1 those 
whose have encountered such difficulties. 

THE INVERSE TRANSFORM 

One of the properties of the Laplace transform is that 
it reduces a set of linear differential equations in terms 
of the dependent variables and a real independent vari-
able to a set of linear algebraic equations in terms of the 
transform of the dependent variables and the complex 
Laplace variable. This set of equations is usually solved 

by Cramer's rule and the transformed dependent vari-
ables are given by equations of the form 

1(0  N(S) aoS' ± • • • ± ar_iS ± 
1) ) 

  ( = SAD(S)   S'(Sq  biSg-i • • • b"S 
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/here S is the Laplace variable, and the degree of the 
enominator is at least twice greater than the degree of 
he numerator, i.e., — 1 + n-Fq > r. Equation (1) may be 
ritten alternatively, if the roots of the numerator and 
lenominator are known, as follows: 

ao(S — Si,)(S — S2.) •  

Ŝ(S — Si,)(S — S2„) • 

do n (S — S..) 

L(0) 

Sn n (S — Sig) 

• • (S — S„) 

• • (S — S„) 

(2) 

Allem the S„ and the S,, are the real and/or complex 
-oots of the numerator and denominator respectively. 
Note that there are n zero roots in the denominator. 
The procedure then followed in the solution of any 

practical problem at this point is to obtain the inverse 
transform L-'(0). This constitutes a solution to the 
problem because L-4 (0) is actually 0(1) if t is the original 
independent variable. In general, if there are N de-
pendent variables associated with the problem, there 
will be N such inverse transforms to determine. The 
usual manner of obtaining the inverse transform is to 
expand (2) in partial fractions, evaluate the residues 
at the poles S,,, and identify the expansion form with 
inverse transforms which are tabulated. 

EVALUATING THE RESIDUES 

Thus the right-hand side (2) may be expanded in partial 

fractions as follows: 

a0(.5 —  • • • (5 — Srr) 

• S'(.5 — SI„) • • • (S — S„) 

K 

KO1  KO2  KOrt 
—    ±  • • ±    (3 ) 
Sn Sn-1 

K2 
+ . . . + 

S  Si g ▪  S —  S2q 

and the inverse transform of (3) is 

A1,, K02 
0(1) = +    - in -2  +  • • • +  Ko„ (4) 

(n — 1)!  (n — 2)! 

K + • • • +  

The basic difficulty so often the plague of those at-
tempting a solution in the above manner may now be 
stated. That is, it is always necessary to obtain the 
constants (residues) on the right-hand side of (4) such 
that the initial conditions of the problem are uniquely 
satisfied. If, for example, at t = 0, 0(0) =0, the residues 
must then satisfy the equation 

EK, = — K 0„. 

K „ 

S —  

(5) 
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This is especially so, if the K,'s are of the same order 
of magnitude and if K(4, is a relatively small quantity. 
We will now review, briefly, the usual procedure of 

evaluating the residues. Referring to (3), both sides of 
this identity are multiplied by S — S 5, which is a factor 
in the denominator on the left-hand side. Since the 
identity is not changed by this operation, S is assigned 
the value Si,,; therefore, all terms on the right-hand 
side drop out except K,—corresponding to the root 
S;„—and the left-hand side becomes a number. Hence 

K; is given by the formula 

Note that this condition requires a reasonable degree 
of accuracy in the determination of the various K's. 

But 

a on (Sig — Sir) 

K, =   (6) 

(Si/ — 

HI (Sag — S = D'(S a2) 

where D' (S„) is the derivative of the polynomial in the 
denominator evaluated for S=Sh. The K; is therefore 

N(s) 
K, =   (7) 

S'D' (S) s_s,„ 

ANOTHER FORM OF EXPANSION 

It will now be shown that the same result will be 
obtained for the K; when one considers an alternative 
form of partial fraction expansion for the right-hand 
side of (3). The form of the expansion will be chosen in 
such a manner that the initial condition 0(0) =0 at t =0 
is satisfied by the inverse transform —thus obviating the 
conditional (5). Alternatively, (3) may be written 

N(S)  KO1  KO2 
a0  =    + . . . + 

S nD(S)  S n S"--4 

K1S19 K2522  + • • • 
— ▪ S(S — S2„) 

K0,,_1 
S2 

K,S„ 

S(S — 5„) 

(8) 

Following the familiar procedure of multiplying both 
sides of the identity by S—S;„ and letting S=S;„, the 

K; are given by 

K,= 
(.5 —sit) • • • (S—S„)(S—S a„) I 

• (5-.3,0 • • • (s-s„) I P(S—Sig) • • 

Sr," II (Sig — S ig) 

(9) 

(10) 

which is the result obtained previously. We note that 

[ Si,  
L ' = _ iJ 

S(.5 — 

and hence the condition 0(0 = 0 is satisfied uniquely by 

this form of expansion. 
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THE REMAINDER THEOREM 

The remainder theorem states that if Q(S) is the 
quotient obtained by dividing a polynomial P(S) by 
f(S), and R(S) is the remainder after the division, then 

tion as a rational function of S and consider only those 1 
residues which serve to illustrate the present method 
For real values the division is performed synthetically. 

PARTIAL FRACTION EXPANSION 

K1 
T.F. -   = 

S(S + 0.0125)2(S  0.284718)(52 + 0.0789479S + 0.00181788)  S (S 0.0125) 2 S -I- 0.0125 

K2 K3 1573.34S8 887.048S2 4-36.0956S - 0.39513 

K4 K6 

▪ S ± 0.284718 ▪ S 0.0394739 - 0.0161148j • S + 0.0394739 + 0.0161148j 

Ko 

the following relationship exists: 

P(S)  f(S)Q(S) R(S)  (11) 

in which P, Q, f, and R may all be polynomial functions 
of S. If f(S) is a linear factor of form (S-r), the re-
mainder R(S) will be a constant. and we may deduce the 
following: 

lim P(S)  lim (S - r)Q(S)  Ro 
(12) 

P(r) = Ro J • 

Thus if we wish to evaluate a polynomial P(S) for S= r 
we divide P(S) by S-r and note the remainder. A 
convenient and rapid way of doing this is by synthetic 
division. 
If r is of complex form ref", it is more convenient to 
treat f(S) as a quadratic factor in which case the 
remainder is a linear function of S. We may perform 
the same limiting process as before, and show that 

lirn P(S) = lim [S2 - 2r cos aS ± 72]Q(S)1 

+ lirn [RIS]  Ro 
8-•reja 

(13) 

P(rei*) = Ri[reia]  Ro. 

Thus if we wish to evaluate a polynomial for S=reia, 
we divide P(S) by the quadratic factor associated with 
reia and note the remainder. In particular we see that if 
r is a root of P(S)= 0 the remainder is zero. Also we may 
show that an extension of the above considerations 
yields the result 

dP(S) 
lm   

dS 

+ lirn R'(S) 
a- */ 

P'(r) = Q(r) 

= lim f'(S)Q(S)  lim f(S)Q' (S) , 

1 
11-01 

(14) 

if f(S) is taken to be a linear function of S. 
For the vast majority of problems that are solved by 

the present method, (12), (13), and (14) will provide 
a convenient and easy means of evaluating the residues 
of all rational functions that occur in those problems. 

NUMERICAL EXAMPLE 

We now consider the evaluation of a typical transfer 
function. In this regard we express the transfer func-

Evaluation of Residues 

K2-Real 

N(r) 
(Residue at S = r) =   

rD'(r) 

K2 -Numerator: N(r) 

1573.34+887.048+36.0956-0.395130 
- 19.666-10.8422-0.315667 

-0.0125  

1573.34+867.382+25.2534-0.710797 Remainder 

K2--Denominator: D'(r) 

1+0.363666 +0.0242958+0.000517583 
1-0 .0125000-0.0043895-0.000248828 

I  - 0.0125 

+0.351166 +0.0199063+0.000268755 Remainder 

-0.710797 
K2=  =2.115826X105 

-0.0125 X0.000268755 

By continuation of the above method 
termine all the remaining residues. 
Summarizing we have: 

1 
2 
3 
4 
5 
6 

Pole 

we may de-

(.54-0.012512 
S4-0.0125 
S 4-0 28-1718 

S-40.03017;0 -0.0161147j 
s+0.019 17;0 40.0161147j 

Residue X10-, 

-48.8585 
2.11582 
2.24833 
-0.105556 

23 .4025 4-9 . 178.31f 
23.4025-9.17831j 

FREQUENCY RESPONSE 

We recall that the procedure followed in evaluating 
the frequency response of a system is to substitute 
jw for S in the system transfer function and evaluate 
the resulting expression throughout the frequency 

range of interest. For example, we would be interested 
in evaluating the expression N(jce)/(jo)"D(jo.,) for a 
selected range of co. 

It is not difficult to show, with the help of the re-
mainder theorem, that we may evaluate the poly-

4. 
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Dmials individually if we divide each by S2—o.)2 and 
Dte the remainder. This is a considerable simplifica-
on over the usual method of substituting jco directly, 
:parating real and imaginary parts and then carrying 
ut the calculations for all co of interest. In addition 
-e may show that the artifice of synthetic division 
lay be applied if we skip every other coefficient in the 
olynomial. 
As an illustration we consider the same transfer func-
xm as before, confining our attention to an evaluation 
f the numerator because nothing new will be learned 
y continuing the calculation further than this. 

7requency Response: Numerator:  

co = 1 rad/sec 

1573.34+887.048+ 36.0956—  0.39513 
—1573.34  —887.048 

1573.34+887.048-1537.25j —887.443 

Remainder= .V(j) 

= —887.443-1537.25j. 

= N/2 rad/sec 

OF THE I.R.E.  1339 

1573.34+887.048+  36.0956—  0.39513 I —2 
—3146.68  —1774.096 

1573.34+887.048-3110.59N/2j-1774.491 

Remainder = N(V2j) 

= —1774.491-4398.8j. 

Thus we see from the above results that the fre-
quency response method may be considerably aug-
mented by the use of the remainder theorem. We note 
that a polynomial of very high degree, say eight or ten, 
may be evaluated with little additional labor. Synthetic 
division is easy to apply, and a whole range of co may be 
investigated in relatively short order. It should be men-
tioned however, that since we are effectively dividing by 
S2 w2 the remainder will always be of the form Aod+B. 

CONCLUSIONS 

We have shown that Laplace transform methods of 
analysis may be simplified somewhat by the use of the 
remainder theorem as applied to the numerical evalua-
tion of polynomials of high degree. 
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Band-Pass Low-Pass Transformation in 
Variable Networks* 
L. A. ZADEHt, MEMBER, IRE 

Summary—An extension of the band-pass low-pass transforma-
tion to linear varying-parameter systems is developed. It is shown 

that this transformation in conjunction with the use of frequency 
analysis techniques can be applied with advantage to the analysis 
of a superregenerator operating in the linear mode. 

INTRODUCTION 

IN RECENT YEARS the technique of band-pass low-pass transformation has gained wide recogni-
tion among communication engineers as a valuable 

tool in the analysis of various types of carrier transmis-
sion systems.' This technique has proved particularly 
useful in connection with the determination of the en-
velope response of band-pass systems and also, 
though to a lesser degree, in the analysis of assymetrical 
carrier systems. 

• Decimal classification: R143.2. Original manuscript received by 
the Institute, January 19, 1950; revised manuscript received, May 16, 
I 1950. 

t Columbia University, New York, N. Y. 
P. R. Aigrain, B. R. Teare, Jr., and E. M. Williams, "General-

! ized theory of the band-pass low-pass analogy," PROC. I.R.E., vol. 37, 
pp. 1152-1155; October, 1949. Additional references may be found in 

! the text of this paper. 

Heretofore, the use of band-pass low-pass transforma-
tion has been limited to fixed networks. The purpose of 
the present paper is to show that the technique of band-
pass low-pass transformation may be extended to linear 
varying-parameter networks2 and used in the case of the 
latter in much the same manner as in the case of fixed 
networks. In particular, it will be shown that this tech-
nique may be used with advantage in the analysis of a 
superregenerator operated in the linear mode. An inter-
esting aspect of the extended form of the transformation 
and its possible generalizations is that it suggests an 
unorthodox mathematical technique for solving certain 
forms of linear differential equations with time-depend-
ent coefficients. 

GENERAL THEORY 

A linear varying-parameter network is essentially a 
linear system in which one or more parameter values 
are functions of time. The external behavior of such a 

2 To simplify the terminology, such networks will frequently be 
referred to in the present paper as variable networks. 
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network is usually described by a linear differential 
equation of the form 

[a(t)p" + • • • + amp + ao(l)h(t) 
= [b„,(t)pm + • • • + bi(t)p  bo(t)ju(t)  (1) 

where p=d/d1, the a's and b's are known functions of 
time, and u(t) and v(t) represent respectively the input 
(voltage or current) and the output (voltage or current ) 
of the network. For convenience (1) may be written in 
a compact form 

L(p; t)v(t) = K(p; t)u(1) (2) 

where L(p; t) and K(p; t) denote respectively the left-
hand and right-hand operators in M. 
The behavior of a variable network may be described 

explicitly by means of the system function' of the net 
This function is denoted by the symbol //(jw; 1) 

and is defined by the relation 

v(t) 
H(jw;  = 

u(l) u(t)...'‘" 

In other words, //(jw; t) is a function of jw and t such 
that II(jw; 1)ei“" represents the response of the system 
to an exponential input u(1)=ei't. It may readily be 
shown' that the determination of //(jw; t) requires in 
general the solution of the differential equation 

L(p  jw; t)H(jw; t) = K(jw; I).  (4) 

The problem of solving this equation for Mjw; t) is dis-
cussed in footnote reference 3. 
The system function of a variable network has the 

same basic properties as the system function of a fixed 
network. Thus,' for example, using operational notation 
the response v(t) to an arbitrary input u(t) may be ex-
pressed as 

(3) 

v(t) = H(p; t)u(1)  (5) 

where //(p; t) should be treated as a usual Heaviside 
operator; that is, the variable t in //(p; t) should be 
treated as a fixed parameter. The physical significance of 
H(jw; t) may assume various forms. For instance, when 
u(t) and v(t) represent respectively the terminal current 
and voltage of a two-terminal network N, H(jw; t) may 
be called the instantaneous input impedance of N and 
accordingly might be denoted as Z(jw; I). In other cases, 
H(jw; t) may represent the instantaneous gain, instan-
taneous admittance, and so forth, depending on the 
physical significance of u(t) and v(t). 
The notion of the system function of a variable net-

work provides the necessary basis for the extension to 
linear varying-parameter networks of the technique of 
band-pass low-pass transformation. As a preliminary, it 
will be recalled that, in general, any real signal f(t) may 
be written as 

f(t) = RelF(t)el'ot} (6) 

3 L. A. Zadeh, "Frequency analysis of variable networks," l'uoc. 
I.R.E., vol. 38, pp. 291-299; March, 1950. 

xebere Re means "real part of," wo is an arbitrary fre-
quency,. and F(t) is a complex function of time usually 
referred to as the complex envelope of the signal relative 
to a carrier of frequency coo. It is important to note that 
wo is completely arbitrary. Thus when f(t) is tettiallY 
an amplitude modulated carrier of frequency 0/„, the 
frequency wo need not be equal to co,. 
Expressing u(t) and v(t) in the above form and repre-

senting their complex envelopes by U(t) and V(t) respec-
tively, (5) becomes, dropping Re, 

V(t)eiwot = H(p; 1)1U(t)eiwoi 

or, equivalently 

V(t) = + iwo; u(1). (8) 

Equation (8) shows that the complex envelopes of the 
input and the output may be regarded as being them-
selves the input and the output of a network whose 
system function is ll(p+jwo; I). Under general condi-
tions this point of view is of little practical value, for in 
the first place H(P -Ficdo; 1) is not a real function p 
and hence does not represent a physical system. In the 
second place, there is no reason to assume that //(p 
-Fjwo; 1) would, in general, be simpler than //(p; t) and 
hence there would be little, if any, advantage in using 
(8) in place of (5). 
In the case of band-pass.qsystems, however, it fre-

quently happens that for wo equal to the midband fre-
quency of the system, //(p+jwo; 1) is very nearly a 
real function of p and t (for small values of p) awl fur-
thermore H(p-f-jc00; t) is simpler than /Pp; t). It is only 
in such cases that the process of passing from 11(p; 1) to 
.17(p+jcoo; 1), .whith involves essentially nothing more 
than a translation in the frequency domain, is given the 
distinctive name of the band-pass low-pass transforma-
tion. More precisely, assume that there is a frequency 
coo and a frequency band A (A<<wo), such that for 

<A, //(p+jwo; 1) is very nearly a real function of 
p and t, i.e., 

(7) 

H(p  jwo; t) HL(p; t),  < (9) 

where //L(p; t) is a real function of p and I resulting 
from neglecting small terms in H(p +jwo; 1). If these 
conditions are satisfied, then it will be said that the 
given network N whose system function is //(p; t) pos-
sesses a low-pass analogue NL whose system function 
is HL(p; t). The complex envelopes of the input and 
output of N may be regarded as being themselves the 
input and output of NL. This is expressed by the rela-
tion 

1,-(1) = th(p; 1)U(i)  (10) 

which follows directly from (8) and (9). 

The definition given above is not the most general 
one possible but is sufficiently general to be useful in 
many practical applications. The usefulness of the band-
pass low-pass transformation in the case of variable net-
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liorks is due primarily to the fact that the differential 
quation satisfied by ././L(jw; 1), which is (see (4)) 

L(p  jo) + _ice(); 011 L(jw; t) = IC(jw  jwo; 1), (11) 

3, in general, much easier to solve than the differential 
quation satisfied by //(jw; t). In other words, it is 
impler in most practical cases to determine the system 
unction of the low-pass analogue of a band-pass variable 
tetwork than it is to determine the system function of 

he network itself. 
As an illustration of the use of the above relations, 
;onsider the case of a superregenerator operating in the 
inear node." The equivalent circuit of the superregen-
Tator is shown in Fig. 1(a); it consists of a tank circuit 
n parallel with a periodically varying conductance 
3(t). The input to the circuit is i(t) and the output is 
)(1). The problem is to find the response v(t) to a given 

nput  t). 

Z(jw;t) 

LW 

1 

G(t) V(t) 

(1)) 

Fig. 1—The equivalent circuit of the super-
regenerator and its low-pass analogue. 

Since the s stem function connecting v(t) amd i(t) is 
the instantaneous input impedance of die superregen-
erator, it follows that the problem is essentially that of 
determining the instantaneous input impedance of the 
circuit shown in Fig. 1 (a). It is evident , however, that by 
using the band-pass low-pass transformation the same 
result may be achieved in conjunction with ((,) and (8) 
by finding the instantaneous input imped.ince of the 
1 low-pass analogue of the superregenerator. This, of 
course, should be a ninch simpler problem. 
The differential equation connecting v(1) and i(i) is 

[Cp, G(t)p  6(1) Cwo,Iv(t) = pi(t) (12) 

- where the dot represents differentiation with respect to 
• time and 042= (1. C)'. Forming the (lilt eren t id I t on 

4 11. A. Wheeler, "A simple theory and design foriii,11.1 , fr iiper-
reigener.itive receivers," Wheeler Monographs, no. 3; 1 ww. 18. 

A. Glucksman, “Superregenerat ion —an ;mai vsis of I he linear 
mode," l'itoc. 1.14.E., vol. 37, pp. 500 -504; May, 1919. Additional 

, references may he found in the text of this paper. 

satisfied by the instantaneous input impedance of the 
low-pass analogue (11) and neglecting the small terms in 
this equation the following relation is obtained: 

[2Cp 2Cjw  G(1)]Zdjw; 1) = 1  (13) 

where Zajco; t) denotes the instantaneous input im-
pedance of the low-pass analogue, the equivalent circuit 
of which is shown in Fig. 1(b). Since (13) is a first-order 
differential equation its solution and hence the expres-

sion for Zdjco; t) is readily found to be 

Z L(jw; 1) 

= —  f exp —  7) —  G(1)(11] dr. (14) 
1 

2C  , 2C 

From the general relation (10) it follows that the 
complex envelopes of the input and the output of the 
superregenerator are related to each other by the oper-

ational relation 

1 pt 

V(t) = ZL(p; 5)41) (15) 

where V(t) and /(t) represent the complex envelopes of 
v(t) and i(t), respectively, and the variable t in ZL(P; 1) 
should be treated as if it were a fixed parameter. Equa-
tion (15), in conjunction with (14) and (6), provides the 
desired solution of the problem. 
It should be remarked that what is usually referred 

to as the "superregenerator selectivity" is in fact the 

function 

F(w) = IZL(jw; to) I (16) 

where to is the instant at which the conductance G(t) 
reaches zero and is in the process of becoming positive. 
In a similar manner, other parameters and functions 
usually associated with a superregenerator operating in 
the linear mode may be interpreted in terms of the 
properties of the instantaneous input impedance of the 
low-pass analogue of the superregenerator. 

CONCLUDING R F.:11 R KS 

The extended form of the band-pass low-pass trans-
formation described in this paper is useful in the analy-
sis of band-pass linear varying-parameter networks 
having fixed midband frequency. It is possible to 
broaden tbe applicability of this transformation by re-
laxing the requirement that the system function of the 
low-pass analogue be a purely real function of p and S. 
It is also possible to use a more general form of trans-
formation than a simple translation in the frequency 
domain. On the whole, it appears that the band-pass 
low-pass transformation considered in this paper is just 
one of the many commonly used frequency transforma-
tions that may usefully be extended to linear varying-
parameter networks. The extension of these transforMa-
t ions to such networks should provide a fruitful field for 
further study and investigation. 
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Correlation Functions and Power 
Spectra in Variable Networks* 

L. .1. ZA DEM, MEMBER, IRE 

Summary—The problem considered in this paper is that of estab-
lishing a relation between the correlation functions and also the 
power spectra of the input and output of a linear varying-parameter 
network (variable network) whose transmission characteristics are 
random-periodic functions of time. The notion of the correlation 
function of such a network is introduced and the following theorem is 
established: 

The correlation functions of the input and output of a variable 

network N may formally be regarded as the input and output of a 
variable network N whose system function is the correlation func-
tion of the system function of N. 
This theorem has many practical applications, particularly in 

connection with the determination of the correlation functions and 
power spectra of various random-periodic wave forms. 

INTRODUCTION 

ONE OF THE basic problems in the anal sis of 
signal transmission systems is that of relating the 
statistical parameters of the output signal to 

those of the input signal and the transmission char-
acteristics of the system. The purpose of the present 
paper is to establish such a relation between the cor-
relation functions and also the power spectra of the 
input and the output of a linear transmission system in 
which one or more parameter-values are functions of 
time. Such systems are usually referred to as linear 
varying-parameter systems or, more simply but less 
precisely, as variable networks. Familiar examples of 
systems of this type are the various kinds of modulators, 
dynamic amplifiers, and —as a limiting case—the or-
dinary fixed linear networks. 
On the basis of the obtained results it appears that 

the above problem and its solution can be formulated 
best in terms of the notion of the system function' of a 
variable network. Briefly, the system function of a 
variable network N is defined as a function /No); 1) 
such that LI(jce; t)ei" is the response of N to the ex-
ponential input el.". Thus denoting the input and out-
put of N by the symbols ei(t) and e2(t), respectively, 
the definition of //(jw; 1) reads 

e2(1) 

ei(1)],, m _eio • 

This definition is of the same form as the convent ional 
definition of the system function of a fixed network and, 
as is shown in the literature,' /No); 1) has the same basic 
properties as the system function of a fixed network. 
The physical significance of //(jco; t) depends on the 

11(jut; 1) — (1) 

• Decimal classification: R143. Original manuscript received by 
the Institute, February 8, 1950; revised manuscript received, June 13, 
1950. 
t Columbia University, New York, N. Y. 
1 L. A. Zadeh, "Frequency analysis of variable networks," PROC. 

I.R.E., vol. 38, pp. 291-299; March, 1950. 

meaning attached to ei(1) and e2(1). Thus, for example, 
when .V is it tWO-iCrIllinal  net work and e1(t) and e2(l) • 
represent respectively the terminal current and voltage 
of N, //(jw; 1) may he interpreted as the instantaneous • 
input impedance of .V and might appropriately be de-
noted as Z(jo.); 1). In other cases II(jw; 1) may he inter-
preted as the instantaneous transfer impedance, in-
stantaneous admittance, and so forth, depending on 
the physical significance of e1(1) and e2(I). 
The most important property of the system function 

of a voriable network N is that it relates the on  and 
input signal of N in much the same manner as the ;..ivs-
tem function of a fixed network relates its output and 
input signals. The relation between the output and in-
put of N may be expressed in several different, but 
equivalent forms which are given below. In all of the 
following relations the variable t in the expression for 
the system function should be treated as if it were a 
constant parameter. 
1. Contour integral form. 

1 
c2(t) = — f II(jw; t)E1(jw)ei'Adw  (2) 

2r 

where Ei(jw) is the Fourier transform of ei(t). 
2. Fourier transform form. 

.e2(1) = Ll(jw; t)E1(jw)1 ,  (3) 

where F -1 represents the operation of inverse hairier 
transformation. 
3. Laplace transform form. 

e2(1) = L-'11.1(s;t)Ei(s)I, (4) 

where Er(s) is the Laplace transform of ei(1) and L 
represents the operation of inverse Laplace trans-
formation. 
4. Operational form. 

c,(1) = MI); 1)ei(t)  (5) 

where p is the usual differential operator. 
A simple illustration of the use of the above relations 

is provided by a delay network whose delay  is a p(ri-
odic function of time, say 

= a ± 1) cos 1. (0) 

The system function of this network is (in operational 
form): 

II(p; e-pw+1, 

Using (5) the response of the network to a signal ei(1) 
may be written as 

(7) 

e2(t) = e-v("46 nei(1).  (8) 
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Iiince the variable t in e-P(‘'+'''°") should be treated as a 
,:onstant, therefore 

e2(1) = ei(t — a — b cos 1)  (9) 

!which is the desired result. 
The properties of the system function as outlined 

ibove will now be used to establish a general relation 
3etween the correlation functions of the output and in-
put of a variable network. 

GENERAL THEORY 

It will be recalled that the correlation function' of a 
signal e(t) is defined by the relation 

4/(7) = urn -1 f T e(t)e(t + r)dt  (10) 
T 0 

where 4/(r) denotes the correlation function of e(1). This 
definition applies to any random-periodic signal—that 
is, a signal whose amplitude distribution at any one 
instant is a periodic function of time. In particular, it 
applies to the two extreme forms of random-periodic 
signals, namely, periodic signals and stationary signals. 
The latter are signals in which the amplitude distribu-
tion is independent of time. For stationary signals the 
correlation function may be written as 

CT) = -i-(t)e(t  r),  (11) 

where the bar represents the operation of averaging over 
the ensemble. 
As is well known, the correlation function and the 

power spectrum of a signal are Fourier transforms of 
each other. Thus, denoting the power spectrum' of a 
signal by the symbol S(co), the relation between S(co) 
and tk(r) reads 

.5(0.)) = f  4,1(r)c-i-Mr  (12) 

and 

= — 
1 f  ' 

4/(7)   S(w)ei'dw.  (13) 
2r 

It is evident that 5(w) may be found from the knowl-
edge of Ik(r) and vice versa. In general, the determina-
tion of the correlation function is simpler than that of 
the power spectrum. In many cases, knowledge of the 
correlation function alone is sufficient. In cases in which 
the power spectrum is required, its indirect determina-
tion through the use of the correlation function and (12) 
is frequently the most convenient procedure. 
Turning to the problem under consideration, it will 

be assumed that the transmission characteristics of a 

2 A comprehensive discussion the properties of random signals 
may be found in S. 0. Rice, "Mathematical analysis of random 
noise," Bell .Sys. Tech. Jour., vol. 23, pp. 282-332; July, 1944. Also 
vol. 24, pp. 46-156; January, 1945. 
' Contrary to the usual practice, the power spectrum Mu)) is 

assumed to extend over hut Ii the negative and ppitive frequencies, 
i.e., St -- ‘.4) ...Stu)). This assumption facilitates the mathematical 
analysis of the problem. 
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network N vary with time in a random-periodic manner. 
In terms of the system function of N this means that 
H(jo.); t) is a random-periodic function of time involving 
jco as a parameter. The input to N is assumed to be a 
random-periodic function of time which is uncorrelated 
with //(jco; 1). The correlation functions of the input 
and output of N will be denoted by the symbol C M 
and 4,2(r), respectively, The problem is to establish a 
relation between 11,1(r), th(r), and a function describing 
the pertinent statistical properties of /i(jco; t). 
It will be seen later that the pertinent statistical prop-

erties of N are represented by a function which in view 
of its form might appropriately be called the correlation 
function of the system function of the network, or, more 
simply, the correlation function of N. This function is 
denoted by the symbol TH(r; co) and is defined by the 
relation 

1  T 

y(r; co) = urn — f H(jG.); t)//(—jco; t r)dt,  (14) 
T o 

which in the case of stationary system functions is 

equivalent to 

tkii(r; w) = 1.1(jw; t)11(-3co; I -F•r). (15) 

It will be demonstrated later that 4/11(r; co) has a re-
markable property which is that thi(r; co) may be re-
garded as the system function of a variable network N* 
such that the correlation functions C(r) and th(r) are 
the input and output of this network, respectively. 
This result, which is essentially the main result of this 
paper, is expressed by the following relation 

1I'2(r) = u(r; co). , (16) 

where Si(co) is the power spectrum of the input (the 
Fourier transform of C(r)), 'H(r; co) is the correlation 
function of //(jco; 1), and F-' represents the operation 
of inverse Fourier transformation.' 
Comparison of (16) with the relation connecting the 

output and input of a variable network 

e2(t) = F-'111(jo.); 1)Ei(jc0)1  (3) 

leads to the interpretation' of (16) stated above. The 
result expressed by (16) may conveniently be stated in 
the form of a theorem, as follows: 
The correlation functions of the input and output of a 

variable network N may formally be regarded as the input 
and output of a variable network N* whose system func-
tion is the correlation function of the system function of N. 
To simplify the proof of the theorem it will be as-

sumed that the input el(1) and the system function 
//(jco; t) are stationary functions of time." With this 

4 t should be remembered that in the process of evaluating the 
inverse Fourier transform of 1,14z(r; 0.51(0, the variable r in n(r; 
should be treated as if it were a constant parameter. 
6 It will be recognized, of course, that N° is not a physical system 

since its system to mt ion ibi(r; to) is an even function of co. 
• For the general case where the input and the system Function 

are uncorrelated random-periodic functions of time, the proof is 
similar but somewhat more involved. 
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II. THE NYQUIST CRITERION 

The Nyquist criterion in its most general form as it is 
used today is not easily stated. It was originally 
derived for a single-loop feedback circuit and involves 
the numerical calculation of the complex open-loop 
transfer characteristic of the network. The question of 
stability is decided by whether or not the transfer 
characteristic encloses the critical point (1, 0). In case 
the system contains several feedback loops it is neces-
sary to calculate the open-loop characteristic for each 
loop and to record the algebraic number of counter-
clockwise encirclements of the critical points. Stability 
of the over-all circuit is subsequently decided by the 
sum of these encirclements. This procedure is confusing 
to the uninitiated and to the engineer not familiar with 
the mathematical logic behind these rules, and has con-
sequently led to many misconceptions concerning the 
interpretation of the Nyquist diagrams. Moreover, 
there are complicated circuits in which it is difficult or 
impossible to decide on the number and location of these 
loops. 
For the reasons just outlined, the Nyquist criterion 

will be stated as a condition on the characteristic equa-
tion of the system under investigation. In any linear 
dynamical or electrical system, the determination of the 
characteristic equation is straightforward and usually 
a simple matter. Let the characteristic equation (always 
an algebraic equation) be 

.f(p) = aop. + aipn-i + • • • + a.= 0.  (I) 

The question of stability is decided by the signs of the 
real parts of the roots of (1). In fact the necessary 
and sufficient condition that the system be stable is 
that all n roots of (1) have negative real parts. That is, 
all roots of (1) must lie to the left of the axis of imag-
inaries in the p plane. Let the imaginary axis, p = 
be mapped on the f(p) plane. If, as w is increased from 
negative to positive infinity, the origin of the f plane 
lies to the left of the curve f(iw), the roots of f(pi all lie 
in the negative half p plane, and consequently, the 
system is stable. 

III. THE ROUTH-HURWITZ CRITERION 

The Routh criterion may be stated as follows.4 5 
Form the equation 

ao  a_1  a_2  (1-3 • • • a_,, 

a2 a1 ao a_a • • • a2--, 

as a3 a2 al • • a4-n 

as as as a3 • • as, 

a2n 6(25_1 6,2„-2 a2,, 3 • • • a„ 

= - (2) 

A. Hurwitz, "Ueber die Bedingungen, unter welchen cite 
Gleichung nur Wurzeln mit negativen reelen Theilen besitzt," Math. 
Ann.. vol. 46, pp. 273-284; 1895. 

6 P. A. Samuelson, "Foundations of Economic Analysis," Har-
vard University Press, Cambridge, Mass., p. 435; 1948. 

from the coefficients of the characteristic equation (1) 
All elements with subscripts greater than n or less tha 
zero are set equal to zero. For example, a characteristi 
equation which is a quartic yields the expression 

A = aot(ala2 — aoa3)a3 — al'adas. 

The stability boundary of the system whose character- • 
istic equation is (1) consists of certain branches of the 
equation A =0. In general, not all branches are bound-
aries, but the equation does contain the entire bound-
ary. In order to establish the boundary, it is necessary 
to check each branch by a numerical computation. 
The coefficients ao and a„ are factors of X. When A 

becomes zero through an changing sign, the correspond- 1 
ing unstable root of (1) is real and represents a non-
oscillatory case, whereas if a„ does not pass through I 
zero as  passes through zero, the corresponding un-
stable root of (1) produces oscillations. 
By means of certain transformations of (11, addi-

tional information concerning the location of its roots 
may be obtained6•7 and in fact either the Nyquist or 
Routh method, together with these transformations, 
may be used to obtain the roots with any degree of 
accuracy.' For example, if either criterion is applied suc-
cessfully to the polynomial 

(I; — b) = a,,(p — b)" ± ai(p — + • • • + ac, 

= ̀1°Pn  alp -1  ' • + ti„ = 0, (3) 

the real part of each root of f(p) must be less than —b. , 
The history of the development of the Routh cri-

terion is interesting. The initial work was due to 
Routh in 1877.2 In 1895, Hurwitz, who apparently was • 
unfamiliar with the work of Routh,_independently de-
rived the conditions for stability in the form of de-
terminants. 4 In 1929 Frazer and Duncan, apparently 
unfamiliar with the work of Hurwitz, and starting with 
the results of Routh, deduced exactly the criterion as • 
presented by Hurwitz. Finally in 1945, Wall (however, 
familiar with the work of each) deduced the results of 
Hurwitz by an entirely different method, namely, by 
means of a partial fraction expansion.° Most British 
texts on advanced dynamics refer to Routh but never 
to Hurwitz, while the German authors usually refer to 
Hurwitz and not Routh. In this country the Routh-
Ilurwitz criterion has received a great deal of attention 

P. A. Samuelson, "Conditions that the roots of a polynomial 
be less than unity in absolute value," Ann. Math. Statistics, vol. 12, 
pp. 360-364; September, 1941. 
' A. Vazsonyi, "A generalization of Nyquist's stability criteria," 

Jour. A ppl. Phys.. vol. 20, pp. 863-867; September, 1949. 
° E. Frank, "The location of the zeros of polynomials with com-

plex coefficients," Bull. Amer. Math. Soc., vol. 52, pp. 890-898; 
October, 1946. 

9 R. A. Frazer and W. J. Duncan, "On the criteria of the sta-
bility of small motions," Proc. Roy. Soc. (London), series A, vol. 124, 
p. 642; July, 1929. 

1° II. S. Wall. "Polynomials whose zeros have negative real parts," 
Amer. Math., vol. 52, pp. 308-322; June-July, 1945. 
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ecently among mathematicians" and engineers."." 
It is interesting that Nyquist, Routh, and Hurwitz 
11 employed the same mapping of the axis of imaginaries 
if the p plane. Nyquist stopped at this point and stated 
Lis criterion, whereas Routh and Hurwitz went beyond 
o deduce analytical relationships for the stability 
)oundary. 

IV. EXAMPLES 

As an example of the use of the Routh-Hurwitz cri-
Rrion, consider the three-stage, two-loop, shunt feed-
)ack amplifier of Fig. 1, initially described by Llewel-
yn." For simplicity, all the admittances have been 

  K2Y 

K, Y 

2 

r. 

3 

Fig. I —Illustrative circuit, shunt feedback amplifier. 

taken equal. By setting up the network equations on 
the node basis, the characteristic equation of the net-
work under the assumptions 

1 
K2 S3 10 (4) 

10 

is 

y(y3 KIK2S3y2 — K2SiS2y  KISIS2S3) = 0. (5) 

Some indication of the application of the Nyquist 
criterion to this circuit under the assumptions of (4) is 
given by Bode." 
Let us investigate the case in which the admittance y 

, is composed of a resistance and capacitance in parallel, 
! that is, 

1 
Y = CP - • (6) 

Of course, one root of the characteristic equation always 
occurs at y = 0, that is, at p = — 1 /RC. Let 

" E. Frank, "On the zeros of polynomials with complex co-
efficients," Bull. Amer. Math. Soc., vol. 52, pp. 144-157; February, 
1946. 

12 M. F. Gardner and J. L. Barnes, "Transients in Linear Sys-
, tems," John Wiley and Sons, Inc., New York, N. Y., pp. 197-201; 
1942. 

12 E. A. Guillemin, "The Mathematics of Circuit Analysis," John 
‘Viley and Sons, Inc., New York, N. Y., pp. 395-409; 1949. 
" F. B. Llewellyn, U. S. Patent No. 2,245,598, June 17, 1941. 
II  If. W. Bode, "Network Analysis and Feedback Amplifier De-

.,ign," It. Van Nostrand Co., Inc., New York, N. Y., pp. 158-162;1945. 

1 
b < 1, (7) 

RC 

and substitute (7) in (5). The result is the equation 

(x  1)(a0x3 aix2 a2x  a2) = 0  (8) 

in which 

where 

ao = 1 

al = 3 + aia2 

a, = 3 + 2aia2 — aia3 

a3 = 1 -I- aia2 — ala3  «204 

al = K2 

KiRS3 
a2 — 

= 

1 — b 

R2S1S2 

(1 — b)2 

Now the condition that the real parts of the roots of 
(8) be negative insures that the real parts of the roots 
of (5) be less than —(b/RC). In fact, the stability 
boundary of (8) is the locus of points such that the 
maximum time constant of the system is just equal to 
RC/b. The stability region of (8) according to the 
Routh-Hurwitz criterion is given by the inequalities 
(since ao= 1 >0) 

(9) 

(10) 

.22> 0 

ala2 — aoa3> 0. 

Substituting (9) into (11), it is found that the stability 

conditions are 

0(3 < 
1 

al — «2 

2(2  cria2)2 

2a, 4- «2 

2 
for < —3 al 

for 
2 

0€2 > — al. 
3 

(12) 

It is noted that the time constants of the circuit are 
determined by the three parameters, K2, KIRS3, and 
R2S1S2. If the inequality signs in (12) are replaced by 
equality signs, the result is the locus of parameter 
values for which the maximum time constant of the 
system is just equal to RC/b. This locus is shown in Fig. 
2. The only restriction on b is that it be less than unity; 
it may be positive or negative. For the case b = 0, the 
curves of Fig. 2 are the stability boundaries of the 
circuit of Fig. 1. To the left of the peak, the root with 
maximum time constant is real, whereas to the right 
of the peak, the root is complex, corresponding to an 
oscillatory term. 
A considerable amount of information can be gath-

ered from Fig. 2. Suppose that for b=0 and K2= 10-2 , 
the operating point is located at A in Fig. 2. The cir-
cuit is stable, but if tube 3 fails, So is reduced to zero 
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and the operating point moves across the stability 
boundary as indicated by the arrow. However, failure 
of either tube SI or S2 never causes instability. Notice 
that as S3 is increased from zero, the circuit may pass 
from an unstable situation successively through sta-
bility, then instability, and finally to a stable situation. 
Notice also that the direction of movement of the 
stability boundaries as K 2 is increased from zero de-
pends markedly on the value of the parameter KIRS3. 
An advantage of the Routh-Iturwitz method over the 

Nyquist method is clearly illustrated by this example. 
The former yields the single analytical expressions (12) 
for the stability boundaries or maximum time constants. 
A complete description of the situation is given by 
graphs in Fig. 2. 

10' 

10' 

NON-OSCILLATORY 
ROOT 

10- to' 

'OSCILLATORY ROOT 

' 

K,RS, 
1 -b 

10 10' 10' 10. 10' 

Fig. 2—Locus of points for which the maximum time constant of 
the circuit of Fig. 1 is RC/b. 

On the other hand, the Nyquist method is essentially 
a numerical process, and the problem of locating sta-
bility boundaries is a trial-and-error procedure. One may 
start with (8), but for each choice of the parameters 
al, az, and a3, it is necessary to make a Nyquist dia-
gram. One then varies one parameter, say a3, recalcu-
lating the diagram after each choice, until the bound-
ary is located. If one has no idea of the order of mag-
nitude of a3 on the boundary, the actual location of the 
boundary is tedious. The location of the peaks in Fig. 2 
by the Nyquist method is particularly difficult. 
A second example, suggested by James, Nichols, and 

Phillips,t6 is afforded by the multiloop servo system 

-x - - 1 Y(p) 

Y2(19 H 

Fig. 3—Illustrative circuit, multiloop servomechanism. 

" H. M. James, N. B. Nichols, and R. S. l'hillips, "The Theory 
of Servomechanisms," McGraw-Hill Book Co., Inc., New York, 
N. Y., pp. 74-75; 1947. 

shown in Fig. 3. The circuit consists of an amplifier and 
motor with transfer characteristic 

K2 
Yit/4 =   

P(T4 
(13) 

and a tachometer and filter combination with character-

istic 

1-2(p) = Kip 
( Top 

Top + 1 ) • 

The stability boundaries are shown in Fig. 4. 

REGION OF STABIL ITY 

2 

oI K, 
• 

Fig. 4 -Stability boundaries for the multiloop servo system of 
Fig. 3 and equations (13) and (14). 

(14) 

Expressions relating the parameters al, az, a3 to the 
maximum time constant may be obtained in much the 
same manner as in the first example. However, they are 
somewhat involved and will not be presented here. 

V. CONCLUDING REMARKS 

A few final remarks are worthy-of note. One might be 
somewhat dismayed at the size of the Hurwitz de-
terminant in certain involved cases in which the char-
acteristic equation is of high order. However, it is us-
ually found that the expanded determinantal equation 
(always an algebraic equation in the circuit parameters) 
is of low degree in at least one of the parameters under 
consideration, so that it is a simple matter to compute 
the stability boundary. In the last example, although 
the characteristic equation is of fifth degree, the sta-
bility boundary is a second-degree equation in the 
parameter KIK2. 
For a fair comparison of Nyquist and Routh methods 

it must be mentioned that the former permits stability 
investigation from experimentally determined transfer 
functions not in analytical form, whereas the latter 
does not. Also, in cases in which the expansion of the 
Hurwitz determinant is too laborious or does not lead 
to a low-order equation in any parameter, a numerical 
procedure must be followed. 
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On the Approach to Steady State of a Linear 
Variable Network Containing One Reactance* 

ALAN A. GROMETSTEINt, ASSOCIATE, IRE 

Summary—It is often desirable to determine the manner in 
which a circuit approaches steady-state operation after a periodic 
,nput is applied. More precisely, an answer is sought to the question: 
"After how many cycles of input may the voltages and currents within 
the circuit be considered periodic, to within a certain error?" 
If the circuit is linear, an answer can always be obtained by the 

ordinary methods of mathematical attack. All too often, however, 
such procedures are little more than tours de force of tedious calcu-

lations. This is particularly true when some of the circuit component 
values are variable with time, as is sometimes the case when relays, 

tubes, switches, and the like are present. 
In this paper a method will be developed for answering the ques-

tion posed above for a restricted, but still quite general, class of 
linear circuits. Practically speaking, the main restriction is that 

there be only one reactive component in the circuit. The analysis 
proceeds by development of a linear, first-order difference equa-
tion, whose solution characterizes the circuit's transition from 

quiescence to transient to steady operation. 

I )ISCUSSION 

rt W E CIRCUIT 

(t) 

V (t) 

if (I) it is linear, 

(2) it can be reduced to a ( ircuit having only one re-

active component, 

(3) all variables involved possess Laplace transforms, 

(4) all variable circuit components (resistances and 

reactances) are periodic in value and all have the 

same over-all period as 

(5)  l'(.1), which is periodic, 

will, with time, gradually approach steady-state opera-

tion , once the input has been applied. The condition 

of steady state is distinguished from transient operation 

by the fact that in the former the circuit voltages and 

currents during one cycle of input are virtually identical 

, with the same quantities during any succeeding cycle. 

From the practical point of view, it is often of interest 

, to know how a circuit such as the above approaches 

steady state, and in how short a time the transients 

become of negligible value. 

Let us ignore for a moment the precise wave forms in 

the circuit. consider the value of the voltage across 

the reactain l• ;It the beginning of a certain input cycle. 

If this value is the same as that of the same reactance 

* De( imal classification: It 140. Original manuscript received by 
the Institute, November 2, 1949; revised manuscript received, April 
20, 1950. 
t Sylvania Electric Products Inc., Boston, Mass. 

voltage at the beginning of the previous input cycle, 

then the circuit has obviously entered upon a closed, 

periodic (i.e. steady-state) operation. If the two values of 

reactance voltages mentioned are "al most the same," 

then the circuit is "almost at steady state." 

We shall proceed to derive a general expression for 

the current I(t), in terms of the circuit components and 

SYMBOLISM 

i(p), v(p), rk(p), x(p) are the Laplace transforms of 
the quantities I(t), V(t), Rk(t), Z(t). 
X(t) and Rk(t) are, respectively, the unique reactive 

and the various resistive components of the circuit. As 

indicated, they :nay all or severally vary with time. 

They must, however, be independent in value of any 

other quantity, since the circuit is linear. Further, by 

the restrictions before listed, if they are periodic they 

must have the same period as l'(1). • 
E(t) is the voltage across the reactance. In particular, 

E(0) is the reactance voltage at the beginning of trans-
form time. The choice of E(0) is not restrictive, since 
the circuit ad mits of no two independent parameters of 

state. 

Now the circuit has a governing equation in the 

transform variable p, which may be found by com mon 
methods of analysis:' 

i(p) = F [P; v(P) ; r i(P); r2(P) • • • ; x(P); E(0)]  F(p) (1) 

and which can be solved for I(t) by means of the Meliin 
Inversion Theorem.' 

l r  1 
1(0 = i(X)e"dX = —  14' (X)e"dX  (2) 

2rjJ n,  27rj 
where 

I. 7+It 

( • • • ) dX limit f  ( • • • )dX 
N  -* 

7,ç being real; and 7> (real part of any singular point 

of the in tegran(l).3 

!laving found 1(0 as in (2), let us trace the circuit 
throughout its first cycle of input. At the beginning of 

this cycle the reactance voltage is E(0) , by definition. 
At any point during this cycle the reactance voltage 

E(t), can be expressed in terms of 1(0 and E(0) 

E(t) = G[t, 1(0, E(0)] (3) 

and 1(1) can be eli minated from the expression by using 

' Ernest A. Guillemin, "Communication Networks," _Min Wiley 
awl sons. New Vint:. N. Y.; 1931. Also, M. F. (:,(1,1111.r and J. 1.. 
Barnes, "Transients in 1.ine(ir Systems," vol. 1, John Wiley and Sons; 
1942. 

S. Carslaw and J. C. Jaeger, "Operational Methods in Ap-
plied Mathematics," Oxford University l'ress, chap. IV; 1941. 

3 The symbol "f n, • . . drt" is chosen ber.iii ,e of I lie intimate rela-
tion between equation (2) and Bromwi(  tom 
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(2), giving 
E(t) = Jill, E(0)].  (4) 

We have, in (4), an expression of the reactance volt-
age at any time during the first input cycle. If the 
period of V(t) is T, then at the end of this first cycle 
the reactance voltage has reached the value 

E(T) = H[T, E(0)].  (4a) 

The equation (4a)is vital to further development. It 
expresses the reactance voltage at the end of the first in-
put cycle in terms of the initial reactance voltage and 
time, and (implicitly) the circuit parameters. From the 
very nature of the circuit under consideration—in par-
ticular its linearit) —E(0) can enter into (4a) only 
linearly, and so we can rewrite (4a) as 

E(T) = r,E(o) + r2, (5) 

%.1-1ere F1, F2 are parameters which characterize the cir-
cuit and its input, but do not depend on E(0). 
It is quite apparent that though (5) was derived 

through an argument relating to the first cycle of input, 
the restriction is unessential. In fact the succession of 
equations 

(1) —• (2) 

• (4) -4 (4a) —> (5) 

(3) 

is valid for any cycle of input, if E(0) and E(T) are re-
interpreted as the reactance voltage at the beginning 
and end, respectively, of that particular cycle. If we 
introduce the symbol 
EN - reactance voltage at the end of the Nth cycle, 

then we can write 

EN = Fi EN-1 + r2.  (6) 

Equation (6) is a linear, first-order difference equation 
with constant coefficients (r„ F2 are calculable from 
(4)) and applies to the circuit for all cycles of input. 
Being of the first order, (6) has a general solution con-
taining one arbitrary constant, C: 

F2 
EN = criN +   (7) 

1 — F1 

C may be calculated by setting N=0, and realizing 
that the symbol E0 is to be interpreted as the reactance 
voltage at the beginning of the first input cycle (which 
was originally symbolized E(0)). Then 

C = 

and 

F2 

1 — 

F2 r2  
EN = (E0   )riN + 

1 — r,  1 — ri 

' It is interesting to note the implications of (8): 
(1) 1 r,i 1 (for practical circuits) 
(2) if fi =1, then r2 =0, and steady state exists immediately. 
(3) if Eo = I'2/1 —1'1, no true transients arise. 

E0 if r, = 
(4) Limit EN = 

if r, 

From (8), which determines the reactance voltage at 
the end of the Nth cycle in terms of the initial value of 
this voltage and the circuit parameters ri, F2, we may 
proceed to consider in more detail the transition from 
transient to steady-state operations. 
Such an inquiry presupposes a precise definition of the 

terms used. We shall adopt the following: 

DEFINITION 

Transient conditions exist from the moment of ap-
plication of input until steady state is reached. Steady-
state conditions obtain from the Sth cycle on, if, for 
some arbitrary 0 <6<e,1, and all positive 3: 

r2 
— Eo I (1 — 6)   Eo.  (9) 

11 — Fi 

Thus each determination of steady state must be 
accompanied by a value 6. 6 plays the role of setting 
maximum error to the evaluation. 
The above defines steady state as obtaining after S 

cycles, and S is determined so that EN, in changing from 
Eo to E., has, at Es, reached a value from which it will 
not thereafter change by more than 1006/1 —6 per cent. 
If (9) is solved for S (EN is a known function of N), 

we have 

S  log 6, log ri. (10) 

(Note that this relation is independent of Eo and 1'2.) 

Therefore, the circuit will reach steady state (as de-
termined by (5) in 

log 6/log F1 cycles of input,  or 

T log 6/log F1 seconds. 

As an example of the use of this method, the circuit 
below will be anal /A: 

1( t) 
o   

5o    

V( t)  50.fl.  C 

1.(t) consists of a series of rectangular pulses of ampli-
tude 100 volts, duration 1 millisecond, and repetition 
rate 400 per second. 

200 pf during an input pulse C has the value 
50 pf (luring the inter-pulse periods. 

C is a potential E0 at the beginning of the first pulse 
(t=0). 

Then the general lines of the argument established 
(8)  previously may be followed to deduce: 

1. During the first pulse (0 t 10-3) 

50 E \ 
Ec(P) = (—   

o — 50 

p  + 200) 

or E,(t)= 50+ (Eo— 50)e-200 : and  E,(10-3) =9.070 
+0.8186 E. 

I ft 
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2. During the  first  discharge  period  (10-3 61 

5 2.5 X10-3 ) 

E,(1) = (9.070 + 0.8186 Eo) 6,--4000-to-3) 

and E(2.5 X 10-i) = 4.997 +.4492 Eo. The difference 
equation is therefore, 

E, = 4.977 + 0.4492E0 

and has the solution 

E eN  = (E0 — 9.036)(0.4492).v + 9.036. 

Steady-state condition—for any value of 6—will oc-
cur within 

S = 
log (3 
  = 2.877(log 6) cycles 
log r1 

or, equivalently, within 

= 2.5 X 10-3 S = — 7.192(log 6) milliseconds. 

For example, if 6=2 per cent, S= 5 cycles, and the 
circuit reaches steady state, on this basis, in 12.5 milli-

seconds. 
It is quite simple at this point to proceed a bit further 

and find the precise wave form. For if we designate the 
reactance voltage at the end of the Nth input pulse by 

(occurring in time between E,N_1 and Eq,/), then 

Ecv i = Ees e° 6 = 1 . 822E. 

With the additional information the accompanying 
graph, Fig. 1 (for which E0 is taken equal to 100 volts), 
may be plotted in its entirety. Points EcN and E cN I for 
.N.12 are located, and then connected with ex-

ponential arcs of the appropriate time constant. 
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CONCLUSION 

A method has been presented herein which is quite 
suitable for the analysis of linear variable circuits con-
taining but one reactance. It is most readily applicable 
where the variation in circuit components takes the form 
of abrupt level hanges, but can be adapted, though 
less handily, to circuits containing continuously varying 

parameters. 
Circuits fitting the restrictions listed in the first part 

of this paper are often encountered in many applications 
of counting and switching considerations, as well as in 
simple networks depending on an arc or glow-discharge 
operation. The presence of a linear voltage or current 
source does not prevent the use of the method. 
A procedure analogous to the one set forth above may 

be developed for circuits of the same type, but contain-
ing several distinct reactances. However, a system of 
several difference equations in several variables results, 
and may be extremely difficult of solution. 
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ii till the subjei iiLe li t television 
tiI imp impairment:. 
Prior to \Vinill \Var II, :\lr. F oss ler's 

pint ipal contributiiins ‘vere in the field of 
analysis of spy( ial transmission problems 
and in the es aluation of proposed transini— 
sion  idems . huin- the War he was actively 

ed iii si-Li•ral projects for the Armed 
Services and for the National Defense 1:i.-
-i-an Ii Council. 

Alan A. (:rometstein 1.\ '49) was born in 
New York, N. Y., on May 7, 1926. lie 
re , eived the Alt. deLzree in physics from 

Columbia College in 
1947, and the A.M. 
in mathematics from 
Columbia University 
in 1948. Since the 
end of 1948 be has 
beenemployed by Syl-
va net Electric Prod-
t: Inc.. in its theo-

retical analysis and 
st i-lit il analysis 
11( 1).1 m m -tit s. 

Mr. Grometsiein 
is a member of the 

Anieri( an Physical Society and the Ameri-
can Institute 01 Nhysics. 

Waller C. Hunter (\l'47) was born in 
lIclen.i. Okla., on July 1, 1913. Ile received 
the A.R. deL;ree in physics and the NI.E(1-

degree in administra-
tion from PhillipslIni-
versity, Enid., Okla., 
in 1936 and 1937, re-
spectively. 
lie was an instruc-

tor in the Enid sec-
ondary schools from 
1936 to 1942, and 
an instructor in the 
electrical engineering 
department of Okla-
homa Agricultural 
and Mechanical Col-

lege, Stillwater, Okla., from 1942 to 1944. 
In 1944, Mr. Hunter joined the Westerii 

Electrii Company as a radar field engineer. 
In 1945, he transferred to the Bell Telephone 
Laboratories as a member of the technical 
staff, and has since been engaged in the de-
velopment of railroad and mobile radiotele-
phone equipment. 

1 
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S. N10,,Kowi I/ 

Pit ski MERTZ 

I.. LUIiKER 

Lawrence Lutzker (S'47-A'48) was born 
pri March 13, 1927, in New York, N. Y. He 
received part of his engineering training at 

the  Cooper  Union 
School of Engineer-
ing  and  the  re-
mainder at the Uni-
versity of Michigan, 
graduating from the 
latter in 1947 with 
B.Sc. degree in elec-
trical  engineering. 
During the war, he 

Pit•t served in the Navy 
as an electronic tech-
nician. After leaving 
Michigan,  he  was 

employed as a quality control engineer by 
the Allen B. DuNlont Laboratories, Inc., 
where he introduced statistical methods to 
deal with problems of inspection and manu-
facturing. Since then he has taken an active 
part in the promotion of statistical quality 
control within the company. 
Mr. Lutzker is a Senior Member of the 

American Society for Quality Control and a 
member of Tan Beta Pi and Eta Kappa Nu. 

