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AMPEREX ELECTRONIC PRODUCTS

MPEREX

WATER AND AIR COOLED

TRANSMITTING and RECTIFYING TUBES

Singular care and precision are demanded in
Amperex small glass lathe operations.Evercautious,
our engineers designed ingenious holders and fires
which were developed in the Amperex Tool Shop.
In the hands of finely trained technicians, these
holders and fires are utilized to assure the high
degree of satisfaction well known to Amperex tube
users. In broadcasting and transmission applications,
in industrial, electro-medical and military ossign-
ments such “Amperextras” substantially influence

efficiency and economy of operation.
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Eimac Vacuum Pump

To create the nearly perfect vacuum
within Eimac tubes and put vacuum
pumping on a mass production basis, é N
Eimac Engineers developed a whole
new vacuum technique and much 7
special equipment. 5
One of the devices resulting from ~%u8 & AL U SE :
these ycars of research and develop- Y, »
ment is the Eimac HV-1 Diffusion
Pump together with the special va-
porizing oil which it requires.
Today this pump is being made
available to manufacturers and re-
search laboratories throughout the
world. You can obtain full informa-
tion and technical data without cost
or obligation by writing direct to
the San Bruno plant address below.
This Eimac HV-1 pump is one
good reason why Eimac tubes are
unconditionally guaranteed against
premature failures which are caused
by gas released internally. This rea-
son plus outstanding performance,
great stamina and others have made
Eimac tubes first choice of leading
Engincers throughout the world. (04

Follow the leaders to

O-p
‘
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s
s
S
I,
.
g Ask forocopy of
Electronic Tolesis
the sixty-five page book et
that uf ains the funda
mentalsof elecironics 1n
lasman's language. Th;
~ bookler uu//l assist engs 3
i neers in explaining these
f* ﬁ:“'} Jacts 1o others. Yours witly, &
A 3 ont obligation, !
> \u‘ I - T

~/ /W / e,
Y, STy
EITEL- McCULLOUGH, INC,, 816 San Mateo Avenue, SAN BRUNO, cnurom;f\*\[

Plonts located ot: San Bruno',.CoIi'ornio ond Solt Loke City, Utah

el

Export Agents: FRAZAR & HANSEN, 301 Clay Street, Sun
California, U. S. A.
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"WaE BARDEST PART of an E+L Power Supply’s
life is being born. Because then it must survive tests
that make its actual service-life a bed of roses by
comparison.

E« L Power Supplies have to prove their guts in tem-
peratures more extreme than Siberia’s cold or Sahara’s
heat . . . at altitudes higher than the Himalayas and
lower than the Dead Sea . . . in dust storms . . . in salt
spray . . . in humidity worse than a Solomons swamp!
Severe operating conditions all, yet intentionally exag-
gerated in tests at Electronic so that E+L Power Sup-
plies may live longer in actual service.

If you have power supply needs of converting low
voltage to high voltage, obtaining a precisely regulated
power output from a varying power input, or anything

Proceedings of the 1.R.E. July, 1944

Here's consolidated, living hell for elactrical equip-
ment. It's o “torture-chamber” that reproduces the
toughest possible conditions of temperature, humidity,
atmospheric pressure. It is one of the many ‘torture

products.

devices" at Electronic Laboratories for testing EeL

else, however tough—let Electronic’s engineers help you
find the answer.

Your problem may be radio . . . motors . . . lighting.
E+L engineers are familiar with them all . . . and many
other applications as well! They are at your service for
consultation!

Only E-L VIBRATOR POWER SUPPLIES
Offer All These Advantages:

1. CONVERSION—DC to AC; DC
ta DC; AC ta DC; AC to AC.

2 CAPACITIES—Up to 1,600
Watts.

3. VARIABLE FREQUENCIES —A
pawer supply may be designed to
furnish any frequency from 20 ta
280 cycles, ar o controlled variable
output within @ 5% range of the
outputl frequency.

4. MULTIPLE INPUTS —For ex-
ample, one E+L Power Supply, in
quontity praduction taday, aperates
from 6, 12, 24, 110 volts DC or 110
valts AC, and 220 volts AC, with o
single stable autput of 6 volts DC.

6. MULTIPLE OUTPUTS—Any
number of output valtages moy
be secured fram ane pawer supply
to suit individual needs.

6. WAVE FORMS—A vibrator
power supply can be designed to
provide any wave form needed for
the equipment to be operated.

7. FLEXIBLE IN SHAPE, SIZE
AND WEIGHT—The component
parts of a vibrator power supply
lend themselves ta o varlety aof
ossembly arrangements which makes
them most fiexible in meeting space
and weight limitations.

8. HIGHEST EFFICIENCY—E-L
Vibratar Pawer Supplies provide the
highest degree of efficiency ovail-
able in ony type pawer supply.

9. COMPLETELY RELIABLE—Use
on alrcraft, tonks, PT boats, “W olkie-
Talkles," jeeps, peeps and other
military equipment, under taughest
operating canditions hos deman-
strated that E-L units have what it
takes!

10. MINIMUM MAINTENANCE—
There ore no brushes, armotures
ar bearings requiring lubrication or
roplacement because of wear. The
entire unit may be scaled agoainst
dust or molsture.

3A
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These Solar Capacitors

SERVE
THE
SERVICES

S 0 you can see what they look like,
they stopped to have their pictures
taken, before going to war. They
will serve with the Signal Corps, the
Navy, with Ordnance vehicles

and tanks; they will enable the

Marines to tell it to each other;
they will drop with paratroopers; they will visit
every climate on the earth and will climb with the
Air Force, above climate; they will win many merits
even though they never wear them. Principally, they
want you to remember, they will render an assist in the
saving of many lives,-through reliable communications.
Their story is told in pictures—including many
official color photographs of troops in action . ..in a
40-page book ‘““Solar Capacitors . . . in the War . . .
in the Peace.” Just fill out and mail the coupon.

SOLAR MANUFACTURING CORP.
285 Madison Avenve, New Yark 17, N. Y.

Please send me your 40-page booklet
“Solar Capacitors . . . in the War. . . in the Peace”

N

Stroe!.

City. State.

“ Proceedings of the 1.K.E. TJuly, 1944




A recently designed

ids production.
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THERE'S A JOB FOR

Relays v GUARDIAN

The Philco 126-tube Electronic Calibrator employs a system of fast and slow-
acting relays and solenoids to bring about desired end actions. One application
is the transferring of readings from the storage bank (shown above) to the key-
board of the adding machine. Operated by the plate current of OA4G tubes the
relays on the storage bank energize the adding machine solenoids which press
the proper number key of the adding machine.

The Guardian Series 120 relay used in this application is a small, sensitive
unit having a minimum power requirement of 0.5 VA and an average of 2 VA,
Coils are uvuil9b|e in resistances from .01 to 6,000 ohms. Contact combina-
tions up to single pole, double throw with 12.5 amp. points. Send for Bulletin 120.

The solenoid is Guardian Series 4 available for either A.C. or D.C. use. Series
4 A.C. ot @ maximum stroke of 17 permits a pull of 14 oz. intermittent duty,
3 oz. continuous duty. Series 4 D.C. at @ maximum stroke of 1" permits a
pull of 6 oz. intermittent duty, 1 pz. continuous duty. Send for information.
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hoto Courtesy Phllco Corporation

Pe is used. ..

THE ELECTRONIC CALIBRATOR

automatic calibrator for fre-

quency meters used in conjunction with adding ma-
_chines largely eliminates tedious hand calibration,
3 es man hours, reduces element of human error,

e

.4

.

=R =

Series 4 Solenoid

Consult Guardian whenever a
tube is used—however—Re-
lays by Guardian are NOT lim-
ited to tube applications but
are used wherever automatic
control is desired for making,
breaking, or changing the char-
acteristics of electrical circuits.

GUARDIAN'ELECTRIC

1628-H w. WALNUT STREET CHICAGO

2, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMURICAN WAR |NOVSTRY

Proceedings of the I.R.E. July, 1944
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Superior craftsmanship has long been
identified with leadership. Such artistry may be
found in the finely engineered airplane engines of today. The
RAULAND Tuning Capacitor, shown above, is likewise a fine example
of RAULAND engincering craftsmanship. Its battle-toughness is blended with
a precision-accuracy which insures minutely controlled variations and a fine degree of
tuning. These are the qualities you can be sure of when you specify an Electroneered* product.

®Electroncering—the RAULAND term embracing engincering vision, d'csisn and precision craftsmanship,

——

o —_—— -
[ RADIO = RADAR » SOUND = E i{OMMUNI(AHONS . Y!l!VISIO”l

Electroneering is our business
THE RAULAND CORPORATION o CHICAGO 41, ILLINOIS

Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Boads

o Proceedings of the 1.R.E, July, 1944



Exhaustive DuMeonr quality control and P
life tests take all the guesswork out of

CATHODE-RAY TUB

DuMonT Quality-Control Checkup

Percentage sample tests—so
—some 100% —ar
made on production runs for the loll;winge:

Bll"la"ce and SCréen COndltlon-COlol spots
. .

Examination of cathode b i

! . Y using tube as
electrqmc microscope. The lewgthousandt}a;
ql an mch'diameter gun aperture is magni-
lxegittt_o Y2 inch circle to check uniformity of
emitting surface. Cathode i
e ] emission current

Deflection sensitivity j

4 Y is tested to determine
amplitude of signal re uired t
by given amount. b ot

Maximum electrode current. Ch

eck for exc
anode current (to avoid overloading pov::sr‘
supply of equipment using tube.)

Determining grid cutoff (whe
Dete n too low,
life is shortened: too high, mightov:xcuelgg

i : p 3
; Ubg)e of intensity control of equipment using

. DuMont never gambles. Thus each batch of Leakage current of various electrodes,
fluorescent material is thoroughly tested in sam- And other critical and vital factors entering
ple tubes. All new metals and other materials are ;g:;:tcl:!mow' long, economical tube per.
likewise tested. New designs are thoroughly 2

checked with sample production runs. The same
with new processes—even to supposedly minor
details such as washing and drying of glass
envelopes.

DuMont life-test racks eliminate the greatest
gamble of all—probable life. Percentage samples
are operated in these life racks for 500 hours. A
time totalizer keeps score. Tubes are tested
weekly for brightness and cathode condition.
And at the end of 500 hours the tubes are checked
for all characteristics that might be affected by
such intensive operation.

So again we repeat: there is no guesswork
regarding performance and life with DuMont
cathode-ray tubes.

. Write for literature...

© ALLEN B. DU MONT

RSEY « CABLE ADDRESS: WESPEXLIN, NEW YORK

- ™=

ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JE

~— i - — S, e -
_ea Py et 5~ P O Iy ,gs,—

Proceedings of the I.R.E. July, 1044

7A




FOR ACCURATE MEASUREMENT
OF AUDIO FREQUENCY VOLTAGE

VOLTSA.C,
THE DAVEN co

WEMION

MULTIPLY BY
10.°5 21172 5

| 20 \\\,| ,"//’

| 50

The DAVEN D-180 Output Meter is a combination of a high impedance voltmeter and a
constant impedance output meter. The high impedance voltmeter range is particularly con-
~ \ot \s;,co\"' venient when measuring transformer secondary voltages and as g bridging indicator where
a high impedance is required. The constant impedance ran

. 1ndie® e Wignge Pl ge serves as a null detector and
gh“?:)' ot Z\e“ds ; 100 % as a beat indicator in the comparison of two frequencies.
1% et 00, A S
M“\M’;" 20 The indicating element of the DAVEN D-180 Output Meter is a copper oxide rectitying
\\Q\\ gco\® con’“’“;\\ﬂ‘:' voltmeter calibrated to read directly in volts. Multiplier network provides a meter range of
“?“.‘ h“c‘ /onwpgg“’:wns 1,2, 5, 10, 20, 50, and 100 times meter scale reading. On the left of the vertical center line,
b\ ?‘9 i sco'® " on \2,10,03 \ the multiplier changes the input impedance to keep resistance equal to 10,000 ohms per volt
I sanc Gt :(‘):00000 on™ On the right of the vertical center line, the impedance remains constant at 20,000 ohms.
s 9\960,000. mego\\ﬁ" o When measuring between 50 and 200 volts, the ability to increase the in ut imped '
©8 000, nd 2 inus 2oy icularl : p pedance is
800 4 @ e ““on 90 o\ particularly desirable.
med 2 PV e * yon ©
C¥: ot O cect ma¥
c“ (<) ) AC [ e - - -
N:',\ o, S5y oet ] eyl Regular Purchases of War Bonds Aid the Fight Against Inflation

THEDA -E.N _——
CENTRAL E ’

161 AVENU

NEWARK 4, NEW JERSEY



This enthusiastic comment by an expediter for one
of the largest electronic equipment manufacturers,
is typical. Engineers and purchasing agents every-
where are automatically associating Hytron with the
OD3/VR-150. Since the tube was not originated by
Hytron (Hytron was called upon to manufacture the
tube to help satisfy a mushrooming demand), the rea- ;
son must lie in Hytron’s ability to do a better job. I I I
(]

WHY THE HYTRON 0D3/VR-150 IS PREFERRED

Hytron re-design, among other improvements, resulted in the addi-
tion of a new starting electrode which permits a uniformly lower
starting voltage.

CAREFUL
. ENGINEERING DESIGN

RIGID Handling and dimensioning of internal parts during pre-processing
PRODUCTION CONTROL  and assembly are extremely painstaking.

HOHYR. FACTORY For example, the minimum required starting voltage is 180 volts.
SPECIFICATIONS Average starting voltage of the Hytron OD3/VR-150 is less than
160 volts.

CONTINUOUS ENGI- Ty, over 15 months, there have been no Government rejections of lots
NEERING CONTROL OF N : 3
submitted for inspection.

QuaLITY
This apparently simple tube is in fact difficult to produce. Yet
MASS : g .
PRODUCTION Hytron is manufacturing it at a rate sufficient to meet on schedule

the growing demands of both new and old customers.

OD3/VR-150 AND VR-150-30 COMPARED

Frequently engineers ask how the 0OD3 and VR-150-30
differ. The maximum regulation limit for the VR-
150-30 was 5.5 volts from 5 ma. to 30 ma. The OD3 has
a maximum regulation limit of 4 volts from 5 ma. to
30 ma. Viewed another way, the current range is
expanded to 40 ma., with the original maximum voltage
regulation limit of 5.5 volts. The OD3/VR-150 is in
short an improved replacement which supersedes the
VR-150-30; it has the advantages of the increased
40 ma. max. 51t.ing.‘

* The OC3/VR-106 alao has ratings up to 40 ma. max.;
i supersedes and is a replacement for the V It-106-30.

OLDEST gxcLusty

XS

sA\.EM
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........... Glow Discharge Voltage Regulator
Maximum Overall Length. . ................... 4-1/8"

Maximum Diameter... ... ... tnnn l-g 16"
avss . ; ow B8 h s .8T-12

Base. .... .. .Small Shell Octal 6-Pin

Avorage Qperoting Conditions

Starting Supply Voltage 180 min. d.c. v.
Operating Voltage (approx.) 150 d.c. v.
Operating Current. 5 min. d.c. ma.
40 max. d.c. ma.

Regulation = (Eg—Es) 3.5 de. v.

IVING TUBES

OD3/VR-150 CHARACTERISTICS

BUY ANOTHER WAR BOND
9A



The Trend éo o
CERAMIC-METAL SUB ASSEMBLIES

\\ “FOR GREAT
ACHIEVEMENT”

Condenser Courtesy of
General Instrument Corporation

ILLUSTRATED is a “precision condenser” equipped with
Stupakoff insulators and metallized ceramic sub-assem bly.
This metallized ceramic rotor shaft is only one of many

{~— STAINLESS STEEL BALL RACE —Toleronce + 0005

A - - extremely accurate sub-assemblies produced by Stupakoff.

- Correctly engineered, laboratory perfected and con-

) —— ]_-.'- - — : verted to large scale production, such parts offer optimum
L,, s SN ,]u.-, ,__U electrical and mechanical characteristics.

Use our experience to solve your special problems.
‘ hone—our
AT Write, wire or phone—ou engineering and production
facilities are ready to serve you promptly.

BUY MORE THAN BEFORE IN THE FIFTH WAR LOAN

"
DFE
ch&zc&/utéq?ﬂoﬂdﬁ{é’%om 2

L
% STUPAKOFF CERAMIC AND MANUFACTURING CO., I.ATRO% PA J

S Proceedings of the .R.E. July, 1944
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In these two compact
units there are really
seven instruments

There are 9nlylthrce‘ standard -hp- instruments
included in this laboratory set-up yet the two
units include the following seven: an -hp- Re-
sistance-Tuned Audio Oscillator, an attenuator,
a vacuum tube voltmeter, a set of fundamental
elimin fior, filters, an input meter, an output
meter,7anc/i a wave analyzer. The uses for this
comb}'nat}'on of instruments are too extensive
to list here but some idea of its scope is shown
by the fpllowing:

° Measpre voltage level, power output and ampli-
ﬁef gajn.

® Measure noise and hum level in audio frequency
equipment.

Remember! The -hp- audio oscillator (in
requires no zero setting, the Model 300
analyzer provides variable selectivity, -bp- va
tube voltmeter indication is proportional to \he
average value of she full wave and the -hp- Au
Signal Generator makes standardized frequencies
and voltage instantly available. Get full information
about these and other outstanding -Ap- electronic
instruments today. Ask for the new 24-page catalog /
which gives much valuable information in addition frequency at common impedance levels and make
3 many another test or measurement on audio fre-
to complete data on -hp- instruments. quency equipment.

HEWLETT-PACKARD COMPANY

P. 0. Box 805 D, Statlon A, Palo Alto, California

Proceedings of the I.R.B. July, 1944 11a

® Measure individual components of a complex wave.

/
® Measure voltages from 3mv to 300v—from 10¢cps
to J00ke.
Measure total distortion of frequencies from 30cps
15ke.
Integrate noise spectrum for acoustic measure-
ments,

t

Generate a known voltage as well as a known
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MYCALEX 400 NP

{Paten? Pending)

THE ONLY HIGH I‘REQUENCY
INSULATION FOR ELECTRONICS
 COMBINING THESE‘ LONG-SOUGHT ADVANTAGES:

. MACHINABILITY TO
TOLERANCES AS
CLOSE AS * 0.001 IN.

14
CHARACTERISTICS

ODAY'S news about low-loss insulation is that MYCALEX 400 is
making other glass-and-mica insulation old-fashioned. It is no longer
true that ““all glass-bonded mica is pretty much the same.”

Before the advent of MYCALEX 400, it was impossible to obtain L-4
characteristics plus precise machinability in one and the same insulation. “ Mo
ent Temperature

But now MYCALEX 400 combines these long-sought dual advantages. Yet and Humidity 70%)
this vastly improved ALL-PURPOSE MYCALEX costs no more. ‘

MYCALEX 400 has a loss factor considerably lower than
any other insulation in its class. Its surface resistivity is higher than that of
other comparahle insulators. This is an important advancement where the
application involves high temperature and high humidity. as in the tropics.

Unlike other low-loss ceramic insulators, MYCALEX 400 can be machined . g glll|
with precision .  drilled, tapped, milled, sawed, turned on a lathe and ‘
threaded. It has exceedingly low vapor pressure. It makes a perfect seal
with metal.

MYCALEX is nota generic term designating a class of materials,
but is the registered trade name for the low loss insulation manufactured
in the Western Hemisphere by the Mycalex Corporation of America

; 2
Write for samples. Order any quantities, in sheets or rods — or have us
. INSULATING B
fabricate your component products in Mycalex. NS SLOEK

T INSULATOR U ExcluaJvﬁ',Licenggo undq,g?! gggpn\'x am YCAL;X (PAR&‘M’) CQ Lm-‘ &
EXECUTIVE OYFICESI 30 Roc‘grnl.l:ﬁ PLAZA. NEW YORK 20, N. Y.
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BLASTING OFF THE BARNACLES

WITH 40,000 VOLTS

To protect Gammatrons against filament bombard-
ment, one of the most common causes of untimely
tube failure, Heintz and Kaufman Ltd. employs an
exhaust process so rugged that only tubes made with
tantalum elements can survive it.

“Blasting off the barnacles” occurs just before
Gammatrons are sealed off. Already these tubes have
been run at 3,000° F. for more than half an hour,and
have been exhausted to 1/10,000,000,000 of atmo-
spheric pressure. )

A red light flashes, and a warning bell rings as
40,000 volts are applicd between grids and plates.
A blue-white flicker marks the passing of the last bit
of gas.

Before a tube can endure such punishment it must
be built like a Gammatron—clean and sturdy, with-
out internal insulators or chemical getter. Then it
will take the kind of exhausting that insures its stay-
ing on the air for thousands of hours.

July, 1944

THE HK-304H Gammatron is a high-voltage, low-impedance
tube capable of passing large amounts of current. This unu-
sual combination of features is made possible by the use of
four separate sets of tube elements operating in parallel
within one glass envelope. Max. plate dissipation, 300 watts.

% BUY AN EXTRA WAR BOND THIS MONTH %

HEINTZ ano KAUFMAN L7D.

SOUTH SAN FRANCISCO ¢ CALIFORNIA, U. 5. A,

M']M
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24-HOUR TESTS FORECAST

15 YEARS
OF SUSTAINED

OPERATION

What will happen in 1959 nobody can fore-
tell. One fact is clear, however, The Delur
potentiometer that you buy today is so de-
signed and constructed as to provide at least
15 years of efficient operation. This figure

. and it is a conservative one . . . is based
on simulated production-line tests in our
laboratory as well as reports from the field.

Operating at half-cycle, at as many as
2,500,000 revolutions over a 24-hour period,
a specially-developed rotation tester checks
the endurance of Delur potentiometers. The
wiper travels from minimum to maximum
resistance at rates stipulated in American
Standards Association specifications. Me-
chanical and electrical characteristics are
checked under abnormal as well as normal
conditions. Effects of day-in and day-out per-
formance are analyzed. Out of these tests
come Delur potentiometers whose depend-
ability can be counted on for extended
period of time. Data sheets upon request.

Support the Fifth War Loan Drive

5, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC (OMPONENTS

CONNECTICUTY
NEW YORK PLANT: 99 HUDSON STREET, NEW YORK 13, N.Y.

CANADIAN SALES OFFICE: 560 King Street West, Toronto

16a Proceedings of the I.R.E. July, 1944
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UNITED 949-A
Efficient h. f. oscillator

tube, one of a great many
UNITED types now available.

O

tathermy

33
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Welding ‘ o
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ilm-Sound A z
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—is assured for long service life when you use UNITED

overnment Tubes. Despite the urgent demands upon us for tubes to
Army, Navy & Aviation

az

D

fill military needs, we have done surprisingly well in
keeping other essential requirements supplied.

Write for new catalog giving descriptive

lgb Frequenc_)' data covering an extensive range of
Heating tubes for electronic power applications.

ndustrial
Electronics

...and so on, throughout ELECTRONICS S8 )V¥= COMPANY
the “alphabet” of =W“""
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==y

42 Spring Street U Newark 2, N. J.

boundless electronic
ﬂppll’fﬂtlbﬂs Transmitting Tubes Exclusively Since 1934




DOESN’T LEAK

To engineers specializing in low-loss high frequency
design, energy conservation throughout circuits is
so important that a dielectric having the qualities of
MYKROY with a loss factor of 1 is extremely desirable.
MYKROY—the perfected glass-bonded mica ceramic
insulation, fills this vital need so dependably that it
has opened the door to new and greater advances in
high frequency research.

Circuits brilliantly conceived on the drafting board
are successfully transiated into practical application
because of the many superior insulating properties of
MYKROY,

In addition to possessing a high dielectric constant
in combination with a low power factor, MYKROY is light
—yet its mechanical strength is comparable to cast

IS THIS MYKROY
ENGINEERS MANUAL
IN YOUR FILE?

MYKROY |S SUPPLIED IN SHEETS AND RODS ..

MADE EXCLUSIVELY BY

PN

Bt A b

e ————————

iron—resists arc-heat carbonization and is impervious
to gas, water and ocil-—keeps its shape (will not warp)
—bonds easily with metals—molds readily to any
specifications and machines closest

perfectly to

tolerances.

MYKROY is maintaining the efficiency of such a large
variety of electronic equipment of advanced design
that your most difficult insulation problems will find
speedy solution in its application

If you are confronted with a high frequency insu-
lating problem, our engineers will welcome the oppor-
tunity to acquaint you with the performance of mykroy
It is available in ample quantities on rapid delivery
schedules from our Chicago, lllinois and Clifton New
Jersey plants.

In this comprehensive manual you will find full information
regarding MYKROY the perfected glass-bonded mica
ceramic insulation. It tells you about Machinability
Physical, Chemical ond Electrical properties Appl’a
catians and uses — Sizes and shapes of stock forms
— Design criteria, and includes samples of MYKROY
A request on your letterhead will bring your copy
by return mail.

-

. MACHINED OR MOLDED.TO SPECIFICATIONS

Nld 70 CLIFTON BOULEVARD » CLIFTON, NEW JERSEY
JNC:  Chicogo 47 : 1917 NO. SPRINGFIELD AVENUE .*. TEL. Albony 4310
Export Office: 89 Brood Street, New York 4, N. Y.
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Since National Union established new produc-
tion records on cathode-ray tubes—the dream
of low-cost television for the average post-war
home has taken a long step toward fulfillment.

Consider the fact that National Union has suc-
ceeded in raising its cathode-ray tube pro-
duction to a volume many times greater than
the combined pre-war C-R tube output of
the entire industry! To achieve such a produc-
tion miracle required, of course, completely
new techniques, new mechanical aids to opera-
tors, new quality control measures. But above
all, it required imagination and technical
capacity to cut loose ?rom the long prevalent
conception that the manufacture of cathode-

July, 1944

cooo wews For TELEVISION !

ray tubes was strictly a laboratory project.
N. U. engineers proved that these laboratory
techniques could be adapted to high speed
streamline mass production. And, it is signifi-
cant that N. U. C-R tubes have acquired at the
same time an international quality reputation,
with special distinction for their superior
fluorescent screens.

In the post-war expansion of television, as in
other a(rplications of electronic tubes for home
and industry, National Union achievements in
engineering and production have set new hori-
zons. Remember to count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N.J.
Factories: Newark and Maplewood, N. J.; Lansdale and Robesonia, Pa.




KEN-RAD

TRANSMITTING TUBES,

!.
’

AUSTRALIA

AFRICA

AMERICA

SOUTH
AMERICA

TRANSMITTING TUBES RECEIVING TUBES

CATHODE RAY TUBES INCANDESCENT LAMPS
) EXECUTIVE OFFICES

SPECIAL PURPOSE TUBES

_ FLUORESCENT LAMPS
OWENSBORO-KENTUCKY

EXPORTS 1S5 MOORE STREET NEW YORK
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) PROVIDES A NEW TRIUMPH (N iy

A . L

FIGURE A= Photographic Method
I L [T
o Ronodias
B e ki ol b . ey

Bt iR ju
FIGURE B =EPL Method

RO -PHYSICAL LABS, INC -
et (T T AETE T
NEW YORR : !]I] ‘ |

" i dﬂqﬂ-ﬂmﬁ - i i

FIGURE C = Calibration

=

The exact similarity between the stand-
ard photographic cardiogram and the
direct writing instantaneous cardio-
gram on this new EPL instrument is
indicated in Figures A and B, which
are records of the same subject taken
a few minutes apart,

EPL Direct-recording Electrocardiograph®
...giving instantaneous standard readings

o Built to exacting laboratory standards after e Cardiograph record appears instantaneously

years of research o Built-in interference filter makes possible
e Completely eliminates all photographic perfectly usable cardiograms in strong inter-
procedures fering electrical field
o Useful in the laboratory as well as a benefit  © Operates from any 110-120 volt, 60 cycle,
to mankind AC service
o Compact, fightweight, portable; simple and e Uses no ink or other fluids
efficient in operation e High operating economy

SPATENT PENDING

For Laboratory Procedure

The recorder of this new Electrocardiograph may be used in conjunc-
tion with other equipment for laboratory research. It provices an amplifier
and recorder which will give a graphic record between .1 cycle and 80
cycles per second at a sensitivity of 1 millivolt for 2 cms total deflection;
or a range from zero to 80 cycles for 60 millivolts for 2 cms deflection.
A high speed writer can be supplied which will extend the operating
frequency to about 200 cycles. Because of the special damping circuit
employed, excellent transient response is secured.

Although in the high sensitivity connection, the amplifier is not a true
D-C amplifier, the phase correction is such that perfect square wave
response from .25 cycles to 80 cycles is realized with the one millivolt
sensitivity connection.

At present, deliveries will be made on priority only.
Write for descriptive booklet.

)

ELECTRO-PHYSICAL LABORATORIES, INC.

45 W. 18th STREET * NEW YORK 11, N.Y. ° WAtkins 9-1870
Manufacturers of Electro-Encephalographs and Electric Shock-proof Machines

A Division of the ELECTRONIC CORPORATION OF AMERICA

{
Il

{il
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T MICROPHONES

The extent of our line is but partially illustrated in this ad-
vertisement. Our current production is now being utilized
in essential services. Soon, however, there will be Electro-
Voice Microphones available for civilian use... and these
will be, described fully in subsequent advertisements.

In our South Bend laboratory, we have complete facilities
for accurate frequency checking, harmonic wave analysis,
measurement of ambient noise, etc. Electro-Voice Micro-
phones reflect painstaking care in design and construc-
tion by superior performance in the field. They serve you

better . . . for longer periods of time. ff‘;."—j

If your present limited quantity needs can be tilled
by any of our Standard Model Microphones, with
or without minor modifications, we suggest that
you contact your nearest radio parts distributor.

i‘
)

»

2
Save Every Scrap ?‘\
. o

Paper Packs a . ...

L &

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, INDIANA
Expdrt Division: 13 East 40th Street, New York 16, N.Y. — U.S. A. Cables: ARLAB
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There’s Engineering Hi\story

Behind Every TRYLOR TUBE!

When transmitting tubes go into action, there is little to be
seen of the forces that make it possible to carry out the vital
commands of America’s Fighting Men. Like other weapons of
war, their efficiency and dependability is a direct reflection
of engineeting improvements — advanced technical devel-
opments that provide our Armed Forces with the world’s
finest communications. Taylor improved custom-built tubes
are today helping defeat the enemy in every battle area.
After Victory, these Taylor improvements will be ready for
peacetime applications.

Buy More WAR BONDS
For Victory!

Proceedings of the 1.R.E.
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Need a Motor
that can lift
200 times its
own weight?

uis electric motor weighs only a pound.
But more power is packed in that one
pound of motor than has ever been before.

With Lear gearingit can handle a quarter-ton
load.

And ithastobereadyto do that in an instant.
Because this motor moves control flaps, and
heater shutters on warplanes. And air pres-
sures mount high at the speed these ships fly.

n the weight of a coat of paint

On aircraft, eve
d. So this motor had to be

has to be considere
light.

There's little room in an airplane. So it had

to be small.
from scratch.

ant starting
kind of en-

Designing it M€
cedent for this

There was 1o pre

4 manu-

oking ahead towar
we want

eacetime product.
at such a motor has been de
th 250 other Lear products

But if you aré lo
facturing

you to know thd
veloped along W1
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U.S.MARINES ON BOUGAINVILLE use palm trees for telephone poles as they string communication lines. Two stand 9uard with carbine and sub-machine qun,

THIS 1s a war of communica-
tions. The farther our forces
advance, the more wires, tele-

Telephone I-ines phones and switchboards they

need. And war stopped

on Bougainvi"e the making® of telephones for

civilian use. .