Pierre Mertz (SNI44 F'50) was born in 
France on April 2, 1897. He received the 
A.B. degree in 1918, and the Ph.D. degree in 

1926, both from Cor-
nell University. In 
1919 he entered the 
department of devel-
opment and research 
of the American Tele-
phone and Telegraph 
Company, where he 
served  until 1935, 
with some interrup-
tion, when this de-
partment was merged 
with the Bell Tele-
phone Laboratories, 

Inc. Mr. Nlertz is now in the transmission 
eriv,inecring department at Bell, where his 
prim ipal  ork has dealt with problems in 
televi-ion and telephotograph transmission. 
Diring World War II he served as sec-

tion '16,4 and division member with the Na-
tional )efen-e Research Council, and also as 
investigator for TIIC. In 1948 he received 
he Army- Nivy Cert ificate of Appreciat ion. 

Sidney Nlo-lowitz (N1'45) was born in 
Brooklyn, N. Y., on February 23, 1919. In 
1940. he re' dyed the B.E.E. degree front 

the College of the 
City of New York. 
From 1941 to 1945 
he was a member of 
the  evening-session 
staff at that college. 
While  teaching 

evenings. he was also 
engaged in the de-
velopment of elec-
tronic apparatus for 
the W IN trial Scien-
titi, Corporation in 
New York. In 1943, 

Mr. Moskow itz joined Federal Telecom-
 nica tion Laltor.i tor les, %%Item Ile has been 
active in the design and development of 
pulse-time-modulation systems. He is serv-
ing also as an adjunct assistant professor in 

R. C. NlovER 

the graduate school of engineering of New 
York University. 
Mr. Moskowitz is a member of Tau Beta 

Pi. 

R. C. Moyer was born in Boston, Mass., 
on June 24, 1909. He received the B.A. de-
gree from Bowdoin College in 1932, majoring 

in mathematics. After 
a brief association 
with Radio Televi-
sion Industries Inc., 
he joined the RCA 
Victor  Distributors 
in Cambridge, Mass., 
where he worked in 
both engineering and 
sales in the commer-
cial  sound  depart-
ment. From 1942 to 
1945 he was on the 
staff of the Radio Re-

search Laboratory at Harvard University as 
a special research associate. 
Since 1945 Mr. Moyer has been asso-

dated with RCA Victor as a supervisor in 
the engineering section of the record depart-
ment. 

Harry \V. Nylund was born near Al-
toona. Iowa, on September 20, 1903. He re-
ceived the B.S. degree in electrical engi-

neering from  Iowa 
State College in 1925, 
and joined the Bell 
Telephone  Labora-
tories staff immedi-
ately thereafter. He 
spent  some  years 
in field engineering 
work, and during the 
war was engaged in 
various  underwater 
sound projects and 
in antenna studies. 
His  work  recently 
with development of 
devices for the mobile 

111 : 1111\ka-

f 

HARRY W. N1'1,1"ND 

has been concerned 
antennas and related 
radio services. 

44, 

Bernard M. Oliver (S'40-A'40-M'46) 
was born on May 27, 1916, at Santa Cruz, 
Calif. He received the B.A. degree in elec-

trical  engineering 
from Stanford Uni-
versity in 1935, and 
the NI .S. degree from 
the California Insti-
tute of Technology in 
1936.  Following  a 
year of study in Ger-
many from 1936 to 
1937 tinder an ex-
change scholarship, 
he returned to the 
California  Institute 
of Technology and in 

1940 received the Ph.D. degree. Since that 
time he has been employed as a research 
engineer with the Bell Telephone Labora-
tories. During the war he was active in the 
development of Army and Navy automatic 
tracking radar equipment. 

For a photograph and biography of L. Y. 
1,At•v, see page 312 of the March, 1950, issue 
of the NoKTEIDINGS OF THE 1.R.E. 

B. M. OLIVER 

A. RICHARDSON, JR. 

Albert S. Richardson, Jr., was born on 
August 7, 1924 in Canton, Ohio. He re-
ceived the B.S. degree in aeronautical engi-

neering in 1947 from 
the  Massachusetts 
Institute of Technol-
ogy. 
As an analytical 

engineer during 1948 
with United Aircraft 
in  East Hartford, 
Conn., he conducted 
theoretical flutter 
and vibration studies 
of a new type of 
supersonic propellor 
and investigated ef-

fects of power plant gyroscopic coupling on 
turbo jet-powered aircraft. From 1948 to 
1949 he was a development engineer with 
the Goodyear Aircraft Corporation, where 
he participated in the development of auto-
matic control systems for aircraft. Since 
December, 1949, Mr. Richardson has been 
engaged, as a research engineer, in conduct-
ing theoretical studies of dynamic response 
of elastic aircraft at the Aero-Elastic and 
Structures Research Laboratory at MIT. 

0 

J. Gregg Stephenson (A'45-M'47) was 
born in Kansas City, Mo., on September 21, 
1917. He was awarded the B.E. degree from 

Yale University in 
1939, and the En-
gineer Degree from 
Stanford University 
in 1941. He was em-
ployed as assistant 
laboratory engineer 
at the Ohio Brass 
Company, in Barber-
ton,  Ohio, during An 1941 and 1942, en-
gaged in high-voltage 
testing and measure-
ments. For the next 

two years he worked as a research associate 
in the Radio Research Laboratory of Har-
vard University, engaged in the develop-
ment of ultra-high-frequency transmitters. 
This was followed by a year at the American 
British Laboratory in 1945, where he was 
concerned with radar countermeasures for 
the United States Navy and the 8th Air 
Force and as a Technical Observer in the 
Mediterranean Area. Mr. Stephenson was 
assigned as RCM consultant to the Opera-
tional Analysis Section of the 8th Air Force 
Headquarters for four months in 1945. 
Since December, 1945, Mr. Stephenson 

has been in the receiver group at the Air-
borne Instruments Laboratory, in Mineola, 
L. I., New York, engaged in uhf receiver 
development. He is a member of Sigma Xi, 
Tau Beta Pi, the American Institute of Elec-
trical Engineers, and the Yale Engineering 
Association. 

J. G. STEPHENSON 

For a photograph and biography of II. E. 
Rovs, see page 313 of the March, 1950, issue 
of the PxoCLEDINGS OF TIIE I.R.E. 

For a photograph and biography of 
Dart A. ZAnEii, see page 314 of the March, 
1950, issue of the l'aocEvniNGs Ott M K 
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Robert C. Shaw was born on September 
8, 1902, at Templeton, Mass. He received 
the B.S. degree in electrical engineering from 

Michigan University 
in 1926. 
From 1927 to 1945 

he was a member of 
the technical staff 
of the Bell Telephone 
Laboratories, where 
he was engaged in 
radio research. Dur-
,ing 1944 and 1945 he 
was on leave of ab-
sence  to the Na-
tional Defense Re-
search Committe in 

the Office of Scientific Research and De-
velopment and was Chairman of the An-
tenna Co-ordinating Committee. From 1945 
to 1946 he was a partner in the firm of Mc-
Key and Shaw, consulting radio engineers. 
He returned to the Bell Laboratories in 

1947 where he has been associated with the 
radio transmission engineering department, 
and concerned with problems related to 
mobile radiotelephony. 

ROBERT C SHAW 

Walter Strack, Jr., was born in Astoria, 
N. V.  on January 4, 1925. Ile received the 
B.S. degree in electrical engineering in 1944 

from the Polytechnic 
Institute of Brook-
lyn. 
During World ‘Var 

II, Mr. Strack served 
with the Navy at 
the Naval Ordnance 
Laboratory in Wash-
ington, D. C., where 
he worked on the 
development of influ-
ence detectors for un-
derwater explosives. 
In November, 

1945, he joined the Bell Telephone Labora-
tories where lie has been concerned with the 
development and testing of mobile radio 
equipment. He is a member of Eta Kappa 
Nu. 

Correspondence 

\V. SfRACK, JR. 

W. T. Wintringham (A'26 SM'45) was 
born in Brooklyn, N. Y., on January 18, 
1904. Ile received the II.S. degree in electri-

cal  communication 0 
engineering  from 
larvard tniversity 
in 1924, and immedi-
a tely  jollied  the 
American Telephone 
and Telegraph Com-
pany in the depart-
ment of development I - 
and  research.  Int 
1935 he transferred I 
to the Bell Telephone t• 
Laboratories. 
Before  World 

War II, Mr. Wintringham was associated 
closely with the development of radio tele-
phonic systems for spanning natural barriers; 
the long-wave transatlantic telephone; the 
short-wave M USA receiving system; and 
the multiplex telephone system used be-
tween the Virginia Capes and operateg in 
the vhf region. During the war he worked 
on a number of classified projects. Recently 
his work has been in the television field, 
with particular emphasis on color. 

W.T.kVINTRINGIIAM 

Fourier Transforms in the Theory 
of Inhomogeneous Transmission 
Lines* 

It is well known that the Fourier In-
tegral Theorem may be used in different 
technical fields. Thus, for instance, it can be 
used in the theory of communication and in 
the antenna theory.° Now it also appears to 
be applicable in the theory of inhomogeneous 
transmission lines. Starting with the differ-
ential equations of an inhomogeneous line, 

Pit  d ln Zo dl'  2 

•dx2 dx  —(1 7C —  7  = 

d21  d in Zo dl 
--- • — — -y2I = 0 

dx2 dx  dx 

where 

V= voltage 
/=current, and 
Zo=characteristic impedance 

(1) 

(2) 

are all functions of the length x and 7 = the 
propagation constant, in this note assumed 
to be constant =j0, it is possible, after some 
substitutions, to deduce a Riceati differential 
equation for the reflection coefficient p at the 
sending end, when the receiving end is 
matched: 

• Received by the Institute. June 19.1950. 
S. Goldman. "Frequency Analysis, Modulation 

and Noise, • McGraw-Hill Book Co.. New York, N. V.; 
1948. 
1, F. Ramsay. "Fourier transforms in aerial the-

ory." Marconi Rev., 6 parts in vol. IX: 4. X: 1-4 and 
XI: 2; 1946-1948. 

dp d In  Zo 
2. — (1  ,p2)1 + 4p = 0. (3) 
dx  dx 

Assuming p2 to be small compared to 1, one 
obtains the approximate solution 

pi d_In Zo 
le=dx 

l 2 J.—, dx . (4) 

This is a Fourier integral. The Fourier trans-
forms will be p and d In Zs/dx multiplied by 
some constant factors, one of which includes 
Z2/4, where Zi=impedance at the sending 
end and Z2 =  impedance at the receiving end 
of the inhomogeneous line. With the in-
tegral above, it is possible to examine and 
deduce the approximate solutions already 
made by other authors. With the Fourier In-
tegral Theorem it is possible not only to de-
termine pl as a function of (//x) (/ = the 
length of the line, X =wavelength) for an ar-
bitrary Zo(x), but also, on the contrary, to 
determine Zo(x) from the !pi -diagram. As a 
special example, there is shown in Fig. 1 the 
behavior of an inhomogeneous rine, whose 
d In Zo/dx-function is triangular. In Fig. 1 (a) 
the impedances Z1 and Z2 are chosen to be 
50 and 100 ohms, respectively. 
The analogy of treatment in other fields 

is obvious: Thus, for instance, the problem 
of constructing an optimized transmission 
line transformer will be analogous to the 
problem of finding the antenna distribution 
that will give the best diffraction pattern 
with respect to sidelobes and width of the 
main lobe. 

The way of treatment described above 
may be applied to waves in general, and can 

Z.a 

* 

2,0.17;•P̀ t('')) (a) 
2,• SOA 

Fig. 1—Diagrams for an inhomogeneous 
transmission line, whose d In zo/dx function 
is triangular. 

be extended to other fields; for instance, to 
the acoustical. 
Further details of this work will be pub-

lished later. 

FOLKE BOLINDER 
The Research Institute of National Defense 

117 Valhallavagen 
Stockholm 
Sweden 
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Institute News and Radio Notes 

TECHNICAL COMMITTEE AND 
PROFESSIONAL GROUP NOTES 

The Executive Committee appointed the 
following persons to serve as IRE repre-
sentatives on various ASA Sectional Com-
mittees: A. F. Pomeroy, ASA Draw ings and 
Correlating Committee; J. R. Steen, C67, 
Preferred Voltages-100 Volts and Under; 
and A. G. Clavier, ZIO, Letter Symbols and 
Abbreviations. Mr. Clavier has been ap-
pointed as alternate to Austin Bailey, IRE 
Representative on Z14, Standards for Draw-
ing and Drafting Room. Mr. Clavier has also 
been selected as the IRE Representative on 
Z15, Standards for Graphical Presentation. 
A. F. Pomeroy will be the alternate on this 
Committee. . .. The Second High-Fre-
quency Measurements Conference spon-
sored jointly by IRE/AIEE and the National 
Bureau of Standards will be held at the 
Hotel Statler in Washington, D. C., on 
January 10 to 12, 1951. This will be the 
first scientific gathering of national scope to 
be brought to Washington in 1951 in celebra-
tion of the semicentennial of the National 
Bureau of Standards. This Conference is 
under the general direction of Professor 
Ernst Weber, Chairman of the IRE Meas-
urements and Instrumentation Committee. 
Technical Sessions will be held in the spa-
cious auditorium of the Department of the 
Interior. The program will include about 
twenty-five outstanding technical papers, an 
evening demonstration of a spectacular na-
ture, a luncheon, and conducted inspection 
tours of selected local and nearby institu-
tions. Chartered buses w ill be provided for 
transportation to the auditorium, and for 
the inspection tour. ... A two-day confer-
ence on Electron Tubes for Computers, 
under the sponsorship of 1 he Institute of 
Radio Engineers and the American Insti-
tute of Electrical Engineers, in collaboration 
with the Panel on Electron Tubes, is being 
held on December 11-12, 
1950, at the Haddon Hall 
Hotel in Atlantic City, N.J. 
The emphasis of the Con-
ference will be on reliability 
of tubes for use in digital 
computers, with some at-
tention to be devoted to 
special tubes developed spe-
cifically  for  computers. 
Further information may 
be obtained by writing to 
the Conference Secretary, 
A. Lederman,  Panel on 
Electron Tubes, Room 601, 
139 Centre Street, New 
York 13, N. Y.... The 
Audio Techniques Commit-
tee held a meeting on Au-
gust 16, under the Chair-
manship of R. A. Miller. 
... The Electronic Com-
puters Committee held a 
meeting on September 8 in 
Washington, D. C., under 
the Chairmanship of J. W. 
Forrester.... A meeting of 

Shown at the I 
Los Angeles Sect' 
Terman. Past Dir 

the Circuits Committee was held on Septem-
ber 15, with W. N. Tuttle, Chairman, pre-
siding.... A National Meeting of the Pro-
fessional Group on Vehicular and Railroad 
Radio Communications will be held on 
November 3, 1950, in Detroit, Mich. 

44, 

BROADCAST TRANSMISSION GROUP 

The IRE Professional Group on Broad-
cast Transmission Systems is tentatively 
planning to hold a "broadcast day" on Tues-
day, March 20, during the 1951 IRE Na-
tional Convention. Eight papers will be pre-
sented during the day. 
Plans for "broadcast day" were discussed 

at the Group Administrative Committee 
meeting on September 29. Plans were also 
discussed for sending letters to chief en-
gineers of broadcast stations and to manu-
facturers of broadcast equipment in order 
to increase the Group membership and tc 
organize groups locally, as has been done in. 
Boston and Cleveland. 

IRE WEST COAST CONVENTION 
FIELD IN FALL IS SUCCESSFUL 

The annual IRE West Coast Convention 
held September 13-15 at the Municipal Au-
ditorium, Long Beach, Calif., was the largest 
convention of its kind in the West Coast his-
tory of The Institute of Radio Engineers. 
Approximately 1,400 registrations were re-
corded for the technical sessions, and 159 
booth spaces were sold to 138 manufactur-
ers. The program was sponsored jointly by 
the Los Angeles Section of the IRE and the 
West Coast Electronics Manufacturers As-
sociation. 
The 1951 West Coast Convention has 

been scheduled for August 29-31 at San 
Francisco. 

RE West Coast Convention from left to right are: R. L. Sink. Chairman of the 
on; G. W. Bailey, IRE Executive Secretary; R. F. Guy. IRE President; F. E. 
ector of Region 7; and S. F. Johnson, Convention Chairman. 

Vacancies at Indiana Navy Station 

Vacancies have been announced 
by the Navy Department at the U. S. 
Naval Ordnance Plant, Indianapolis 
6, Ind., for mechanical, electronic, 
electrical and ordnance engineers. 
These positions are at various grade 
levels under Federal Civil Service at 
annual salaries ranging from $3,825 to 
$7,400. The engineering development, 
research, and testing program at this 
station is rapidly expanding and quali-
fied personnel in these classifications 
is urgently needed. 
Details concerning employment 

at this station may be obtained from 
Commander M. K. Coleman, USNR, 
Industrial Relations Officer. 

OAK RIDGE INSTITUTE TO GIVE 
COURSES ON RADIOISOTOPES 
The eighteenth, nineteenth, and twen-

tieth courses in the techniques of using 
radioisotopes in research will be given by 
the Special Training Division of the Oak 
Ridge Institute of Nuclear Studies, Oak 
Ridge, Tenn., during the winter and spring of 
1951. Dates for the courses are as follows: 
January 8-February 2, February 19-March 
16, and April 16-May 11. 
The courses are designed to acquaint re-

search workers with the safe and efficient 
use of radioisotopes in research. The course 
work consists of laboratory work, lectures 
on laboratory experiments, general back-
ground lectures, and special-topic seminars. 
Experiments are conducted covering the use 
and calibration of instruments, the purifica-
tion and separation of radioactive materials 
from inert and other radioactive materi-
als, measurement and use of Carbon-14, 

pile activations, radioauto-
graphs, and the like. Set i-
nars include such topits .14 
the use of radioisotopes in 
animal experimentation, use 
of radioisotopes in humans, 
principles and practice of 
health physics, design of 
radiochemical laboratories, 
effect of radiation on cells, 
and similar topics. 
The Special Training 

Division can accommodate 
thirty-two participants at 
each of the three courses. A 
registration fee of $25 is 
charged, and participants 
will bear their own living 
and traveling expenses. 
Additional information 

and application blanks may 
be obtained from Dr. Ralph 
T.  Overman, Chairman, 
Special Training Division, 
Oak Ridge  Instit lite  of 
Nuclear Studies, P.O. Box 
117, Oak Ridge, Tenn. 
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Calendar of 

COMING EVENTS 

National Conference of the IRE Pro-
fessional Group On Vehicular 
Communications, Detroit, Mich., 
November 3 

UHF-Microwave  Conference, IRE 
Kansas  City  Section,  Kansas 
City, Mo., November 3-4 

IRE-AIEE Conference on Electron 
Tubes for Computers, Atlantic 
City, N. J., December 11 12. 

.1.1.1S Annual Meeting, Cleveland, 
Ohio, December 26-30 

AIEE-IRE-NBS  High-Frequency 
Measurements Conference, Hotel 
Statler, Washington, D. C., Janu-
ary 10-12, 1951 

1951 IRE National Convention, Wal-
dorf-Astoria Hotel and  Grand 
Central Palace, New York, N. Y., 
March 19 22, 1951 

IRE  Southwestern  Conference, 
Dallas, Texas, April 20-21, 1951 

1951 Annual Meeting of the Engi-
neering Institute of Canada, 
Mount Royal Hotel, Montreal, 
Max' 9-11, 1951 

NATIONAL BUREAU OF STANDARDS 
OFFERS CALIBRATION SERVICES 
The National Bureau of Standards is now 

offering a calibration service for field-
intensity meters at all radio frequencies of 
broadcast and commercial importance up to 
300 megacycles. Of special interest are the 
new standards and methods which have been 
developed at the Bureau for calibrating 
field-intensity meters in the very-high fre-
quency region from 30 to 300 megacycles. 
The new standards were developed to meet a 
need for an improvement in the available 
accuracy of field-intensity measurements re-
quired because of the greatly increased use 
of vhf bands by FM and TV stations. 
Prior calibration service for field-intensity 
meters had already accommodated meters 
operating in the range from 10 kilocycles to 
30 megacycles. 
The extended field-intensity-meter cali-

bration service necessitated the develop-
ment of new and accurate field-intensity 
standards. The vhf standards are similar 
to those already employed at lower frequen-
cies, but several special techniques, particu-
larly in the measurement of antenna current 
and voltage, have developed to meet the 
peculiarities of vhf calibration work. 
Two distinct experimental methods are 

used in the Bureau's field-intensity stand-
ardization  work: the  standard-antenna 
method and the standard-field method. 
Both methods have been employed in estab-
lishing the standards used in calibrating 
commercial field-intensity meters. It has 
been found most practical to use the stand-
ard-antenna method for frequencies greater 
than 30 megacycles, and the standard-field 
method for lower frequencies. 

111(41-FREQt Nt VNIE‘st 141.‘11 

CONFEREN( SLVIID IN  \ I tRy 

The second High Frequency Aleasure-
ments Confercn, e -pon-ored  liii lv ,' the 
American Institute ,,t I I Iii II rngineers, 
The Institute of Radio 1  is, and th 
National Bureau of Stitilti L  illIMt a Ira II . . 
in Washington, I). C., on Januar y 10 to 12, 
1951. Conferem e Headquarters will be at 
the Hotel Statler with the le(htiiil session 
held it) the spacious auditorium of the De 
Partment of the Interior. 1 he Conference 
program will im lude about 25 important 
technical JtijiI- .111  iitttiuiilitig cvcning 
demonstration, .1 Inn, heon, and condtt, fed 
inspection tours at .,•lected local and nearlov 
scientific institution- Chartered buses %%ill 
provide transportation to the iuditoriuni 
and for the inspection tour. 

'rhe conference will be a forum .it a hi( It 
the nation's leading engineers from cdm 
tional. governmental, and industrial labora-
tories will exchange in  on progress 
sin «. the successful 1949 conference. \VII & 
most of the papers will deal with measure-
ments in the hf through chf frequency re-
gions, some interesting video measuring 
techniques will be disclosed. Among the 
te  hnical sessions being organized are those 
on Frequency aml Tina., Transmissions and 
Reception, Impedance, and Power and At-
tenuation. l'reprints and Proceedings are 
being dispensed with to encourage active 
workers to report their latest findings. Brief 
abstracts will probably appear in Electrical 
Engineering and PkocFForsats ot," nu: I.R.E. 
following the meeting. 
The Conference is under the general di-

rection of the Joint AIEE-IRE Committee 
on High-Frequem•y Nleasitrements, of which 
Professor Ernst Weber of the Nlicrowave 
Research Institute of the Polytechnic Insti-
tute of Brooklyn is Chairman. Harold Lyons 
of the National Bureau of Standards is 
Chairman of the Local Arrangements Ct..trn-
mittee, and Frank Gaffney of the P(dy-
technic Research and Development Com-
pany is Chairman of the Technica I Program 
Committee. Finances are being handled by 
Ivan Easton of General Radio Company, 
and publicity by E. I'. Fetch of the Bell 
Telephone Laboratories. 
It will be the first scientific gathering of 

national scope to be brought to Washington 
in 1951 in celebration of the Semi-Centen-
nial of the National Bureau of Standards. 

WILLIAM A. WILDBACK WILL IIEAD 
BASIC INSTRUMENTATION OFFICE 

Wildhack, formerly chief of 
the Missile Instrumentation Section of the 
National Bureau of Standards, %% ill head the 
Office of Basic Instrumentation just estab-
lished at the Bureau. The new office will 
co-ordinate a program of evaluation and im-
provement of instruments for measuring 
basic physical quantities which has been 
initiated in co-operation with the Depart-
ment of Defense. Such instruments are vital 
to all advances in science and technology. 
Mr. Wildhack has been with the Na-

tional Bureau of Standards since 1935, work-
ing in the fields of aeronautical, mechanical, 
and electronic instruments lie received the 

li.S. deytee ele,  envineeting and thE 

NI.S• - it It 1.111,,- I'itY (4. rola. 
1,, 

LAST CALL! 

AUTHORS FOR IRE 

NATIONAL CON-

VENTIo N! 

E. Weber, Chairman of the Tech-
nical Program Committee for the 
1951 IRE National Convention, re-
quests that prospective authors sub-
mit the following information: 

I. Nasne and address of author 
2. Title of paper 
3. A 100-word abstract and addi-
tional information up to 500 
words (bot h in triplietti to 
permit an accurate evaluation 
of the paper for in( lusion itt 114: 
Technical Program. 

Please address all material to E. 
Veber, Microwave Rese.in h Insti-
tute, Polytechnic Institute of Brook-
lyn, 55 Johnson Street, Brooklyn 1, 
N. Y. The deadline for acceptance is 
November 20, 1950. Your prompt 
sulanissions will be appreciated. 

•:• 

AA:1S ANNUAL NIEETING 
IN CLEVELAND, DECEMBER 26-30 

The 117th annual meeting of the Anteri-
(  Assotiation for the Advancement of 
Sci(The, heduled for December 26 30 at 
Cl(-v(lan d, Ohio, will feature programs in 
every field of science from astronomy and 
1,,,tany to, and including, zoology. All 17 of 
the 1ssociation's sections and subset•tion, 
and more than 40 participating sotiet it's and 
organizations, are completing plans for an 
aggregate of more than 200 sessions. .1n ex-
tensive series of 'tours to museums, labora-
tories, .t ml industrial plants of the Clevelan(I 
area has been planned. 
The Annual Science Exposition in the 

arena of CleveLind's Puldic Auditorium 
will be almost twice as large as the New 
York meeting„ind will display about 150 
booths. In the Exposition, publishers, sup-
ply houses, microscope manufacturers, in 

makers, and industrial concerns 
will exhibit their latest products and portray 
their technical accomplishments. 
The program for the Section on Engi-

neering will include: (a) joint program with 
I Ile  Cleveland  Engineering  Societ y of 
Mechanical Engineers, December 26; (Li) 
joint program with the Cleveland Engineer-
ing Society, December 27; 67) joint program 
with Case Institute of Technology, De-
cember 28; (d) three-day session symposium 
on "Partnership of Industry and Science in 
Research," jointly sponsored by the Illinois 
Institute of Technology, Armour Research 
Foundation, Mellon Institute of Industrial 
Research, and the Battelle Memorial Insti-
tute, December 29. 

• 
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H. J. Nlscl.r.ou 

L. T. DE VORE 

IRE People 

Lloyd T. De Vore (A'42-SM'44) has been 
appointed manager of Electronic Labora-
tory at the General Electric Electronics 

Park, according to 
an announcement by 
I. J. Kau ( J ' 22-
A'24 - M'29 - F'41), 
manager of engineer-
ing for the Elec-
tronics Department 
which is responsible 
for much of the com-
pany's advanced de-
velopment  in  the 
field of electronics. 
He assumed his new 
duties on July 1. 

Mr. De Vore has been a member of the 
staff of the electrical engineering depart-
ment at the University of Illinois, Urbana, 
Ill., since 1946. He has also been Chairman 
of the Research Committee and Coordinator 
of Research for the University's Electrical 
Engineering Department. 
A native of Monongahela, Pa., he received 

the B.S., M.S., and Ph.D. degrees in physics 
from Pennsylvania State College in 1930, 
1931, and 1933, respectively. He held a re-
search fellowship under a grant from the 
National Research Council from 1930 to 
1934, following which he was appointed to 
the staff of the physics department at Penn-
sylvania State College. 
In 1943 he went to W'right Field, 

Dayton, Ohio, as a radio engineer with the 
Aircraft Radio Laboratories of the Army 
Air Force. He served there also as chief en-
gineer of the Research Division, and as chief 
engineer of the Special Projects Laboratory. 
He resigned his War Department appoint-
ment in 1946 to go to the University of 
Illinois. 
Dr. De Vore is a member of the American 

Physical Society, Sigma Xi, Phi Kappa Phi, 
Sigma l'i Sigma, Pi Mu Epsilon, and Tau 
Kappa Epsilon. He holds the War Depart-
ment Exceptional Civilian Service Medal. 

H. J. MacLeod (M '41-SM '43), professor 
and head of the department of mechanical 
and electrical engineering at the Univer-

sity of British Co-
lumbia, will be the 
new Dean of Applied 
Science. 
Dr. MacLeod has 

combined a distin-
guished  academic 
career with an ex-
traordinary interest 
in  undergraduate 
problems and activi-
ties that has won 
him many student 
friends. Twice he has 

been honorary president of graduating 
classes and last year lie was awarded a gold 
medal by the Students' Literary and Scien-
tific Executive for outstanding work with 
student organizations. 

Born on Prince Edward Island, Dr. 
MacLeod started his academic career by 
winning the British Association Medal upon 
graduation from McGill in 1914. He was 
graduated from Harvard in 1921 with the 
Ph.D. degree. 
Prior to his association at UBS, where he 

took over as head of electrical and mechan-
ical engineering in 1936, he taught at the 
University of Alberta. 
Dr. MacLeod has served with distinction 

in two wars; first as Captain and Major in 
the Canadian Expeditionary Force in France 
and Belgium during World War I. Follow-
ing this he commanded the 196th Western 
Universities Battalion. Here for the first 
time he met student representatives of 
UBC in the contingent sent by this 
University. In the recent war he received the 
Order of the British Empire for his work on 
ship protection against magnetic mines for 
the National Research Council. 
He has acted as consultant on many oc 

casions, and from 1939 to 1944 was technical 
advisor to the Public Utilities Commission 
of British Columbia. For his distinguished 
work in the field of electrical communica-
tions he was awarded a Fellowship in the 
AIEE in 1946. 

R. V. Howard 

Royal V. Howard (M'41-SM'43) has 
recently become owner and president of 
radio station KIK!, Honolulu. The station, 

which went on the air 
September 1, oper-
ates on 860 kc and em-
ploys a General Elec-
tric 250-watt trans-

-  mitter and 285-foot 
tower to cover the 
Island of Oahua and 
adjacent islands. Pro-
gramming will con-
sist chiefly of news, 
sports, and music. 
Mr. Howard is 

well known in the 
broadcasting field. He was director of the 
Department of Engineering of the National 
Association of Broadcasters, Washington, 
D. C., from 1947 until his resignation a few 
months ago. From 1933 to 1947 he was 
vice-president in charge of engineering for 
Associated Broadcasters, Inc., (KSE0 and 
KPIX), San Francisco. During the war, he 
served as director of special combat scien-
tist group for the Office of Scientific Research 
and Development, U. S. Army head-
quarters, European Theatre of Operations. 
Active in all phases of broadcasting since 

1922, Mr. Howard is also a member of the 
Institute of Electrical Engineers, and the 
American Academy for the Advancement of 
Science, among others. He has been an ex-
pert member of the United States delega-
tions to world conferences on telecom-
munications held at Atlantic City, I lavana, 
Mexico City, Washington, and Montreal. 

Edwin L. White (A'24-M'31-SM'43) 
has been appointed chief of the new Safety 
and Special Radio Services Bureau of the 
Federal Communications Commission. He is 
also chief of the Aviation Division, Bureau 
of Engineering. He has been associated 
with the Commission since the latter's 
creation, and, before that, with its prede-
cessor, the Federal Radio Commission. 
Mr. White, who was born at Valley City, 

N. D., on July 5, 1896, began his radio 
career as an amateur in 1912 and, profes-
sionally, with the Naval Research Labora-
tory in 1922, where he served as a research 
engineer and was active in designing equip-
ment, both transmitting and receiving, for 
various naval operations. In 1926 he joined 
the staff of the Signal Corps, and while a 
civilian engineer in the Office of the Depart-
ment Signal Officer at Fort Shafter, Hawaii, 
was in charge of the technical maintenance 
and operation of the radiocommunication 
system of the Hawaiian Department of the 
Army. 
In June, 1930, Mr. White joined the 

Federal Radio Commission and, except for 
periods of military duty, has been continu-
ously associated with radio regulation. In 
the days of the FRC he specialized in tele-
vision. Previous to World War II he was 
active in police, fire, and experimental radio 
supervision; since the war he has been con-
cerned mainly with aviation radio. 
Mr. White served as a commissioned 

officer in both World Wars. He left the Uni-
versity of North Dakota in his junior year 
for Navy duty. Later he went with the 
Signal Corps Reserve and entered the late 
war as a lieutenant colonel. Shortly there-
after he transferred to the Air Corps, and 
the major part of his war service was as 
Communications Officer in the Air Trans-
port Command. He served in the Pacific 
Theater for nine months; for 15 months in 
the China-Burma-India Theater, and three 
months with the Military Government in 
Germany. 
He holds a reserve commission as a 

colonel in the Air Force. 

Fred E. Osgood (A'45) has been ad-
vanced to the position of technical super-
visor of 'I3Z-TV, succeeding Sidney V. 
Stadig (M'50) who has been recalled to 
active duty with the United States Navy. 
Mr. Stadig, who will serve as a com-

munications technii jail, spent three years 
in the Navy during World War 11 in the 
European Theater, during which service he 
received a letter of commendation. Ile 
joined W M in 1940 as a transmitter tech-
nician at hull. He has been in charge of 
wwz-Tv technical facilities since the in-
auguration of video in Boston. 
Mr. Osgood has been supervisor of 

WBZ's Hull transmitting facilities since 
December, 1943. Ile has been with the 
station for twenty years. 
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PAUL ROSENBERG 

Paul Rosenberg (A'43) has been elected 
president of the Institute of Navigation for 
the academic year 1950-1951 and will suc-

ceed Rear Admiral 
Gordon McLintock, 
USNIS. Dr. Rosen-
berg has been elected 
also as the General 
Chairman of the joint 
meeting and the sym-
posium, which will 
be held by the Insti-
tute of Navigation, 
. the Radio Technical 
Commission for Aer-
onautics, as well as 
the Radio Technical 

Commission for Marine in New York, N. Y., 
on September 19, 20, and 21. The general 
theme of his three-day meeting will be 
"The Application of Electronics to the Re-
lated Problems of Air, Marine, and Land 
Navigation." 
He is also president of Paul Rosenberg 

Associates, consulting physicist, in New 
York, N. Y., a firm which he has headed 
since its founding in 1945. He directs the 
firm's work of consultation, research, and 
development in the industrial and military 
applications of physics and related sciences. 
During the war Dr. Rosenberg was a 

staff member of the NDRC Radiation 
Labc.-atory at the Massachusetts Institute 
of Technology, where he did work in radar, 
synthetic training devices, and ultrasonics. 
Before the war he was lecturer in physics at 
Columbia University, doing research in 
molecular beams. He was also instructor of 
physics at Hunter College. 
He served for three years as technical 

advisor to the president in the Institute of 
Navigation. He was co-chairman of the Na-
tional Committee on Upper Atmosphere and 
Interplanetary Navigation. 

Glenn H. Browning (A'24-M'28-SM'43), 
was honored at the annual commencement 
exercises of Cornell College, Mount Vernon, 

Iowa, when he re-
ceived the honorary 
degree of Doctor of 
Scient e. 
Mr.  Browning, 

who has been presi-
dent  of  Browning 
Laboratories,  Inc., 
Winchester,  Mass., 
since 1937 when the 
company was formed, 
was born in Mount 

GLENN H. BROWNING Vernon in 1897. He 
was graduated from 

Cornell College with the B.A. degree in 
1921 and earned highest honors in the 
class. He was elected to membership in 
Phi Beta Kappa. 
He was awarded the Lydia C. Perkins 

Scholarship to Cruft Laboratory graduate 
work at Harvard University. From 1923 
to 1924 he was a research fellow in electrical 
engineering at Harvard. In conjunction 
with F. H. Drake, he developed a special 
mathematically designed tuned radio-fre-
quency transformer which was incorporated 

in a circuit later known as the Browning-
Drake Circuit. 
From 1924 until 1937 he was a radio and 

research consulting engineer, as well as 
president of Browning-Drake Corp. 
He is listed in "Who's Who in Engineer-

ing," "Who's Who In New England," and 
"Biographical Encyclopedia of the World." 

Lynn C. Holmes (M'44-SM'48--F'49), 
has been appointed associate director of re-
search of the Stromberg-Carlson research 

laboratory, and will 
share with Director 
Benjamin Olney the 
guidance of the firm's 
research  activities. 
Ile has been senior 
elect rical  engineer 
ever since he joined 
the company in 1943. 
Mr. I 101IIICS,  ts ho 

was graduated from 
Rensselaer Polytet h-
nic Institute in 1925, 
taught there for the 

following 18 years. lie earned the degrees 
of E.E. and NELL. 
Awarded the honor of Fellow grade in the 

IRE last year, NIr. Holmes is well known in 
the field of magnetic sound recording, %%here 
he has made important contributions to the 
theory and pr-act it e in the field. Ile is also 
affiliated with the AIEE, RNIA. the Ameri-
can Standards Association, the Acoustical 
Society of America. and Sigma Xi. lie is the 
alternate Stromberg-Carlson representative 
in the Industrial Research Institute. 

LYNN C. HOLMES 

John M. Ide (.1'47. has been promoted 
to one of the top 400 positions in the federal 
civil service. His post its (. hie( scientist and 
director of resean h at Navy Underwater 
Sound laboratory has been allocated to civil 
service grade GS-16. 

Dr. Ide, Ns ho has served in his present 
capacity since Nlarch 1, 1945. has devoted 
almost 20 years to teaching and research in 
communications engineering at I farvard 
I 'niversity, industrial resean h itt geophysi, s 
for the Shell Oil Co., and resean it and de-
velopment for the Navy in the field of 
underw,tter sound at the Naval Research 
Laboratory, Washington, I. C., and the 
Siiund Laboratory. 

R. C. Cheek (N1'47), Central Station En-
gineer  of the westinhouse Electric Corp., is 
the 1949 winner of the award given by the 
Eta Kappa Nu Assrx ia t ion, an electrical engi-
neering honor society, to the most outstand-
ing young electrical engineer of the year. 
Given annually since 19.36, the au ard has 

been won by many other IRE members in-
cluding the following: W. E. Bock (SNI'45) 
in 1938: L. A. Meacham (A'38-SN1'45-F'48) 
in 1939: J. E. Hobson (M'45) in 1940; 
Cledo Brunetti (A'37- Sl\l'46-F'49) in 1940; 
J. R. Pierce (S'35- A'38-SM'46 F'48) in 
1942: N. I. Hall (SN1'47) in 194.3; R. R. 
Hough (S'40 -A'43 -SN1'46) in 1947; and A. 
M. Zarem (S'42-A'46) in 1948. 

Peter C. Goldmark (A'36-A1'38-F'42) 
has been appointed vice-president in charge 
of engineering research and development at 

the Columbia Broad-
casting System. For-
merly, he was direc-
tor  of  engineering 
and  research  de- - 
velopment where he • 
and his associates de-
veloped  the  CBS 
color television sys-
tem and its long- ;. 
playing records. 
Dr.  Gold mark, 

who developed the 
long-microgroove 

phonograph record through nearly three 
years of intensive laboratory work, joined 
CBS in 1936 to take part in research and 
television activities. Within a short time he 
was named chief television engineer, and in 
&vet-fiber, 1940, demonstrated the CBS 
full-color television system v, hich he de-
veloped for ultra-high frequency brostdc'ast-
ing. During the war Dr. Goldrnark and his 
associates were engaged exclusively in elec-
tronic research for the Armed Services. 
Much of this work took hint to the Fur 'pt. in 
and South Pacific theaters of war. 
Born on December 2, 1906, in Budapest, 

Hungary, Dr. Goldmark is a graduate of 
Vienna .fechnical College, Vienna, A ti,1 ri,i, 
from which institution he also hulds the 
Ph.D. degree. 

lie ‘‘ as awarded the IRE Morris Lieb-
mann Memorial Prize in 1945 for his -con-
tributions to the development of television 
systems, particularly in the field of color." 
lie has served on several IRE committees. 

PETER C. GOLDMARK 

Russel H. Varian (A'40) and Sigurd F 
Varian have been awarded the John Price 
W'etherill Medals by the Franklin Institute, 
Philadelphia, Pa., for their development of 
the kl stroll, a new kind of radio tube %% huh 
played a major role in World War II. The 
tube has made it possible to transmit tele-
phone conversations over long distances 
without the use of wires, and has contributed 
to much peacetime exploratory work in the 
electromagnetic spectrum. 
Dr. Russell Varian, who was born in 

Washington, D. C., in 1898, was grraduated 
from Stanford University in 1925 and re-
ceived the NI.A. degree from the same insti-
tution two years later, lie also holds an 
honorable D.Eng. from Brooklyn Poly-
technic Institute, In 1929 he became a re-
search physicist with the Humble Oil Com-
pany in Texas, and then went to Farnsworth 
Television Corporation in 1930. 
lie is a Stanford Research Associate, and 

also president of Varian Associates, or-
ganized in 1948. lie holds membership in 
several scientific organizations. 

Walter F. Bram (A'49) has joined the 
engineering staff of the Ballantine Labora-
tories, Inc., at Boonton, N. J., as a senior 
engineer. Mr. Krant specialized for over 10 
years in instrument development work for 
the Standard Telephone and Cable Com-
pany of London. 
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Industrial Engineering 
Notes' 
RTMA ENGINEERS ATTACK 

FM INTERFERENCE DATA 

\V. R. G. Baker, Director of the RTMA 
Engineering Department, has supplied each 
RTMA Board member with the latest in-
formation concerning FM radiation inter-
ference problems. 
Dr. Baker noted that each company had 

been asked to prepare FM receivers with the 
latest interference reducing circuits, shields, 
etc., and to submit it for test. The sets 
should be sent to Stuart \V. Seeley, of the 
RCA Laboratories, who will conduct the 
interference test. 
It was also pointed out that a meeting 

with the FCC on both FM and TV inter-
ference has been scheduled for September 12 
at the Carlton Hotel in Washington, D. C. 
Dr. Baker told the Directors: "This letter is 
being directed to you personally to call your 
specific attention to the importance of this 
matter and urge you to have your engineers 
pay particular attention to this important 
subject." 

M OBILIZATION 

The Government has announced its 
general deferment policy for Army, Navy, 
and Air Force reserves, and National Guards-
men in key civilian jobs. The new policy does 
not apply to the draft. The Commerce De-
partment has published a list of "essential" 
industries and the Department of Labor 
made public its list of "critical" occupa-
tions. Defense Department officials said the 
three armed services would use both lists in 
deciding whether a worker should be left at 
his civilian job, or called to active duty. 
Copies of the lists may be obtained by writ-
ing to either Department, Washington 25, 
D. C., and asking for "Tentative Lists of 
Essential Activities" from Commerce and 
the "List of Critical Occupations" from the 
Labor Department . . It appears that the 
military will give more weight to the "criti-
cal occupations" list than to the "essential 
activities" list. In the Labor Department 
list of "critical occupations" submitted to 
the Department of Defense, Secretary of 
Labor Maurice J. Tobin said: "In the prepa-
ration of the list of critical occupations, 
selection of specific occupations was made 
on the basis of three major considerations. 
These were: (a) The demand, in essential 
industries and activities for persons qualified 
to work in the occupations would exceed the 
total supply under conditions of full mobili-
zation; (b) a minimum training time of 2 
years (or the equivalent in work experience) 
is necessary to the satisfactory performance 
of all the major tasks found in the occupa-
tion; (c) the occupation is essential to the 
functioning of the industries or activities in 
vAii( h it occurs." 
Key personnel of the radio and television 

manufacturing industry is in the Labor list 

under Engineer, Electrical. The definition 
submitted to the military is: 
Engineer, Electrical (Electrical Engineer 

0-17.01, DOT P. 447) Performs one or more 
the following functions in the field of electri-
cal engineering requiring fulfillment of edu-
cational, experience or legal qualifications 
established by engineering colleges or licens-
ing authorities: Plan and supervise con-
struction and operation of electric power 
generating plants, transmission lines and 
distribution systems: plan and supervise 
construction and installation of illumination, 
wire communication, and electric transpor-
tation systems; design and develop radio, 
television, electronic and allied equipment 
and supervise manufacture of various types 
of electrical machinery and apparatus, such 
as motors and generators, converters and 
regulators, switch gear, and welding equip-
ment. May also specialize in research, con-
sulting, inspection, testing, teaching at the 
university level, specification and other 
technical writing, and sales and service of 
complex electrical equipment. This title 
includes all related titles with the same 
Dictionary of Occupational Titles code 
number. 
If a key member of industry is a reservist. 

or a National Guardsman, and is called up 
by the military, he can, if desired, apply for 
deferment. Such a request should be made 
only after a man is called to active duty. 
Any deferment request should be handled 

as follows: 
Army—If you are in the Army's or-

ganized reserves you should apply through 
your unit commander or unit instructor to 
the commanding general of the Army area in 
which you live. However, if your unit doesn't 
meet often, or you are an inactive reservist, 
it would be wise to save time by sending your 
request direct to the commanding general. 
He is the one who has the final decision on 
deferment in each individual case. 
Navy—If you're a non-aviation reserve 

officer you should write The Chief, Bureau 
of Naval Personnel, through your naval dis-
trict commandant. Aviation officers and en-
listed men should apply to the Chief of 
Naval Air Reserve Training, Naval Air 
Station, Glenview, Ill. Non-aviation en-
listed men write to their naval district com-
mandant. 
Marine  Corps—You  should apply 

through the usual "chain of command," 
starting with your local instructor. 
Air Force—Write the headquarters of 

the numbered Air Force for the area in 
which you live. 
National Guard (Army or Air)—Apply 

to the adjutant general of the state where 
your unit is organized. 

I The data on which these NOTES are based were 
selected. 1,y pern.ission. front Industry Reports, issues 
of August 4. August 11. August 18. and August 25, 
published by the Radio-Television Manufacturers 
Association, whose helpful attitude is gladly acknowl-
edged. 

BROADER INDUSTRY COVERAGE IS 
SOUGHT ON UNITED STATES LIST 

Upon authorization of President Robert 
C. Sprague, Chairman John W. Craig of the 
RTMA Industrial Relations Committee has 
appointed a subcommittee with instructions 
to review the U. S. Labor Department's 
critical occupations list (RTMA Industry 
Report, Vol. 6, No. 34) and make recom-
mendations for expanding it to give the 
radio-television industry adequate protec-
tion. 

Harold W. Butler of the Philco Corp. 
was named Chairman of the subcommittee, 
and other members are E. M. Tuft of the 
RCA Victor Division, and Harvey T. 
Stephens of International Resistance Co. 
Under the present critical occupations 

list, only engineers in the radio-television 
industry are clearly identified as subject to 
temporary deferments in calls for reserve 
officers. These are covered under the listing, 
"Engineers, Electrical." 
The matter previously had been brought 

to the attention of the U. S. Labor Depart-
ment, as well as manpower officials of the 
Munitions Board and the National Securi-
ty Resources Board by General Manager 
James D. Secrest. 

CCIR STUDY GROUP REPORTS 
ACTIONS TAKEN AT GENEVA 

The U. S. State Department has received 
a telegraphic report on actions taken by a 
subgroup of CCIR Study Group No. 11 
which met in July at Geneva, Switzerland. 
RTMA was represented at this international 
television session by I. J. Kaar of General 
Electric Co., Chairman of the Committee on 
Television, Receiver Section of the RTMA 
Engineering Department. 
The subcommittee under the chairman-

ship of W. Geber of Switzerland met in an 
effort to secure uniformity of characteristics 
of a standard using 625 lines. The group ar-
rived at the following conclusions: (1) A 
7-Mc channel; (2) 625 lines per picture inter-
laced 2 to 1; (3) operation independent of 
power supply frequency; (4) standard line 
scanning frequency of 15,625 with a toler-
ance of 1/10 per cent and a field frequency 
of 50 per second; (5) aspect ratio of 4 hori-
zontally and 3 vertically; scanning left to 
right horizontally and top to bottom verti-
cally; (7) amplitude modulation for video 
with specified asymmetric sideband char-
acteristics; (8) negative video modulation; 
and (9) FM for sound with 50-kc deviation. 

AIR M ATLRIEL COMMAND SURVEYS 

REQUIREMENTS FOR PERSONNEL 

The Intelligence Department of the Air 
Materiel Command is completing a re-
analysis of its functions and the determina-
tion of personnel requirements for the re-
sultant organization. The survey has re-
vealed an urgent need for certain types of 
highly qualified technical or scientific per-
sonnel in positions, most of which are estab-
lished by Air Technical Intelligence Special-
ists. 
The Air Technical Intelligence Special-

ists perform, direct, and control air technical 
intelligence research to determine the ac-
complishments of foreign nations in con-
ducting aerial warfare. In assessing the 
capabilities of foreign countries in their vari-
ous fields it is often necessary to use incom-
plete and fragmentary information. This 
type of work requires personnel capable of 
performing and supervising a high level of 
technical analysis work, so they must be well 
qualified as engineers or scientists in their 
specialized fields. In addition, they are re-
quired to be adaptable to intelligence re-
search work, in that they must be capable of 
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conducting studies utilizing fragmentary 
and incomplete information, employing to a 
considerable degree deductive reasoning 
based on their knowledge of sound applica-
tion of scientific and engineering principles 
and good common sense. They must also be 
familiar with the significance of the technical 
capabilities of equipment with respect to air 
power in order to appreciate the intelligence 
significance of information with which they 
are dealing. 
Starting salaries of positions for which 

personnel are most urgently needed at the 
present time range from $5400 to $8800 per 
annum. For further information write to 
Intelligence Dept., Air Materiel Command, 
Wright-Patterson Air Force Base, Dayton, 
Ohio. 

Books 

RADIO AND TELEVIsIoN NEWS ABRoAD 

Sales of radio receiving sets by Canadian 
producers in May totaled 51,616 units, 
valued at $3,805,166 at list Kid  ai iriliug 
to the U. S. Department of Commerce. In-
cluded are 686 television sets valued at 
$314,480. Prochicer sales for the first five 
months totaled 256,781 units valued at 
$20,920,969, including 4,248 television sets 
valued at $1,791,280. In the first five months 
of 1950, imports of radio receiving sets 
totaled 10,785 units and exports 13,956 
units ....Radio and television receiving 
licenses in force June 30, 1950, in the United 
kingdom were as follows: Radio, 11,871,312, 
of which 1,184,282 were in London; tele-
vision, 400,375, of which 113,848 were in 
London. 

1(TNI. -NSIA ('o%t%ttl I ic NAME CHANGE,: 

The name of the National Electronic" 
Alohilizotion Committee, formed .1 'twist E' 
by 1<"I .\1.1 and the National ",c, Drily In-
dustrial Association, (1<1 \I.\ Industry Re-
port, \'‘)I. 6, No. .33) hos I,aI hanged to 
the Joint Electronics Indust! s Committee, 
Chairman F. R. I..  lie. tuiti on,ed. 
Ile has also statcd thot the Committeei 

has retained John I.. ',1111is on. former Secre-' 
lary of Navy and 1001k itied with the; 
law firm of Sullivan, Bernard, and Shea, as'j 
sped ial counsel. 

II. (;. Ileauregard has been appointed 
Secretary of the Committee, and a head-
quarters has been eslitIllislied at 804 Ring 
Building, 1200 18 Street, N. \V., 1Vashington 
6, C. 

Electron Tube Circuits by Samuel Seely 
Published (1950) by McGraw-Hill Book Co.. 330 

W. 42 St., New York. N. Y. 488 pages +16-page 
index-1-23-page appendix-Fix pages.  509 figures. 
9 X6. $6.00. 

With the ever-widening sphere of ap-
plication of electron tubes there has conic 
the need of a presentation of their properties 
on a somewhat more general level than is 
customary in texts devoted to the com-
munications field. The nuclear physicist 
building an amplifier for detecting fast par-
ticks, the mathematician designing an elec-
tronic computer, or the process-control 
engineer making an electronic servoinecha-
nism are only a sample of the enlarged 
group now concerned with tubes and their 
application. The present text is an ap-
proach to this need, comprising a presenta-
tion of fundamentals with illustrations from 
both communications, and other fields. It is 
intended as a beginning text, presupposing 
a knowledge of basic ac circuit theory and 
some slight acquaintance with the physics of 
electron tubes. The first part of the book is 
devoted to a review of the fundamental 
properties of tubes and  their circuits. 
Equivalent circuits are introduced on both 
current and voltage bases. The next section 
deals with untuned amplifiers including some 
of the fundamental computing circuits as 
well as switching and gating circuits. Then 
come sections on tuned amplifiers, oscil-
lators, rectifiers, and filters (including a good 
discussion of stabilized power supplies) 
amplitude modulation and demodulation, 
frequency modulation and detection, and 
finally chapters devoted to special circuits 
originating largely in radar and television. 
On the whole, the choice of topics seems 

to be excellent. To the reviewer it is a source 
of regret that no room is found for any 
mention of fluctuation noise as a limit to 
useful amplification, and of the factors in 
tube and circuit design that tend to mini-

mite such noise. In addition, it ,eems that 
sonic topics are not treated as caret Idly 
as they should be: tor example, I HI page 
378 two circuits are shown labelled as 
pre-emphasis circuits. Actually one is and 
the other is not, as is borne out by the ac-
companying mathematical treatment, al-
though the correct expression for a pre-
emphasis circuit does not appear anywhere 
in the entire section. Sonic reservations 
must also be expressed concerning the treat-
ment of feedback amplifiers in Chapter V. In 
spite of such points of criticism, the book 
should prove eminently useful, particularly 
after exposure to the eagle eyes of a few 
classes has caught the various errors that 
seem to be inevitable in a new book. 

S. N. VAN VOORHIS 
University of Rochester 

Rochester. N. Y. 

Practical Television Servicing and Trouble.. 
Shooting Manual by The Technical Staff of 
Coyne  Electrical  and  Radio-Television 
School 

Published (1949) by Greenberg Publishers. 201 
57 St.. New York 22, N.Y. 392 pages +7-page index 
+iv pages. 265 figures. 5i X8f. 84.25. 

The purpose of this new book is to bring 
the radio serviceman up-to-date in tele-
vision. Presupposing a knowledge of ele-
mentary radio theory, an authoritative dis-
cussion of television servicing and trouble-
shooting is presented. 
The book is fairly complete and clearly 

written. No mathematics is used. Its chief 
attribute is that it tells the reader exactly 
what to do and how to go about servicing a 
modern television receiver. 

It is the opinion of this reviewer that this 
book serves the above purpose well and that 
an excellent effort to explain TV circuits and 
circuit behavior has been made. Further-

more, the book abounds with illustratidins. 
There are many reproductions of faulty 
kinescope test patterns, circuit diagra ms, 
sketches of response curves and pulse shapes, 
and photographs of important TV set sec-
tions. Many of the circuit diagrams are 
taken from modern commercial receivers. 
There are nine chapters cover TV 

servicing  methods,  service instruments, 
tuners, TV sound, IF amplifiers, video IF 
alignment, sound alignment, tuner align-
ment, the video detector, and amplifier. The 
next eight chapters cover kinescope input 
circuits, the sync section, sweep oscillators, 
afc circuits, sweep amplifier and deflection 
circuits, kinescope tube servicing and adjust-
ment, Tv power supplies, and TV antennas. 
(Built-in  antennas, unfortunately, have 
been overlooked in the chapter on antennas.) 
The eighteenth chapter is timely, cover-

ing color T\'. Illustrative diagrams are 
actually printed in three colors and the 
rudiments of the simultaneous, field-sequen-
tial color systems are discussed'. However, 
no mention is made of the RCA dot-interlace 
time-multiplex color system. A short discus-
sion is also given on uhf and distributed-
constant effects at these frequencies. 
The book "Television Servicing and 

Trouble-Shooting" would make a useful ad-
dition to the library of anyone working in 
this field. 

It should be kept in mind, however, that 
TV receiver design is undergoing a rapid de-
velopment not only because of heavy con-
sumer demand, but also because of improve-
ments in transmitting methods, a possible 
shift in emphasis from vhf to uhf in view of 
new channel assignments, and other reasons. 
It should, therefore, very likely become 
necessary to revise this book (and most other 
books on TV servicing) within a few years. 

FRANK R. ARAMS 
Special Development Group 

Radio Corporation of America 
Harrison. N. J. 
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Sections* 

Chairman 

, J. S. Hill 
! Box 298 
Hudson, Ohio 

%V. J. Miller 
1074 Springdale Rd. 
Atlanta 6, Ga. 

J. W. Hammond 
4 Alabama Ct. 
I Towson 4, Md. 

J. Petkovsek 
1015 Ave. E. 
Beaumont, Texas 

W. II. Hauser 
WI)?.,  ‘VBZ-F M, WBZ-
TV 

1170 Soldiers Field Rd. 
Boston \lass. 

M. J. Kobilsky 
FabricaArgentina0eProd. 

V Ak. ForeFt 
Bueno  Aires, Argentina, 

K. R. Wendt 
Colonial Radio Corp. 
1280 Main St. 
Buffalo 9, N. V. 

D. B. Harris 
2003 Glenway Dr. 
Cedar Rapids, Iowa 

Kipling Adams 
General Radio Co.. 
920 S. Michigan Ave. 
Chicago 5, Ill. 

A. B. Bereskin 
452 Riddle Rd. 
Cincinnati 20, Ohio 

J. B. Epperson 
Seripps-Ifoward Radio 
Box 228 
Berea, Ohio 

G. E. Mueller 
Elec. Eng. Dept. 
Ohio State Un. 
Columbus, Ohio 

Herbert L. Krauss 
Dunham Laboratory 
Yale University 
New haven, Conn. 

J. II. Ilomsy 
6022 Vanderbilt 

llexas 

C. J. Marshall 
2412 Rosewood Ave. 
Dayton 9, Ohio 

W. E. Clyne 
4255 Marshall St. 
VVIieatridge, Colo. 

,1 I" • •i.lson 
Dept . Eng. 
low a  • e College 
Am • I,iwa 

N. ( L k 

300 \i% Chicago Ave. 
Detroit 6, Mich. 

W. J. Peterwm 
.322 E. Allegheny Ave. 
Emporiurn, Pa. 

R. E. Moe 
Eng. Dept. 
General Elec. CO. 
Owensboro, Ky. 

Ii. II. kattm 
2506 Terrine Rd. 
Ft. Wayne .3, Ind. 

Secretary 
AKRON (4) R. L. Burtner 

Goodyear Aircraft Corp. 
1210 :Massillon Rd. 
Akron, Ohio 

ATLANTA (6) D. B. Buchanan 
Nov. 17-Dec. 15 5130 Powers Ferry Rd. 

Atlanta Ga. 

BALTIMORE (3)  C. E. McClellan 
Westinghouse Elec. Corp. 
2519 Wilkins Ave. 
Baltimore 3, Md. 

BEAUMONT-  C. B. Trevey 
PORT ARTHUR (6)  2.555 Pierce St. 

Beaumont, Texas 

BOSTON (I)  Frank 0. LEWIS 
(;(1P•fai Radio Co. 
275 Mass. Ave. 
Cambridge, Mass. 

BUF:NOS AIRES  H. T. Magno 
(11  Mirasol 451 

Buenos Aires, Argentina. 
S.A. 

BUFFALO-NIAGARA II. G. Kuhn 
(4)  211 Frankhauser Rd. 

Nov. 15-Dec. 20  R.F.D. *3 
Williamsville, N. V. 

CEDAR RAPIDS (5) J. L. Hollis 
2900 E. Ave. N.E. 
Cedar Rapids, Iowa 

CHICAGO (5) R. M. Krueger 
Am. Phenolic Corp. 
183)) S. 54 Ave. 
Chicago 50. Ill. 

CINCINNATI (5) W. B. Shirk 
6342 Hamilton Ave. 
Cincinnati 24, Ohio 

CLEVELAND (4)  J. L. Hunter 
Nov. 23-Dec. 28 John Carroll Univ. 

Cleveland, Ohio 

CoLt -stnus (4)  %V. F. Rite 
Nov. 10-Dec. 8 95 E. Ninth Ave. 

Columbus, Ohio 

CONNECTICUT 
VALLEY ( 

John Merrill 
16 ()ranada Terr. 
New London, Conn. 

DALLAS-FOR I  R. A. Arnett 
WORTH (6)  I3ox 7166 

Dallas, Texas 

DAYTON (5) 

Dv.Nvvie (5) 

1)E'. MOINES-
AmEs (5) 

Ircrinirr (4)  I'. L. Giiiiily 
Nov. 17 Dec. 15 .5.5 %V. ( .111 held Ave. 

Detroit, Mu Ii. 

Estrostalw (4)  W. R• 
364 E. Filth St. 
Empori Ill, hi 

E VA . %V. A. Clialberg 
Owl:mi.-most> 316 E. Ninth St. 

Owens! . Ky. 

FORT W AYNE (5) 

R. W. [nelson 
551 Daytona Pkwy. 
Dayton, Ohio 

R. E. Swanson 
1777 Kipling St. 
Denver 15 Colo. 

A. D. Parrott 
Nort -ite m Bell Tel. CO. 
601  Ninth St. 
a-. Moines 9, Iowa 

R. B. Jones 
4322 Arlington Ave. 
Ft. Wayne, Ind. 

• Numerals in parentheses following Section designate Region numlrer. 

Chairman 
R. J. Pierce 
160 Hind Dr. 
Honolulu, T. II. 

G. K. Miller 
1622 W. Alabama 
Houston 6, Texas 

G. II. Fathauer 
4125 E. 10 St. 
Indianapolis 1, Ind. 

F. M. Ashbrook 
111-A Ellis 
China Lake, Calif. 

J. B. Ileffelfinger 
81.5 E. 83 St. 
Kansas City 5, Mo. 

F. P. Kehoe 
1338 Brydes St. 
London, Ont., Canada 

R. L. Sink 
Consolidated Eng. Cc. 
620 N. Lake Ave. 
Pasadena 4, Calif. 

S. T. Fife 
Univ. of Louisville 
Louisville, Ky. 

H. F. Loeffler 
845 N. 35 St. 
Milwaukee 8, Wis. 

J. C. Bernier 
Ecole Polytechnique 
1430 St. Denis 
Montreal, Que., Canada 

T. S. Church 
3.325 49th Loop 
Sandia Base Branch 
Albuquerque. N. M. 

R. D. Chipp 
Dumont Tel. Network 
515 Madison Ave. 
N. Y. 22, N. Y. 

C. M. Smith 
Radio Station W MIT 
419 N. Spruce St. 
Winston Salem, N. Car. 

M. %V. Bullock 
Capital Broadcasting Co. 
501 Federal Securities 
Bldg. 

Lincoln 8, Neb. 

J. T. Henderson 
11 Primrose St. 
(it tawa, ( int  (fan. 

A. Ginn sr 
E I)  E.P.1). 131d. 10-7 
1(1 Vii tor Div. 
( Helen N. J. 

W. 11 I la trillion 
'55 ,_ti  Res. Labs. 
1...ed Pittsburgh, Pa. 

E Miller 
3122 S.E. 73 Ave. 
Portland 6, (be. 

L. J. Giacoletto 
ItCA Laboratories 
Princeton N. J. 

J. A. Widgets 
I 1 unt Mgt on I hills 
Rochester, N. V. 

TERRITORY OF 
HAWAII (7) 

HOUSTON (6) 

INDIANAPOLIS (5) 

INYOKERN (7) 

KANSAS CITY (5) 

LONDON, ONTARIO 
(8) 

Los ANGELES (7) 

Secretary 
R. R. Hill 
Mutual Tel. Co. 
Box 2200 
Honolulu 5, T. H. 

Wayne Phelps 
26 N. VVynden Dr. 
Houston 19, Texas 

J. H. Schultz 
Indianapolis Elec. School 
312 E. Washington St. 
Indianapolis 4, Ind. 

D. L. Ewing 
309-B Fowler 
China Lake, Calif. 

Mrs. G. L. Curtis 
6005 El Monte 
Mission, Kan. 

R. B. Lumsden 
Bell Telephone Co. 
London, Ont., Canada 

W. G. Hodson 
524 Hampton Rd. 
Burbank, Calif. 

LOUISVILLE (5) I. W. Lyle 
Route 3 
Jeffersontown, Ky. 

MILWAUKEE (5) D. E. Mereen 
805 S. Fifth St. 
Milwaukee 4, Wis. 

MONTREAL, QUEBEC N. R. Olding 
Canadian Broad. Corp. 
Box 6000 
Montreal, Que., Canada 

B. J. Bittner 
3110 42 Pb. 
Sandia Base Branch 
Albuquerque, N. M. 

(8) 
Nov. 8-Dec. 13 

NEW MEXICO (7) 

NEW YORK (2) 

NORTH CAROLINA-
VIRGINIA (3) 

O MAIIA—LINCOLN 

(5) 

T. Budenbom 
Bell Tel. Lab., Inc. 
Whippany, N. J. 

V. S. Carson 
Elec. Eng. Dept. 
N. C. State College 
Raleigh, N. Car. 

C. W. Rook 
Dept. of Eke. Eng. 
Univ. of Nebraska 
Lincoln 8, Nebr. 

OTTAWA, ONTARIO E. L. R. Webb 
(8)  31 Dunvegan Rd. 

Ottawa, Ont., Canada 

C. M. Sinnett 
Adv. Dev. Sec. 
RCA Victor Div. 
Camden, N. J. 

PHILADELPHIA (3) 
Oct. 5 

PrrTsistruGif (4) 
Sept. 11-Oct. 9 

POR (LAND (7) 

PR INCRTON (3) 

RocirEsTnn (4) 
Nov. 16-Dee. 21 

V. G. Shaw 
Farmer's Eng. & Mfg. Co. 
549 Brushton Ave. 
Pittsburgh, Pa. 

[henry Sturtevant 
8211 S. W. Westgard Ave. 
Portland 19, Ore. 

W. II. Surber 
School of Engineering 
Princeton University 
Princeton, N. J. 

J. C. O'Brien 
283 Malden St. 
Rochester 1.4, N. V. 
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Sections 

Chairman 
N. D. Webster 
515 Blackwood 
N. Sacramento, Calif. 

C. E. Harrison 
4530-A W. Papin SL 
St. Louis 10, !Mo. 

C. R. Evans 
Radio Station KSL 
Salt Lake City, Utah 

F. E. BroOks 
143 Eng. Bldg. 
University ol Texas 
Austin, Texas 

E. W. Thatcher 
2661 Poinsettia Dr. 
San Diego 6, Calif. 

R. A. Isberg 
Radio Station KRON 
901 Mission St. 
San Francisco, Calif. 

S. D. Bennett 
3437-36 Ave. W. 
Seattle 99, Wash. 

II. L. Thorson 
General Elec. Co. 
Bldg. 269 
St)it•tiectady, N. Y. 

L. R. Fink 
416 Cherry Rd. 
Syracuse 9, N. Y. 

M. W. Keck 
2231 Oak Grove Pl. 
Toledo, Ohio 

Secretary 
SACRAMEN10 (7) J. R. Millet 

3991 3rd Ave. 
Sacramento Calif. 

Si. LOUIS (5) 

SALT LAKE (7) 

SAN ANTONIO (6) 

SAN DIE(.0 (7) 
Nov. 7-Dec 

SAN FRANCISCO (7) 

SEATTLE (7) 

SCHENECTADY 

(2) 

SYRACUSE (4) 

TOLEDO (4) 

T. I. Millen  TORONTO, O NTARIO 

Phi'co Corp. of Canada, (8) 
Ltd. 

1244 Dufferin St. 
Toronto. Ont.. Canada 

Orvi I' \ I(ecklund 
I)ept , • I '• t Engr. 
rnivei  • \linnesota 

14. Nl liii 

Keron C. NIorrical 
Dept. of I•dect. Engr. 
\Vashington I'in vet sit y 
St. Louis 5, Nlo. 

E. C. Madsen 
Dept. of Elec. Eng. 
University of Utah 
Salt Lake City, Utah 

A. II. La Grone 
Box F 
University Sta. 
Austin 12, Texas 

J. P. Day 
3565 Ingraham St. 
San Diego 9, Calif. 

A. R. Ogilvie 
Render Co., Ltd. 
2101 Bryant St. 
San Francisco, Calif. 

J. E. I\ lason 
2318 Tenth St. 
Bremerton, Wash. 

J. D. Cobine 
General Elec. Res. Lab 
The Knolls 
Schenectady, N. Y. 

Samuel Seely 
Dept. of Applied Science 
Syracuse University 
racuse10, N. Y. 

E. V. Birk 
723 Lodge Ave. 
Toledo 9, Ohio 

G. E. :McCurdy 
McCurdy Radio Ind. 
33 Melinda St. 
Toronto. Ont., Canada 

T WIN CITIES (5)  Arnold A. Cohen 
Engr. Research Assoc. 
1902 W. Minnehaha Ave. 
St. Paul 4, Minn. 

Chairman 
II W. Wells 
cat negie Inst. ot 
241  Hi oil Branch Rd. 
N \‘'. 

\\'.,,hingt on, 1). C. 

li hard Blythe 
I )0•14. oil Physics 
1111, knell Univ. 
\‘isburg, Pa. 

Secretary 
W ASHINGTON (3) Mark Swanson 

8704 Maywood Ave. 
Silver Spring, Md. 

W ILLIA MSPORT (4)  R. C. Walker 
Sept. 27-Oct. 24  Box 414, Btu-knell I ,,v 

Lewisburg, Pa. 

SUBSECTIONS 
Chairman  Secretary 

C. E. Houston 
1614. ol LW,. Engl. 
'I ex.'s Tech. College 
Luld  k Texas 

F. T. Hall 
D ela. '4 Elec. Engr. 
l'enn,ylv.inia St. College 
State ('ollege, Pa. 

A. II. Sievert 
Canadian \Vestingliouse 
Co. 

flamilton, Out., Canada 

S. K. Waldorf 
Penn. \\*.iter & Power Co. 
1.111ton Bank 13Idg. 
1„,16 aster, Pa. 

(I. M. Dunning 
I Iczeltine Elec. Corp. 
5s25 Little Neck Pkwy. 
Little Neck, L. I., N. Y. 

.\. C. Beck 
Il-Il"Feleplione Lal)s. 
I lolindel, N. J. 

A. W. Parkes, Jr. 
Aircraft Radio Corp. 
Boonton, N. J. 

()corp. \Veiler 
1429 E. Monroe 
South liend, Ind. 

R. M. Wainwright 
klec. Eng. Department 
Vniversity ot Illinois 
l'rbana, 

R. D. Cahoon 
( B.C. 
Winnipeg, Man., Canada 

A MARILLO-LI•EBuCK R. I. I.  

(6) 2704-31 St. 
(Dallas-Ft. Woith Lubbock, Texas 
Subsection) 

C EN IRE C OUNTY 

(4) 
(Emporium 
Subsection) 

H A MILTON (8) 
(Toronto Sub-
section) 

LANCASTER (3) 

(Philadelphia 
Subsection) 

LONG ISLAND (2) 
(New York 
Subsection) 

M ONMoUlll (2) 

(Ne w York 
Subsection) 

N OR THEP N N. J. 
(2) 

I Ne w York 
'sithsection) 

So iii Hi ND (5) 
(Clot:ago 
Subsection) 

URBANA (5) 

(Chicago 
Subsection) 

W INNIPEG (8) 

(Toronto 
Subsection) 

J. H. Slaton 
Dept. of Electrical Eng. 
Pennsylvania St. Coll,ge 
State College. Pa 

J. II. Pickett 
Aerovox Canada Ltd. 
1551 Barton St. E. 
Hamilton, Ont., Can.: ,la 

A. C. Grimm 
RCA Victor Div. 
Dept. 970 
Lancaster. Pa. 

David Dettinger 
Wheeler Labs. 
259 09 Northern Blvd. 
Great Neck, L. I NN . Y. 

W. M. Goodall 
Bell Telephone Labs. 
‘Vhale1 ,0161 Itcl• 
Deal, N. J. 

A. G. Richardson 
180 Vreeland Ave. 
Boonton, N. J. 

A. R. O'Neil 
Radio Sta. F 
1525 N. Adam , 
South Bend 

M. IL Crothers 
Elec. Eng. Department 
University of Illinois 
Urbana, Ill. 

J. R. B. Brown 
Suite 2 
642 St. Marys Rd. 
Winnipeg, Man., Canada 

Professional Groups 

Chairman 
ANTENNAS AND PROPAUA I luN 

AUDIO 

BROADCAST AND TELEVISION 
RECEIVERS 

BROADCAST TRANSMISSION SYS-
TEMS 

CIRCUIT THEORY 

Newbern Smith 
National Bureau of Standards 
Washington 25, D. C. 

Leo L. Beranek 
Massachusetts Institute of Technology 
Cambridge 39, Mass. 

Virgil M. Graham 
Sylvania Electric Products Inc. 
40-22 Lawrence St. 
Flushing, L. I., N. Y. 

Lewis \\'inner 
Bryan Davis Publishing Co., Inc. 
52 Vanderbilt Ave. 
New York 17 N. Y. 

J. G. Brainerd 
University of Pennsylvania 
Philadelphia, Pa. 

Chairman 
I Ns I RUNIENIATION 

NI:cLEAR SCIENCE 

Q UALITY C ONTROL 

RADlo TELEMETRY AND REMOTE 
CONTROL 

VEHICULAR COMMUNICATIONS 

Ernst Weber 
Polytechnic Institute of Brooklyn 
Brooklyn, N. Y. 

M. M. Hubbard 
Massachusetts Institute of Technology 
Cambridge 39, Mass. 

R. F. Raman 
Allen B. Du Mont Laboratories 
1000 Main Ave. 
Clifton, N. J. 

W. J. Mayo- Wells 
Tlw Johns Hopkins University 
Silver Spring, Md. 

Austin Bailey 
American Telephone and Telegraph Co. 
19.5 Broadway 
N. Y.. N. Y. 
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Abstracts and References 
Prepared by the National Physical Laboratory, Teddington, England, Published by Arrangement 

with the Department of Scientific and Industrial Research, England, 
and Wireless Engineer, London, England 

NOTE: The Institute of Radio Engineers does not have available copies of the publications mentioned in these pages, nor does it 
have reprints of the articles abstracted. Correspondence regarding these articles and requests for their 

procurement should be addressed to the individual publications, and not to the IRE. 

• 

coustics and Audio Frequencies   
ntennas and Transmission Lines   
ircuits and Circuit Elements   
general Physics   
geophysical and Extraterrestrial Phe-
nomena   
ocation and Aids to Navigation   
4aterials and Subsidiary Techniques  
4athematics   
gIeasurements and Test Gear   
hher Applications of Radio and Elec-

tronics  
)ropagation of Waves   
teception   
lubsidiary Apparatus   
'television and Phototelegraphy   
7ransmission   
tubes and Thermionics  

1363 
1364 
1365 
1367 

1368 
1368 
1369 
1370 
1370 

1372 
1372 
1373 
1374 
1374 
1375 
1375 

The number in heavy type at the upper left 
if each Abstract is its Universal Decimal Clas-
ification number and is not to be confused with 
he Decimal Classifization used by the United 
itates National Bureau of Standards. The 
'umber in heavy type at the top right is the 
erial number of the Abstract. DC numbers 
narked with a dagger (t) must be regarded 
is provisional. 

kCOUSTICS AND AUDIO FREQUENCIES 

)16: 534 2395 
References to Contemporary Papers on 

kcoustics —A. Taber Jones. (Jour. Acous. Soc. 
4mer., vol. 22, pp. 395-399; May, 1950.) 
2ontinuation of 1838 of September. 

534.012: [532.111 +534.22  2396 
The Mean Pressure and Velocity in a 

Plane Acoustic Wave in a Gas--P. J. Wester-
velt. (Jour. Acous. Soc. Amer., vol. 22, pp. 319 - 
327; May, 1950.) The one-dimensional equa-
:ion for a travelling wave is discussed to the 
lecond order of approximation, using Airy's 
iolution to the Lagrangean form of the equa-
ion as a basis; second-order effects are re-
viewed and correlated. Forces on a particle in 
.he wave have a time-average component 
vhich is opposed to the radiation pressure and 
chose magnitude may exceed that of the radia-
ion pressure; this may result in a particle drift 
velocity, in a direction opposed to wave propa-
gation, of about 1 cm per second for a sound 
nessure level of 151 db in air. Standing waves 
f large amplitude are also considered. 

534.321.9:061.3 2397 
International Convention on Ultrasonics-

3. Bradfield. (Nature (London), vol. 1(,6, pp. 
143-144; July 22, 1950.) A short report of the 
)roceedings at the convention held in Rome, 
June, 1950, with an outline of some of the sub-
ects discussed. Slightly more than 50 per cent 
all the contributions were concerned with 

Aology and medicine. 

;34.321.9:615  2.398 
Ultrasonic Apparatus for Therapeutic Ap-

gications —II. Thiede. (Elektrotechnik (Berlin), 
fol. 4, pp. 219-223; June, 1950.) Discussion of 
he physical characteristics of ultrasonic waves 
'rid description of piezoelectric and magneto-

The Annual Index to these Abstracts and References, covering those published 
in the PRoc. I.R.E. from February, 1949, through January, 1950, may be obtained 
for 2s. 8d postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

striction generators for frequencies up to about 
3 Mc, including some giving focused beams. 

534.322.3: 534.6: 621.396.822  2399 
Background Noise and the Use of White 

Noise in Acoustics —P. Chavasse and R. 
Lehmann. (A nn. Telecommun., vol. 5, pp. 229-
236; June, 1950.) The theory of background 
noise is reviewed. A neon tube is preferred to a 
pentagrid tube as a practical generator of white 
noise. The circuit of the artificial voice (3404 of 
1947) is shown. Architectural, physiological, 
and electroacoustic applications of noise 
sources are indicated. Some 50 references are 
given. 

534.415  2400 
Stroboscopic Audio-Frequency Spectrom-

eter—F. A. Fischer. (Fernmeldetech. Z., vol. 3, 
pp. 174-180; May, 1950.) The stroboscopic 
method of measurement is discussed and two 
instruments are described. A light source is 
modulated with the signal to be measured and 
viewed through a revolving stroboscopic screen 
characteristically sectioned. Alternatively, a 
fixed screen suitably sectioned, e.g., with a 
hyperbolic pattern for a linear frequency scale, 
is viewed in a revolving mirror. Frequency 
range is 60 to 6,000 cps. 

534.613  2401 
On the Radiation Pressure of Spherical 

Waves -R. Lucas. (Compt. Rend. Acad. Sci. 
(Paris), vol. 230, pp. 2004-2006; June 5, 1950. 
An expression is derived for the acoustic pres-
sure due to the pulsation of a sphere of dimen-
sions small compared with wavelength. Near 
the surface of the sphere the value is twice the 
density of the kinetic energy; this greatly ex-
ceeds the total energy density, and agrees with 
the value deduced from Brillouin's pressure 
tensor. Consideration of the pressure exerted 
by a stationary spherical wave on a reflecting 
boundary surface leads to an expression involv-
ing the factor 3, characteristic of spherically 
symmetrical systems. The limiting case of a 
stationary plane wave acting on a finite plane 
parallel reflector is considered, and the formula 
here developed is reconciled with that previ-
ously given by Brillouin. 

534.7  2402 
Auditory Sensation Produced by Rectangu-

lar Waves—R. Chocholle. (Ann. TiVicommun., 
vol. 5, pp. 237-242; June, 1950.) Discussion of 
the results of an experimental study. The wave 
form of the sound waves resulting from applica-
tion of square waves to an acoustic transducer 
depends largely on the ratio between the funda-
mental frequency of the applied square waves 
and the resonance frequencies of the trans-
ducer. The character of the sensation produced 
is distinct in the very low-, low-, medium-, and 

high-frequency ranges. In certain narrow fre-
quency bands, slight variation of frequency 
produces a marked change in sensation, i.e., 
intensity and general timbre. The ear is found 
to respond rather to the wave envelope and 
total effective amplitude than to the individual 
components of the sound spectrum. 

534.78:621.395  2403 
The Perception of Speech and Its Relation 

to Telephony —H. Fletcher and R. H. Galt. 
(Jour. A ccms. Soc. Amer., vol. 22, p. 327; May, 
1950.) Correction to paper abstracted in 1844 of 
September. 

534.833.4  2404 
A Review of the Absorption Coefficient 

Problem —II. J. Sabine. (Jour. Acous. Soc. 
Amer., vol. 22, pp. 387-392; May, 1950.) The 
problem of discrepancies between measure-
ments of acoustic absorption coefficient ob-
tained by different workers is discussed from 
the viewpoint of the materials manufacturer. 
Suggestions are made for further theoretical 
and experimental investigations. 

534.843 2405 
Transient Sounds in ROO MG - D. Mintzer. 

(Jour. Acous. Soc. Amer., vol. 22, pp. 341-352; 
May, 1950.) Laplace-transform methods are 
used for investigating the propagation of 
transient sound waves. In the one-dimensional 
case propagation of a plane wave in a rigid-
walled tube is considered. The velocity poten-
tial loran arbitrary particle-displacement input 
is found as a series, each term of which repre-
sents the effect of a reflection from an end of the 
tube. In the three-dimensional case a spherical 
wave is considered in unbounded and vari-
ously bounded regions, and the case of a point 
source in a rectangular room is solved. An 
image method is used. Examples are calculated 
for both one- and three-dimensional systems. 

534.844.1:621.3.015.33  2406 
Pulse Statistics Analysis of Room Acous-

tics—R. H. Bolt, P. E. Doak, and P. J. Wes-
tervelt. (Jour. Acous. Soc. Amer., vol. 22, pp. 
328-340; May, 1950.) Reverberation time is 
not by itself an adequate index of the acoustic 
quality of a room, since it does not give infor-
mation about the response to transients. To 
take account of the pulse-like nature of com-
mon sounds, an analytical technique has been 
developed in which the walls of the room are 
replaced by an infinite array of image sources; 
a statistical consideration of this array gives 
the long-term average response to transients. 
To illustrate the technique a description is 
given of experiments carried out in a rectangu-
lar room with hard plastered walls, using a 
sound source emitting 2-ms pulses of 3,600-cps 
clamped waves. 
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534.846:621.396.712.3  2407 
Rooms with Reverberation Time Adjust-

able over a Wide Frequency Band —P. Arni. 
(Jour. ACOUS. SOC. Amer., vol. 22, pp. 353-354; 
May, 1950.) Description of a broadcasting 
studio at Helsinki having wall elements with 
variable absorption characteristics. 

621.395.623.7  2408 
A Contribution to the Design of Horn 

Loudspeakers —J. Merhaut. (Testa Tech. Rep. 
(Prague), pp. 41 43; December, 1949.) The 
high-frequency response may be improved by 
subdividing the throat of the exponential horn, 
since the phase differences between the sound 
waves emanating from different parts of the 
diaphragm may thereby be reduced. A new de-
sign described gives a 4.5-db improvement at 
8 kc. 

621.395.623.7  2409 
A New  Loudspeaker  Combination —11. 

Schmidt. (Funk. und Tun, vol. 4, pp. 226-232; 
May,  1950.)  A high-efficiency loudspeaker 
with a strong electromagnet for transient 
damping has a"spherical-wave" modified ex-
ponential horn. In front of the light metal 
spherical membrane is a slotted acoustic cone 
for equalizing sound-path lengths in the neck of 
the horn, giving a further increase of the elec-
troacoustic efficiency. With the associated 
filter circuit it is mounted above a bass-re-
sponse loudspeaker which has a conical dia-
phragm of diameter 35 cm. The response curve 
of the combination is shown. It is nearly level 
between 50 cps and 10 kc. Crossover occurs at 
500 cps. 

621.395.623.8: 621.398  2410 
Remote Control of the Tesla RU Rack and 

Panel Public Address System --L. Pravence. 
(Testa itch. Rep. (Prague), pp. 33 -40; De-
cember, 1949.) Panel units are described, (a) for 

use at a main station, making remote control of 
up to ten substations possible, and (b) for use 
at a substation, enabling it to accept remote 
control from a main station while retaining the 
possibility of independent operation. 

621.395.625.3+681.84 '.851: 061.4  2411 
Sound Reproduction  ll'irelett. World, vol. 

56, pp. 255-258; July, 1950., Short descriptions 
of equipment at the exhibition arranged by the 
British Sound-Recording Associations in Lon-
don. May, 1950. In addition to disk, magnetic 
wire and tape, and film recorders, many exam-
ples  of  amplifiers,  loudspeakers,  pickups, 
microphones. and auxiliary and test equipment 
were shown, as well as BBC ant! Radio Luxem-
bourg sound-recording ans. 

681.85.001.4  2412 
A Feedback-Controlied  Calibrator  for 

Phonograph Pickups -J. Go Woodward. (RCA 
Rev., vol. II, pp. 301-309; June, (950.) The 
phonograph-pickup calibrator is an electro-
mechanical device ft.r imparting known and 
controllable lateral motions to the stylus of a 
pickup under test. The calibrator employs a 
dynamic driving system, and electromechani-
cal feedback is used to secure a uniform re-
sponse between 20 cps and 20 kc. The absolute 
as well as the relative response of a pickup can 
be conveniently anti quickly measured within 
this frequency range. 

681.85.004.62  2413 
Record and Stylus Wear  C. II. 11. Wood. 

(Wireless IForbi, vol. 56, pp. 245-248; July, 
1950.) Neither low stylus pressure nor sapphire 
points which are dimensionally correct can, of 
themselves, provide a satisfactory solution to 
the problem of record wear. It is shown, with 
the aid of photomicrographs, that greatly pro-
longed stylus life and low record wear result 
from the use of a crystal pickup head with a 
correctly designed sapphire stylus so mounted 
that the coupling is comparatively flexible in 

the vertical direction. Vertical movement of the 
stylus is not transmitted to the pickup head 
and the system reduces the effective mass of the 
stylus to a very low value compared with that 
of conventional stylus systems. 

621.395.625+534.862.4  2414 
The Recording and Reproduction of Sound 

[Book Review]  U. Read. Publishers: II, W. 
Sams & Co., Indianapolis, Ind., 1949, 364 pp., 
$5.00. (Electronics, vol. 23, pp. 136, 138; July, 
195(1.) The book brings together information 
which until now has been scattered in periodi-
cals and instruction manuals; it is of interest 
more to the technician and the phonograt di en-
thusiast than to the engineer. See also 632 of 
1949 and hack references. 

ANTENNAS AND TRANS MISSION LINES 

621.315.212  2415 
Coaxial Cable and its Optimum Design- P. 

Va. Shiniberov. :Prir(tda, No. 1, pp. 69-74; 

January, 1949. In Russian.) (7able theory is dk-
cussed anti methods are indicated for determin-
ing the capacitance anti attenuation it ,r differ-
ent types of cable. The ratio of the radii of the 
conductors for maximum dielectric strength is 
also determined. Multicore cables with several 
coaxial pairs are briefly considered. 

621.315.34.011.4  2416 
Capacity of a Pair of Insulated Wires -W. 

II. Wise. (Quart. A p pl. Mati:., vol.7, p;. 4.12-
.136; January, 1950.) A method of cal. ulating 
capacitance is given which is related to but in-
volves less numerical CO MI ,Utatitto  111.01  t 

noted in 660 and 1446 of 1946 (Craggs and 
Trainer). Certain analytical difficulties %%Id, It 
arise when the insulating jackets art • in I ontat.t 
are indicated. 

621.392  2417 
Unbalanced Terminations on a Shielded-

Pair Line —K. Totniy.isu. ,•Jour. A pp:.  5. , 
vol. 21, (tp. 552-556; June, 1950.) 'Ilk simul-
taneous propagation of balanced anti  un-
balanced modes along a shielded-pair line re-
sults in an unbalanced co M pon ,•nt of current. 
This can be determined by comparing t he 
ferent standing-wave distributions on the two 
conductors. Nleasurements of the components 
of waves reflected from unbalanced radi,,tiv,• 
terminations (e.g., end-coupled antennas. on a 
slotted shieldetl-pair line are des, ribed. 

621.392.1  2418 
The Effect of a Bend and Other Dis-

continuities on a Two- Wire  Transmission 
Line —K. Toiniyasu.  PROC. I.R.E., vi. 35, 
pp. 679-652; June, 1950.) The effect is analyzed 
by the vector-potential met hoti, the erf uivalent-
circuit elements being obtained by comparing 
the variable-line parameters near the bend with 
the conventional-line parameters found on an 
infinite line. Good agreement is found bt•tween 
theoretical and experimental values of the 
circuit elements for the is 'nil and also for oi wn-

end and bridged-end lines. See also 25 of 
February 1King and Totniyasu). 

621.392.26f : 621.3.09  2419 
Propagation of the TMoi Mode in a Metal 

Tube Containing an Imperfect Dielectric 
L. I let rick. (Jour. App!. Phys.,vol. 21. pp. 561-
564; June, 1950.) Losses in both the metal wall 
and the dielectric are taken into account in this 
analysis, the subject being treated as a bound-
ary-value problem. General expressions are de-
rived for the attenuation and phase constant, 
and the percentage error introduced by (a) neg-
lecting  wall losses and (b) assuming total 
attenuation to be the sum of the dielectric and 
wall-loss attenuations is computed for a par-
ticular case. 

621.392.26f:621.392.52  2420 
Ring Mode Filter for Type H ii Waves in 

Circular Waveguides —Z. Szepesi. (Onde glee, 

vol. 30, pp. 230-234 & 293-298; May and June, 
1950.) Experimental investigation of ring mode 
filters of different dimensions in a waveguide of 
8 cm diameter, using a wavelength of 11 cm. 
Results are tabulated. Good reflection occurs 
when the circumference of the ring is slightly 
greater than the free-space wavelength. The 
characteristics of the filter are practically inde-
pendent of its conductivity. Impedance of the 
ring varies linearly with its circumference; 
when the circumference is less than that re. 
quired for resonance the impedance is capac-
itive; when greater, it is inductive. Bandt‘idth 
increases with the cross section of the ring. 
Measured bandwidth is considerably greater 
than the value given by the theory of Feuer and 

Akeley (640 of 1949). Using a combination of 
two filters, 3N, '4 spacing is the most effective 
where Ng is the wavelength in the waveguide. 
The characteristics of a filter may be deter-
mined from its distance from a filter of known 
characteristics when the transmission coeffi-
cient of the combination has its maximum 

value. 

621.392.43  2421 
A Tapered Line Termination at Micro-

waves - G. .1. Ckriwns. (Quart. A ppl. 
vol. 7, pp. 425-432; January, 1950.1 The termi-
nation considered is a short-circuited section of 
coaxial line with a uniformly tapered metallic 
outer conductor and an inner conductor  on• 
skiing of a glass tube coated with a than re-
sistive metal film. The distribution of voltage 
and current is in  theoretically, and 
the measured values of voltage SWR for the 
termination over the range 990-3,968 Mc are 
compared with those calculated for an expo-
nential line, which is considered in the analysis 
as a convenknt .tpproximation. 

621.396.67  2422 
The Effect of an Obstacle in the Fresnel 

Field on the Distant Field of a Linear Radia-
tor- I,.  Wo”lituti.  Jour.  A ppl. 
vol. 21, 1,1r. 577- 550. June, 1950. , An ana-
lytical method is developed for determining 
the errors due to diffraction which arise when 
measurements on microwaves are made by 
opt i.:t1 methods. The analysis is applied to the 
Itartit filar problem of determining the distant 
field of a horn radiator with the aperture Of a 
large screen in front of it at an arbitrary angle. 
Satisfactory agreement is obtained between 
calculated  and  measured  values  (2133  of 
October). 

621.396.67  2423 
Effect of a Fifilte Groundplane on Antenna 

Radiation --A. I.eitner and  R.  I).  Spence. 
Re:'., vol. 79, p. 199; July 1, 1950. , Sum-

mary of .111101-kali Physical Society pa('er. The 
field of it X '4 dipole over a circular ground 
ti., ti,. is calculateti exactly. Both the current in 
the ground plane and the radiation at great 
distant. es are found. As the radius of the ground 
Plane is increased, the radiation resistance and 
the surface current oscillate about the values 
whi. it tharazterize a X/4 antenna above an 
infinite ground plane, hut the radiation p.ittern 
is entirely different. The results are in good 
quantitative agreement with the experimental 
ti-silts ot Meier anti Summers 24-10 of 19-19). 

621.396.67  2424 
The  Directive  Properties  of  Receiving 

Aerials - E. Roubine. %Onde  , vol. .;11 
259-266; June, 1950.) Full paper of which an 
abridged version was given in comp'. Rend. 
Acad. Sri. (Paris), vol. 230, pp. 1590-1592; 
May 3, 1950.) Distinction is made between the 
case of rectilinear polarization and the general 
case of elliptical polarization. A simple funda-
mental formula is derived expressing the cur-
r,t1t in a receiving antenna as a function of the 
incident field, the load, and the radiating prop-
erties of the antenna in the direction from 
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which the waves are received. The question of 
the identity of the directive properties of an-
tennas for transmission and reception is in 
general not well defined. The directivity for 
emission is, in fact, controlled by a single char-
acteristic, while for reception this characteristic 
is altered by the intensity and polarization of 
the incident field, so that all comparisons of the 
directive properties necessitate an arbitrary 
convention in respect of the incident field. 
When considering gain, this convention is 
modified. The effect of polarization is discussed 
by means of an optical analogy. Current formu-
las for the absorption surface and the effective 
length of a receiving antenna are generalized. 

621.396.67:621.397.6  2425 
Ultra-High-Frequency Antenna and System 

for  Television Transmission —O.  0.  Fiet. 
(RCA Re ,s, vol. 11, pp. 212-227; June, 1950.) 
The construction and performance are de-
scribed of an omnidirectional,  horizontal-
polarization antenna consisting of two coaxial 
tubes. The inner one acts as a transmission line, 
feeding groups of slot antennas in the outer 
tube by means of radial probes. A power gain 
of 17.3 db is obtained at 530 Mc. 
An account is also given of the design and 

performance of the waveguide feed between the 
transmitter and the antenna, the vestigial-side-
band filter and a notch diplexer which enables 
the sound and vision signals to be fed along the 
common transmission line. 

The antenna system was developed for 
operation at Bridgeport, Conn., [1795 of 
August (Guy, Seibert, and Smith)]. 

621.396.67.029.62.'.63 2426 
Experimental Investigations  on  Wide-

Band Metre- and Decimetre-Wave Aerials — 
K. Lamberts and L. Pungs. (Fernmeldelech. Z., 
vol. 3, pp. 165-173; May, 1950.) Study made 
in 1942 of the characteristics of single dipoles 
with reflectors. A greater bandwidth can be ob-
tained by increasing the diameter when tubes 
are used as the dipole elements, or by the use of 
specially shaped flat elements. Circle diagrams 
show the influence of tube diameter, antenna 
length, and reflector distance on the frequency 

i dependence of the antenna input impedance. 

t 621.396.671:621.3.011.2  2427 
Input Impedance of Two Crossed Dipoles--

L. G. Chambers. (Wireless Eng., vol. 27. PP• 
209-211; July, 1950.) The mutual impedance is 

$ calculated by applying Carter's method; the 
input impedance is then found from a simple 
formula. These impedances are, to a good de-
gree of approximation, expressible as simple 
functions of the angle between the dipoles. 

621.396.671.029.63/.64 2428 
Relations Concerning Wave Fronts and Re-

flectors—K. S. Kelleher. (Jour. A ppl. Phyc., 
vol. 21, pp. 573-576; June, 1950.) Vector 
formulas are derived relating the incident and 
reflected wave fronts and the reflector surface. 
The analysis is applied to particular micro-
wave problems, including the determination of 
the reflector surface which will transform an 
arbitrary incident wave front into a plane wave 
front. 

621.396.677  2429 
Rotatable Directive Antenna—J. Bfiza. 

(Testa Tech. Rep. (Prague), pp. 10-32; De-
cember, 1949.) The apex of a rhombic antenna 
is attached by means of insulators to the rotat-
able head of a wooden mast, the other three 
junctions being attached by sectioned cables to 
carriages running on a circular track round the 
mast. The positions of the carriages, which form 
a symmetrical system, are controlled to alter 
the direction of transmission or reception and 
also to adjust the apex angle to suit different 
frequencies. The antenna is fed at its lowest 
point by twin cable which is carried round with 

it. Computed polar diagrams are compared 
with experimental results for scale models. 

621.396.677:621.397.828  2430 
TV Antenna Phase Control—Carmichael. 

(See 2655.) 

621.396.677.2:621.396.97  2431 
Nine-Tower  Broadcast  Array -C. W. 

\Inkier and NI. Brasseur. (Electronics, vol. 23, 
pp. 102-104; July, 1950.) Brief illustrated ac-
count, with details of phasing and antenna-
tuning equipment, of the W DGV station at 
Minneapolis, which produces a radiation pat-
tern with suppression over an angle of 247°. 

621.396.67.029.64  2432 
Aerials for Centimetre Wavelengths [Book 

Reviewl--D. W. Iry and F. K. Howard. Pub-
lishers: Cambridge University Press, 1950, 
172 pp., 18s. (Jour. Brit. IRE, vol. 10, p. vi; 
July, 1950.) "This book deals specifically with 
radiating systems for radar applications, but 
design principles are outlined in sufficient the-
tail to enable the engineer to design a radiator 
for other applications." 

CIRCUITS AND CIRCUIT ELEMENTS 

517.41:621.3.016.352  2433 
On the Representation of the Stability Re-

gion for Oscillation Phenomena by use of 
Hurwitz Determinants—E. Sponder. (Schweiz.. 
Arch. Angew. Wiss. Tech., vol. 16, pp. 93-96; 
March, 1950.) 

621.3.012.2 2434 
Classes of Circle Diagrams —C. E. Moor-

house. (J. Inst. Eng., vol. 22, pp. 69-74; March, 
1950.) Consideration of the properties of a gen-
eral 4-pole network under specified terminal 
conditions leads to a general method of estab-
lishing the conditions for the existence of circle 
diagrams. Two classes of diagrams are dis-
cussed; variants of these include many of the 
circle diagrams used in electrical engineering. 

621.316.8.029.55/.62 2435 
Behavior of Resistors at High Frequen-

cies—G. R. Arthur and S. E. Church. (TV 
Eng., vol. 1, pp. 4-7; June, 1950.) The variation 
of resistance with frequency is discussed for 
various types of resistors by consideration of 
circuit equivalents which include a capacitive 
element. Theoretical results agree with meas-
ured values for commercial resistors in the fre-
quency range 5-60 Mc to within 10 per cent. 
Except possibly for special high-frequency re-
sistors, the effective resistance of resistors de-
creases more rapidly with frequency the higher 
the value of the dc resistance. For the same dc 
resistance, the smaller the physical dimensions 
the better are the high-frequency character-
istics. Resistors using a carbon coating on in-
sulating material were found better for high-
frequency work than either carbon-block or 
composition resistors. 

621.318.371  2436 
Calculation of the Inductance of Circular 

Conductors and Single-Layer Close- or Open-
Wound Solenoids—W. Keller. (Bull. Schweiz. 
Elektrotech. Ver., vol. 41, pp. 442-450; May 27, 
1950. In German.) A method of calculation is 
developed and a series of equations derived. 
Curves are plotted from which the value of in-
ductance is readily determined when length, 
cross section, etc., are known. 

621.318.5 2437 
Magnetic Triggers —An Wang. (Pttoc. I. 

R. E., vol. 38, pp. 626-629; June, 1950.) 
Magnetic cores with fairly rectangular hys-
teresis loop are used in a trigger device in 
which magnetic fluxes are used instead of elec-
trical currents to indicate the two stable 
states. The magnetic-flux polarity can be, de-
tected without mechanical motion. The con-
struction and operation of several types of 

magnetic triggers are described. See also 1183 
of June (An Wang and Way Dong Woo). 

621.319.4  2438 
The Theory of a Three-Terminal Capacitor 

—R. E. Corby. (PRoc. I. R. E., vol. 38, pp. 
635-636; June, 1950.) Equations are derived 
for the insertion loss of a 3-terminal capacitor 
and their solution gives results in agreement 
with experiment. The capacitor is assumed to 
function like a transmission line and the con-
stants of the equivalent line are determined as 
a function of frequency. Skin effect and prox-
imity effect are taken into consideration, and 
curves are plotted to facilitate computation. 

621.389:681.142  2439 
A Fast Multiplying Circuit —Chance, Bus-

scr, and Williams. (See 2558.) 

621.392:512.831  2440 
An Introduction to the Matrix Method 

of Solving Electrical-Network Problems—R. 
Guertler. (Jour. Inst. Eng., vol. 22, pp. 46-52; 
March, 1950.) The fundamental principles of 
matrix algebra are outlined and simple working 
rules are given. The transformation matrices 
of series-impedance and shunt-admittance 4-
pole networks are derived and these matrices, 
together with the rules of matrix algebra, are 
applied to discussion of networks in cascade, 
of L, T and r networks, and to calculation 
of the frequency response of a class-B modu-
lator, this calculation being considerably sim-
pler than that by ordinary methods, as given 
in Appendix 2. A simple application of matrix 
methods is given in Appendix 1, where the 
conditions are derived for the current or 
voltage in a circuit to remain constant under 
varying load. 

621.392:517.512.2  2441 
Application of Fourier  Transforms  to 

Variable-Frequency Circuit Analysis—A. G. 
Clavier. (Elec. Commun., vol. 27, pp. 159-163; 
June, 1950.) Reprint. See 307 of March. 

621.392:517.512.6  2442 
A Note on the Solution of Certain Approxi-

mation Problems in Network Synthesis —R. 
M. Fano. (Jour. Frank. Inst., vol. 249, pp. 
189-205; March, 1950.) A method is given for 
the determination of appropriate functions to 
define the amplitude characteristics of net-
works when certain ideal responses are to be 
approached within specified limits. The method 
is based on simplification of the geometry of 
the problem by transformation in the complex 
plane. 

621.392: 621.3.016.35J: 681.142  2443 
Mathematical Problems of Feedback—H. 

Freudenthal. (Ned. Tijdschr. Naluurk., vol. 
15, pp. 275-281; November, 1949.) Paper 
given at the Symposium on Modern Calculat-
ing Machines, Amsterdam, May, 1949. From 
both the mathematical and the physical view-
points, it is preferable to treat feedback circuit 
problems by the method of continuous rather 
than discrete iteration. Analysis establishes 
the necessary and sufficient conditions for 
convergence and hence for circuit stability. 

621.392.011.2  2444 
Reciprocity between Generalized Mutual 

Impedances for Closed or Open Circuits—A. 
G. Clavier. (Elec. Commun., vol. 27, pp. 152-
158; June, 1950.) Reprint. See 1358 of July. 

621.392.43  2445 
Wideband Series-Parallel Transformer De-

sign- V. C. Itifleoot. (Electronics, vol. 23, pp. 
122, 162; July, 1950.) Formulas for obtaining 
maximum flatness of the response curve are 
derived from filter-theory considerations. The 
circuit constants of a matching transformer to 
connect a coaxial line to the first tube of an 
amplifier are calculated numerically. 
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621.392.5  2446 
The Bridged-T Network and its Proper-

fies — W. Taeger. (Funk. unit Ton, vol. 4, 
pp. 253-259; May, 1950.) Mathematical analy-
sis deriving expressions for attenuation and 
phase constant. 

621.396.611.1  2447 
Oscillation Phenomena in a Circuit with 

a Discontinuous Linear Characteristic. G. J. 
Elias and S. Duinker. (Tijdschr. ned. Radio. 
genoot., vol. 15, pp. 79 91; May, 1950. In 
Dutch, with English summary.) A series circuit 
of negligible resistance is considered which 
comprises a capacitor and an inductor with a 
core material such as nutnetal or permalloy 
having a sharp knee in its magnetization curve. 
To facilitate analysis, an approximation to 
the curve is used which consists of three straight 
lines. In such a circuit, forced subhartnonic 
oscillations can be maintained, but transition 
phenomena occur when the amplitude of the 
applied electromotive force is great enough to 
extend the operation beyond the knee of the 
curve. When operation is largely in the satura-
tion region, the initial amplitude of the free 
oscillations is related to the magnitude of the 
corresponding transition; the oscillations are 
damped, owing to hysteresis losses. Each tran-
sition adds a fresh inner loop to the main 
hysteresis loop, corresponding to a pair of new 
real branch points in the hyperelliptic expres-
sion for the oscillations. See also 582 of April. 

621.? 96.611.4 : 538.56  2448 
Forced Oscillations in a Spherical Cavity 

Resonator —A. A. Piotrovski. (Zh. Tekh. Fiz., 
vol. 20, pp. 282-294; 1950. In Russian.) Mathe-
matical discussion of the excitation of a spheri-
cal cavity resonator by a single turn of wire 
at its center. An equivalent oscillatory circuit 
is derived and methods are indicated for de-
termining its impedance and main parameters 
such as Q, damping factor, and loss resistance. 

621.396.611.4: 621.396.615.142.2  2449 
Wide-Range  Tunable  Waveguide  Res-

onators — W. \V. Harman. (Psoc. I. R. E., 
vol. 38, pp. 671-679; June, 1950.) See 2476 of 
1949. 

621.396.615.12  2450 
LC Oscillators and their Frequency Sta-

bility —J. Vackar. (Testa Tech. Rep. (Prague), 
pp. 1-9; December, 1949.) Factors affecting 
suability are considered and their specific 
effects tabulated; the mechanical and electrical 
design and construction of highly stable cir-
cuits are discussed. A general analysis is given 
of the oscillator circuit and a formula for 
change of frequency with change of tube 
capacitance is derived. Known variable-fre-
quency oscillators are reviewed and new cir-
cuits used in Tesla broadcasting transmitters 
and having a tuning range of 1.5:1 are de-
scribed. 

621.396.615.14 : 621.385.3  2451 
Feedback in Very-High-Frequency and Ul-

tra-High-Frequency Oscillators —F. J. Kamp-
hoefner. (Paoc. I.R.E., vol. 38, pp. 630-632; 
June, 1950.) A study of feedback considerations 
in low-power negative-grid triode oscillators for 
the frequency range 100-1,000 Mc. Discussion 
is mainly confined to oscillators using a single 
tuned circuit between grid and anode in the 
modified Colpitts circuit in which feedback is 
provided by the tube interelectrode capaci-
tances. The optimum feedback conditions are 
deduced and the analysis is applied to several 
typical oscillators. 

621.396.615.14:621.385.3  2452 
Ultra-High-Frequency  Triode  Oscillator 

using a Series-Tuned Circuit —J. M. Pettit. 
(Pa m. I. R. E., vol. 38, pp. 633-635; June, 
1950.) Analysis of a modified Colpitts circuit 
for a particular triode gives, as a function of 

frequency, the Selies  resistive  and reactive 
components of the two-terminal impedance 
looking at tlw grid-anode terminals. Use of a 
series-tuned external circuit instead of the 
usual parallel-timed circuit permits oscillation 
above the self-resonanytt froquency of the 
triode, provided tiansit-time effects are M ufti.. 

portant. 

621.396.615.17  2453 
Linear Sweep Generation -1). Sayre. (Elec-

tronics, vol. 23, pp.  171-175; July,  1950.) 
Linear positive or negative sweeps are pro-
duced by charging an electronically switched 
capacitor through a constant-current triode. 
The linearity obtained is 1) 0 wc4•11 that of the 
bootstrap circuit and that of the Miller feed-

back circuit. 

621.396.615.17  2454 
Cathode-Coupled Multivibrator Operation 

— K. Glegg. (Psoc. I. R. E., vol. 38, pp. 
655-656; June, 1950.) An approximate analy-
sis results in an expression it t he period of the 
output pulse in terms of t he values of the cir-
cuit elements. A series expansiod shows that 
the output period is nearly a linear function of 
one of the circuit voltages. 

621.396.615.17:621.397.62  2455 
A Hard-Valve Time-Base  C. IL  Ban-

thorpe. (Electronic Eng. (London), vol. 22, 
p. 339; August, 1950.) Full circuit details and 
description of the action of a linear frame 
timebase in ‘vhich the start of tlw scan is 
triggered and which is unaffected by line 
pulses which may be introduced owing to 
imperfect line/frame synchronization separa-
tion. 

621.396.645  2456 
Design of Cathode-Coupled Amplifiers --

S. G. F. Ross. (11'irefess Eng., vol. 27, No. 322, 
pp. 212-215; July, 1950.) Previously published 
theoretical work on the subject is wviewed, 
and a new rigorous analysis is presented. Ex-
perimental results indicate that this analysis 
can be relied on within the accuracy of pub-
lished tube data. 

621.396.645  2457 
Modern Methods of Power Amplification — 

M. Strutt. (Buff. Schweiz. Elektrotech. Ver., 
vol. 41, pp. 479-484; June 10, 1950. In Ger-
man.) Definition of power gain and discussion 
of its application in tube, semiconductor, 
magnetic, and amplidyne amplifiers. 

621.396.645: 621.316.722.078.3  2458 
Stabilization of Wide-Band Direct-Current 

Amplifiers for Zero and Gain —E. A. Gold-
berg. (RCA Rev., vol. 11, pp. 296-300; June, 
1950.) Stabilization is obtained through the 
application of a mechanical chopper to detect 
any zero offset error voltage. The circuit is 
such that the stabilization device does not 
alter the high-frequency response characteris-
tics of the amplifier. Primary application has 
been in the field of analogue electronic com-
puters. 

621.396.645 : 621.385.3 : 621.315.592t  2459 
High-Frequency Operation of Transistors — 

C. B. Brown. (Electronics, vol. 23, pp. 81-83; 
July, 1950.) Dispersion in transit-time values, 
resulting from differences in lengths of flow 
paths between emitted and collector, is the 
primary cause of loss of high-frequency re-
sponse. Magnetic bias of appropriate sign 
applied at right angles to the plane containing 
the axes of the collector and emitter electrodes 
reduces transit time and dispersion, with conse-
quent increase of frequency range. The circuit 
of a 23-Mc amplifier for testing the high-
frequency response is described, the transistor 
being biased by a field of strength 16,000 lines 
per square inch. A gain of 8 is obtained between 

Novembe 

1,000-1: input and output. Time and temperas 
ttire stabilit y of the transistors ate dis‘ wised 
!mildly. See also 2089 of September. 

621.396.645:621.396.61  2460 
Maximum Tank Voltage in Class-C Ampli-

fiers —I- E. Dwork. (Psuc. I. R. E., vol. 38, 
pp. 637 644; June, 1950.) Theoretical con-
siderations are presented to justify the fre-
quent appearance in class-C amplifiers of radio-
frequency anode voltages which are greater 
than the dc anode voltage. A method is de-
veloped for predicting the magnitude of this 
radio-frequency voltage under any given set 
of conditions. The method is verified experi-
mentally for a particular case. 

621.396.645.37  2461 
Intermediate-Frequency Gain Stabilization 

with Inverse Feedback-----G. F. NI ontgomery, 
(Pfau:. I. R. E., vol. 38, pp. 662 667; June, 
1950.) "Improvement in gain stability is re-
lated to the number of cascaded stages, the 
stage gain, and the magnitude of th.• feedback. 
A circuit is described which uses feedback over 
a pair of cascaded stages. Generalized s.•lec-
tivity curves for this feedback couple.. .ire - 
shown, and the design procedure is (,utlined." t 

621.396.645.37  2462 
General Formulae for Feedback Ampli-

fiers  F.  Inn. 7411,c-on:mu  vol. I, 
436-444; December, 1948.) The general th. 
of linear networks including amplifying tubes, 
has been given in a very complete manner by 
Bode (3.381 of 1948). A simple demonstrati.in 
is here given of the most important formulas 
of Bodes theory. Examples and a pplicati,,ns 
illustrate the extreme generality of the formu-
las. 

021.396.645.37  2463 
More about Positive Feedback -T. Rod-

dam. ( Wireless World, vol. 56, pp. 242-244; 
July, 1950.) When applied to those stag.•s 
an amplifit•r in which distortion is  not in-
herently large, positive feedback permits a 
considerable increase in over-all gain with 
litth• increase in over-all distortion. The nega-
tive feedback applied to the whole amplifier 
may then be increased, reducing the over-all 
gain to the original lvvel with a considerable 
reduction in the over-all distortion. Positive 
feedback increases phase shift, making it more 
difficult to keep the over-all system stable. 
Its use should therefore be confined to the fre-
quency range aver which it is particularly 
needed. 

621.396.645.371  2464 
Negative-Feedback Amplifiers —J. E. Flood. 

(Wireless Eng., vol. 27, pp. 201-209; July, 
1950.) Negative-feedback amplifiers designed 
to obtain a flat response curve may give an 
oscillatory response to transients if the feed-
back exceeds a certain amount. The present 
analysis shows that by suitably adjusting the 
time constants for the various stages and by 
modifying the feedback path, critical damp-
ing with resulting absence of overshoot for 
transients can be attained together with a 
flat response curve throughout the frequency 
band for both 2-stage and 3-stage amplifiers. 
Experimental results are in fair agreement 
with calculated values. 

519.242:621.3  2465 
The Extrapolation, Interpolation and Smooth-

ing of Stationary Time Series with Engineering 
Applications 'Book Review) —N. Wiener. Pub-
lishers: John %%Ile). & Sons, Inc. New York, 
N. V. 1949, 163 pp., $4.00. (Jour. Frank. Inst., 
vol. 249, p. 259; March, 1950.) This was issued 
as a classified report during the war. "The the-
ory set forth is widely used and has guided 
modern thinking in filter and predictor theory." 
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21.314.3 2466 
The Magnetic Amplifier [Book Review] — 

. 11. Reyner. Publishers: Stuart & Richards, 

.ondon, England. 119 pp., 15s. (Wireless Eng., 
ol. 27, p. 216; July, 1950.) The presentation 
3 mainly descriptive; where mathematical 
easoning is used it is expressed as far as 
.ossible in terms of elementary ac theory. 