We regret that many hereat
home cannot now get tele-

phone service and may not be
able to get it for some time.

If you are one of those who are
waiting, we’d like you to know
that we will do everything in
our power to mini-
mize your delay.

BELL TELEPHONE SYSTEM



B ecause so many factors affect the choice of tubes for electronic
heating, RCA engineers have summarized here some of the most
important ones, and have prepared the table below to enable
you to choose tubes by power output rating and frequency.

POWER = Imax. FREQUENCY

RCA CAATEAULESS cooLinal ampe. |
}LV,DB’E at Max: Ratings] @ Max] @ % Max.|METHOD |FACTOR

I Tube | 2 Tubes I'u“" M"““",,

Watts | watts 1 -
9C2¢  |100,000 | 200,000 5 |25s@70%)| warF 38 $4,000.00
9c22 | 65,000 | 130,000 5 25@70%| F 38 1,100.00t
892 14,000 | 28,000 1.6 | 20@ 50%| w 50 190.00
892-R | 10,000 | 20.000 1.6 | 20@50%| F 50 360.00%
889 10,000 | 20,000 | 50 150 @ 50%} w 21 220.00
889-R | 10,000 20,000 | 25 |100 @50%| F 24 325.00t

Jr ta40] 2880 | 20 75@65%| F

833-A°h (ooo| 2000 | 30 |75@72%) N } 35] oy
g27-R | 1,050} 2,000 | 110 F 16 13£.00
806° 450 900 | 30 [io0@50%) N 12.6 22.00
8000° 375 750 | 30 lwoo@so%] N 16.5 13.50
8005° 170 340 | 60 |100@60%| N 20 7.00
826 86 172 | 250 {300 @80%| N 31 19.00

*indicates that intermlittent ratings are available,
**Tube output values are shown, Deduct clrcult losses for power to load.
N—Natural alr cooling. F—Forced-alr coollng. wW—Water cooling.

t—Renewal price when similar radiator In good condition is returned prepald
at time new tube s purchascd

Power Output: Not all RCA tubes avatlable for electronic heat-
ing are listed above; those listed, however, make possible a range
of tube output power in easy steps from 86 to 200,000 watts or
more. Most types fall in the “medium mu” class, making them
exceptionally stable, even under changing load, yet the “mu” is
high enough to keep excitation requirements at an economical
level. By utilizing tubes in push-pull or push-pull-parallel circuits,
the power output required can be closely approached.

Power Supply: )l power output values are for typical operating
conditions under continuous service, and with d-c plate supply.
If the oscillator tubes are to operate on a-c plate supply, the
output power will be reduced.

In lower-power equipment, self-rectification may be economical;
at high-power, however, the investment in power tubes is usually

t
1
t
'
t
B
3

7
SEND THIS FOR MORE DATA

Harrison, N. J.
RCA, 730 So. Fifth Street,
Please send me data sheets on the RCA tubes

checked below:

[ eC21 [ 892-R [ 833-A a 88(:)(())05
[ eC22 [} 889 [} 827-R [ agt
] 892 ] 889-R [ 806 a

COMPANY . vovseoreomsmsssiossssssssssissansiissen st ee .
AAATEEB. .. su.eorisansidaiestocnssassccattoenesisisives
City..

best used by supplying direct current to the plates, and getting
full output.

Filament voltages supplied to tubes should be accurately adjusted
and should not fluctuate, Attentlon to this factor will help to
assure long tube life.

Ovutput Frequency: The chart shows that the RCA tube line
provides for relatively high power even at very high frequencies.
For special applications not covered by the tubes listed here, write
RCA tube engineers (address below).

Cooling: of the tubes listed, all those delivering 1 kw or more
require forced-air or water cooling. Where mobility of equipment
is desired, forced-air cooling is usually preferred to water cooling.
To prevent unnecessary maintenance, especially for water-cooled
tubes, carefully observe the cooling requirements of the tubes.

Intermittent Service: Certain RCA tubes (marked *) have
increased ratings for intermittent service.

Dependability: 1n industrial service, continuity of operation is
very important. To assure dependability, electronic heating equip-
ment should be designed with comfortable “safety factors,” not
only with respect to tubes, but also for other components whose
failure might cause tube damage and outage of the equipment.
Electron tubes are inherently maintenance-free devices designed
to give long life under normal operating conditions.

Take plant conditions, such as heat, dust, vibration, humidity,
etc., into account when installing electronic equipment just as in
the case of other industrial apparatus. Ordinarily, however, spe-
cial precautions should not be necessary.

Tube Replacement: Rca distributing and warehousing facilities
simplify tube replacement problems, giving quick service in all
parts of the country. Naturally, wartime conditions create an
abnormal situation, but rated orders are handled with dispatch.

Englineering Aid: RCA tube ap-
plication engineers are available
for consultation on your elec-
tronic design problems. Your in-
quiries are invited. Write, stating
your problem, to Radio Corpo-
ration of America, Commercial
Engineering Section, 730 So.
Fifth St., Harrison, N. J.

AAAAAAAAA ' RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION ¢ CAMDEN, N. J.

The Maglc Brain of all elecironic equipment is o Tube

ond the fountain-head of modern Tube development Is RCA.
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«..in Vibration Pickups

Shure research has pioneered in the development of vibration measuring
instruments. These instruments are important in the determination of
leakages in water pipes, the vibration of machinery, buildings,
electrical appliances. Among its many uses, vibration pickups have been successfully used in
locating termite infested wooden members. Shure engineers have devised special vibration
actuators and special standard pickups capable of measuring vibration accurately throughout the
greater part of the audio frequency range. Another significant contribution is the development
of integrating networks which permit the measurement of either acceleration, velocity or

displacement with a single Vibration Pickup.

SHURE BROTHERS, 225 West Huron Street, Chieago
Designers and Manufacturers of Microphones and Acoustic Devices

264 Proceedings of the I.R.E. July, 1944
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Interstage filters lend themselves to effecting gain simultaneously with their frequency
discrimination. The unit illustrated is a band pass unit which provides a 2:1 step-up ratio,
with band pass attenuation of 40 DB per octave. This unit employs a dual alloy magnetic
shield which reduces inductive pick-up to 150 Mv. per gauss. The dimensions in its hermet-
ically sealed case are 1%2x2%:x2":. Filters of this type can be supplied for any band

pass frequency from 200 to 10,000 cycles.

May we cooperate with you on design savings for your application . . . war or postwar?

(4
150 VARICK STREET NEW YORK 13, N. Y.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"




YOU CAN'T BUY

A NEW TUBE IN A FOX HOLE

When a signal corpsman goes into action, the tubes his
unit must depend upon for communications are the tubes
that were issued to him back at the base. They have been
jerked on trains, handled in and out of ships and tum-
bled in trucks before they even get to him. Then he gives
them a long rough ride in the set on his back. Tubes
have to be good to stand up under this kind of treatment.

Little did TUNG-SOL Engineers realize that the many
design and construction features they incorporated in
TUNG-SOL Tubes long before there was any thought
of war, would assume a new importance in our nation’s

battles. Then TUNG-SOL Tubes were built to withstand

THE SPRING DAMPER BAR developed by TUNG-SOL

The TUNG-SOL Damper Bar construction is posi-
tioned to hold the filament tension spring to one side,
thus caking the whip out of the filament above
the mica disc. This whip would allow the fila-
ment to vibrate, the cause of low frequency pitch
known as ‘‘howl’’.

the synthetic abuse we called
“Vibration-Testing”. Now they
are called upon and do with-
stand the real thing.

Manufacturers and users of radio and other elec-
tronic devices and controls may be assured that the
TUNG-SOL Tubes they buy for initial equipment and
replacement have been “War-Tested” far beyond any
requirement of civilian use. TUNG-SOL Research and
Development Division will be glad to assist manufac-
turers in planning circuits and selecting TUNG-SOL
Electronic Tubes for present and future devices,

TONG So1

ElECTRONI-C TUBES

.

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS

28A
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D()ING what couldn’t be done in glass has become
a habit at Corning—and this is a good example.
“You can’t solder metal to glass”— they said. But
Corning Research did it.

Now Corning has developed a metallizing method
whereby the base for the solder becomes an insepara-
ble part of the glass and so provides a permanent, air-
tight seal. The metallized layer solders almost as easily
as brass or copper and is not harmed by normal solder-
ing temperatures. Parts can be soldered to it by any
ordinary soldering iron, soft-air-gas flame or induc-
tion heating,

Also important—Cording type metallizing can be ap-
plied to an extremely wide range of glasses. Where

C[]HNIN[]

medns
Research in Glass

Electronic Glassware K.

Did we hear
someone say
this was
impossible?

N

P

praper=t==et= %
B8 T
whmbe: AT

M
-

extreme resistance to thermal or mechanical shock is
required it can be applied to Corning’s tempered
glasses. Where electrical characteristics are of first im-
portance it can be applied to Corning’s special low-
loss glasses.

This unique method of metallizing is just one of the
ways that Corning’s knowledge and experience may
some day save you time and money. If you'd like to
know more about us, we have a suggestion. Send for
the study, “There Will Be More Glass Parts In Post-
War Electrical Products.” It’s free. Just write to the
Electronic Sales Department P-7, Bulb and Tubing
Division, Corning Glass Works, Corning, N.Y.

(A ;‘5(4'

oI

“PYREX"” and “CORNING” are registered trade-marks of Corning Glass Works

Proceedings of the 1.R.B. July, 1944




FIXED RESISTORS

VARIABLE RESISTORS
.if,‘.f ! ‘
/

ﬁ;m'

& fOR YOUR
a2 COPY!

SWITCHES

(Line, Slide, Rotary-Action)

...for toda’s needs
...for post-war planning

USE this new 1944 Stackpole Electronic Com-
ponents catalog as your guide to up-to-the-minute Fixed
or Variable Resistors; Iron Cores; and inexpensive line,
slide, or rotary-action Switches. In addition to complete
IRON CORES information and dimension diagrams on the components,
you'll ind data pages and charts that will prove mighty

handy in your daily work. Please ask for Catalog RC6.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

BRUSHES FOR ALL ELECTRICAL ROTATING EQUIPMENT * CONTACTS
WELDING RODS, ELECTRODES, AND PLATES * CARBON PIPE * BRAZING BLOCKS » RHEOSTAT PLATES & DISCS
CARBON REGULATOR DISCS + PACKING, PISTON, & SEAL RINGS  SINTERED IRON COMPONENTS, ETC.

Procredings of the I.R.E. Tuly, 1944
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JUST OUT

N/ 1,
... GET THIS TIMELY, NEW
Dry Electrolytic Capacitor CATALOG

Every day finds dry electrolytic capacitors
establishing new standards of perform-
ance in applications formerly reserved
for other types. Small, light and inex-
pensive, dry electrolytics have been
steadily improved to a point where they
meet the most exacting specifications.
These include salt air, reduced pressure,
low and high temperature extremes, tran-

sients, r-f impedance, sealing, “'shelf life,”
and many more. In addition, Sprague Dry
Electrolytics are available in unlimited
combinations of capacity and voltage rat-
ings, with special electrical characteris-
tics,and in containers for every mechanical
requirement. You will find this big new
catalog a handy guide to dozens of stand-
ard and countless special purpose types.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

(Formerly Sprogue Specialties Co.)

SPRAGUE ™=

CAPACITORS

Juiy, 10¢4

KOOLOHM RESISTORS
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EACH of these 3 new tubes meets an important need in
the miniature field:

as a high-gain triode for frequencies up
to 500 Mc

RCA-6AL5 as a high-perveance double-diode for
efficient broad-band circuits

RCA-6J4

RCA-6AQ6 as a duplex-diode /triode to combine sev-
eral functions in one miniature envelope

All 3 combine sturdy construction with small size and
high performance.

All 3 are on the Army/Navy Preferred Type List!
All 3 were completely engineered by RCA!

Additional technical data is available on request. Ask for
it by tube type number.

If you have an application involving these or other RCA
tubes, get in touch with us. Our tube application engineers
will be glad to help you. Radio Corporation of America,
Tube & Equipment Department, Harrison, N. J.

Listen to “'The Music
America Loves Best”
on the RCA program
every Saturday,
7:30 P.M., EWT.,
Blue Network.
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The history of the development of the radio-and-electronic field is packed
thick with inspiration and planning, with struggle and achievement. To the
workers of today, the past and present of radio offer encouraging pic-
'gures and lead to justified hopes for an even brighter and more constructive
uture.

Presenting in its original form to the readers of the PROCEEDINGS a sum-
mary of the historical development of his company'’s participation in our field,
the President of the Stromberg-Carlson Company is lending encouragement to
those workers who will likewise be numbered among the leaders in our domain

in future years.
o The Edit

Radio — Past and Present
WESLEY M. ANGLE

The first time that I personally came in contact with radio engineering was when, around 1907, I read a letter addressed
to our company from some yeoman on a naval vessel, stating that certain of the ship's personnel was engaged in experi-
ments in “wireless telephony” and did we have a suitable earcap receiver for use in these experiments. There were several
such letters received and we always recommended an operator’s headset, with what subsequent good results I have never
learned.

Perhaps cight years later, inspired by an advertising manager, who loved to listen to the Arlington time signal, and
who tried unsuccessfully one night to arouse in me enthusiasm over the minute sounds I heard, we designed and manu-
factured a set of headphones, of which we sold an occasional one during the next seven years.

Of course like all members of the reasonably informed general public I had heard of Marconi, had learned of his early
feats with wireless, knew that certain ships were equipped with transmitting and receiving apparatus and was stirred by
reports of those disasters at sea in which radio began to play a conspicuous part.

But I knew nothing at all of broadcasting until early in 1922, when with our company finally enmeshed in the postwar
depression, our purchasing agent began to hear, from his contacts with sundry salesmen, that there was a possible busi-
ness in radio headsets looming up. In a comparatively short time we had made a few minor changes in our 1915 design
and were being flooded with orders. That year we entered orders for 140,000 headsets, manufactured 70,000 and delivered
but 35,000. One day in May I prophesied to an associate that the bottom would drop out of the barrel in August. It fell
out the following month, that is, in June. A rush of cancellations followed right on the heels of a rush of orders.

Such is the early history of our company's start in the radio business. We brought out our first loudspeaker late in
1923 and our first receiving set in 1924. The part we subsequently came to play in the industry is fairly well known.

In spite of its very considerable usage on ships at sea, in the transmission of commercial messages and among amateurs,
it took about a quarter of a century for radio to emerge from its early beginnings and reach through broadcasting the
stage where the lives of millions of people were affected by its usage.

Now another twenty years have passed. Broadcasting has beccine an accepted part in our routine of living. Ships no
longer use radio only to report their positions and send out distress calls but depend on it to determine their positions
and thus use it as a means of navigation, Networks for the transmission of messages, largely now having to do with the
prosecution of the war, span the globe. And more and more are our lives affected by the use of the many adaptations
of Marconi's discovery, not yet fifty years in the past.

And in that comparatively brief span of years, and more particularly in the last ten, the radio engincer has come to
be an extremely potent force in our world. I think it fair to state that most radio engineers of twenty years since came
to specialize in radio after serving in various other electrical fields. But now the radio engineer has in the main adopted
his career righ®from the time he began his technical training; it is not just his specialty, it is his whole life. And as a
consequence there is a constant acceleration of the extent of radio knowledge.

Moreover there is another by no means inconsiderable factor. Radio is being used today in warfare in a tremendous
way. And radio technicians are being turned out by the thousands in the schools being maintained by our armed forces.
Each one of these men is the potential discoverer of some new application of radio principles.

So I feel that we are today again standing before a new gate which will shortly open to admit us once again into a
world where the use of radio for manifold purposes will be far greater than has been the case during the past twenty
years. My conclusion is that the radio engineer has chosen a field for his talents second to none in the world,

W
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Stuart Ballantine

1897-1944

Some men, in a relatively brief lifespan, make scientific contribu-
tions of outstanding importance. Such a man was Stuart Ballantine,
holder of more than thirty patents, author of one book and numerous
papers, and recipient of three major awards for distinguished work
in the field of radio engineering. A theorist who put his theories into
practical service and an inventor whose inventions were of continuing
significance in a rapidly developing industry, Stuart Ballantine was a
leading personality in his field.

Born on September 22, 1897, at Germantown, Philadelphia, Penn-
sylvania, Mr. Ballantine's interest in radio developed from a boyhood
hobby to a life work. He was educated at Drexel Institute, and in the
Graduate School of Harvard University, specializing in mathematical
physics. During the first World War he served as an expert radio aide
in the Philadelphia Navy Yard, where he had charge of the develop-
ment of the Navy coil-type compass, a forerunner of radar. He dis-
covered the “antenna effect” in coil-type systems and invented the
capacity compensator for its control.

In 1923 he was awarded the John Tyndall Fellowship in physics
at Harvard University. At this time he developed the principle of
negative feedback to stabilize and reduce distortion in transmission
circuits, modulators, amplifiers, and detectors. He was awarded the
Liebmann Memorial Prize by The Institute of Radio Engineers in
1931 for his outstanding accomplishments in acoustical and electrical
inventions, and in 1934 he received the Elliott Cresson Gold Medal
from the Franklin Institute for his work on vertical-antenna radia-
tion.

Mr. Ballantine engaged in extensive studies of detection at high

380
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signal levels, luctuation noise in radjo receivers and tubes, develop-
ment of technique for sound measurements of loudspeakers and re-
ceivers, microphone calibration, and broadcast receiver design. He
invented a method of stabilizing radio-frequency amplifiers by means
of a Wheatstone-bridge circuit, and in 1929 made important contri-
!)uuons to the design and use of vacuum tubes for radio receiv-
ing sets,_la{er improving condenser microphones in such a way as
to permit increased fidelity in the transmission of sound pro-
grams,

Oqe 9( the most widely known of his many contributions to radio
was his invention of the first “throat microphone” to pick up voice
sounds directly from the larynx, a device of major importance to
aviators, and now widely used by the Army Air Forces.

He fqundm! the Ballantine Laboratories more than ten years ago
a.nd was its president until his death. He was a member of the Frank:
lin lns'mute' the Radio Club of America, the American Institute of
Electrical E.ngincers, and the American Association for the Advance-
ment of Science. He was also a Fellow of the American Physical
§ocnety a‘nd the Acoustical Society of America, Mr. Ballantine joined
The Institute of Radio Engineers as an Associate in 1916 and trans-
ferrqd to the Fellow grade in 1928. He organized the Philadelphia
gecuon o(fj the Institute in 1920, acting as its chairman until 1926,
przs?s;(tz inor;gr‘;tsl.merous committees of the Institute, and was its

I‘Vlr. Balla‘n‘tine will long be remembered as'a brilliant mathe-
matical physicist, and exceptionally capable engineer, and a gentle-
man of winning personality. '
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The Use of Field-Intensity Measurements for
Commercial-Coverage Evaluation
EDGAR H. FELIX{, SENIOR MEMBER, L.R.E.

Summary—This paper traces progress in developing methods of
defining the commercial-coverage area of broadcast stations by
means of field-intensity measurements made by the staff of a service
known as Radio Coverage Reports. The initial undertaking of the
service was a field survey covering the northeastern states to deter-
mine more suitable standards for contour surveys than the accepted
10.0, 2.0, and 0.5 millivolts per meter for urban, suburban, and rural
service, respectively. The investigation proved that no fixed set of
standard values would serve the purposes of commercial evaluation
or would be productive of coverage maps tending to coincide with the
disclosures of listener station-utilization findings. The methods used
by Radio Coverage Reports in reporting ‘‘complete spectrum observa-
tions,” defining day and night physical delivery of every audible
station in cities of over 25,000 population are examined and the re-
sulting concept of a “‘prevailing standard” based on available service
is explained. A correlation of an extensive co-incidental listener
gurvey made by C. E. Hooper, Inc., with Radio Coverage Reports
findings shows that the listening audience varies in accordance with
the prevailing standard of physical delivery. The possibilities of map-
ping station and network coverage in accordance with an accurately
determined prevailing service are then explored.

I. Basis FOR EVALUATING BROADCAST-STATION
COVERAGE

HE broadcast industry has long needed a really
Tsatisfactory method of defining the area served

by stations and groups of stations for the require-
ments of the commercial buyer of radio-advertising fa-
cilities. The end result of a satisfactory method must be
a simple form of display, preferably a map, suited to
statistical tabulation of economic factors, outlining the
areas within which a reliable and commercially useful
service is offered to the average advertiser.

The wide variety of methods currently used to arrive
at a portrayal of coverage depend, in general, upon one
of two types of information: (1) technical evaluations
secured by field-strength measurements of delivered
signal and (2) station- or program-utilization studies
based upon tabulation of listener responses to question-
naires, telephone inquiries, or special program offers.

There has been no standardization of terminology or
of quantity or quality of research required by either
method. The time buyer has been flooded with maps of
every type describingprimary service, secondary serv-
ice, listening areas, good service areas, intense service
and a score of other designations, none of which has a
specific accepted meaning, a minimum or stated stand-
ard of field research as its foundation, or submits a result
which can be properly compared with the finding of
other surveys made for competitive stations. Unified

* Decimal classification: R270 XR§54. Original manuscript re-
ceived by the Institute, July 7, 1943; revised manuscript received,
April 5, 1944,

t Major, Signal Corps, Washington, D. C,; formerly, Director,
Radio Coverage Reports, New York, N. Y.

1944
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opinion has not developed among time buyers as to the
kind of finding desired or the preferred research method
on which it should be founded. The varying significance
of coverage claims arrived at by different methods is not
clearly understood.

In a situation like this, it is natural to look to the
engineer for the establishment of a sound technical
method of evaluation, free of bias, strictly comparable,
and capable of being checked by any competent engi-
neer. The familiar field-intensity survey, showing the
10.0-, 2.0- and 0.5-millivolt-per-meter contours, defining
good urban, suburban, and rural service, has not estab-
lished itself by more than a decade of general use as the
satisfactory answer to the requirements of the time
buyer.

II. ATTEMPTS TO DETERMINE TECHNICAL STAND-
ARDS FOR COVERAGE EVALUATION

After several years of experience in making such field-
intensity coverage maps for broadcast stations in all
sections of the country, the author became convinced
that a more commercially realistic method of coverage
definition was needed. Following two years of prelimi-
nary research, a service known as Radio Coverage Re-
ports was established in 1935, addressed to finding a
solution to this problem. Its first undertaking was an
extensive field-research operation in the northeastern
states for the purpose of obtaining comprehensive data
as to available services in all principal communities of
the area with a view to correlating it with the coverage
claims issued by stations and networks based on listener
research. It was hoped that a more practical set of field-
strength standards would be disclosed by analysis of this
comprehensive data, the use of which would result in
commercial-coverage maps defining areas coinciding
closely with the results of experienced advertisers as to
the areas served.

The area covered by this pioneer standards survey
made in 1933, shown in Fig. 1, was chosen because of
the wide diversity of conditions prevailing. It includes
every type of terrain from level open farmland of south-
ern New Jersey and Delaware to mountainous sections
of New England and New York; numerous concentrated
urban areas, including New York, Philadelphia, Balti-
more, Washington, and Boston; large and small indus-
trial areas, mining and agricultural sections; in short,
the widest possible diversity of conditions and available
radio service to be found in an equal area anywhere in
the United States. The survey area was bounded by a
line drawn north from Washington, D. C., to Syracuse,
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1944 Felix: Broadcast-Coverage Evaluation 383
TABLE TO ACCOMPANY FIG. 1
CONNECTICUT MASSACHUSETTS NEW YORK PENNSYLVANIA
County No. Loc. rgﬁ) County No. Loc. r&% County No. Loc. rgfo County No. Loc. rgfo
Fairfield s K 25 386,702 Barnstable 12 G 39 32,305 Albany 28 C 21 211,953 Adams 36 U S 37,128
Hartford 2 H 27 421,097 Berkshire 1 D 25 120,700 Allegany 14 D 1 38,025 Berks 31 Q 11 231,717
Litchfield 1 H 25 82,556 Bristol 10 F 35 364,590 Bronx 37 N 221,265,258 Bradford 3 H 8 49,039
Middlesex 7 J 28 51,388 Dukes 13 1 38 4,953 Broome 22 E 11 147,022 Bucks 33 R 15 96,727
New Haven 6 J 26 463,449 Essex S A 36 498,040 Cayuga S A 8 65,751 Cameron 6 K 1 5,307
New London 8 J 31 118,966 Franklin 2 B 27 49,612 Chemung 18 F 7 74,680 Carbon 25 N 12 63,380
Tolland 3 G 29 28,659 Hampden 6 C 27 335,496 Chenango 23 B 13 34,665 Center 13 N 2 126,629
Windham 4 G 3 54,086 Hampshire 7 E 29 72,801 Columbia 29 E 29 41,617 Chester 39 U 12 126,629
S _ Middlesex 4 B 34 934,924 Cortland 21 B 10 31,709 Clinton 7 K 2 32,319
Nantucket 14 {) 11 3,67 Delaware 25 E 16 41,163 Columbia 16 M 8 48,803
Norfolk 9 35 299,426 Dutchess 31 H 23 105,462 Cumberland 28 S 4 68,236
Plymouth 11 F 37 162,311 Genesee 1 A 1 44,468 Dauphin 29 QO 7 165,231
VARE Suffolk 8 C 36 879,536 Greene 27 E 20 25,808 Delaware 41 U 14 280,264
=UDECAVAR _ Worcester 3 C 31 491,242 Herkimer 9 A 16 64,006 Franklin 33 U 2 65,010
== P J— — Kings 40 O 21 2,560,401 Fulton 34 T 1 9,231
County No. Loc. 1&’6 Livingston 2 B 1 37,560 Huntingdon 19 P 1 39,021
Madison 7 D 6 39,79 Juanita 22 P 4 14,325
Kent 2 X 13 31,841 NEW JERSEY Montgomery 10 A 18 60,078 Lackawanna 11 K 13 310,397
New Castl 1 W 13 161032 —  Nassau 42 N 23 303,053 Lancaster 38 T 10 196,882
epaTas e ; County No. Loc Pop. New York 38 N 21 1,867,312 Lebanon 3 R 9 67,103
— ounty : . 1930 eida 8 A 14 198,763 Lehigh 42 P 13 172,893
Onondaga 6 A 10 291,606 Luzerne 17 L 11 444,409
Atlantic 18 W 18 124,823 Ontario 3 A 4 54,276 Lycoming 8 X 6 93,421
Bergen 3 M 21 364,977 Orange 32 K 20 130,383 Mifflin 20 Q 3 40,335
MARYLAND Burlington 14 T 18 93,541 Otsego 246 B 16 46,710 Monroe 18 M 14 28,286
—_— —_— —_— Camden 16 U 16 252,312 Putnam 34 J 22 13,744 Mbontgomery 32 S 14 265,804
c t No. Loc Pop. Cape May 21 Z 17 29,486 Queens 39 O 221,079,129 Montour 23 M 7 14,517
ounty; . 1930 Cumberland 20 X 15 69,895 Rensselaer 13 B 23 119,781 Northampton 26 O 14 169,304
- == Essex 6 N 20 833,513 Richmond 41 P 21 158,346 N'thumberl'd 1S N 7 128,504
Anne Arundel 12 Z 8 55,167 Gloucester 17 U 1§ 70,802 Rockland 33 L 2 59,599 Perry 27 Q S 21,744
Baltimore 4 X 8 124,565 Hudson 7 8 21 690,730 Saratoga 12 A 21 63,314 Philadelphia 40 T 15 1,950,961
Balto. City 9 Y 8 804,874 Hunterdon 8 18 34,728 Bchenectady 11 A 20 125,021 Pike 12 K 16 7,485
Caroline & 12 17,387 Mercer 12 R 17 187,143 Schoharie 26 C 18 19,667 Potter 1 H 2 17,489
Carroll 3 W 6 35,976 Middlesex 11 Q 19 212,208 Schuyler 17 D 6 12,99 Schuylkill 24 O 10 235,508
Cecil 6 W 11 25,827 Monmouth 13 R 20 147,209 Seneca 4 B 7 24,983 Snyder 21 O S 18,836
Frederick 2 X 4 54,490 Morris S N 18 110,445 Steuben 1S D 4 82,671 Sullivan 9 K 8 7,499
Harford s W 9 31,603 Ocean 1s T 20 33,069 Suffolk 43 O 27 161,055 Susquehanna 4 H 4 33,806
Howard 8 Y 6 16,169 Passaic 2 M 19 302,129 Sulllvan 36 I 17 35,2712 Tioga 2 H 4 31,81
Kent 10 Y 11 14,242 Salem 19 W 15 36,834 Tioga 20 E 9 25,480 Union 14 M 6 17,468
Montgomery 7 Z S 49,206 Somerset 9 P 18 65,132 Tompkins 19 F 7 41,490 Wayne s J 15 28,420
Pr. Georges 11 & -7 60,095 Sussex 1 L 18 27,830 Ulgter 30 G 20 80,155 Wyoming 10 Jl‘ 1 15,517
On. Annes 13 Zz 1 14,571 Union 10 Q 19 305,209 Westchester 35 L 22 520,947 York 37 7 167,135
Washington 1 W 2 65,882 Warren 4 N 16 49,319 Yates 16 B S 16,848

N. Y., east from Syracuse to north of the Boston metro-

politan area, and southwest from Boston to a point due

east of Washington, D. C., along the Atlantic coast.
The following is a brief statistical analysis of the area:

Number of cities of 25,000
population or over

Total urban population

Total population

Population density by coun-

31.1 per cent of total United States
39.9 per cent of total United States
33.5 per cent of total United States

ties:
Minimum 28 per square mile
Maximum 85,000 per square mile

The arca may therefore be considered as a cross scc-
tion of one third of the United States, equally divided
between urban and nonurban population. In order to
make the available data complete, every audible station
was measured in a clear and open residential site of
every city of over 25,000 population, which in the ag-
gregate, compriscd 48.8 per cent of the total population.
of the survey area. In cities of over 100,000 population,
several widely separated sites were used for making
"‘complete spectrum observations,”” which was the term
adopted for a field-strength study of every audible sta-
tion at a given site. Fipally, complete spectrum obser-
vations were made at intermediate rural points, so that
a reasonably accurate approximation could be made for
the field strength of any station at any normal site
within the entire survey arca.

IT1. INCONSISTENCY OF TECHNICAL FIELD-STRENGTH
STANDARDS WITH ACTUAL COMMERCIAL COVERAGE

The results of this extensive ficld-survey investigation
were tabulated, classified, and compared with station-
coverage claims based on all types of surveys issued. The

data indicated with complete finality that no set of
field-intensity standards defining technically adequate
urban, suburban, and rural service was applicable as a
commercial-coverage standard for all cities of similar
size or to any definable and practical set of conditions.
The further the analysis of this varying evidence pro-
ceeded, the clearer it became that fixed technical stand-
ards of field strength, however carefully chosen, would
not serve todefine commercially useful coverage. In fact,
a single value of ficld strength frequently fails to define
the commercial-coverage boundaries served by an indi-
vidual station.