GENERAL PHYSICS 

3.081+621.3.081 2467 
The Introduction of the Giorgi System of 

1nits —H. Konig, N. Krondl, and M. LandoIt. 
Tech.  Mitt.  Schweiz.  Tele gr. —Telephverw. , 

28, pp. 207-208; May 1, 1950. In French 
md German.) Corrections to paper noted in 
.125 of June, for which the UDC number 
ihould be as above. 

53.081.5 2468 
On the Theory of the Dimensions of 

Physical Quantities —M.  Landolt.  (Bull. 
3chweiz. Elektrotech. Ver., vol. 41, pp. 473-479; 
rune 10, 1950. In German.) Review of different 
iefinitions of dimension and proposal of a 

• aew variant. 

535.34-1:1546.28+546.289 2469 
Theory of Infra-Red Absorption in Silicon 

and Germanium —J. Bardeen. (Phys. Rev., 
vol. 79, p. 216; July 1, 1950.) Summary of 
American Physical Society paper. 

535.37 2470 
Scattering and Absorption of Luminescence 

Light in Polycrystalline Luminescent Layers 
under Excitation by High-Energy Quantic and 
Corpuscular Rays— I . Brser. ( A nn. Phys. 
(Lpz.), vol. 5, pp. 401-416; January 16, 1950.) 
Experiments with a ZnS-Cu phosphor, using 
a particles, 7- and X rays for excitation, indi-
cate that the scattering and absorption factors 
for the luminescence light are independent of 
the type of excitation. Nleasurements of the 
effect of grain size in the phosphor layer on 
the scattering and absorption are described 
and discussed. 

535.42 2471 
Diffraction by a Plane Screen —E. T. Cop-

son. (Proc. Roy. Soc. A, vol. 202, pp. 277-284; 
July 7, 1950.) Boundary conditions involved 
when solving the problem of diffraction by a 
perfectly conducting plane screen using the 
integral-equation method are analyzed. The-
orems given in a previous paper (ibid. vol. 
186, pp. 100-118; 1946) are recast in a form 
which meets the criticism of  Bouwkamp 
(2772 of 1948), and the integral-equation 
method is applied to the problem of diffraction 
by a half-plane. The form of the arbitrary 
function of integration is adjusted to limit 
the order of the singularity at the boundary. 

535.42  2472 
The Edge Condition in the Theory of the 

Diffraction of Electromagnetic  Waves  at 
Perfectly Conducting Plane Screens —J. Meix-
ner. (Ann. Phys. (Lpz.), vol. 6, pp. 2-9; 
September 19, 1949.) The edge condition is 
based on the physically plausible requirement 
that the electromagnetic energy density in the 
neighborhood of the edge be integrable, i.e., 
that the field energy in each finite volume be 
finite. A particularly simple mathematical 
expression of the edge condition is given by 
the Debye electromagnetic field potentials. 

.! In the diffraction of sound waves at the edge 
of a screen the electromagnetic edge condition 
corresponds to the requirement that at the 
edge the sound pressure must remain finite. 

535.42 2473 
Energy Flow in the Near Field of a Diffrac-

ting Edge —W. Braunbek. (Ann. Phys. (Lpz.), 
vol. 6, pp. 53-58; September 19, 1949.) For 
the region near the edge (distance X) the field 

can be found very simply by application of 
Sommerfeld's solution for diffraction at a 
semi-infinite plane. For the special case of 
perpendicular incidence on an infinitely thin, 
perfectly conducting screen, the electric vec-
tor being parallel to the diffracting edge, the 
phase surfaces of the field near the edge are 
calculated and also the surfaces of energy 
flow, which to a first approximation are con-
focal parabolic cylinders with the edge as 
focal line. 

537.226.001.11:546.431.82-3  2474 
Electronic Theory of Ferroelectrics —E. T. 

Jaynes and E. P. Wigner. (Phys. Rev., vol. 79, 
pp. 213-214; July 1, 1950.) Summary of Ameri-
can Physical Society paper. 

537.311.1:537.311.32/.33  2475 
Conduction  Electrons  in  Non-Metallic 

Solids —H. Frohlich. (Research (London), vol. 
3, pp. 202-207; May, 1950.) A review of the 
action of electrons in substances which in 
their normal state are nonconductors, including 
consideration of various processes where the 
conduction-electron concentration varies with 
time. The problems of polarization, self-trap-
ping, and mean free path in crystals are dis-
cussed, assuming the number of interelectron 
collisions to be negligible. The increase of 
conductivity produced by a strong field and 
the decay after excitation by an ionizing radia-
tion should be governed by the same time 
constant. 

537.311.1:621.315.592t  2476 
Potential Fluctuations in Homogeneous 

Semiconductors —H. M. James and G. W. 
Lehman. (Phys. Rev., vol. 79, p. 216; July 1, 
1950.) Summary of American Physical Society 
paper. 

537.311.1:621.315.592  2477 
On the Theory of Noise in Semiconductors 

— R. L. Petritz and A. J. F. Siegert. (Phys. 
Rev., vol. 79, pp. 215-216; July 1, 1950.) 
Summary of American Physical Society paper. 

537.311.3+621.315.592t  2478 
Electrical  Conductivity —Roulaud. (See 

2543.) 

537.312.8  2479 
Effect of Magnetic Fields on Conduction: 

"Tube Integrals" —W. Shockley. (Phys. Rev., 
vol. 79, pp. 191-192; July 1, 1950.) The mathe-
matical expression for the effect of a magnetic 
field on conduction in a material can be re-
duced to integrals by using "tubes," which are 
specified regions in the Brillouin zone. The 
case of simple closed tubes, which are of 
interest for the case of semiconductors, is 
discussed. An expression for the total electron 
current is derived, evaluation of which may 
prove a means of determining the energy-
surface parameters for Ge from magneto-
resistance measurements on single crystals. 

537.32+537.312.8  2480 
Theory of Magnetic Resistance Effects in 

Metals —M. Kohler. (Ann. Phys. (Lpz.), vol. 
6, pp. 18-38; September 19, 1949.) Approxi-
mate formulas are derived for the change of 
the electrical and the thermal resistance of a 
metal when a transverse magnetic field is 
applied. Theoretical results are compared with 
experimental values. 

537.525.5:538.6 2481 
Supersonic Wind at Low Pressures Pro-

duced by Arc in Magnetic Field—II. C. 
Early and W. G. Dow. (Phys. Rev., vol. 79, 
p. 186; July 1, 1950.) Discussion of the effects 
of a transverse magnetic field on a low-pressure 
gas discharge. When the arc is in a large un-
confined region, e.g., a vacuum chamber of 1 
cubic meter, wind effects are observed. Power 
input and current density become many times 
larger; gas temperature is generally low be-

cause of the cooling effect of the wind; ion 
mobility is little reduced; equipotentials occur 
at skewed positions. In the case of an arc be-
tween a copper cylinder and surrounding ring, 
an axial magnetic field causes the arc to re-
volve at a speed of about 17,000 rps under 
particular conditions. The air inside the cylin-
der also revolves, but at a slower rate, its speed 
being estimated at 3,000-4,500 mph. 

537.562  2482 
Dispersive Power and Natural Oscillation 

of an Ionized Gas—G. Burkhardt. (Ann. 
Phys. (Lpz.), vol. 5, pp. 373-380; January 16, 
1950.) The dispersion theory for an ionized 
gas can be derived from the Lorentz theory for 
a neutral gas if the natural frequency of the 
polarization electrons is assumed equal to a 
certain limiting frequency, which is the natural 
frequency of the oscillating plasma. This 
theory indicates unconditionally that the 
Lorentz polarization term should not appear in 
the dispersion formula for a plasma. See also 
738 of 1944 (Darwin). 

538.114 2483 
Time Decrease of Magnetic Permeability 

in Alnico —R. Street and J. C. Woolley. 
(Proc. Phys. Soc., vol. 63, pp. 509-519; July 1, 
1950.) 

538.221:538.569.4.029.64 2484 
Ferromagnetic Resonance in Manganese 

Ferrite and the Theory of the Ferrites —C. 
Guillaud, W. A. Yager, F. R. Merritt, and C. 
Kittel. (Phys. Rev., vol. 79, p. 181; July 1, 
1950.) Discussion of observations of resonance 
absorption at 24,164 Mc in polycrystalline 
Fe(MnFe)04 at room temperature. 

538.221:538.569.4.029.64 2485 
Ferromagnetic Resonance in Single Crys-

tals of Nickel Ferrite —W. A. Yager, J. K. 
Galt, F. R. Merritt, E. A. Wood, and B. T. 
Matthias. (Phys. Rev., vol. 79, p. 214; July 1, 
1950.) Summary of American Physical Society 
paper. 

538.221:539.23  2486 
Thin Ferromagnetic Films— M. J. Klein and 

R. S. Smith. (Phys. Rev., vol. 79, p. 214; July 1, 
1950.) Summary of American Physical Society 
paper. 

538.221.001.11  2487 
Theory of Magnetic Dispersion in Per-

rites —C. ICittel. (Phys. Rev., vol. 79, p. 214; 
July 1, 1950.) Summary of American Physical 
Society paper. 

538.521:517.948.32  2488 
The Induction of Electric Currents in a 

Uniform Circular Disk —A. A. Ashour. (Quart. 
Jour. Mech. Appt. Math., vol. 3, Pt. 1, pp. 119-
128; March, 1950). By regarding a uniform 
disk, or any symmetrically conducting surface 
of revolution, as composed of an infinite num-
ber of coaxial annular circuits, the determina-
tion of the electric currents induced by an ex-
ternal field is reduced to the solution of a 
Fredholm integral equation. Two methods of 
solving this equation are described. 

538.566+ [537.226.2:546.217 2489 
The Velocity of Electromagnetic Waves 

and the Dielectric Constant of Dry Air—J. V. 
Hughes. (Phys. Rev., vol. 79, p. 222; July 1, 
1950.) Summary of American Physical Society 
paper. To obtain agreement between the 
commonly accepted value of the velocity of 
light (299,775 km) and the mean (299,790 
km) of six recent determinations of the velocity 
of radio waves, it would be necessary to use a 
value of 1.00048 for the dielectric constant 
k of air when correcting measurements in air 
to vacuo. Values of k obtained by various 
experimenters, using frequencies from those of 
light waves down to 1 Mc, range from 1.000572 
to 1.00060. The source of the discrepancy 
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must consequently be sought elsewhere. See 
also 1751 of August (Essen). 

538.566:537.562  2490 
Electro- Magneto-Ionic Optics —V. A. Bai-

ley. (Jour. Roy. Soc. NS W, vol. 82, Pt. 2, 
pp. 107-113; 1948.) Theoretical study of the 
modes of propagation of electric waves in a 
medium composed of electrons, positive ions 
and molecules (or atoms) in tlw presence of 
static electric and magnetic fields. Tlw solution 
for plane waves is found in a general form which 
specifics the refractive indices and at  
coefficients (positive or ni•gative) as a function 
of frequency. The theory has application to 
the ionosphere, to the solar atmosphere and 
to discharge tubes. A deduction trout it is t hat 
certain waves will grow as they progress in 
space or with passage of tittle; this suggests a 
possible explanation of the origin of stellar, 
solar, and ionosphezie noise. See also 2785 
of 1949, 

538.632:621.315.592t  2491 
Theoretical  Hall-Coefficient  Expressions 

for Impurity Semiconductors -V. A. Johnson 
and K. Lark-I lorovitz. (Phys. Rev., col 79, 
pir. 176-177; July 1, 1950.) 

538.652:621.317.4  2492 
A New Method of Measuring Magneto-

striction. Application to the Ferrite of Cobalt- - 
L. Weil, M. Gallay, awl P. Poensin. (Compt. 
Rend. Acad. Sci. (Paris), vol. 231, pp. 224-226; 
July 17, 1950.) For measurements under widely 
different conditions of temperature or material, 
a method using a simple strain gauge of the re-
sistance type has particular advantages. Ac-
curacy el measurement is within about 1 per 
cent, but the method can be applied to material 
of any shape and its simplicity recommends it 
for investigations in connection with industrial 
equipment. Results obtained for Co ferrite, 
made highly magnetost rict ice by cooling for 18 
hours after heat treatment at 1,200° C, are pre-
sented. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

061.3:155+621.396.11 2493 
Summary of Proceedings of Australian 

National Committee of Radio Science, IIRSI, 
Sydney, January 16-20, 1950. -(Jour. Geophys. 

, vol. 55, pp. 191 -21(1; June, 1950.) Sum-
trio i r• s are given of 33 papers presented at the 
row, i.e-lice. 

523.746 2494 
Final Relative Sunspot-Numbers for 1949 - 

M. Waldtneier. (Jour. Geopi.p. Rev., col. 55, 
pp. 211-213; June, 1950.) 

523.746  2495 
Provisional Sunspot-Numbers for January 

to March, 1950  NI. Waldincier. (Jour. Geo-
phy5. Res., vol. 55,p. 217; June, 1950.) 

537.562: 538.566  2496 
Electro- Magneto-Ionic Optics.  -Bailey. (See 

2490.) 

538.711  2497 
Measurement of the  Earth's  Magnetic 

Field at High Altitudes at White Sands, New 
Mexico—E. Maple, W. A. Bowen and S. F. 
Singer. (Jour. Geophys. Res., vol. 55, pp. 115 - 
126; June, 1950.) Measurements by means of 
a total-field magnetometer fitted in an Aerobee 
rocket• showed that at a height of 368,000 ft 
the decrease in field strength was 28 milli-
gauss. The results for the whole flight agree 
to within 2 milligauss with calculations based 
on the dipole theory. No evidence of the ex-
istence of magnetic fields due to current sheets 

was obtained. 

550.384  2498 
International Data on Magnetic Disturb-

ances, Fourth Quarter, 1949  J. Bartels and 
J. Veldkamp. (..lour. Geophys. Res., vol. 55, 

pp. 214 216; Ja w, 1950.) 

550.384  2499 
Cheltenham Three-Hour-Range Indices K 

for January to March, 1050  R. It t Ione. 
(oophys. Res., 55, ir. 217; June, 1950.) 

550.385  2500 
Principal Magnetic  Storms [Oct. 1949 - 

March 19501 (Jour. Geophy,. Rev., 55, 
pp. 218 220; June, 195(1.) 

550.385: 551.594.52  2501 
Development of a Magnetic Storm: The 

Southward Shifting of the Auroral Zone 
Nagota. (Jour. Geophys. Re 10,1. 55, ii'. 
127 142; June, 1950.) "The southward exten-
sion aiiii the increased intensity of disturbani 
in the northern auroral zone is derived hour 
by hour for the geomagnetic storm of April 
30, 1933." 

551.510.535 2502 
An Approach to the Approximate Solution 

of the Ionosphere Absorption Problem  J. E. 
Ilacke, Jr. iPitoc. I. R. E., vol. 38, pp. 683 - 
(.84; June, 1950.) Discussion on 3115 cut 1948. 

551.510.535  2503 
The Diurnal Variation of the Vertical-Inci-

dence Ionospheric Absorption at 150 kc s - 
A. II. Benner. r,PHOl. 1. R. E., vol. 38, p. (.85; 
June, 1950.) Measurements of the virtual height 
of the layer and the relative amplitudes of 
ground pulse and first and second echoes en-
able the diurnal variation of Jog p! to be 
plotted. Marked absorption-curve tionsitions 
occur at ground sunrise and sunset. When 
log ;log p1 is plotted rigoinst log cos x wher e 
x is the sun's zenith angle), approximately 
straight lines are obtained for the morning .ind 
afternoon periods, the slopes bring 0.675 awl 
0.76, respectively. 

551.510.535  2504 
Travelling Disturbances in the Ionosphere 

— G. II. Munro. (Proc. Roy. Soc. A, vol. 202, 
pp. 208-223; July 7, 1950.) The motion of 
disturbances of the vertical distribution of I; 
region ionization density has been investigated 
by means of synchronized signals from three 
spaced common-frequency pulse transmitters. 

data from Sydney, Brisbane, and Can-
berra show that the larger disturbances can 
travel 900 knit without major change in type 
or in velocity, which ranges from 5 to 10 km 
per minute. Quasicyclical variations of ioniza-
tion density with periods of 10-60 minute are 
found which show a progressive phase lag with 
decrease in height. The magnitude of the dis-
turbance appears, in general, to decrease with 
decrease of the period. The mean direction 
of horizontal motion is about 20  E of N in 
winter and about DO° E of N in summer, t he 
changes indirection of occurring rather abrupt-
ly near the equinoxes. Some of the effects 
observed by Wells, Watts, and George (3279 
of 1946) may be due to disturbances of the 
type here considered. 

551.510.535:1537.568+533.15  2505 
Diffusion in the Ionosphere -M. 11. John-

son and F. 0. Ilulburt. (Phys. Rev., vol. 79, 
p. 222; July 1, 1950.) Summary of American 
Physical Society paper. The nonlinear differen-
tial equations relating the ionic density in the 
atmosphere to the rate of ionization by solar 
radiation and the loss of ions by recombination 
and diffusion, have been integrated on the 
Naval Research Laboratory computer and 
ionic-density  curves,  have  been  obtained. 
Diffusion broadens the curve, thereby changing 
the relations between real and virtual heights, 
and shifts its maximum downwards, modifying 

the dependence of the height of tlie ionized 
region on the solar zenith angle. 

551.510.535: 621.396.11  2506 
Ionosphere Observations at 50 kc/s  J. N. 

l(town and J. NI, %Vans. (Jour. Geophys. Rey, 
vol. 55, pp. 179 181; June, 1950.) A high-
power pulse transmitter giving an output 
of about 200 kw into a large loop antentio has 
becii used at Sterling, N'a., by the (.1(1'1. 
ineastilements of the height of the teller ting 

layet it signals of tiequency about 50 kr . I he 
fet-0141 for (Me rloy is reproduced, the vittual 
height of the iellra ting layer being about 80 
km. I !eight clionges :ire not great, and mottling 
and ccening 144-As do not Weill to ot III 4-very 
41.1y. I )4411141e 4-4 hoe, are sometimes obs,-1 ved, 

551.594.21 2507 
The Free Electrical Charge on Precipitation 

Inside an Active Thunderstorm R. Gunn. 
(Jour. Geophy,. Rec., vol., 55, pp. 171-178; 
June, 195(1.) An induction method vi.is used 
in an aircrott to measure the charges on 
individual rhoplets. Results an' given tor seven 
different levels in the cloud. With the fieezing 
level at 14,000 ft, t he maximum eh orificotrion 
occulted irt about 7,500 It and at a tempetot urn 
4)110' C, t electric field strengt 14 at t lie surface 
of the droplets being a large fraction of the 
dielectric strength of air. 

551.594.6 2508 
The Fine Structure of Atmospherics: Iono-

spheric and Meteorological Applications of 
Type 4 --It. it ivault. (Compt. Rend. Acad. Sri. 
(Paris), vol. 230, pp. 1846-1847; May 22, 1950., 
Daily recordings made at Poitiers dui irug 
t obi-r, 1949, enable the investigation of type 4 
at  to be carried further r's•o• 2519, 
252(1, and 2521 of 1948). Oscill(.grams corre-
sponding to sources in moving air mosses 
exhibit rounded peaks, whir -is t  r 
responding to sources in stationary air mosses 
show a true short pulse clearly sepai med tr44111 
its eciloeS. Tine normal value of It, the le-ight 
of the reflecting layer, is found to be 75 km, 
with variations up to 12 km during the period 
1700-2100.  Uniformity  of observat ir ins  of 
atmospherics from different directions leads 
to the view that the 1.) region is homogeneous 
awl parallel to the ground. On days \Own 
large time variations were observ•al !nog:relic 
storms were also recorded. 

521.03 2509 
Some Recent Researches in Solar Physics 

[Book Review]  4. Publislitrs: 1 ,m-
bridg,.  y Press, London, England, and 
New Vork, N. V., 1949, 134 pp., 12s. 641. or 
$3.0(J. (Science, vol. 111, P.  414; April 21, 1950. 
Quart. J. R. Het. Soc., vol. 76, p. 112; January, 
1950.) - 11iis book in the new series of C4It11-
bridge NIonograplis on Physics deals mainly 
with I 14)) It's own recent work on the cot ono 
and (111 1.1ilillS1111, 1.• . . . " T,rrestrial phenom-
ena 4finatly influemed by the sun, and the 
emission of rodio waves from the sun, are 
dealt with. 

LOCATION AND AIDS TO 
NAVIGATION 

527.5:518.12  2510 
The Computation of Great-Circle Bearings 

and Distances G. Millington. (.1farconi Rev., 
vol. 13, iro. 89 101; 3i41 quarter, 1950 1 "1 
avoid t w twcussity of using seven-ligine Ir.go-
ritlints to obtain four-figure irccurocy 55 le it 
using the standard formulas, trigonoinettirol 
transformations .rre used, a simplified ot 
signs is adopted and t he resulting Lanni 'mat ion 
is presented in a Simplon! Lawlor form. 

62 1.396.9:551.578.1  2511 
The Effect of Rain on  Marine Radar 

Echoes -ti. E. liat(ko. (Marconi Rev., vol. 
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3, pp. 102-109; 3rd quarter, 1950.) The failure 
if PPI radar gear to detect targets when 
wavy rain is falling is analyzed and curves are 
;iven to assist operators to determine the ap-
iroximate ranges within which target echoes 
.hould be obtainable under different conditions.. 

i21.396.933  2512 
A Simple  Localizer -J.  W. Alexander. 

Tijdschr. ned. Radiagenoot., vol. 14, pp. 119-
133; July, 1949. Discussion, p. 134.) Critical 
fiscussion of the SCS51 instrument landing 
fystem, and description of the Schiphol instal-
ation, in which an electrical method of modu-
.ation is used. It is suggested that PICAO 
ipecificatinns be redrafted to give a course 
angle of 2.5° on either side of the true direction. 

621.396.933 2513 
ILS-2 Instrument Landing Equipment —R. 

A. Hampshire and B. V. Thompson. (Elec. 
Commun., vol. 27, pp. 112-122; June, 1950.) 
A description of equipment which complies 
with  PICAO requirements.  The localizer, 
operating in the 108-112 Mc band, provides 
a beam along the runway and extending for 
at least 25 nautical miles, the two halves of 
the beam being modulated at 90 cps and 150 
cps, respectively. The glide path, adjustible 
from 2° to 4, operates in the 329-335 Mc 
band, modulating frequencies of 90 cps and 
150 cps being again used. Three marker bea-
cons, all on 75 Mc but with different modu-
lation frequencies, give distance indication. 

transmission from the localizer can be 
made without interrupting its course modula-
tion. Monitor and control circuits have been 
specially designed  to ensure reliabilit y of 
Operation. 

621.396.933 2514 
Characteristics and Adjustment of 335-Mc/s 

Equisignal Glide Slopes—S. Pickles. (Elec. 
Commun., vol. 27, pp. 140 -151; June, 1950.) 
Different factors influencing the radiated sig-
nals are examined with a view to improved 
performance and increased safety of operation. 

621.396.933 2515 
A Source of Error in Radio Phase-Measur-

ing Systems --R. Bat‘quan, E. I. Florin:in, 
and A. Tait. (Paoc. I. R. E., vol. 38, pp. 612-
614; June, 1950.) When a mobile transmitter 
was moved between two points over different 
particular paths around reradiating struc-

• tures, the  measured total  phase changes 
differed by 2rn radians, where n is an integer. 
If reradiation from a reflector is of the same 
order of magnitude as the radiation from an 
antenna, analysis of the resultant field shows 
that singularities occur and each traverse of a 
closed path around a point of singularity gives 
a total phase change of 360°. 

621.396.933 2516 
An Analysis of Some Anomalous Properties 

of  Equiphase  Contours--G.  A.  Hufford. 
(Ppoc. I. R. F., vol. .38, pp. 614-618; June, 
1950.) Further investigation of cases, of im-
portan'm in radio surveying or navigation 
syst ,II19, where the phase at certain points 
may be multivalued (see 2515 above). 

621.396.9 2517 
British Standard 204:1943. Supplement 

No. 4, Glossary of Terms used in Radar. 
IBook Noticei -Publishers: British Standards 
Institution, London, England, 1950, 8 pp., 2s. 
(Br:!  ihind. Irvt. Mon. Inform. Sheet, p. 1; 
Jiiva  1950.) 

M A T  IALS AND SUBSIDIARY 
TECHNIQUES 

531.788 2518 
A  Philips-Type  Ionization  Gauge  for 

Measuring of Vacuum from 10  to 10 I mm 

of Mercury—E. C. Evans and K. E. Burmas-
ter. (Paoc. I. R. E., vol. 38, pp. 651-654; 
June, 1950.) Description and detailed diagrams 
showing the construction of a modified gauge. 
For an account of an instrument giving similar 
performance see 1423 of July (Penning & 

Nienhuis). 

535.215:546.23 2519 
Photoconductivity in Amorphous Selenium 

—P. K. Weimer. (Phys. Rev., vol. 79, p. 171; 
July 1, 1950.) Experimental results are given 
which indicate that the red amorphous form 
of Se is photoconductive and possesses proper-
ties very different from those of the common 
metallic form and of the red monoclinic-crystal 

form. 

535.215:546.23  2520 
Electron-Bombardment-Induced  Conduc-

tivity in Selenium -I.,. Pensak. (Phys. Rev., 
vol. 79, pp. 171-172; July 1, 1950.) An account 
of measurements on evaporated films of red 
amorphous Sc. 

535.37:546.42.221  2521 
Two Infra-Red-Sensitive SrS Phosphors 

with Zn Dominant Activator —D. S. Bersis 
(Jour. Opt. Soc. Amer., vol. 40, p. 335; May,. 
1950.) 

535.37:546.46.45.284  2522 
Variation of Emission Spectrum of Man-

ganese-Activated Zinc Beryllium Silicate with - 
Decay Time -J. II. Schulman, C. C. Klick, 
and R. J. Ginther. (Jour. Opt. Soc. Amer., vol. 
40, pp. 337-33g; May, 1950.) 

535.37:546.47-31  2523 
Sulphide in Zinc-Oxide Luminophors —S. 

M. Thomsen. (Jour. Chem. Phys., vol. 18, p. 
770; May, 1950.) The presence of a small 
amount of ZnS, rather than free Zn, is re-
sponsible for the green luminescence of ZnO 
phosphors fired in hydrogen. 

535.37:546.472.21  2524 
Comparison of the Luminescence-Extinc-

tion Effects of Nickel and Cobalt on Zinc 
Sulphide—J. Swirly and N. Arpiarian. (Coin/it. 
Rend. Acad. .Sci. (Paris), vol. 230, pp. 1948-
1950; May 31, 1950.) 

537.228.1:621.39  2525 
Piezoelectric Elements in Telecommunica-

tions Technique -J. J. Vormer. (Tipschr. 
tied. Radiogenoot., vol. 15, pp. 93 127; May, 
1950.  In Dutch, with English summary.) 
Review of the physical and electrical properties 
of crystals of different cuts commonly used, 
with a tabular summary. 

537.533.8 2526 
Secondary-Electron Emission from Metal 

Mixtures Salow. (Ann.  Phys.  (1.4)z.), 
vol. 5, pp. 417- 428; January 16, 1950.) Mix-
tures produced by simultaneous evaporation of 
either Ag or Cu and either Mg, Al, or Be were 
found to have secondary-emission properties 
similar to those of alloys of the two components 
formed by melting. After a forming process in 
the presence of small quantities of 02, second-
ary-emission factors of about 10 were obtained 
with 500-v primary electrons. The Cu/Mg 
metal mixture is easy to form, electrically and 
thermally stable, insensitive to dry CO2-free 
gases, and very suitable for coating secondary-
emission (-athodps, 

538.221  2527 
The  Magnetic  Properties of  Stainless 

Steels  W. A. Stein. I Tranc. A I EE, vol. 67, 
Part If, op. 1534 1537; 1948.) A comprehen-
sive account of the magnetic properties of 
five stainless steels. Steel may contain up to 
.3 per cent Ni without serious detrim ental 
effect on its magnetic properties; the inclusion 
of over 8 per cent Ni renders the steel non-
magnetic. 

538.221  2528 
Magnetic Properties of Ferrites —C. Guil-

land. (J. Rech. Centre Nat. Rech. Sci., No. 12, 
pp. 113-122; 1950.) Experimental study and 
discussion of the saturation magnetization of 
simple and mixed ferrites. See also 1166 and 
1171 of June (Née!). 

538.221 2529 
Properties of Single Crystals of Nickel 

Ferrite —J. K. Galt, B. T. Matthias, and J. P. 
Remeika. (Phys.. Rev., vol. 79, p. 214; July 1, 
1950.) Summary of American Physical Society 
paper. 

538.221  2530 
Relation between the Crystalline Structure 

and the Magnetic Properties of Mixed Ferrites 
of Nickel and Zinc —M. Sage and C. Guillaud. 
(Coin/it. Rend. Acad. Sci., (Paris), vol. 230, 
pp. 1751-1753; May 15, 1950.) 

538.221  2531 
Thermal Variation of the Spontaneous 

Magnetization of Ferrites of Nickel, Cobalt, 
Iron and Manganese —It. Pauthenet. (Cons p1. 
Rend. :1 Sci. (Paris), vol. 230, pp. 1842-
1843; May 22, 1950.) 

538.221  2532 
A New Series of Ferromagnetic Substances: 

Ferrites of Rare Earths -II. Forestier and G. 
Guiot-Guillain.  (Coin/it.  Rend.  Acad. Sci. 
(Paris), vol. 230, pp. 1844-1845; May 22, 1950.) 

538.221:538.65:536.413 2533 
Length Anomaly in Ferrites —L. Weil. 

(Coin/fl. Rend. Acad. Sci. (Paris), vol. 231, pp. 
122-124; July 10, 1950.) Experimental study 
of the expansion coefficients of magnetized 
ferrites when slowly heated and then cooled. 

538.221:538.653.11 2534 
Effect of Tension on Magnetic Properties 

in Iron-Cobalt —II. II. Plotkin and J. E. Gold-
man. (Phys. Rev., vol. 79, p. 215; July 1, 1950.) 
Summary of American Physical Society paper. 

539.23:537.311.31  2535 
On the Law of Variation of the Electrical 

Resistance of Very Thin Deposited Metal 
Films as a Function of the Applied Potential— 
B. Vodar and N. Mostovetch. (Compt. Rend. 
Acad. Sci. (Paris), vol. 230, pp. 2008-2010; 
June 5, 1950.) Previous experimental results 
(1701 of August) indicate that log (R../R) 
is a linear function of the applied potential 
except at very low potentials, R, being the 
resistance at potential V. The change in con-
ductivity is attributed to the lowering of the 
potential barrier between adjacent particles 
of the layer by the applied field. This effect is 
discussed in relation to a formula established 
by Schottky for the case of thermionic emis-

sion.93: 546.57:621.314.6  2536  

On Certain Detector Properties of Thin 
Silver Films --A.  Blanc-Lapierre and  M. 
Perrot. (Corn/it. Rend. Acad. Sci. (Paris), vol. 
230, pp. 1749-1751; May 15, 1950.) Measure-
ments were made of the variation of current 
with applied direct and alternating voltages 
and with frequency. Appreciable detection 
effects were observed when the total power 
dissipated in the film was >1 isw. See also 
2242 of October. 

539.23:546.81 2537 
The Structure of Lead Sulfide Films —J. 

Doughty, K. Lark-Horovit z, L. M. Roth, and 
B. Shapiro. (l'hys. Rev., vol. 79, p. 203; July 
1, 1950.) Summary of American Physical 
Society paper. Investigation of films of PbS, 
PbSe, and PI)Te by X rays, electron diffraction, 
:mil electron microscope. 

539.23:546.81:535.215  2538 
Temperature Variation of Properties of 

Photo-Sensitive Lead Sulfide Films R. II. 
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McFee. (Phys. Rev., vol. 79, p. 203; July 1, 
1950.) Summary of American Physical Society 
paper. Measurements made of dark current, 
photo current and noise as functions of tem-
perature between 90° K and 300° K. 

546.841-3: 537.311.3  2539 
Electrical Resistance of Thoria — W. E. 

Danforth and F. H. Morgan. (Phys. Rev., vol. 
79, pp. 142-144; July 1, 1950.) Measurements 
were made in vacuo at temperatures up to 
2073° K. On activation, values of I U-cm at 
1,900° and 10S2-cm at 1,000° were obtained. 
Activation energies determined from pulse 
measurements were between 3.2 v and 0.58 v. 
The density of impurity centers was calculated 
as 10,, per cm, and was found independent of 
the degree of activation by current. This 
result does not agree with the hypothesis of 
the electrolytic origin of impurity centers. 

546.92:537.323  2540 
Effect of Heat Treatment on the Electrical 

Properties of Platinum— R. J. Corruccini. 
(Phys. Rev., vol. 79, p. 202; July 1, 1950.) 
Summary of American Physical Society paper. 

620.197:679.5 2541 
Casting-Resin Techniques —J. Baylia.(Elet-

ironies, vol. 23, pp. 100-101; July, 1950.) 
Practical details are given about the materials 
and methods of preparation and use of NBS 
casting resin. 

621.314.632  2542 
Metallographic Study of Germanium Point-

Contact Rectifiers— M. H. Dawson and B. H. 
Alexander. (Phys. Rev., vol. 79, p. 217; July 
I, 1950.) Summary of American Physical 
Society paper. 

621.315.592t +537.311.3 2543 
Electrical Conductivity— R. Roulaud. (Rev. 

Gin. Elec., vol. 59, pp. 211-225; May, 1950.) 
In Part I different theories which have been 
proposed to account for the conductivity of 
solid bodies are discussed, particularly the 
contributions made by the quantum theory 
and wave mechanics. The classification of con-
ductors according to electron activity is out-
lined and the potential barrier is discussed with 
reference to thermionic emission  and  the 
Schottky effect. Part 2 deals with semiconduc-
tors and discusses the effect of impurities on 
resistivity and also their physical characteris-
tics and rectifying properties. Part 3 reviews 
the properties of Ge, particularly those made 
use of in the transistor. 

621.315.592f 2544 
Electrical Properties of Semiconductors 

with Macroscopic Discontinuities —J. C. M. 
Brentano and D. H. Davis (Phys. Rev., vol. 
79, p. 216; July I, 1950.) Summary of American 
Physical Society paper. 

621.315.592 t : 546.28  2545 
The Transition from Insulating to Metallic 

Behavior in Semiconducting Silicon— G. W. 
Castellan and F. Seitz. (Phys. Rev., vol. 79, 
p. 216; July 1, 1950.) Summary of American 
Physical Society paper. 

621.315.61.011.5:577.3  2546 
The Determination of the Dielectric and 

Magnetic Properties of Inhomogeneous Di-
electrics, Particularly Biological Substances, in 
the  Decimetre- Wave  Region —H. Schwan. 
(Ann. Phys. (Lpz.), vol. 5, pp. 253-310; 
January 16, 1950.) In three parts, dealing with 
(a) theory of resonance methods of determining 
complex resistance, (b) effect of the support 
at the end of the Lecher line used in such 
methods, (c) practical methods and appropriate 
formulas for determining the required constants 
of the materials tested. 

621.315.61.011.5:621.317.3.029.63  2547 
Decimetre- Wave Measurements of Tem-

Ferature-Dependent Dielectric Properties of 
Insulating Materials —Kreft. (See 2559.) 

621.315.612.4.011.5  2548 
The Ferroelectric Properties of Certain 

Titanates and Zirconates of Bivalent Metals 
Having  Perovskite Structure -G. A. Sino-
lenski. (Zh. Tekh.  vol. 20, pp. 137-148; 
1950. In Russian.) An experimental as well 
as a theoretical investigation which shows 
that CdTiO3, PbTiO3, PI,Zr03, and the solid 
solutions (Ca, rh)ri( )3 and (Sr,Pb)TiO3 pos-
sess ferroelectric properties. 

621.318.2:621.3.016.35  2549 
Stabilized  Permanent  Magnets —P.  P. 

Ciofli. (Trans. A 1 vol. (,7, Part II, pp. 
1540-1543; 1948.)  Perinanent magnets are 
stabilized against forces tending to demag-
netize  them,  by  partial  demagnetization. 
After stabilization the magnet operates on a 
secondary demagnetization curve. The deriva-
tion of this curve and its applications to magnet 
design problems are discussed. 

621.396.822: 539.23:621.315.616.9  2550 
Random Noise in Dielectric Materials— 

R. F. Boyer. (Jour. App!. Phys., vol. 21, pp. 
469-477; June, 1950.) An account is given of 
observations on fluctuating currents resulting 
from the application of direct-voltage gradients 
of 10-300 volts per mil to thin films of polar 
dielectrics containing moisture. The fluctua-
tions have frequencies of 60-1,000 cps and 
last for some minutes, even persisting for a few 
seconds after removal of the voltage; after 
dying out they can usually be restored by re-
versing the voltage. The corresponding noise 
level is about 1,000 times higher than that of 
the circuit noise. The noise is the greater the 
more polar the polymer and the higher the 
moisture content of the material. Groups of 
ions rather than single ions are believed to act 
as the random charge carriers. 

669.15: 538.652  2551 
Magnetostriction in Magnetic Alloys with 

Preferred Crystal Orientation —J. E. Goldman. 
(Phys. Rev., vol. 79, p. 215; July 1, 1950.) 
Summary of American Pnysical Society paper. 

MATHE MATICS 

517.392  2552 
Numerical Evaluation of Integrals of the 

Form I= f2̀.,,f(z)e"1" dzand the Tabulation of 
the Function Gi(z)=(1/70 i; Sin (uz+1u3) 
du—R. S. Scorer. (Quart. Jour. Afech. App!. 
Math., vol. 3, Part 1, pp. 107-112; March, 
1950.) 

517.564 2553 
On the Fourier and Mellin Transforms of 

Inverse Bessel  Functions —P.  Barrucand. 
(Compt. Rend. Acad. Sci. (l'aris), vol. 231, 
pp. 102-104; July 10, 1950.) The transforms 
are applied to derive a formula by means of 
which many integrals can be developed in the 
form of series. 

517.942:621.3.09 2554 
The B. W.K. Approximation and Hill's 

Equation: Part 2—L. Brillouin. (Quart. A ppi. 
Math., vol. 7, pp. 363-380; January, 1950.) 
The BWK procedure, developed in connection 
with wave mechanics, is shown capable of 
yielding a good approximate solution for prob-
lems in many other fields, including the propa-
gation of cm waves along a transmission line 
whose properties vary from point to point. 
The validity of various approximations is ex-
amined. 

517.942.82:517.522 2555 
The Laplace Transformation and Summa-

tion Formulae  P. Barrucand. (Comp!. Rend. 
Acad. Sci. (Paris), vol. 231, pp. 20-22; July 3, 
1950.) The Poisson, Hardy, and other summa-

tion formulas are derived by use of the Laplace 
transformation. 

517.942.932 1556 
Notes on the Solution of the Equation 

y"—xy=fix) —J. C. P. Miller and Z. Mural. 
(Quart. Jour. Afech. App!. Math., vol. 3, Part 
1, pp. 113-118; March, 1950.) 

681.142 2557 
A Differential Analyzer for the Schrddinger 

Equation —R. L. Garwin. (Rev. Sri. Invir., 
vol. 21, pp. 411-416; May, 1950.) A simple and 
rapid analyzer is discussed having an accuracy 
within about 0.5 per cent. Possible extensions 
of its application are mentioned. 

681.142:621.389 2558 
A Fast Multiplying Circuit —B. Chance, J. 

Busser, and F. C. Williams. (Phys. Rev., vol. 
79, p. 244; July 1, 1950.) Summary of American 
Physical Society paper. A development on the 
principle of the "quarter-square" multiplica-
tion method. A single parabolic characteristic 
is used to square the amplitudes of alternate 
half-cycles of an 82-kc square wave which 
represent respectively the sum and difference 
of the two input voltages A and B. "Phe 
difference of the squares gives the desired 
product 4A B. The circuit gives the product 
of the inputs every 12  seconds to within 1 
per cent. 

MEASURE MENTS AND TEST GEAR 

621.317.3.029.63:621.315.61.011.5 2559 
Decimetre- Wave Measurements of Tem-

perature-Dependent Dielectric Properties of 
Insulating Materials -NV. Kreft. (Fernmelde-
tech. Z., vol. 3, pp. 203-211; June, 1950.) A 
resonance method is described for measuring 
loss angle and permittivity, using two tubular 
concentric lines short-circuited at one end and 
capacitively coupled. One line, with a coupled 
current-meter,  serves as  indicator of the 
changes in the other line when a test sample is 
inserted  which  completely  fills  it certain 
length of the space between inner and outer 
conductor. Measurements in the wavelength 
range 10 75 cm were made on various insu-
lating materials at temperatures from 20° to 
80°C. Results are given graphically and show 
that in general- the loss angle increases very 
considerably with temperature, but the per-
mittivity only slightly. 

621.317.31 2560 
Measurement of Current Intensity with 

an Ammeter of Aspparent Resistance Zero — 
M. Matsvhinski. ((ompt. Rend. Acad. 
(Paris), vol. 230, pp. 1937 -1939; May 31, 1950.) 
The principle is analogous to that of the po-
tentiometer method of voltage measurement. 
An auxiliary voltage source and variable re-
sistor in series are connected across the am-
meter and adjusted so as to compensate for 
the voltage drop due to the resistance of the 
ammeter. Applications of the method in the 
measurement of very weak currents are indi-
cated. 

621.317.32  2561 
Negative-Feedback D.C.  Amplifier with 

Grid-Controlled Valve Converter — W. Geyger. 
(Arch. Tech. (Mes.sen), No. 172, p. T57; May, 
1950.) The magnetic amplifier of the instru-
ment described in 1450 of July is replaced by a 
differential double-triode circuit which acts 
as an ano(le-modulated converter.  Voltage 
range becomes approximately 0.1-1 v with 
input resistance 1-100 MU. 

621.317.332  2562 
Resistance Measurement at High Fre-

quencies by means of Lossless Quadripoles — 
A. Egg,: and H. 11. Meinke. (Funk. and Ton, 
vol. 4, pp. 233-238; N1ay, 1950.) Two equal, 
lossless, and symmetrical 4-terminal networks 
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etre connected in series and terminated with 
s:he resistor R1 to be measured. Measurements 
, ire made of the voltages across the two ends 
I A the whole network and across the junction 
; A the two networks. From these voltages and 
:he known characteristic impedances and phase 
, :onstants of the networks, R1 may be deter-
mined. The method is suitable for the measure-

, ment of resistors of 20-300 S2 in the frequency 
' range 30-100 Mc, but its applications are not 
restricted to this rang(. 

621.317.335.3 t +621.317.374 2563 
Measurement of the Specific Inductive 

Capacity and Loss Angle of Dielectrics between 
50 kc/s and 100 Mc/ s -J. Jourdan. (Onde Elec., 
vol. 30, pp. 285- 292; June, 1950.) Description 
of a Marconi high-precision instrument, using 
the reactance-variation method, for industrial 
use. A Hartley oscillator is loosely coupled 
to the measurement circuit, which comprises 
a coupling inductor and two capacitors Cr and 
C2 in parallel across it. The dielectric material 
is placed between tile plates of Cr which has a 
micrometer adjustment; C2 is tuned for reso-
nance, as indicated on the 50-cm scale of a 
mirror galvanometer in the circuit of a square-

' law tube v9ltmeter; C2 is then adjusted to give 
equal deflections on either side of resonance; 
the procedure is repeated without the dielec-
tric. Loss angle and dielectric constant (and 
also resistance and capacitance) may be simply 
ca:culated from the formula given. The theory 
of the method of measurement and accuracy 
of the instrument are discussed. 

621.317.335.3.029.64t  2564 
Recording Microwave  Refractometer - 

(Electronics, vol. 23, pp. 120, 122; July, 1950.) 
The difference in resonance frequency produced 
by introducing a sample of a substance under 
test into one of two otherwise identical cavity 
resonators is a measure of the dielectric con-
stant of the sample. The equipment described, 
which was developed at the National Bureau 
of Standards, is sensitive to Q changes in the 
test cavit y, hence its use is restricted to testing 
samples of low-loss materials. Possible applica-
tion to the measurement of atmospheric re-
fractive index at frequencies above 30 Mc is 
considered. 

621.317.335.3.029.64 t :546.217  2565 
Apparatus for Recording Fluctuations in 

the Refractive Index of the Atmosphere at 3.2 
Centimeters  Wave-Length —C.  M.  Crain. 
(Rev. .S:ci. in.tr., vol. 21, pp. 456-457; May, 
1950.) A modified version of apparatus pre-
viously used for measuring dielectric constants 

: of gases. Two microwave oscillators have their 
, frequencies controlled respectively by two 
0 Meat cavity resonators, one of which is sealed 1 off while the other has air drawn through it. 
By appropriate circuit arrangements, changes 
in the resonance frequency of this second 
cavity, due to fluctuations in the dielectric 
constant of the air, produce proportional de-
flections in a recording milliammeter. 

621.317.36:621.396.611.21.001.4 2566 
Checking Crystals  I'. O. F.irnliam. (Elec-

tronics, vol. 23, pp. 150 154; July, 1950.) 
The method and apparatus described are for 
crystals whose fundamental frequencies lie 
between 6 and 13 Mc. Modifications may be 
made to suit other applications. 

621.317.7:621.392.26t  2567 
An Automatic Standing-Wave Indicator — 

P. J. Allen. (Tran ,. A I LE, vol. 67, Part II, 
pp. 1299 - 1:102; 19484 "I he probe of a conven-
tional standing-wave indicator is lllll ved over 
a distance exceeding one wavelength (3 cm) 
by a reciprocatink device operated by a 100-
rpm motor. Time out put from the probe is 
amplified and applied to the vertical-deflection 
plates of a cro. A voltage derived from a po-
tentiometer attached to the probe carrier is I 

simultaneously applied to the horizontal-de-
flection plates to give a deflection correspond-
ing to the position of the probe, so that the 
waveform is displayed on the long-persistence 
screen. A graticule on the face of the cathode-
ray tube permits the SWR to be read directly. 
A cursor is provided for measuring the position 
of the standing-wave pattern. 

621.317.7.029.62  2568 
V.H.F. Testing and Measuring Equipment 

—(Electronic Eng., vol. 22, pp. 349-350; 
August, 1950.) A brief review of British 
very-high-frequency electronic equipment, with 
technical details supplied by the manufactur-
ers, who will give further details on request. 

621.317.7.029.64  2569 
Measurement Apparatus for Ultra-High 

Frequencies —M. Bouix. (Ann. Telecommun., 
vol. 5, pp. 210-218; June, 1950.) Descriptions 
and  illustrations  of  cavity  wavemeters, 
slotted-line and coaxial-line sections, attenua-
tors and matched terminations for wave-
guides, power meters, and. the like, developed 
in the Centre National d'Etudes des Telecom-
munications for measurements at wavelengths 
of about 3 cm and 10 cm. 

621.317.725  2570 
The Diotron —An Aid to R. M.S. Instru-

mentation—R. D. Campbell. (Electronics, vol. 
23, pp. 93-95; July, 1950.) A circuit is de-
scribed comprising basically a temperature-
limited diode and a dc amplifier connected in a 
feedback arrangement. It can be used as a volt-
meter giving true rms readings. The voltage to 
be measured is applied to the diode filament 
terminals together with the dc heating voltage, 
the effect of feedback then being to maintain 
the filament heating power constant. A linear 
power scale is obtained for small inputs. De-
tails are given of an instrument covering the 
frequency range 40 cpi-10 Mc and having a re-
sponse time of 15 ms for frequencies above 
1 kc; full-scale deflection on the highest voltage 
range corresponds to lOw across a 600-S2 load. 
Possible applications to computing circuits are 
outlined. 

621.317.725: 621.3.018.78t  2571 
Distortion-Measurement  Apparatus—II. 

Boucke and II. L,ennartz. (Funk. und Ton, vol. 
4, pp. 217-225; May, 1950.) Descriptions are 
given of (a) a simple instrument for harmonic 
measurement for input frequencies of 10, 20, 
40, 160 kc; (b) an improved instrument for the 
same frequencies; (c) a distortion meter for 
800 cps. Circuits are shown; selective feedback 
and multiple harmonic filters are used. Har-
monic voltages down to 0.5 per cent of that of 
the fundamental can be measured with negligi-
ble error. 

621.317.74:621.315.212  2572 
Test Set for Impedance Frequency Meas-

urement on Coaxial Cables -A. F. Hoff. (Elec. 
Commun., vol. 27, pp. 123 -137; June, 1950.) 
Determination of the characteristic impedance, 
attenuation constant, phase constant, and ve-
locity ratio of long lengths of coaxial cable is 
discussed. By avoiding frequency-dependent 
parameters in the measuring circuits, precise 
measurements may be made with a rapidity 
impossible with previous methods. A descrip-
tion is given of a portable test set covering the 
range from 5 to 30 Mc. 

621.317.757  2573 
Simple Wave Analyser--D. M. Tombs. 

(Wireless Eng., vol. 27, pp. 197-200; July, 
1950.) The selective property of a simple tuned 
circuit is used to isolate a particular frequency 
existing in a complex wave, the isolated har-
monic and the wave to be analyzed being both 
displayed on a double-beam cro. The Q value of 
the tuned circuit governs the amplitude of the 
selected harmonic component and is adjusted 

over a wide range by means of a negative-
resistance element. 

The ratio of two harmonic amplitudes may 
be found by adjusting the Q values to make the 
magnified voltages the same for both in succes-
sion. The ratio is then given by a simple rela-
tion involving the frequency of the harmonics 
and the incremental adjustments of the tuning 
capacitor to obtain the half-power points, both 
these quantities being easily measured. 

621.317.772 2574 
High-Frequency Phase Measurement with 

Direct Indication: Part 1—With a Cathode-
Ray Tube as Indicator—A. Ruhrmann. (Arch. 
Tech. (Messen), No. 172, pp. T52-T53; May, 
1950.) 

621.317.799t:1621.396.813+621.396.822 2575 
A Set for Noise and Distortion Tests on 

Carrier and Broadcast Systems—A. F. Boff. 
(Marconi Rev., vol. 13, pp. 110-118; 3rd 
Quarter, 1950.) The use of two simultaneous 
test tones enables distortion measurements to 
be made at frequencies up to the limit of the 
pass band and overcomes the limitations of con-
ventional harmonic testing methods. Descrip-
tion and circuit and performance details are 
given of a compact test unit suitable for noise 
and distortion measurements on very-high-fre-
quency links. 

621.385.012:621.317.79 2576 
The Application of Direct-Current Reso-

nant-Line-Type Pulsers to the Measurement of 
Vacuum-Tube Static Characteristics —J. Lefer-
son (Paoc. I.R.E., vol. 38, pp. 668-670; June, 
1950.) A method is described for obtaining the 
static characteristics of a tube in the positive-
grid region by applying to the grid 4-as pulses 
obtained from a conventional line-type pulse 
generator using a resonance method of charg-
ing. Grid and anode currents are observed on a 
synchroscope by means of voltages developed 
across noninductive resistors. 

621.392.3:621.316.849:621.396.67.029.62 2577 
High-Load H.F. Resistors of the Trans-

mission-Line Type with Uniform Damping—A. 
Kraus. (Fernmeldetech. Z., vol. 3, pp. 157-160; 
May, 1950.) Expressions are derived for the 
dimensions of a 60-12 air-cooled dummy an-
tenna in which a length of resistance wire is 
wound spirally on a grooved metal cylinder 
which constitutes the low-loss return line. 
Three such units illustrated are for use in the 
30-200 Mc band for powers of 250 w, 1 kw and 
10 kw; the last is cooled by air blast. Resistance 
is within 10 per cent of 60S-2 over the whole fre-
quency range. 

621.396.615:621.316.726.078.3  2578 
A Method of Locking Oscillators in Integral 

and Non-Integral Frequency Ratios —E. A. G. 
Shaw. (Brit. Jour. A ppt. Phys., vol. 1, pp. 154-
157; June, 1950.) The output voltages of the 
two audio-frequency oscillators to be locked 
are applied to a nonlinear mixer. A selected 
beat provides a suitable correction voltage to 
operate a reactance tube controlling the fre-
quency of one oscillator. A practical circuit is 
described, giving locking with a 1,000-cps sig-
nal over quite a large range of frequency ratios. 
Further developments are discussed. The 
method appears to be applicable to any fre-
quencies. 

621.396.615.17 2579 
Various Applications of the Square-Wave 

Generator—R. de L. Ortueta and J. M. H. 
Botas. (Rev. Telecomun. (Madrid), vol. 5, pp. 
40-52; September, 1949.) 

621.396.615.17:621.318.5721:621.392.018  
.424.001.4  2580 
An Impulse-Generator Electronic-Switch 

for Visual Testing of Wide-Band Networks--
T. R. Finch. (Paoc. 1.R.E. vol. 38, pp. 657-661; 



1372 l'10)(7.TDING.S. 1111.: I .R.L. .N'orember 

June, 1950.) The instrument may be used to 
test any network that can be arranged to store 
a de charge, the discharge characteristics pro-
duced by the network under test and by a ref-
erence network ;whir simultaneously displayed 
for comparison. Representative applications 
are illustratNI with the aid of cro traces and the 
circuit functions are described in detail. 

621.396.616.029.64.001.4  2581 
Kilomegacycle Buzzer Test Oscillator  6. 

L. Davies, C. B. Pear, Jr., and P. E. P. White. 
(Electronics, vol. 23, pp. 96 99; July, 1950.) 
Voltage pulses with repetition frequency 800 
per second derived from 1.1 battery-driven buz-
zer are applied to a cavity resonator tunable in 
the range 3-11 kNic. Outputs up to 200 jsv 
across a 5042 load are obtained by adjustment 
of a simple piston attenuator. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9:061.3 2582 
International Convention on Ultrasonics - 

Bradfiehl. (see 2397.) 

534.321.9:542.952.6  Z583 
Emulsion Polymerization with Ultrasonic 

Vibration -A. S. Ostroski and R. 13. Stam-
baugh. (Jour. Appl. Phys., vol. 21, pp. 478-
482; June, 1950.) Nlagnetostriction and piezo-
electric oscillators, operating at 15 kc and 500 
kc, respectively, were used to study the effect 
of ultrasonic vibrations on the formation of 
such products as polystyrene and synthetic 
rubber. Above the threshold intensity required 
to produce cavitation, the time taken to reach 
a given yield of polymer is approximately in-
versely proportional to the power used. 

534.415:621.396.615.141.2  2584 
Stroboscopic Mapping of Time-Variable 

Fields -L. Marton and D. L. Reverdin. (Jour. 
App!. Phys., vol. 21, pp. 617- 618; June, 1950.) 
During investigations of the static field of a 
cutoff magnetron it was found that the space-
charge field was completely masked by the 
magnetic field due to the filament heating cur-
rent. To avoid this a half-wave rectifier was 
used to feed the filament and observation of the 
space-charge distribution was restricted to the 
half cycle when no heating current was flowing. 
Pulse operation of the electron beam used for 
observation of the space charge was effected by 
square-wave modulation of the electron-gun 
bias voltage. The stroboscopic method is ap-
plicable in principle to the observation of re-
current, time-variable fields up to very high 
frequencies, a practical upper frequency limit 
being estimated at about 300 Mc. 

621- 57:621.318 2585 
The Magnetic-Fluid Clutch - -J. Rabinow. 

(Trans. :I ILL, vol. 67,  Part II, pp. 1308-
)315; 1948.) A detailed discussion of principles 
and applications. See also 969 of NI.iy and back 
references. 

621.316.86:536.581  2586 
Thermistor Thermostats -A. II. Taylor. 

(Electronics, vol. 23, pp. 154 159; July, 1950.) 
Two simph• low-cost circuits suitable for con-
trolling refrigerators and using Western Elec-
tric thermistors Type V-5 I4 are described. 

621.318.572:621.387.4221- 2587 
High-Speed  Electronic  Scaler -W. NI. 

Sessler and A. V. Masket. (Rev. Sc!. lusty., vol. 
21, p. 494; May, 1950. Ge diodes are used in a 
circuit developed front one described in vol. 19 
of the MIT Radiation Laboratory series (2006 
of 1949). 

621.38.001.8: 616-07  2588 
Electronic Instruments in Diagnostic Medi-

cine --S. N. Pocock, W. Grey Walter, H. 
A. Hughes. (Electronic Eng., vol. 22, pp. 355-

356; August, 1950.) Commcnt , on 1207 of 
June (lItighes) and ant hot', 

621.384.6  2589 
200-kV Accelerator with Gas-Recovery 

System 1. .Nlintivist, K. W. Allen, .1. 
1),W:in, I. P. Pepper, and J. 11 sanders. 

l'il ‘ • /6  • • " I 79 , 11. 2(19 ; JulyI, 19 s(l.) sun, 
in.‘1 y  \ Mg  iety paper. 