A comparison of the coverage area claimed by several
leading New York area stations based on comprehensive
tabulation of mail over long periods with its field-
strength contours showed striking disparities. To the
southwest toward Philadelphia, the 2.0-millivolt-per-

* meter contour was, at that time, a fair approximation of

claimed “intense” or “primary” coverage, whether the
particular area was rural, suburban, or urban in char-'
acter; to the north, up the Hudson River Valley toward
Albany, the same proportion of listener response or re-
turn corresponded to the 0.2 or the 0.25-millivolt-per-
mreter contour; an even lower standard applied in cast
central Connecticut; to the northeast in the Hartford
area, 1.0 millivolt per meter corresponded to the cover-
age claims; from this value, it rose to 2.0 millivolts per
meter on the shore of Long Island Sound. Similar dis-
paritics between technically adequate field strength and
the evidence of listener surveys as to actual commercial
coverage, prevailed in the Boston area, where such large
citics as Lawrence and Lowell extensively utilized
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services in the order of 0.5 millivolt per meter or less from
Boston stations but listeners then made no substantial
use of services from the same stations averaging 1.5 and
2.0 millivolts per meter to the south toward Providence.

One consistency between technical field-strength
study and coverage claims based on listener findings be-
came evident as the analysis progressed. High popular-
ity or utilization of coverage in any area was invariably
confined to stations having a high ranking field strength.
Accordingly, stations were then listed for each survey
community in’order of field strength, and their standing
in various listener surveys were checked off. Regardless
of the terminology used in the listener-utilization studies
substantially all the “intense,” “primary,” or “favorite”
stations in all the communities were among the first four
or five heading the field-strength list. Exceptions were
noted but none of the widely used stations were of sub-
stantially lower field strength than the first four or five
stations listed in order of field strength.

The actual value of field strength of the stations head-
ing the list varied over a wide range according to the
prevailing values available at the point in question and
bore no relation to size of community or noise cbndi-
tions. Since the various listener surveys were made on
rather divergent and usually undisclosed bases and com-
petitive findings were, therefore, not comparable, no
positive rule could be formulated for determining from a
list of stations in the order of field-strength ranking at
which point delivery values were insufficient to consti-
tute commercial coverage. However, it was evident, be-
cause of absence of exceptions, that listeners rely prin-
cipally on radio stations offering delivery service of a field
strength substantially equal to or exceeding that of the fifth
ranking station.

A further improvement in this correlation between
field-strength ranking and useful commercial coverage
resulted from classifying stations by groups according to
an arbitrary scale of values rated from 1 to 10 rather
than in accordance with their precise field strength at a
given point in a community. Although hundreds of tele-
phone and mail surveys have since been examined and
compared with Radio Coverage Reports ratings in the
period from 1936 to 1942, no station in any area has at-
tained its normal proportion of audience (based on audi-
tnce proportion in high-level areas) where it is of a ma-
terially lower Radio Coverage Reports classification
than that of the fifth leading station. This applies, re-
gardless of the field strength of the prevailing available
service or the number of stations in the same or higher
classifications of service.

Fortified by this conclusion, Radio Coverage Reports,
previously issued on a regional basis, began to issue a
regular service to advertising agencies and broadcast
networks early in 1936, reporting the results of field
measurements of cvery audible station for cities of over
25,000 population from coast to coast and for smaller
cities having broadcast stations.
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IV. DEFINITIONS APPLYING TO COVERAGE
AND SERVICE

Because of widespread confusion in terminology, defi-
nitions were adopted in connection with the new cover-
age reporting service, as follows:

(a) Service Area

Service area is the area within specified contours ob-
tained through ficld-intensity measurements, represent-
ing technically adequate service.

Because of gencral confusion as to the meaning of
“primary” or “sccondary” service areas, no attempt was
made to attach specific meanings to these associated
terms. “Service,” in its broadest sense, is a duty or task
performed or a readiness to perform it; an adequate
service is one which fulfills a requirement. Applied to
radio-broadcast-service areas, it indicates only a readi-
ness or capacity to serve within defined areas through
the delivery of a field strength adequate to actuate typi-
cal radio receivers. Delivery of an adequate service,
therefore, carries no implication that it is commercially
important or competitively significant.

(b) Coverage Area

The coverage area is defined as that within which a
broadcast station is regularly capable of being utilized
by a sufficient proportion of listeners to be commercially
significant and valuable as a medium of intelligence and
entertainment.

Coverage, therefore, implies the attainment of deliv-
ery values competitive with the better available serv-
ices so that they are normally sampled by listeners seek-
ing entertainment. “To cover,” in its general sense,
means to place or spread something over, to envelop, to
overwhelm; in connection with advertising, Webster’s
International Dictionary defines the term as follows: “to
have (a locality or group of persons) as one's territory
or field of activity, as in selling merchandise or promot-
ing the interests of a company or rendering a social or
business service; as, a salesman covers Ohio.”

The distinction between service and coverage is im-
portant because the terms are too often used loosely.
Commercially useful coverage may, in some cases, re-

-quire several times the ficld strength necessary to satis-

factory service in congested areas; on the other hand, in
sparsely served areas, it may be attained by stations
delivering far less than technically good service.

A service -area can be established only by making
field-intensity surveys because it depends upon arbi-
trary engineering values as its basis. A coverage area can
be determined either by field-intensity measurements or
by listener studies. An examination of Hooper and Cross-
ley ratings indicates (1) that listeners concentrate most
of their attention on a few stations, regardless of the
number rendering service and (2) that they fluctuate
among these stations froin one program’ period to the
next over very wide ratios. If we take as an arbitrary
standard, the area over which a station produces
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evidence of attaining 5 per cent of radio sets turned on as
its audience, that area obtains only during one or more
programs. If that station attains an audience of 10 per
cent of sets turned on at the limit of its 5 per cent area 15
minutes later, its 5 per cent listening contour is moved
further out.

Listening is the result of delivering a satisfactory pro-
gram, not merely the result of delivery. To obtain the
highest audience percentage, not only must delivery
not suffer in comparison with that of competitors but
presentation of a program of high entertainment value
must occur in competition with programs of lower en-
tertainment value among the group of stations which
are normally sampled in the area.

Actual coverage at a particular time can be deter-
mined only by listener investigations conducted at that
particular time. It must be made at all places within
the area claimed. This is necessary because a different
group of stations often compete in one part of a sta-
tion's area than in another and the signal-strength ratios
among the competing stations common to the whole
area very sufficiently to constitute an influential factor
in selection. The variables are too numerous to permit a
simple definition of coverage and an economic method of
establishing the coverage area accurately and compara-
bly by listener investigation.

A field-intensity-measurement method of determining
coverage area introduces fewer variables, particularly
within the ground-wave areas of stations. By examining
all the services at a given point, a group may be selected,
in ‘the upper field-strength brackets, which constitutes
those delivering their programs with field strengths of
the prevailing value and the maximum number of sta-
tions which listeners normally sample when secking en-
tertainment. Further evidence is offered later on, which
indicates that a satisfactory and standard way of estab-
lishing the prevailing service value can be determined
upon. Actual listening percentage, which the time buyer
is most desirous of knowing, depends upon the particu-
lar program situation obtaining at the moment he places
his program.

There is no engineering method of establishing the
actual division of the listening audience in an area
among its leading physical deliveries. The most that an
engineering determination of coverage can do is to lay
before the time buyer a map showing the area within
which a station’s delivery is sufficient to be competitive
and commercially valuable if associated with an appro-
priate program. The epgineer can make this finding uni-
form and comparable for all stations and can do it more
effectively than any listener research because he alone
can eliminate one of the two factors entering into the
determination of the area in which listencers use a sta-
tion: the highly variable moment-to-moment program
situation,

Since Radio Coverage Reports define all audible serv-
ices heard in a community, the prevailing standard of
service at the disposal of listeners can be approximated
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by inspection. The values of field strength defining the
ten classifications used for reporting day coverage are
based on their effect on ear response and the influence of
background noise. These classifications were used for
six years by radio time buyers and advertising and net-
work executives and this extended trial suggested no
modification of the scale originally adopted, which is

given in Table L.
TABLE 1
RAD10 COVERAGE REPORTS DAY CLASSIFICATIONS

Field-Strength Limits in Millivolte per Meter

Classification
10 Over 25
10-25
‘ 5-10
| 2-5
1-2
0.5-1.0
0.1-0.5
0.020-0.1
Audible but less than accurately measurable
| Reserved for later reclassification

- B NN =000

These ratings proved useful in practice because the
arbitrary groupings selected took into account all the
important factors entering into useful delivery of pro-
gram service. The classifications are sufficiently broad
to permit representative ratings for most communities.
Where service in any city varied over too great a range
to fall within a single classification, suitable footnotes
furnish additional necessary information. The graphic
form of presentation permits indicating whether a serv-
ice is high or low within its classification. For larger
communities, several Radio Coverage Reports are issued
by districts of the community, revealing any important
coverage deficiency due to unsatisfactory transmitter
location, low power, or poor allocation confined to lim-
ited sections of the community.

Since there is no listening advantage in substantially
all communities in delivering more than 25 millivolts
per meter over the entire area, the broad 10 classification
served its purpose and, at the same time, eliminates the
confusion necessary to reporting the higher field
strengths prevailing near transmitters. The spread of
field strength in each lower classification becomes quan-
titatively narrower as the list progresses because signal-
to-noise ratios often approach critical values affecting
entertainment capabilities in these middle classifica-
tions. The lower classifications are again numerically
broader because any listeners utilizing such services are
necessarily willing to tolerate considerable noise with
their program services, climinating the need for finer
discrimination of field-strength values.

For convenience in remembering the classifications,
services of over 0.5 millivolt per meter are rated 5 or
better and areas within the conventionally measured
service contours of 0.5, 2.0, and 10.0 millivolts per meter
are represented by minimum ratings of 5, 7, and 9, re-
spectively.

Because of the impossibility of obtaining prolonged
night recordings at approximately 500 locations for an
average of 30 significant services per location and the
rather wide variations observed in night-to-night field
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strengths from stations depending on sky-wave delivery,
evaluation of night service on a field-strength basis was
found impracticable. The ratings used were, instead,
based upon the stability and physical quality of signal
distribution,

Survey crews were sent progressively over specified
arcas, with the objective of measuring every daylight
field strength in significant locations in all cities of over
25,000 population and at intermediate points sufhcient
to establish station coverage approximately once each
year. After two years of operation, the practice was
changed to cover the more congested areas of the coun-
try twice a ycar, measuring at half the locations cach
six months and the other half approximately six months
later. Night ficld-strength recordings and observations
were made of the principal clear-channel stations, inter-
mediate-distance stations, and near-by and local out-
lets, with a view to classifying night service as shown in
Table .

TABLE 1[I
RADIO COVERAGE REPORTS NI1GHT CLASSIFICATIONS

Classifi- Definition

cation

A Hi;h-leveil steady service not subject to fading with a field strength of the
ay rating s
B Satisfactory service of the same order of field strength as the day rating,
sufficiently free of crosstalk and co-channel interference tobe useful for
entertainment, though possibly subject to moderate fading and slight
background

C Slow drift fading, no fade-outs of less than 0.5 millivolt per meter lasting
more than 5 seconds on nights of good transmission conditions

D Rapid fading. with selective fading and fade-outs frequently observed on
nights of average transmission

E Clear service under special conditions, subject to crosstalk or co-channel

interference under full night conditions. or having limited service
schedule but clearly heard after sunset under particular and limited
conditions

F Occasional service under special conditions sufficient to permit identifica-
tion but subject to crosstalk or interference.

These rather broad classifications were imposed by
cconomic limitations but they proved practicable be-
cause they represent conditions which can be readily
understood by time buyers and can be determined from
repeated field-intensity recordings and listening and out-
put meter observations, Some border-line cases were
found to exist but the large amount of cumulative data
obtained over a period of years by careful scheduling of
night studies reduced these cases to a negligible quan-
tity. Close track was kept of facilities’ changes through
Federal Communications Commission notifications and
all important new installations were made the subject of
special concentrated study. As the resources of the serv-
ice grew, field investigations were scheduled so as to pro-
duce prompt reports of new installations affecting large
arcas and populations,

V. OBSERVATIONS ON THE APPLICATION OF RADIO
COVERAGE REPORTS '

In most of the densely populated urban areas, suffi-
cicnt A and B service, delivered through so-called ground
waves, is at the disposal of the listener to preclude reli-
ance on C and D services. Where less than three or four
A and B services arc available at night, reliance on lower-
grade services, usually in the C and D classifications, is
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indicated. In order to assist in making use of the infor-
mation reported, not only were all comprehensive list-
ener-response studies examined bt questioning of radio
dealers through interviews was carried out by field
crews in the more sparsely populated areas. Where en-
tire reliance on C and 1) service was made necessary by
absence of any A and B night service, a considerable
knowledge of fading qualitics of the important clear-
channel stations was gencrally possessed by dealers and
users of sets installed in public places. In such areas, the
superior stability of stations in the C classification over
the D groups was very generally recognized, a distine
tion hardly understood in congested arcas having suffi-
cient A and B service for their needs, On the other hand,
where some, but insufficient, A and B service is available
to constitute an adequate choice of night-program
sources, listeners tended to use stations in the D classifi-
cation at such times as they delivered their superior
peak levels, rather than the € stations, which rarely
reach the field strength of the A and B services. Finally
when there were four or more A and B services, there was
substantially no familiarity with any C and D) services.

Through the seven years that Radio Coverage Re-
ports were issued, the extent of the E area of regional
stations tended to fall off substantially, duc to the oper-
ation of changes in allocation policy. During the earlier
years, many castern coastal regional stations enjoyed
good carly-cvening service for distances up to 100 and,
in outstanding cases, to 200 miles, for short periods dur-
ing the carly evening, up to the time that midwestern
co-channel stations were transmitting under full night
conditions. While the F classification does not generally
represent commercially useful service, it is essential to
report it because listener response is sometimes sub-
mitted as cevidence of coverage from arcas where the
station has a rating as low as 2F (audible but subject to
occasional interference).

The transition from relatively extensive rcg.ional serv-
ices to the present limited night areas through growth
of high-level co-channel interference, the improvement
caused by genceral use of modern vertical radiators on
reduction of rapid-fading arcas, the decimation of night-
service areas of stations assigned to local channels be-
cause of closely adjacent assignments to the same fre-
quency, the increase in adjacent-channel interference by
assignment of 50-kilowatt regional powers and nearly
equivalent concentration of power through directive
operation, and the continned trend toward increased
scr\ficc in already obscrved areas at the expense of
ch({lccs in the more sparsely populated ryral areas,
which too.k place from 1936 to the end of 1942, is clearly
reflected in the record maintained by Radio Coverage
Reports,

While Radio Coverage Reports are not directly con-
cerned wi.th the causes of fading, a correlation between
barometric conditions and stability of distant services
was freqqently noted. When the greatest difference in
barometric pressure between station and reception point
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existed, greater stability in reception from distant clear-  vailing coverage standard is readily determined by in-
channel stations was regularly observed; conversely, spection. Until listener studies are reported by districts
when the signal path follows a barometric trough, fading ~ within populous areas and special studies for the pur-

tends to be more severe. pose are made in smaller cities, precise definition of
NIGHT SERVICE STATIONS DAY SERVICE
[y [ 3 0 “:m ¥ RAD1O COVERAQGE REPORTS CLASSIFICATION 2 ) s $ s ? L] ’ 0
e L suo suse vaoce | o ecce DAY P0LL0 STRCACTH 48D CUALITY OF WIGHT SEOVICE 02 .10 .30 1.0 2.9
R R R R O e e o e B A DO RS IR O R R
xxx txxxnxxxxxxxxxx::xxxx)mxxxJ WQXR | 1560 6 | & PO00XXKXNN08 XXX XK HXKX XXX
wisv | 1500 ¢8s 2| £ p—
30 2 3 3 XX JOCK K XN X XXX WHOM | 1480 6 B POUOOOOE XXX X XXXXXNE XX
xXxXxxx¥ WBNX | 1380 S| B POOOORXXXRIXKKXAXX
Xx¥Xxxx4 WEVO | 1330 51 E Poooodootoor XX XXX :
00X XXX XX XXX XXX KX OCXEXXX X wov 1280 8=t A BUOOOORXXXXEX XX XAXXXXXKXXKXN XXXX)qx
XOOCEXNOOONOOXXPOOOAX XXX WCAU | 1210] €BS S B a9t XK XXNXXK AKX
wHaM | 1180 Blu b
XXXL(XXIX XXXXH XXX KA XXX HHXJ WNEW | 1130 ? A XXXX)TXXXXX(XXXXH(XXXHKXXXX)XX
WTaM| 1100, Red c
. WBAL| 1090, Re 3| 0 |———t=—
- - wTiG| 1080] R ¥ 3| 0 |—t—-
XK X XK XD WHN 10 50 6 8 1 20003 XXX XD N K3 X XXX
KDKA| 1020| Red 0
WINS| 1000 2 6 XX X X XD KX EN XK RR XX
AAYNRX XX E XXX XA XAXXX KXXXXi WAAT 970 ? B PXXXXXXXXX XXX XX XN XX XX XK XX
WPAT 930 ? XAXXXXXXKXXK XXX XX XKION XXX XK
XXX AXKXKX XXXX,IXXXXIXXXXXXXXXXJ WABC 880[ €8BS 8 A FXXXXEXXXXAKX XXX KXXXXEXXXX XKXXXXE XX
WHAS| B840 €8BS c
WNYC 830 ? XOUX XXX XD XX XK XXX XXX XXX XXX
wGY 8100 Red 4| 3| O ]——=
XXXAXXO0B XX XX XX XXXEXAXXXXXXXXY  WI2 779 8lu 10 A XXXXFXXXX XXX 0CCXEXXXXXPOXRX K XX XK X XXX X XXK XX
XK XXX XXX K XXXXR D(XXIXXXXI WOR 7100 Mut 10 A X000 XXO0DEX XX XKX XXX XIO0NX HXXXX XXX XXAN XXX XKXX
XXX XXXXXADOXXXXKAX XXX XXXX A XXXXY  WEAF 660 Red 9 A 1 XO0OCKXXXOOIXX0XK POCXXXEX XA X XX XXX XXX XXRX XX
xxAd  WiP 610 S F | 00OCKRRNR KK XNXK
xxy wicc| 609 Blu S| F ]300tk 0e X Xx Kxx
XXXEXXXX XX XXX KX XXX S XXXXIXXXX& wMCA 570 8 AT OOUXEXXXXHXXXXXKXXXXX XXX XM XXX X KXX
b wFIL| 560 BYU 8| 5| F ] 300XR00XXXHNXXXXYX X
A s ¢ ) 3 ] H ] s 1 s ? [ s 0
FOOTNOTES: 1. Subject to Flutter during Daylight Hours 3. Has Permit for Change of Frequency $. Minimum Rating Observed in Populous Area
2. Has Permit for New Construction 4. Subject to Adiacem-ghannel rosstalk 6. Estimated :station not on air during tests
SUPPLEMENTARY SERVICES:
WCNW 1600 4-F WDRC 1360 3F WBRB 1240 4F KYW  1060(4)3D WPEN 950 4F
WWRL 1600 3F WCAP 1310 3F WFAS 1240(1)3F WIBG 990 4-F WEEU 850 3
WBYN 1430 4F WDEL 1150 3F WPRO  630(1)3F

RADIO SERVICE: Prln?:i(rally residential community, although 10 microvolts per meter is needed in some sections which are industrial, with a 2- to
S-microvolt-per-meter standard for good reception. Adequate service from the network key stations, WABC, CBS, W]Z, Blue, WOR, Mutual, and WEAF,
Red, with WABC trailing slightly here. Among the independents, WOV and WMCA are superior to the many others which can be heard.

POPULATION AND RADIO FAMILIES: Woodbridge, New Jersey, 25,266 and 5,900
Middlesex County, 212,208 and 49,230 Radio families per thousand population, 232

Fig. 2—A Radio Coverage Report for an overserved area. The prevailing service standard is 8A. Issued in December, 1941,

VI. METHOD OF REPORTING COMPLETE “prevailing standards” cannot be made. As a general

SPECTRUM OBSERVATIONS rule of thumb, however, a service is not of outstanding

Figs. 2, 3, and 4 show typical Radio Coverage Reports commercial value, regularly and normally capable of re-

representing widely different types of situations. Be- taining a usecful proportion of the audience, if five or
causc of the graphic method of presentation, the pre- more stations are of substantially higher classification,
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In an effort to reduce findings to map form, the au-
thor prepared many types of special maps based on
Radio Coverage Reports ratings, with a view to compar-
ing prevailing service standards with listener surveys.
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reasonable finding of its commercial coverage of the
time. However, maps made on this principle for low-
power stations have some limitations in overserved areas.

The advantage of dial position among the stations

NIGHT SERVICE STATIONS DAY SERVICE
[y s ¢ » 3 ¥ RADIO COVERABE REPOATS CLASSIFICATION 2 3 ] . s 7 . » 10
ay b4 LA T Tonts | 1o mer 047 FILD STOLACTR 480 DUALITY OF BIGwT SLOVICT 7] .00 S0 1.0 20 ol e
"'ll"" o'c:z'.':(:h '.:.'.'." '.u.’ll-.c ?ﬁ? "E?::_' “"""‘" g:é\l: 2:: et :2: n':l‘”‘ iote ..l:l:c. ..5'- 1:-:0. -':;.- .’:-:" :‘:;: :';: :’17:
WCKY | 1530 | CBS ]
xxx| WTRC | 1340 5= FooOooo oo ooy
WCAY | 1210 | €8S ©
WOWO | 1190 | NBC | 2 |4 8-
WWYA [ 1170 | CBS D
KMOX | 1120 | CBS 3 D
WTAM | 1100 | Red 0
’
WHO 1040 | Red 2 cC -
w82 1030 | Blu C
KOKA [ 1020 | 8lu D
WCFL | 1000 | NBC 4 8-
XXX)XXXX)&XXXXX XXXX)XXXXXLXXXX wSBT 960 | €8S 9 A TKXXX(XXXX){XXXXX(XXXX)XXXXXXXXXX(XXXXJXX
OO XX X pexxx x| WENR | 890 | Blu 6 8= BOOOOOOOONOOOCX K XX XX EXX
WHAS | 8up | CBS 3 0
WCCO | 830 | C3S |4 ©
WGY 810 | Red C
XOPOOOOOOOOOIX X XX XX x x| w8aM | 780 | CBS 6 8- xxxxx-(xxxxxﬁxxxx b8 XX
WJR 760 | C8S |2 )}
caL 740 G
X)lO(XXXX XXXX)‘XXXX XXXX§ WGN 720 | Mut 7 B BOOXXXKXXXXXDOXXX XX XX XX XXX AX KX
xooopoooopooxxx | wLw | 700 | NBC 5= | D Pooathocx ool X
XXX XXXXX?(XXXX XXXODOOOOPXXAXT WMAQ 670 | Red 7 A W(XXXX(XXXXXKXXXX(XXXX XXXXAXXX
WSM 650 | N8C C
XXX XXX xXF WIND | 560 | C9S 6 £ POOOOBCOR X000 KX X KX X
A ] ¢ ° € ] 2 3 . 1 s 7 . » 10

FOOTNOTES: 1. Subject to Flutter during Daylight Hours
2. Has Permit for New Construction

SUPPLEMENTARY SERVICES;

WFBM 1260 3F
WHIP 1520 3 WJID 1160 4 WIBC
WIRE 1430 JF WRVA 1140 E wD2Z
WIBA 1310 2F WCBD 1110 4 WAAF

RADIO SERVICE: Typical midwestern industrial city, with 25 microvolts per meter needed near plants, 10

3. Has Permit for Change of Frequency
4. Subject to Adjacent-

1080 2

S. Minimum Rating Observed in Populous Area

hannel 6. Estimated; station not on air during tests

rosstalk

WKAR 870 3

CKLW 800 3D WKZO §
1050 2 WTMJ 620 4E WILL Sgg :F
950(4)4 M 600 2F WKRC 550(1)4-F

microvolts per meter in most populous resi-

dential areas, 2 to S microvolt-per-meters satisfactory in outlying districts. pnly WSBT, CBS afiiliate, offer: : : g
Chicago stations, of which WGN, Mutual, and WMAQ, Red, are the best, with WENR. Blue, WBRM, CBS, ai'ﬁa\‘{flq,{v‘g_'g%’g’_'ﬁ;{g;g';fu['fl‘l';';ﬁf‘ upon

POPULATION AND RADIO FAMILIES: South Bend, Indiana, 104,193 and 25,860.

St. Joseph County, 160,033 and 39,710,

Fig. 3—A Radio Coverage Report for a city served from several directions,
standard of 6B. Issued in April, 1941,

For example, Fig. 1, showing the point at which a lead-
ing New York station fell from the fourth ranking to the
fifth ranking field strength, made in 1938 (prior to relo-
cation of most of the leading stations of the area), is a

Radio families per thousand population, 248

with a prevailing service

having both the highest service levels and the recognized
network affiliations is emphasized in the form in which
Radio Coverage Reports are prepared. Station ratings
are arranged in the order of their frequency and their
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field-strength classification and stability ratings are
shown graphically, simulating their dial position and
relative clarity of reproduction as the listener finds
them through the radio receiver in his home.

sections of a metropolitan area and surrounding cities
is associated with stations having the highest listener
ratings. This follows because facilities attaining superior
coverage require substantial investment, excellent cov-

NIGHT SERVICE STATIONS DAY SERVICE
[ 3 ¢ (] £ 4 RADIO COVERAGE REPORTS CLASSIFICATION 2 3 ] 5 s ? (] 9 10
o ﬁ::' suow s veote | To [ 0¥ 74000 STOURGTW 380 QuaLITY OF B1GHT SIBVICE .02 .100 300 d . s. R
| A | R e T T e e ™ 4 (B BB 4 | & | B
WwCKY| 1530] CBS C
XPXXXXKXXXXEXXKOXXXXHXXXSN  WSAV| 13u0| Red 9 A FXOXOOOR0OCK XX XXTXXXOEXXXXXKXX XK A X009 X XX
XRAXXXXKX
AXXBXXXXAXXXXXKXXXXF WTOC| 1290] CBS| 101 A& POOCOODOONCCEONXCEXX XXX XK K XX XXH XXX XX XXX XKX XXX
weau| 1210 cBs c i
wHAM| 1180 NBC c-
WBT | 1110 c8s 2| 0 |—
weaL| 1090[ Red [
—1 wWTIC| 1080 Red 2| F o=
XYW | 1060| Red [
A XDKA| 1020 Red c
WENR| 890 Blu 2| ¢ b=~
waBC| 880 CBS 2| C |—
Wl 870, CBS 2] C |~
wWHaS | 8UdC| (8S 2| € fp—
WGY 810 Red (v
weBM | 780 CPS C
wJ2 770 Btu 2| C f—
WJR 160| €8S -
wsB 750| Red 3] 0
WGN 720( Mut 2| € }—
WR 710 Mut c
wLw 700( NBC 2 ¢ p—
WPTF| 680f red 2|y O p—
WMAQ| 670 Red| ¥{ 2| C j—
WEAF| 660| Rged c
wsM | 650 NBC 2| ¢ -
A ] ¢ [ € ¥ 2 3 [} 1 ] 7 ] ] 10
FOOTNOTES: 1. Subject to Flutter during Daylight Hours 3. Has Permit for Change of Frequency 5. Minimum Rating Observed in Populous Area
2. Has Permit for New Construction 4. Subject to Adiacem-éhannel Em.mm 6. Estimated; station not on air during tests
SUPPLEMENTARY SERVICES:
WALB 1590 2F WCOS 1400 3-F WTMA 1250 3F WMAZ 940 2F WRUF 850 2F
WMOG 1490 4&F WCSC 1390 4F WFTM  1240(1)3F WJAX 930 4F wIOD 610 3F
WMFJ 1450 3.F WJHP  1310(4)3F vvgém( mofx 2; WGST  920(1)2F WDBO 580 3F
970

RADIO SERVICE: The business section and the area surrounding a few large plants calls for 10 microvolts per meter but most of residential section is

well served by 1.0 micro,

r meter and can use less under midwinter conditions. In summer 2.0 microvolts per meter is the minimum under most con-

olts
ditions. WSAV, Red, aJd W%C. CBS, provide excellent high-leve! service; all others are inferior bé a wide margin. WJAX, Red, WSB, Red, WSM,

NBC, and WDVO. CBS, can be heard by day but are very poor. At night,
WEAF, WBZ, WSB and WPTF.

L WSAYV, Red, and WTOC,
several southern clear channel stations and those in the northeast enjoying over-water tranamission come

BS, retain their outstanding advantage, althou%h
in well at times. Among these are WBAL, WABC,

POPULATION AND RADIO FAMILIES: Savannah, Georgia, 85,024 and 17,100
Chatham County, 105,431 and 21,150 Radio families per thousand population, 200

Fig. 4—A Radio Coverage Report for a city having insufficient service to provide wide program choice,
indicating reliance on C and D service. Issued in November, 1941,

In all large cities having an excess of service, main-
tained listener surveys are now conducted to permit
discrimination of the extent of use which is made of cov-
erage, but even in such places, superior coverage of all

erage attracts excellent programs and the necessary af-
filiations to produce them; this combination also earns
the maximum revenues, permitting investment in the
best facilities,
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VII. CORRELATION BETWEEN RELATIVE FileLp muunities; the prevailing coverage value i based on the
STRENGTH AND THE LISTENING AUDIENCE rating of the fifth ranking station at cach location and
ATTAINED the technical value of field strength required for good

In September, 1938, C. E. Hooper, Inc., specialists in  service is lh('- vslal)lish'cd (‘l'lgillf'(“rillg' slandurfl f(')r com-
coincidental investigations, co-operated with Radio  munities of its respective sm-.'l he Ilslcncr-d|'str|l)uuon
Coverage Reports by supplying a breakdown of listener  telephone surveys were made t?u'null.'mcously in the four
distribution among all stations in the New York area. arcas, including two communitics to the northeast and
The survey was based on 30,000 telephone calls made  southwest, which were in the 5(),090' to 100,000 popula-
within the city limits of New York and in three selected  tion group requiring at least 10 ""'”'V“hs L8 [KAE: for
suburban communities, where fairly considerable varia-  technically good service; the third community @ f‘lt‘
tions in physical delivery among the stations existed  cast of the Metropolitan arca, was suburban, requiring
although program service was from the same sources.  only 2.0 millivolts for technically adequate service: the
Radio Coverage Reports are issued for 26 sections within -~ fourth arca was New York City proper, f"hiCh s used
the five boroughs of New York City and in the re- todetermine average or normal distribution of audience.
mainder of its metropolitan area, 32 additional sub- A reasonably wide range of delivered service values,
urban communities are reported, making a total of 58 falling short and exceeding both prevailing and tech-

Radio Coverage Reports for the entire arca. nically required values were to be found in the selected
TS i communities, affording an opportunity to observe the
COMPAKISON OF AUDIENCE DISTRIBUTION AND SIGNAL STRENGT effect of such deviations from prevailing and technical
. = = : values on listening audience percentage attained,

|  SwnalStrength Audience Dis- | Ratio of Signal For comparison purposes, the percentage of audience
iy | Tech- | | | percem  attained at the three locations is compared with normal

ocation | a1 Prevail.| (o0 Actual | Per Cent | Per Cent | of Tech. ol 5 . 5
| Signal | e Stand- | Audi- lof Normal of Pre- o Dieal fhstrlbutl'on, bzi&'zcd on the .:n'udu-ncc percentage obtained
. ! 29 : in New York City itself. Since transmitters are located
o aast | 6 7 P‘2'1.C3m; P | P e ;'27(.8"' with the purpose of delivering the highest field strengths
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Fig. 5—Relation of field-strength rating to audience attained for three leading New York Area stations in three different Sections
of the metropolitan area. Solid lines indicate the signal-strength rating (S) and the audience percentage (A4) accarding to a special
Hooper survey. Shaded areas show ﬁeld-strer:jgth ratings above the prevailing value and audience percentages excecding those
attained within New York City limits. Dotted areas show how far below the prevailing coverage value lies and the corresponding loss
of audience from the percentage attained in New York City.
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tended to cancel out the variations obtaining in some
sections, with the result that the base is quite satisfac-
tory. Since all listening determinations were made
simultaneously and all four communities depended on
the same stations, the only reason for marked differ-
ences or deviations from the standard of comparison of
audience distribution were due to differences in physical
delivery prevailing among the three competing stations
in the selected locations.

Table 111 shows no direct correlation between actual
signal and per cent of normal audience attained. For
example, Station A attains both its smallest and largest
per cent of audience with the same field strength, while
Station C has a larger audience return with a weaker
signal than in a location with a higher signal delivery.
But the correlation between deviations from normal au-
dience and from prevailing signal appears to be quite
close.

Fig. 5 shows the percentage of audience attained and
the actual rating of the signal delivered in heavy lines
for each station and location. In those instances where
these quantities fall below the prevailing or normal
values, dotted lines are extended to the prevailing signal
value and to the normal audience percentage, which is
30.7, 16.1, and 33.3 per cent for Stations A, B, and C,
respectively. The shaded areas indicate excess over pre-
vailing signal or normal audience percentage. In every
case, failure to deliver prevailing service shows a gen-
erally similar proportion of audience loss; exceeding
prevailing service always results in attainment of more
than the normal share of the available audience.

Fig. 6 emphasizes this correlation. It shows the per-
centage of normal audience and percentage of prevailing
signal delivered for each station and location. A degree
of proportionality is indicated, as well as close adherence
to the thesis that audience varies in proportion to ratio
of delivered signal to prevailing signal.
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Fig. 6—Percentage of prevailing signal (S) and of average audience
(4), based on prevailing coverage at cach point and on Hooper-
survey findings for New York City and the community surveyed,
arranged in order of location. The audience percentage rises and
falls in close consistency with departures from the prevailing
service value.
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Fig. 7 is a similar comparison with percentage of tech-
nically adequate signal, indicating no correlation be-
tween technical service and percentage of audience
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Fig. 7—Percentage of signal delivered to the engineering value neces-
sary to good technical service (S) compared with percentage of
audience attained as compared with that of New York City
proper, according to Hooper. Note the complete lack of any cor-
relation and compare with Fig. 6.

attained. For example, Station A has the smallest per-
centage of audience in the only location that it attains
the technical service standard of delivery; its share of
audience is 50 per cent larger at a location where its
service is about three fourths of the technical service
value. This Hooper survey, therefore, substantiated the
findings of the initial Radio Coverage Reports survey
that prevailing delivery and not technical engineering
standards are the key to commercial coverage area
evaluation.

VIII. ApPLICATION OF RaDpio COVERAGE REPORTS
10 CoMMERCIAL TIME BUYING

Radio Coverage Reports naturally have had their
greatest application in rating commercial usefulness of
delivery in the huyndreds of important communities
where sustained listening studies are not conducted. In
cities in the 100,000 to 500,000 population group, suf-
ficient locally originated services are generally available
to make the principal reliances of the central city fairly
obvious but coverage in adjacent communitics of such
metropolitan areas, the subject of separate Radio Cov-
erage Reports, often varies among the several principal
stations to a marked degree. Since the total population
of the adjacent cities often exceeds that of the central
city of a metropolitan arca, Radio Coverage Reports are
an important guide in comparing the value of several
competing stationsin such arcas. A station having a high
listener rating on the central city where listeners are
questioned, may be shown to be incapable of maintain-
ing it in adjacent cities due to delivery deficiencies; or,
on the other hand, a station may enjoy even greater
popdlarity in those areas because of delivery deficiencies
of its competitors.
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In smaller cities, in the 25,000 to 100,000 population
group, reliance is generally upon one or sometimes two
local or near-by outlets and a choice of a considerable
number of outside stations. Two or three of these are
normally outstanding over the other nonlocal stations,
making selcction of the three or four most useful serv-
ices readily available by inspection. In these situations,
there is rarely sufficient standardized information from
other sources, particularly since even field-strength sur-
veys are now published without specifying what contour
values are measured in arriving at the limits of the area;
in any event, surveys for all the competing stations made
on the same terms are practically never available for
comparison purposes. Radio Coverage Reports have
proved useful in evaluating the significance of all types
of coverage claims and relating them to cach other.

In choosing between two stations which may be
cequally satisfactory in serving the central city, the in-
formation available through Radio Coverage Reports
permits selection of the most suitable outlet both for
maximum population coverage and for avoidance of
duplication of coverage. Sometimes so many cities and
stations are involved in making a choice that it becomes
necessary to indicate the ratings of all stations ynder
consideration on a map and apply a process of climina-
tion and substitution until a sclection of stations afford-
ing the maximum coverage within a given budget is de-
termined upon.

The principal limitation in using Radio Coverage Re-
ports is that they are convenient only for city-by-city
study of an area and the stations serving it adequately.
But they have laid the foundation for further progress
in mapping commercially useful areas based on the pre-
vailing service standard.

1X. PossiBILITIES OF MAPPING STATION AND
NETWORK AREAS TO PREVAILING SERVICE
STANDARD

Until there are a large number of listener studies
available for many communities representing a wide
variety of available physical deliveries and types of pro-
gram services, co-ordinated with such studies in “ba-
rometer” areas close to transmitters, no extended study
can be made of the direct bearing of deviations from
prevailing coverage standards upon actual attained
audience. The ultimate objective of utilizing broadcast
facilities is the attainment of maximum audience, usu-
ally for the purpose of presenting a sales message. It is
therefore valid to inquire, since audience surveys are
necessary to produce a prevailing service standard, why
audience surveys are not a suitable means of determin-
ing the entire arca served by a broadcast station.

Coincidental listener surveys require that telephone
contact be established with an appreciable proportion of
potential listeners within an area to determine to what
program they are listening each 15 minutes throughout
the normal broadcast hours. Only 30 to 40 cities in the
United States have ¢nough telephone homes to permit
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sustained listener surveys to be conducted economically
and without repeated annoyanee to telephone subscrib-
ers. Approximately 200 additional cities are large
cnough to permit a week's study to be made from one
location at reasonably widely separated intervals, from
three to six months apart. Even such an additional un-
dertaking would be sufliciently costly to make it doubt-
ful of consummation. It would be relatively easy, given
a regular program of investigation, for stations to make
unusual efforts, by programming and advertising, to se-
cure an unusually nigh audicnce return, during the con-
duct of a week's special survey in the important cities of
its arca. Furthermore, it is manifestly impossible to
make satisfactory maps upon the resulting findings
since they add only a few hundred locations over the
whole United States. Consequently, much smaller cities
would have to be made the subject of coincidental inves-
tigation.

Considerable objection is raised to the validity of co-
incidental surveys made on the basis of less than 20 com-
pleted calls per 15-minute period. Since it takes about
four calls to sccure one program rating because of radio
sets turned off and nonradio homes, 320 calls per hour
are needed to make a reasonably accurate coincidental
survey. For a 14-hour day and a seven-day week, this
means 34,560 telephone calls for a one-week survey.
Shorter survey periods are unsuited to this type of find-
ing because the showing of individual stations varies too
much from day to day to climinate the influence of spe-
cial program situations. Consequently the coincidental
type of study is quite limited in its application.

The fixing of a satisfactory standard to constitute a
coverage claim on the basis of a week's listening survey
involves almost insuperable problems. A minimum
standard of § per cent average audience attained over all
hours would be exceedingly high and would climinate
many stations, with powers as high as 50 kilowatts, in
some arcas. A minimum standard of § per cent for at
least once 18-minute period out of cach hour would
work a hardship on many stations which have morning
programs of special appeal and occasionally carn a rat-
ing as high as 25 per cent for particular features. Audi-
ence percentage variations as high as ten to one from one
15-minute period to the next are not infrequent. There-
fore a much lower basis than § per cent is impracticable.
Any effort to resobve all the variables as to special pro-
grams or hours of the day will result in either several
definitions of coverage for cach station or undue hard-
ship on most of them.

Other §urve)' methods, such as tabulation of mail over
long periods, response to special offers or postcard ex-
pressions of what stations are usced by listeners, over-
come some of the objections as to cost and facility, but,
In turn, produce coverage findings of more nebulous
chara.clcr which are contributory information but not
sufficiently conclusive to serve as an entirely satisfac-
tory coverage definition. Unless a huge and unceconomic
quantity of returns are handled, the
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significant community beyond the immediate central
city and its suburbs becomes relatively small. The tech-
niques in this field have been developed through many
years of application and the results obtained have con-
tributed materially to general coverage information, but
even the most ambitious projects have not produced a
specifically defined, comparable, and economic finding,
suited to the requirements of positive evaluation. Under
the circumstances, the quantitatively firm basis of
field-intensity measurements has great advantagesas a
means of area definition, particularly if the conceptof a
prevailing service standard can be reduced to practice

so that it has a valid relationship to the area in which a
station is normally sampled and to comprehensive audi-
ence surveys conducted in the principal cities.

Owing to war conditions and the special experience of
Radio Coverage Reports personnel useful in military
operations, the service has been temporarily suspended
but plans for its resumption as conditions permit, in
conjunction with coincidental investigations, are well
advanced, with a view to establishing a tentative stand-
ard for prevailing service in any area and, in turn, to
mapping coverage areas for stations and networks on
the basis of that standard.

Equipment and Method for Measurement of Power

Factor of Mica’
E. L. HALL?, ASSOCIATE, LR.E.

Summary—An investigation of domestic sources of mica has
been under way for a number of years. The best single electrical
property indicative_of the suitability of the mica for use in radio
condensers is its power factor. Equipment for measurement of power
factor, commercially available previous to the present shortage of
radio instruments, is described with test procedure.

I. INTRODUCTION

ICA is one of the strategic materials entering
M into many phases of the successful prosecution
of the war. A very large part of the mica used
in this country for radio condensers has been obtained
abroad in the past, from India! in particular, but this
supply has been practically eliminated. It has been de-
sirable therefore to determine whether or not mica from
domestic sources and elsewhere in the western hemi-
sphere could be used for condenser purposes in radio
equipment. This investigation has been under way for
several years by a number of government agencies in-
cluding the National Defense Council, Bureau of Mines,
Geological Survey,? War Production Board, and Board
of Economic Warfare. The National Bureau of Stand-
ards has co-operated in this investigation by making
power-factor measurements upon mica from many
sources for these agencies.
Since the publication of a paper on mica? by the Na-

. * Decimal classification: R281 X R241.5. Original manuscript re-
ceived by the Institute,August 21, 1943; revised manuscript re-
ceived, November 16, 1943,

t National Bureau of Standards, Washington, D. C.

! Philip R. Coursey, “Electrical Condensers,” Sir Isaac Pitman
and Sons, Ltd., London, England, 1927, chapter 17, “Mica and mica
dielectric condensers.”

3 T. L. Kesler and J. C. Olson, “Muscovite in the Spruce Pine
District, North Carolina,” Geological Survey Bulletin 936-A, 1942.

3 A. B. Lewis, E. L. Hall, and Frank R, Caldwell, “Some electrical
properties of foreign and domestic micas and the effect of elevated
temperatures on micas,” Research Paper 347; Bur. Stand. Jour.
Res., vol. 7, pp. 403-418; August, 1931, The radio-frequency data
in Research Paper 347 are given in summary form. The original data
from which the summary was obtained are presented in the Burcau
of Mines Information Circular “Mica” by F. W. Horton, 1.C. 6822,
April, 1935, revised, August 1941,
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tional Bureau of Standards, some notable improvements
have been made in equipment for making radio-fre-
quency measurements.

The purpose of this paper is to describe the procedure
and equipment now used at the National Bureau of
Standards for these measurements, because marked re-
duction in the time of testing is possible with the new
apparatus. This paper is intended to give complete in-
formation as to the manufacturers of the equipment
used at the Bureau, because of the numerous requests
for this information. It will be recognized that some
other make of a given device may be used in some cases,
but in others there was only one manufacturer of the
particular item. The commercial element is therefore
unintentional and will be found nonexistent from a prac-
tical standpoint, if the purchase of such equipment is
attempted. One essential measuring unit is not made
now. It is entirely possible, however, that similar testing
facilities could be set up if desired, by obtaining these
instruments on loan or otherwise, as many have been
sold to testing laboratories and broadcast stations.

The power loss in an electrical insulating material is
the best single electrical property* for indicating the
suitability of the material for use as electrical insulation
at radio frequencies. The power loss may be expressed
in several ways but in many cases is given as power fac-
tor in per cent. For some materials the power factor will
vary with frequency; in others it may be practically
constant with frequency. The lower the power factor the
better the material is as an insulator. The best mica has
a power factor of 0.02 per cent or less at 100 and at
1000 kilocycles per second.

The measurements on mica? reported eleven years ago
were made by the resistance-variation ethod.¢ The

¢ J. H. Dellinger and J. L. Preston, “Mecthods of measurement of
propertics of electrical insulating materials,” Sci. Papers, Bur. Stand.,
no. 471, vol. 19, pp. 39-72; May, 1923.
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measurement procedure took about ten minutes when
all equipment was functioning satisfactorily. The cal-
culations required at least five minutes. The total time
required to determine the power factor of one test speci-
men at one frequency was therefore about fifteen min-
utes. With the new equipment the total time required
is about three minutes per specimen. The selection and
preparation of the specimen for test requires more time
than the testing. If splitting of the mica is necessary in
the preparation of the test specimen, the total time of
preparation may be several times that required for
measurement.

[I. PREPARATION OF SPECIMEN FOR TEST

Mica specimens having a thickness between 0.04 and
0.12 millimeter usually have been selected for test. Such
thicknesses give capacitances between 800 and 200

Fig. 1—Apparatus used in making power-factor
measurements upon mica.

micromicrofarads, respectively, with the foil electrodes
listed below. An areca of the mica free from defects such
as pinholes, cracks, bubbles, ridges, broken laminae,
spots, blotches, or specks is selected, to which the tin-
foil electrodes® are attached, thus forming a simple test
condenser. Electrodes 19X 22 and 25X 28 millimeters
have been used. The smaller electrode can be approxi-
mately centered above the larger one quite easily. The
electrodes are fastened to the mica by means of a very
small amount of white petrolcum jelly, just sufficient to
cause the foil electrode to adhere firmly. The electrode
is placed on the mica and all air is pressed out by rubbing
from the center of the electrode towards the edges with
a soft cloth or piece of chamois. Small air bubbles can
often be forced out by rubbing with the eraser of a lead
pencil, although it is not always possible to eliminate
tiny air bubbles completely. If the sample stands a day
or two these air bubbles appear to increase in size. Tests
have shown that such air bubbles increase the power fac-
tor less than 0.005 per cent. The practice is to test the
samples soon after preparation. The effect of the tiny

Measurements by Bridge and

¢ L. Hartshorn, “Radio-Frequenc
Hall, Ltd., London, England,

Resonance Methods.” Chapman an
1941, p. 192,
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amount of adhesive upon the power factor of the mica
is nil, as many samples of mica have heen tested show-
ing power factors less than 0.01 per cent. If too much
adhesive is used, the capacitance of the test condenser
seems to be unstable, tending to increasce slightly during
measurement. This same effect is noted with this equip-
ment when linseed oil is used as the adhesive even in
minute quantitics. The sensitivity of the test equipment
is so much beyond that previously used, that this slight
capacitance drift is decidedly detrimental in making
rapid measurements.

[TI. TeEst EQUIPMENT

The following test equipment is used in measurements
of power factor of mica and is shown in Iig. 1:

Radio-frequency bridge,* General Radio Co., type
516-C.

Direct-reading standard condenser,” General Radio
Co., type 722-N.

Radio-frequency oscillator,® General Radio Co., type
484-A.

Radio recciver® and speaker, National Co., type
HRO.

Special terminals were made and fastened to the “un-
known” binding posts of the radio-frequency bridge for
holding the mica specimen during measurement. The
grounded terminal carried a small coiled spring which
placed sufficient pressure on the electrodes of the mica
specimen so that no variable resistance was produced at
the rounded silver contact points. The mica specimen
could be easily placed in position or be removed, in
which case the terminals were held apart by means of a
small pin and shoulder arrangement.

Experience with the equipment demonstrated that
the power-factor adjustment dial and the small con-
denser dial on the bridge could not be adjusted rapidly
as closely as required in these measurements. Accord-
ingly slow-motion devices were attached, but are not
shown in the photograph. A belt-and-pulley system was
installed to furnish fine control of the power-factor-
adjustment dial. A slow-motion device was provided for
the small condenser dial. An extension control knob was
made for the direct-reading power-factor dial so that the
opcrator's hand would not be near the high-potential
connections,

The direct-reading capacitance standard was con-
nected to the “unknown™ terminals of the bridge
through a link-switching arrangement in the high-poten-
tial side of the line. The switch consisted of two mer-
cury-filled cups, with a short copper link to connect the

[ hy g g “ oo g H .
met hg('ls [1:‘(;r )1\1?;;}1:::1'55 af::‘el:lrr?a\s: l::r::(rllt(g;thl:"r ir[z(éz:)(igl':&l;e’r‘lc&'mbrllgﬁe
E:c{;.,l)voll.3 S'Si[;%l;i:é;“}\)elf'evmhbfcr' 1933.’ ' ’ ’
denser.” Gen. Rad. Esp., vol. 13, bp. 1-6; October- Nobwmp™ 1 Som:

he oscnllqtor sh9wp in t}w photogrgph was replaced by a'n more

lc'ol?w'lment ”dE:;SIgancscnbcd in, “A radio-frequency source for the
a (:mtory, en. Rad. Exp., vol. 12, pp, 14 November, 1937,

James Millen and Dana Bacon, “Modern design of high-fre-

quency stages for the amateur superheterodyne ”
PR S 1% p erodyne,” QST, vol. 19,
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condenser to the bridge. A special type of small variable
condenser was attached to the condenser terminals to
aid in rapid precise adjustment of the capacitance. The
leads connecting the standard condenser were the same
length as those of the special terminals connecting the
mica test condenser.

A shielded, constant-frequency oscillator was re-
quired to supply voltages at the test frequencies. It was
used without modulation as higher precision of measure-
ment can thus be obtained than with modulation.

A communications receiver operating at the test fre-
quencies and capable of receiving unmodulated signals
was used with a loudspeaker as the bridge-balance indi-
cator. The local oscillator in the receiving set was ad-
justed to give an audible frequency of the order of 1000
cycles per second. When the bridge was balanced, the
1000-cycle tone was no longer audible. This form of
bridge-balance indicator can often be used successfully
in the presence of interference producing another audio
frequency, while the bridge-balance indicator men-
tioned in the next paragraph would not give the desired
minimum. A screened room is an essential requirement
if much interference is encountered.

A very convenient null balance indicator® except at
frequencies below 150 kilocycles and between 350 and
550 kilocycles is found in the radio-noise and field-
strength meter, model 324, made by the Ferris Instru-
ment Corporation. This was employed about four years
ago and was found to be desirable if the noise from a
loudspeaker is objectionable. The instrument includes a
radio-frequency voltmeter with a range from 0.1 volt
down to the order of a microvolt. A superheterodyne
receiver is employed to provide the amplification neces-
sary to operate the output meter.

Concentric leads were used between the radio-fre-
quency bridge and oscillator and detector or receiver.
All bridge terminals except the “unknown” or measure-
ment terminals were covered with metal boxes. or
shields. The table holding the measuring equipment was
covered with sheet metal which was grounded. The one
“unknown” terminal of the bridge was also grounded.
In this manner no difficulties were experienced from
capacitance effects from the operator’s body.

IV. TEST PROCEDURE

The test procedure consists of three steps: a prelimi-
nary capacitance measurement of the mica specimen
with the radio-frequency bridge; an adjustment of the
bridge power-factor dial to zero with respect to the
standard air condenser, and measurement of the power
factor of the mica specimen by means of the power-fac-
tor dial of the bridge.

V. DiscussioN
Many recaders are familiar with the American Society
for Testing Materials “Tentative Methods of Test for
Power Factor and Dielectric Constant of Electrical In-
s 0p. cit., p. 99.

Hall: Power Faclor of Mica

395

sulating Materials, D 150-42 T,” and “Tentative Meth-
ods of Test for Power Factor and Dielectric Constant
of Natural Mica, D 351-42 T,” which outline test pro-
cedure, method of handling samples, etc. All of the
procedures outlined therein have not been followed,
particularly that under conditioning of specimens, which
provides heating the specimens and keeping them in a
desiccator until the specimens are ready for test. Some
of the specimens tested have come from the dumps of
closed mines, where the samples had been exposed to the
weather for many years. Other samples were picked out
of pools of water. Many of these samples without any
special drying treatment whatever, had as low power
factor as the best mica. It therefore seemed unnecessary
to follow any special procedure in the treatment of the
samples.

The tests at the National Bureau of Standards have
not been made to determine changes in power factor
with change in pressure of electrodes on the mica. The
steel or mercury electrodes specified in ASTM standard
D 351-42 T, require two pieces of mica for each test, so
that the power factor measured is for two pieces of mica
in parallel. A “good” piece of mica measured in parallel
with a “poor” piece of mica, will be found to be poor.
Hence separate picces of mica have been used.

The procedure described in this paper is carried out
under ordinary laboratory conditions. During the colder
months the laboratory temperature is about 23 degrees
centigrade and the relative humidity 25 to 30 per cent.
During the summer the laboratory temperature may go
up to 35 degrees centigrade and the relative humidity
may increase to 80 per cent at times. Such changes may
affect the measuring instruments and the mica quite
appreciably, although the effects are not so significant at
the radio frequencies employed as at audio frequencies.

A group of 24 mica samples were tested in August
when temperature and humidity were high. The same
group of samples was retested in December after the
measuring equipment had been exposed to lower humid-
ity which prevails after the heat is turned on in the fall.’
The mica samples had been stored in paper envelopes
in a box. Nineteen of the samples had lower power fac-
tors in December than in August. One had the same
power factor cach time. Twelve of the samples decreased
by not more than 0.02 per cent power factor. Seven de-
creased by from 0.03 to 0.12 per cent power factor. The
remaining four samples increased by not over 0.02 per
cent power factor.

The power factors of another group of twelve samples
were measured as received, after which they were heated
for six hours at 149 degrees centigrade. The power fac-
tors were remeasured and while they had dropped for
ten samples, they increased for two. There was no appre-
ciable change in humidity or temperature of the measur-
ing instruments in this case, but the application of heat
to the mica presumably drove off moisture from ten of
the samples with an improvement in the power factor.
Drying out a dielectric usually lowers the power factor.
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The increased values of power factor for the other two
samples were found at both 100 and 1000 kilocycles per
second. The changes in power factor were of such magni-
tude as to indicate a change in the mica, and could not
be ascribed to errors in the measurements. An explana-
tion of these results might be made if the chemical and
capillary structures'®! of the mica were known. A
limited amount of work has been done seeking to cor-
relate electrical power factor with other physical
measurements and observations, but without marked
success.

Examination of crystal structure as revealed by X-ray
Laue patterns and optical properties as shown by a
petrographic microscope failed to offer any explanation
for the variation in power factor for the two samples
mentioned above or of others having a high power factor.

Tests were made about three years ago upon a num-
ber of mica samples to see if there were any relation be-
tween the relative clarity of the mica as indicated by its
transmission of light and its electrical power factor. No
relation was found to exist. Experience gained in testing
several hundred samples of mica indicates that color, if
uniform, has no definite relation to power factor. One
or two cases have been found where the power factor has
differed by a factor of three on two areas of a sample an
inch or two apart. No visible difference was found. The
sample had nothing to indicate a much larger power fac-
tor on the one area than on the other. One such sample
however showed a double Laue pattern with X rays for
the portion having higher power factor. A chemical anal-
ysis failed to reveal any marked difference in the two
areas.

Mica is sometimes found with many dark or black
spots or inclusions of various sizes from a pin point up.
Some samples of such appearance have been found to
have a low power factor, while other samples have a
high power factor. The same may be said for mica with
red spots. Many of the black and red stains are probably
organic in composition. The mica can often be split and
thin laminations be obtained practically free of the col-
ored inclusions.

Another type of inclusion which in the author’s ex-
perience has always been found to produce a high power
factor is rusty brown in color. It often appears in streaks
or in larger areas. The power factor of mica with such
inclusions may be 1 per cent or higher. These inclusions
are probably an iron oxide. Samples having these inclu-
sions have not been split in an effort to find films free
of inclusions. A very small amount of such inclusions

1o J, W, Williams, “Recent dielectric constant theory and its
relation to problems of electrical insulation,” Jour. Franklin Inst.,
vol, 211, pp. 581-606, May, 1931,

I R, W. Sillars, “The properties of a dielectric containing semi-
conducting particles of various shapes,” J.I.E.E. (London), vol. 80,
pp. 378-394; Apsil, 1937; Proc. Wireless Sect. I1.E.E., vol. 12, pp.
139-155; June, 1937,
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make the mica unsuited for use in condensers for radio
applications.

From the above paragraphs it will be gathered that
some mica which is clear and free of inclusions may not
be suitable for radio condensers, and that some mica
which has inclusions and would not be sclected as suit-
able for radio condensers may have a low power factor.
The only way to determine mica suitable for radio-
condenser applications so far known is to mcasure the
power factor, rather than judge by appearance alone.

The radio-frequency bridge used in these measure-
ments may be considered as a direct-reading instrument.
As most instruments giving direct readings of the quan-
tity measured sacrifice accuracy for convenience in ob-
taining the answer quickly, it is of interest to know the
accuracy of power-factor measurements made with this
bridge. A small ceramic-insulated air condenser and a
0.7-ohm straight-wire resistor in series were used as a
working standard of known power factor, having a cal-
culated value of 0.11 per cent at 1000 kilocycles per sec-
ond. Measurements on the bridge gave the same value,
while measurements on a twin-T circuit and a Q meter
gave 0.12 per cent.

Another working standard of power factor was made
up with a silver-mica condenser and 3-ohm resistor.
Measurements at 100 kilocycles per second made with
other equipment in another Burcau laboratory agreed
to 0.01 per cent power factor with measurements on the
radio-frequency bridge. This corresponds to half of a
division on the power-factor dial, which can be read to
0.002 per cent power factor. Such accuracy is more than
adequate for tests upon mica. According to a Bureau of
Mines circular? good condenser mica should have a
power factor not in excess of 0.03 per cent. This
limitation could well include a statement of frequency,
because some mica has been found to have a much
higher power factor at 100 kilocycles per second than at
1000, some samples showing a five-to-one ratio at these
frequencies.

Interesting accounts of power-factor measurements
elsewhere by means of the Q meter have been pub-
lished.13.14

Some information has appeared recently concerning a
previously confidential study arranged by the National
Research Council,’® %17 of mica and means to determine
rapidly its suitability for various electrical uses.

* Lawrence G. Houk, “Burcau of M; i i
‘Marketing Strategic Mica'.,” I.C. 7219, Slcnpctienl\rll)feol{n;zy;.n Cireular,
1 H. A. Snow, “Losses in mica and simple test procedure,” Rad.
Engl;.[\(ol\.v”,Bp. l1)9; February, 1937,
. W. Barber, “Simplified dielectri "
Eng., vol. 17, 1 26 Mo [1)937‘ dtelectric loss measurements,” Rad.

18 “Mica and Quartz,” (Editori ] 3
Novemboe: 1943.Q (Editorial), Radio News, vol. 30, p. 12;

18 “Spot News, Measuring Q of mica.” jo- ]
3 . 60 e, Measu g Q of mica,” FAf Radio-Electronics, vol.

1 F. J. Given, “Mica for w "
PP. 60-63; October, 1943, " PurPoses,” Bell Lab. Rec., vol. 22,



Copper-Covered Steel Wire at Radio Frequencies:
B. R. TEARE, JR.f, ASSOCIATE, LR.E., AND E. R. SCHATZ{, ASSOCIATE, LR.E.

Summary—At radio frequencies the current in copper-covered
steel is confined to the copper portion alone; thus such conductors
are electrically equivalent to the corresponding copper tubes. The
resistance and internal inductance are as low as for solid-copper wire
of the same outer diameter. Without sacrifice of conductance, as
much as three fourths of the copper that would be required for a solid~
copper conductor can be saved by using copper-covered steel; that is,
by the partial substitution of steel. Alternatively, the amount of
copper required for a solid conductor can be utilized in copper-
covered steel to give a conductor with about half the resistance of the
solid-copper wire, and with greater mechanical strength. In general,
these observations hold at radio frequencies, but the frequency at and
above which they apply depends upon the size of conductor con-
sidered. Curves are given to compare the resistance and inductance
of copper-covered steel and solid copper over wide ranges of fre-
quency and sizes of conductors.

INTRODUCTION

OPPER-covered steel conductors are finding in-
creasing use, chiefly in applications that require
strength as well as electrical conductance. In

order that the proper conductor may be selected, it is
necessary to know the resistance over the frequency
range to be employed. Such information has been avail-
able only for the very low frequencies and also for the
high frequencies where skin-thickness formulas become
valid. It is the purpose of this study to determine the
resistance of copper-covered steel wire over the whole
range of frequencies and to compare it with the resist-
ance of solid-copper wire. The comparisons have es-
pecial importance in connection with the saving of
copper, a critical war material, by the partial substitu-
tion of steel. Such a saving is found to be considerable.
The choice of an electrical conductor involves factors
such as conductance, strength, cost, and availability,
of which only the first two are considered here. There are
in use two types of copper-covered steel conductors
with differently proportioned sections of copper and
steel having respective nominal conductances 30 and 40
per cent of that of copper wire of the same outer diame-
ter. These figures are minimum specifications; actual
conductors generally have conductances exceeding the
nominal values by a few per cent. Hence the numerical
comparisons to be made hold only approximately for
commercial conductors selected at random ; discrepancies
of the order of a few per cent may be expected. In the
30 per cent conductor,the diameter of the steel core is
0.87 of the wire diameter; in the 40 per cent conductor
the ratio is 0.80. It follows that the ratios of steel-to-
copper area are 3.1 and 1.8, respectively, but since the
steel has a resistivity about 15 times that of the copper,
the steel core carries only a small fraction of the current
and contributes little to the electrical conductance even
* Decimal classification: R282.1. Original manuscript received by

:gﬂ nstitute, August 4, 1943; revised manuscript received, April 18,

t Carnegie Institute of Technology, Pittsburgh, Pennsylvania.
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at low frequencies. For example, at zero frequency, the
resistance per unit length of the 30 per cent bimetallic
conductor is only 17 per cent lower than that of the
copper exterior alone and is only 11 per cent less for the
40 per cent conductor. Thus in the power-frequency
range, where copper-covered steel is used for extra
strength or for increased diameter to minimize corona
losses, the steel core does not alter appreciably the
amount of copper required for conductance.