621.384.6 2590 
Optimum Parameters for Particle Accelera-

tion by TM,,i0 Cylindrical Cavities  B. 11.. 
Miller. (Priv ,. Rev , vol. 79, p. 209, July 1, 
195(1.)  Amen, ti Plivsii .11 Sudety 
paper. 

621.384.6 2591 
Production  of  High-Current  Electron 

Pulses by a Resonant-Cavity Accelerator G. 
\V. Clark iiiil L. Ii. Stioddy. (Phyr. Rev., vol. 

79. P. 232; JuIV 1, 1950 .) Summar)" 171 Ameri-
can Physical Society paper. Pulses of duration 
<10-7  second with electron energies >40 key 
are obtained by use of a doubly fl-entrant 
cylindrical cavil y operating at 400 Mc illcon-
junction with a pulsed electron source. 

621.384.6 2592 
Theory of the Radial Oscillations of the 

Electrons  in  an  Electron  Accelerator  II. 
Jahn and II. K.111 4,1111:i1111. Li n n. l'hyr., 
vol. 6, pp. 3(15 320; Si•ptember 19, 1949.) Ap-
proximate foil mulas for the oscillation ampli-
tude of the elect rims about their instantaneous 
orbits, and for t Iii• damping of the oscillations, 
are derived and applied tothe 1.1, 1,1 oft  (,- \ley 
electron accelerator if the Siemens-Reiniger 
\Verke. 

621.384.611.11 2593 
An 80- MeV Model of a 300- MeV Beta-

tron --I). W. Kerst, G. 1) Adams, II. \V. 
Koch, and C. S. Robinson. • ki, Szi. 
vol. 21, pp. 462 -480; May, 19 7,0 

621.384.611.11- 2594 
Performance of 300-MeV Betatron I I ). 

Adams, D. W. Kerst and C. S. Rohirrson. 
(Phys. Rev., vol. 79, p. 208; July 1, 1950 sum _ 
mary of American Physical Soi it y 

621.384.611.2t  2595 
Operation of the M.I.T. 350- MeV Electron 

Synchrotron- 1. A. Getting, J. S. Clat k, J. E. 
Thomas, Jr., I. G. Swor)e, and NI. L. Sands. 
(Phys. Rev., vol. 79, p. 208; July 1, 1950.) Sum-
mary of American Physical Society paper. 

621.384.611.2t  2596 
Electron Injection Gun for the M.I.T. 350-

MeV Synchrotron -0.  Stone  Why ,. Rey., 
vol. 79, p. 209; July 1, 1950.) Summary of 
American Physical Society paper. 

621.384.611.21- 2597 
Design of Magnet Ends and Straight Sec-

tions for a Racetrack Synchrotron  6  B. 
Beard, J. L. 1.1• V y.  \V. A. Ni, ii•nhcrg, and R. 
W. Piild. (P/i3-c. Rev., vol.  I). 209; July I, 
1950.) Summary of American Physical Society 
paper. 

621.384.611.2t  2598 
Synchrotron Radiofrequency System -M. 

II. 1)azey, J. V. Franck, A. C. I lehnholz, C. S. 
Nunan, and J. M. Peterson. (Rev. Sci. 
vol. 21, pp. 436 -439; May, 1950.) Description 
of the radio-frequency system of the Berkeley 
synchrot roll. 

621.384.611.21. 2599 
Theory of the Capture Process in a Beta-

tron-Injected Synchrotron -1). C. de Packh 
and NI. Birnbaum. I Rep. .Sc!. Instr., vol. 21, 
pp. 451-45(3; May, 1950.) 

621.384.612.1t  2600 
A Focusing Device for the External 350-

MeV Proton Beam of the 184-Inch Cyclotron at 
Berkeley W. K. II. P.Inotsky and W. k. 

(Rey. , vii. 21, pp. 445 447; 
N1ay, P)50.) 

621.385.833 1 535.822  2601 
Electrons vs Photons: A Comparison of 

Microscopes I .,1 t on. (Jour. Opt.  Sue. 
.Inter , vol. 40, pp. 269 274; May, 195(1.) Com-
Parison it eh, 11.-11 A nil light microscopes with 

,,t  li•11;111C Y liCtlV1•1•11 111 , 11 wo-

retical  resolving power of the elei trial iou, ro-
scopc• and ult.-  obtainet1 in ',tact!, e 

621.387.41:549.211 2602 
Some Phenomena in Diamond Gamma-

Ray Counters  L. Pcarlstem and It ft 
ton. (l'hv,. Rep., vol. 79. p, 217; July I, 19s0., 
Summat y Arnerii iii Physii al Si,  it v 

621.387.424  2603 
Geiger Counter for Lectures It L. I vcs. 

(Eleitronics, vol. 23, pp. 111.5- 107, Jul)., 
Citcuit details are given or a portal'', ire-ar u-
mem capable of delivering 50 w amplitude 
quency output at 1,000 counts Pei •,11 d 
tiroviileil with strobotron flasher and Ili\ la 
t ron-driven rate meter as auxiliat y  t, 

778.37:537.523.4 2604 
A Barium Titanate Coaxial Cable for the 

Production of a Short-Duration Spark J \ 
Fitzpatrii k  1 1, , • Phy,. R, , . 

ju. 231 . 1,,  I p, Aiii , 

Physir al s, . • • . ..\ 
of overall lengi I. 1 it Ii Ii, I., ,  
tric of permittivity 1,575 giving a 3.ipa. Halo, 
of 0.02 ktF, was used in spark photography 
ultrasonic W., VI•S 111  11., (1111•11, ii -- iij  Ii 

7 Mc. 

621.387.41 2605 
Ionization Chambers and Counters, Experi-

mental Techniques [Book Review] B.  B. 
Itussi and II. II. Staub. Publishers: NI( Graxt-
liill Book Cir., New York, N. Y. 1st ed. 1949, 
243 pp., 19s.(id. (in Great Britain). ( Elea, -hi, 
Eng, viii. 22, 1)1). .352-353; August, 1930.) 

PROPAGATION OF WAVES 

061.3:1621.396.11 -4-55 2606 
Summary of Proceedings of Australian Na-

tional Committee of Radio Science, U.R.S.I., 
Sydney, January 16 20, 1950 • 1J,.agr. , 
Re,., vol. 55, pp. 191• 210; June, 1950., sum-
maries are given of 33 papers presented .3 t he 
ronference. 

538.566 +1537.226.2:546.217 2607 
The Velocity of Electromagnetic Waves and 

thi,.,. 24 the Dielectric Constant of Dry Air 
(  

538.566 2608 
Higher-Order  Approximations  in  Iono-

spheric Wave-Propagation -J. 
, vol. 55, pp. 161 170; June, 

193m 11,-• ionii.pliere, even when a-istrine,1 
in br considered as a linear 

tot t  iiiiipagat ion of (•111 W:1 V,S otii 
•.•  :I  111-4  •11•1•1 ,  \j111.1111,11.  Seciarl-ordi r terms 
give !is.- to ha l and to sum and diffei-
i-ni u• 11 ,1 111 , 11, I. • W11 , 11 t W O ill(1 , 1/elli kIlt waves 
travir se the plrysical region. These I1, W 

11. 1. • .il••, 111  general, of the nature iif 
1,,t) 3,1 %Ablation.), except in the case where their 

(u-ti--tics are those of a natu-
ral mode capable of existing in the region. A 

e etfi t t lien occurs, the new wave in-
ri•.) ,ing its energy at the expense of the inter-
3111 14 waves. ..11 ,1 assuming an independent 

exi•-ten,, \\ liilc these effects couple energy 
ti utut th , pi 1111.11 y III. M it its 

1. 1"1 , .i.:•• 1 1••11 t.•liStiCS• 

•.  •l111 111, degeneracy of the determi-
trantal equal ion tor the propagation constant, 

im  non of any disturbing physical 
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t effects, such as a layer drift velocity, raises the 
degree of the equation, resulting not merely in 

J changes in the values of the propagation con-
stants of the usual modes, but, in addition, in-
troducing new ones. For the usual disturbing 
'f effects encountered in the ionosphere, the 
energy content of these new modes is negligibly 
small. 

538.566:537.562  2609 
Electromagnetic Waves in Bounded Mag-

neto-Ionic Media-B. Lax. (Phys. Rev., vol. 
79, p. 222; July 1, 1950.) Summary of Ameri-
can Physical Society paper. Discussion and 
theoretical study of high-frequency waves in 
ionized gases in the presence of an external 
magnetic field, particularly the determination 
of the complex frequency when the value of the 
propagation vector is fixed or limited, as might 
be the case in a finite cavity resonator or wave-

guide. 

621.396.114 535.222 2610 
Can the Velocity of Propagation of Radio 

Waves be Measured by Shoran? -C. I. Aslak-
son. (Trans. Amer. Geophys. Union, vol. 30, 
pp. 475-487; August, 1949.) An account is 
given of radar methods used to measure 47 lines 
of a shoran system of lengths ranging from 67 
to 367 miles. Six of these lines could be com-
pared with distances determined by first-order 
triangulation. Coordination of the shoran re-
sults with the geodetic measuremenst gave a 
mean value of 299 792.3 km for the velocity of 
propagation of radio waves, after making vari-
ous corrections. See also 2010 of September 
(Essen). 

621.396.11:551.510.535 
Ionosphere Observations 

Brown and Watts. (See 2506.) 

621.396.11:551.57 2612 
The Importance of Water Vapor in Micro-

wave Propagation at Temperatures below 
Freezing -D. G. Yerg. (Bull. Amer. Met. Soc., 
vol. 31, pp. 175-177; May, 1950.) Calculations 
based on experimental results indicate that the 
vapor-pressure term in the refractive-index 
equation cannot be neglected for temperatures 
above  -35°C.  For temperatures between 
-35°C and -20°C the vapor-pressure gradi-
ent may be quite significant and at tempera-
tures above -20°C it may be the dominant 
factor. 

621.396.81 2613 
Propagation of Waves of Frequencies from 

2.5 to 35 Mc/s between Washington and 
Madrid -(Rev. Telecomun. (Madrid) vol. 5, 
pp. 2-18; September, 1949.) An account of 
NBS prediction methods, and of an experi-
mental investigation into quality of reception 
for these frequencies, with a view to obtaining 
data on which predictions might be based. 
Observations were made hourly from 0700 to 
2200 for the period December, 1948 to March, 
1949. Graphs of receiver output power against 
time of day, and of muf and optimum working 
frequency against time of day, display the re-
sults for each fortnight of the period. These 
are discussed and compared with NBS charts, 
and suggestions are made for extension of the 
W WV standard-frequency transmissions. 

621.396.81  2614 
"Probable Law" of Propagation of Short 

Waves for Ranges of 1,300 km from Europe-
R. G. Sacasa. (Rev. Telecomun. (Madrid), 
vol. 5, pp. 19-35; September, 1949.) Observa-
tions were made in 1945 and 1947-1949 of the 
times at which reception in Madrid of various 
standing-wave signals from  London com-
menced or ceased to be of practical value. 
From the results obtained a simple numerical 
relation is deduced between the optimum work-
ing frequency F Mc at sunrise (or sunset) and 
the optimum frequency f Mc at a time n hours 

2611 
at 50 kc/s - 

later or earlier (n being respectively positive or 
negative). f=F±2n, the sign depending on 
whether the interval is measured from sunrise 
or from sunset, for which the value of F is 
much higher than for sunrise. For E- W or W-E 
transmissions a different value of the factor of 
a is required. Graphs of the signal strength of 
transmissions from  London around  1,300 
GMT indicate some dependence on the length 
of day. 

621.396.81  2615 
Optimum Working Frequencies for Ranges 

from 0 to 2,500 km-R. G. Sacasa. (Rev. 
Telecomun. ( Madrid), vol. 5, pp. 36-39; Sep-
tember, 1949.) An adaptation of a NBS abac is 
reproduced and explained; from this either the 
muf or the optimum working frequency can 
easily be determined for any range up to 
2,500 km. 

621.396.81.029.63/.64 2616 
A Microwave Propagation Test -J. Z. 

Millar and L. A. Byam, Jr. (PRoc IRE., vol. 
38, pp. 619-626; June, 1950.) A description is 
given of a microwave propagation test which 
was conducted over a period of a year with 
simultaneous transmission on wavelengths of 
16.2, 7.2, 4.7, and 3.1 cm over an unobstructed 
42-mile overland path. Comparative charts 
depict variations in daily fading range, illus-
trate diurnal and seasonal characteristics of 
fading, and reveal the marked difference be-
tween winter and summer fading. Curves are 
presented showing relative field-strength dis-
tribution for both winter and summer periods, 
and also the distribution of hourly minima. 
These curves may be useful in considerations 
bearing on the continuity of service that may 
be expected for different wavelengths and times 
of day in winter or in summer. 

621.396.812  2617 
Effects of Radio Gyrointeraction and Their 

Interpretation- M. Cutolo. (Nature (London), 
vol. 166, pp. 98-100; July 15, 1950.) Experi-
ments performed in Italy during June-July 
1949 are described, using Taranto as the 
wanted station with Turin as the receiving sta-
tion and Radio Florence II as the interfering 
station. The interfering carrier frequency was 
varied from 1092 kc to 1333.33 kc to pass 
through the gyrofrequency, estimated to be 
1190 kc at 90 km above the earth. The results 
obtained were in agreement with the theoreti-
cal double-humped curve given by Bailey (9 of 
1939) and are used to explain earlier results 
(1476, 1477 and 1767 of 1949). Minimum inter-
action was obtained on a frequency correspond-
ing to the local gyrofrequency at Montefalco, 
midway between transmitter and receiver, the 
presumed reflection point of the wanted wave. 
Solar activity was also observed to influence 
gyrointeraction, the phenomenon being weak or 
absent for a Wolf's number up to 100. 

RECEPTION 

621.396.621  2618 
Low-Noise F.M. Front End -J. Marshall. 

(Radio and Electronics, vol. 21, pp. 58-637 
June, 1950.) Construction details are given of a 
ganged, low-noise radio-frequency amplifier 
and mixer circuit which converts signals in the 
FM band to an intermediate frequency of 
10.7 Mc. A high-gain intermediate-frequency 
amplifier for use with this equipment will be 
described in a subsequent article. 

621.396.621:621.396.822  2619 
Note on Low-Noise-Figure Input Circuits-

A. C. I ludson. (Pnoc. IRE., vol. 38, pp. 684-
685; June, 1950.) Comment on 1504 of July 
(Lebenbaurn). 

621.396.823  2620 
Measurement of Interference from Radio-

Frequency Heating Equipment -G. II. Brown. 

(Trans. A I EE, vol. 67, Part II, pp. 1102-1106; 
1948.) Discussion of medium-frequency and 
very-high-frequency radiation from dielectric-
and induction-heating equipment, and a com-
parison of the theoretical radio-frequency field 
strengths with measurements. 

621.394.3+621.396.3  2621 
Military Teletypewriter Systems of World 

War -F. J. Singer. (Trans. A I EE, vol. 67, 
Part II, pp. 1398-1408; 1948.) An illustrated 
review of equipment developed by the Bell 
Telephone Laboratories for line and radio 
links, with discussion and block diagrams of the 
various systems used. 

621.395:06.053  2622 
Fifteenth Plenary Assembly of the Comite 

Consultatif International Telephonique, Paris, 
1949 -P. E. Erikson. (Elec. Commun., vol. 27, 
pp. 87-100; June, 1950.) See also 455 of March 
and 994 of May. 

621.396.13:621.396.619.2  2623 
The Single-Sideband System of Radio-

Communication -11. D. B. Kirby.  (Electronic 
Eng., (London) vol. 22, pp. 259 -263; July, 
1950.) The advantages of the ssb system over 
the normal dsb method of operating a radio 
link are discussed and a short description is 
given of ssb equipment in SS Caronia. 

621.396.65.029.63  2624 
Decimetre Waves in the German Tele-

phone Service-E. Dietrich and P. Barkow. 
(Fernmeldetech. Z., vol. 3, pp. 145-154; May, 
1950.) Description of two multichannel FM 
systems in use and brief discussion of optimum 
operating conditions. 

621.396.73:621.396.61  2625 
V.H.F. Equipment for Sound Broadcasting 

-(Electronic Eng. (London), vol. 22, p. 309; 
August, 1950.) A pack-set transmitter-receiver 
has been designed for use by BBC commen-
tators at golf matches, race meetings etc. It is 
carried on the commentator's back. The FM 
transmitter operates in the 90-Mc band and 
has an output of about 1 w, with a frequency 
response curve sensibly flat from 50 cps to 
6 kc. A 250-v Hg0 anode battery and ac-
cumulator filament battery are adequate for 
three hours continuous working. The 70-Mc 
receiver enables the commentator to receive 
information from the engineer at the control 
point, where a small AM transmitter is in-
stalled. The portable transmitter, complete 
with batteries, t/4 whip antenna and harness, 
weighs 17 lbs; the receiver brings the total 
weight to 26 lbs. 

621.396.931/.932  2626 
The Metropolitan Police Radio Communi-

cation System-E.  C.  Brown.  (Electronic 
Eng. (London), vol. 22, pp. 316-322; August, 
1950.) A review of developments from 1923 
onwards, with a description of the present radio-
telephone system which provides two-way 
communication between New Scotland Yard 
and some 200 vehicles, besides 13 launches of 
the River Thames Division. The present scheme 
uses two main frequency channels, but will 
eventually use four main and two subsidiary 
channels. A system of coaxial filters at the 
main station enables separate transmitters on 
different frequencies to feed into a common 
wide-band antenna. A similar system is used 
for the station receivers. Phase modulation 
is used and all transmitting equipment is 
crystal controlled. The output of the main-
station transmitter is 250 w in the 95-100 
Mc band, that of the mobile transmitters being 
10 w in the 80-84 Mc band. The receivers are 
of the double-superhetercalyne type. Further 
developments envisaged are the provision of 
radio-telephone equipment for motorcycles, 
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with selective calling arrangements and the 
use of similar equipment for cars. 

621.396.931/.932  2627 
Multi-Station V.H.F.  Schemes—J.  R. 

Brinkley. (Electronic Eng. (London), vol. 22, 
pp. 323-325; August, 1950.) Many very-high-
frequency mobile-communication  problems 
can be solved by the single-station method, but 
for large rural areas, estuaries, trunk roads 
and railways, multistation systems have de-
cided advantages, though they are necessarily 
more complex. A 2-station scheme using A. M. 
has been in use by the Hertfordshire county 
police since 1947 with complete reliability. 
Ten further multicarrier schemes have been 
installed in various counties in England, seven 
being 2-station and the rest 3-station schemes. 
A 3-station scheme is also in use by the Lanark-
shire Fire Service. For estuary and coastal 
problems the GPO authorities have decided 
to use multicarrier AM equipment. 

621.396.931/.932  2628 
Design Problems of V.H.F. Mobile Equip-

ment- -L. NV. D. Sharp. (Electronic Eng. (Lon-
don), vol. 22, pp. 331-337; August, 1950) 
Operating requirements of very-high-frequency 
mobile systems and equipment are outlined 
and transmitter and receiver design problems 
are discussed with particular reference to 
transmitter power, receiver sensitivity and the 
type of modulation adopted. Block diagrams 
illustrate the essential differences between 
FM and AM transmitters and receivers. Tubes, 
components, power-supply units, and types of 
construction to make equipment suitable for 
use under the adverse conditions frequently 
met and to permit easy servicing are also 
discussed. 

621.396.931/.932  2629 
Planning V.H.F. Mobile Systems—E. R. 

Burroughes. (Electronic Eng. (London), vol. 
22, pp. 298-304; August, 1950.) See also 1248 
of June. 

621.396.931 .932 : 621.396.6  2630 
V.H.F. [mobile]  Equipment —(Electronic 

Eng. (London), vol. 22, pp. 340-348; August, 
1950.) A review, with illustrations and tech-
nical details, of a wide-range of British trans-
mitting and receiving equipment available for 
very-high-frequency mobile radio services. The 
information has been supplied by the manu-
facturers, who will give further details on re-
quest. Both AM and FM systems are included. 

621.396.931  2631 
Mobile Radio —A. Bailey. (Trans. A I EE 

vol. 67, Part II, pp. 923-931, D,scussion, pp. 
932-933; 1948.) An aLcount of the development 
of mobile communication systems for police, 
taxicab, and gen-ral telephone servict•s from 
1921 onwards, with details of the Bell System 
general mobile service for urban and highway 
use. 

621.396.931:621.396.619.13  2632 
Multi-Station V.H.F. Communication Sys-

tems Using Frequency Modulation — \V. P. 
Cole and E. G. Hamer. (Jour. Brit. I.R E., 
vol. 10, pp. 244 258; July, 1950.) Reasons for 
the use of multistation systems for mobile 
communications are discussed and previous 
tests with FM equipment are reviewed. Stand-
ard equipment for a single-station scheme is 
examined and from this the performance re-
quirements for multistation equipment are 
derived. Suitable frequencies for the main 
carriers and for a control link are discussed and 
equipment used in a multistation scheme is 
described in detail. Distortion due to multi-
path transmission is analysed and practical 
tests of multistation systems in the London 
area and in Scotland are described. Future 
trends in development of such systems are 
indicated. 

621.396.932 2633 
New  Marine  V.H.F.  Radio System — 

(Overseas Eng., vol. 23, pp. 449-450; July, 
1950.) General description of the ship/shore 
telephony system for the port of Liverpool. 
Transmitters and receivers are crystal con-
trolled and AM is used. Six channels are pro-
vided; the shore stations transmit on fre-
quencies in the range 163.1-163.6 Mc, the 
frequencies for the mobile equipment being 
4.5 Mc lower in each case. The weight of the 
portable sets, which are both rain- and water-
proof, is <20 lb. Good communication is 
obtained within a range of 25 miles. 

SUBSIDIARY APPARATUS 

621-526  2634 
Note on the Maximum Accuracy of Per-

fectly Stable Servomechanisms --G. Lehmann. 
(Onde Elec., vol. 30, pp. 267-270; June, 1950.) 
If an unconditionally stable servomechanism 
includes an element which introduces a phase 
change not effectively zero, its accuracy at 
relatively low frequencies is necessarily limited. 
This limiting value is calculated for a simple 
case. Attention is drawn to the possible danger 
of exceeding this limit in a system only con-
ditionally stable. 

621.313.3:621.3.026.441 t 2635 
Flea-Power Industrial Synchronous Mo-

tors —A. B. Poole.  Elec. Mfg., vol. 43, pp. 
74-77  172; January, 1949.) Operational 
principles, design features and output charac-
teristics of three basic types of clock motor: 
the hysteresis, shaded-pole induction, and 
inductor types. 

621.314.622 2636 
Rectifiers with Mechanical Contacts —A. 

Mongault. (Rev. Gin. E:ec., vol. 59, pp. 208-
210; May, 1950.) Discussion of requirements 
for efficient commutation in a polyphase gen-
erator, i.e., minimum sparking and optimum 
inductance of the windings. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5  26.37 
Distant Electric Vision —J.  D.  NI, Gee. 

(PRoc. I. R. E., vol. 38, pp. 596 608; June, 
1950.) Reprint. See 761 of April. 

621.397.5 2638 
Television in Relief and in Colour —V. 

Delbord. (Ann. Ti/ecommun., vol. 5. 1)1).219-
228; June, 1950.) Paper presented at the 
Television Congress in  Milan, September, 
1949. Four methods are discussed and their 
advantages, disadvantages, and applic.ibility 
to black-and-white, relief, or color television 
are tabulated. These are (a) fixed vertical-band 
scanning frame; (b) rotating disk; (c) multiple 
channel; (d) multiple image. The basic prin-
ciples of the methods are described with regard 
to transmission and reception. For relief tele-
vision, method (d) is regarded as affording the 
simplest satisfactory solution. For color tele-
vision a combination of the best features of 
(b), (c) and (d) is desirable. 

621.397.5 2639 
Kell-Factor and Picture Definition in Tele-

vision Transmissions with Constant Band-
width—E. Schwartz. (Fernmeldetech. Z., vol. 
3, pp. 185-190; June, 1950.) Discussion of the 
optimum "K factor" (ratio of horizontal to 
vertical resolution) and comparison of different 
systems. See also 3942 of 1940 (Kell, Bedford, 
and Fredendall). 

621.397.5  2640 
An Analysis of the Sampling Principles of 

the Dot-Sequential Color-Television System— 
RCA  Laboratories  Division. (RCA Rev., 
vol. 11, pp. 255-286; June, 1950.) A quantita-

tive treatment of the influence of the width 
of the sampling pulse on color crosstalk, the 
response of standard monochrome-television 
receivers and color-television receivers to sinu-
soidal variations and to step functions, the 
way in which the method of "mixed highs" 
combines with the sampling procedure to pro-
duce high-frequer.cy detail, and circuit meth-
ods of eliminating crosstalk. 

621.397.5 : 535.88: 532.62  2641 
The Eidophor Method for Theater Tele-

vision —E. Labin. (Jour. Soc. Mot. Pic. Televis. 
Eng., vol. 54, pp. 393-406; April, 1950.) See 
also 3561 of 1949 (Thiemann). 

621.397.5(083.74) 2642 
Choice of Television Standards • Wire-

less World, vol. 56, pp. 249-250; July, 1950.) 
Reasons are given for considering that the 
choice of the 405-line standard is fundamen-
tally sound, both from an engineering and an 
economic viewpoint. %Viten the capabilities of 
405-line television have been fully exploited, 
any small improvement that might be obtained 
by increasing the number of lines will be offset 
by the difficulties which will be encountered 
in maintaining the larger bandwidth requirtd 
and in ensuring that the degree of overall dis-
tortion does not exceed the more stringent 
limits of tolerance. 

621.397.6:535.88  2643 
Projection Television—J.  Haant jes and 

J. J. P. Valeton. (Tyjdschr. ned. Radiogenoot., 
vol. 14, pp. 99-117; July, 1949.) Description 
of the NINV6-2 cr tube, Schmidt-type optical 
system and high-voltage supply unit. See also 
2387 of 1948 (Rinia et al.) 

621.397.6:621.396.67  2644 
Ultra-High-Frequency Antenna and Sys-

tem for Television Transmission —Fiet. (See 
2425.) 

621.397.6.001.8  2645 
Industrial Television System— R. \V. San-

ders. (Elec. Commun., vol. 27, pp. 101-111; 
June, 1950.) Detailed description of equipment 
which uses a new type of image-dissector tube 
uith a translucent instead of a solid photo 
cathode. See also Electronics, vol. 23, pp. 88-92; 
July, 1950. 

621.397.61  2646 
A New Ultra-High-Frequency Television 

Transmitter —Lappin and Bennett. (See 2659.) 

621.397.61(47)  2647 
Television in The Soviet Union —(Fern-

made-tech. Z., vol. 3, p. 218; June, 1950.) 
Brief note of what is known of the two trans-
mitters in service at Moscow and Leningrad. 
Two other stations are under construction, 
one in Kiev to serve South Russia, the other 
in Sverdlovsk to serve eastern Russia and the 
Ural region. 

621.397.62  2648 
General Description of Receivers for the 

Dot-Sequential Color-Television System which 
Employ Direct-View Tr-Colour Kinescopes- - 
RCA 1..iboraturies Division and RCA Victor 
Division.  RCA Rev., vol. 11, pp. 228-232; 
June, 1950.) See also 2363 of October. 

621.397.62  2649 
Sync-Separator Analysis .\V. Heiser. (Elec-

tronic Y, v ol. 23, pp. 108--Ill; July,  1950.) 
The response of a particular clipper circuit for 
sedarating  synchronizing signals from  the 
composite television signal is analyzed. Formu-
las are derived tor use in designing such cir-
cuits, and calculated results are compared with 
measured results for test signals. 

621 .397 .62:621.396.615.16 0  
A Hard-Valve Time-Base —13.intliorpe. 2r6S5ee 

2455.) 
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621.397.67:(621.317.733+621.392.52  2651 
Television  Antenna  Diplexers — W.  H. 

Sayer, Jr. and J. M. De Bell, Jr. (Electronics, 
vol. 23, pp. 74-77; July, 1950.) Methods are 
described which enable two or more closely 
spaced radio-frequency signals (e.g., vision and 
sound carriers) to be transmitted from one 
antenna, with a minimum of interaction be-
tween signal sources. Impedance bridges or 
"notch" filters formed of coaxial lines are used. 
Diplexers may also be used to add together the 
synchronized outputs of two generators so as 
to obtain high power; waveguide and coaxial-
ring (rat-race) hybrids for this purpose are 
described. See also 1355 of July, No. 80. 

621.397.81  2652 
Midlands Television Area —( Wireless World 

vol. 56, pp. 266; July, 1950.) A map, based 
on a BBC survey, showing approximate field-
strength contours for the vision signals from 
the Sutton Coldfield transmitter. 

621.397.82  2653 
A Study of Cochannel and Adjacent-Chan-

nel Interference of Television Signals: Part 
2—Adjacent-Channel  Studies —RCA  Lab-

•  oratories Division. (RCA Rev., vol. 11, pp. 
287-295; June, 1950.) In the observer tests, 
color signals characteristic of the field-se-
quential, line-sequential, and dot-sequential 
systems were included. A standard monochrome 
signal was paired with a monochrome signal 
and the color signals in some of the tests. In 
all instances, the interfering sound signal was 
present. From the standpoint of allocation, 
no substantial difference in the tolerable ratios 
was found for the various combinations of 
color and monochrome signals used. Part 1: 
1798 of August. 

621.397.828:621.396.61  2654 
Tackling TVI at the Output End —Tapson. 

(See 2661.) 

621.397.828:621.396.677  2655 
TV Antenna Phase Control—G. N. Car-

michael. (Radio-Electronics, vol. 21, pp. 54, 
56; June, 1950.) A method of reducing co-
channel interference and increasing wanted 
signal strength in fringe areas. Two Yagi ar-
rays are used, spaced to give a phase dif-
ference of about 90° for anglesof incidence of 
the downcoming wave commonly found in 
fringe areas. The outputs from the two arrays 
are fed separately to a variable phase control, 
which partially cancels unwanted, and adds 
wanted signal voltages. Depending on the angle 
between the directions of the incoming signals, 
the combination can give a rejection ratio of 

. 35-40 db, and a forward gain of 15 db, corn-
i pared with a dipole. 

621.397 2656 
Facsimile [Book Reviewl —C. R. Jones. 

Publishers: Murray Hill Books, New York, 
N. Y. 1949, 422 pp., $6.00. (Jour. Franklin 
Inst., vol. 249, p. 255; March, 1950.) Ap-
parently intended for those concerned with 
the use and maintenance of facsimile equip-
ment rather than with its design. 

TRANSMISSION 

621.396.61:621.396.645  2657 
Maximum Tank Voltage in Class-C Ampli-

fiers —Dwork. (See 2460.) 

621.396.61:621.396.97  2658 
A New 150-kW Transmitter for Standard-

Band Broadcasting —T. J. Boerner. (Trans. 
A EE, vol. 67, Part II, pp. 943-951; 1948.) 
A detailed description of a 540-1600-kc trans-
mitter with high-level modulation. A class-B 
modulator is used for AM of the class-C final 
radio-frequency amplifier, thus permitting the 
highest over-all efficiency with relative ease of 
adjustment. 

621.397.61  2659 
A New Ultra-High-Frequency Television 

Transmitter—L. S. Lappin and J. R. Bennett. 
(RCA Rev., vol. 11, pp. 190-211; June, 1950.) 
Detailed description of the 1-k W Type-TTU-
IA transmitter recently installed and now in 
operation at Bridgeport, Conn. The high-
frequency tripler and power amplifier are 
operated as grounded-cathode grounded-screen 
amplifiers, each using eight Type-4X150A 
tubes mounted in a single cavity. A sectional 
diagram of the cavity is given. See also 1795 
of August (Guy, Seiberg, and Smith). 

621.397.67: [621.317.733+621.392.52 2660 
Television Antenna Diplexers —Sayer and 

De Bell (See 2651.) 

621.397.828: 621.396.61 2661 
Tackling TVI at the Output End —M. E. 

Tapson. (Short Wave Meg., vol. 8, pp. 265-266; 
June, 1950.) Use of 3rd-harmonic anode traps 
in the power amplifier link coupling to the 
antenna system, and a folded dipole adjusted 
for low feeder SWR, minimized intetference 
from a 100-w I4-Mc amateur transmitter, 
so that television reception was practicable 
within about 20 yards. 

TUBES AND THERMIONICS 

537.533.8 2662 
Secondary —Electron Emission from Meta/ 

Mixtures—Salow. (See 2526.) 

621.383.27 t  2663 
Calculation of the Elements of an Electron-

Multiplier Tube and Its Realization—A. Lal-
lemand. (Le Vide (Paris), vol. 4, pp. 618-624; 
May, 1949.) Various factors relevant to the 
design of photoelectric multiplier tubes are 
discussed, including type of cathode, form and 
coating of multiplier surfaces, and arrange-
ments for obtaining suitable electron trajec-
tories. The multiplier grids finally adopted 
consisted of parallel narrow strips inclined at 
about 45° to the mean grid plane, a grid of 
fine wires maintained at the same potential as 
the multiplier being fixed a little in front of 
each multiplier. Tubes using this type of con-
struction have been produced with 7, 12, 17 
and 19 stages, the multiplication factors for 
120-v operation ranging from 1,215 to 3.7 +10°. 

621.383.27t 2664 
Rise Times of Voltage Pulses from Photo-

Multipliers -0.  Martinson,  P.  Isaacs,  H. 
Brown, and I. W. Ruderman. (Phys. Rev., 
vol. 79, p. 178; July I, 1950.) Includes a brief 
description of a method of measuring short 
rise-times without the use of a high-speed 
oscillogra ph. 

621.385.012:621.317.79 2665 
The Application of Direct-Current Reson-

ant-Line-Type Pulsers to the Measurement 
of  Vacuum-Tube  Static Characteristics — 
Leferson. (See 2576.) 

621.385.029.63/.64+621.396.6 15 .142 .2 2666 
Recent Developments in Amplifying Valves 

for Centimetre Waves—G. Goudet. (Ann. 
Telecommun., vol. 3, pp. 445-455; December 
1948.) Limitations of klystron amplifiers are 
discussed and a description is given of the 
wide-band double-resonator klystron designed 
by engineers of the Laboratoire Central de 
Telkommunimtions. With anode voltage 8kv, 
electron current 100 ma, the output is 12 w, 
power gain 40 and pass-band 50 Mc, or 20 w 
under slightly different operating conditions, 
with gain 100 and pass band 25 Mc. A similar 
2-stage tube (3 cavity resonators) has an output 
of 2 w, a power gain of 290 and pass band 20 
Mc. 
Travelling-wave tubes are also considered 

briefly and a simplified theory of their opera-
tion, with derivation of design and performance 

formulas, is given in an appendix. See also 1294 
of June. 

621.385.032.216 2667 
Pulsed Operation of Oxide Cathodes —C. 

Biguenet. (Le Vide (Paris), vol. 4, pp. 661-668; 
July, September, 1949.) The theory of steady-
state operation is reviewed briefly and a theory 
of pulsed operation is proposed which assumes 
that under the action of the electric field, a 
displacement of Ba ions in the thickness of 
the oxide layer occurs. These positive charges 
create a very intense field near the surface of 
the metal support and tear electrons out of it. 
Some of these electrons neutralize the positive 
charges, the rest play an important part in 
the electron emission. The time necessary for 
the neutralization of the positive charges 
appears to be of the order of 5 µ seconds, so 
that in pulsed operation the duration of appli-
cation of the anode voltage should be less than 
this value. Experiments with the object of 
confirming the theory are described. 

621.385.032.216  2668 
Deterioration of Oxide-Coated Cathodes 

Under Low Duty-Factor Operation —J. F. 
Waymouth, Jr. (Phys. Rev., vol. 79, p. 233; 
July 1, 1950.) Summary of American Physical 
Society paper. Investigation of the effect of 
emission-current duty-factor on cathode life. 

621.385.032.216:621.3.011.2 2669 
Electrical Conductivity of Oxide-Cathode 

Coatings —D. A. Wright. (Brit. Jour. Appl. 
Phys., vol. I, pp. 150-153; June, 1950.) See 
2078 of September. 

621.385.1:621.396.822 2670 
Current Fluctuations in D.C. Gas-Dis-

charge Plasma—P. Parzen and L. Goldstein. 
(Phys. Rev., vol. 79, pp. 190-191; July 1, 1950.) 
Mathematical analysis deriving an expression 
for the effective noise power due to current 
fluctuations in a gas-discharge plasma in a 
rectangular waveguide transmitting in only its 
lowest mode. For ordinary gas tubes used as 
microwave noise sources the contribution of 
the frequency-dependent term in the expression 
for noise power is small. 

621.385.2/.51.029.62 2671 
A Survey of V.H.F. Valve Developments— 

(Electronic Eng. (London), vol. 22, pp. 310-
315; August, 1950.) The factors limiting the 
upper working frequencies of ordinary tubes 
are discussed, together with the difficulties 
encountered in the development of very-high-
frequency tubes; and a survey is made of the 
various types at present available. A list of the 
characteristics of a selected range of disk-seal 
triodes is included. 

621.385.3:621.315.592f546.815.221  2672 
On the Frequency Response of PbS Tran-

sistors—P. C. Banbury and H. K. Henisch. 
(Proc. Phys. Soc., vol. 63, pp. 540-541; July 1, 
1950.) The response of PbS transistors is found 
to be comparable with that of Ge transistors. 
The high-frequency response can be extended 
somewhat by the use of higher collector volt-
ages or by the application of a suitably oriented 
magnetic field. The variation produced by the 
magnetic field, though only small, shows by its 
sense that the charge carriers are electrons, as 
in the Ge p-type transistor. See also 2088 
of September (Gebbie, Banbury, and Ho-
garth), 2089 of September (Brown) and 2459 
above. 

621.385.3:621.315.592f:621.396.645  2673 
High-Frequency Operation of Transistors — 

Brown. (See 2459.) 

621.385.3.029.62:621.396.822  2674 
On the Space-Charge Smoothing of Shot 

Fluctuations in Triode Systems Responding 
to Very High Frequencies—I. A.  Harris. 
(Jour. Brit. IRE, vol. 10, pp. 229-240; July, 
1950.) Existing theoretical results are briefly 
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reviewed and a simplified theory of space-
charge smoothing of shot fluctuations in a 
diode, based on the Benham-Llewellyn theory, 
is discussed in some detail. This theory is then 
applied to cases in the very-high-frequency 
range where electron transit times are ap-
preciable, and it is concluded that the low-
frequency smoothing factor is not appreciably 
changed up to transit angles of about 1 radian. 
Application of the theory to the noise of 
grounded-grid triode circuits gives results in 
better agreement with experiment than those 
based on earlier theories. The effect on noise 
of applying a nonuniform field at the cathode 
of a triode is also considered. 

621.385.38  2675 
Studies of Thyratron Behavior: Part 1— 

The Effect of Grid Resistance on the Re-
covery Time of Thyratrons  L. Maker and E. 
0. Johnson. (RCA Rev., vol. 11, pp. 165-177; 
June, 1950.) Theoretical and practical investi-
gations of the grid-voltage and current charac-
teristics of a commercial thyratron, for different 
values of grid resistance and bias, during the 
period following the interruption of the dis-
charge. During the recovery period electron 
current may flow to the grid if the voltage drop 
across the grid resistor due to positive-ion 
current exceeds the bias voltage. The increase 
of recovery time with increasing value of grid 
resistance is due to the delayed return of the 
grid voltage to its bias value and not to a 
decreased rate of deionization, this rate being 
essentially independent of grid resistance and 
voltage. The recovery time is also dependent 
upon the instantaneous value of the actual grid 
voltage. See also 2676 below. 

621.385.38  2676 
Studies of Thyratron Behavior: Part 2— 

Books 

A Study of the Effect of Grid Potential Varia-
tions during the Afterglow Period upon the 
Recovery Time of Thyratrons  I.. U. Johnson 
and L. Maher. (R( A Rev., vol. 11, pp. 178-
189; June, 1950.) Expetiments with commer-
cial thyratrons indicate that the recovery time 
is a function of the instantaneowi effective grid 
potential and is independent of previous grid-
potential variations provided t hitt no abrupt 
changes have occurred shortly before tlw grid 
regains control. Such changes set up an un-
stable charge distiilintion in the plasma and 
sheaths within the tube, this unstable state 
passing to a quasistationary one in a time de-
pendent on diffusion. 

621.396.615.14  2677 
A  New  Wide-Range,  High-Frequency 

Oscillator O. Heil and J. J. Ebers. (Puoc. 
1. It. E., vol. 38, pp. 645-650; June, 1950.) 
Wide-range tuning in a Barkhausen type of 
oscillator is achieved by concentrating elec-
trons from a highly efficient electron gun and 
also concentrating t he ,lc,•tric field of a cavity 
resonator at the point \\ I.,•re the electron beam 
has its greatest densit y. Although efficiency is 
low, variation of circuit capacitance alone gives 
a 3:1 tuning range, since the resonator gap 
capacitance is small. Tire oscillator construc-
tion is described and opeiating characteristics 
are given, output powers of 0.1-1 w being ob-
tained in the wavelength range 4.5. 12 cm. 

621.396.615.141.2  2678 
Resonance  Frequencies  of  the  Space 

Charge in a Magnetron -I'. Fcchner. (('omp!. 
Rend. Acad. Sci. (Paris), vol. 230, pp. 1848 - 
1849; May 22, 1950.) Analysis is effected for 
v3lues of anode voltage and magnetic field 
such that the magnetron cannot oscillate, high-
frequency excitation being introduced from an 

auxiliary source. Expressions are derived re-
lating the resonance frequency of the vibrating 
space-charge electrons to the value of the 
electric field, for both whole-anode and multi-
cavity magnetrons. 

621.396.615.141.2:534.415  2679 
Stroboscopic Mapping of Time-Variable 

Fields --Marton and Revtailin. (See 2584.) 

621.396.615.141.2t:621.317.361  2680 
Measurement of the Resonance Frequency 

of the Space Charge in a Coaxial Magnetron — 
P. Fechtu•r. (Comp!. Rend. Acad. Sri. (Paris), 
vol. 231, pp. 124- 125; July 10, 195(1.) The 
formula connecting magnetic field  /I with 
interelectrode voltage V at resonance (see 
2678 above) is verified by measurements made 
by tlw following method. The nonoscillating 
magnetron is energized from a klystron source 
coupled to it by a matched coaxial line. A 
probe inserted in this line serves to increase 
the variations of impedance as V is altered. 
The resonance condition is determined by 
means of a crystal detector at an electric-field 
antinode of the coupling line. 

621.385  2681 
Rohren Vade-Mecum 1950 [Book Review] 

-- I'.  II.  Brans.  Publislo•rs:  Brans-Verlag, 
Antwerp, 8th ed. 1950, 508 pp., 15.40 Swiss 
francs. ( Bull. Scrheeiz. Elektrolech. Icr.. vol. 4 I, 
p. 4(.3; May 27, 1950. In German.) Includes 
to data of former editions combined with par-
ticulars of the latest tubes: viz. 9-element 
tubes, accelerometers, projection tubes, phasi-
toms, planat triodes, crystal diodes, etc. Con-
tents list and instructional notes are printed in 
eight languages. 

Aerials for Centimetre Wave-lengths by D. 
W. Fry and F. K. Goward 

Published (1950) by Cambridge University Press. 
51 Madison Ave.. New York 10, N.Y. 164 pages +4-
page index +x pages +75 figures. 51 X8 

This book is a welcome addition to that 
collection of books which have been pub-
lished recently on the subject of antennas. 
The authors confine themselves mainly to a 
discussion of antennas used in scanning sys-
tems at wave lengths of 10 centimeters or 
less. This particular aspect of antenna theory 
has not been covered heretofore as com-
pletely as is done here. 
Emphasis has been placed on design 

principles and on the advantages and dis-
advantages of particular types of antennas 
in meeting particular requirements, such as 
wide scanning range or accurate beam shape. 
The physics of antennas rather than their 
mathematical analysis is stressed, although 
applicable formulas and some simple deriva-
tions are given wherever possible. 
Among the subjects covered thoroughly 

with reference to the scanning problem are 
point and line sources for use with reflectors, 
single and doubly curved reflectors, lenses, 
and horns. Optical aberrations as well as 
polar diagram theory are discussed briefly. 
Wartime developments both in the U. S. and 
England are reviewed. 
The book is well suited to the needs of 

the radar engineer since it indicates clearly 
how to choose an antenna to meet a particu-
lar scanning requirement. A fairly complete 
set of references is given to the literature. 
The writing style is clear and readable. 

SALVATORE MILAZZO 
Sperry Gyrosccpe Co. 

Great Neck, L. I.. N. Y. 

Questions and Answers in Television Engi-
neering by Carter V. Rabinoff and Mag-
dalena E. Walbrecht 

Published (1950) by Whittlesey House. McGraw-
Hill Book Co.. Inc., 330 W.42 St.. New York, N. V. 
280 pages +15-page index +vii pages +3-page ap-
pendix. 178 figures. 6 X9. $4.50. 

This is the first edition of a "semi-
textbook" written primarily for engineers, 
technicians, amateurs, service men, and 
students. With the exception of TV links, 
the book contains sections on all phases of 
the television broadcast field,  including 
standards, laws, and regulations. The au-
thors have attempted to arrange the ques-
tions and answers for maximum coherence 
and readabilit y. 
Section 12 describes the RCA 8-TS-30 

and the GE model 802 receivers. By relating 
the questions to the circuit diagrams, the 
authors have adopted a classroom approach 
with excellent results. The reader interested 
in receivers might begin with this chapter 

and study other sections of the book as 
mmc'uulcd to expand the answers given. 
This reader believes the book is thor-

ough, carefully written, and to the point. It 
should have great appeal for servicemen and 
engineering managers alike who want con-
cise up-to-date information without techni-
cal detail. 

J. ERNEST SNIIII1 
Raytheon N1anufacturing Co. 

Newton. Mass. 

Handbook H42, Safe Handling of Radio-
active Isotopes, 29 pages, 15 cents it copy, is 
available from the Superintendent of Docu-
ments, U. S. Government Printing Office, 
Washington 25, 1). C. Remittances from for-
eign countries should be in l'itited States ex-
change, and should include an additional 
sum of one-third the publication price to 
cover the cost of mailing. 

Recommendations for the safe handling 
of artificially produced radioactive isotopes 
in the t ypical l.0 is ora (or y or small industrial 
operat ii Hi are con( iscly set forth in the book-
let, which was prepared by the National 
Committee on Radiation Protection estab-
lished by the National Bureau of Standards 
and drawing members from the medical or-
ganizations of the United States, radiation 
equipment companies, and other Govern-
ment departments. 



ADVENTURES IN ELECTRONIC DESIGN 

Centralab's Printed Electronic Circuits 

May Solve a Problem for You 

A 

In a busy Washington  ,  office during the past war  4.) hung a sign 
Trrnr 

which said — "We do the miraculous every day — the impossible takes just a little long-

er." Today, that sign I-Ld could hang in the offices of  Centralab. For example, 

someone wanted a small speech amplifier 11t4Centralab's answer —  Ampec, a full 3 

stage unit, two of which can fit inside of a regular pack of Cigarettes!  ' A radio man-

ufacturer - ':311111 a'A   wanted a small audio-detection unit. Centralab's answer 
-J  

Audet, a unit one-third size of an ordinary soda-cracker!  How were these things 

done? With Centralab's  Printed Electronic Circuits — a pioneered  de-

(4-----  velopment of  \"":7 4 Centralab. Yes, and here are some of the benefits that many man-

ufacturers of radio •rf;--.. 1W sets and other electronic gear ,  have reaped 

from using PEC's. They've eliminated numerous individual parts  their han-
,L, 

dling, inventory ler and assembly. They've gotten more consistent and better per-
formance results. __ ;;„,,i5-c- They've reduced finished product size and weight.  

-7 4 (t-'-'  (-, c')'"),   ' c ( -  ii-v7  I •4,--.--- 
They've eliminated wiring errors -1̀4-,_,-/.2' and cut down on the number of ›,t4iv soldered 

s )"-- 
connections.  What's more, they've been able to stretch  their resistor supplies . . . 

an important factor in meeting current volume demands  Irx_11# 

duction. Look over your own situation.  Want to cut costs? 

for TV and radio pro-

Speed up as-

sembly?  I  Then on the next two pages you may see a Centralab Printed Elec-
411.:  n 

tronic Circuit unit Pr ''" ci that will help you do just that! If you don't see what you 
want — contact us.  Tell us your problems. Maybe we can do the miraculous 

\ _ 
or take a little longer and accomplish the impossible!  

\ .A   

-DEVELOPMENTS THAT CAN HELP YOU • 

Division of GLOBE-UNION INC., Milwaukee 



SPEED PRODUCTION.. 
Use P.E.C.'s*.. 
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1CUT ASSEMBLY COSTS 
Conserve Resistors 

Actual  c photograph of a group of plate capacitor, resistor, and 
resistor-capacitor units. Because of size and ease of installation, they 
readily fit all types of miniature and portable electronic equipment 
and overcome crowded conditions in TV, AM, FM and record-
?layer chasses. 

YA401 -002A 

1  2 3  4 

Centralab Triode Couplates save space and weight. They actually 
replace 5 components normally used in audio circuits. Triode Cou-
plates are complete assemblies of 3 capacitors and 2 resistors bonded 
to a dielectric ceramic plate. Available in a variety of resistor and 
capacitor values. 

Audet P. E. C unit, furnish all values of all components gcricr ally 
comprising the output stage of AC-DC radio receivers. They give 
ou 4 capacitors and 3 resistors on a small plate with only 7 leads. 
sing Audet for output stage eliminates 50% of your usual soldered 
connections. 

Pentode couplates are complete interstage coupling circuits consisting 
of 3 capacitors and 3 resistors on a small 6 lead ceramic plate. Com-
pared with old-style audio circuits, they actually reduce soldered 
connections 50% — wiring errors accordingly. Saving in space 
and weight is obvious. 

YA402-002A 

3  1  2 

Centralab Vertical Integrators give you big savings in assembly costs, 
particularly in TV vertical integrator networks. One type consists of 
4 resistors and 4 capacitors brought out to 3 leads . . . reducing the 
formerly required 16 soldered connections to only 3! There's a big 
saving in the number of parts handled, too! 

Appec is a full 3-stage, 3-tube speech amplifier. Gives you truly 
highly efficient reliable performance. Size: 11/4 " x 11/4 " x .340 " 
over tube sockets! Widely used in hearing aids, mike preamps and 
other amplifier applications where small size and outstanding per-
formance counts. 



IMPORTANT BULLETINS FOR YOUR TE,VNICAL LIBRAR 

4Itt VIEN14). 

ROTARY SWITCH 
ieltrertl - 

_ LEVER SWITCH 

it Atil.; 

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AMPEC — three-tube P. E. C. ampir 
42-6 — COUPLATE — P. E. C. interstage coupling plate. 
42-22 — VERTICAL INTEGRATOR — for TV application. 
42-24 — CERAMIC PLATE COMPONENTS — for use in low-

power miniature electronic equipment. 
42-27 — MODEL 2 CouPLATE — for small or portable set 

applications. 
999 — PENTODE COUPLATE — specialized P. E. C. coupling 

plate. 
42-9 —  FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 

42-3 — BC TUBULAR — Lip.o.itorS for use where 
temperature compensation is unimportant. 

42-4R — BC DisC HI-Knes—miniature ceramic BC capacitors. 
42-10 — HI-Vo-KAPs — high voltage capacitors for TV appli-

cation. 
42-59 — CERAMIC TUBULAR TRIMMERS — designed for TV 

and VHF application. 
695 — CERAMIC TRIM NIERS — CRT. trimmir 

981 -1-11-Vo-KAPs —  capacitors for TV application. For 
jobbers. 

42-18  - TC CAPACITORS — temperature compensating capaci-
tors. 

814 - - CAPACITORS - high-voltage capacitors. 
975 — FT 1-fl-Kne  feed-thru capacitors. 

Centralab Switches 

953 — SIAM- S\\  applics to AM and VM switching 
circuits. 

970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 
722 — SWITCH CATALOG — facts on CRL'S complete line of 

switches. 
Centralab Controls 

42-19 -- MODEL -1•• RADIOlikt — world's smallest commer-
cially produced control. 

42-85 -- MODEL 2 RADIOHM — CRL's new line of '54" diam. 
controls for TV — AM — FM. 

Centralab Ceramics 
967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CERAMIC CATALOG —CRL steatite, ceramic products. 

Look to CENTRALAB in 1950!  First in component research that means lower costs for the electronic 
industry. If you're planning new equipment, let Centralab's sales and engineering service work with you. For 

i complete information on all CRL products, get n touch with your Centralab Representative. Or write direct. 

CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

Yes-1 would like to have the CRL bulletins, checked below, for my technical library! 

o 973 
O 424 
I: 42-22 

Nome 

Address  

City  

O 42-24 0 42-9  42-10 CI 981 
El 42-27 0 42-3 0 42-59 E1 42-18 
O 999 0 42-4R 0 695  1:1 814  

CI 975 

953 
970 
995 
722 

O 42-19 
O 42-85 

O 967 
1:1 720 

TEAR OUT COUPON 

for the Bulletins you want   

Cen 
111 Division of GLOBE-UNION INC. • Milwaukee 

State 

1 



... helps the OXY-CATALYST Mfg. Co. 

MAKE  EXHAUST GASES 

NON-POISONOUS 

• 
• •OCM manufactures a new type of Catalytic Exhaust which takes the place 

• • of the standard muffler . . . makes the exhaust gases of gasoline engines both 
• non-poisonous and odorless. When applied to Fork Lift Trucks, for example, it 

makes them safe for inside use. 

In developing the OCM Exhaust, a special type of ruggedized pyrometer was 
needed to withstand the deteriorating abuse to which OCM equipped machines are sub-
jected. Critical accuracy, and exceptional dependability under extreme conditions of shock 
and vibration were necessary. Only Marion's new line of ruggedized instruments could 
meet these requirements. 

This is why every OCM Exhaust now carries a Marion-made, thermocouple-
operated pyrometer on the instrument panel. It indicates the temperature of the exhaust 
gases; tells when the unit is operating within the safe range. It also measures the 
air-fuel ratio while idling and so keeps a constant check on engine efficiency. 

When you seek meters for unusual or standard applications, it will pay you to 
investigate Marion. Point for point, Marion invites comparison. Ask 
for catalog. There is no obligation. Marion Electrical Instrument Company, 
407 Canal Street, Manchester, New Hampshire. 

Canadian Representative: Astral Electric Company, 44 Danforth Rood, Toronto, Ontario, Canada 

ErPori Division. 458 Broadway, New York 13, U.S.A., Cables MORNANEX 

marion meters  
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Filter 
Manufacts* 
• HIGH-PASS FILTERS 

• LOW-PASS FILTERS 

• BAND-PASS FILTERS 

• BAND SUPPRESSION OR 

REJECTION FILTERS 

For RF or audio filtering and line RF suppression 
... for harmonic attenuation and teletype com-
munications . . . for single side band and telemeter-
ing equipment—these and many more are the uses 
to which B & W Filters are being applied daily. 
Time-tested and performance-proved, each of the 
filters listed above offers you a combination of 
accuracy and ruggedness that can't be beat in com-
mercial equipment, military equipment.. . ANY 
EQUIPMENT. 
That's why if your equipment requires filters— 

real filters built for day-in day-out dependability 
— B & W is the perfect answer. For details, write 
today to Barker & Williamson, Dept. PR-110. 

Manufacts = Manufacturing facts 

BARKER 8, WILLIAMSON, INC. 
237 Fairfield Avenue Upper Darby, Penna. 

BALTIMORE 

"Color Television." by A. G. Jensen, Bell Tele-
phone Laboratories; September 20, 1950. 

DAYTON 

"The Relation Between Science and Philos-
ophy." by R. R. Baker. Faculty, University of 

Dayton; September 14, 1950. 

DENVER 

'VHF Amplification," by %V. R. Bliss. Deci-
meter, Inc.; September 8, 1950. 

HOUSTON 

'Basic Systems of Color Television," and 'Cir-
cuit Description of a Low-Distortion Class-B Ampli-
fier." by F. H. McIntosh, McIntosh Engineering 
Laboratory; September IL 1950. 

INDIANAPOLIS 

'TTRTISMISsiOn Problems on Inter-city Tele-
vision Networks." by M. E. Strieby, American 
Telephone and Telegraph Company; September 18. 
1950. 

LONDON 

"Low Temperature Conductivity." by A. D 
Misener. Faculty. University of Western Ontario; 
and Election of Officers; April 17. 1950. 

'Frequency Conversion Equipment.' by F. P. 
Kehoe. H.E.P.C. of Ontario; May 15, 1950. 

Lotnsvt ug 

"Television Networks," by M. E.  Strieby, 
American Telephone and  Telegraph Company; 
September 19, 1950. 

PITTSEURGH 

'Bell System Inter-city Television Networks,' 
by M. E. Strieby, American Telephone and Tele-
graph Company; September II. 1950. 

sAn4T Louls 
'Television Receiver Circuits,' by  B  S. 

Parmet, Motorola, Inc.; June 22. 1950. 

TWIN CITIES 

Inspection Trip of Radio Station WTC N-TV; 
May 25. 1950. 

"The Linear Accelerator." by W. G. Shepherd. 
Faculty, University of Michigan; June 8. 1950. 

WASHINGTON 

'Measuring with the Electron.' by L. Marton* 
National Bureau of Standards; Septe mber 11. 1950. 

STUDENT 
BRANCH 

MEETING 

UNIVERSITY OP KENTUCKY. IRE BRANCH 

Election of Officers; September 21, 1950 

SOUTHERN METHODIST UNIVERSITY. 
I RE-A I EE 'BRANCH 

'Electronic Protection Devices.' by George 
Smith. Smith Detective Agency; August 31 , 1950. 

Film 'Football Game"; September 14, 1 950. 
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, $ 

Just 60 SECONDS 

/ 
/ 

from now • • • 

...and for thrifty 

SINGLE-FRAME 

recording 

THE DU MONT TYPE 296 
Oscillograph-record Ca mera 

# The Type 296 is an inexpensive 

oscillograph-record camera, greatly 
improved for general-purpose appli-
cation with any standard 5-inch cath-
ode-ray oscillograph. It incorporates 
a compact, all-metal, 35mm camera, 
calibrated shutter and a high-quality 
1/2.8. 75mm, coated lens which in-
creases its capability 57% over the 
Type 271-A which it supersedes. Con-
struction is rugged and durable: op-
eration simple and foolproof. The 
Type 296 weighs only 4 1/2  lbs. 

PRICE.. .$1149.50 

...with the camera that brings a new speed and 
efficiency to oscillograph-recording techniques 

The OMIT TYPE 297 
Oscillograph-record Camera 

• You've just advanced the film 
after making an exposure.That starts 

the Polaroid-Land "packaged" de-

veloping process. And while you're 

waiting for its completion—in just 60 
seconds—you can start the next ex-

posure or set of exposures. With the 
Type 297, once you've snapped the 

shutter, its self-contained, 60-second, 

developing process lets you forget 

SPE CIE: 

LENS-Du Mont- Wollensak 1,2.8 or I 1.9, 
75mm, coated. 

SHUTTER - Wollensak Alphax; shutter 
speeds of 1/25, 1/50, 1/100 sec. Time 
and Bulb. 

FOCUS-Fixed. May be adiusted for spe-
cial oscillographic work. 

WRITING SPEED Writing rates of 3.5 in 
ysec. have been recorded consistently at 
12,000 volts accelerating potential, 

about the variables of the darkroom. 

And with such special oscillo-

graphic features as simultaneous 

viewing and recording, an illumi-

nated data-card, sturdy and easily 

attached  mounting,  and  overall 
economy of the Polaroid film, Du 

Mont has added even greater mean-

ing to this excitingly fast method for 

"printing" the oscillograph image. 

CATI O NS 

PRINT SIZE - 3I/4 x 4 I/4 in. - one, two. 
three, or more exposures per print. 

IMAGE REDUCTION RATIO-2.25:1. 

PHYSICAL SIZE-Length, 145/4 in.; height. 
10 in.; width, 6 in. 

WEIGHT-42 lbs. 

PRICE   $285.00 with f/2.8 lens 

$355.00 with 1/1.9 lens 

Write for bulletin on photographic techniques. 

ALLE N  B. DU  M ONT  LAB ORAT ORIES, INC., INSTRU MENT DIVISION, 1000  MAIN  AVENUE, CLIFTON, NE W JERSEY 
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BALLANTINE 
STILL THE FINEST 

in 

ELECTRONIC VOLTMETERS 
Ballantine pioneered circuitry and manufacturing 

integrity assures the maximum in 

SENSITIVITY • ACCURACY • STABILITY 

• All models have a single  -to-read logarithmic voltage 

scale and a uniform DB scale. 

• The logarithmic scale assures 

the same accuracy at all 
points on the scale. 

• Multipliers, decade amplifiers 

and shunts also available to 
extend range and usefulness 

of voltmeters. 

• Each model may also be used 

as a wide-band amplifier. 

MODEL FREQUENCY RANGE VOLTAGE RANGE INPUT IMPEDANCE ACCURACY PRICE 

300 10 10150,000 cycles 
1 millivolt to 
100 volts 

1 2 meg. shunted 
by 30 mmfds. 

2% up to 100 KC 
3% above 100 KC $ 200. 

$225 

$280 

304 
30 cycles to 
5.5 megacycles 

1 millivolt to 100 
volts except below 
5 K C where max, 
range is 1 volt 

1 meg. shunted by 
9 mmfds. on low 
ranges and 4 mmfds. 
on highest range 

3% except 5% for 
frequencies under 
100 cycles and over 
3 megacycles and 
for voltages over 1 
volt 

3% on sine waves 
5% on pulses 3°5  

Measures peak val-
ues of pulses as 
short as 3 micro-
seconds with a repe• 
titian rate as low as 
20 per sec. Also 
measures peak val- 
yes for sine waves 
from 10 to 150,000 
cps. 

1 millivolt to 1000 
volts Peak to Peak 

2.2 rnegs. shunted by 
8 rnmfds. on high 
ranges andl5mmfds. 
on low range 

310 
10 cycles to 
2 megacycles 

100 microvolts to 
100 volts 

Some as 
Model 305 

3% below 500  KC 
5% above 500 KC $225 

L 
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For further information, write for catalog. 

BALLANTINE LABORATORIES, INC. 4L1 
102  FANNY  ROAD  13°°NIDN  N j _J 

The following transfers and admissions 
were approved and will be effective as of 
November 1, 1950: 

Transfer to Senior Member 

Carlin, H. J., Microwave Research Institute, Poly-
technic Institute of Brooklyn. SS Johnson 

St., Brooklyn. N. Y. 
Fonda-Bonardi, G.. 1551 Tenth St., Manhattan 

Beach. Calif. 
Heck, J. R., 1233 Ten Oaks Rd., Baltimore 27. Md. 
Ide, J. M.. U. S. Navy Underwater Sound Labora-

tory. New London, Conn. 
Jensen, K. S.. 1835 D 18 St.. Los Alamos. N. Mex. 

Krawitz. M.. 1522 55 St., Brooklyn IS, N. V. 
Mabry. F. S., 38 Holmehurst Ave.. Baltimore 28, 

Md. 
McCoubrey. A. 0.. Westinghouse Research Labora-

tories, Ardmore Blvd.. E. Pittsburgh, Pa. 

Pahl], E. L., 98 Donlea Dr., Leaside 17, Ont., Can-

ada 
Rodgers. J. A.. Huntington Hills, Rochester 9, N. Y. 
Wolfskill. J. R.. 450 Long Branch Ave., Long 

Branch. N. J. 
Zenner, R. E., 8732 Washington Ave., Hollywood, 

Admission to Senior Member 

\ngell, A. G. H.. Officers Mess. Royal Air Force, 
Manby, Louth, Lincs.. England 

orrarino. C. W.. 20-36 24 St., Long Island City 5. 

L. I.. N. Y. 
Erlandson. P. M., Southwest Research Institute, 

Box 2296. San Antonio. Tex. 
Harris. C. M.. Bell Telephoae Laboratories, Inc.. 

Murray Hill, N. J. 
Winter. D. F.. 3 Faculty Lane, St. Louis 5. Mo. 

Transfer to Member 

Bark, R. S., 20121 N. 145, Seattle 33. Wash. 
Boss, L. J.. 6938 Hammond Ave.. Dallas 10, Tex. 

Day, J. L.. 1614 Hilton Rd., Burlington. N. C. 
Dickey. F. E., 947 Maple Ave., Schenectady, N. Y. 

Ditkofsky, H., 4847 Eaplanade Ave.. Montreal 14, 

Que.. Canada  - 
Kerber, S. M., 164 Miramonte Dr., Fullerton, Calif 

Mahoney. T. F., 1585 Great Plain Ave.. Needham. 
Mass. 

Sellers, G. W., Capehart Farnsworth Corp., Fort 

Wayne 1, Thd. 
•ommons, J. M.. Jr., Box 548. State College, N. Mex. 

‘Vhite. G. J., 69 Beresford Ave.. Coventry, Warwick-
shire, England 

\\ ood. R. V.. Jr., 15 Linnaean St., Cambridge 38. 
Mass. 

Admission to Member 

lidlringer. C. C. E., 1460 Decarie Blvd.. St. Lau-

rent. Que., Canada 
Ii.,rsody. B. F.. 2317 N. 11 St.. Arlington. Va. 
I tothwell, F. E., Department of Electrical Engineer-

ing, Northwestern University. Evanston. 

Rush, R. S., Radio Station KTHT, 4005 S. Travis, 

Houston 2, Tex. 
Davis. J. N.. 734 15 St., N. V.. Washington 5. D. C. 
Fields, M. H., 302 E. Iris St., Oxnard. Calif. 
lorrigan. E. \V.. 36 Airport Rd., Knowle. Bristol 4, 

England 
Johnson. 11. S., 379 E. Buena Loma. Altadena, Calif 
Kellner, R. L., Raytheon Manufacturing Company. 

Waltham 54. Mass. 
Kiriloff. A.. 446 W. 23 St.. New York. N. Y. 
Lindsey, 11. K., 2290 Lililta St.. Honolulu. T. H. 
Lorentz. N. A.. 3338 49 Loop. Sandia Base, N. Mex. 
Pumper. V. IL, 385 Putnam Ave., Cambridge 39. 

Mass. 

(Confirmed on rage 42A) 
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Collins 51V-I chassis (right side) 

Collins 51V-1 chassis (loft tido) 

Glideslope Receiver 
51V-1 

• • • inside and out 

THIS is the new Collins 51V-1 glideslope 
receiver for aircraft. Note the orderly 

design, and the accessibility of all tubes, 

components, and wiring. 
The 51V-1 provides reception of 90/150 

cps tone modulated glideslope signals on 
any of the twenty channels in the uhf range 

of 329-335 mc. This receiver together with 
Collins 51R navigation equipment will 

fulfill ILS receiving requirements for mili-
tary, commercial and private aircraft. The 

design of the 51V-1 is based on "Glideslope 

Receiver Characteristics" issued by Aero-

nautical Radio, Inc., and on U. S. Airforce 

specifications. 
Output circuits of the 51V-1 receiver feed 

standard ID-48ARN deviation indicators 
including flag alarm. By means of the flag 

alarm the pilot has a positive indication of 

the reliability of the glideslope signals and 

instrumentation. 
The 51V-1 control circuits are integrated 

with the standardized R, 0 channeling sys-

tem with channel selection provided by 
means of a Collins 314U remote control unit. 

More complete information, in the form 

of an illustrated bulletin, is yours on request. 

IN AVIATI. N RADIO, IT'S. _ 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd St  NE W YORK 18 2700 West Olive Ave., BURBANK 
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Are 
MICROPHONES PROVED* TO BE THE 

FINE-QUALITY" ECONO MICAL ANSWER TO 

MANY MICROPHONE PROBLEMS 

MODEL 510 

4rg-‘ 
t  \-= 

MODEL 520 

M ODEL 505C 

- 

M ODEL 5205I. 

List Price $35.00 

1 

The "HERCULES"—Here is a revolutionary new 
microphone unit that provides the ruggedness, 
the clear reproduction, and the high output long 
needed for Public Address, Communications, Re-
cording at an amazingly low price! 

List Price $14.50 

The "GREEN BULLET"—Specially designed to pro-
vide quality music and speech reproduction at 
moderate cost. A streamlined unit that lends itself 
to fine-quality, low-cost installations where dura-
bility is an important factor. Features high out-
put, good response, high impedance without the 
need of a transformer. 

List Price $17.50 

The "RANGER"—Recommended for those appli-
cations where long lines are used and a rugged 
hand-held microphone is needed. Ideal for outdoor 
public address, mobile communications, hams, 
audience participation shows, etc. Designed for 
clear, crisp natural-voice response of high intelli-
gibility. Has heavy-duty switch for push-to-talk 
operation. 

List Price $27.50 

The "DISPATCHER"—Complete 
unit, includes Model 520 Micro-
phone, A88A Grip-To-Talk 
Slide-To-Lock Switch, and 
S36A Desk Stand. De-
signed to handle the most 
severe field requirements 
of paging and dispatching 
systems. Ideal for police, 
railroad, taxicab, air-
port, bus, truck and all 
emergency communica-
tions work. 

CONTROLLED RELUCTANCE CARTRIDGE — 
Available for service installation. Ideal for t 
replacement of crystal cartridges in Shure  \ 
cases of Models 707A and 708 Series. Can 
also be used in most semi-directional micro-
phones where space permits. Supplied with 
rubber mounting ring. 

List Price $9.00 
*Specific information provided 
on request. 

- 
Patented by Shure Brother, Inc. 

SHURE BROTHERS, Inc. 

MODEL R5 

Microphones and Acoustic Devices 

225 W•st Huron Street, Chicago 10, Ill.  •  Cable Address: SHUREMICRO 

(Continued from page 40/1) 

Raits, E. J.. 210 N. W. First Ave., Mineral Wells, 
Tex. 

Sagert, H. T., Rm. 920. LaSalle Street Sta., Chi-

cago S. Ill. 
Sedlacek, W. C., 628 Iris St., Oxnard, Calif. 

Shields, R. R.. Box 416. Emporium. Pa. 
Simpson, C. L., Rich Valley Rd., Emporium, Pa. 

Spear. R. B., 510 E. Hill St.. Brownfield, Tex. 
Staras, H., 617 S. Fillmore St.. Arlington, Va. 

Sullivan. H. J.. 348 Lincoln Ave., Cranford, N. J. 
Watson. J. T.. 14 S. Euclid. Indianapolis. Ind. 

The following admissions to the Associate 
grade were approved to be effective as of 
October 1, 1950: 

Agnew, N. F.. 549 Brusliton Ave., Pittsburgh 21, 

Pa. 
Aubey. L. J., Box 89. Beaumont, Tex. 
Blair. H. A., Jr., 130 Wilson Dr., Pittsburgh 21. l'a. 

Blake. C.. 67 N. Main St., Orono, Me. 
Blumkin. R., 55 Winthrop St.. Brooklyn 25. N. Y. 

Bokros. P., 3214 W. Columbia Ave., Philadelphia 
21, Pa. 

Bouffiou. C. L., 900 Riverside Dr., Aberdeen. Wash. 

Bryant. C. S., 47 Northwest 94 St., Miami 38. Fla. 
Caffrey, T. J., Clifford House, 2552 Clifford. Detroit 

I. Mich. 
Camillo, C., 4358 S. Artesian Ave., Chicago 32. III. 
Chittenden, W. R., 3229 E. Manoa Rd.. Honolulu, 

T. H. 
Clarke. H. W., 504 32 St., Saskatoon. Sask., Canada 
DeGarmo, A. V.. Jr., 1257 W. Forest. Detroit I. 

Mich. 
Erickson, D. L., 4726 N. Rockwell St.. Chicago 25, 

Fahnestock, J. D.. 52 Corncrib Lane, Levittown, 
L. I., N. Y. 

Finkel, A., 338 Madison St.. N. W., Washington 11, 
D. C. 

Green. S.. 59 Bay Sr.. Brooklyn 14, N. Y. 
Halle, C., 2863 Mayfield Rd., Cleveland Heights. 

Ohio 
Hammett, T. F.. 139 Bedford St., Lexington 73. 

Mass. 
Harnett, G. H., R.F.D. 4. Bloominggrove 

Newburgh. N. Y.-
Havens. A. C. B..160 W. 73 St.. New York 23. N. Y. 
Herhig. A. J.. 150-25 Third Ave.. Whitestone. L. L. 

N. Y. 
Howe, W. F., 513 Military Dr., Coeurd'Alene. Idaho 
Hull, C. J.. Old Pov/erville Rd.. Boonton. N. J. 
Johnson. D. A.. 627 E. 19 St.. Minneapolis 4, Minn. 
Kurkjian, E.. 1406 Hickory St., Grand Prairie. Tex. 
Mann. R. W., 602 W. Cunningham Ave.. Urbana, 

Mason, R. F., 25100 Fisher Ave., Euclid. Ohio 

Merrill. J. A.. 4028 Los Felix Blvd.. 10. Los Angeles 
27, Calif. 

Mohr, D. B.. 375 RCN Sin.. APO 937, co Post-
master, Seattle. Wash. 

Moore, C. C.. Jr.. 208 Via Alcance, Palos Verdes 

Estates. Calif. 
Morley, J. E., 3 Morley Rd., Twickenham. Middle-

sex, England 
Nagy, W. Z.. 179 Davis Ave., Staten Island 10. 

N. Y. 
Noble, J. S.. Radio Propagation Station. Navy 117. 

FPO, New York, N. Y. 
Palmer, M. V., 4002 Fruit Valley Rd., Vancouver. 

Wash. 
Sikes, R. E., 2012 Tenth Rd.. S., Arlington 4. Va. 
Sindelar. E. E., 2825 Portman Ave.. Cleveland. Ohio 
Sirinsky, R., 3329 Ridge Ave.. Philadelphia. Pa, 
Smollett, R. J.. 656 W. Burnside, Caro. Mich. 
Snider. D. A., 221 Harriet Sr.. Alton. Ill. 
Stevens. H. V.. 63 Edson. Buffalo 10. N. Y. 
Sweeney, P. M., 3826 N.E. 34 Ave.. Portland 13. 

Ore. 
Triantafellow. W., 120-21 142 St.. South Ozone 

Park 20, L. I., N. Y. 
(Continued on page 444) 
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Poor contact between 
line plug and wall outlet can 

cause a heap of trouble in a T-V set 
or radio. A defective plug or worn outlet can 

produce voltage drop and arcing . . . and you know what 

that means to a set. 
Take that ounce of prevention! Replace the line plug with a genuine Spring-

Action Replacement Plug—the sure way to be sure of positive contact even in a worn 
mtlet. If you need a multiple outlet, use a Tapmaster Cube Tap. Or, if the line cord needs lengthening, 
ise a Tapmaster Extension Cord Set. These products have Spring-Action Blades and Internal Contatts. 
3Vith them, you'll get good connections any place, all the time. 
WR. SERVICEMAN—Save yourself unnecessary service calls. Carry these three connections in your kit. 
Vour jobber can supply them to you. 

YOU CAN DEPEND ON THESE OTHER 

ALLIED-SHELDON PRODUCTS 

-FLASH 
Shad= 
FLUORESCENT STARTERS 

World's Largest Lino — 
Automatic Cutout ... Push-Button e ris Ito so _kint. 
... Multi-Purpose ... No-Blink 

... Standard Types 

2, 6 and 15 Amps. 
RECTIFIER BULBS 

%laden 
ALUMINIZED REFLECTOR 

LAMPS 

Infra-Red, Flood, Spot, Clear, 

Photoflood, Photospot, 2,000 

Hour & Outdoor Pyrex Types 

WRITE FOR YOUR COPY OF THE NEW ALLIED-SHELDON CATALOG 
DELIVERY ON ALL ITEMS ON THIS PAGE — Fair to Middlite! 

ALLIED ELECTRIC PRODUCTS INC. 
68-98 Coit Street, Irvington 11, N. J. 

Branch Oflicc  & Warehouses  CHICAGO 7, ILL., 426 S. Clinton St. —  LOS ANGELES 26, CAL., 1755 Glendale Blvd. 

PROCEEDINGS OF TIIE I.R.E. November, 1950 
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DESIGNS AND PRODUCES 

eetietee and Re9id 

WAVEGUIDE 

Special Microwave 
Mixer-Duplexer Assembly 
Designed by AlRTRON 

Send for AIRTRON 
Engineering Data on 
Microwave Plumbing 

4.1A 

COMPONENTS  I 

ram the smallest waveguide com-
ponent to complete transmission systems... 
from the first "doodle  memo or blueprint 
to the finished precision product ... make 
AIRTRON your FIRST source for all types of 
microwave  plumbing.  Unique  in back-

ground, technical savvy, plant 
facilities and the WILL to 
SERVE,  this  organization  is 
prepared to engineer and 
manufacture your staple or 
special requirements in: 

Mixers 
Duplexer Assemblies 

Magic Tees 
Waveguide Switches 

Elbow Bends 
Elbow Miters 

Twisted Sections 
Rigid Twists 
Choke Fittings 

Flexible Woveguldes 
Straight Section 
Rotary Joints 

40116 ft. IN C. 
1 05 East Elizabeth Ave., linden, New Jersey 

BRANCH OFFICES 
Baltimore  Los Angeles  New York 
Boston  St. Louis  Dallas  Dayton 

((.ontinued from page 424) 

Vergona, A. J., 45 E. Bataan Ave.., Clairton, Pa. 
Vernon. II. J., 623 W. Surf St.. Chicago, III. 
Vogel, C. 1., 1950 W. Fort St., Detroit 16, Mich, 
Waaheim. W. G., 4603 Snow Rd., Parma, Ohio 
Welirman, R. B.. 624 Rockford Ave.. Dayton 

Ohio 
White. R. A.. 913 N. Frederic. Burbank. Calif. 
Zillea, F. J., 915 Agatite, Chicago 40, III. 

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 304) 

Versatile Line Amplifier 
A new Type MI-12160 plug-in line 

amplifier with self-contained power supply 
is available from Radio Corp. of America, 
RCA Victor Div., Camden, N. J. 

It ii.t be used as a master 1111\er for 
supplying zero level to a telephone line, a 
line amplifier capable of operating from a 
telephone line, a driver amplifier supplying 
driving voltage for up to 500 power ampli-
fiers, a monitor amplifier supplying two 
watts of audio power to a speaker, or a 
bridging amplifier for bridging a low im-
pedance line. T.tie instrument provides ex-
cellent frequency response from 30 to 
15,000 cps with low distortion. 

New Bent-Gun Features 
Uniform Screen Focus 
Uniform focus over the en tire usable 

screen area is now attained by means of a 
new bent-gun announced by the Cathode-

Ray Tube Div., Allen B. Du Mont Labors-
;  tories, Inc., 750 Bloomfield Ave., Clifton, 

N. J. 
(Continued on page 484) 
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The one millionth Teletron recently rolled off the 
production line. It was all in the day's work for 

I Du Mont's vast Allwood plant geared to over a million 
TV picture tubes a year. Yet that tube established a 
unique record, because it represented the one mil-
lionth BIG TUBE. No other manufacturer has made 
that many BIG TUBES. 

Ever since 1939 when Du Mont introduced the first 
i commercial television set with its 14" Teletron, 
' 11 Du Mont has pioneered BIG TV TUBES. While others 

were offering 7" and 10" tubes, Du Mont was satis-
'  fied with nothing less than 12". Even as early as 1939, 

Du Mont made 20" Teletrons. Since then the public 
and industry have followed the Du Mont lead, but 
Du Mont remains in the lead with still larger tubes 
climaxed by the 30" Teletron available shortly. 

Obviously, in BIG TUBES the BIG NAME is 
DU MONT. 

7 Z—ra/t 47  7 160.e 7 ;46.9C 

Literature on request  •1,.r. 

ALLEN B. DU MONT LABORATORIES, INC 
rft BF DIVISION 

I I 111 ON, N. J. 

iPROCEEDINGS OP THE I.R.E.  November, 1950 
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In the making of G A & F Carbonyl 
Iron Powders only the strictest methods 
of Quality Control are observed 

G A & F. Carbonyl 
NOR /IL I I' L. N,,vembe,, /y30 



SIZES REDUCED... EFFICIENCY INCREASED 

for components of PHILCO Television Receivers 

through use of 

CARBONYL IRON POWDERS 
PHILCO Television Receivers are produced 

under rigid, scientific methods of Quality 

Control . . . So are G A & F Carbonyl Iron 

Powders. . It was all but inevitable that the 

combination would produce components of 

high efficiency and top performance. 

However, Philco was not blindly worship-

ping an abstract ide'al. Reduced sizes became 

a second, highly desirable result. Third, as 

leading core makers have testified, it costs 

less to work with quality materials—such as 

G A & F Carbonyl Iron Powders. 

The savings and the gains are both more 

numerous and more important than are here 

indicated. Let us send you the book described 

below . . . Ask your core maker, your coil 

winder, your industrial designer, how GA &F 

Carbonyl Iron Powders can improve the per-

formance of the equipment you manufac-

ture. It will cost you nothing to get the facts. 

THIS FREE BOOK — fully illustrated, with 

performance charts and application data — 
will help any radio engineer or electronics 

manufacturer to step up quality, while saving 

real money. Kindly address your request 

to Department 51. 

ANT AR A® PRODUCTS 
DIVISION OF 

GENERAL  DYESTUFF  CORP ORATI O N 
435 HUDSON STREET • NEW YORK 14, NEW YORK 

BRANCHES 

Boston • Providence • Philadelphia • Charlotte, N. C. • Chicago • Portland, Ore. • San Francisco • Oakland 

Iron Powders... 
PROCEEDINGS OF THE I.R.E.  November, 1950 
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News— New Products 

-00.r 

It's CP for COAXIAL 
HALF-VIME DIPOLE ANTENNAS 
for two-way mobile service 

PROVEN RELIABLE AND 

EFFECTIVE OVER THE YEARS 

CP Antennas use one of the most effective — and 

elemental — forms of antennas serving radio com-

munications. Simple physically and electrically, CP 

Antennas have earned a reputation for reliability. 

CP Coaxial Antennas are ruggedly constructed of 
selected materials to give satisfactory commercial 

service under severe operating conditions. They are 

recommended for both transmission and reception. 
Power handling capacity is limited only by the rating 

of the feed line. All antennas feature rust-proof con-

struction throughout with necessary accessories for 

simple, positive installation. 

Ask for your copy of CP Bulletin 106 
This new bulletin, compiled by the engineering staff 

of Communication Products, provides complete data 
on CP antenna  construction, as well as detailed 

specifications and operational information. Fully il-

lustrated with photographs and schematic sketches. 
Call or write CP, now, for Bulletin 106 or literature 
on any of the products listed below. 

YOU CAN DEPEND ON 
THESE CP PRODUCTS 

4 LO-LOSS SWITCHES 
4 TEFLON TRANSMISSION LINE 
4 AUTO-DRY AIRE DEHYDRATORS 
4 COAXIAL DIPOLE ANTENNAS 
4 TOWEFI HARDWARE 

KE YP ORT  NE W JERSEY 

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

(Continued from page 444) 

A higher degree of prefocusing in the 
new gun passes a smaller diameter beam 
bundle through the deflection field. This 
reduces spot distortion and results in uni-
form focus over the entire usable screen. 
A new grid-cathode assembly makes it 

possible to obtain this greater prefocUSI ng 
without increasing the over-all length of 
the  tube. An  improved  bulb spacer 
simplifies gun centering arid insures proper 
anode contact. Stray emission at higher 
voltages is minimized by rounding the 
corners of pertinent gun components. 
These latest developments, which re-

tain the advantage of employing a single 
beam-bending magnet, are being incor-
porated in all Du Mont Telectrons. 

UHF Admittance Meter 
General Radio Co., 275 Massachusetts 

Ave., Cambridge 39, Mass, has developed 
a new Type 1602-A uhf admittance meter, 
a null-type instrument, based on coaxial-
line techniques for making impedance 
measurements at ultra-high frequencies. It 
is simple in operation, and just as easy to 
use as a low-frequency bridge. It balances 
in the same nianner as a bridge and in-
dicates conductance and susceptance on 
direct-reading dials, calibrations of which 
are independent of frequency; and the null 
settings for both components are com-
pletely independent. 

The meter can be used to measure 
conductances, and susceptances of either 
sign, from one millimho to 400 millimhos 
(1,000 ohms to 2.5 ohms) over a frequency 
range from 70 to 1,000 Mc, thus covering 
both the present and the proposed new uhf 
television bands. Accuracy is ± 5 per cent. 
The admittance components can be easily 
converted to impedance, if desired, by 
using a Smith chart or Smith-chart slide 
rule. 

(Continued on page 65A) 
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NEW IN ICATOR ION MAP 
Now in all 

Rauland 
Tubes 

The response to Rauland's 

new Indicator Ion Trap, after 

its introduction in the 12LP4-

A, has been so enthusiastic that this feature has now been 

incorporated in all Rauland tubes —as a standard feature 
of the new Rauland Tilted Offset Gun. 

In the field or on the assembly line, this new Indicator 

Ion Trap reduces Ion Trap Magnet adjustment time to a 

matter of seconds, eliminates mirrors and guesswork, and 
assures accuracy of magnet adjustment. It can increase 

profits for every service man and service dealer —and at 
the same time assure better customer satisfaction. 

A bright green glow on the anode of the picture tube 

signals when adjustment is incorrect. Correct adjustment 
is made instantly, by moving the magnet until the glow 

is extinguished or reduced to minimum. 

Only Rauland offers this advanced feature—one of a half-
dozen important post-war developments from Rauland. 

RAUL A N D 

The first to introduce commercially 

these popular features: 

Tilted Offset Gun 

Indicator Ion Trap 

Luxide (Black) Screen 

Reflection-Proof Screen 

Aluminized Tube 

• 

THE RAULAND CORPORATION 
TA_1z_cruy k Re cuLc k 

4245  N. KN O X AVE N UE • CHI C A G O  41, ILLI N OIS 
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The W. L MAXSON 

CORPORATION 

IS 

SEEKING 

Outstanding 

ENGINEERS 
AND 

PHYSICISTS 
with 

AMBITION 
TO 

FURTHER 

PRESENT 

STANDING 

Immediately 

Minimum Requirements are: 

1. Five to ten years experience 
in advanced electronic re-

search and development 

2. Outstanding record of in-

genuity 

3. Ph.D., M.S. or equivalent 

Please send resume and salary re-

quirements to: 

The W. L. MAXSON 
CORPORATION 
460 W. 34th St. 

New York 1, N.Y. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 
The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

CIRCUITS ENGINEER 
Rapidly expanding company in instrumen-
tation field has opening for senior engi-
neer. Prefer man with masters degree and 
4 or more years of experience in design 
of pulsing circuits, VHF and UHF. Ex-
cellent opportunity for man who can meet 
requirements. Location Brooklyn. Send 
complete resume to Box 623. 

PHYSICIST 
Physicist for fundamental electron tube 

research. Should be familiar with tech-
niques of producing photo-electric, sec-
ondary emissive and fluorescent screens, 
experience with electron-optics, physical 
optics and solid state physics an advantage. 
Box 624. 

SALESMAN 
Salesman to organize and promote sales 

of high quality radio resistors now being 
produced by a company well established in 
radio and electrical component industry. 
Give summary of experience and avail-
ability in reply. Box 625. 

ASSISTANT PROFESSOR AND JUNIOR 
INSTRUCTOR 

Strong eastern college has opening for 
Assistant Professor and Instructor in elec-
trical engineering. Master of Science in 
electrical engineering is required, and' in-
dustrial experience is desirable. Send 
resume of qualifications, references and 
salary required. Box 626. 

PHYSICISTS AND ENGINEERS 
Cornell Aeronautical Laboratory, an af-

filiate of Cornell University, has perma-
nent positions open in fields of pure and 
applied physics for men of project engi-
neer caliber with advanced degrees and 
experience in physics, applied mathematics, 
electronics, and mechanical instrument de-
sign. The position of our laboratory is 
between those of universities and com-
mercial research institutes, and combines, 
we believe, many of the traditional ad-
vantages of both. Inquiries confidential; 
address Mr. Nathaniel Stimson, Dept. R, 
Cornell Aeronautical Lab., P.O. Box 235, 
Buffalo 21, N.Y. 

ELECTRONIC PHYSICIST 
Electronic physicist for research and 

development  work on instrumentation 
problems with major petroleum refiner. 
Degree in physics essential, M.S. or Ph.D. 
preferred. Must have a minimum of 5 
years research experience on a variety of 
electronic problems and demonstrated abil-
ity to develop new and ingenious electronic 
devices. Age 28-40. Location Chicago. Sal-
ary dependent upon training and experi-
ence. Reply in confidence giving full de-
tails to Box 627. 

(Continued on page 52A) 

ELECTRONICS 
TECHNICIANS 
WANTED 

The RCA Service Company, 
Inc., a Radio Corporation of 
America subsidiary, needs qual-
ified electronics technicians for 
U. S. and overseas assignments. 
Candidates must be of good 
character and qualified in the 
installation or maintenance of 
RADAR or COMMUNICA-
TIONS equipment or TELE-
VISION receivers. No age lim-
its, but must have at least three 
years of practical experience. 

RCA Service Company offers 
comprehensive Company-paid - 
hospitalization, accident and 
life insurance programs; paid 
vacations and holidays; peri-
odic review for salary increases; 
and opportunity to obtain per-
manent position in our national 
and international service organ-
ization, engaged in the installa-
tion and maintenance of AM, 
FM, and TV transmitters, elec-
tronic inspection devices, elec-
tron microscopes, theatre and 
home television, r-f heating 
equipment, mobile and micro-
wave communications systems, 
and similar electronic equip-
ment. 

Base pay, overseas bonus, 
payments for actual living and 
other expenses, and benefits 
mentioned above add up to 
$7,000 per year to start for 
overseas assignments, with pe-
riodic review of base salary 
thereafter. Openings also avail-
able at proportionately higher 
salaries for specially qualified 
technicians with supervisory 
ability. 

Qualified technicians seeking 
an advantageous  connection 
with a well-established com-
pany, having a broad-based, 
permanent peacetime and war-
time service program, write to: 

Mr. G. H. Metz, 

Personnel Manager, 

RCA Service Company, Inc., 

Camden 2, New Jersey. 

11 
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A l a INSTRUMENT COMPANY 

INCREASED MANUFACTURING 
& DEVELOPMENT FACILITIES 

YOU, OUR CUSTOMERS, have been presenting us with 
problems which require skill not only in electronic circuitry but 

in unique mechanical design as well. 
In solving many of your problems, we have found it necessary to 

think in terms of the most compatible combination of electronics 
and mechanics. Many companies are expert in one or the other of 
these fields, but a company which is skilled in both is rather rare. 
Realizing this fact, we have made a greater effort to mold our 
organization and facilities accordingly. Our latest step in this di-
rection has been to construct a new plant with complete machine 
shop facilities and increased manufacturing space. Another goal 
for which we have been striving is circuit simplification. Our 
philosophy for the last eight years has been to design equipment 
with the fewest number of tubes and components without compro-
mising on dependability. The result of this philosophy is evident in 
the basic 4-lamp Potter Decade and in new equipment designs yet 
to be announced. These include simplified and economic arithmetic 
units, multi-purpose shift registers, storage devices, photoelectric 
readers, tape handlers and a radically new high speed line-at-a-time 
printer. If you are concerned with problems in these fields write to 
Dept. 5-C for additional information. 

• High Speed Electronic 
Counters and Scalers 

• Precision Chronograph 
and Timing Instruments 

• Frequency Measure-
ment Counters 

• Electronic Digital Com-
puters and Memory 
Devices 

• High Speed Printer 
Units and Data 
Handling Equipment 

POTTER INSTRUMENT COMPANY 
INC ORP OR ATE D 

115 CUTTER MILL ROAD, GREAT NECK, NEW YORK 
cow p? 

PREDETERMINED COUNTERS feature 
counting rates to 60,000 Per min.'s,, 
absolute accuracy, instantaneous au• 
'email< reset, simple dial selection of 
Count. 

DECADE  COUNTER  provides  direct 
decimal  read-out with  the simplest 
most reliable decade circuit mode. 
Finest components, superb construc• 
lion. 

I. 
TIME STUDY COMPUTOR—custom de• 
signed to compute operation waiting 
time for payroll applications. etc.; 
also computes most efficient combina-
tion of man and machines. 

1.6 MC  COUNTER  CHRONOGRAPH 
with  high  resolution  and  accuracy 
(1/1,600,000 second).  Indicates in. 
tervals up to I second. Dependable, 
stable, no adjustments required. 
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ELECTRONIC ENGINEERS 
BENDIX RADIO DIVISION 
Bendix Aviation Corporation 

FP' 

4,4 

PRODUCTION DESIGN  RESEARCH 
Bendix Radio Division, a leader in the field of high quality 
radar and communications equipment, has positions for engi-
neers experienced in the design and development, for pro-
duction, of radio and radar equipment or electronic research. 

Positions are available at all salary levels. 

Good advancement opportunities, air-conditioned plant in 
suburban location, excellently equipped laboratories, tech-
nical library, large experimental engineering model shop. 

Housing and rentals in Baltimore are plentiful. 

Interviews will be held in Baltimore, Chicago and New York. 
Please send resume of experience promptly to: 

MR. W. L. WEBB, Director Engineering and Research 

BENDIX RADIO DIVISION 
Bendix Aviation Corporation • Baltimore 4, Maryland 

Bachelors, Masters, Ph.D.'s in PHYSICS or E.E.; Experienced Electronic 
Engineers; Supervisory Personnel for vital war work. 

OPPORTUNITY ON LONG ISLAND 
for research minded engineers 

Offers attractive working conditions, salary commensurate with experience, access to graduate 
schools, first-rate research and development facilities; other advantages. 

Projects underway in fields of microwave receivers, transmitters, antennas; radar, air traffic con-
trol; servos, motor control systems; general electronics. 

Write PERSONNEL MANAGER 

C 7 1110)1 11 e 4 gl i ail e n 

I N C O R  P O  R 

160 OLD COUNTRY ROAD • MINEOLA, N.Y. 

ENGINEERING OPPORTUNITIES 

MODERN LABORATORIES IN LOS ANGELES AREA 
Unusual opportunity for Senior men with 
accomplishment. 

ELECTRONIC ENGINEERS 

PHYSICISTS-CIRCUITRY 

PHYSICISTS-ANALYSIS 

PHYSICISTS-OPTICS 

degree and a background of proven 

SERVOMECHANISMS 
ENGINEERS 

ELECTRO MECHANICAL 
DESIGNERS 

MECHANICAL DESIGNERS 

Long term program of research and development. 

Please do not answer unless you meet the above requirements. 

RESEARCH AND DEVELOP MENT LABORATORIES 
Hughes Aircraft Company 

CULVER CITY. CALIFORNIA 

(Continue,/ from page 50A) 

ENGINEER 
Well known German radio manufac-

turer has immediate opening for engineer 
with design and development experience in 
FM-TV equipment. Factory situated in 
mountainous part of southern Germany 
(U.S. Zone) with pleasant living condi-
tions (summer and winter sports). Ger-
man language desirable. Please write to 
Z.G.  931—Annoncen-Expedition  Carl 
Gabler, GMBH, Munich, Germany. 

PROJECT ENGINEERS 
Five years or more experience in charge 

of design and development of radio and 
communication equipment. Must be a 
graduate of a credited engineering school. 
Well equipped laboratory in modern radio 
and television plant, with excellent oppor-
tunities for advancement. Send resume pf 
qualifications to Mr. S. F. Cascio, Per-
sonnel Director, Hallicrafters Company, 
4401 West Fifth Avenue, Chicago 24, Illi-
nois. 

ENGINEERS 
A very large vacuum tube and cathode 

ray tube manufacturer has attractive open-
ings for experienced vacuum tube engi-
neers. It will be to your benefit to inves-
tigate these possibilities. Please write to 
Box 628 

SENIOR ELECTRONIC ENGINEER 
Opportunity with manufacturer of elec-

tronic electro-mechanical and radiation in-
struments. Requirements: 5 years experi-
ence in design and development of pulse 
circuit computers, nuclear instrumenta-
tion or video circuits required. Manufac-
turing or production experience desirable. 
Send complete resumes and salary require-
ment to: Berkeley Scientific Company, 
P.O. Box 1826, Richmond, Calif. 

PRODUCTION ENGINEER 
Opportunity with manufacturer of elec-

tronic, electro-mechanical and radiation in-
struments. Requirements: 5-10 years ex-
perience as electronic and mechanical in-
strument production engineer in small lot 
production. Thorough electronic theory 
grounding. Send complete resume and 
salary requirements to Berkeley Scientific 
Co., P.O. Box 1826, Richmond, Calif. 

ELECTRICAL ENGINEER 
Graduate with experience in design and 

production technique of specialized elec-
tronic tubes other than high production 
transmitting and receiving types. Bendix 
Aviation Corp., Kansas City Division, 
P.O. Box 1159, Kansas City, Missouri. 

ELECTRONIC ENGINEER 
Excellent opportunities are offered by 

one of the leading concerns in the elec-
tronic computer field to engineers with de-
velopment or design experience in video 
and pulse circuitry or test and mainte-
nance experienc‘in the radar, television or 
computer fields. Send complete informa-
tion to Personnel Dept.' Eckert-Mauchly 
Computer Corporation, 3747 Ridge Ave-
nue, Philadelphia 32, Pa. 

ELECTRONIC ENGINEER 

Senior graduate engineer with at least 
10 years experience in receiver design. 

(Continued from page 54A) 
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ANOTHER  RAYTHEON 

SUBMINIATURE  THE CK5829 TWIN DIODE 

TO PROVIDE YOU WITH 

/. High perveance (performance compares 
favorably with that of the larger 6AL5) 

2 Low heater current (150 ma.); half as 
much as the 6AL5 

• 
3. 4.• 

a 

Moderate cost 

e - 

,71 

ar-

A 
14-

RAYTHEON Subminiature Tubes have long been 
standard throu pout the world. More of them are in 
commercial use then all other makes combined. They 
assure greater pro ct salability due to size reduction 
- greater conven ce because they fit standard 
sockets or can be s dered or welded into the circuit, 
and because over alf a million are available from 
stock; over 300 aytheon Tube Distributors are at 
your service greater dependability, backed by un-
surpassed technical resources and a dozen years of 
production and application experience with long-life 

Subminiature Tubes. 

.  I- • 

- 5416 6.515. 
TAls A m/ elves you of • glencethe eeeee itorisOce of eeeeeeee W ive Roythoon SubnOnlinvre Tubes 

AWN& 

Type No.  N oil .kool  1.1.•Intam  EXamora  Conelact.  Power  TYPICAL OPERATING CONE:MOONS 
Dmogotor  1.80111  Or Noatm  ara•  ONpvt  Mato  Scream  001 

1111611111 CATI1001 M IS  Inches  lades  Valls  Mo.  uohos  66.1  Volts  M•.  Volts  Mo.  Volts 

Ot616Clt  Noll Wen. ItocArot  0..00  1.75  6.2 100 45  In...so peat 150 tot. 

arm C1(603C4  CAatact..,01.6 of W S  0.400  1.5  0:3 200  5000  120 7.5  120  2.3  61. A 200 

C65703 CR601106 16.1., IMP 08.41ator, % wart. ot 500 Mt  0.400  1.5  6.3 200  5000  120  9.0 Ms A 210 

CR5704 /CR60011(  0,04., Itaw,tol.85 re one•half 6415 0.315 1.5 6.3  130  15041  9.0 
CR5744,'CR619CX  5.8.41.11.16 rno.  0.400  1.5  6.3  200  4000  250 4.0  h.. 500 

C65714 Oupreeteiots of 6656 0.400  1.5  6.3  200  3200  120  5.2 120  3.5 

... C1051129 2.oilar No 0.15 0.300.0.400  1.3  6.3  130 I I 7a.  5.0 pet ttdien 

FILAM1617 TYPOS 
1404  SA•54154 RP Polood• 0.30080.400  1.5  1.25  100  2000  43.0  2.6 45.0 0.0 91 201 

2131.32 SPA011•4 IF Pomo.1 to, aerie radio  0.300.0.400  1.56  1.25  SO  300  22.5  0.4  22.5  0.3  0 

2135.36  0090 Pantott. tat pods , rod.  0.290.0.390  1.26  1.25  30  6  45.0  0.45 45.0 0.11 A1/25 

2141 42 15/44• Ponroel• for pocket rad.  0.29080.190  1.56  1.25  30  375  22.5  0.35 22.5 0.12 0 

2021.22 Tro4• 9•610.• tor PO4,101 red. 0.300.0.400  1.56  1.25  50  60  22.3  0.20  22.3  0.30 

Itomarla 

1061 Gas T,oele, Eap 4.44 Control  0.530  131 1.1 50  45.0  1.5  Spetkil Ortvg 

0(510AX Do81Pro Spoe• Charge Totrad• *Apt,. 0.215.0.400  1.25  0.625  SO  1501  45.0  0.06 0 
Po* poit. 

O M 2AX low AlcropIto84 tollor.a.att.• 0.245.0.315  1.25  0.625  20  3/t  22.5  0.115 22.3  0.04  .4).625 

CX322.4X  0411,' P.11,4. 20 Pa Oa...1 0.265.0.315  1.$  1.25  20 450  1.2 22.5  0.30 21.5  0.04  0 

CIC52444  0,00 Pe8tod• 0.243.0.315  1.5  1.2$  30  300  1.2  15.0 0..5  15.0  0.12$  -1.75 

CK.525115  Outpot Porood• 0.21580.315  1.5  1.25  20  313  2.1 22.5 0.25 22.5  0.06  A1.2 

GX526AX  00., 5•8104• 0.21580.315  1.3  1.20  20  400 3.75 22.5 0.45  22.3  0.12  A1.5 

CK5274X  0090 Pomade 15 ma IllaAltra 0.215.0.213  1.5  1.2$  IS  225  0.75 22.5 0.10 22.5  0.025  0 

01329AX 5.454•4 081081 6•81041 0.290.0.390  1.51$  1.25  20  350  1.0  15.0 0.12  15.0  0.075  A.1.25 

CK33347 004.17•016d• 0.2113 4.385  1.3  1.2$  15  400  1.9  22.5 0.36  22.5  0.09  0 

01334AX Volta,. 4..41.1.01 0.215 4.395  1.23  0.625  IS  305  15.0 0.0047  15.0  0.0014  -0.625 

CK53544  Ogroto 116.6.64 0.245 4.395  1.5  1.25  20  350 1.4 15.0 0.32  15.0  0.075  A1.25 

CR3514.1A  Da8P• Peolado 0.300 0.400  1.56  1.2$  30 215  22.5  0.17  12.5  0.043  0 

C.R.553AXA II Pomade  0.100.0.400  1.56  1.25  SO 550  22.5  0.42  22.5  0.1$  0 

CR571 All 10 I.., 14....l (i..pornotv lobo. 0.21580.400  1.5  1.25  10 1.61  10.5 0.20 164114 Co.. 43.0 

is 4 2810,1  0.P. ...• 
CE5734X  Trio/A N91..Fre. ON.  0.30080.400  1.5  1.2$  200  2000  90.0 11.0  A4.0 

CIE5744/1  Shielded Paractdo It Am/PI.X. 0.200 0.390  1.25  0.625  20 160  22.5  0.125  22.3  0.04  AO.625 

015672  Okelpot Pemba 4  0.215.0.310  1.5  1.2$  30 650  65.0  67.5  3.22  67.5  1.1  A6.2 

CR3676/CX5564X  Trott, WO 0•881ator  0.30080.400  1.5  1.25  120 1600  135.0  4.0  -3.0 

0E5677/C6360AX ?Pod, UPI ONAator  0.300 0.400  1.5  1.2$  PO 650  133.0  1.9  44.0 

CIE56711tCR36944 9.4.1•41 If Fornsde 0.300.0.400  1.315  1.25  SO 1100  67.3  IA  67.5  0.411  0 

(156tf /01570AX  Osetrammor IA•4• M•s. , 4 1,18.1 
3.10.....8510. 0.215.0.400  1.15  0.625  20 1.51  12.0  0.22 

CR5713 PI* 8.45..go rec.... 0.300.0.400 1.5 1.23 15  0.1  %vane pooli 35 0 volts 

..• 0‘5951  Oen C. el lea. 1.61.4. 0.400  1.6 1.2$  110  1600  123  3.3  126  1.0 

y C451119 7 5 64 14.. 40 •Astr000rm pommlo 0.245.0.365  1.6 1.2$  7.5  14  12.0 0.005 4.5  0.005  -2.0 

ortos 

VOtTA01 111101/1410115 

CR5765  VeArtoe rrrrrr At. NI. - IA. 5631 

Ot57117  Volt••• •••J ear 

11X 40 

0.400 6,620  ..61.6gt 67.  OpereAno cArs., re8go 1.5 to 3.3 Ns. 

0.400  2.06 Oporatina tattoo. 100.  ° wet., t‘ore.tre.o. 5 to 23 06. 

Wattage 0•In 

RAYTHEON 

• • 'a a /"....7 • .4 4 • .14.44.4 " 
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SPECIAL TUBE SECTION  • Newton 58, Massachusetts 
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ettiedione. Agetraionia SUBMINIATURE TUBES • GERMANIUM DIODES and TRIODES • RADIATION COUNTER TUBES • 
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SAN 

DIEGO 

TECHNICAL 
EDITORS AND 
WRITERS 

These are senior positions, the men 
selected must be able to outline, 

compile, edit, proofread, plan and 

check art, dummy, and direct the 

final publication of technical and 

scientific publications. 

A good working knowledge of 
radio and radar theory and appli-

cation is essential, in addition to 
extensive editorial and journalistic 
experience. Some knowledge of 

structural and mechanical engi-

neering is desirable. 

Send complete resume with first 

letter to: 

James E. Thompson 

Department 29 

HUGHES AIRCRAFT 

COMPANY 

Culver City, California 

All replies will be handled in the 

strictest confidence 

(Continued from page 524) 

Minimum of 2 years experience 1.11:11: 
desirable. Must be capable of assuming 
project responsibility. Location Connecti-
cut. Excellent opportunity. Salary high. 
Submit resume. Box 631. 

ELECTRONIC ENGINEERS 
Electronic engineers with a background 

in patent specification writing desired for 
an expanding Patent Dept. in a growing 
research and development organization lo-
cated in the midwest. Unlimited opportu-
nity for advancement for properly quali-
fied men. Law degree unnecessary. Must 
be U. S. citizen and free to make occa-
sional trips to Washington, D.C. Please 
give full details in first letter. Box 630. 

ELECTRONIC ENGINEERS 

The U. S. Naval Ordnance Experi-
mental Unit is located at the National 
Bureau of Standards, Washington, D.C. 
The following vacancies exist in grades 
GS 14, $8,800, GS 13, $7,600 and others 
of Electronic Engineers (General) (Ra-
dar) (Instrumentation) and (Stabiliza-
tion). Assignments will include consulta-
tion, evaluation and product engineering in 
the development of guided missile compo-
nents. Enclose copy of Civil Service Ap-
plication Form 57 (obtainable at local 
post office) and address completed form 
to Officer in Charge, U. S. Naval Ord-
nance Experimental Unit, National Bu-
rea of Standards, Washington 25, D.C. 

(Continued on Page 564) 

ELECTRONICS 
ENGINEERS 
We need engineers for electronics research 

development and production. Real oppor-

tunity for graduate engineers with 5 or more 

years experience in basic circuit design, pulse, 

micro- wave, system analysis, electronic pro-

ject coordination and administration. Open-

ings for project leaders, senior designers, 

assistant project leaders and staff specialists. 

Congenial associates, and superior living con-

ditions in wonderful San Diego. Write today to 

H. T. Brooks, Engineering Personnel Office, 

CONVAIR 
(Consolidated Vultee Aircraft Corporation) 
3302 PACIFIC HIWAY, SAN DIEGO, CALIFORNIA 

ENGINEERS & DESIGNERS 

EQUIPMENT DEVELOPMENT 

GENERAL ELECTRIC COM 

PANY HAS IMMEDIATE OP 

PORTUN MES FOR EXPERI 

ENCED EQUIPMENT DEVEL 

OPMENT ENGINEERS AND 

DESIGNERS 

Must have thorough knowledge auto-

matic equipment and manufacturing 

processes for receiver tubes, television 

receivers and components. 

Men needed must be able to supervise 

as well as know details of desi9ning 

and developing automatic machinery. 

Write Electronics Dept., Gen-

eral Electric Co., P.O. # 1122, 

Electronics  Park,  Syracuse, 

N.Y., giving detailed resume, 

work record, references, salary 

requirements and availability. 

PHYSICISTS 
AND 

ENGINEERS 
You can find plenty of positions where 
you will work on minor improvements 
on  radar, telemetering  systems, and 
other conventional devices.  However, 
you will find very few positions where 
you can break ground in new fields hav-
ing tremendous significance. This you 
can do it the JACOBS INSTRU MENT 
COMPANY, whose entire effort is de-
voted to pioneering activities in new 
fields that it has opened up itself. One 
of these fields, for example, is that of 
ultra-high speed, ultra-compact digital 
computers and controllers. This com-
pany's JAINCOMP family of computers 
dominates this field. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design 
of advanced electronic circuits or pre-
cision  mechanical  instruments  may 
qualify,  •Iso  individuals  with  good 
backgrounds in applied physics. A few 
openings exist for outstanding junior 
E. E.'s and physicists, also experienced 
technicians; applicants for these posi-
tions must apply in person. 

JACOBS 
INSTRUMENT CO. 
4718 Bethesda Ave. 

Bethesda 14, Maryland 

1 
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diode/  303 
VACUUM TUBE 
VOLT-OHMMETER 

SPECIFI CATION S 

DC Voltage 
Ranges L2, 12, 60, 500, 1200 (30,000 with Accessory 
Hid; Voltage Probe) 

Input Resistance 10 megohms for all ranges 
DC Probe uith one megohm isolating resistor Polarity 
'ri ming switch 

Ohms Ranges 1000 (10 ohms center) 
100,000 (1000 ohms center) 
megobm (10,000 ohms center) 
10 megohms (100,000 ohms center) 
1000 megohms (10 megohms center) 

AC Voltage 
Ranges 1.2, 12, 60, 300, 1200 
Impedance (nigh cable) approx. 200 mm) shunted by 
273,000 ohms 

AF Voltage 
Ranges 1.2, 12, 60 
I requency Response Flat to 100,000 cycles 
Decibels 
Ranges -20 to +3, -10 to +23, +4 to +37, 
+/8 to +51, +30 to +63 

Zero Pouer Level 1 M. W., 600 ohms 
Galvanometer 
Zero center for FM discriminator alignment and 
other gall anometer applications 

R. F. Voltage 
(Signal tracing with Accessory High Frequency 
Crystal Probe) 

Range 20 volts maximum 
frequency Flat 20 KC to 100 M.C. 
105-125 V. 60 cycles 
Size 
51/4 "x7"x31/4 " (bakelite rare). Ireight: 4 lbs. 
Shipping Wt.: 61/2  lbs. 

Dealer's No Price 
Model 303, including DCV Probe, ACV-Ohms probe 
and Ground Lead-558.75; 
Accessory High Frequency Probe, 57.50: 
Accessory High Voltage Probe, 514.85 

Also available with roll lop case, 
Model 303RT-$64.75 

ELECTRIC COMPANY 
5200 WEST KINZIE STREE T, CHICAOO 44, ILLINOIS  • IN CANADA: BACH-SIMPSON, LTD., LONDON, ONTARIO 
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Positions Open 

ELECTRONIC 
INSTRUMENTATION 

ENGINEERS 

Manufacturer  of meteorological 
instruments requires 

PROJECT ENGINEERS 

Experience in computer circuits, 
marker generators, display net-
works and pulse modulator design 
mainly for airborne equipment. 
Design experience with sub-min-
iature components is desirable 

PROJECT ENGINEERS 

Several years experience in micro-
wave techniques in the 1 centi-
meter region, capable of designing 
antennas, direction couplings, mix-
ers, etc. 

ENGINEERS 

Experience in the design of trans. 
formers, coils, etc., for electronics 
equipment. 

Send complete resume to: 

Personnel Department 

FRIEZ INSTRUMENT DIVISION 

BENDIX AVIATION 

CORPORATION 

Taylor Avenue at Loch Raven Blvd. 

Baltimore 4, Md. 

TRANSMISSION-
EQUIPMENT-
DESIGN-
ENGINEERS 

West Coast manufacturer of carrier 
equipment plans expansion program 
in  United  States  and  Canada. 
Wishes to contact a small number of 

experienced telephone and telegraph 
engineers interested in permanent 
positions offering excellent futures 
in a well-established but expanding 
Industry. 

Several  positions  will  become 
available  during  the  next  year. 
Salaries commensurate with training 
and experience will be arranged for 
men selected. Please give full de-
tails in first reply. 

Lenkurt Electric Co. 
1105 County Rd., San Carlos, Calif. 