However, at radio frequencies, the situation is dif-
ferent. Here the use of copper-covered steel in most cases
permits a saving in copper without loss in conductance.
This is brought about by skin effect. The current in the
solid copper is distributed unevenly, tending to flow
along the surface, and the interior copper is used in-
effectively or not at all. The copper-covered steel, on
the other hand, behaves like a tube and, at high fre-
quencies, is as good electrically as a solid conductor of
the same material and same outside diameter, and, in-
deed, at some frequencies is even slightly better. Thus,
at radio frequencies, copper may be used more effec-
tively in copper-covered steel than in copper to provide
electrical conductance. In what follows, the comparisons
are made on a quantitative basis.

MATHEMATICAL EXPRESSION FOR RESISTANCE

The alternating-current resistance of copper-covered
steel wire is calculated by means of the following equa-
tion which was derived elsewhere:!

Z b b cont [A — (F/H)C — IGA + (IE/H)C]
conj.| ————— :
Y\ B = °F/H)D — IGB + (IE/H)D
in which the nine quantities 4 to I are either Bessel
functions expressed as complex numbers, or are quanti-
ties simply obtained from Bessel functions. The forms
employed were selected for convenience in using the

Jahnke-Emde tables.? The symbols are defined as fol-
lows:

Ro 2§

r, = interface radius r, = outer radius

p1=resistivity of core p2= resistivity of exterior
u = permeability of core
w=2rf

a=+/wu/px
A=Jo(j%r,)

B=j1% \(5'/%r,)

u2 = permeability of exterior
j=v=1
b=\/wp2/p:
E=Jo(j"%r))
F=J,(j"%n)
HoM(j1%br)

C Hl(l)(j|12b,l)

' B, R. Teare, Jr., andjlosephine R. Webb, “Skin effect in bimetal-
lic conductors,” Trans. A.I.E.E. (Elec. Eng., June, 1943), vol. 62,
pp. 297-302; {(une, 1943, )

*E, Jahnke, F. Emde, “Tables of Functions,” B. G. Teubner,
Leipzig, Germany, 1933 edition.

C= HoM(j'%rs)
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D= jrag,w(jrip,,)
, 1/;75 Jo(j%ar)

mpr Jo(7' %ary)

H = H, V(1 tpy,)

P=1- [n/n]zll —(pa/p) |-

The meter-kilogram-second system of units is employed.

The real component of Z/R, is the ratio of alternat-
ing- to direct-current resistance. The imaginary com-
ponent is the ratio of the internal reactance to direct-

40
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in P, the equation also gives the ratio Z/ R, for solid and
hollow homogenceous conductors. Thus, if only the
first terms A and B within the brackets are used, and if
P is set equal to unity, the expression applies to a solid
homogeneous wire of outer radius 7y, resistivity p,, and
permeability ug; that is, with the characteristics of the
outer material. Likewise, if only the first two terms of
the numerator and the first two terms of the denomi-
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Fig. 1.—Per unit increase of resistance as a function of frequency and outer radius

currentresistance, theinternal reactance being thatpartof
the reactance arising from the flux within the conductor.

The equation applies to any bimetallic conductor of
circular section, including aluminum-covered steel as
well as copper-covered steel. The quantity P in the
equation is the ratio of the conductance of the given
conductor to that of a solid homogeneous conductor of
the same diameter made of the outer material whatever
it may be. Thus for copper-covered steel, P is the per
cent conductance divided by 100. By dropping certain
terms in the equation and making appropriate changes

{mto.r are used with a value of P corresponding to an
infinite value of py, the expression applies to a tubular
conductor of mner and outer radii 7, and rs made of the
outer material.

T'he equatlon was derived on the basis of the following
assumptions:

1. .The.stcjel and copper regions are homogeneous;
that is, within cach the permeability and resistivity do
not vary from point to point.

2. At any point the permeability and resistivity do
not vary with time,
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3. The bounding surface between regions as well as
the outer surface is a circular cylinder. ‘ ,

4. Current in the conductor varies sinusoidally with
time. ’

5. The conductor is very long and straight, and the
return conductor or conductors are either concentric
tubes or are at such remote distances that they produce
no appreciable field within the conductor considered.

The equation was checked experimentally in the
frequency range of most interest, the range in which
there is appreciable current in all parts of the copper.
Above this frequency range the current approaches a dis-
tribution which is confined to a thin skin at the surface,
and the equation gives values in agreement with those
obtained from the generally accepted expressions for
solid conductors.

The curves of Fig. 1 give in a general manner the
calculated increase of resistance with frequency for
copper-covered steel conductors of nominal 30 and 40
per cent conductance. The actual conductances were
taken as 27.7 and 42.3 per cent, respectivefy, the latter
being chosen to conform to a specimen that was tested
and the former to simplify the use of the tables of Bessel
functions in making the calculations. For purposes of
comparison, curves are also included for copper tubes
and solid copper. The tubes correspond to the copper
exteriors of the copper-covered steel conductors. The
ordinates of each curve give per unit increase of re-
sistance over that at zero frequency; the abscissas are
in terms of Pbrs, which for copper at 20 degrees centi-
grade with resistivity 1.77 X107 ohm-meter (10.6 ohms
per circular mil-foot) becomes 21.1Pr,\Vf. These ab-
scissas are chosen for generality; that is, to make the

curves apply to conductors of any diameter, and also

to bring the curves for all conductors together in the
region of highest frequencies. In terms of Pbr, the curves
for solid and tubular conductors hold for other ma-
terials as well as copper, providing the tubes have simi-
lar ratios of inner to outer diameter. Plotting per unit
increase of resistance as a function of Pbr,, with both
scales logarithmic, yields curves which asymptotically
approach straight lines at both high and low extremes of
frequency. At the lower end the asymptote has a slope
of 4; at the upper end, 1.

CoMPARISON OF CONDUCTORS

Copper-covered steel and copper conductors are com-
pared over a large frequency range in three ways;
namely, in terms of resistance when the outside diame-
ters are equal, in terms of resistance when both con-
ductors have equal weights of copper per unit length,
and in terms of diameter when they have equal resist-
ance. Fig. 2 gives the resistances of the five conductors
of Fig. 1 when all have the same outer diameter. The
ordinates for any curve give the ratio of alternating-
current resistance of the corresponding conductor to
direct-current resistance of the solid copper. The
abscissas are proportional to the square root of fre-
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quency, two scales being given, one directly in fre-
quency for No. 18 conductors (0.040 inch.in diameter),
and the other generalized for any size of conductor.
At the lowest frequencies, near zero, the resistances are
necessarily inversely proportional to the per cent con-
ductances. As frequency is increased, the resistance of
the solid-copper conductor increases faster than that of
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Fig. 2—Ratio of resistance to zero-frequency resistance of solid
copper. Conductors all have same diameter. Upper, scale shows
frequency for No. 18 wire, lower scale for any size\. 4
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the copper-covered steel and overtaKes the resistance of
each copper-covered-steel conductor. The intersection
marks the beginning of a frequency range in 'which the
copper-covered steel actually has a slightly lower re-
sistance than solid copper of the same diameter. Finally
with a further increase of frequency, the curves for
copper-covered steel again approach the curve for solid
copper, and all the resistances, including those for the
tubes, become the same. The curves also show that ex-
cept at low frequencies the copper-covered steel and
the corresponding tubular copper exteriors have sub-
stantially the same resistance.

For many practical problems this last observation
suggests a simple means of determining the performance
of copper-covered-steel conductors, since data for tubu-
lar conductors are available.?-*

Fig. 3 gives a ready means of applying the general
scale of abscissas brs of Fig. 2 and the following fig-
ures to a copper or copper covered steel conductor
of any size. Frequency is plotted as a function of brs
for a large number of conductor sizes from the equa-
tion bre=21.1r23/f which applies to a copper of re-
sistivity 1.77 X 10~8 ohm-meter. For example, suppose
it is desired to find the resistance per 1000 feet of
No. 22, 40 per cent conductance copper-covered-steel
wire at 0.8 megacycle. Fig. 3 should be used to determine
the value of brs. The value found is approximately 6.
In Fig. 2 the ratio R/R, for bra equals 6 is seen to be ap-
proximately 2.8. Multiplying this ratio by the resistance

(3 A, W. Ewan, “A set of curves for skin effect in isolated tubular
con?uctorp," Gen. Elec, Rev., vol. 33, pp. 249-252; April, 1930.

L. F. Woodruff, “Electric Power transmission and Distribution,”
+ John Wiley and Sons, Inc. New York, New York, 1938.
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per 1000 feet of solid copper (16.1 ohms) gives the de-
sired result, 45.1 ohms. In order to use Fig. 3 with Fig. 1
the value of br, from Fig. 3 must be multiplied by P,
the per unit conductance, to obtain the abscissas of
Fig. 1.
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Fig. 3-—Chart relating parameter of generalized abscissas
r*y/wpa/ p2 to frequency and wire size.

Fig. 4 gives a direct comparison of the resistances of
the copper-covered steel conductors with that of a solid
conductor of the same diameter and at the same fre-
quency. No. 18 copper-covered-steel wire of 30 per cent
conductance reaches equality with No. 18 solid copper
at 1710 kilocycles; No. 18 wire of 40 per cent conduct-
ance reaches equality at 530 kilocycles, as is shown in
the figure. The corresponding equality points for No. 10
wire would occur at 268 kilocycles for 30 per cent con-
ductance and 83 kilocycles for 40 per cent conductance
or in general when

S = 0.448/7r,* for 30 per cent wire
f = 0.139/r,% for 40 per cent wire

S being expressed in cycles, 7, in meters.

Since these comparisons of copper-covered steel and
solid-copper wire are on the basis of equal outside diame-
ters, it is evident that at these frequencies copper could
be saved by using it in copper-covered steel rather than
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in solid conductors. For example, suppose that at a
frequency beyond the equality point a given solid-
copper conductor has a suitable resistance and mechani-
cal strength. If this solid conductor were replaced by
copper-covered steel of the same diameter, the resist-
ance is the same, the strength is considerably increased,
and copper of an amount corresponding to the core size
is saved, being replaced by the steel. The saving amounts
to about three fourths of the copper in the solid con-
ductor for replacement by a 30 per cent conductor and
about five eighths for replacement by a 40 per cent con-
ductor.

In Figs. 2 and 4 the basis for the comparison of the
copper-covered steel with the solid conductor has been
the equality of outside diameters. Consider now the
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Fig. 4—Ratio of resistance of copper-covered steel to resistance
of solid copper of same diameter at same frequency.

basis in which both copper and copper-covered-steel
conductors have the same weight of copper per unit
length. The copper-covered-steel conductor, because of
its core, will necessarily have a greater diameter and a
lower resistance. The advantage in resistance is small at
Iow‘ frequencies but is appreciable at radio frequencies.

For example, suppose that a No. 18 solid-copper wire
has a satisfactory resistance. If the same weight of
copper per unit length were used in a 30 per cent copper-
cov.crc(I-stcel conductor, it would be approximately No.
121n size and would have a resistance about half of that
of the solid copper when the frequency is above 235
kilocycles. If the copper of the No. 18 conductor were
employed in 40 per cent copper-covered steel, the size
would be approximately No. 14 and the resistance about
five cighths. that of the solid conductor, provided the
frequency is above 145 kilocycles. These frequency
ranges represent limiting cases which show the most
favorable comparison. Fig. 5 shows the resistance ratios
of the two conductors with equal copper over the lower
less-favorable frequency range. The ordinates are tht;
ratios of the alternating-current resistances of copper-
cove.red steel to those of solid copper. Two scales of
fleCISS&S are shown: frequency when the.solid conductor
is No. 18, and a generalized scale which can be used with
Fig. 3 for any size conductor.

|
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Finally, the conductors are compared on the basis of
equal resistance; that is, given that a solid conductor
has a suitable resistance in a given frequency range, it is
of interest to find the smallest size of copper-covered
steel conductor which can be substituted without in-
creasing the resistance.

This comparison, of course, depends on the frequency.
At high enough frequencies the diameters must be the
same if the resistances are to be equal; at lower fre-
quencies the copper-covered steel must have a larger
diameter. Fig. 6 shows for any frequency the diameter of
copper-covered steel in terms of that of solid copper if
the former is to have no higher resistance than the latter
at all frequencies above the one considered. The curve
thus gives a means of selecting a copper-covered-steel
wire to replace a given copper wire that has been satis-
factory, if the predominating factor underlying the
choice of conductor is resistance.

It should also be observed that copper-covered steel
has a tensile strength that may be as much as three
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Fig. 5—Ratio of copper-covered steel to resistance of a solid-copper
wire (of different size) which has the same weight of copper per
unit length,

times that of solid copper for 30 per cent wire, the mag-
nitude depending on the steel in the core, and may be as
much as two and one half times for 40 per cent wire.
Thus when mechanical strength is the principal factor
determining the size of the conductor, as may well bhe
the case in antenna installations, adequate strength can
be obtained with a smaller size of copper-covered steel
than of solid copper. Because of the smaller diameter,
the copper-covered steel will have a higher resistance,
but when mechanical strength and weight of the over-
head construction are the determining factors, an in-
crease of resistance may be permissible.

INDUCTANCE OF COPPER-COVERED STEEL WIRE

The inductance of a circuit has two components: one,
attributable to flux existing entirely outside of the con-
ductors, the other, usually much smaller than the first,
attributable to flux within the conductors. The first
component depends upon the geometric configuration
of the circuit; that is, upon the location of the return
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paths, and also upon the diameter of the conductors.
However, in the case of round wires it is independent
of the materials of which they are composed and would
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Fig. 6—Ratio of diameter of copper-covered steel to diameter of solid
copper such that resistance is the same at and above the frequency
given by abscissas. Upper and right scales apply to No. 18 wire.

be the same for both copper-covered steel and solid
copper. The second component, the internal inductance,
depends upon the materials of the conductor and upon
their disposition. In the case of a solid cylindrical con-
ductor of nonmagnetic material, this component is
quite small, being 0.5X 107 henry per meter of length
at zero frequency, and independent of diameter. The
variation of internal inductance with frequency for a
solid-copper conductor is shown in Fig. 7.

Since the internal inductance of a solid wire is pro-
portional to the permeability, it might be expected that
a copper-covered steel conductor, because of its steel
core, would have an appreciably larger internal in-
ductance than a solid-copper conductor. However, since
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inductance of solid-copper wire,

only a small portion of the current flows in the core even
at zero frequency, the effect of the steel is not propor-
tional to core permeability. Fig. 7 shows the internal
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inductance for both 30 and 40 per cent No. 18 copper-
covered steel conductors. At zero frequency the induct-
ance of the 30 per cent conductor is approximately
three times that of the solid copper; that of the 40 per
cent conductor, about equal to it. The inductances of
the copper-covered steel fall more rapidly with fre-
quency than that of the solid conductor, but at high
enough frequencies, as in the case of resistance, the
internal inductances of all three become the same. The
curves indicate that no difficulty with internal induct-
ance should be experienced when using copper-covered-
steel conductors at radio frequencies.

PuysicaL PicTUrE

The changes of resistance and inductance brought
about by skin effect are readily explained by the redis-
tribution of current in the conductor as the frequency
increases. A current path ncar the center of the con-
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Fig. 8&—Vector diagram and curve showing current densities at vari-
ous locations for solid copper and 40 per cent copper-covered

steel wires, when ravwuzps=9.8.

ductor has a greater flux linkage per unit of current than
a path nearer the surface; hence the inductance of a path
is greater the nearer it is to the center. The greater the
inductance of a path, the less current it carries, and the
greater is the lagging phase angle with respect to surface
currents.

The mathematical treatnient provides a means of de-
termining how the current density varies in phase and
magnitude with distance from the center, and the result
is depicted in Fig. 8. The upper portion shows a set of
vectors which represent the magnitudes and phases of
the current-density vectors at each of fourteen locations
equally spaced along a radius. (Fourteen subdivisions
for this particular ratio of r;/r, made it possible to use
the tables of Bessel functions without interpolation.) In
the lower part of the figure the magnitudes of the vec-
tors are shown as functions of radial distance. The
dashed vectors and curve apply to the case of copper-
covered steel; the solid vectors and curve, to a solid
conductor of the same diameter and at the same fre-
quency. Because of the interrelations between con-
ductor size and frequency the curves apply to No. 24

wire at 3250 kilocycles, No. 18 at 840 kilocycles, No. 12
at 210 kilocycles, or No. 6 at 54 kilocycles, to name a
few of the possible combinations.

The current-density vectors and curve were calculated
for the corresponding tube and are almost exactly the
same as those in the copper part of the copper-covered
steel. They are omitted from Fig. 8 for the sake of
clarity.

The vectors for the solid conductor of the figure indi-
cate a phase change from surface to center of slightly
more than 360 degrees. The current densities with
phases near 180 degrees indicate current whose in-
stantancous directions are opposite to the surface cur-
rents. These reversed currents produce losses and also
subtract from the total current, thus making for a large
effective resistance, or ratio of 12R loss to square of total
current. Removing the material from the center of the
conductor climinates the reversed currents and reduces
the resistance; therefore, it would be expected that a
tube of suitable inner diameter at this frequency would
have a lower resistance than the solid conductor of the
same outer diameter.

In addition to the elimination of reversed currents,
there is another reason why the tube has a lower re-
sistance; namely, the more favorable distribution of
current density. At the inner surface of the tube the
magnetic field is zero and it may be shown mathe-
matically that this requires the slope of the current-
density curve to be zero there. This raises the curve
appreciably over that of the solid conductor, making for
a better utilization of the material and a lower resist-
ance. In general, the more nearly uniform the current
distribution, the lower the resistance. For the case
shown, the alternating-current resistance per unit
length of the tube is 92 per cent of that for the solid
conductor. This corresponds to br,=9.8 for the 40 per
cent case in Figs. 2 and 4. '

The resistance and inductance of copper-covered
steel at all but the lowest frequencies are the same as
those of the corresponding copper tube. This is true
because the steel core carries negligible current as has
been determined from the current-density equations
derived in conjunction with the resistance equation.
Thus as far as electrical behavior is concerned at radio

frequencies, copper-covered steel may be regarded as a
tubular conductor.

SKIN THICKNESS

As the frequency is increased to higher and higher
values, the current density falls off more and more
rapidly with distance in from the surface. Mathe-
matically, the Besscl functions, in terms of which the
current density is expressed, approach similarity to
decreasing exponential functions; and if the frequency
becomes high enough, the current-distribution curves
for tubular and copper-covered steel conductors be-
come the same as those for the solid one; that is, in
all three the magnitude of current density decreases




exponentially to zero. This limiting case corresponds to
that discussed by Rayleigh.® The decreasing exponential
is characterized by an attenuation constant, and since
the current density is alternating and the phase changes
linearly with distance, there is also a phase constant.
Expressed respectively as the distance required for
the magnitude to fall to 1/e of its value at the surface,
and as the distance for the phase of the current density
to change by 1 radian, the two constants are equal and
given by b/+/2. The reciprocal \/2/b is the “skin thick-
ness” or depth of penetration®? and for copper at 20
degrees centigrade has the value 2.64/+/f inches. At a
depth equal to three skin thicknesses, the current
density has a value 5 per cent of that at the surface and
lags by 3 radians or nearly 180 degrees.

In the limiting high-frequency case, the total root-
mean-square current, which is the integral of current
density over the cross section with due regard to phase,
approaches in magnitude the product J.6p/\/2, where
J, is the root-mean-square magnitude of surface cur-
rent density, p the perimeter, and 8 the skin thickness,
all in m.k.s. units. As the frequency increases without
limit, the phase of the total current approaches an
angle of 45 degrees lagging behind the phase of the
surface current density. This phase relationship of 45

s Lord Rayleigh, “Scientific Papers,” volume 11, Cambridge Uni-
versity Press, Cambridge, England, 1900, page 486.

¢ C. P. Steinmetz, “Transient Electric Phenomena and Oscilla-
tions,” McGraw-Hill Book Company, New York, New York, 1909.

7 Harold A. Wheeler, “Formulas for the skin effect,” Proc. LR.E,

vol. 30, pp. 412-424; September, 1942. This paper also includes an
excellent list of references on skin effect.

degrees means that the resistance per unit length ap- ,
proaches equality with the internal reactance per unit
length. This equality togetf’ner with the information in
Fig. 1 permits a rapid determination of the internal
inductance of copper-covered steel when the frequencies
are high enough so that the limiting case holds.

The resistance per unit length of the conductor in the
limiting range is simply the quotient of resistivity by
skin area or p/d8p; that is, the resistance is the direct-
current resistance of the “skin.” Thus the concept of
skin thickness may be employed to determine the re-
quired size of conductor such that the conductor has a
given resistance at any specified frequency in the limit-
ing range. When br; is 30 or more, the error is 2 per cent
or less.

Also, the ratio of the depth of copper in copper-
covered steel to skin thickness-is a measure of whether
there is enough copper to make the greatest possible
use of copper to increase the conductance. From Fig. 4
it follows that if brs is 14 for the 30 per cent conductor or
8 for the 40 per cent conductor which, respectively, cor-
respond to a copper depth of 1.3 and 1.1 skin thick-
nesses, the resistance of the copper-covered steel is at
least as low as that of a solid-copper conductor of the
same diameter. In Fig. 8 the copper depth is 1.4 skin
thicknesses.
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Corrective Networks for Feedback Circuits
VINCENT LEARNEDTY, ASSOCIATE, LR.E.

Summary—Design information is given for simplified corrective
networks for application with negative-feedback devices. The cor-
rective networks are applied to control the cutoff attenuation charac-
teristic of the feedback transmission loop to prevent oscillation. To
provide a design factor of safety against oscillation, the cutoff trans-
mission characteristic should not attenuate at a rate of more than
10 decibels per octave. Corrective networks are required to achieve
this attenuation rate.

INTRODUCTION

AHE requirements for stabilizing amplifying de-
r‘[ vices with negative feedback against oscillation
have been given in the technical literature in re-
cent years.!"* These’ requirements relate to certain
necessary conditions of phase shift and attenuation in

* Decimal classification: R142XR390. Original manuscript re-
ceived by the Institute, July 19, 1943; revised manuscript received,
March 13, 1944,

. ‘Il’(Sperry Gyroscope Company, Inc., Garden City, L. 1., New
ork.

1 H. Nyquist, “Regeneration theory,” Bell Sys. Tech. Jour., vol.
11, pﬁ. 126-147; January, 1932.

1 H. W. Bode, “Relations between attenuation and phase in feed-
l],afk ?a%liﬁer design,” Bell Sys. Tech. Jour., vol. 19, pp. 421-454;

uly, .

July, 1944
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the amplifier and feedback circuits. To obtain an opti-
mum design that satisfies these requirements, it has
been shown in previous literature that definite attenua-
tion characteristics must be followed. Networks are
given in this article which may be used to obtain ampli-
fying devices that will approach the optimum charac-
teristics. These networks consist of simple circuit-ele-
ment combinations that are suited for operation in the
plate and grid circuits of vacuum-tube amplifiers.

Fig. 1 shows a schematic feedback amplifier with a
gain of p/8 and a feedback network of 8/y. The net
gain of the amplifier is given by the relation

net gain = /6 /(1 — u/0 /). (1
In the normal frequency range the phase of u/8 /Y is
adjusted to give a feedback action that opposes the
applied signal, thereby reducing the gain and giv-
ing negative feedback. The quantity u/6 B/¢ is the

3 F, E. Terman, “Network theory, filters, and equalizers—Part
11,” Proc. 1.R.E,, vol. 31, pp. 235-240; May, 1943.

¢ H. S. Black, “Stabilized feedback amplifiers,” Elec. Eng., vol. 53,
pp. 114-120; January, 1934,
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transmission characteristic of the “feedback loop” and
may be measured by breaking the circuit at X of Fig. 1
and applying a signal at 4 and comparing it with the
signal obtained at B. According to the Nyquist stability
criteria the system will not oscillate if the transmission
characteristic u/6 /¥ has a gain less than unity when
the phase shift reaches 180 degrees.

In the normal frequency range of a feedback device,
1/8 B/Y is usually nearly constant. Outside the normal

i Amplifier —
Input Output
E Gain = p/6 ﬁup
& x2{ Feedback
Network J
& |

Fig. 1—Schematic of basic feedback amplifier.

frequency range it is desirable to attenuate as rapidly
as possible to reduce the gain to less than unity. The
only thing that limits a rapid reduction in gain is the
phase shift that occurs with the change in gain. The at-
tenuation characteristic outside the normal frequency
band must be controlled to prevent the phase shift
from exceeding the 180-degree maximum.

CHARACTERISTICS OF AMPLIFIERS

The cutoff characteristic of an amplifier outside of its
normal frequency range is determined by the reactive
elements of the interstage coupling devices employed.
In a resistance-coupled amplifier these usually are stray
circuit capacitances and grid-coupling condensers. Each
amplifier stage introduces reactive elements which com-
bine to produce a cutoff characteristic that may or may
not produce a stable feedback amplifier. The cutoff
characteristic usually must be modified to obtain a
stable amplifier.

Bode? has shown for minimum phase-shift networks
that the phase-shift characteristic of a network may be
obtained directly from its amplitude characteristic.
Thus in the usual amplifier circuits the phase-shift
characteristic is directly related to the amplitude char-
acteristic and is independent of the particular circuit
combination which produced it. To obtain a special
phase-shift characteristic for a feedback amplifier, the
corresponding amplitude response needs to be considered.

The usual coupling network with reactive elements
has a frequency region for which the amplitude response
is uniform as well as a region for which the response
varies with frequency. There are certain universal facts
associated with these coupling devices operating well
into the cutoff region to give an asymptotic response.

1) The amplitude-frequency response is directly or in-
versely proportional to frequency as the case may be.

2) The phase shift is 90 degrees lagging for the response
decreasing with frequency and 90 degrees leading for
the response increasing with frequency.
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3) With logarithmic co-ordinates the slope is 1 or —1.

4) With logarithmic frequency and decibel amplitude
scale the slope is approximately 6 decibels per octave.

5) No network in the asymptotic cutoff region will have
a slope of less than unity and all more complicated
networks have asymptotic slopes that are integers
when plotted on logarithmic co-ordinates.

6) The phase shift is corresponding integral multiples
of 90 degrees.

FEEDBACK REQUIREMENTS

The greatest cutoff attenuation rate that may be em-
ployed over any extended frequency spectrum in a feed-
back device is 12 decibels per octave. This corresponds
to a phase shift of 180 degrees which is the limit for
stability. In a practical device a margin of safety must
be provided, so that a slope of less than 12 decibels per
octave must be used. It is customary to allow a 30-
degree phase-shift margin, thus giving a slope of
150/180 12 =10 decibels per octave.

The usual amplifier has an asymptotic cutoff charac-
teristic which is greater than 10 decibels per octave
since each coupling circuit produces 6 decibels per octave
or some multiple of 6 decibels per octave. The design of a
stable feedback amplifier requires a transition from the
region of controlled 10-decibel-per-octave attenuation
in which the feedback loop gain is greater than unity,
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Fig. 2—Ideal amplitude cutoff res i i i
| ; f ponse with resulting phase shift.
m =slope in units of 6 decibels per octave. m=1.67 ig controlled

10-decibel-per-octave portion of cutoff, m < i
trolled asymptotic cutoff. .m=2,3,4,orS5 is uncon

to the re'gion of uncontrolled attenuation in which the
attenuation rate may be very high and the loop gain is
much less than unity,

' This transition may be obtained by following Bode's
ideal cutoff transmission characteristic for the “feed-
back loop” as shown in Fig. 2. The slope of the various
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segments of the curve are given in units of m which are
units of 6 decibels per octave. This cutoff characteristic
satisfies Nyquist's stability criteria, since the phase shift
is less than 180 degrees for frequencies where the trans-
mission characteristic has a gain greater than unity.

This attenuation curve features a factor of safety
against changes in both gain and phase shift. The curve
attenuates at a rate of 10 decibels per octave (m =1.67),
which provides a phase margin of safety of 30 degrees
with respect to the 180-degree maximum.

In addition, a region of zero-gain change is provided
to give a phase-shift cancellation effect against the larger
phase shift produced by the rapid asymptotic cutoff at
the higher frequencies. The frequency range of this step
in the attenuation characteristic is equal to the ratio
of the slope of the asymptotic characteristic to the slope
of the controlled characteristic. The attenuation step is
9 decibels below the unit loop gain (zero-decibel) line,
giving a factor of safety against gain variations in the
amplifier. The curves illustrated in Fig. 2 apply to the
high-frequency cutoff characteristic while similar curves
apply equally well to the low-frequency cutoff char-
acteristic.

VMODIFICATION OF THE FEEDBACK-LooPp
AMPLITUDE RESPONSE

‘The cutoff amplitude-response characteristic of most
feedback devices will not satisfy the slope requirements
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Fig. 3—Transmission characteristic of resistive-reactive coupling
clements, X =R at f/foe=1.

of the ideal cutoff characteristic. The usual response
characteristic cuts off too rapidly or allows no margin
of safety. Corrective networks must be added to control
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the attenuation rate and to provide the necessary step
in the attenuation characteristic.

All simple coupling combinations conventionally used
with vacuum tubes provide an asymptotic response
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Fig. 4—Design data for corrective networks. Generator is considered
to have zero impedance. L.oad impedance is considered infinite.

characteristic that is a multiple of 6 decibels per octave.
For example, the low-frequency response of a trans-
former-coupled stage will cut off at an asymptotic rate
of 6 decibels per octave caused by the shunting effect of
the inductance upon the resistive parts of the circuit.
At the high frequencies the asymptotic cutoff may be
at a rate of 12 decibels per octave due to the combination
of leakage inductance and shunt capacitance. Likewise,
each stage of resistance coupling gives a 6-decibel-per-
octave asymptotic cutoff at the high and low frequencies.
Fig. 3 is a plot of the ordinary low- and high-frequency
cutoff characteristic for resistance-reactance clements.

To obtain a transmission-slope characteristic of 10
decibels per octave, which is not a multiple of 6 decibels,
it is necessary to include corrective networks. To give
a net 10-decibel-per-octave slope the corective network
may contribute a 4-decibel-per-octave slope to be added
to a 6-decibel-per-octave slope, or it may subtract a
2-decibel-per-octave slope from a 12-decibel-per-octave
slope. Corrective networks 1, 2, 3, and 4 of Fig. 4 illus-
trate four different combinations of circuit elements
that will give a slope of less than 6 decibels per octave
over a limited frequency range, Networks § and 6 of
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Fig. 4 show two different combinations which may be
used to obtain a step in the frequency-response char-
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Fig. 6—Response characteristics for corrective networks 2 and 3.

acteristic. The response characteristics of these net-
works are shown in Figs. 5 to 8.

Each corrective network contains two resistance ele-
ments which are related in magnittde by a parameter n.

July

The reactance of the associated capacitance or induct-
ance is obtained by an expression derived for the mid-
frequency of the network. Networks 5 and 6 containing
both inductance and capacitance are related to the re-
sistive components at the mid-frequency (resonance) by
a factor Q. The mid-frequency relation for cach correc-
tive network is given in Fig, 4.