926 East Hastings St., Vancouver, B.C. 

(CUltit1114C11 jtcifl page 544) 

ELECTRONIC ENGINEER 

Electronic engineer with interest in in-
strumentation and automatic control to 
join instrument development group at the 
Wind Tunnels Laboratory. Starting salary 
$3,100-$3,825 per annum. Apply Civilian 
Personnel Division, Aberdeen Proving 
Ground, Maryland. 

PROFESSORS 

Vacancies exist in the Electrical Engi-
neering Dept. for faculty members to 
teach in undergraduate and post-graduate 
programs. Starting salaries from $5,400 to 
$7,600 depending upon experience and edu-
cational background. Write to U. S. Air 
Force Institute of Technology, Dept. of 
Electrical Engineering, Wright-Patterson 
Air Force Base, Dayton, Ohio. 

*  * *  * 

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. 

COMMUNICATIONS ENGINEER 

B.S.E.E. University of Michigan, Feb-
ruary 1950. Age 25, married, 2 children. 
3 years Navy Aircraft radio operator and 
maintenance.  Desires  communications, 
electronics, or sales work anywhere in 
U. S. Box 459 W. 

STATISTICAL QUALITY CONTROL 
ENGINEER 

B.S.E.E. MIT, plus statistical quality 
control, mathematics, statistics, methods, 
accounting and time study at Columbia. 
Experience: 4 years industrial field co-
ordination engineer; 4 years inspection ad-
ministration, Lt. Commander. Desires po-
sition as liaison with production, inspec-
tion, engineering and sales for quality 
control div. Member ASQC. Box 460W. 

ENGINEER 

M.S.E.E., MIT, Tau Beta Pi, Sigma 
Xi. Age 29. 2 years experience in radar 
while in service. 3 years experience in 
microwave measurements and develop-
ment. Desires electrical engineering teach-
ing position in midwest. Box 461 W. 

(Continued on page MA) 

Positions available for 

SENIOR 

ELECTRONIC 

ENGINEERS 

with 

Development & Design 
Experience 

in 

MICRO WAVE RECEIVERS 

PULSED CIRCUITS 

SONAR EQUIPMENTS 

MICRO WAVE 

COM MUNICATIONS 

SYSTEMS 

Opportunity For Advancement 
Limited only by Individual 

Ability 

Send complete Resume to: 
Personnel Department 

MELPAR, INC. 
452 Swann Ave. 

Alexandria, Virginia 

PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NOW 

OPEN 

Senior Engineers and Physicists having out-
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• applied Mathematics 
• Electronic Subminiaturixation 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Aero-
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 

Aerophysics Laboratory 
Box No. N-4, 12214 South Lakewood Blvd. 

Downey, California 

1 
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NATIONAL 
UNION 

RESEARCH 
DIVISION 

Electrical Engineers and Physi-
cists are needed for research on 
Cathode Ray, Subminiature, Sec-
ondary Emission and other types 
of Vacuum Tubes. 

Permanent interesting positions 
are available in the following 

fields: 

Tube design & development 
Tube processing 
High vacuum systems 
Solid state physics 
Electron optics 
Phosphorescence 

Men qualified in any of the above 
are invited to send their resumes 
to: 

Divisional Personnel Manager 
National Union Research Division 
350 Scotland Rd., Orange, N.J. 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 

Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers are find-
ing the "right position" in the wide scope 
of RCA's activities. Equipment is being de-
veloped for the following applications: 
communications and navigational equip-
ment for the aviation industry, mobile 
transmitters, microwave relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requirements represent permanent 

expansion in RCA Victor's Engineering 
Division at Camden, which will provide 
excellent opportunities for men of high 
caliber with appropriate training and 
experience. 
If you meet these specifications, and if 

you are looking for a career which will 
open wide the door to the complete ex-
pression of your talents in the fields of 
electronics, write, giving full details to: 

National Recruiting Division 

Box 960, RCA Victor Division 

Radio Corporation of America 

Camden, New Jersey 

Positions Wanted 
(Continued from page :,(e.1) 

SALES OR APPLICATION ENGINEER (JR.) 
B.E.E. June 1950, Pratt Institute ; age 

24; married. Former A ETM 3/c, radio 
and radar service in U.S. Navy. In-
terested in sales or application. Hard, 
willing worker. Any location in U. S. or 
Alaska. Resume. Box 462 W. 

ELECTRONIC ENGINEER 
B.E.E. June 1950, upper fifth, Syracuse 

University. Married, 1 child. Experience 
in radio, radar and antenna research. In-
terested in television, electronics, radio 
communication. Location anywhere in U. 
S. Box 467 W. 

JUNIOR ENGINEER OR LABORATORY 
TECHNICIAN 

Specialty precision instruments. 5 years 
experience on development of photo-elec-
tric instruments, electrocardiographs, tim-
ers, pulse transmitters and control systems. 
3 years engineering college at Pratt Insti-
tute and New York University. Desires 
position in design or development work. 
Box 468 W. 

COMUNICATIONS ENGINEER 
7 years experience in communications 

and VHF control systems in CAA and 
Army 2 years  at supervisory  level. 
Graduate C.R.E.I. Married. Age 26. In-
terested in VHF-UHF design or devel-
opment. Location immaterial. Available 
Sept. 15. Box 469 W. 

ENGINEER 
B.A. New York University, physics and 

psychology majors; graduate RCA Insti-
tute; age 33; 6 years broadcast engineer-
ing, 4 years teaching physics, both with 
administrative responsibilities. Seeks po-
sition in engineering administration, New 
York City location to permit continuing 
graduate study. Available Oct. 1. Box 
470 W. 

ELECTRONICS ENGINEER 
B.S.  Applied  Physics.  Graduated 

U.C.L.A. August 1950. 3 years as Army 
electronic technician. Desires position in 
industrial electronics with good future. 
Prefer west coast. Married. Age 26. Box 
471 \V 

ELECTRICAL ENGINEER 
13.S.E.E, June 1950, Polytechnic Insti-

tute of Brooklyn. Age 26, single. F.C.C. 
radio phone license. 3 years electronic ex-
perience including design, construction 
and testing; 6 months radio repairman in 
Air Corps. Interested in sales, service, de-
velopment or broadcast engineering. Re-
sume on request. Box 472 W. 

JUNIOR ELECTRONIC ENGINEER 
ENGINEER 

B.S.E.E. June, 1930, New York Univer-
sity. Age 23, single. 14 months Army. At-
tended Signal Corps school. 5 years radio 
and some television set repair part time. 
Desires communication or electronic work 
anywhere in U.S Box 473 W. 

ENGINEER 
BEE.; M.E.E. August 1950, Syracuse 

University. Age 23, single. Communica-
tions major. 1 year Navy electronics tech-
nician, 1 year laboratory instructor. Tau 
Beta Pi, Pi Mu Epsilon, Sigma Pi Sigma. 
Desires communications work. Salary and 
location secondary. Box 474 W. 

(Continued on page 62A) 

PROJECT 
ENGINEERS 

Opportunities exist for graduate 
engineers with design and de-
velopment experience in any of 

the following: 

ANALOGUE COMPUTERS 

SERVO MECHANISMS 

RADAR 

ELECTRONIC CIRCUITS 

COM MUNICATION 

EQUIPMENT 

AIRCRAFT CONTROLS 

HYDRAULICS 

INSTRUMENTATION 

ELECTRONIC PACKAGING 

PRINTED CIRCUITS 

PULSE TRANSFORMERS 

FRACTIONAL H. P. MOTORS 

Submit Resume to 
Employment Dept. 

SPERRY 
GYROSCOPE CO. 
Division of the Sperry Corp. 

GREAT NECK, II, NE W YORK 

ENGINEERING 
OPPORTUNITIES 
IN 
Westinghouse 
Wanted: 

Design Engineers 
Field Engineers 
Technical Writers 

Must have at least one year's 
experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location  Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric  Corp.,  2519  Wilkens 
Ave., Baltimore 3, Maryland. 

IC' 
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Input voltage 

Harmonic Distortion 

Regulation accuracy 
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single phase 50-60 cycles 
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Output voltage 

P.F. range Down to 0.7 P.F.  All models temperature 

compensated 

NOTE: THREE PHASE AND 400 CYCLE REGULATORS ALSO AVAIL-
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11  1 
W rite for Calfripicle tileralure 

November, 1950 

For regulated DC problems investigate Sorensen's 
line of Voltage Reference Standards, 
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One 
OF A LINE.... 

3;1 

1111011v-

GUARDIAN 
SERIES 405 D.C. 

RELAY 
•  DI 

4 

tr. • 

si1111111111111 MF 

'ft'44" 

No better proving place for Guardian Her-

metically Sealed Relays than Uncle Sam's 

battlewagons that ride the oceans everywhere. 

For example: the Guardian Series 405 Telephone Type Relay, used for 
communications, is an "all-purpose" type especially suited to sensitive 
applications. Instantly responsive. Operates at high speed. Provides a 
time delay on attract or release when equipped with a copper slug on 
the coil. Armature hinges on pin-type bearing to insure (1) long wear, 
(2) freedom from binding and (3) minimum side play. Standard weight 
of hermetically sealed Series 405 (DPDT) Relay: 11.5 oz. Also avail-
able with special windings. 

New Hermetically Sealed Relay catalog 5-H is yours for the asking. 

Series  30 A.C.  Series 210 A.C.-215 D.C. Series 220 A.C. 

.1 

Series 695 D.C. 

jr 

WU& — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 

GUARDIAN  ELECTRIC 

Series 610 A.C.-615 D.C. 

1 

1628-M W. WALNUT STREET CHICAGO 12, ILLINOIS 
A CO MPLETE  LINE  OF  RELAYS  SIPPING  AMERICAN  INDUSTRY 
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New Instruments for Microwave Testing 
CO MPLE MENT SPERRY'S 

Models 348, 349 and 350, new cayity frequency meters shown below, extend to 
the SHF and EHF frequency ranges, techniques which are now available at 
lower frequencies. These broadband instruments are designed for both 
transmission and absorption-type indications. They are suitable for 
search-type frequency measurements or any other requirement where 
an accuracy of .1 percent frequency set is needed. These are among 
the many new microwave test and measuring instruments which 
have been added to the ever-increasing Sperry Microline. 

Instrument Model  Frequency Range mc 

Impedance Meter 320  18,000-26,500 

Impedance Meter 346  26,500-40.000 

Impedance Transformer  347  26,500-40,000 

Directional Coupler  405  26,500-39,000 

Directional Coupler  413  18,000-26,500 

Directional Coupler 415  18,000-26,500 

Directional Coupler 388  12,400-17,000 

Directional Coupler  429  32,000-39,000 

Short  371  26,500-40,000 

Short 372 12,400-18,000 

Termination  401  12,400-18,000 

Termination  402  26,500-40,000 

Detector and Mixer  357  12,400-18,000 

Detector and Mixer  358  18,000-26,500 

Detector and Mixer 359 26,500-40,000 

Detector and Mixer 382 26.500-40,000 

Magic Tee  390 m000-26,5oo 
Magic Tee  391  26,500 -40,000 

Model 

Description 

Frequency Range mc 

Absolute Accuracy 

Approximate Loaded Q 

1 R-F Fittings video  

Other new instruments in the frequency ranges of the 

above mentioned meters are: 

CAVITY ' 

,13,000 -18,000 

1 1000 

1000 

349 

CAVITY 

19,000-26,000 

UG-419/U 
UG-419/U 

1 1000 

450 

UG-425 U 
UHF 

Catalog information on these and other Microline instruments is available on request. 

26,500-39,000 

1 1000 

1000 

UG-381, U 
UG-381 1U 

.Tnido Murk 

sp[ny GYROSCOPE COMPANY 
DIVISION OF THE SPERRY CORPORATION. GREAT NECK. NEW YORK • CLEVELAND • NEW ORLEANS • NEW YORK • LOS ANGELES • SAN FRANCISCO • SEA I ILL 1-  PROCEEDINGS' OF 1 HE I.R.E. November, 1950 
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Positions Wanted  

EXPERIENCED 
DEVELOPMENT 
ENGINEER 

CAREER 

for 

Qualified  individual  with 
company whose reputation 
for leadership and progress 
is recognized throughout the 
world. 

Laboratory  assignment  in-
volving creative application 
of the physical sciences to 
precision  electromechanical 
devices. 

Location: South Central N.Y. 
State. 

Give full details of education 
and  experience,  indicating 
age and marital status. 

Box No. 635 

The Institute of Radio Engineers 

1 East 79th St.  New York 21 N.Y. 

The non melting SILICONE insulating 

and waterproofing co mpound that is 

stable at te mperatur01 

from -70 -F. to 

+400 F. 

for ELECTRONIC 
EOUIPMENT 

ler AIRCRAFT ignite • 
and electrical control 
lystr. ,1 

MEETS ALL THE 
REQUIREMENTS 
OF AN-C-128a 
More water repellent than paraffin, Dow Corning 

4 Compound is highly resistant to oxygen, oscine 

and to deterioration caused by corono discharge 

PO WER FACTOR, up to 10 megacycles  0 001 

VOLU ME RESISTIVITY, ohm centimeters  10 

DIELECTRIC STRENGTH, volts mil   500 

r  ; 
naw booklt  in Dow 
Corning 4 Compound 
Address Dept. D. 
DOW CORNING CORPORATION, Midl.ind, Mich4g,ao 

flow  • corning' 
FIRST  IN  SILICONES 

,nrinue.1 Irons page 584) 

TELEVISION ELECTRONICS TECHNICIAN 
21/2 years B.E.E. New York University. 

2 years Naval Electronics Radar Techni-
cian. 2 years TV experience in produc-
tion test and field engineering for New 
York manufacturer. Desires position New 
York-Long Island area. Resume on re-
quest. Box 489 W. 

ENGINEER 
B.E.E. electronics option, University of 

Minnesota, June 1949, high scholastic 
standing. 3 years Army Signal Corps 
radio repairing and operating. Desires 
electronic design or development position. 
Location immaterial. Box 490 W. 

ENGINEER 
Age 43, married. Extensive practical 

radio, FM, TV and communications ex-
perience. Desires position as Service Man-
ager with a reputable distributor. New 
York, New Jersey or Conn. area. Resume 
on request. Box 491 W. 

SUBMINIATURIZATION ENGINEER 
Graduate, M.A. qualified Project En-

gineer. Heavy experience in subminiatur-
ization techniques. Seeks responsible po-
sition with opportunity for doing original 
work. Box 492 W. 

JUNIOR ENGINEER 
B.E.E. June 1950, New York Univer-

sity. Desires position in electronics or 
communications field. Experience remote 
control repairman on AA guns. PA years 
television and radio repairman. Age 27, 
single. Willing to relocate anywhere in 
U.S. Box 493 W. 

(Continued on page 654) 

An invitotion from loOtheed in California to 

SENIOR 
ELECTRONIC SYSTEMS 

ENGINEERS 

Lockheed invites yo 
long-range productio 
the aircraft of the fut 

Lockheed offers an 
mensurate with your 
a future in aeronautic 
Lockheed provides g 
ances for those who 

If you have: 
1. An M.S. or Ph.D. 

Physics 

2. A minimum of t 

advanced electro 

including radar 

vomechanisms, co 

3. Familiarity with a 

meat requirement 

Write today—giving fu 
experience and salary 

Karl R. Kunz 

LOCKHEED A 
Itiirliank. Cal 

to participate in its 
program, developing 
re. 

ttractive salary corn-
lity and background, 
1 science. In addition, 
nerous travel allow-
alify. 

Electrical Engineering or 

ree years' experience in 
sic systems development, 

icrowave techniques, ser-

puters and fire control — 

rborne electronics equip-
- 

Idetails as to education, 
requirements. Address: 
, Eniproymrtit Manager 

"rcroft Corporation 
formic' 

RADAR AND SONAR 
ENGINEERS 

Supervisory Radar Engineer 
1. Position open for top-notch ra-
dar engineer to supervise project 
engineers in the development 
and production engineering of 

airborne radar equipment. 

Radar Engineers 
2. Positions open for project, senior 

and junior radar engineers. Ex-
perience in airborne radar de-

sired. 

Sonar Engineers 
3. Positions open for engineers 

with background and experience 
in the field of sonar. 

Salary commensurate with  ability 
and experience. Excellent opportu-
nity for suitably qualified personnel. 

Submit detailed resume. 

Attention 

CHIEF ELECTRONIC ENGINEER 

74 •  • añc Dv5i0/1 
—illendix' Aviation Corporation 

ANALOGUE 
CO MPUTER 
ENGINEER 

Experienced graduate electri-
cal engineer with extensive 
background  in  analogue 
computer aevelopment, re-
quired to supervise analogue 
computer section. This engi-
neer must be able to assume 
full technical responsibility 
and planning for projects 
ranging from single equip-
ments to complete system de-
velopment. Here is a life time 
opportunity for the individual 
who can organize a rapidly 
expanding facility. Submit 
detailed resume. Personal in-
terview will be arranged. 

ENGINEERING RESEARCH 

ASSOCIATES, INC. 
1902 West Minnehaha Avenue 

St. Paul 4. Minnesota 
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GUIDED MISSILES ARE ONLY 

AS GOOD AS THEIR ... - 

Advanced aerodynamic design  what you expect 
when a top team of designers like those of the 
Fairchild Guided Missiles Division build a missile. 
But that is only part of the problem in missile 
manufacture. 
A guided missile is packed from nose to tail 

with complex electronic guidance circuits that 
must control its flight accurately—even during 
the shock of launching and the high G loads of 
tight turns. The avionic brain must not "black 
out" even under loads well beyond those a human 
pilot can withstand. 
In Fairchild's missiles, not only the airframe but 

the complete missile, including the avionir brains 
—that are squeezed into the cramped quarters of 

ENGINE AND AIRPLANE CORPORATION F. 

the missile's body—arc Fairchild designed and Fair-
child manufactured. 
To prove the ruggedness and reliability each 

missile is subjected to G loads never before asked 
of electronic equipment, while test apparatus 
shows how the "bird" stays locked on the target. 
Flight tests confirm this amazing accuracy and 
ruggedness. 
Here is another example of Fairchild research 

and development, at work for the Armed Services. 
Far ahead in the field, Fairchild Guided Missiles 

are an example of the achievement possible when 
top-flight aerodynamicists and ingenious elec-
tronic engineers tackle closely interrelated prob-
lems as a single, united team, 

AI RCH I LD d e lè 
Other Divisions: Fairchild-NEPA Division, Oak R,drp  • Fairchild Aircraft Division, Fla,j,tst n, Md. 

Fairchild Engine Division, Al-Fin Division and "trek's Corporation, Farmingdale. N. Y. 

41111111111111111111111111.11111111/1 " 
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FOR COMPLETE DATA ON "EVEREADY"BATTERIES 

" veready ". " Mini -Max", "Nine Lives" 
and the Cat Symbol are trade-marks of 

NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 

30 East 42nd Street, New Yoe k 1/, N Y 

$(0 exa 
ose 
a battering ram to 

make it 

it's simpler to design the 
radio around the battery! 

Regardless of what size portable radio you are designing, 
you'll find compact, long-lasting "Eveready" batteries to 
fit it. "Eveready" brand batteries give longer playing life. 
They are the accepted standard for portable radios. Users 
can get replacements everywhere — they prefer portables 
that use "Eveready" batteries. 

CONSULT OUR BATTERY ENGINEERING DEPARTMENT 

log 
ivEREADY 

• 

.EVEREAD(At battery pack provides plenty of power 
for compact "pickup" portables. For 

• The No. 753 "Eveready" "A-B" 

smaller portables, we recommend 
"Eveready " No. 950 "A" batteries 
ind the No. 467 "13" battery. 

TRADE-MARK 

R ADI O  BATTE RIES 

MA 

District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco 
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SCREEN ROOMS 
for ACCURATE 
RADIO-FREQUENCY 
MEASUREMENTS 

Guesswork is eliminated when you use 
an ACE Pre-built Screen Room. The 
area background level of radio inter-
ference is suppressed and the room does 
not introduce any errors in your mea-
surements. Attenuations of 100 db.— 
and higher—at frequencies as low as 
0.15 and as high as 10,000 mc. are 
readily obtainable. Specially designed 
Screen Rooms can give attenuations as 
high as 140 db. 

ACE attenuation characteristics have 
been determined by reputable electronic 
laboratories. These Screen Rooms are 
used for various applications such as 
evaluation and suppression of radio 
interference; radio and radar calibra-
tion, sensitivity,susceptibility, spurious 

t response and radiation; measurements 
I involving electronic instruments used in 

1 m edic alWrit efor 
0 lea bd oe srca et toprie t tvse abnudl i emu any others. n  

Easily installed 

Easy to move or to 

enlarge 

Low priced 

ACE ENGINEERING and 
MACHINE CO., INC. 
3644 N Lawrence Street 

Ph,lacl.dph,o 40, Po.  Regent 9-1019 

Positions Wanted  
(Continued from page 6221) 

SALES ENGINEER 

B.E.E. June 1947, Polytechnic Institute 
of Brooklyn, Eta Kappa Nu. 2 years var-
ied radar, radio, electronic technical ex-
perience. 1 year own business. Single, age 
25. Box 494 W. 

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 48A) 

Ultra-High-Speed DC Relay 
The Millisec Relay, designed for long 

life reliable ultra-high-speed use at an 
operating time of one millisecond or less, is 
being marketed by Stevens-Arnold Inc., 
22 Elkins St., South Boston 23, Mass. It 
is assembled in a standard metal radio tube 
container, but its operation is mechanical 
and not electronic. 

M1LLISEC RELAY 
PAT. PEMD. 

Only direct current should be applied 
to the contacts. In contrast to conven-
tional relays, the manufacturer does not 
recommend the use of ac. 
Life increases from 22 million opera-

tions at 4 ampere on the contacts to 100 
million operations at  ampere, at a rate of 
60 operations per second. Below  ampere 
a further increase in life can be expected. 
The relay is designed for operation with 

a resistive load, and when so connected, 
does not require an external spark sup-
pression circuit. When used with an in-
ductive load, the actual load used must 
be sent to our factory for the special tests 
required in order for us to design and 
specify the circuit constants of the spark 
suppression circuit always needed when 
operating with an inductive load. 
The maximum rating is I ampere 110 

volts dc on the contacts into a resistive 
load. Some overloading is possible above 
ampere, but the life expectancy is greatly 
reduced. 
Each relay is enclosed in a standard 

6N7 type metal radio tube container, and 
wax sealed in order to prevent dust and 
moisture from reaching the contacts. 

(Continued on page 66A) 

Acme Electric has been identi-
fied with the electronic in-
dustry since the crystal set 
days. The vast store of ex-
perience that Acme engineers 
have accumulated over these 
many years can be of con-
siderable value in helping you 
solve your electronic trans-
former problems. We offer 
transformer engineering co-
operation and facilities to 
build quality transformers in 
quantity production. 

ACME ELECTRIC CORP. 
4411 Water Street  Cuba, N.Y., U.S.A. 

M I n g li Z et r.LC 
T I A N SF  O a  M E  S S 
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News—New Products 

MORE GEO. STEVENS COIL WINDING 

EQUIPMENT IS IN USE THAN ALL 

OTHER MAKES COMBINED! 

• M ORE OUTPUT ...LO WER 
COSTS ... from EXCLUSIVE SPEED 
FEATURE. Universal motors permit 
variable speeds without changing 
belts and pulleys. Coil design per-
mitting, speeds as high as 7500 
RPM are not uncommon. 

• PORTABILITY. Conveniently car-
ried from place to place. Machines 
come mounted on bases to constitute 
one complete unit. 

• MUCH LO WER ORIGINAL 
COST. The same investment buys 
more GEO. STEVENS machines than 
any other coil winding machines. 

• LONG LIFE. Most of the original 

I sx' 

GEO. STEVENS machines bought 14 
years ago are still operating daily 
at full capacity. 
• MUCH FASTER CHANGING OF 
SET-UPS than any other general 
purpose coil winding machine. 

Quickly changed gears and cams 
save time between jobs. 

• VERY LO W MAINTENANCE. 
Replacement parts are inexpensive, 
can be replaced in minutes, and are 
stocked for "same day" shipment, 
thus saving valuable production time. 

• EASIEST TO OPERATE. In one 
hour, any girl can learn to operate 
a GEO. STEVENS machine. 

4e1; 
• 44 Oki WWI  11114111116, 
MI IN ONO M N  NNW 

ni m mil  smaiffismiNI MI 

Transformer winder Model 37S multiple wind, power, audio, automotive, fluor-
escent ballast and similar types of coils. Winds wire from No. 18 B&S to 46 B&S 
up to 9" O.D. Maximum economy is possible by using mandrels up to 30" long. 
Thirty or more coils may be wound at one time. All turns are accurately registered 
by Model 50 or 51 6" full vision clock face Dial Counter. Set-ups can be changed 
in less than 5 minutes. A gear chart is furnished to quickly determine wire spacing. 
No loss of turns (an exclusive feature) and accurate margins are assured by a 

screw feed traverse and an electrically controlled clutch. Highly polished wire guide 
rollers are ball-bearing mounted for free running. Traverse is quickly adjusted from 
lAg" to 6". 
Paper feed:—A tilting table for pre-cut paper is furnished making paper feed 

simple and fast, or a new roll paper feed for extra economy is available at a small 
additional cost. 
Motor equipment: —Variable speed, uniform torque 1/2  H.P. motor with foot 

treadle control. 
Tension equipment: -12 T.1 tensions and spool rack. Tensions will handle 6" 

spools. 
Mounting:—Ground steel channel base ensures rigidity and permanent align-

ment. Machine is shipped mounted on bench ready for use. 

There is a GEO. STEVENS machine for every coil winding need. Machines that wind ANY 

kind of coil are available for laboratory or production line. . . . Send in a sample of your 

coil or a print to determine which model best fits your needs. Special designs can be made 

for special applications. Write for further information today. 

9li;?1(14 [fa aged alem eefezeiet tet 

ol real W in d/leg alezcisine4 

REPRESENTATIVES 

Frank Tatra 
6022 No. Rogers Ave., Chicago 30, Illinois 

Ralph K. Reid 
1911 W. 9th St., Los Angeles 6, California 

R. F. Staff IL Co. 
1213 W. 3rd St., Cleveland 13, Ohlo 

4GEO. STEVENS 
MFG. CO., INC. 

Pulaski Rood at Peterson 

Chicago 30, Illinois 

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

(Continued Irons Pape 654) 

Voltage-Regulated Power 
Supply 

The Model 515 supply which features 
one regulated B supply, one regulated C 
supply, and one unregulated filament 
supply, is being marketed by Kepco Lab-
oratories, Inc., 149-14 41st Ave., Flushing, 
1.. I , N. Y. 
The B supply is continuously variable 

from 0 to 500 volts and delivers from 0 to 
200 ma. In the range from 20 to 500 volts 
the output voltage variation is less than 
per cent for both line fluctuations from 

105 to 125 volts and load variations from 
minimum to maximum current. Ripple is 
less than 5 my. 
The C supply is continuously variable 

from 0 to 150 volts and delivers 5 ma. For. 
all output voltages, the output voltage 
variation is less than 10 my for line fluctua-
tions of 105 to 125 volts. At 150 volts, the 
regulation is less than 4 per cent, between 
0 and 5 ma. At other settings below 150 
volts the internal resistance of the supply 
will increase to a maximum of 25,000 ohms. 
Ripple is less than 5 my. 
The ac output is 6.3 volts, 10 amperes, 

center-tapped, unregulated. 
(Continued on page 684) 

LO W 0, HIGH PRESSURE 

High pressure or low, there is a 
Giannini precision pressure transmitter 
that meets your requirements for remote 
indication, recording or control. 
From less than 1 up to 10,000 psi, with 

various types of resistance and inductive 
output values, Giannini precision pres-
sure transmitters are designed to with-
stand extremes of acceleration, tempera-
ture, vibration, while at the same time 
retaining their accuracy and their fast 
response characteristics."They are stand-
ard with the Leaders." Write for booklet. 

G. M. Giannini 6 Co., Inc., Pasadena I, California 

R P 
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—when they specified 

Blaw-Knox Towers 

for their powerful new 

AM, FM, TV station! 
•  W ERE 's technicians couldn't actually see Blaw-

Knox engineering or point to Blaw-Knox long 
•  experience in tower-building, or show off the in-

herent strength and efficiency of these towers—but 
• •  they knew they were all there! Hence their choice. 
• ... A quotation will prove that there's no premium 
•  on Blaw-Knox quality. 

•  BLA W-KN OX DIVISI ON 
•  OF  BLA W-K N OX  CO MPANY 
• 2037 Farmers Bank Building, Pittsburgh, Pa. • 
• 
• 
• 
• 
• 
• 

BLAW-KNOXANTENNATOWERS 
1 ' PROCEEDINGS OF THE I.R.E. Novem r I,  1%50 
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News- New Products 

Potentiometer 

tor ever application 

Type RV2 High Precision Potentiometer 
One of a series of semi-standardized types of 
metal-base potentiometers with exceptionally 
high electrical accuracy and mechanical preci-
sion. For both linear and non-linear functions. 
Designed for precision instrument, computer 
and military applications. Accurate phasing of 
individual units possible with exclusive clamp. 
ring method of ganging. 

113 
Tapped mounting inserts 

Bronze bushing 
Totally enclosed with cover 

"Consfricf-O-Grip" clamping to shaft 
—(no set screws) 
Precious metal contacts ,1 

Silver overlay on rotor take-off slip ring.— Jta 

Type RV3 Precision Potentiometers 
. . . available in models for either linear or 
non-linear functions with stock resistance values 
ranging from 10011 to 200,000R and power 
ratings of 8 and 12 watts. 360 ° mechanical 
rotation or limited by stops as desired. Models 
with 5% total resistance accuracy — $6.00 
. . . 1% accuracy — $8.00. Special models 
available for high humidity applications. 

Type RVT Translatory Potentiometer 
Actuated by longitudinal instead of rotating 
motion providing linear electrical output pro-
portional to shaft displacement. Used 
as a position indicator, high amplitude 
displacement type pickup and for study-
ing low frequency motion or vibration. 
Features exceptionally high linearity and 
resolution. Available in various lengths 
depending on amplitude being studied. 

• 

xag,A 
Valuable catalog — yours for the asking. Contains 
detailed information on all TIC Instruments, Potentiom-
eters and other equipment. Get your copy without obli-
cation — write today. 

HTECHNOLOGY INSTRUMENT CORP.  
Fl IL] Representatives Main Street, Waltham 54, Massachusetts 

and Telephone Numbers 
Cleveland, Ohio —PRospect 1-6171  Chicago, 111. —UPtown 8-1141  Dallas, Tex. —Dlr.:1m 9918 
Rochester, N.Y — G  3547- M  Cambridge, Mass. —ELiot 4-1751  Canaan, Conn. —Canaan 649 
Hollywood, Cal. —H011ywood 9-6305  Boonton, N.J. —BOonton 8-3097  Manhasset, N.Y. — 

MAnhasset 7-3424  Dayton, Ohio —Michigan 8721 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 66A) 

Traveling-Wave Power 
Amplifier 

"I'lle  Federal 
Telecommunication 
Laboratories, Inc., 
500  Washing ton 
Ave., Nutley, N.J., 
has begun produc-
tion of a traveling-
wave power ampli-
fier in the 4,000- to 
5,000-Mc frequency 
range. 
This tube has 

been assigned the 
type number 5929 
and is of the helex 
type. Particular at-
tention  has been 
given  to  details 
which allow ready 
replacement of tubes and a high degree (4 
interchangeability. The tube will deliver .. 
power output in excess of 10 watts with .1 
power gain of 20 db. The rf terminals ar4 
arranged for wave-guide circuit, and th. 
tube operates with an external electromag 
net field. 

(Continued on page 71A) 

ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

MODEL 211 

STANDARD 

RACK 

MOUNTING 

PANEL Sill 

WIIONT 16 LBS. 

• INPUT: 105 to 125 VAC, 
50-60 cy 

• OUTPUT =1: 200 to 325 
Volts DC at 100 ma 
regulated 

• OUTPUT =2: 6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: Less 
than 10 millivolts rms 

For complete information write 

for Bulletin GB  1L1111;1)1 ELECTRONICS  
C O R P O R A  I  O N 

CORONA  NE W YORK 
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ASINCE 1901 

UHF OSCILLATOR 
FREQUENCY RANGE: 

300 Mc. to 1000 Mc. 
77w 

U. It F. osctLuvroR 

C  " 
wcAsufamio. :vppon.,Tiom• 

MO W .  Wirde .t , 

The MODEL. 112 Provides 
A Signal Source For 'The 
Measurement Ot 

• STANDING WAVES ON 
TRANSMISSION I..INES 

• ANTENNA PKT1ERNS 

• MI 06 

• ATTENUATORS 
Also  for Alignment arid Tracking of 
UHF Recei vers ond for  many other 

applications. 

MODEL 112 

THIS oscillator was designed 
-.I- for the many applications 
in ultra-high frequency engi-
neering that require a high de-
gree of frequency accuracy and 
stability.  The direct-reading 
frequency dial is individually 
calibrated to an accuracy of 

An output dial, calibrated in 
decibels, permits relative volt-
age measurements within 
ratio of 100 to 1. 

FREQUENCY RANGE: 300 to 1000 Megacycles 

FREQUENCY CALIBRATION ACCURACY:  —4—  0 5 % 

OUTPUT VOLTAGE: Maximum varies with frequency between 

0 3 v,,It qr-1,1 2 vrIts. Adjustable over 40 db range 

OUTPUT IMPEDANCE: 50 ohms 

PO WER SUPPLY:  117 volts; 50-60 cycles; 60 watts 

DIMENSIONS-  12 1/2" x13 1/2" x 8". Weight 22 lbs. 

MEASUREMENTS 
13 () ()NJ T ÌJ 

CORP ORATI O N 
NE W JERSEY 

a 
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STILL TOPS IN THE FIELD 

Whatever your power tube ap-

plication may be, you can, in al-

most every case, find an ideally 

suited  JOHNSON  socket.  This 

socket will have high frequency 

insulation, low contact resistance 

and will hold the tube securely. 

These are characteristics of all 

JOHNSON sockets. 

JOHNSON sockets, furthermore. 
are easy to use. Design is such 
that mounting is simple. Insula-
tion and spacing are more than 
adequate for voltages involved. 
High frequency tube performance 
is not impaired by stray capacity. 
Write for catalog 971 which 

describes the most complete line 
of  transmitting  and  industrial 
tube sockets on the market. 

E. F. JOHNSON COMPAN 
WASECA, MINNESOTA 

/yew 12 CHANNEL 

TELEVISION TRANSMITTER 
Capable of MUSIC Modulation 

.--: 1r--A  ;„ 

TYPE 2111 
• The ONLY 12 channel TV transmitter that has a sound carrier capable of 
MUSIC modulation with full 40 KC swing. 

• Has standard 75 microsecond pre-emphasis. 

• All picture carriers are crystal controlled within 0.01 % and modulation of 

picture carrier is by means of standard RMA Composite Picture Signal. 

• Has standard rock mounting panel; power supply fully regulated. 

• Just the thing for rapid TV checking on all 12 channels and for checking 

receivers for tone, speaker rattle and freedom from microphonics. 

Write for Type 2111 Data Sheet for Full Details 

Tic 
Manufacturers of a Complete Line of TV Test Equipment 

Telinslrument Co. inc 
50 PATERSON AVENUE • EAST RUTHERFORD, N. J. 

EMSCO 
ENGINEERED 

RADIO 

TO WERS 

FOR AM, FM, VHF, 

UHF, MICROWAVE, 

TELEVISION AND RADAR 

Emsco Towers are 
available for all 
types of broadcast 
and communication 
service. Backed by 
years of fabricating 
experience, Emsco 
towers are 
engineered for 
safety, performance 
and economy. 
Bolted construction 
and hot dip 
galvanizing insure 
long life, low 
maintenance cost 
and maximum 
electrical 
conductivity. 
Self-supporting 
triangular and 
square towers and 
guyed triangular 
towers are 
available in 
heights up to 
1,000 feet with 
wind loadings up 
to 60 lbs. 
RMA design. 

Shown here is on Emsco 
Type 2RT 120.foot 40« 
RMA design tower 
installed for South. 
western Bell Telephone 
Co. in Dallas, Texas. 

EMSCO DERRICK & EQUIPMENT COMPANY 
LO S  A N G E L E S,  C A LI F O R NI A 

Houston, Texas  • Garland, Texas 

TOWERS OF  SIRE NGTH 
C 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R E. affiliation 

(Continued from Page 

New Deposited Carbon-
Type Resistor 

The Bell Telephone Laboratories, Inc., 
463 West St., New York 14, N. Y., has de-
veloped an improved type of deposited 
carbon resistor which is expected to find 
wide-spread use in the communications 
and electronic fields. 
In the new resistor, the element boron, 

as well as carbon, is pyrolitically deposited 
in a thin film on a suitable ceramic core. 
The addition of this element, it has been 
found, gives considerably lower tempera-
ture coefficients of resistance than those 
possessed by plain carbon resistors, as well 
as good stability. In addition, the new 
borocarbon resistors provide access to re-
sistance ranges heretofore impossible to 
attain in stable, accurate film-type re-
sistors. 
Recent years have seen an increasing 

growth in the use of pyrolytic carbon re-
sistors. Known variously as "cracked car-
bon resistors" or as "high stability carbon 
film resistors," they are composed of very 
thin  films of microcrystalline carbon 
formed over the surfaces of ceramic cores. 

(Continued on page 72A) 

.4 5 .6 
DC 7 MILLIAMMETER 

, HICKOK 250  100 scale 
long•scale are  eonventionol meter 

Easier to read accurately 
The improved HICKOK meter scale is 21/2 
times longer than conventional meters to 
provide faster, more positive readings. 
Panel size 250' meters, pioneered by 
HICKOK, fit a smaller space, can be more 
easily read. 
Accuracies to I% of full stole reading! 
Available in popular AC or DC ranges. 
Case widths and diameters,  21/2 " to 
51/2 ". In reply kindly give details of your 
requirements. 

THE HICKOK ELECTRICAL INSTRUMENT CO 
10587 DUPONT AVE. • CLEVELAND 8, OHIO 

llophinf Ouoltty Electrocol Moist., Since 7970 

PROCLEIJINL. OF IllE I.R.E. November, 1950 

You can make channel change and reception regulation 
on your TV equipment an easy, effortless task, when you 
couple the tuning knobs to their respective circuit elements 

with S.S.White flexible shafts. 

The shafts will provide the sensitivity you require and at the 
same time will remove all limitations on the location of the 
control knobs. They'll permit you to position the knobs 
on the top of the set, on the side or even in a remote loca-
tion —wherever necessary to assure maximum convenience. 

Take advantage of the extra selling features S.S.White flex-
ible shaft couplings can give your sets. Check their possi-

bilities today. For details, 

WRITE FOR NEW BULLETIN 5008 

It contains the latest inform-
ation and data on flexible 
shafts and their application. 
Write for a copy today. 

Till c d #1 IN D USTIVI AL DI VI SI O N 

DENTAL 'Arc,. co. 0 Dept. G R 10 East 40th St. 
NE W  YORK  16, N. Y. 



YPE 2200 

11000111ZING . 
.S%Gt0d. GENERATOR 

Featuring: 
A new high for stability, performance, versatility. 

• All binary dividers. No blocking tube or locked oscillators. 

Complete freedom from "rolling" at critical moments. 

• All waveforms keyed from pulses derived from precision 
delay line. Absolute stability is achieved. 

• Meets all RMA and FCC specifications with wide margin 
to spare. 

• Built-in  bar and  dot  generator  far  sweep  linearity 
checking. 

• Furnished with cabinet and has 33 1/4" mounting space 
available for type #2300 monoscope camera or other 
uses. 

Price Complete 
with Cabinet 

$1995• F.0 8 PLANT 

Write for Type 2200 
Data Sheet for Full 
Details 

Manufacturers of a Complete Line of TV Test Equipment u s 

Telinslrumen1 Co. inc 
50 PATERSON AVENUE • EAST RUTHERFORD, N. J. 

i p i r d hi p  

MEASURE CONVERSION LOSS AND 
NOISE TEMPERATURE OF 
SILICON MIXER CRYSTALS 

This portable self-contained instrument will 
indicate directly the conversion loss of all 
mixer crystals intended for use at or below 

10,000 Mc. Above 10,000 Mc the readings 
are relative (crystals may be selected in the 

order of their quality). The instrument also in-
dicates 30 Mc noise temperature. Conversion 
loss mean deviation  1/2  db; noise tempera. 
ture mean deviation  1/2 . 

PRODUCTION TESTING 

INCOMING INSPECTION 

FIELD TESTING 

Order AIL Type 390  $95.00 net 
FOB Mineola, N. Y. 

c7 4./evie .fl4tuemeni4 

PAT. 
APP. 
FOR 

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 714) 

New Preamplifier 
Model 230H, a new, compact, small 

size preamplifier to equalize low fre-
quencies and provide necessary gain for 
magnetic pickups, has been developed by 
Pickering & Co., 308 Woods Ave., Ocean-
side, L. I., N. Y. 

Model 230H is self-powered, operates 
with any high quality, high input imped-
ance amplifier and installs by plugging in. 
This new preamplifier is said to be superior 
to most broadcast station equipment in 
its frequency response and accuracy of 
equalization; furthermore, its intermodu-
lation and harmonic distortion is said to be 
lower than good engineering practice re-
quires of professional equipment. 

((ontinued on page 744) 

S yAfTR ON 

OFFERS 

SELENIUM 
RECTIFIERS 
—made by a new process to uni-

form, high quality. In extra large 

cell sizes as well as small cells. 

Write for brochure. 

SY NTRON CO. 
242 Lexington, Homer City, l'a. 
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MODEL 60 

Bolometer 
Amplifier 

• Self Contained Metering 
• Pull Out Meter 
• AC and DC Recorder Output 
• Panel Selection of 3 Frequencies 
• Adjustable and Metered Bolom-
eter Bias 

USES 

The Model 60 Bolometer Amplifier is 
a band pass amplifier designed to am-
plify the output of crystal or bolom-
eter probes used in RF measuring 
equipment. The amplifier is suitable for 
all occasions where extremely low audio 
voltages must be amplified. The re-
corder output makes the unit particu-
larly useful for antenna pattern re-
corder,: requiring either AC or DC 
input volta,Je•:. 

DESCRIPTION 

The Model 60 Bolometer Amplifier i,, 
an audio amplifier incorporating paral-
lel 'T' null networks in a feed back cir-
cuit to provide a narrow band pass at 
any desired frequency within specified 
limits. The amplifier includes a meter 
amplifier and an output meter which 
may be removed from the panel open-
ing for use at remote locations. The re-
corder output provides a choice of im-
pedances for AC outputs as well as a 
DC output for those recorders requir-
ing such an input. Input circuits are 
designed for operation with crystals or 
100 ohm bolometers. 

CHARACTERISTICS 
FREQUENCY RANGE-400 cycles to 5000 
..cles (choice of 1. 2, or 3 frequencies within 
ce limits) ±2% frequency tolerance. 
ItAND WIDTH—(v. voltage points) 8% of 
.andpass center frequency. 
INPUT VOLTAGE RANGE 
Meter-10° 10-t volt 
Recorder (AC)-10-°-10-4 volt 
I NPI'T IMPEDANCE-250 ohm to 350 ohm. 
METER—Logarithmic meter scale (0-20 rib, 
tb 100 db decade. 

RECORDER OUTPUT—AC .01-100 volts 
9.00) ohms. Additional output impedance. 
,1 5000 ohms, 500 ohms, and 250 ohms. 
I rf-0.01-0.75 volts. 
IIOLOMETER BIAS—Adjustable in step. 
,f" 2'4 current change over a range 2,1—me. 
• red directly. 
PO WER SUPPLY-115 volts 50/60 cycles 40 
watts. 
I if ENSIONS-19" wide, 834" high, 10" 
cep. 
WEIGHT-27 lbs. 
FINISH—Blue grey wrinkle panel and rinc 
roratiy cabinet (unit may he rack mounic.1 

cabinet if desired.) 

Ask for Bulletin L-60 

PICKARD and BURNS, Inc. 
740 Highland Ave-

Needham 94, Mass. 

Records are produced by a heated writing stylus 
in contact with heat sensitive paper. The paper 
is pulled over a sharp edge in the paper drive 
mechanism (standard speed 25 mm/sec., slower 
available) and the stylus wipes along this edge 
as it swings, thus producing records in true 
rectangular coordinates. The writing arm is 
driven by a D'Arsonval moving coil Galvanom-
eter with an extremely high torque movement 
(200,000 dyne cms per cm deflection). 
This recorder assembly may be obtained in 

bare chassis form, as illustrated (51-600) with 
or without built-in timer; or, with the addition 
of a stylus heating transformer, temperature 
controls, and control panel (127); or, with the 
entire assembly, controls and control panel 
enclosed in a mahogany carrying case (127C). 
Complete catalog available, see below. 

NSTRUMENT  AMPLIFIERS 
A  general  purpose,  A.C.  op  d driver 
amplifier for use with model 127 Recorder, 
comprising  three  direct  coupled  push-pull 
stages. Maximum sensitivity 50 my. per cm., 
minimum sensitivity 50 volts per cm., with 
four intermediate ranges. Balanced input ter-
minals available with impedances of 5 megohms 
to ground. Complete information in catalog 
shown below. 

Also available: 

High Sensitivity STRAIN GAGE amplifiers 

AMPLIFIER-RECORDERS 
Model shown at right is a single channel unit 
comprising above Amplifier 126 and Recorder 
127, contained in one mahogany carrying case, 
and designed for use in the industrial field as a 
direct writing vacuum tube recording voltmeter 
capable  of reproducing any electrical phe-
nomena from the order of a few millivolts to 
more than 200 volts. More complete data in 
catalog shown below. 

At lower right is a typical "Poly-Viso" multiple 
channel direct writing Recorder and Amplifier 
in console. Numerous combinations of this 
recording equipment and associated amplifiers 
and accessories are available. The Multi-channel 
Recorder (Model 65) provides for the simul-
taneous registration of up to four input phe-
nomena, using the same principles and method 
as for the Recorder Assembly above. In addi-
tion, the  "Poly-Viso"  Recorder provides a 
selection of eight paper speeds; 50, 25, 10. 5, 
2.5, 1.0, 0.5 and 0.25 mm/sec., and for the use 
of 4, 2, or 1 channel recording Permapaper. 
The Amplifier equipment is housed in a rack 
which has space for fouls individual driver 
amplifiers (electrically identical to model 126, 
above) and one 4-channel preamplifier. 

For complete catalog 
giving tables of con-
stants,  sizes  and 
weights, illustra-
tions,  general de-
scription,  and 
prices, address: 

NO INK 

RECTANGULAR 
COORDINATES 

PERMANENT RECORDS 

NO INK 

RECTANGULAR 
COORDINATES 

PERMANENT RECORDS 

SANBORN COMPANY_ 
loece44e,ticie Dew:add_ 
CA MBRIDGE 39, MASS. _ 

Sanborn Recorders and 
Amplifiers haye evolved 
from those originally tls. 
signed by Sanborn Com. 
pany for use in electro-
cardiographs, and hare, hi 
actual practice. Pro w to 
Nye wide applications in 
the industrial field as well. 
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MODEL 708 SPECTRUM ANALYZER 

Frequency range -8500 mc to 9600 mc. 

Receiver—Double conversion superheterodyne. 

IF bandwidth —approximately 10 kc. 

Sweep frequency-10 cps to 25 cps. 

Minimum frequency dispersion —I mc/inch. 

Maximum frequency dispersion —I0 mc/inch. 

Signal input attenuator—I00 db linear. 

Power —I15V or 230V, 50 cps to 800 cps. 

MODEL 705 W OBBULATOR 

Swept signal output with center frequency adjust-
able from 2 to 500 mc. 

Continuous swept output adjustable from 0 to 
100 mc.isec. with 0.1 volt output at 50 ohms. 

Internally synchronized scope with detectors and 
amplifiers. 

High and low impedance shielded traveling de-
tectors. 

Output designed for making response measure-
ments at 3000 mc., IF frequencies, and Video. 

Electronics Style 

There's no room for "guess work" in the manu-
facture of crystals! That's why so many so often 
specify JK stabilized crystals when they want 
to be sure of utmost dependability. 
Happily, this preference for the best costs 

no more. You, too, will be pleasantly surprised 
to find that The James Knights Company can 
furnish you outstanding quality at modest cost 
—in single units or production quantities. 

JK Stabilized H17 
Frequency range 200 kc to 100 mc. The pin spacing is such that 

two units can be mounted in a loctal socket. A small extremely 
light weight hermetically sealed unit. Moisture and dustproof. De-
signed especially for use where space is at a premium. The crystal is 
plated and wire mounted. Will stand maximum vibration. Pin 
diameter of the HI7 is .050". 
The HI7L and the H I7W are also available in the same fre-

quency range except that the H I7L has a pin diameter .093", and 
the H I7W has wire leads. 

a/m,e4 ,416  /do Wo  aity 
SAND WICH, ILLINOIS 

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 72A) 

New Rotor For Low Inertia 
Servo Motor 

A new type 10-watt low inertia servo 
motor, having the highest torque-to-inertia 
ratio of any servo motor now available, it 
clainicil, ha: been developed by Ford 

Instrument Co., 31-10 Thompson Ave., 
Long Island City 1, N. Y. 

Ford engineers have developed a rotor 
of pure iron which is appreciably superior 
to copper bar rotors. Iron rotors com-
pletely eliminate "cogging" and "single 
phasing" inherent in some bar-type rotors, 
and permit a much smaller rotor. 

(Continued on page 78A) 

TWIN LEAD, TELEVISION 

LIGHTNING 
ARRESTER 
•/%,  /•/• 

U.S. Potent 
No D-4664 

No: ATIO2 

co— Hipiet 'ifs 

APPROVED for OUTDOOR-INDOOR Use $ 
Protects Television Sets 2 25 

Against Lightning and Static 
Charges  Twin Lead 

SAFE  GUARD 
Simple to install everywhere and anywhere 
...no stripping, cutting or spreading of 
wires. More than ,.00,000 in use today! 

SEE YOUR JOBBER OR W RITE TO 

MANUFACTURING CO., Inc. 
6127 16th Avenue, Brooklyn 4, N. Y. 

First in Television Antennas 1. Accessories 
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OW(R nor 

T O WE R 

LI G HTI N G 

E Q UI P ME NT 

H & P lighting equipment, consistently 

specified by outstanding radio engineers, 
is furnished as standard equipment by 
most leading tower manufacturers. 

300 M M 
CODE BEACON 
Patented ventila-

tor dome circulates 
the air, assures 
cooler operation, 
longer lamp life. 
Concave base 
with drainage 
port at lowest 
point  Glass-to• 
glass color screen 
supports virtual-
ly eliminate color 
screen breakage. 
Neoprene gaskets 
throughout. 
CAA approved 

MERCURY 

CODE FLASHER 
Litetime-lubricat-

ed ball bearings. No 
contact points to 
wear out. Highest 
quality bronze gears 
Adjustable, 14 to 52 
!lashes per minute 

SINGLE and DOUBLE 
OBSTRUCTION 

LIGHTS 

Designed for 
standard A-21 traffic 
signal lamps  Pris-
matic globes meet 
CAA specifications. 

"PECA" SERIES 
PHOTO-ELECTRIC 

CONTROL 
Turns lights on at 

35 f.c.; off at 58 f.c., 
as recommended by 
CAA. High-wattage 
industrial type resis-
tors. Low-loss circuit 
insulation 

ALSO CO MPLETE LIGHT KITS 
FOR A-2, A-3, A-4 and A-5 TO WERS 

PROMPT SERVICE and DELIVERY 
First-day shipments out of stock. 

Immediate attention to specifica-
tions and unusual requirements 

WRITE OR WIRE FOR CATALOG 

AND DETAILED INFOR MATION 

HUGHEY a, PHILLIPS 
TOWER LIGHTING DIVISION 

326 N..L A CIENEGA BLVD 
LOS ANGELES 41I, CALIF 

60 E 42ND ST.  NE W YORK 17, N Y 

Check rg o secc-d 
Magnecorder install°, on. 

MAGNECORDER 
For every purpose . • . 

every purse! 

PT6 SERIES 
Most widely used profits-
sionol tope recorder In 
the world. 

PT63 SERIES 
Three heads to erase, 
record, and monitor from 
the tape. 

PT? SERIES 
A complete console 
for only $950.00. 
Outstanding fea• 
lures and flexibil. 
ity. Models for port-
able or rack mount 
Aliso available. 

i 16.A Magnecorder and d—c, 'tier 
.n rack mount. WGAR, Cleveland 

THE FIRST CHOICE 
OF RADIO ENGINEERS 
HIGH FIDELITY, LO W COST 

Only Magnecord offers you such high 

fidelity at such low cost.  Mognecorder 

frequency response: 50 — 15 kc  2 db. 
Signal-noise ratio: 50 db. Harmonic dis-

tortion less than 2 % . Meets N A. B. 

standards.  More  radio engineers  use 

Magnecorders than all professional tape 

recorders combined , 

GREATEST FLEXIBILITY 

Mount a Magnecorder in a rack or con-

sole cabinet for delayed studio or net-

work shows. Slip it into its really portable 
cases for remotes. Add to your Magne-

cord equipment as you need it—combine 
Magnecorders to suit every purpose, 

MORE FEATURES 

Your  Magnecorder,  new or old,  now 

can have 3 heads (separate erase, record, 

and playback) to permit monitoring from 

tape. Three speeds (15 - —7 1 2- —3 3'4 ' 

—up to an hour on a 7- reel) available 

on both PT6 and P163 equipment. Dual 

track heads also available if desired. 

Write for NE W CATALOG 

MAGNECORD, INC., Dept. P-1 1 

360 North Michigan A  , Chicago 1, III. 

Send me latest catalog of Magnecord Equipment. 

Nome 

Company   

Address 

City  Zone   Store   
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The NEW L?e4heIei MODEL 1600 

gives you these important advantages: 
1. Virtually instantaneous rate of response 
2. Permanent printed record of counting rate 
3. Operates from either binary or decade scaler 

BRIEF SPECIFICATIONS 

Designed specifically for tracer applications 
requiring faithful response to rapid changes 
in counting rate, the Model 1600 will operote 
from any scaler that can be made to provide 
successive output pulses after accumulation 
of predetermined count. Computer then con-
verts elapsed time between successive out-
put pulses into average counting rate. Count• 

ing rate can be read directly on visible 
meter of computer. 

Choice of three recording rate ranges, in 
combination with proper scaling factors, 
permits selection of conditions for optimum 
statistical accuracy. 

When designated as Model 1600A the unit 
includes standard recorder which provides 
permanent trace of counting rate. 

FOR COMPLETE SPECIFICATIONS AND OPERATING DATA PLEASE WRITE FOR 
BULLETIN 1600IRE 

SMALL 

PARTS 
Cost less when made by 

MULTI-SWAGE 
The economy way to get 

a million small parts 

similar to these — 

Examine the tubular metal parts shown here twice 
size. If you use anything similar .... in quantities of 
over a million ... important savings can be yours. 
Send us the part and specs. Our quotation will 
show why the Bead Chain Company's MULTI-
SWAGE Process has long been known as the most 
economical method of making electronic contact 
pins, terminals, jacks and sleeves. And, why more 
and more users of mechanical parts (up to 1A" dia. 

and to 2" length) employ our facilities. 
WRITE for Data Bulletin. 

THE BEAD CHAIN MANUFACTURING CO., 
Tr, Mark 60 MOUNTAIN GROVE ST., BRIDGEPORT S. CONN. 

New Miniature 
nsulated Terminals 

to help your 

miniaturization program 

I  I IRS ga• 

SOB Ill ..0i.  II MMMMM • IIII 41 :.11• NEM N M III  'SOS 
O MMMMM M SI  OMEN 

ISO M .. 

.  6‘.1  e  I  r  ••• 
I r:.  I   III• 

vie w  ...  III• MINIM Sr 
MIEN - -  11.  NM 
V% %190 0  "4 •sIi • M OM.  M• • WIMP '  .10 
' le is mo m . 171111111te 
I.  ,  Actual SI meow  mile my 

--  . - . ...me ...11   .... MOO ........1, " 
 rr•  M airerang 
yr.—  moo • ...s.ams 
I.1 9801,C  11111.• tt IIII 

'UNE. ,a,SIII 
NUNN ...0.01M1 

X 98UXA 
Enlarged 

Featuring extremely small size com-
bined with excellent dielectric prop-
erties, three new miniature insulated 
terminals are now available from CTC. 

Designed to meet the requirements 
of the miniaturization programs now 
being carried out by manufacturers of 
electrical and electronic equipment, 
the terminals come in three lengths of 
dielectric and with voltage breakdown 
ratings up to 5800 volts. In addition, 
they have an extremely low capaci-
tance to ground. 