APPLICATION OF NETWORKs

The systematic design of a feedback amplifier using
these corrective networks requires the determination of
the attenuation or gain that must be introduced. This
may be obtained by first plotting in decibels the desired
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Fig. 7—Response characteristics for corrective networks
Sand 6, 0=1.0.

10-decibel-per-octave cutoff characteristic on a logarith-
mic frequency scale. The amplitude responses of each
stage of the amplifier are then plotted either from meas-
urements or from calculations and using the accompany-
ing curves. With these data available the amplitude-
response characteristic of each stage may be modified
to give a total response which approaches the desired
c!mracteristic. A separate plot of the phase characteris-
tics offers a check on the amplitude plot and may be
used to plot a Nyquist diagram. '
There are several circuit possibilities available for
cach desired frequency response. One circuit combina-
tion \\:ill usually require a minimum of extra components
b.y using those already in the coupling device. Two re-
sistive circuit components are inherently available: the
grid-return resistor, and the equivalent-generator im-
pedance. These may both be used to advantage in ap-
plying the networks of Figs. 4 and 9. Typical vacuum-
tube-circuit arrangements with thejr equivalent circuits
are shown in Fig. 9. Once the corrective network circuit

N — -




configuration is decided upon and its mid-frequency is
determined from an amplitude-response plot, sufficient
' data are available to complete the network design.
Approximations are often useful in simplifying net-
work design. For example, the equivalent-generator im-
pedance is often conveniently considered negligible, or
two corrective networks may be used in tandem with
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Fig. 8—Response characteristics for corrective networks
5and 6, 0=0.5.

the impedance of the first considered negligible with
respect to the impedance of the second. Circuit simplifi-
cation is often possible. For example, a given circuit
element may be uscful in one network configuration for
attenuating at low frequencics and may be useful in
another configuration for attenuation at the high fre-
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quencies. It is possible to employ one network attenuat-
ing over a portion of the frequency spectrum and
another network picking up where the first stops. The
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Fig. 9—Typical practical vacuum-tube circuits illustrating
use of corrective networks.

slope contributed by these networks is governed by two

factors: the parameter n, and the frequency separation

between the mid-frequency points of each network.
Networks 5 and 6 of Fig. 4 are used in the same
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Fig. 10—Circuit diagram of feedback amplifier stabilized by use of corrective networks.
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manner as the others. They provide a response char-
acteristic which first attenuates and then releases. They
are useful in producing the attenuation step of the ideal
cutoff characteristic of Fig. 2. The desired step isaccom-
plished by combining the response of these networks with
a uniform 6-decibel-per-octave characteristic. The phase-
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Fig. 11—Plot of low-frequency response for amplifier of Fig. 10. Re-
sponse is controlled by screen and cathode degeneration. The
response of each screen and cathode is added to give step charac-
tenistic. Interstage coupling circuits cutoff at lower frequency.

response characteristic for these networks shows a
phase-canceling property which helps to avoid oscilla-
tion. The selection of the parameters n and Q makes the
networks adaptable to various circumstances. There are
other resonant configurations for which these curves
may be used for approximating the response.
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EXAMPLE

Fig. 10 is the circuit diagram of a feedback amplifier
stabilized with the use of corrective network. Negative-
current feedback is obtained by producing a voltage in
the cathode circuit of the first stage that is proportional
to the current in the third stage.

The low-frequency response is corrected by the de-
generative action of the screen-dropping resistors and
the self-bias resistors. This degeneration occurs when the
reactance of the by-pass condensers becomes large com-
pared to the circuit resistance as the frequency is
lowered. The responses of the various screen, cathode,
and interstage networks are given in Fig. 11. It is seen
that if the circuit parameters are chosen properly a
region of controlled attenuation is obtained with a rate
of approximately 10 decibels per octave. The low-
frequency cutoff of the interstage-plate control-grid
coupling networks is adjusted to give a step in conjunc-
tion with the low-frequency flattening off of the screen
and cathode responses. The equivalent circuits of Fig. 9
were used to compute the screen and cathode circuit
parameters to give the desired response characteristic.

The resonant circuit in the feedback path is employed
to stabilize the high frequencies. A resonant peak is ob-
tained to provide the necessary step in the response
characteristic which aids in the cancellation of phase
shift in the region of the oscillation point. The phase
cancellation is so complete that no regeneration occurs
in the over-all response characteristic.

The use of the type of corrective networks shown in
this paper offers an approximate method for designing
stable feedback devices. Network simplicity is sacrificed
for exact response characteristics which is sufficient for
many applications. The method of stabilizing feedback
devices by obtaining a prescribed amplitude responsc
characteristic is due to H. \V. Bode of the American
Telephone and Telegraph Company, and an understand-
ing of the results of his work on this subject is quite es-
sential to the proper design of feedback devices.



Frequency Modulation of Resistance-Capacitance

Oscillators:
MAURICE ARTZTY, ASSOCIATE, LR.E.

Summary—A method is described for direct-frequency modula-
tion of a resistance-capacitance oscillator which is simpler and more
stable than the beat oscillators formerly used. Spurious amplitude
modulation is reduced to a negligible value without the use of limiters
and without introducing appreciable harmonics in the output wave.
Balanced control tubes prevent transients or signal frequencies from
appearing in the output. Curves are given which provide an easy
method of choosing the network and constants for any desired condi-
tion. The device is especially suited to facsimile transmission by sub-
carrier frequency modulation.

INTRODUCTION
4 !I 1HE USES of frequency-modulated subcarriers in

facsimile and communications systems have

greatly multiplied in the past few years.!? In all
of these instances the frequency swing is a sizable per-
centage of the carrier frequency, and cannot be obtained
directly by reactance-tube control of an inductance-
capacitance tank-circuit oscillator. The usual method
has been to use reactance tube control of one or both
tanks in a beat oscillator, thus obtaining a low-fre-
quency carrier with the same frequency shift as the con-
trolled oscillator.

The frequency-modulated resistance-capacitance 0s-
cillator? here described replaces the beat-oscillator sys-
tem and has been found to be far more stable and con-
siderably simpler in adjustment. The large frequency
swings are obtained directly without heterodyning and
the frequency drift usually associated with beat oscil-
lators is thus avoided.

The frequency of oscillation of any resistance-ca-
pacitance oscillator is determined by the constants of
the network, and therefore, changing any resistance or
capacitance value will change the frequency. Replacing
any of the resistive elements with a tube allows the fre-
quency to be controlled by this tube.

There are two general classifications of resistance-
capacitance oscillators, those having zero phase shift
in the nctwork,** and those having 180-degree phase
shift in the network.” Tubes may be used to replace one

* Decimal classification: R355.9 X R414. Original manuscript re-
ceived by the Institute, December 15, 1943.

t RCA Laboratories, Radio Corporation of America, Princeton,
New Jersey.

1 R, E. Mathes and J. N, Whitaker, “Radio facsimile by subcar-
ri;;gfrequency modulation,” RCA Rev., vol. 4, pp. 131-154; October,
1

* Warren H. Bliss, “Use of subcarrier frequency modulation in
cgglsmunication systems,” Proc. ILR.E., vol. 31, pp. 419-423; August,
1 A

3 U. S. Patent 2,321,269, June 1943,

« C. K. Chang, “A frequency-modulated resistance-capacitance
oscillator,” Proc. I.R.E., vol. 31, pp. 22-25; January, 1943.

s H. H. Scott, “A new type of selective circuit and some applica-
tions,” Proc. I.R.E., vol. 26, pp. 226-236; February, 1938.

¢ F. E. Terman, R. R. Buss, W. R. Hewlett, and F. C. Cahill,
“Some applications of negative feedback with particular reference to
llz:)%%ratory equipment,” Proc. I.R.E,, vol. 27, pp. 649-655; October,

July, 1944
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or more of the resistors in oscillators of either type,
though there are definite advantages in using oscillators
with 180-degree phase-shift ladder networks. In either
case, changing any single element of the network gen-
erally will change the network loss and give some unde-
sired amplitude modulation in addition to the frequency
modulation. These amplitude variations are more easily
eliminated in the ladder network oscillator without re-
sorting to automatic volume controls which limit the
speed of response of the system. By proper choice of
constants and operating conditions the amplitude mod-
ulation can be reduced to a negligible amount even with
shifts as high as +40 per cent of the carrier frequency,
and without introducing appreciable harmonic distor-
tion.

The particular frequency-modulated oscillator used
in one facsimile system® will be described first. Later,
more general data on design will be given.

THE MODULATED OsCILLATOR

The basic circuit of the oscillator, Fig. 1, is a four-step
series-capacitor ladder network driven by a pentode T,
and cathode follower T3. If all network resistors were
alike a voltage gain of 18.36 would be required to over-
come the network loss and cause oscillation.® But in this
case R, is made enough smaller than the other three re-
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Fig. 1—Frequency-modulated resistance-capacitance oscillator.

sistors, Ri, Rs, and R, to make the network loss when
R, is grounded about equal to the loss when R, is open-
circuited. With R, open the fundamental frequency is
2000 cycles, and with Ry grounded it is somewhat over
4000 cycles. Values of resistance in series with R,

TE, L. Ginston and L. M. Hollingsworth, “Phase-shift oscilla-
tors,” Proc. I.R.E., vol. 29, pp. 43-49; February, 1941.

' U, S. Patent 2,326,740; August, 1943,

* This ratio is obtained from the equations of the network in Fig.
3A.
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intermediate between zero and infinity will give' fre
quencies between these limits. These varying values of
resistance are furnished by the tube circuit T3 and T
The control circuit has the direct-current component
of its output balanced out, so that changing the equiva-
lent resistance in series with R, does not introduce into
the network transients or modulating signal frequen-
cics. The resistors Ry, and Ry, form a center tap on the
B voltage, and T, is connected as the plate resistor of
Ts. If Ty is at zero bias, it draws full plate current
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Fig. 2—Frequency-modulation characteristics of oscillator in Fig. 1

through T, and the two tubes together form a low-re-
sistance path from R to ground. Thus R, is effectively
grounded for the oscillation frequency, while at a dircct-
current potential of half the B voltage, and a four-step
ladder with a frequency slightly above 4000 cycles is ob-
tained. Now as negative signal is applied to Tj grid, its
equivalent plate resistance is increased. The plate volt-
age applied to T3 cannot rise appreciably because the
cathode-follower action of Ty makes it draw less plate
current at the same time, and increases its plate resist-
ance. T3 and T, then present a higher equivalent resist-
ance in scries with Ry, but at the same direct-current po-
tential above ground. This lowers the network frequency.
In the extreme case of T at cutoff, T, is also cut off, and
the return of R, is open-circuited, thus bringing the
network to the 2000-cycle end of its range.

This control system can be used to vary any of the
resistors in the network. The curves in Fig. 2 illustrate
two conditions. For curve 4 the resistor R, was varied
by a tube combination of a 6S]7 for T3 and a 6]5 for
T'y. Ry, R3, and R, were equal and all grounded. For curve
B, resistor R, was varied and R, fixed. The control tubes
in this second case were the two triodes of a 6C8-G tube.

The linearity of the modulation will be determined by
which resistor or resistors are varied, and by the char-
acteristic of T5. Methods of making the linear range very
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wide are described later. In this case curve 4 is linear
from 3000 to 5800 cycles, a swing of +32 per cent on a
carrier of 4400 cycles. Curve B is lincar from 2300 to
4000 cycles, or a swing of 27 per cent on a carrier of
3150 cycles.

In both cases the amplitude modulation is negligible
over the lincar range, and only a few per cent at the ex-
treme ends of swing. This would not be true, however,
except for the precautions described under “Amplitude
Characteristics.”

The speed of operation is apparently instantancous.
Oscilloscope observations have shown, for instance, that
when using the system as for curve B, the oscillator can
be'shifted from 3000 to 4000 cycles, held on 4000 cycles
for only 1 cycle, and then shifted back to 3000 cycles
without any transients observed in the signal cither be-
fore or after demodulation in a suitable discriminator.
Such precise following of a square-wave signal makes the
method very uscful for facsimile transmission.

IFREQUENCY RANGES
A. Four-Step Ladder Network

The frequency range to be expected and the best
operating conditions can be determined from calculated
curves of the networks. Fig. 3A shows the four-step lad-
der as used in Fig. 1, All capacitors are assumed equal,

[4 c c 4
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ve o
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| }
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[
LY 4

T: LA —l—C f.

. C Zero® phase shift network
\A 55

:
Fig. 3—Three types of resistance-capacitance networks.

and for simplicity in calculations R is assumed to be 1.
Thus the complex equations for E4/E; have only the
variables X, and K. Frequency is plotted as the numeri-
cal value of 1/X., and to obtain actual cycles per second
the F ordinate must be multiplied by 1/2xRC. Under
these conditions the equation for Ey/E, is




~

therefore V, = I:
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,[X3(2K1 + 2K + 2K3; + Ki) — X(4K K:K3 + 3K KK + 2K\K3K + K:K3K4) ]
j| ——————— - .

If the first resistor only is varied, then K, = K3 = K, =1,
K1 — X*9K, +6) + X‘]
K,
[ X*Q2K,+5) — X09K,+ 1)
+J[—- 1 = 1 —].(2)
1

When oscillating, the network shift is 180 degrees,
and the () term, therefore, must be zero.

X2 = (9K, + 1)/Q2K, + 5) 3)
Fi=1/X =vV(QK, +5/0K:+1). &
This is plotted as F, in Fig. 4, and shows the relative
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Fig. 4—Frequency and voltage ratio characteristics of four-step
ladder network in Fig. 3A.

frequency for which the network phase shift is 180 de-
grees as K is varied.

By placing the value of X2 from (3) in (2), a plot is ob-
tained of the voltage ratio of input to output (V;) as K
varies. This is also plotted in Fig. 4 as V.. Actually it is
a negative number, but plotted positive here for conven-
ience. 9)

In a similar manner, if R; only is varied, K;=K;=K,
=1, and a new equation for V; is obtained. From this
the curves F, and V; in Fig. 4 are plotted F;, V; and
F., Viare similarly derived from (1) by using either K;
or K, as the variable.

B. Three-Step Ladder Network

The ladder network may be used with only three steps
if desired, as in Fig. 3B. With this network, and similar
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E, K\K:K3:Ky — X?(3K K, + 4K\ K3 + 2K\ K. + 3K:K; + 2K.K, + K3K,) + X*
E, K KKK,

K \K:K3K,

(1

conditions of R=1 and all capacitances equal, the equa-
tion for V= E,/E, becomes

V= [K5K0K7 — X*(2Ks + 2Ke + K7)]

KKK:
o [ X = XGKiKq + 2K51;J_+_K£7)_] e

As before, to vary the first resistor only make
K¢=K;=1, then

T Ks— X*342Ks) ] X3—-X(5Ks+1
Ve= e +j[- b ] (6)
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Fig. 5—Frequency and voltage ratio characteristics of three-step
ladder network in Fig. 3B,

When oscillating, the shift is 180 degrees and the (j)
term zero.

SKs+ 1 )
and Fs I/X = 1/\ ISKs + 1. (8)

This is plotted as Fs in Fig. 5. By substituting this
value into (6) the plot of Vs is obtained. The curves
Ve, Fs and V3, F; are obtained by using cither K¢ or K
as the variable in (5).

The curves in Figs. 4 and 5 will give the frequency
range, and the required change in amplifier gain to cover
this range, when varying any one resistor of either a
four-step or a three-step ladder. In all cases the net-
work-voltage ratio passes through a broad minimum
value, an operating point where wide frequency shifts
may be obtained with only a small amount of amplitude

X2
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modulation. These points of minimum loss generally
occur at the value of K for which the rate of change of F
with K is largest, a fortunate condition for obtaining
large frequency changes.
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Fig. 6—Effect of varying first and second resistors together, and of
all four resistors together, of network in Fig. 3A.
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Fig. 7—Effect of varying first and second resistors together, and of all
three resistors together, of network in Fig. 3B,

It is possible to control more than one resistor and
obtain still wider frequency swings without undue am-
plitude change. If the first two resistors in the four-step
ladder are changed, the curves Fg, V3 of Fig. 6 are ob-
tained. When all resistors are varied together the volt-
age ratio remains constant at 18.36, and the possible
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swing is theoretically infinite. This is shown by curves
Fy, Vo in Fig. 6.

When the first two resistors of the three-step ladder
are controlled, the curves Fy, Vi of Fig. 7 are obtained;
and when all three are controlled, Fyy, Vy. In this latter
case the loss ratio remains constant at 29.

C. The Zero Shift Network

For the sake of comparison, similar curves for the
zero phase-shift network in Fig. 3C are derived and
plotted!® in Fig. 8. Here again R=1, and the frequency
ordinate must be multiplied by 1/27RC to obtain cycles
per second. The fundamental equation for V=E,/E, is,
in this case,

X(K,: + 2K{z) + jK12K1s — jX?

V = 5 9)
Kl'z.\’ (
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Fig. 8—Frequency and voltage ratio characteristics of network in
Fig. 3C when either or both resistors are varied.

For oscillation, the shift is 0 degrees, so the (j) terms
must cancel:

KuKu = A’z. (10)
If Ky, alone is varied and Ky=1:

X?=K,,
Fiu = 1/\'Kyy (11)

and the voltage ratio becomes
V12 =1 + 2K12/K12- (12)

Similarly, Vi and Fy5 are obtained as

I"la = 1/\/7\713 (sa.mc as 1"12) (13)
and Vis= Kis+ 2/K,s (14)

and if both resistors are varied together, the equations

19 See footnote references 4, 5, and 6 for circuits of this type of
oscillator,
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for Fi; and V), are obtained:

Fiu=1/Ku (15)
Vu = 3 (16)

It can be seen that neither of the amplitude curves
V12 and Vi3 has a minimum value, but approach, respec-
tively, the limits of 2 and 1. Thus, there is no operating
point where a change in frequency may be obtained
without at the same time introducing some amplitude
change.

Experience has shown that the circuit in Fig. 1 can be
operated without noticeable amplitude modulation over
ranges where the network loss does not change over 20
per cent. (See topic on Amplitude Characteristics.) The
results of the curves in Figs. 4, 5, 6, 7, and 8, therefore,
can be tabulated to compare the frequency shift at an
amplitude change of 20 per cent. This tabulation also
indicates the center operating position, in relative fre-
quency, and the central value of K, for determining the
ratio of control-tube-circuit resistance to the network

resistors.

TABLE 1

FREQUENCY SHIFT WHEN 20 PER CENT CHANGE IN NETWORK
VOLTAGE RATIO 1S ALLOWED

o . ] [Percentage
- — Voltage Ratio Mid- Féiq;lency - Mid-
esistor Varie: ift on | Frequency
. —| Frequency | “'aig." |value of K
Minimum | Maximum | Frequency
A. Four-Step Ladder
1st Res. (K)) 16.6 19.92 | 1.14 +38.5 0.38
2nd Res. (K») 18.2 21.84 0.87 | +31.0 0.63
3rd Res. §K|) 18.33 22.0 0.82 +24.4 | 0.66
4th Res. (KJ) 17.0 20.4 0.67 +22.4 2.60
1st & 2nd (K4 16.0 19.2 1.70 | t56.5 | 0.29
B. Three-Step Ladder | \ |
1st Res. (Ks) 27.0 32.4 0.53 +32.0 | 0.50
2nd Res. (Kq) 29.0 34.8 0.43 +27.0 | 0.75
3rd Res. (K1) 26.0 31.2 0.333 +30.0 2.0
18t & 2nd (Kie) 26.0 31.2 | 0.75 +55.3 0.40
C. Zero Phase-Shift |
Network
*1st Res. (Ku) 2:7 3.3 1.0 + 8.0 1.0
*ist Res, (Kis) 1.2 | 1.47 0.398 +26.0 6.5
*2nd Res. (K1) 2.7 3.3 1.0 +15.0 1.0
*2nd Res. (Ku) 2.1 2.56 0.566 +44.2 3.0

* For these curves no minimum value of V exists, so two values are given, one
for the center of the range where K is 1, and the other where K is 10 at the low
frequency end of the swing.

This tabulation will indicate the amount of frequency
swing that can be obtained with a 20 per cent change in

amplitude, but it does not indicate how linear these
swings will be.

AMPLITUDE CHARACTERISTICS AND
HArMoONIC DISTORTION

Narrow frequency shifts can be obtained with very
little amplitude change if the center operating positions
are chosen to correspand to the minimum V values.
When wide limits of shift are desired, some precautions
are necessary. There are two obvious methods of reduc-
ing this amplitude change, by limiters or by some form
of automatic volume control. The second method is
applicable where the modulating frequencies are a very
small percentage of the carrier frequency. When the
modulating frequencies approach the frequency of the
carrier, then the automatic control must become a cy-
cle-by-cycle device, or in reality a limiter, if the higher
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modulating frequencies are not suppressed. In the case
of facsimile, where the modulating frequencies are as
high as 30 or 40 per cent of the mid-carrier frequency,
limiting is the logical method.

One of the attributes of the ladder-type oscillators, as
compared to the zero shift type, is its ability to limit
without causing high harmonic distortion, or squaring
of the resulting output. This limiting is accomplished in
the oscillator-tube circuit itself. If the curve Fi is used,
and it is desired to swing the full range of +38.5 per
cent, or from 1.54 to 0.74, the tube-driver circuit is ad-
justed to give the maximum gain of 19.92. The circuit
then will oscillate at the frequencies of 1.54 or 0.74 at
full amplitude. When the center frequency of 1.14 is
reached the gain will be 20 per cent too high, and some
squaring of the wave should result. However, the net-
work will have 180 degrees shift only at the fundamental
frequency and will thus serve as its own flter. Higher
harmonics will pass through with less phase shift and
tend to cancel by degeneration. Lower frequencies than
the fundamental will be suppressed by attenuation.
Thus, as the network is varied to shift frequency its
filtering action is also changed to be most effective at the
generated frequency. External filters to remove distor-
tion become unnecessary.

This is not true with the zero shift type of a resistance-
capacitance oscillator. Here the output squares up very
rapidly with a small amount of overdrive, and the fre-
quency falls. This is due to the low order of filtering in
the network. In this case, reasonably constant ampli-
tude is necessary to preserve frequency stability and
prevent distortion. The high shifts of +26 and +44.2
per cent as tabulated for this network probably cannot
be realized except by using automatic volume control,
or by allowing the oscillator to overdrive at the higher
frequencies, and then filtering the harmonics from the
output.” When overdriven too far, the circuit begins to
function asa multivibrator and frequencystability islost.

LINEARITY

In the tube circuit furnishing the variable resistance,
considering the tube Ty as a perfect cathode follower,
the resistance inserted will be half that of either tube.
The usual method of expressing the tube characteristics

in a formula is
i, = (Ep + I‘Ea)/Rpo' (17)
The variable resistance inserted, therefore, will be
R, = E,R,,/2(E, + nEg). (18)

In this case, due to the action of T4, E, is always the
same and equal to one half Eg.

R, = EgR,,/2(Es + 2uEp). (19)
When all of the resistors of a network are varied at
the same time, the frequency is proportional to 1/K.

Therefore,

u It should be noted that in some facsimile uses the range is over
two to one from maximum to minimum frequency. Thus, any ex-
ternal filtering of the second harmonic of the lowest frequency would
also eliminate the upper-frequency fundamental, and introduce seri-
ous amplitude distortion,
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Therefore, if R, is made equal to K by the proportional-
ity constant T
Fy= T-2(Ep + 2uEg)/EgR,,. (20)
Thus, frequency is a linear function with the control
voltage on the grid of Ts.
When one or two resistors only are varied, the rela-
tionship does not hold, but the K- F curve of the net-
work can usually be made to follow closely the R, -Eg
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Fig. 9—Calculated characteristics using 6] § control tubes to vary one
or two resistors of network in Fig. 3A.

curve of the tube over wide ranges. Referring to the
experimental curves in Fig. 2, it can be scen that the
lincar portion of B occupies about 80 per cent of the
total swing. In certain experimental modulated oscilla-
tors this percentage was increased to over 90 per cent
by using a pentodc for T.

Fig. 9 illustrates how this fitting of tube curve and
network may be carried out to obtain a frequency swing
lincar with grid voltage. For curve 4, the network re-
sistance in each step is assumed to be 50,000 ohms, and
the two control tubes T; and T, are 6]5's. The total
B voltage is assumed as 200 volts. If only the first re-
sistor is variable, then the curve Fy, Fig. 4, is the net-
work characteristic, and the points on curve 4 _are de-
termined as follows: At the point where Fis 1, from
curve Fy, Fig. 4, the value of K for the variable resistor
is found to be 0.57. The network resistors that are not
varied were assumed 50,000 ohms, so the two tubes (to-
gether) of the control must show K (50,000) or 28,500
ohms. As the two tubes are effectively in parallel, each
tube must have twice this or 57,000 ohms actual resist-
ance. With a total B supply of 200 volts, each tube then
draws 200/2X 57,000 or 1.755 milliamperes. The grid
voltage necessary for this plate current with 100 volts on
on the plate is read from tube charts or actual test val-
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ues, —3.8 volts in this case. This process is repeated
for as many points as desired. The curves where two
resistors are varied are obtained in the same manner but
using the Fy curve in Fig. 6 to represent the network.
Both 4 and B curves are S shaped, but B has a consid-
erably more nearly straight center section. This indi-
cates the 6]5-tube curve is better suited in the low-cur-
rent region.

The curves C. D, and E show how the correct net-
work resistance can be chosen for greatest linearity
when two resistors are varied. Curve C has a long S
shape, but is much more nearly straight than was found
for only one variable resistor as in 4. D is almost perfect
over the range of from F=0.5 to F=2.5, a shift of £67
per cent about a center frequency of 1.5. Further in-
crease in the network resistors gives line E, which has
shifted to a hyperbolic shape and is curved throughout
its length.

In using the curve D, these limits of linearity, F=0.5
to F=2.5, are put back into the voltage ratio curve
I+, Fig. 6, to see if this swing can be obtained without
amplitude modulation. It is found that the F=2.5 end
can be reached with a gain increase of only 14.4 per cent
over the minimum value, but the F=0.5 end of the
swecp requires a gain increase of 87 per cent. Obviously,
this lowest frequency cannot be reached without more
amplitude modulation than can be corrected by the
natural limiting. The low-frequency end of the swing
should be restricted to about F=0.8 for a symmetrical
mid-carrier position. In this manner a linear swing of
+51.5 per cent can be realized with only 14.4 per cent
increase in gain, a value easily within the range of the
limiting and, therefore, not causing distortion.

CONCLUSIONS

Direct-frequency modulation of resistance-capaci-
tance oscillators is shown to be a very practical means
of obtaining large swings on relatively low frequency
carricrs. The method is especially adaptable for facsimile
and similar communication svstems.

The circuits are simpler than the beat oscillators
formerly used, and are much more stable in adjustment.
Spurious amplitude modulation can be reduced to a
negligible amount by choice of the proper network and
constants, and the harmonic content of the output
signal is low. Modulation of the resistance-capacitance
oscillator is accomplished by a pair of control tubes so
balanced that no transicnts or components of the
original signal appear in the output.

Facsimile systems have been put in operation with
these circuits with frequency swings of 500 to 1500
cvcles, 2000 to 4000 cyvcles, 4000 to 9000 cycles, and
16,000 to 24,000 cycles. '

Design of such systems has been simplified by provid-
ing the F versus K curves. These facilitate the choice of
network constants and control tubes for any desired
frequency swing.




Current Stabilizers+

J. N. VAN SCOYOC{, ASSOCIATE, IL.R.E.,

Summary—The degree of regulation to be expected from several
types of current stabilizers is considered. Regulation equations are
derived and a graphical-design method is presented.

The regulation produced by a single pentode is much better than
that of a single triode. Two cascode-connected pentodes give a better
regulation but the tube drop is greater and the circuit is more com-
plex. The regulation may be improved by using nonlinear resistors
in the control circuit.

INTRODUCTION

( jURRENT stabilizers are used in various applica-
tions to regulate against current changes pro-
duced by line-voltage fluctuation or load-resist-

ance variation. These circuits are used in photometry,

measurement work, magnetron oscillators, etc. A cur-
rent stabilizer may be used advantageously as a cou-

pling device in direct-current amplifier work where a

voltage divider is required to satisfy quiescent condi-

tions, but no division of voltage change is desired.

It is the purpose of this paper to show the degree of
regulation to be expected from several circuits and to
present a design procedure. Several practical regulator
circuits are described.

DERIVATIONS

The circuit diagram and equivalent circuit of a simple
degenerative current stabilizer are shown in Fig. 1. A
solution of the equivalent circuit for a change in the

I
§ ”
Pover ¢
Supply |} L%ad
]
a. Circuit Diagram
al
i '
AE=nE R,

=
b & :
b. Equivalent Circuit
Fig. 1—Cascode-connected current stabilizer.
power-supply voltage yields the following expression
for the change in load current:
nE

B Re+rp+ (14 I‘)RK-

* Decimal classification: 621.375.1. Original manuscript received
by the Institute, December 20, 1943; revised manuscript received,
February 19, 1944,
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where Al is the current change in amperes
E is the power-supply voltage
n=AE/E is the per unit change of voltage.
The current will be
I = EL/R. (2)
where E, is the voltage drop across the load. The per
unit change of current is then

Al Ry E
= (————— ————— )(—)n (for AE). (3)
I Ri4+re+ (14 p)Rxk/\E,

The derivation of the regulation expression for changes
in load resistance is simplified. by assuming the tube-
characteristic curves to be straight lines. Then,

E
fo——— (4)
Ro+rp+ (1 4+ )Rk
Taking the derivative with respect to R, and expressing
the results in terms of current and resistance increments,

- mRLE
Al=— —— (5)
[R.+ rr + (1 4+ W)Rk]?
where m is the per unit change in R, (i.e.,, AR,=mR,).
If (5) is divided by (2) and the results are simplified,
the per unit change in current may be expressed as

(for AR.)

Al RL ? E
Ar (_ R ) ( )m(for Ry). (6)
I Ry+7rp+ (1 + u)Rk E.
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Fig. 2—Volt-ampere characteristics of tungsten lamps suitable for use
in current stabilizer.
UsE OF NONLINEAR ELEMENT FOR Rg

An examination of (3) and (6) indicates that Ry
should be as large as possible for good regulation. How-
ever, increasing Rg increases the grid bias and hence
the tube drop. As a result the ratio E/E, is increased,
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thus limiting the advantage which may be secured in
this way. Also the plate dissipation of the tube is in-
creased by the increase in voltage, and the required
power-supply voltage is increased.

The use of a nonlinear resistor (such as a tungsten-
filament lamp) for Rk will result in some improvement
because the tube drop is dependent on the actual value
of the cathode resistor, while, as far as changes in cur-
rent are concerned, Ry is equal to the slope of the volt-
ampere curve of the resistor. The slope of this curve
may be from two to three times as large as the actual
resistance at the operating point (see Fig. 2) and hence an
appreciable improvement in regulation may be obtained.

Because lamps and similar thermal devices have a
definite time lag the improvement in regulation does not
apply to sudden surges or residual hum voltages. The
advantage to be gained from their use is, therefore, some-
what limited.