The X1980XA is the smallest ter-
minal, having an over-all height of only 
three-eighths of an inch including lug. 
Insulators are grade L-5 ceramic, sil-
icone impregnated for maximum re-
sistance to moisture and fungi. 

All terminals have hex-type mount-
ing studs with 3 48 thread or .141" OD 
rivet style mounting. Mountihg studs 
are cadmium plated, terminals are of 
bright-alloy plated brass. 
Write for additional data. 

Turret  Split Terminal Double-End 
Lugs  Lugs  Boards  Lugs  Gwagers 

custom or standard the 
guaranteed components 

CAMBRIDGE THERMIONIC CORP. 
456 Concord Ave., Cambridge 38, Moss. 

West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 

76. 



THE 
TWIN TUBE 

PocKETEPE 
MODEL 

S 15.A 

Wt. 161/4  lbs. 
12"x 6"x 7" 

A ne w concept in multiple trace 

oscilloscopy  made  possible by 

Waterman  developed  RAYONIC 

rectangular cathode ray tube, pro-

viding for the first time, optional 

screen  characteristics in  each 

channel. S-1 5-A is a portable twin 

tube, high sensitivity oscilloscope, 

with two independent vertical as 

well as horizontal  channels. A 

"must" for investigation of elec-

tronic circuits in industry, school. 

or laboratory. 

Vertical ch nnels: 10mv rms/indt, with response 
within —2DB frorn DC to 200kc, with pulse rise 
of I.8,us. Horizontal channels: lv rms/inch 

within —2DB from DC to 150kc, with pulse rise 
of 3As. Non-frequency discriminating attenu-

°tors and gain controls, with internal calibra-

tion of traces. Repetitive or trigger time base, 

with linearization, from Vscps to 50kc, with 

-4- sync. or trigger. Mu metal shield. Filter 

graph screen. And a host of other features. 

'WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 
CABLE ADDRESS POKETSCOPE 

WATERMAN PRODUCTS INCLUDE: 

S-10-B GENERAL 

S-11-A INDUSTRIAL 

5-14-A HI-GAIN 

5-14-B WIDE BAND 

POCKETSCOPE 

POCK ETSCOPE 

POCK ETSCOPE 

POCKETSCOPE 

5-21-A LINEAR TIME BASE 

Also RAKSCOPES, LINEAR 

AMPLIFIERS, RAYONI G TUBES 

and other equipment 

. . . if you are commercially or 
professionally interested in TV, 

you must read 

TELEVISION 
ENGINEERING 
every month! 

Devoted exclusively to TV 
Research . . . Design 

Production . . . Operation 
Instrumentation 

ELEVISION ENGINEERING is the only trade publication which directs 
its entire editorial content to executives and engineers who design. 
manufacture, operate and maintain television receiving and trans-
mitting equipment—both commercial and educational. 

Every issue is chock full of timely and thorough TV articles, 
authored by outstanding specialists. You'll find practical, 
carefully prepared reports and papers on such vital subjects 
as . . . 

Color TV Systems... Ultrahigh Receiver-Transmitter Design Problems 
. . . Tube Production-Line Techniques . . . TV Broadcast Equipment 
. . . Camera Tube Research . . . Glass, Plastics and Metal in TV . . . 
TV Test Equipment in the Plant . . . Film Recording . . . Flying Spot 
Scanners . . . Tone Amplifiers for TV Films . . . Compact Motors for 
TV . . . TV Component Design . . . Mechanical Design Factors in 
Antennas . . . Quality Control Charting . . . Microwave Relays . . . 
Receiver and Transmitter Servicing . . . Production Aids . . Instru-
ment Activities . . . TV Sound Systems . . . Studio Lighting. 

Enter your subscription NOW . . . Fill out the coupon below 

TeleVision Engineering 

52 Vanderbilt Ave., New York 17, N.Y. 

Here is my remittance for my subscription tr,  TeleVision Engineering it t' 

IRE-11-50 

SPECIAL RATE . . . 3 years (36 issues) only $5. 

NAME 

ADDRESS 

CITY    ZONE  STATE . 
For our confidential records, open only to the Audit Bureau of Circulation, please supply the 
following information: 

Occupation  ..... Title   

Department in which employed 

[10peration  Li Production  El Research 

Employed by 

Nature of Business 

(State if "I V Mania.. liner, TV Broadcast Station, et, 
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are " MINS' 
delaying your production' 
Your "SPECIAL" may be our "STOCK" item 

Whether you purchase sheet metal products 

or fabricate your own, it will pay you to check 

into our specialized production facilities, be-

cause you can often avoid costly delays when 

a SPECIAL is required. 

We make over 400 different sheet metal 

products as stock items, any one of which may 

be just what you need. Often a slight change 

in one of our standard models will eliminate 

the necessity of special tools and dies, thereby 

reducing your cost. Since we produce thous-

ands of sheet metal products every month for 

ourselves and for leading firms throughout the 

country, we are able to effect economies in 

production which mean lower prices and 

faster delivery. 

Let us show you how you can save time 

and money on your sheet metal items today — 

send us your blue prints for estimates, or our 

representative will gladly call at your con-

venience. 

INC. BUD RADIO, 
21 10 EAST 55TH STREET CLEVELAND 3, OHIO 

Pioitir in Radio Ftwineering 3nstruction Situ(  CAPITOL RADIO 
EN GI NEERI N G  INSTI TU TE 

Ain Accredited Technical 3/oiltuir 

ADVANCED HOME STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 
Request your free borne shay or 
resident school catalog by writing tor 

DEPT. 2611B 
16th arid PARK ROAD. N. W., 
WASHINGTON to, D.C. 
Approved for Veteran Training 

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 744) 

The new 10-watt servo has a rotor 
diameter of only 0.665 inches, compared to 
1.50 inches required in an equivalent servo 
having a copper bar rotor. This results in 
.1 saving of 1 pound in over-all weight, and 
.1 sevenfold increase in the torque to inertia 
I ado. 
This servo can be foot- or flange-

mounted, and the terminal block can be 
mounted in a choice of three positions. 
Having linear torque speed character-

istics over the entire operating range and a 
rotor inertia of 0.23 inches2 ounces, this 
servo operates from either a single or 2 
phase, 60 cps 115-volt supply, and can 
withstand indefinite stalling without dam-
age. 

Interesting Abstract 
• • • Inland Testing Laboratories, Inc. 
2745 N. Jans,en Ave., Chicago 14, III. has 
released a new, 24-page brochure covering 
the test facilities, equipment, and capabil-
ities they have to offer the industry for 
complete qualification testing of com-
ponents and assemblies made under gov-
ernment contracts in accordance with 
JAN specifications. 

New Phase Meter 
A new precision phase meter, which pro-

vides means for determination of phase 
relationships throughout the audio spec-
trum of 30 to 20,000 cps, accurate to 0.1°, 

i, at prusent in production by The W. L. 
Mixson Corp., 460 W. 34 St., New York 
INN . Y. 

(Continued on page 79A) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 784) 

This instrument measures phase differ-
ence in terms of the calibrated phase sliffi 
required to establish phase coincidence of 
the voltages in the measuring circuit. 
Phase angle is read from two decade dial, 
and a zero-center meter having a full-scale 
range of +1°. Switch-selected control, 
permit determination of lag or lead and of 
positive or negative "sense." 
The power supply for the Model 1'-

1060 electron-tube circuits is integral with 
the instrument chassis. It is designed to 
operate from an unregulated, 105/125-
volt, 60-cps circuit. 

High-Speed Multichannel 
Sampling Switch 

The device illustrated. Model 2-60S-1. 
high-speed multichannel sampling switch, 
a compact unit which weighs only 81, 
ounces, is announced by The Applied Sci-
ence Corp., P.O. Box 44, Princeton, N. J 
Dimensions are 24 long 1i wide X21 inches 
high. 

This miniature switch is designed with 
a 60:1 internal gear reduction and two 
separate poles, each of which contains 
60 contacts. This design enables the two 
synchronized wipers to sample their re-
spective contacts at a rate of one contact 
per revolution of the input shaft, thus per-
mitting the user to correlate data from 
different channels with respect to angular 
position from a fixed reference for the drive 
shaft. 
The shorting type wipers allow great 

versatility in wiring arrangements with 
he possibility of having as many as 60 in-
dependent channels per pole for "make-
before-break" switching and 30 per pole 
for "break-before-make" switching when 
alternate contacts are left unwired. 
Similar switches are available with 

30:1 and 15:1 internal gear reductions. 

Inexpensive L-Pad for 
Special Applications 

Clarostat Mfg. Co., Inc., Washington 
St., Dover, N. H., manufacturers of re-
sistance devices, announce a new addition 
to their L-Pad line. The new L. Pad has 
been designed for special application work, 
where dependability and cost are prime 
requisites. 

(Continued on page 80.4) 

HAVE A CONSTANT CONTACT RESISTANCE OF 

These high quality switches 

with up to 24 contacts were 

specifically developed to meet 

the need for rugged precision 

instrument switches that have 

longer operating life and 

are economical components 

in competitively priced 

electronic instruments 

and military equipment. 

• 

Write for Technical 

Bulletin No. 28. 

TECH L A B O R AT O RI E S  PALISADESNE  W  J ER  PSAER KY 

SLO W SWEEPS 
HIGH SENSITIVITY 

V. 

..ib 
4  - 

Type 512 Oscilloscope 

• Band Pass—DC-2mc 

• Sensitivity—Smv/cm 
maximum 

• Sweeps—.3 sec/cm 
to 3 psec/cm 

Accurate observation and measurement of slowly recurring phenomena is 

difficult, if not impossible, by conventional oscilloscopic techniques.  The 

Tektronix Type 512 Cathode Ray Oscilloscope, combining as it does direct. 

coupled amplifiers, slow sweeps and high accuracy, is recognized by a con-

stantly increasing number of researchers as being an indispensable laboratory 

tool. New and fruitful approaches to the problems encountered in research 

are permitted by these features.  $950.00 f.o.b. Portland, Oregon. 

Write today for detailed specification of Typo 512 and other Tektronix onstrurnents. 

TEKTRONIX, INC. 
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UNIQUE twin beam flat face tube per-
t) mits EXACT time comparison of two 
waveforms without phase or frequency 
error. Beams are independent vertically 
and locked in horizontal direction, can 
be separated, superimposed or crossed 
for any comparative test . . . and . . . 

Model 1035 TWIN BEAM SCOPE (illus-
trated) offers these additional features: 

DIRECT time measurement on calibrated 
controls from 150 millisec. to 1 microsec. 
DIRECT voltage measurement on each 
beam from 500 volts to 1 millivolt. 

Recurrent or triggered sweeps from 150 
millisec. to 5 microsec. High gain, wide-
band amplifier, —3 db. at 7 Mc. 

Write for details on Model 1428 Scope 

Camera for still or moving film records. 

All instrumenis and spares in stock New 
York. 

WHEN TIMING COUNTS.... 
you can count on 

Cossor Twin Beam Scopes 

$465 fob Halifax 
$650 fob New York 

COSSOR  (CANADA)  LIMITED 
301-303 Windsor Street, Halifax, N. S. 

BEAM  INSTRU MENTS  CORPORATION 
Room 907, 511 5th Avenue, New York 17, N.Y. 

SHEERAMLEITNIGC II  
C O M P O N E N T S 

90 G/40 H5-8 

New Aladaide! 
90 G/40-HS-1 4 ,e 

An eexxtteennddeedd  range of types 
and sizes in the popular 

90.6 SERIES 
MULTIPLE HEADERS 

The 90-G Series is now supplied in a 
90 G/P-7  wider range of types than ever 
(Miniature) before. These include 5 and 10 

amp lead sizes with from 2 to 
14 terminals as well as plug-in 
bases for miniature 7, noval 9, 
and special 14-prong sockets. 
Voltage ratings are 1600 peak. 

90 G/P-14 

90 G/P-9 
(Noval) 

Write for These Descriptive Bulletins: 
849 — Hermetically Sealed Terminals 
850 —Hermetically Sealed Headers  / 
851 —Gasket Type Bushings 

G/60-NS-12 

JAN14,11414, 

a 

1 

News—New Products 
These manufacturers hare invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 79A) 

The new Type No. CM8727, 8 ohm L. 
Pad, is a single unit with two separate wire 
windings for maintaining constant im-
pedance. It was designed primarily for l'A 
uses. Its compactness of size, identical to 

Clarostat's Type 43 control, 11 diameter 
by 9/16 inch deep, its low cost, and rugged 
construction are sonic of the advantages 
()tiered in this control. It is available upon 
special order within impedance ranges from 
6 to 300 ohms. Rotation of the control is 
120°. 

Random Noise Generator 
The Kay Electric Co., Maple Ave., Pine 

Brook, N. J., announces the Microwave 
Mega-Nodes, a series of random noise 
generators designed to produce a known 
output noise in the frequency range of 
2,600 to 12,400 Mc. 

They are a group of five separate noise 
sources, each utilizing a standard com-
mercial fluorescent lamp in a JAN size 
waveguide, each mounted on a hardwood 
stand. A separate cabinet houses the power 
supply for the noise sources. Plug-in cables 
:ire provided for direct connection of the 
power supply to any one of the microwave 
units. The following waveguide sizes are 
available: RG48/1', RG49/1', RG50/1', 
RG51/U, and RG52/U. Over the operat-
ing range, the VSWR of each generator is 
less than 1.1, with the exception of the 
RG50/U guide whose N'SWR goes to 1.19 
over about 20 per cent of the frequency 
range. The noise output of each generator 
is 15.84 db above thermal noise at a wave 
guide temperat ure of 32° C. 

(Continued on tag.. 81.4) 
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News—New Products NEW WIDE BAND D. C. AMPLIFIER 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued front page 80A) 

Null Detector Amplifier 

new null detector amplifier Model 
No. 1140 has just been introduced by 
Freed Transformer Co., Inc.,  1718-36 
Weirtield St., Brooklyn (Ridgewood) 27, 
N. Y. 

This instrument is a high gain selec-
tive ac operated null indicator used for 
liridge measurements. It provides visual 
null indications or aural indications when 
ty-ed in conjunction with head phones. 
This unit may also be used as a high gain 
amplifier for general laboratory work. 

(Continued on page 82A) 

(CUP TYPE 
MODEL 07002) 

Unit mounts and mounting systems with 
MET-1.-FLEX provide vibration isolation 
and true shock absorption through the 
widest range of operating conditions. 
All-metal • no organic materials 
• stable characteristics from —90°C. to 
+175° C. • wide load tolerance • built-
in damping for stability and reduced 
amplification at resonance. 
For electronic or delicate equipment 

mounting, write Dept. B14 MET-I-FLEX 
Data Sheets available. 

MODEL 120 
A precision instrument designed for use as a preamplifier in conjunc-

tion with an oscilloscope, vacuum tube voltmeter or other instruments. 

SPECIFICATIONS 
FREQUENCY RESPONSE: Within ± 1 db between 
D.C. and 100.000 cycles per second. 

GAIN: Approximately 100. 

INPUT CONNECTION: Double channel, can be 
used for single ended and push-pull signals or as a 
differential amplifier. 

INPUT IMPEDANCE: One Megohm shunted by ap-
proximately I5mmf in each channel. 

DUAL INPUT ATTENUATOR: One to one, 10 to 
one, 100 to one and "off" positions in each chan-
nel independently adjustable. 

OUTPUT CONNECTION: Push-pull or single ended. 

OUTPUT IMPEDANCE: Less than 50 Ohms single 
ended or 100 Ohms push-pull. 

HUM AND NOISE LEVEL: Below 40 microvolts re-
ferred to input. 

LOW DRIFT due to regulated heater voltage in in-
put stage. 

MOUNTING: Metal cabinet approximately 7" wide 
by 7" high by I I" deep. 

Write for descriptive literature on the Model 120 D.C. Ampli-
fier and other Furst laboratory instruments including Regu-
lated Power Supplies. 

F U RS T  E L EC T RO NICS 
14 S. Jefferson St., Chicago 6, III. 

IN-RES-CO 
offers a 
complete 
line of 
standard 
RESISTORS 
that meet 
practically 
every 

requirement 
• • • . 
Prompt 
Quotations 
supplied 
on both 

standard and 
special types 

—more compact, higher accuracy! 

111 
Economical in Cost 

IN-RES-CO WL 
series  resistors 
were designed to 
meet increasing 
demands for a 
compact  resistor 
of high accuracy 
priced for general 
use. They meet 
the most critical 
requirements — 
close tolerance, 
ability to with-
ntand overload 
long life. Write 
for catalog. 

REs-00 

ARESISTORS 

INSTRUMENT RESISTORS CO., 1036 COMMERCE AVE., UNION, N. I. 

1/2 WATT 
INDUCTIVE 

MAX. RES:  .01 to 7,500 ohm 1331 Alloy) 
.01 to 4,000 ohm INichrorne) 
.01 to 1,250 ohm (Manganini 

BODY SIZE:  " lg. by 3/16" doom. 

TOLERANCE: STANDARD I 

TYPES WI and WLA 

1 WATT 
INDUCTIVE 

MAX. RES: 01 to 15,000 ohm 1331 Alloy)  / 
01 to 8,000 ohm (Nichrome) 
01 to 2,500 ohm (Monganio) ' 

BODY SIZE:  i" Ig by 3/16" doom 
TOLERANCE: STANDARD 1% 

Can  be  supplied  non - inductive  with 
one•holl  indicated  moirimurn  resistance. 
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CABINETS • CHASSIS • PANELS • RACKS 
Planning ELECTRONIC EQUIPMENT ? 

Investigate the ECONOMIES 
of PAR-METAL HOUSINGS ! 

We manufacture Metal Housings for every pur-
pose — from a small receiver to a deluxe broad-
cast transmitter. And the cost is low! 

Because we specialize in the Elec-
tronics field, Par-Metal Products 
excel in functional streamlined 
design, rugged construction, 
beautiful finish, and economy. 

Remember, Par-Metal 
equipment is made by 
electronic specialists, 
not just a sheet metal 
shop. 

1pftwarL 
WRITE FOR CATALOG 

USES 
• Ultrasonic Vibration Measurements 

• Harmonic Analysis 

• Cross Modulation Studies 

• Noise Investigations 

• Determining Transmission Characteristics of 
Lines and Filters 

• Monitoring Communications Carrier Systems 

• Checking Interference, Spurious Modulation, 
Parasitic:, Effects of load changes, shock, 
humidity, component variations, etc. upon 
frequency stability 

• Telemetering 

SPECIFICATIONS 

Frequency Range: 2KC-300KC stabilized linear 
scale 

Scanning Width: Continuously variable from 
200KC to zero 

Four Input Voltage Ranges: 0.05V. to 50V. Full 
scale readings from I millivolt to 50 volts 

Amplitude Scale: Linear and two decale log 
Amplitude Accuracy: Within Idb. Residual har-
monics suppressed by at least SOdb. 

Resolution: Continuously variable. 2KC at maxi-
mum scanning width, 500c.p.s. for scanning 
widths below 8KC 

WRITE NOW For Complete Information, 

Price and Delivery 

PRODUCTS CORPORATION 
32-62 — 49th ST., LONG ISLAND CITY 3, N. Y 
Export Dept.: Roche International Corp. 

13 East 40 Street, New York 16, N. Y. 

Available Now! 

Easy, Fast 
Ultrasonic Spectrum Analysis 

WITH 

MODEL SB-7 

PANORAMIC 
ULTRASONIC ANALYZER 
An invaluable new direct reading instrument 

for simplifying ultrasonic investigations, the 
SB-7 provides continuous high speed pano-

ramic displays of the frequency, amplitude 
and characteristics of signals between 2KC 

and 303KC.  The SB-7 allows simultaneous 

observation of many signals within a band 
up to 200KC wide. Special control features 
enable selection and highly detailed examina-
tion of narrower bands which may contain 

signals separated by less than 500c.p.s. The 

instrument is unique in that it provides rapid 
indications of random changes in energy dis-
tribution. 

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 81.4) 

The input impedance is 1 megohm in 
parallel with 25 Amf. Gain is 98 db with 1 
megohm load (6 Awl shunt capacity) down 
1.5 db at 25,000 cps, down 5 db at 50,000, 
and down 2 db at 20 cps. The null detector 
sensitivity: at 1 kc, 100 microvolts will 
give a 15 per cent meter deflection. Selec-
tive amplifier: 23 db second harmonic 
attenuation at 60 cps, 400 cps, and 1,000 
cps. Output impedance is approximately 
50,000 ohms. Output voltage is 40 volts 
undistorted into 1-megohm load, and 10 
volts into 20,000 ohms. 

Plant Expansion 
Acme Electric Corp., 44 N,Vater St., 

Cuba, N. Y., has begun construction of a 
new 25,000-square foot building to increase 
production of their line of transformers. 
The new plant will be located at Alle-

gany, N. Y., according to Charles H. 
Bunch, president of the firm. 

TV Monitor 
A new off-the-line TV monitor for use 

in viewing programs in control rooms, film 
rooms, clients' and announcers' booths and 
executives offices, has been announced by 
the Raytheon Manufacturing Co., 190 
Willow St., Waltham 54, Mass. 

(Continued on page 844) 

HIGHEST QUALITY 
ELECTRONIC 
COMPONENTS 

Large Quantities in Stock 
for Immediate Delivery 

RELAYS 

TRANSFORMERS 

VOLUME CONTROLS 

TUBES 

CHOKES 

RECTIFIERS 

WIRE 8, CABLE  TUBE SOCKETS 

RESISTORS (WIRE WOUND, CAR-

BON, etc.) 

CONDENSERS (MOLDED, CERAMIC, 

OIL FILLED, etc) 

SWITCHES (TOGGLE, MINIATURE 

WAFER, etc.) 

An standard brands, inspected and guaran-

teed by Wells Sales. 

Manufacturers: Write for complete 

Electronic  Catalog  and  prices. 

Dept. P 

— W E L L S/S AL E S. I N C. 320 N. LA SALLE ST. 
CHICAGO 10, ILL. 
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ea*  )t-)4t it MICROWAVE 0 1 4  ge4 4  11 6 4  

PRECISION  SIAITTED  LINE. 
AdjuLtablo probe  $200.00 

[DIRECTIONAL  COUPLER,-
I  WAVESIETER MOUNT  12011 
  260.00 

PRECISION  VARIABLE  AT-
TENtiATOR.  cafe.  Bernard 
Rice  $90.00 

1,0W PO WER LOAD  $20.00 
SHUNT TEE  $35.00 
wAVEGUIDE LENGTHS. 2" to 
6"  long. goldplated with cir-
cular flanges and coupling nuts 
  $2.25 per Inch 

s I, 30 Rotating bont ....54,•50 
Angle Bend E or H Plane. 

•pecift combination of couplings 
 $12.00 

4Y Bend E or H Plane. Choke to 
cover  $12.00 

23,000 TO 27,030 MC. BENCH TEST PLUMBING 
x 1/4" WAVEGUIDE 

Directional coupler CU-103/APS32 
  $49.50 

Mitered  Elbow,  cover to  cover 
  $4.00 

TR-ATR Section. choke to cover 
  $4.00 

Flexible Section 1" choke to choke 
  2.5.00 

"S" Curve Choke to cover ..24.50 
Adaptor, round to square cover 
  $5.00 

Feedback to Parabola Horn with 
pressurized window  $27.50 

Low Power Load. less cards $18.50 
K Band Mixer Block  245.00 
Waveguide ¼ x %." $1.00 Per ft. 
90° Twist  $10.00 
"K"  Band  Directional  Coupler 
CU104/APS-34 26 DB $49.50 ea. 

3731 Magnetrons  $55.00 

8500 Mc. to 9600 Mc. Bench Test Plumbing 
1" x 11/2" WAVEGUIDE 

rhAp  ATTEN713ATOR.  DF1385. 
Maximum Attenuation 10D13 
  $25.00 

• UNI-DIRECTIONAL  COUPLER. 
DB390. 23DB tn.(' "N" output 
  $18.50 

; PICK UP HORN. Type "N" out-
, put  $4.50 
WAVENIETER. 8500 to 9400 mcs. 
; with calibration. Micrometer ad-

just head. Reaction type $85.00 
WAVEGUIDE LENGTHS. Plated 
and fitted with couplings avail-
abe in 6", 12", 24", 30". 60" 

.... $2.UU per ft. 
90 DEGREE ELBOWS. E or H 
plane. 21/2 " radius -.512.50 

MITERED ELBOWS. E plane 
  $10.00 

90 DEGREE TWIST. 6" long 
  $8.00 

It CLKIIEA1) FEED-TF[1113 
ASSE MBLY  $15.00 

PRESSURE GAUGE SECTION. 
15 lb. -Inge aori press. mottle 
  $10.00 

PRESSURE GAUGE.  15 lbs. 
  22.50 

DUAL  OSCILLATOR-BEACON 
MOUNT. P/0 APS10 Radar for 
ne,uritrog Le" 72:1A/11 klistrons 
with  crystal  mts,  matching 
slugs. shields  242.50 

OUA1, OSCILLATOR MOUNTS. 
(Back  to back>  with  crystal 
mount. tunable termination, at-
tentuating slugs  $18.50 

KLYSTRONS 723AB  $12.00 

X BAND 
Directional  Coupler,  UG-40/U 
Take off 20 DB  $17.50 

Directional coupler. APS-6 type 
"N" take off 20 DB calibrated 
  $17.50 

Rotary Joint Choke to Choke 
  s17.5) 

211125/723 AB Receiver local oscil-
lator Klvstron Mount. complete 
with crystal mount. Dia coup-
ling and choke coupling to TR 
  $22.50 

Duplexer  section  for 
above  $8.50 

1 1/4 " x % " WAVEGUIDE 
TUNAIILE TERMINATION. Pre-
cision sidling  $65.00 

LOW PO WER TERMINATION 
  $25.00 

MAGIC TEE  $45.00 
OSCILLATOR MOUNT. for four 
723/LB klystron  $38.50 

90 DEGREE ELBO WS. E or It 
plane  812.50 

WAVEGUIDE LENGTHS. Cut to 
size and m olted with I choke. 
I cover, per length $2.00 per ft. 

WAVEMETKR: Absorption type. 
Precision  micrometer  adjust. 
Very high 0  $150.00 

Bi-Dirertional Coupler "N'• Out-
put  $18.50 

Mitred 90' Elbows H Plane $14.00 
Flex  Sections  Rubber  Coated 
12"   $15.00 

Wavegulde to "N" Adapter $18.50 

4000 to  6000 mcs.  Bench 
Test Plumbing 2" x 1" 

W AVEGUIDE 

1.0TTET..) LINE  DeNft;rnav tens 
332 complete with probe. etc. 
  $600.00 

-LAP ATTENTATOR  ..$48.00 
vkRIABLF, STUB TUNER AND 
LO W PO WER TERMINATION 
  $448.00 
VAVEMETER TEE  $48.00 
.0 'AFTERS: 

e to choke  518.01 
Cover to cover  514.00 
Choke to cover  516.00 

WAVEOUIDE  TO  TYPE  "N" 
ADAPTER   $45.00 

DIRECTIONAL COUPLER. Two 
hole  type.  type  "N"  mitmit 
  $48.00 

KLTSTRON  MOUNT.  Equipped 
with  tunable- termination and 
micrometer adjust. klystron an-
tenna tuning  $110.00 
RYSTAL  MOUNT.  Equipped 
with tunable termination and 

micrometer adjust crystal tuning 
  2125.00 

TUNABLE TERMINATION. Pre-
cision adjust  $90.00 
6000 Mc. to 8500 Mc, Bench 

Test Plumbing 
1%" x  WAVEGUIDE 
KLYSTRON  MOUNT.  DB356 
complete with shield and tun-
able termination  $125.00 

FLAP ATTENUATOR. DB361 
  $45.00 

VARIABLE STUB TUNER 290.00 
WAVEGUIDE  TO  TYPE  "N" 
ADA ITER  $18.50 

WAVEMETER TEE.  DB352 
  $32.50 

MAGIC TEE  $80.00 
DIRECTIONAL COUPLER. Two 
hole 25DB coupling. time "N" 
output  $25.00 

PRECISION CRYSTAL MOUNT. 
Equipped with tuning slugs and 
tunable termination ....2125.00 

TUNABLE TERMINATION. Pre-
cision adjust  $70.00 

LOW POWER LOAD  $35.00 

MICRO WAVE ANTENNAS 

RELAY SYSTEM PARABOLIC REFLECTORS: approx. range: 2000 
to 6000 me. Dimensions: 4' x 3' ,-reetangle. now  235.00 

TOY "JAM" RADAR ROTATING ANTENNA. 10 an. 30 deg. beam. 
115 v.•.". drive. New  $100.00 

DBM ANTENNA. Dual, back•to-back parabolas with dipols Preq 
coverage 1.000-4.500 me. No drive mechanism  $65.00 

A8125/APR. Cone type receiving antenna, 1080 to 32011 megarycles 
New  $4.50 

140-600 MC CONE type antenna, complete with 25' sectional steel mast, 
ru m cables, carrying ease. etc. New  $449.50 

ASO 3 cvn. antenna. used, ex. mod.  $49 50 
YAGI ANTENNA AR•46A, APO-4. 5 elements  $14.50 ea. 
DISH FOR PARABOLA 30"  $4.85 
11817/APS 10 CM Antenna. APR-2 30 In ch Dish with B. Coax Mow 
and fittings. New and Com a with 24 V DC Drive motor, selsyn. 3111 ; 
Deg. Rotation and Vertical Tilt  $94.50 

COUPLINGS -UG-CONNECTORS 
LI  i G 40/U ...1.75 UG 52 ....51.35 1  U0 55  41 . 34.00 UG/15U 
UG 40A ...21.10 U0 210 ..  .51.85 U0 58/U .54.75 110206U  
UG 343 ...22.35 UG 212 ...$2.40 U0 65/U  .$6.50 11087U 

13.00 UG 40U ..  WI 344 ....  1.70 UG I49/U .23.00 U112711 
11  . 0 425 ... 2.00 74 Coax ... .50 U11 148/11 14.00 U1321U . 
U13 116 ... 1.115 74 Coax ..  .95 t/11 150/U .23.00 U0167U 
UG 117 ... 2.50 U0 53/U ..$4.00 U0 39/U  . $.60 UG29U . 
U0 81 .... 1.00 UG 64/U ..$4.00 1111 40/U  . $.80 U112.54U 

3.75 
$ 90 
II 25 
$1.69 
3.89 
57.25 
$.90 
$1.69 

RADAR 
SYSTEMS 

AND 
COMPONENTS 
IN STOCK 

APS-2 
10 CM AIRBORNE 

A PS-3 
3 CM AIRBORNE 

A PS-4 
3 CM AIRBORNE 

APS-6 
3 CM AIRBORNE 

APS-6A 
3 CM AIRBORNE 

APS-10 
3 CM AIRBORNE 

AP(1-13 
3 CM AIRBORNE 

APS-15 
3 CM AIRBORNE 

APS-3I 
3 CM AIRBORNE 

CPN-8 
10 CM GROUND 

BEACON 

CEXH 
10 CM GROUND 

BEACON 

FD-MARK 4 
800 MC SHIP GUNLAY-

ING 

MARK-10 
10 CM SHIP GUNLAY-

ING 

SA 
200 MC SHIP AIR 

SEARCH 

SC 
200 MC SHIP AIR 

SEARCH 

SO 
200 MC SUBMARINE 

SE 
10 CM SURFACE 

SEARCH 

SF 
10 CM SURFACE 

SEARCH 

SG 
10 CM SURFACE 

SEARCH 

Si 
10 CM SUBMARINE 

SK 
200 MC AIR SEARCH 

SI 
10 CM SURFACE 

SEARCH 

SN 
10 CM PORTABLE 

SO (ALL SERIES) 
10 CM SURFACE 

SEARCH 

Sa 
10 CM PORTABLE 

SW 
200 MC PORTABLE 

SCR 518 
400 MC ALTIMETER 

SCR 520 
10 CM AIRBORNE 

SCR 533 
200 MC AIR SEARCH 

SCR 545 
10 CM TRACKING 800 

MC SEARCH 

SCR 683 
SEARCHLIGHT TRACK 

SONAR 
SYSTEMS 
AND 

COMPONENTS 
IN STOCK 

QBF 
(1130 

QC 
QC) 
11CL 
QCO 
(ICS 
(ICU 
WEA 

All march. guar. Mail orders promptly filled. All prices, VOA. N.Y.C. Send 

3000 MC BENCH 

TEST EQUIPMENT 
10  CM  Wavemeter  WE  trim 
B435490  Transmission  type. 
Type N Fittings. Veeder Root 
Micrometer dial.. Gold Plated 
W/Calib. Chart P/o Freq. Meter 
166404A. New  $99.50 

AM4A/AP-10 CM Pick up Dipole 
with "N" Cables  $4.50 

R. F. EQUIPMENT 
LHTR.  LIGHTHOUSE ASSE5f-
ELY. Part of RT-39 APO 5 & 
APG 15. Receiver and Trans 
Cavities w/assoc. Tr. Cavity and 
Type N CPL(1. To Revr. Uses 
2C40. 2C43. 1B27, Tunable APX 
2400-2700 MCS. Silver Plated 
  249.50 

Beacon Lighthouse cavity 10 cm 
with miniature 28 volt DC FM 
motor. Mfsr. Bernard Rice 
  $47.50 ea. 

S. BAND 
Magnetron to Waveguide Counter 
with  721A  Duplexes.  Cavity. 
gold-plated  $45.00 

.7IA TR Box complete with tube 
and tuning plungers  $12.50 

MeNally  Klyetron  Cavities  for 
707B  or  2K28.  Three  types 
available   $4.00 
29/SPR-2 Filters, Type "N". 
Input and output  $12.50 

TEST PLUMBING 
726 KLystron Mount. Tunable out-
put, to type "N" complete, with 
socket and mental = bracket 
  $12.50 

WAVEGUIDE TO  74"  RIGID 
COAX "DOORNOB" ADAPT-
ER. CHOKE FLANGE. SILVER 
PLATED BROAD BAND $32.50 

WAVEGUIDE  DIRECTIONAL 
COUPLER. 27 db. Navy type 
CABV-47AAN.  with  4  In. 
slotted section  $32.50 

SQ. FLANGE to rd choke adapter. 
18 In. long OA I% in. x 3 in. 
guide. type "N" output and 
sampling probe  $27.50 

AN/APR5A 10 cm antenna equip-
ment ',insisting or te. I 10 em 
waveguide sections. each polar-
ized. 45 degrees ..$75.00 Per set 

PO WER SPLITTER: 726 Klystron 
Input dual "N" output ..$5.00 

10  CM  FEEDBACK  DIPOLE 
ANTENNA, In Incite ball, for 
use with parabola %"  Rigid 
Coax Input  $8.00 

721A TR  cavities,  heavy silver 
plated  $2.00 ea. 

7" RIGID COAX 
Magnetron  Coupling  with  TR 
Loop. gold-plated  27.50 

Sperry Rotating Bend. pressurized 
  $22.50 

5 Ft.  Lengths Stub Suppor ed. 
gold-plated, per length ..$7.50 

Short Right Angle Bends  (for 
above)  $2.50 

ARMY-NAVY TEST SETS 
LU-I Freq. Meter and Test Oscil-
lator.  Type  C R V -TV N -9H U 
Power Supply. M.l T. Rad. Lab. 

TVN-8SE Klystron Power Supply, 
M.I.T. Rad  Lab. 

CS60AB W  Watt  Meter-Wave-
meter. 3 centimeter. 

APRS Recelver -1000 to 6000 mm. 
AN/CPR-8-10 centimeter 40 kw. 
output  RF  package.  Includes 
magnetron  oscillator,  complete 
modulator,  complete  receiver, 
complete signal and power ana-
lyzer with 5" scope, 115V AC 
input. 

TEST EQUIPMENT 
Dehydrator Unit CPD 10137 Auto-
matic cycling. 

Compressor to 50 lbs. Com a for 
Radar XSMN. Line New $425.00 

SO-3 Receiver. 30 mc. IF. 6 daces 
6AC7. 10 MC. Band width lath. 

5.1 me B. W. Per sta. 9.6 volt 
gain per stage as desc in ch. 
13 vol.  23 M.I.T. Bad Lab, 
S   $99.50 

APS-2 10 CM RF HEAD COM-
PLETE  WITH HARD TUBE 
1715B) Puleer. 714 magnetron 
417A Mixer at 74" rigid coax. 
incl. revr. front end ..$210.00 

10 cm. cavity type wavemeters 6" 
deep. 61/2 " in, diameter Coax. 
Output Silver Plated. .864.50 ea. 

10 cm. echo box. Part of  SFI 
Radar W/115 volt DC Tuning 
motor Sub Sta, 1118A0 547.50 

TS12 3 cm Slotted Line 
TSI3 3 cm Signal Generator 
TS33 3 cm Frequency Meter 
TS35 3 cm Signal Generator 
TS36 3 cm Power Meter 
TS45/AM.P3 3 cm Signal Genera-
tor 

TS62 3 cm Echo Box 
•rstoc Dummy Load 

PULSE TRANSFORMERS 
G. E. K.-2745  239.50 
G.E.K.-2744-A.  11.5  KY  111...1( 
Volta... 323 KY Low Voltaae 
It  200 K W oper.  (270 K W 
max.) 1 mIcrosec. or % micro-
Sec. tiO 600 PPS  $39.50 

W.E.  $0 166173  HI-Volt  input 
transformer.  W.E.  Impedance 
ratio 50 ohms to 900 ohms. 
Freq. range: 10 kc. to 2 me. 2 
sections parallel connected, pot-
ted in oil  536.00 

W.E. KS 9800 Input transformer. 
Winding ratio between term!-
oak 35 and 1.2 is 1 1:1. and 
between terminals 6-7 and 1.2 is 
2:1 Frequency range: 880-520 

Permalloy core .... MOO 
G.E. 2K2731 Repetition Rate: 635 
PPS. Pd. Imo: 50 Ohms. Sec. 
Imp: 450 Ohms Pulse Width: 1 

Microsec, Pd. Input: 9:5 FCV 
PK See. Output: 28 KV PK. 
Peak Output: 800 K W Rifler 
2.75 Amp.  $64.50 

W.E.  20169271  HI  Volt  input 
pulse Transformer  $27:50 

G.E. K2450A. Will receive 13KV. 
4 micro-second cruise on pd. 
secondary delivers 14KV Peak 
power out 100 K W G.E.. .$34.50 

G.E. 21(2748A, Pulse Input line to 
magnetron  $36.03 

19262 Utah Pulse or Blocking Os-
cilator XI MUt Free. limits 790-
810 cy-3 winding turns ratio 
1:1:1 Dimensions 1 13/16 x VA" 
19/32  $1.50 

Pulse 131-AVVP L-421435 _56.00 
Pulse 134-RIV-Tie L-440895 $2.25 
RAY- WX-4298F  $93.50 
GE. K6324730  $50.00 
GE-K921945  $50.00 

CW" MAGNETRONS 
OK 62  3150-3375 me. 
OK 59  2675-2110(1 me 
OK 61  2975-3200 Inc 
UK 60  2800-3025 me 

New. Guaranteed ....Each $65.00 
OK 915  $150.00 

FILAMENT TRANSFORMER 
for above 115V/60 cy PO: four 6.3V/ 
4A Rec. 5000 VT  $27.50 

Magnetron Kit of four Q1C's 2875-3375 
Inc. w/trans special  $250.00 

MAGNETRON MAGNETS 
Gauss  Pole Diem,  Seating 
4850  % In.  % In. 
5200  21/32 In.  % In. 
1300  1% in.  1 5/16 in. 
1860  1% in  1% In. 
Electromagnets for msgnetrons  $24.50 ea. 
GE Magnets type 317765118, GI Distance Between 
pore laces  variable. 2 1/16"  11900 Claus-) ill 

1'4" (2200 Gauss) Pole Dia, 1%". New Par' 
of A M 5114  $34.59 

MAGNETRONS  2181  705 
2127 
2131  2182  KLYSTRONS 
2/21.A  3131  723A 
2122  5130  707B W/CsvIty 
2126  214AY  4I7A 
2132  718DY  2K41 
2137  720BY  "CW"  MAGNETRONS 
2138  720CY  OK 62  3150-8375 nic 
2139  725•A  OK 59  2675-2960 me 
2140  730-A  OK 61  2975-3200 me. 
21411  728  OK 60  2800-3025 mc. 
2134  700  OK 9915   

Price 
$ 8.90 
$17.50 
$12.80 
$14.50 

THERMISTORS 
0 • 1 67332 (tube)  1.95 
0-170396 (bead) ...95 
O.1 67613 (button I . .95 
0-164699 for MTG In 
"X" band Guide 
  $2.50 

0-167018 (tube) ..8.95 
VARISTORS 

O-170225  $ .25 
O-167176  85 
D• 168687  95 
O.171812   .95 
D-171528  95 
1)-1 68549   .95 
0-168442  $ .00 
D• 165593  $ .25 
O.98836  52  00 
[I- 161871A  $2.85 
D-171121  595 
0-162358(308A)   11 50 
D• 183357   2.00 
O.99946   2.95 
NEW TEST EQUIP-
MENT IN STOCK 

1-185A Oscillator 
1-158 Range Calibrator 
1-223 Range Calibrator 
Bc 438 Freq, Meter 
RE Prelim!), 
0.0  Capacity  Brdri. 
$210 

0.1t  UM Clair) Shunt 
1229 

QR. 100 RT. Aud. One. 
5218 

1142211A/AP Pm?. Mtr. 
0-1000 W. 

Rig.  Oen.  11804  8-380 
MC 

Money Order o Check. Only shipping charges sent C.O.D. Rated Concerns send P.O. 

CO M MUNICATIONS EQUIP MENT CO MPANY 
13 1.111ERTV STREET, NE W Y OR K, N.V.  DEPT III  P. .I. PLISII NER  P H ONE 1/11:111( -9-4124 



SAFE AT THE 
PLATE! 

AND SO IS Seletroni 
ULIUL1111_111 

SELETRON "Safe Center" plates in miniature rectifiers eliminate the danger 
of arc-over, short circuits and excessive heating due to high leakage 
current at the center contact point. Assembly pressure, or pressure applied 
in mounting the rectifier cannot cRect its performance. This SELETRON 
feature is accomplished by deactivating the area of the plate under the 
contact washer. 

There are millions of SELETRON Selenium Rectifiers 
in service in radio and TV; millions more in other elec-
tronic circuits. That is why you can specify SELETRON 
and be safe! 

Look for Howard W. Sam's Red Book Supplement list-
ing SELETRON replacements ... and write for your copy 
of our new Bulletin No. RE-5 

ON  DIVISI ON 

It ADIO RECEPTOR C(lNIPANY.INc. 
3,•ro l9)/ ,n•o,• •ag 

favor It Nana ilk St., Brooklyn I I. N. Y. • hiss Orparimmo: 251 salt ISIS St., Noe Vat II, N. Y. 

I,  Another SKL first" 

CONTINUOUSLY 

VARI ABLE FILTERS 

The — SKL — Model 302 includes two independent filter 

sections, each having a continuously variable cut-off range 

of 20 cps to 200 KC. Providing a choice of filter types each 

section has 18 db per octave attenuation. When cascaded 

36 db is obtained in the high and low pass setting and 18 

db in the band pass position. With low noise level and 0 

insertion loss this versatile filter can be used as an analyzer 

in industry and the research laboratory or to control sound 

in the communications laboratory, radio broadcasting, 

recording end moving picture industries. 

MODEL 302 
VARIABLE 

ELECTRONIC 

FILTER 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps to 200 KC 

• SECTIONS 
2—can be high, low and 
band pass 

• ATTENUATIONS 
36 db octave maximum 

• INSERTION LOSS . 0 db 

• NOISE LEVEL 
10 db below 1 volt 

• FREQUENCY RESPONSE 
2 cps to 2 MC 

S Ki SPENCER- KENNEDY LABORATORIES, INC. 
Is  181 MASSACHUSETTS AVE., CA MBRIDGE 39, MASS. 

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 Icons page 824) 

This monitor, the MTV-12, is designed 
for professional use; all controls are located 
on the front panel and are quickly avail-
able to the operating personnel. 

In addition to a 121-inch picture tube, 
the unit contains an audio channel and 
speaker which may be used for either cue-
ing or monitoring. 

(Continued on page 854) 

NO W! 
SPEED UP ALL SOLDERING WITH 

UNGAR 
FEATHER-LIGHT SOLDERING PENCILS WITH 

HI-HEAT 
INCREASED W ATTAGE ' 

'PS 

For use woh No 776 

Handle St Cord Set 

Stop wrestling with big irons. New HI-HEAT 
TIPS in your Ungar Electric Soldering Pen-
cil produce a really versatile tool that'll 

perform on a par with the big, bulky 100-
150 watt irons. If you can't get immediate 
delivery, please be patient, for production 
hasn't yet caught up with demand. Ask your 
supplier for No. 1236 Pyramid or No, 1239 
Chisel. List price, $1.25 each. 

L  ELECTRIC TOOL CO., Inc. 
LOS ANGELES 54, CALIFORNIA 
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News-New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
Information. Please mention your I.R.E. affiliation. 

(C,ntinued from page 84A) 

Recent Catalogs 
• • • Polarad Electronics Corp., 100 Met-
ropolitan Ave., Brooklyn 11, N. Y., is 
issuing a new 14-page catalog on TV 
cameras, synchronizing generators, moni-
tors, TV amplifiers, and power supplies for 
broadcast operation. 
• • • Technical and application data on 
precious metal alloys being used for sliding 
contacts, brushes, wipers, slip rings, com-
mutator segments, resistance wire, and 
noncon-osive wear-resistant parts may be 
obtained from The J. M. Ney Company, 
71 Elm St., Hartford, Conn. 
• " The September, 1950, issue of CEC 
Recordings, with various articles on in-
strumentation, includes an article on a new 
Model 21-103 mass spectrometer with a 
new ion source, lsatron, and is available 
from Consolidated Engineering Corp., 620 
N. Lake Ave., Pasadena 4, Calif. 
• • • A new bulletin CS, with numerous 
line drawings and charts to give informa-
tion concerning contact switches relative 
to sizes, designs and materials available in 
standard contact blades, lug adapters, and 
insulating separators may be obtained 
from Guardian Electric Mfg. Co., 1621 
W. Walnut St., Chicago 12, Ill. 

A quality 
Tube 
Guard 
that is 
Bargain 
Priced 

Gives support two ways -Keeps pressure 
downward and gives sideway support. 
The spring action is constant and resil-
ient  permanently.  Send  for  catalog 
sheet. 

91 PEARL ST. • BROOKLYN 1, N 
ULSTER 54303 

aid 

at'-spaced oeticulated 
R.F. CABLES 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENUATI ON 

Ire are 
spee/a//g organ/Sea/10 Or 
SPOT DELIVERIES TO U.S.A 
66/e g041/' rash orvier /or 
shipment q evi• frei@ht 
gir/eifiee 69 yoiir mg/cheek 

TRANSRADIO LTD 
CONTRACT ORS  TO  H  COvEarq ME N T 

1138A CRO M WELL ROAD•LONDON SW7 ENGLAND 

CAZIZEI TRANIRAP LONDON. 

LOWAlTIA 
TYPES 

Al 

A2 

A34 

IMPID 
OHMS 

74 
74 

73 

1.7 
1.3 
06 

Patents Reyo'liade Ma 4 

0.11 
0.24 
1.5 

0.36 
0.44 

0.88 

LOW CAPE 
TYPES 

CAPAC IMPED 
OHMS 

ATTEN 
db/10011 
1001Aris 

007 

C I 

PC 1 

C 2 

C22 

C 3 

C 33 

C44 

7.3 

10-2 

6.3 

6.3 

5.5 
5.4 

4.8 

4.1 

150 

132 

173 

171 

184 

197 

220  2.4 

252  2.1 

2.5 

3.4 

3.2 

2.15 

2.8 
1.9 

0.36 

0.36 

0.36 

0.44 

0.44 
0.64 

0.64 

Puy loweisioaedonee 
edreVe. 

NIGH POWER 
FLEXIB LE 

PHOTOCELL 
CABLE 

PRODUCTION LINE TESTING 

SERVOSCOPE 
OF 

SERVOMECHANISMS 

SERVO CORPORATION 

OF AMERICA 

NE W HYDE PARK 

LONG ISLAND 

NE W YORK 

INVALUABLE IN RESEARCH 

RAPID INSPECTION ON THE PRODUCTION LINE 

A SERVO ANALYZER 

• STANDARD RANGE: .1 TO 20 CYCLES PER SECOND 

• SINE WAVE 

• MODULATED CARRIER 

• 50 TO 800 CYCLES 

• SQUARE WAVE 

• READS DIRECTLY 

• SERVO LAG OR LEAD 

IN DEGREES 
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PROFESSIONAL CARDS 

LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing in 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad & Chestnut Streets  Rittenhouse 6-3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, LI., N.Y. 
Telephone: Independence 3-3306 

HAROLD J. BROWN 
Vibrators 

Vibrator Power Supplies 
Electrical Contact Systems 

Mattapoisett, Mass. 

W. J. BROWN 
International Electronics Consultant 

AT PRESENT IN GREAT BRITAIN 

Will undertake assignments for American or 
British Clients. Please address inquiries to 11 
Public Square, Cleveland 13, Ohio. 

TO 1-6498  FA-I-0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 

EM — Telerialon — AM 
Audio Syetem• Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering, 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herrick' Rd., Mineola, N.Y. 

Garden City 7-0284 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communication,. 
radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2417 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

HOGAN LABORATORIES, INC. 
John V. L. Hogan,  Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Exceptionally competent staff. Elec-
tronics, Optics, Mechanisms, Facsimile Com-
munication, Electro-sensitive recording media. 
I nstrumentation. 
155 Perry Street, New York 14 CHelsea 2-7855 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

Eugene Mittelmann, E.E., Ph.D. 

Consulting Engineer I Physicist 

High Frequency Heating—Industrial Electronics 

Applied Physics and Mathematics 

549 W. Washington Blvd.  Chicago 6, 

State 24021 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 

NEEDHAM, MASS. 

PAUL ROSENBERG ASSOCIATES 
Consulting Physicists 

Main office: Woolworth Building, 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  W att!) 2-193 

Laboratory: 21 Park Place, New York 7, N.Y. 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 

Consultants on 
Electronic Control Problems 

for Industry 
New Hyde Park  Long Island, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE • FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 

121 Spencer Place, Mamaroneck, N.Y. 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting —  Research —  Development 
R-F Circuits — Lines — Antennas 

Microwave Components — Test Equipment 
Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 

WILLIAM L. FOSS, INC. 

927 15th St., N. W.  REpublie 3883 

W ASHINGTON, D.C. 
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Panoramic Radio Products, Inc.  82A 

Par Metal Products  82A 
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Polytechnic Research & Develop-
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Potter Instrument Co.  5IA 
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RCA Service Co.  50A 
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Raytheon Mfg. Co.   53A 
Robinson Aviation, Inc.  8 1 A 
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Technology Instrument Corp.  68A 
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G-H, "CUSTOM-MANUFACTURED" 

CAP ACIT ORS 
Girard-Hopkins PERMANOL impregnated, paper-dielectric capacitors have con-
sistently supplied the answer to the capacitor problem of many manufacturers of 
precision electronic equipment. If you require permanent, non-ageing character-
istics, maximum stability, low power-factor change with frequency and utmost 
protection against voltage breakdown. G-H PERMANOL will meet your require-
ments. Custom-manufactured for you in any reasonable capacity, tolerance 
and working voltage .. any type of container ... small or production quantities. 

Ono of dm best equipped capacitor manuladuting plants on the Pacific Coast 

GIR ARD -HOP KI N S 
1000 40th Avenue, Oakland 1, Calif. 

ONE OF OUR 

PRECISION PRODUCTS 
END LOADED COAXIAL WAVEMETER 

• Temperature stabilized by use of 

low coefficient invar 

• 1700-2200 MC 

P 0. Box 66 EATONTO WN. N. J.  ASBURY PARK 1•1 01 9 
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Portable electron microscope, developed by RCA, widens research in universities, industries, hospitals. 

ittk 07.  

......... Cr 

Te new /?-isbfuetorge-esb cXear 
You've read, in both newspapers and 
magazines, about the powerful electron 
microscope. Now this amazing "instruc-
tor" of scientists, physicians, and engi-
neers becomes even more useful—in 
more research fields. 

Through principles uncovered at RCA 
Laboratories, RCA engineers have devel-
oped a compact "table model" electron mi-
croscope, at a price which makes it practical 
for use in an increased number of universi-
ties, industries, hospitals, clinics. So simpli-
fied is the new instrument that even a high 

school student or unskilled laboratory tech-
nician can quickly learn to use it! 

Magnifications of 6000 times can be ob-
tained directly in RCA's portable electron mi-
croscope — four times that of ordinary light 
microscopes —and photography lifts this to 
30,000! A new "instructor," yes —and one that 
gets a very hearty welcome. 

*  * 

See the latest wonders of radio, television and 
electronics in action at RCA Exhibition Hall, 
.36 West 49th Street, N. Y. Admission is free. 
Radio Corporation of America, RCA Building, 
Radio City, New York 20, N. Y. 

we/come 

- 

RCA research, which gi% es science 
and industry better instruments, also 
develops better television instru-
ments for you  Victor's 1951 
home television receivers. 

APAL0f0 C 017 0 017A7701V oc A ME R/CA 

Work/ Leader /./.7 R e7 d/0 —  c."5  /%7 7e/evision 
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C-D 

REASONS WHY 
C-DT VPs' 
ARE SUPERIOR  

FOR HIGH AND LO W TEMPERATURE APPLICATIONS 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 

Vf, 

1010 1050 

Special formation process—a C-D 
development, results in low leakage and a 
unit that can be operated safely at 

ambient temperatures up to 85 ° C. 

Special separator prevents breakdowns 
under most adverse operating conditions. 

Special winding process results in excellent 

R.F. impedance. 

Special construction results in lowest 
intercovpling between sections. 

Etched cathode construction (Type UPEI 
results in permanence of capacity under 
high surge currents. 

Exclusive C-D spot welding process of 
anode risers to lugs eliminates opens. 

Cathode tabs spot welded to mounting 
rings results in positive, durable, low 
resistance contact. 

Hermetically sealed by exclusive C-D de-

sign feature. Eliminates electrolyte leakage 

Electrolyte centrifuged into section—fills 

section completely, resulting in long life. 

Scrupulous cleanliness in handling and 
assembly, strict adherence to rigid 
specifications for purity. 

Up 222: 
omFD 45 
omFD 450 
omFD. 450 w. 
MFD. 450 w 
u.s. PATE biro ,. 

789 949 - ,9 

Cornell.Dubilier's extensive engineering and electrolytic manufacturing facilities — 

the largest in the world — are at your disposal. Your inquiries are invited. CORNELL 

DUBILIER ELECTRIC CORPORATION, Dept. NI, South Plainfield, New Jersey. Other plants 

in New Bedford, Brookline and Worcester, Moss. ; Providence, R. I.; In&onapolis, 
and subsidiary, The Radiart Corp., Cleveland, Ohio. 

C-0 Vas-1446y rie4/7i):571/ 

CONSISTENTLY  DEPENDABLE 

CORNELL-DU M MER 
CAPACITORS • VIBRATORS • ANTENNAS • CONVERTERS 



A NEW OBOLOMETER BRIDGE 

for POWER Measurements between 5 and 4,000 Mc 

Simple to Use • Accurate • Adaptable to a Wide 
Variety of Bolometer Elements 

For either SUBSTITUTI O N or DIRECT-READI N G MEASURE ME NTS 

Substitution Method Accuracies better than  10% 

Bolometer Resistances between 25 and 400 Ohms, 
and Bolometer Currents to 100 ma can be accom-
modated. 
Because measurements are made AFTER final bal-

• Direct-Reading Accuracies better than  20% 

ance, and after r-f power is removed, errors due to 
changes in r-f power level while making readings 
are eliminated, and accuracies are considerably im-
proved. 

TYPICAL MEASURE ME NTS 
Power Output of Oscillators • Loss Measurements • Static Characteristics of Bolometers 

Calibration of Voltmeters and Bolometers 
Four G-R Bolometer Elements are available, with ranges 
and accuracies between 0 to 6 mw  (10%-+ 0.05 mw) and 
0 to 500 mw  (10 % t 3mw). Units of other manufacture can 
be used N.sith this bridge if the resistance ranges and bolo-

meter currents of the bridge are not exceeded. 
Expensive and specialized accessories are not required. The 
standard and generally available G-R Type 874 Coaxial Ele-
ments are ideal for use as tuning units and transformers. 

TYPE 1651-A BOL O METER BRIDGE... $325.00 — W RITE FOR CO MPLETE INFOR MATI O N 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5 1000 N. Seward.St., Los Angeles 38 

1 