PENTODE STABILIZER CIRCUITS

Equations (3) and (6) indicate that for the best regu-
lation rp and p should be large. Both requirements are

4

15v 3w 6F6
Fig. 3—Pentode current stabilizer.

satisfied by the use of a pentode. Fig. 3 shows the cir-
cuit of a stabilizer using a pentode. The screen voltage is
supplied by means of VR gas tubes connected in serics
with a dropping resistor Ry across the line. A portion of
the voltage existing across the VR tubes is applied to
the control grid so as to reduce the tube drop. However,
the change in grid voltage due to a change in I is equal
to the change in voltage drop across Rg. This scheme
makes it possible to use a large value of Rx without an
unduly high tube drop.

An increase in load current reduces the screen voltage
because the drop across R is included in the screen-
cathode voltage. This decrease in screen voltage tends
to reduce the current and thus aids the regulation. A
treatment similar to that used above indicates that

Al R, E
---=<~ R ><— n (for AE) (7)
I Ri+rp+(1+u+u)Re / \EL
R, 2 E
__.__<_... . ~><—>m(forARL) 8)
I Ri+rp+ (14 m4u2)Re E,

where p; is the control-grid—plate-amplification factor
and u, is the screen—plate-amplification factor. This
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derivation neglects the cffects of screen current through
Ry and of changes in screen current which will actually
reduce the regulation somewhat; however, if the screen
current is not too large, the results will be reasonably

accurate.
CAsCODE-CONNECTED STABILIZER

Fig. 4 shows a regulator with two tubes connected in
cascode! and its equivalent circuit. The various grid

a Circuit Diagram

b. Equivalent Circuit

Fig. 4—Cascode-connected stabilizer.

potentials are obtained from a voltage divider connected
across two (or more) VR tubes in series. Since each of
the grid voltages consists of a constant voltage plus the
drop across Rg, the change in each grid voltage is equal
to the change in drop across Rg. The following equations
may be written:

En = — AIRg
Egp = — AIRx — Alrp + wk (9)
AI(R + Rk + 2rp) = AE
I = E/R,.

The solution of these equations yields

R, E
AI=< > < > o
REF @ b (TrapRe ) N Ep MO

A process similar to that used in the derivation of equa-
tion (6) gives

R, 2 I
stm (e V(Y
RL+(2+#)'1:+(1+;1)7RK> g )" (for AR.) (11)

! The term “cascode” as distinguished from “cascade” applies to
an amplifier in which the tubes are connected in series to obtain direct
coupling.
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The effect of change in screen voltage was ignored in this
derivation, but it may be taken into account by substi-
tuting m+me for p. However, the effect of change in
screen current will tend to reduce the effect of screen-
voltage changes and hence the results of (10) and (11)
are well within design accuracy.

CURRENT-STABILIZER DESIGN

The design procedure consists of the choice of a tube,
a value of Rg, and the power-supply voltage E required
to give a certain maximum current variation for given
ranges of line voltage and of load resistance.

For small changes in voltage and load resistance the
equations given above may be used. to calculate the de-
gree of regulation to be expected; however, for large
changes it is necessary to use a graphical solution.

Fig. 5 shows a graphical solution of a current stabilizer.
For a given value of Ry the grid voltage for any assumed
plate current is known and hence a plate-current—
plate-voltage curve may be constructed for this value of
Rk as follows: Assume a value of 7, calculate the grid
voltage, and plot the intersection of the tube curve for
this value of grid voltage and the ordinate for the as-
sumed current. Repeat the process for various assumed
currents until sufficient points are obtained to plot a
curve, If a lamp is used for Rg, the grid voltage must be
taken from the lamp volt-ampere curve.

After the curve for the assumed Rk is obtained, the
current to be expected for any E and R, may be found
by drawing a load line of slope —tan™'{1/(R.+Rk)]
through the point e;=E, i,=0. The intersection of this
load line and the characteristic curve gives the current
to be expected. In Fig. 5a a solution is obtained for a
constant load resistance and variable impressed voltage
by sliding the load line along the axis over the range of
voltages to be expected and reading the values of cur-
rent. In Fig. 5b a solution is obtained for a constant
voltage and variable load resistance by drawing the
various load lines through the point ¢,=0, es=E and
noting the values of current to be obtained.

It should be noted that this solution ignores the effect
of screen-voltage changes and hence gives a pessimistic
answer. It may be necessary to plot special curves ap-
plying to the particular value of screen voltage to be
used.

A tube with high values of u and rp should be chosen.
Also the tube must have sufficient current capacity
and its plate dissipation capacity must be greater than
the maximum plate dissipation to be expected.? A suffi-
cient number of VR tubes should be used to obtain a
reasonable screen voltage. If it is necessary to operate
with a low screen voltage (to economize on VR tubes or
because E is not sufficient to keep the glow current
within the normal range for variations of E) it may be
desirable to operate the control grid with a positive

* Maximum plate dissipation is obtained when E is a maximum

and R; a minimum. The plate dissipation is E,J where E, is the dis.
tance oa in Fig. Sb.
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potential to reduce the tube drop. The resistor R4
should be of such a size as to keep the VR tube current
within the normal range.

COMPARISON OF STABILIZERS AND CONCLUSIONS

Table 1 indicates the degree of regulation to be ex-
pected from different circuits supplying the same load.
The values in this table were calculated and are accurate
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Fig. 5—Graphical solution for a current stabilizer.

for small changes only. However, in most cases the
changes to be regulated against are less than 10 to 20
per cent and these results are reasonably accurate. Fig.

TABLE 1

CALCULATED CHARACTERISTICS OF SEVERAL CURRENT STABILIZERS UsEep TO
SuPrLY 1S MILLIAMPERES TO A 3000-Onm Loap

Circuit A1/l for AE =nE |Al/1 for ARL =mRL
1. GF6 triode (Fig. 1) |

Ry = 3-watt lamp, E =550 volts 0.9n -0,06m
2. 6F06 triode (Fig. 1)

Ry =6-watt lamp, E =245 volts

3. 6F6 pentode (Fig. 3) |
Rx =3-watt lamp, E =270 volts
Eq= —25 volts, E,; =250 volts
(2-V R150 tubes)

4. 6F6 cascode (Fig. 4)
Rx =3-watt lamp, E =550 volts
Eg= —117.5 volts, E,y =220 volts |
(3-V R150 tubes) | 1.87X1074n

0.93n ‘ ~0.16 m

0.023 n ’ -6 X1076 m

2.86 X107 m
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6 shows experimetal curves taken in the laboratory on
regulators similar to those in Table I with the exception
that the screens were operated at a lower voltage and
the control grids were operated with a small negative or

T
£20
i
3 R=0,7,7"
110 A —+
z 77R =6000 Ly
— /"
0 4
0 200 400 600 800 1000
IN VOLTS
Circuit of Figure 4
gzo
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Fig. 6—Experimental results on three current-stabilizer circuits.

perhaps a positive grid voltage. It is evident from these
results as well as from the equations that much better
regulation may be obtained for load-resistance variation
than for line-voltage variation.

Many applications of these circuits suggest them-
selves. For example, the use of a current stabilizer as a
dropping resistor in series with a VR tube-voltage regu-
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lator will make it possible to maintain the VR tube cur-
rent within the normal range over a much wider range of
voltage variation.

Fig. 7 shows a current stabilizer used as an element in
the voltage divider feeding the grid of the direct-current
amplifier in a degenerative voltage stabilizer. This di-
vider is necessary to keep the grid at a negative potential
but a resistance divider is undesirable because it also
divides the changes of output voltage. Since the current
in the divider remains constant and hence the drop
across the resistor is held constant, any change in out-

O

—0

o . 0

Fig. 7—Current stabilizer used as voltage divider in a
degenerative-type voltage regulator.

put voltage must appear across the regulator tube and
hence upon the grid of the direct-current amplifier.

It has been shown that the stabilizers in the order of
their regulating capability are: (1) cascode-connected
circuit, (2) pentode circuit, and (3) triode circuit. If the
stabilizers were listed in the order of their relative sim-
plicity, the order would be reversed. The triode circuit
gives the poorest regulation and has the largest tube
drop. The cascode connection gives the best regulation
but the tube drop is high. The pentode is a good com-
promise between good regulation and simplicity and it
gives the smallest tube drop.

Reference

(1) F. \y. Hunt and R. W. Hickman, “On electric voltage stabiliz-
ers,” Rev. Sci. Instr., vol. 10, pp. 6-11; January, 1939,
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Noise Figures of Radio Receivers*
H. T. FRIIS}, FELLOW, LR.E.

Summary—A rigorous definition of the noise figure of radio receivers
is given in this paper. The definition is not limited to high-gain re-
ceivers, but can be applied to four-terminal networks in general. An
analysis is made of the relationship between the noise figure of the
receiver as a whole and the noise figures of its components. Mis-
match relations between the components of the receiver and methods
of measurements of noise figures are discussed briefly.

INTRODUCTION
r | YHE importance of noise originating in a radio re-

ceiver has increased as shorter and shorter wave-

lengths have come into practical usage. Many
papers on the subject, notably those by Llewellyn! and
Jansky,? have appeared since the writer, in 1928, showed
experimentally? that thermal-agitation noise (Johnson
noise) determined the absolute sensitivity of short-wave
radio receivers. Early in 1942 North* suggested the
adoption of a standard for the absolute sensitivity of
radio receivers which differed by a factor of 2 from the
standard used by us at that time. We adopted his stand-
ard, since ours was somewhat limited in that it was
based on matched impedances in the input circuit of the
receiver.

In this paper a more rigorous definition of the stand-
ard of absolute sensitivity, the so-called noise figure, of
a radio receiver is suggested. The definition is not limited
to high-gain receivers, but can be applied to four-termi-
nal networks in general. It also makes it possible by a
simple analysis to give the relationship between the
noise figure of the receiver as a whole and the noise
figures of its components. In the case of a double-detec-
tion receiver these components may be a high-frequency
amplifier, a frequency converter, and an intermediate-
frequency amplifier. The paper also gives a brief de-
scription of methods of measurements of noise figures,

The four-terminal network whose noise figure is to
be defined is shown schematically in Fig. 1. A signal
generator is connected to its input terminals and an
output circuit is also indicated. The input and output
impedances of the network may have reactive com-
ponents and they may be matched or mismatched to
the generator and the output circuit, respectively. The
four-terminal network may be, for instance, an ampli-
fier, a converter, an attenuator, or a simple transformer.
The presence of the signal generator is required for the

* Decimal classification: R261.2. Original manuscript received by
the Institute, September 7, 1943, ’

t Bell Telephone Laboratories, Inc., New York, N. Y.

! F. B. Llewellyn, “A study of noise in vacuum tubes and at-
tached circuits,” Proc. I.R.E., vol. 18, pp. 243-266; February, 1930.

* K. G. Jansky, “Minimum noise levels obtained on short-wave

radio receiving systems,” Proc. I.R.E., vol. 25, pp. 1517-1531; De-
cember, 1937, 7 PP )

? Unpublished report.
¢ D. O. North, “The absolute sensitivity of radio receivers,” RCA

Rev., vol. 6, pp. 332-344; January, 1942. The reader is referred to
this paper for reference to other papers on this subject.
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definition that follows, but the attenuator in the signal
generator and the output circuit toward the right are
shown only to illustrate measurements of noise figures
and gains.

The noise figure will be defined in terms of available
signal power, available noise power, gain, and effective
bandwidth. The definitions of these terms will be given
and discussed next.

AVAILABLE SIGNAL POWER

A generator with an internal impedance R, ohms and
electromotive force E volts delivers E!R,/(Rs+ R,)?
watts into a resistance R, ohms. This power is maximum
and equal to E?/4R, when the output circuit is matched
to the generator impedance, that is when R;=R,.
E?/4R, is hereafter called the available power of the
generator, and it is, by definition, independent of the
impedance of the circuit to which it is connected. The
output power is smaller than the available power when
R, is unlike R,, since there is a mismatch loss. In ampli-
fier input circuits a mismatch condition may be bene-
ficial® due to the fact that it may decrease the output
noise more than the output signal. It is the presence of
such mismatch conditions in amplifier input circuits that
makes it desirable to use the term available power in
this paper. The symbol S, will be used for the available
signal power at the output terminals of the signal
generator shown in Fig. 1. S, is here equal to V?/RA
watts where V' is the voltage across the input terminals
OUTPUT

SIGNAL 4 TERMINAL

GENERATOR NETWORK CIRCUIT
I — ~ S —
[T ANV 2 A _o_‘_q °—‘—"ol v
Ro S I
v
| \ ‘
€ (~ i T | |
J . / | 1 L
—_—) (7 ] L .‘L 4 _.\1 { ._J
ouTPUT INPUT N\ outPuT
/ TERMINAL S TERMINALS TERMINALS
AT TENUATOR
(MPEDANCE R ANO
ATTENUATION A >> 1)
Fig. 1

of the attenuator, R the characteristic impedance of the
attenuator, and 4 the nominal attenuation (4 is as-
sumed large).

The output terminals of any network may be con-
sidered as being the output terminals of a signal genera-
tor. The symbol S will be used for the available signal
power at the output terminals of the four-terminal net-
work shown in Fig. 1.

$ That such an improvement might be possible was first discussed
in detail by F, B. Llewellyn in his paper “A rapid method of estimat-
ing the signal-to-noise ratio of a high gain receiver.” Proc. L.R.E.,
vol. 19, pp. 416421; March, 1931.
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GAIN

The gain of the network is defined as the ratio of the
available signal power at the output terminals of the
network to the available signal power at the output
terminals of the signal generator. Hence

G=2S/S,. (1)

This is an unusual definition of gain since the gain of an
amplifier is generally defined as the ratio of its output
and input powers. This new definition is introduced here
for the same reason that made it desirable to use the
term available power. Note that while the gain is inde-
pendent of the impedance which the output circuit
presents to the network, it does depend on the im-
pedance of the signal generator.

The four-terminal network has generally some kind of
band-pass characteristic. The gain G is defined as that
at the mid-band frequency.

AvAILABLE NOISE POWER

As in the case of signal power, the available noise
power between two terminals is defined as the, noise
power which would be absorbed by a matched output
circuit.

The symbol N will be used for the available noise
power at the output terminals of the network. This
power is due to all the noise sources in the network itself
and the Johnson-noise sources in the signal generator,
but noise sources in the output circuit toward the right
in Fig. 1 are not included.

The Johnson-noise power available from a resistance
will be discussed now. Any resistance, R ohms, acts as a
Johnson-noise generator with a mean-square electro-
motive force equal to 4KTRdf. K is Boltzmann's con-
stant = 1.38 X 10-%, T is the absolute temperature of the
resistance, and df is the bandwidth. The available John-
son-noise power is then

3KTRdf/AR = KTdf watts (2)

and this is the noise power available over the band df
at the output terminals of the signal generator in Fig. 1.
It is, in fact, the available noise power between any two
terminals of a passive network when all its parts have
the same temperature T.

EFFECTIVE BANDWIDTH

The contribution to the available output noise by the
Johnson-noise sources in the signal generator is readily
calculated for an ideal or square-top band-pass char-
acteristic and it is GKTB where B is the bandwidth in
cycles per second. In practice, however, the band is not
flat; i.e., the gain over the band is not constant but
varies with the frequency. In this case, the total con-
tribution is fG,KTdf where G, is the gain at the fre-
quency f. The effective bandwidth B of the network is
defined as the bandwidth of an ideal band-pass network
with gain G that gives this contribution to the noise
output. Therefore,
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1
or B = Ef(;/df

Nois FIGURES

(3)

The noise figure of the network in Fig. 1 will now be
defined in terms of S,, S, KT B, and N.

It is important to have the highest possible signal-to-
noise ratio at the output terminals of the network. The
maximum value of this ratio would be as high as the
available-signal-to-available-noise ratio at the signal-
generator terminals if there were absolutely no noise
sources present in the network. Simple lossless trans-
formers or filters are cxamples of networks with no noise
sources. In general, however, noise sources are present
and these noise sources reduce the available signal-to-
noise ratio at the output terminals of the network. The
noise figure F of the network® is defined as the ratio
of the available signal-to-noise ratio at the signal-genera-
tor terminals to the available signal-to-noise ratio at its
output terminals.” Thus

F = (S,/KTB)/(S/N) = (S,/KTB)(N/S) (4)
and since
G=35/S,
F = (1/G)(N/KTB). (%

Solving for N gives the following expression for the
available noise output:

N = FGKTB watts. (6)

This noise output includes the contribution made by
the Johnson-noise source in the signal generator. This
contribution is GKTB. The available output noise due
only to noise sources in the network is, therefore,

(F — )GKTB watts. (N

All the terms in (4), (5), (6), and (7) have been defined,
but a value for the temperature T of the generator
terminal impedance must still be chosen before the
noise figure is definite. It is suggested that the noise
figure be defined for a temperature of 290 degrees
Kelvin (63 degrees Fahrenheit). Then

KT = 1.38 X10 "% X 290
= 4 X 1072 watts per cycle bandwidth.

The relationship between the noise figure and the
degree of mismatch that exists between the network and
its output and input circuits is important. Definition (4)
shows clearly that the output circuit and hence its
coupling with the network has no effect on the value of
the noise figure. However, it also shows that the noise
figure does depend on the degree of mismatch between
the generator and the network since both S and N will
vary with the magnitude of this mismatch.

¢ We have, until now, used the symbol NF for the noise figure, but
we shall use, hereafter, the symbol F suggested by Dr. S. Roperts.

T Because of ghis definition, the noise figure has also been called
“excess noise ratio.”
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MEASUREMENT OF THE NOISE FIGURE

Although a detailed description of noise-figure-
measuring equipment will not be given in this paper, it is
believed worth while to outline a method of such meas-
urements.

It is not difficult to measure the noise figure F when
the gain of the network is so large that a noise-power
reading can be obtained by means of a thermocouple
connected between the output terminals of the network
(Fig. 1). The measurement procedure is then simply to
adjust the attenuation 4 of the signal attenuator until
the output reading is double that due to noise only
which is obtained with the signal generator turned off.
S is then equal to N and definition (4) gives

F =S,/KTB = V*/4RAB X 1072, (8

The effective band B is calculated from a gain-versus-
frequency curve. The voltage V across the input termi-
nals of the signal attenuator may be measured by means
of thermocouples, tube voltmeters, thermistors, etc.,and
by cross-checking such different equipment the value of
V can be obtained with adequate accuracy even in the
centimeter-wavelength range. It is more difficult to ob-
tain an accurate value of the attenuation A because of
its large magnitude. For a short-wave receiver for which
F may be as small as 3, formula (8) gives 4 =5.2X 101
for R=80 ohms, V=1 volt, and B= 20,000:cycles. Only
very careful work will give satisfactory data with such
magnitudes of attenuation. Very thorough shielding of
the signal generator is one important requirement.

The noise figure of a network made up of nondissipa-
tive elements is unity since it contains no noise sources
(expression (7) is equal to zero). The losses in simple
transformers and filters are generally sufficiently low to
come under this classification. The noise figure of an
attenuator at 63 degrees Fahrenheit temperature is by
(5) equal to its attenuation when it is matched to the
signal generator since under these conditions N=KTB
and attenuation=1/G. A network made up of a trans-
mitting and a receiving antenna is equivalent to an at-
tenuator with an attenuation A4 equal to the ratio of
transmitted to received power. Assuming no static or
star noise and no circuit losses in the receiving antenna,
its noise figure is, by (5), F=A(N/KTB). If T, is the
absolute temperature of the radiation resistance of the
receiving antenna, N=KT,B. Hence F=A(T,/T)
=A(T,/290). The value of T, is not definitely known,
but T,=T is believed to be a good approximation for
antennas whose radiation strikes the earth.?

Noisi FIGURES FOR Two NETWORKS IN CASCADE

If the gain of the network shown in Fig. 1 is not large,
an amplifier following the network is required to obtain
a noise-output reading. For this case a noise-figure
analysis of two networks in cascade is required. Also

8 For further information on this subject the reader is referred to

a Eaper by R. E. Burgess, “Noise in receiving acrial systems,” Proc.
Phys. Soc., vol. 53, pp. 293 -304; May, 1941,
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from a design point of view it is important to know the
relationship between the noise figure of a whole receiver
and the noise figures of its components since it indicates
the component on which efforts for improvement are
worth while.

The two networks are shown schematically in Fig. 2.
We are also considering here the general case where the
two networks, the generator, and the output circuit
may be either matched or mismatched. The definitions
given for a single network will now be applied to the
network ab made up of the two networks a and b in
cascade and to the individual networks a and b.

SIGNAL OUTPUT
GENERATOR NETWORK G NETWORK b CIRCUIT
ptiutishe ] ! 1
MV / O +—0 o—t <
1 I 1
2| '_
(f | ’
|
| ‘
) o—t JI—o Oo—t o
- oL 1 L J
Fig. 2

Expression (6) gives for the available output noise at
the output terminals of network b

N,.b = F,.bG,.bKTB,.b watts. (9)

To simplify the analysis, it will be assumed that the
two networks have the same ideal or square-top band-
pass characteristics (B, =B,=B). The equivalent band
B, is then equal to B. The total gain G,; is by the defini-
tion of gain (1) equal to G,G,. Then

Nabv = FayGuGoK T B watts. (10)

A new expression for this noise power may be derived
by applying expression (6) to network a and expression
(7) to network b. Applying (6) to network a, the avail-
able noise power at its output terminals is

N, = F,G.KTB watts. (11)

Multiplying this power by G, gives then the following
expression for the available noise power at the output
terminals of network b due to the noise sources in net-
work a and the Johnson-noise sources in the signal

generator
F.GGyKTB watts. (12)

Expression (7) applied to network b gives the following
expression for the available noise power at the output
terminals of network b due to noise sources in network
b only,

(Fy — 1)GoKTB watts. (13)
The total available noise power N, at the output termi-

nals of network b is the sum of the noise powers given by
(12) and (13), hence,

Nub = l"uGaGbKTB + (Fb — I)GbKTB
(" Lk
= a 7

v
a

)G..G:,KTB. (14)
Comparing this expression with (10) gives the following
simple relationship between the noise figures of the two
networks

Faop = (Fa+ Fb) — 1/G.. (15)
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This relationship is valid for any distribution of noise
power throughout the bands of the two networks. The
assumptions made in regard to the band-pass charac-
teristics could be made less severe for uniform noise-
power distribution. Although they do not seriously limit
the uscfulness of relationship (15) for practical cases,
it is recommended that both the effect of nonuniform
noise distribution and the effect of unequal and nonideal
bands be studied to make sure whether it is necessary to
use correction factors for the different terms of (15).

The rather complicated matter of the effects of non-
uniform noise distribution and nonideal band charac-
teristics may be clarified somewhat by pointing out that
the relationship (15) may always be applied to an ele-
ment of band df at a frequency f in the band of the
networks. It usually will be found that the noise figurc
corresponding to an element of band varies somewhat
across the band of an actual network.

The noise figures F, and Fp in (15) will be discussed
next. Network b has no effect on the noise figure F, of
network a. This follows from the discussion of a single
network. That discussion also pointed out that network
a docs affect the noise figure F, of network b. Therefore,
if Fy is measured separately by a signal generator, as
shown in Fig. 1, then this signal generator must have a
terminal impedance which is identical to the output im-
pedance between the output terminals of network a.

MisMaTcl RELATIONS FOR Two NETWORKS

The reader is referred to a paper by Burgess® and a
more recent paper by Herold® for detailed discussions
of the advantage of mismatch relations, and only a
brief discussion will be given here.

The over-all noise figure for two networks has a mini-
mum value when the degree of mismatch between them
is made identical to the mismatch which gives the
lowest noise figure for the second network when it is
connected directly to a signal generator. Offhand, this
is not evident, but an analysis of the matching condition
between a signal generator and a network shows that the
optimum matching condition is independent of any noise
sources in the signal generator. For the lowest over-all
noise figure, the optimum matching condition between
the signal generator and network e does, on the other
hand, depend on both networks. When network a is a
low-gain converter and network b an intermediate-
frequency amplifier, the highest possible gain G, in the
first network, which is obtained when it is matched to
the signal generator, will in general give the lowest over-
all noise figure.

Noisig FIGUrREs FOR SEVERAL NETWORKS IN CASCADE
The analysis for two networks may be easily extended
to more than two networks. For example, if three net-
works are considered, (15) gives
" E. W. Herold, “An analysis of the signal-to-noise ratio of ultra-

high-frequency receivers,” RCA Rev., vol. 6, pp. 302-332, January,
1942,

Foru=Fu+(F.—=1)/Ga=F,

(16)
4+ (Fy=1)/Gu+ (Fe—1) /GG,

In most receivers the gains of the amplification stages
are such that the noise figures of only the first two stages
must be considered.

MEASUREMENT OF THE NoIsE FIGURES OF
Two NETWORKS

It may be desirable to determine F, by indirect meas-
urements, particularly if G, is low. This may be done as
follows. The noise figures Fu and F, may be measured
by the method described for a single network. The gain
G. may be obtained, by means of signal generators, as
the increase in available signal power required to give
a certain signal output reading when network a is left
out. The noise figure F, may then be calculated by
means of (15).

A sccond method of noise-figure measurement in-
cludes the measurement of the ratio of the output noise
of network b with network a in normal operation to that
with network a passive. This ratio is called the Y figure
and is especially useful in converter measurements. Net-
work a is said to be passive if its available output noise
is only KTB watts. In measuring Y it is usually most
convenient to replace the output impedance of network
a with an equal passive impedance at room temperature.

An expression for F, in terms of V, F,, and G, will be
developed next. By definition,

Y = Nuy/ Ny (17)
Formula (5) gives
Fy = (1/G)(No/KTBy) (18)
and Fuy = (1/G.Gy)(Nus/ KT Bay). (19)
The above three formulas give
Fop = (FFoV/Ga)(Bs/ By, (20)

It will also here be assumed that the two networks have

the same idcal or square-top band-pass characteristic.
Then

Foo = FoV /G (21)
Formulas (15) and (21) give
F,= [Fo(Y — 1) + 1]/, (22)

Formula (22) is often simpler to use for the determina-
tion of F. than relationship (15) because it is easier to
measure Y than F,. Note also that F,, may be deter-
mined experimentally from the convenient relation given
by (21).

CoNcLUSION

All signal and noise powers are in watts. It is confusing
to use the decibel scale when noise powers are added,
and it has not, therefore, been used in this paper.

In concluding, it is hoped that the definitions and
symbols suggested will come into gencral usage. It
should be pointed out that the paper is the result of a
great many discussions during the past two years with
scientific workers both inside and outside the Bell Tele-
phone Laboratories.




Grounded-Grid Radio-Frequency Voltage Amplifiers’

M. C. JONEST, ASSOCIATE, L.R.E.

Summary—Triode radio-frequency amplifiers have come into
extensive use for medium-high-frequency applications. The use of
triodes results from the reduced noise-equivalent resistance of a
triode amplifier as compared to a multigrid-type amplifier tube. It is
not possible with a triode to use conventional circuits with the input
into the grid circuit and the output from the plate circuit because
this connection results in excessive output to input feedback which
produces regeneration and even oscillation. The grounded-grid
amplifier! circuit alleviates these difficulties by utilizing the grid as
a shield between the input or cathode circuit and the output or plate
circuit. Such a circuit exhibits certain peculiarities, particularly when
several such stages are operated in tandem. Following is an analysis
of the performance of several types of grounded-grid radio-frequency

amplifiers.
A impedance tuned circuit connected to the cath-
ode of the amplifier tube and the load resistance
connected in the plate. Such a circuit is shown in Fig. 1.
If we make the assumption that the impedance of the
tuned circuit is high compared to the input resistance
of the tube, it becomes evident that the signal current
I, flowing to the cathode of the amplifier is the same as
the plate current I, flowing into the plate of the am-
plifier. The tube then acts simply as a medium for trans-
posing the input current, which may be from a low-im-
pedance source, to the output circuit which may be a
high-impedance source. From this we see that the gain
of such a stage is the ratio of the output resistance
(RL) to the input resistance. The value of this input
resistance will be determined later.

I. SINGLE STAGE AMPLIFIER
SINGLE-STAGE amplifier consists of a high-

Fig. 1—Single stage grounded-grid amplifier.

A marked similarity exists between this type of cir-
cuit and the so called “cathode-follower” type of circuit.
In the cathode follower the input and output voltages
are identical to a first approximation, and in this circuit
the input and output currents are identical. We might
then coin the term “voltage-follower circuit” to apply to
the cathode-follower and “current-follower circuit” to
apply to the grounded-grid amplifier.

* Decimal classification: R363.1. Original manuscript received by
the 'nstitute, September 14, 1943; revised manuscript received,
Mar h9, 1944,

t Radio Corporation of America, RCA Victor Division, Camden,
New Jersey.

1948(3. E. Strong, “The inverted amplifier,” Electronics, p. 87; July,
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By inspection of Fig. 1 it is evident that
E, = LLR,. (1

In any triode vacuum tube the fundamental fre-
quency component of the signal current may be ex-

pressed by
I, = G,,.(E,, + Ep/l")- (2)

Substituting the appropriate values for E, and E, in
terms of E,, I, and R, we have,

Il=Gm(— E1+(— IlRL—El)/#)- (3)
Solving for E,, (3) becomes
Ei, = L((Ry, + R)/(u + 1)). €Y

We may now evaluate the input resistance to the
amplifier tube as

R, = El/Il = (Rp + RL)/(# =7 i) (5

A curve showing R, as a function R, for a typical
amplifier tube is shown in Fig. 2. This equation may be
simplified, for the condition where R, <R, and up>1, to

Rl = 1/Gm- (6)
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Fig. 2—Curve showing input resistance as a function
of load resistance.

We may now evaluate the gain of the single amplifier
by dividing (1) by (4).

Es/E; = (Ru(p + 1))/(R, + Ru). (N

This may be compared with the formula for the gain
of an ordinary triode amplifier,

RL#/(Rp + RL)- (8)

“T'he slight increase in gain results from the fact that
the output voltage is measured to ground which in the
case of the grounded-grid amplifier is the grid circuit
and in the case of the conventional amplifier is the
cathode circuit.

If now we can make the assumption that R, <R, and
u>1, equation (7) may be simplified to gain = R, G..

Gain =

gain =

423
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I1. TaANDEM CIRCUITS

It is customary to operate two or more grounded-grid
amplifiers in tandem. In this case the load resistance
(R.) is some function of the input resistance of the fol-
lowing stage. A circuit showing three such stages termi-
nated finally in the load resistance Ry is shown in Fig. 3.

I, oL

Fig. 3—Three grounded-grid amplifier
circuits in tandem

Before analyzing this circuit we must consider the
coupling transformer which reflects the input resistance
of each stage back to the load resistance of the preceding
stage. FFor simplicity it is convenient to assume that this
is a perfect transformer and that its output-tosinput
current ratio is the same as its input-to-output voltage
ratio. If we define this ratio as a it is then only necessary
to multiply the input current by the appropriate values
of a through the various stages to determine the output
current. In analyzing this circuit the most convenient
method of approach is that of determining the input
resistance of each stage as a function of the input resist-
ance of the following stage. By reference to (5) we may
write equations for the input resistances of the three
stages as follows:

Rs = (Ry + a2?R1)/(w + 1) (9)
R: = (R, + a1®Rg)/(u + 1) (10)
Ry = (Ry + 0’Ry)/(u + 1). (11)

We may now solve for the input resistance R, as a
function of the output resistance, the tube character-
istics, and the transformer characteristics:

Ry = Ry/(n + 1) + a?R,p/(u + 1)?
+ (8, *(R, + a2’R1))/(u + 1)3. (12)

This equation may now be generalized for any num-
ber (n) of stages:

RP alsz al‘RP
Ry = ——— o D
YL e At 1r
alz(n..z)RP d;z("—'”(Rp + GZZRL)
n e M T T (1)
(w+ 1~ W+ D

{f the amplifier consists of a large number of stages
such that the input resistance R, of the first stage is rela-
tively independent of the output resistance R, or if the
value of R is selected such that the input resistance of
each stage is identical, we then may evaluate what
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might be termed the “characteristic impedance” for this
amplifier by setting Ry =Rz in (11).

Ri=R,/(u+1— a?). (14)
From this it may be seen that the characteristic input
impedance of a grounded-grid amplifier is determined
by the tube characteristics and by the coupling trans-
former. A curve showing the variation of input resist-
ance with current ratio of the coupling transformer for a
typical amplifier tube is shown in Fig. 4. From this
curve it may be seen that the input resistance rises
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Fig. 4'.—C}lfVﬁ showing input resistance of an amplifier terniinated
in its “characteristic impedance” as a function of a.
rapidly with values of a, approaching \/u41. We may
now determine the over-all gain of n grounded grid

amplifier stages as follows:

Output current (I,) = a," a,/, (15)
Output voltage (E,) = I.Ry = R4, a;.  (16)

The input voltage E, is given by ’
E, = IR, (17)

The over-all gain may be determined by dividing (16)
by (17).

Over-all gain = (Rpa," 1a2)/R, (18)
or substituting the value of R, for n stages given in (13)
we have,

RLal"' laz

-all gain = ——— = — - P - —
OveraER T Ru/ e+ D) + aRp/ (D -+ @R (A 1) A 0¥ TD(R, 4 R0/ (6 + D

(19)

If the stages are designed so that they exhibit ti.e
“characteristic input impedance” or if a large number of
stages is used such that the input resistance is relatively
independent of the output resistance Ry, equation (19)
may be simplified to

over-all gain = (Rpa,'" Pas(u + 1 — a,%))/R,. (20)

If u>(1—a,?), equation (20) may be simplified to

over-all gain = G,Rpa," ta,. (21)
From this equation it is evident that the gain of s -veral
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grounded-grid amplifier stages in tandem is a function
only of the current ratio of the coupling transformers,
the Gn of any one tube (assuming all tubes have the
same value of G,), and the load resistance R.. It will be
shown later an optimum value of a exists if we consider
the input loading due to transit-time effect.

II1. 7-SECcTION TANDEM CIRCUITS

It is sometimes more convenient practically to design
the coupling transformers as a w-section filter in the
manner shown in Fig. 5,

A
I T

Fig. 5—n-section coupling transformers in two-stage
grounded-grid amplifier.

It can be shown that the current ratio of these cou-
pling transformers to a fair degree of approximation is
given by

a, = Cz/Cl (22)

a; = Cy/Cs. (23)
From this it may be seen that for large gains C; should
be greater than Cy, and C, should be greater than C;. To
obtain the maximum range from a given capacitance
change in the tuning capacitor it is desirable then to
make C, and C; the variable elements and to use a fixed
capacitor for C; and Ci.

With the above definitions of ¢, the previous equa-
tions for over-all gain (18), (19), (20), (21), apply with
equal accuracy to this circuit.

IV. ANTENNA INPUT CIRCUITS

Most amplifiers of this type operate from a low-
impedance antenna circuit and feed into a constant im-
pedance, usually the input impedance of a converter. A
typical antenna circuit feeding directly into the input
resistance of a grounded-grid amplifier isshown in Fig. 6.

Fig. 6—Antenna input circuit for grounded-grid amplifier.

If we assume that the loss in the input transformer is
negligible and that the input circuit matches the an-
tenna resistance it can be shown that the gain of the
antenna circuit is given by

gain =G, = E1/E, = 1/2/Ry/Ro. (24)

Jones: Grounded-Grid Radio- Frequency Voltage Amplifiers
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The over-all gain for n stages plus the above antenna
circuit is then given by
over-all gain = E,/E, = ((Rrar"'a2)/R1)/2V/ R/ Ro. (25)
Simplifying the above equation
over-all gain = 1/2(R.e,"'az)/2v/ RiRo. (26)
In this equation we may use values of R, as determined

previously in (13) or (14). If the following approxima-
tion is valid,

Rl = 1/Gmo (27)
The formula for over-all gain simplifies to
over-all gain = 1/2R 181" 'a2v/G ./ Ro. (28)

From this it may be seen that the over-all voltage gain
depends entirely on the transformer design, the input
and output impedances, and the Gn of the amplifier
tubes. An increase of the G, of all the tubes produces an
increase in over-all gain of only the square root of the
G. change of any one stage regardless of the number of
stages. Consider a typical two-stage grounded-grid am-
plifier feeding from an antenna to the input of a con-
verter with the following characteristics:

G.,. = 2000 micromhos a =3
R, = 50 ohms a = 2
R, = 1000 ohms

The over-all gain as calculated by (28) then becomes

over-all gain=1/2X1000X 3 X 21/(2000X10-%)/50 =19.

V. Noise CONSIDERATIONS

The performance of any receiver is limited by noise
voltages.2® This noise is of two distinct types: Thermal-
agitation noise, or noise developed within the circuits,
and shot-effect noise; or noise developed in the plate of
the amplifier tubes. The thermal-agitation noise over
any band of frequency can be predicated accurately if
the value of circuit resistance is known. The shot-effect
noise is more difficult to determine. In general this noise
is referred to the grid circuit and expressed as a “noise-
equivalent resistance” for the vacuum tube used, and
calcu'ations may then be made in the same manner as
with thermal-agitation noise.

The noise voltage generated in series with any resistor
R as measured by an amplifier having a bandwidth
B.W. is given by the expression:

E,r = 4KTR B.W. (29)
where
K = Boltzmann’s constant =1.37 X 10~2? watt sec-
ond per degree
T =temperature in degrees Kelvin
R =resistance in ohms

B.W. =bandwidth of the amplifier in cycles per second

Since most of our calculations are based on normal or

*F. B. Llewellyn, “A rapid method of estimating the signal-to-
noise ratio of a high gain receiver,” Proc. LR.E., vol. 19, pp. 416~
420; March, 1931,

3 E. W. Herold, “An" analysis of the signal-to-noise ratio of ultra-
high-frequency receivers,” RCA Rev., vol. 6; January, 1942,
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room temperature, it is possible to simplify (29) as fol-
lows:

E.'= 1.66 X 10 X BW, X R (30)
where E, =the root-mean-square noise voltage in series
with the resistance R at room temperature, 30 degrees
centigrade, or 303 degrees Kelvin,

Measurement of Noise Factor (NF) by the 1K1 Method

The noise factor of a receiver expresses its ability to
receive and detect weak signals in the presence of noise
generated both in the antenna resistance and the re-
ceiver itsclf. The noisc factor may be defined as the ratio
of the signal-to-noise ratio of a perfect receiver, to the
signal-to-noise ratio of the recciver under test (both
measured under the same conditions). A perfect receiver
is defined as one with infinite input impedance, and no
internal noise. Expressing this in an equation we have

_ (EJE) Ey

T [
(EJE.Y)  E. o
where,
7, =signal voltage used to measure both receivers
E, =c¢quivalent-noise voltage of the perfect receiver
referred to the input circuit ¢
.!'=ecquivalent-noise voltage of the receiver under

test referred to the input circuit

From this it is apparent that the noise factor is the
ratio of two noise voltages, one of which may be meas-
ured and the other calculated.

In order to measure the cquivalent-noise voltage of a
recciver, one would proceed as follows:

1. Connect a signal generator, of negligible internal im-
pedance, to the receiver input terminals in series with
a resistance equal to the input resistance of the re-
ceiver. It should be noted here that the 4K T method
applics only when the internal impedance of the sig-
nal generator is small.

2. Connect a root-mean-square voltmeter to the output
of the intermediate-frequency amplifier of the re-
ceiver. A direct-current voltmeter connected across
the load resistor of second detector may be used with
only slight error.

3. With the signal generator output reduced to zero,
adjust the gain control until the noise voltage as read
on the root-mean-square meter is some convenient
value, say 1 volt.

4. Adjust the input voltage from the signal generator
until the noise voltage has increased to \/?2 times its
original value.

The voltage output from the signal generator is now
equal to the equivalent-noise voltage of the receiver re-
ferred to the input circuit; or the voltage E,' in (31).

The equivalent-noise voltage (E,) of a perfect re-
cciver, with characteristics similar to the receiver under
test, is the noise voltage generated by the antenna re-
sistance. This value of resistance is usually equal to the
input resistance of the receiver under test. From (30)

this voltage is

Proceedsngs of the I.R.[.
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L, = 1.20 X 10 "\ B.W. X R (32)
where
B.W. =bandwidth of recciver under test in cycles per
sccond
Ro=antenna series resistance in ohms
I, = equivalent-noise voltage of the perfect receiver

The noise factor may now be determined as the ratio
i/ E..

Since it is not possible to obtain a perfect receiver with
infinite input impedance, it is uscful to consider what
might be called a “practically perfeet” receiver with a
finite input resistance, but which contains no internal
noise sources other than this input resistance. The input
circuit of such a receiver connected to a source of signal
voltage Eqis shown in IFig. 7 (a). The noise sources and
their equivalent noise voltage are shown in Fig. 7(h),
and the previous perfect receiver is shown in Fig. 7 (¢).
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Fig. 7—Receiver inpul circuit showing noise and signal voltages
4KT method of noisc-factor measurement, a
(@) Input circuit showing signal voltage
(b) Input circuit showing noise voltage
(c) Perfect receiver

Solving for the recciver input voltage E,” from Fig.

7 (a) we have,
i:’ = EO(Rm/(RO + Rm))~ (‘})

‘The noise voltage E,” from Fig. 7 (b) is given by the
expression

ES' = 1.29 X 10 BAV(RoRo/(Rs + R.)).  (34)

Performing these same operations on the perfect re-
ceiver shown in Fig. 7 (¢) we have,

k., = E,

.

= 1.29 X 10 '/ BW. X R..

(35)
(36)

If we now consider the practically perfect receiver as
one under test we have, from (31),
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 (EJE) _ (Ed/(1.29X107°VB.W.XRd))
T (EM/LY) Eo(Rin/(Ro+ Rix))
1.29% 10-1%/B.W.X RoRn/(Rot+ Rix)
'Rot+Rin 1+ Rin/Ro
¥ 150 e 14 Rin/Ro (37
R,n Rm/RO

The curve in Fig. 8 shows the noise factor as a func-
tion of the ratio R;,/R,. From this it may be seen that
the noise factor of a matched receiver cannot exceed
\/2, or 3 decibels from thermal noise, even though there
are no noise sources within the receiver except the input
resistance. A slight advantage may be gained by mis-
matching the receiver in the direction of making Rin
greater than Ro. This advantage is more theoretical than
practical, however, since mismatch always introduces
additional losses due to reflections on the transmission
line connecting the receiver with the antenna. It also
tends to make the performance of the receiver a function
of the transmission-line length since the transmission
line is then a resonant circuit. At lower frequencies
where the transmission line is short compared with a
quarter wavelength, some advantage may be gained by
mismatching the antenna circuit.
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Fig. 8—Curve showing the noise factor as a function of receiver
g:pgt) resistance, for a receiver with no internal noise (4KT
asis).

Measurement of Noise Factor by the 1 KT method

In the preceding analysis the signal-generator voltage
(E,) was connected in series with the antenna resistance
(Ry), and as a result, the thermal-agitation noise was
calculated on the so-called 4K T basis. In some signal
generators, however, the internal resistance of the gen-
erator itself is equal to the antenna resistance, and the
voltage as read by the signal generator is then equal to
the voltage impressed on the receiver input terminals. A
schematic diagram of such an arrangement, together
with its equivalent circuits, is shown in Fig. 9.

With this arrangement the noise voltage must be re-
evaluated so that it compares with the readings of volt-
age from the signal generator. The signal-generator volt-
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age reading is now half its value in the preceding connec-
tion shown in Fig. 7 (a) and the noise voltage must be
reduced by a factor of 2 for a direct comparison with it.
This gives rise to an expression for noise voltage which
is not strictly accurate, but which gives proper results
when compared with the equivalent-noise voltage of the

—_— A &
Signal A L
Face: 2 o
Gen; :»ahr c.\‘_ cél:e'} L 2 [
— E.Ql/ S An

l # ZE; I id

(a)

(b)
input circuit with matched impedance signal
generator. 1K T method of noise-factor measurements.
(a) Input circuit showing signal voltage
(b) Tnput circuit showing noise voltage

Fig. 9—Receiver

receiver shown in Fig. 9 measured by the method previ-

ously outlined. This expression for noise voltage is
(E!’"): = 1KTR, B.W. (38)

At T =303 degrees Kelvin (30 degrees centigrade) this

becomes

(E!")? = 0.415 X 1072 X B.W. X Ro (39)

E! = 0.645 X 10-1%/B.W. X Ro. (40)

This method of measuring noise factor is based on the
so-called 1K T noise level. For any given receiver the
noise factor as determined by either of these methods
should be identical. The method used depends on the
internal resistance of the signal generator. In actual
practice, the method used may quite often be a com-
promise between the 1KT and the 4K T methods. This
condition occurs when the internal resistance of the sig-
nal generator is less than the input resistance of the re-
ceiver, but is still not negligible. By any method of meas-
urement, however, a matched receiver with no internal
noise has a theoretical maximum performance of 3
decibels from thermal noise.

or

Calculation of Receiver Noise and Notse Factor

The noise generated in the plate of a vacuum tube
may be conveniently expressed as the noise-equivalent
resistance of the tube referred to the grid circuit. This
is considered to be the resistance connected in series
with the grid of a perfect amplifier tube having the same
gain as the tube under consideration and generating the
noise normally generated in the plate of the tube.

If one makes the assumption that the circuit noise in
a radio-frequency amplifier is negligible compared with




428

the noise generated in the antenna resistance, the input
resistance of the recciver,and the shot-effect noise of the
radio-frequency amplifier tubes, one may calculate the
noisc factor of the radio-frequency amplifier from a
knowledge of its characteristics.

The noise-cquivalent resistance of the first stage may
be referred to the input circuit by dividing its value by
the square of the gain of the antenna circuit. If addi-
tional stages, other than the first stage, contribute to the
noisc-cquivalent voltage of the receiver, they may be
taken into account by dividing the noise-equivalent re-
sistance of cach stage by the square of the total gain
from the input circuit to the grid of the stage. Fig. 10
represents the input circuit to a receiver and the noise
equivalent resistances of the first and second radio-
frequency amplifier tubes.

Since the noise-equivalent resistances and the parallel
equivalent of the input and antenna resistance may be
added numerically, the total noise voltage referred to
the input of the amplifier is given by

E.' = 1.29 X 10""VB.W. [RoRin/(Ro + Rin) + RY'/G + R [Go'Gr']

where

R\’ =noise-equivalent resistance of first radio-fre-
quency amplifier tube

R,’ =noisc-equivalent resistance of second radio-fre-
quency amplifier tube

Go=antenna circuit gain measured from receiver in-
put terminals to input of the first radio-fre-
quency amplifier tube

G:=gain of first radio-frequency amplifier stage.

The signal voltage with which this noise voltage
should be compared is given by (33).

El, = EO(Rin/(RO + Rin))-
The signal-to-noise ratio of this receiver is then,

(33)

I

ll EO(_Rl'n/(RO + Rl'u))

E. " 1.29 X 10-19/B.iV. [(RoRe/(Rs + Ri)) £ Ry Go?

The signal-to-noise ratio of a perfect receiver, as
shown in Fig. 7 (c) is,
E, E,

E. 1.29 X 10-19/B.W.R,
The noise factor of the receiver is obtained by dividing
(43) by (42).

43)

_(EJE.) _ 1/v/Ro o
" (E//E)) (Rin/(Ro+ Rin))

V RoRin/(RoF Ri) F Ry JGo*+ Ry JGo'Ga?

R0+Rin/‘/ Rin +R1' " R -
R Ro+Rin  RiGo*  RoGoGa?

This equation simplifies to (37) when Ry’, Ry, etc., =0.

(44)
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It should be noted that the value for Gy, the antenna
circuit gain, is now different from the value G, previ-
ously calculated in (24). Since our reference point for
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Fig. 10—Noisc sources within a receiver.

signal-to-noise calculations is the input circuit of the re-
ceiver, the gain must be measured from the input ter-
minals to the grid or cathode of the first tube as shown
in Fig. 11.

This gain (Go) is greater than the gain (G)) calculated
by (24) and is given by

Go = Gain = [5,/Ey’ = \’R,/R..

(45)

(41)

Since the antenna-gain cquations (24) and (45) as-

sume matched-input conditions,

(;0 = 2(1'|.

(46)

Fig. 11—Antenna input circuit.

Simplifying (44) for matched-input conditions and

substituting the generally accepted value for antenna
gain G,, as given by (24),

(42)

NF = N2+ RIJZG? + RIJZG G + - . (47)
Consider now a grounded-grid amplifier circuit with
several stages having the following characteristics:

R, = 50 ohms
R:, = 50 ohms.

Input resistance of first tube = 500 ohms

G, = 1/2\/500/50 = 1.58
Gz, Gz, Gq, R 3((1 = 3.3)
R/, Ry, Ry, - -+ = 300 ohms.

Calculating the noise factor by (45) we have,
NF=V2+2430274+0.034% ...
= 7 decibels from thermal noise.

(48)

From this it may be seen that the principal source of
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noise in this amplifier is the shot-effect noise of the first
radio-frequency amplifier tube. The following stages
contribute a progressively smaller amount of noise and
the noise contributed by the third stage is insignificant.
The converter might take the place of the third stage.
If we assume the noise equivalent resistance of the con-
verter to be 1000 ohms and recalculate the noise factor
for a two-stage radio-frequency amplifier followed by
the converter, we obtain the following results:

NF=+2+2.4+0.27T+0.1

= 7 decibels from thermal noise. (49)

V1. CouPLING TRANSFORMER DESIGNS AND
OpTIMUM VALUES FOR R

From the previous analysis it appears that the gain
increases without limit as the value of a for the coupling
transformer increases. In practice, certain physical limi-
tations produce an optimum value of a which should be
used in any grounded-grid amplifier to obtain maximum
gain. The most serious limitation is that imposed by a
component of input resistance resulting from the transit-
time effect.* Fig. 12 shows a single-stage amplifier with
this component of input resistance (R.) in parallel with
the normal input resistance R.

It is convenient to analyze this amplifier on the basis
of power rather than voltage gain since the cathode and
plate current are common. This power gain then be-
comes the ratio of output to total input resistance.
Solving for power gain for the circuit shown in Fig. 12
we have

Win = Ille(Rl + Rz)/Rz (50)
Woue = Ii*RL. (51)
power gain = RiRz/(Ry + RiR.). (52)
For any single-stage amplifier,
Ri= (R, + R/ + 1). (53)

Substituting this value of R, in (52) and simplifying
we have

By taking the derivative of this expression and setting
it equal to zero we may determine the value for R,
which produces the maximum power gain. Since we may
design a transformer with fairly high efficiency to match
the output of this stage into input of another stage this
¢ W. R. Ferris, “Input resistance of vacuum tubes as ultra-high-

I'lr(;:;];ency amplifiers,” Proc. LR.E,, vol. 24, pp. 82-105; January,
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. Rsz(p. + ‘l)2
power gain = ——————————""7 "o : .t p .
R + Ru[2R,2 + Raw + D] + R;2 + RoRpu + 1)
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maximum power gain then corresponds to a maximum
voltage gain into any constant impedance. This opti-
mum value for R, is,

R. = Rp/T+ (Raw + D/R,). (55)
g1
— ?L
E £ I
& R tEe

Fig. 12—Single-stage grounded-grid amplifier
considering transit-time effect.

For conditions where u is considerably greater than 1,
(55) simplifies to
R = R,v/1 + RGn. (56)
If we now consider the coupling transformer between
this stage and the next stage whose input resistance is
Rs we have the expression

R, = a’R.. (57)

From this we may determine an optimum value for a
as follows:

a? = R,/R\/1 + RGnm.

If the input resistance of the next stage is the “char-
acteristic impedance” as given by (14) the value for a
may be written in the form

a? = (s + DVTFGaG:/(1 + 1v/F GuRS)). (59)

At extremely high frequencies the value of R, de-
creases rapidly. If the value of GaR: is considerably less
than unity, (59) simplifies to

(58)

a = Vu/2
For the amplifier considered in Fig. 2, the value for a
under this condition is approximately 3.9. In practice
other limitations are present such that a value slightly
less than this is often used. For normal operating condi-
tions the value for a of approximately 3 represents the
practical optimum.




Joint Army-Navy Tube Standardization Program-

C. W. MARTELY}, NONMEMBER, LR.E., AND J. W. GREERY, ASsoCIATE, LR.E.

Summary—The steps taken by the Bureau of Ships and the Sig-
nal Corps to effect standardization of radio tubes are recounted
briefly. The procedures for handling tube problems, including the
JAN-1 Tube Subcommittee, its duties and reasons therefor, are
described. Tube specifications, preferred lists, special selection, and
type approvals are among the subjects discussed.

/ HIS war depends to an amazing extent upon
electronics. The many advances in radio and re-
lated equipments now in use by our Armed Forces

would not have been possible without electronic tubes.

It is not desired to minimize the importance of circuit

and related developments, but without tubes, these cir-

cuits and developments would not be possible,

Consequently, it was evident at an early stage that
careful attention should be given to electron-tube mat-
ters in order to secure best results. Before entering the
conflict, the Army and Navy each had its own systems
of tube nomenclature, which were unrelated to the Radio
Manufacturers Association and other commercial type
numbers. Radio engineers, hurriedly called into govern-
ment service, had to contend with these unfamiliar Army
and Navy numbers which were so unsuited to the de-
sirable qualities of interchangeability, common stock-
piles, joint inspection, and general efficiency.

The Navy was the first to do away with its special
nomenclature for tubes by adopting the use of RMA
and commercial type numbers in 1940,

Early in 1942 work was begun to prepare a joint
Army-Navy specification for tubes which would be
based upon the use of RMA and commercial type num-
bers, and the Army decided to do away with the special
nomenclature which it had been using.

Through the use of a single specification for both ma-
jor branches of the Armed Services, it was felt that
greatly improved results could be obtained by the
elimination of more than one specification per tube type
by the casy interchangeability, which would result be-
tween Army and Navy tubes, and by the possibility of
creating joint stockpiles. Furthermore, it could save
manpower by ecliminating dual inspection at a manu-
facturer’s plant, since, because of their familiarity with
this common specification, either Army or Navy inspec-
tors could inspect for either branch of the service.

It was, at first, planned to prepare these joint specifi-
cations by combining the previous Army and Navy
specifications for cach type. Thus if the vacuum-tube
specification for a particular tube called for a plate-cur-
rent range of from 4 to 8 milliamperes, and the former
Navy specification specified from 5 to 9 milliamperes,

* Decimal classification: R330. Original manuscript received by

The Institute, January 21, 1944, Presented, Winter Technical Meet-

ing, New York, N. Y., January 28, 1944.
¢ t Captain, United States Signal Corps, Red Bank, New Jersey.
1 United States Navy, Bureau of Ships, Washington, D.C.
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the joint specification would require 5 to 8 milliamperes.,
This plan was later dropped in favor of basing cach spec-
ification on actual needs of the Services, as well as upon
good engincering practice and production capabilities.

Naturally, in a venture of this sort, the first specifica-
tion which resulted, after several months’ work by repre-
sentatives of the Navy and the Signal Corps, was not
perfect. The JAN-1 Specification for Tubes, Radio
Electron, as it was named, was put into use by the Sig-
nal Corps and Burcau of Ships in March, 1943, but
caused such a multitude of objections and suggested
changes, due to insufficient test equipment and lack of
data in the tube manufacturer’s plant to enable him to
know how closely his product could be controlled, that
the granting of waivers to help manufacturers through
this transition period was authorized. At the same time
the tube manufacturers were requested to work together
to recommend changes in the specification which would
make it more acceptable to them. This joint action was
necessary to insure that the Services had but one co-or-
dinated specification suggestion from Industry to con-
sider for each type. Through the able assistance of the
RMA, the various tube manufacturers assembled their
comments and suggestions, after a considerable amount
of time spent by the representatives of these manufac-
turers in meetings of the various RMA Tube Commit-
tees. These suggestions were then conveyed to the
Army and Navy engineers working on the specification
and several joint Industry-Service meetings took place
for further discussion of uncertain or questionable
points. By the latter part of 1943 a revision of the origi-
nal specification was completed and issued, ‘entitled
Joint Army-Navy Specification JAN-1A for Radio
Electron Tubes. This specification is now mandatory for
all Signal Corps and Navy tube contracts.

There are quite a few tube types for which JAN
Specifications have not yet been written, but these are
being completed as promptly as possible. With but few
exceptions, all but some of the special purpose and
classified high-frequency types are not yet specified, but
procurement of these is being made on temporary Army
or Navy specifications, written to conform to the JAN
style. 5

In a brief résumé, the preceding remarks have brought
us up to the present. Now the working organization, its
duties, and aims will be described.

Joint Army-Navy specifications, of which the Radio
Electron Tube Specification is the first, are controlled
and authorized by a JAN Committee comprised of mem-
bers of the Army Service Forces and Naval Office of
Procurement and Matericl. This committeé has author-
ized a subcommittee to handle the tube specification
and has specified its duties. It is known as the JAN-1
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Tube Subcommittee. Its members are representatives of
the various Service organizations concerned and are as
follows:

1. The Navy—Bureau of Ships.

2. The Signal Corps Aircraft Signal Agency, a division
of which is well known as the Aircraft Radio Labora-
tory.

3. The Signal Corps Ground Signal Agency, comprising
Camp Evans Signal Laboratory and the Laboratories
in and near Fort Monmouth.

4. The Signal Corps Standards Agency, which is essen-
tially a branch of the Office of the Chief Signal Offi-
cer.

At this time the actual representatives are:
Mr. J. W. Greer for the Navy
Lieutenant E. A. Anderson for the Signal Corps Ground

Signal Agency
Captain F. D. Langstroth for the Signal Corps Stand-

ards Agency, chairman
Captain C. W. Martel for the Signal Corps Aircraft Sig-

nal Agency

All have had technical experience in the radio-tube
industry. Other personnel from any of these member or-
ganizations may be brought in by the regular repre-
sentative if needed.

The Signal Corps Standards Agency acts as the
secretariat for the Army members of the JAN-1 Tube
Subcommittee, as well as co-ordinating and administra-
tive center for Army matters that come under the juris-
diction of this subcommittee. The JAN-1 Tube Sub-
committee meets regularly twice each month, but may
be called together by the Signal Corps Standards Agency
or the Bureau of Ships whenever required. For instance,
special meetings have been held to discuss with various
manufacturers, suggestions which had been made in
connection with certain types which they produce. If a
particularly urgent matter arises, the subcommittee
members may be asked for a decision by telephone or
telegraph, so that there is no time lost in securing an an-
swer to important problems.

The official duties of the JAN-1 Tube Subcommittee
as supplied by the JAN Committee are as follows:

1. To prepare and establish standard tube specifications
and ratings.

2. To review, revise, and correct these specifications as
required by technical improvements, changes in
Service requirements, etc.

3. To co-ordinate tube-specification matters with the
Services and Industry.

4. To supervise the distribution of the specifications to
all concerned.

In addition to these duties which apply directly to the
JAN-1A Specification, the members of the subcommit-
tee have additional duties as follows:

1. The consideration of proposed tests to determine if
the resulting tubes are equivalent to thosc which
meet tests required by the JAN-1A specification.

2. The issuance of tube type approvals under the JAN-
1A Specification after qualification tests have been
made.

3. The compiling and revising of the Army-Navy pre-
ferred lists of vacuum tubes.

4. The recommending of security classifications for vac-
uum tubes.

5. Co-ordination with Canadian Armed Services in their
use of the JAN-1A Specification.

6. Co-ordination with the RMA on tube numbering and
test methods.

It may now be well to take up some of these duties in
detail in order to indicate their scope and method of
handling.

First it is desirable to explain the method by which
these electron-tube matters are referred to the JAN-1
Tube Subcommittee. Any electron-tube manufacturer,
equipment manufacturer, Service laboratory, or other
government organization concerned with JAN tubes
may originate a matter requiring action by the sub-
committee. This matter should then be sent to the Sig-
nal Corps Standards Agency or Bureau of Ships depend-
ing upon the Service branch most concerned. Army con-
tractors and subcontractors will follow the usual
procedure of submitting their problems through the
prime, or equipment, contractor to the contracting of-
ficer or laboratory concerned, which will forward them
to the Signal Corps Standards Agency with their recom-
mendations. Navy contractors may contact the Bureau
of Ships, Code 930A, directly. The Bureau of Ships will
then pass these subjects on to the Signal Corps Stand-
ards Agency where all such matters will be put on the
agenda of the next subcommittee meeting unless im-
mediate action is requested. After action by the JAN-1
Tube Subcommittee, its decision on the matter will be
transmitted by either the Signal Corps Standards
Agency or Bureau of Ships to the organization which
made the original request.

The IRE Standards on Electronics of 1938 are used,
where applicable, for references in the JAN-1A specifi-
cation and it is hoped that these standards will be
brought up to date soon to include all of the tube char-
acteristics for which present military equipments have
created a need for standardization. The results of the
work of the recently organized Subcommittce on Ad-
vanced Developments of the IRE are awaited with in-
terest by the JAN-1 Tube Subcommittee.

The duty of preparing and establishing JAN tube
specifications is carried out in co-operation with the
tube manufacturers, Service laboratories, and other or-
ganizations concerned. Requirements which the tube
must meet in order that it operate satisfactorily in all
equipments are compiled and compared with tests and
test limits suggested by the manufacturers. The final
specification as adopted combines these two viewpoints
into a set of tests and limits which come as closely as
possible to satisfying equipment requirements without
causing the manufacturer undue hardship through
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excessive rejections, complicated production or test
equipment, or similar factors which would adversely af-
fect production. In some cases several conferences be-
tween equipment engineers, JAN-1 Subcommittee mem-
bers, and tube manufacturers’ representatives may be
necessary before a specification is mutually satisfactory.

Naturally all concerned must have a say in what
tests will be required for each tube. Any one service or-
ganization or tube or equipment manufacturer cannot
alone write a specification which will be sure to be suita-
ble for all users of the tube. It may seem reasonable that
the services which use the tube should write the specifi-
cations toinsure that the tubes will then mect the Service
needs, but this is not satisfactory, for the tube manufac-
turers must also have an opportunity to comment, in
order to insure that the specification can be met through
its being in accordance with good production and engi-
neering design and practice, even though this may not
allow the Services to make as “tight” a specification as
they might prefer. In other words, it is sometimes neces-
sary to sacrifice the ultimate in desired performance in
order that the tube can be produced with reasonable ef-
ficiency and by more than one tube manufacturer. After
this complete co-ordination with all concerned, the re-
sulting specification as written, insures the best possible
operation of the tube in the equipments using it, without
including requirements which would cause excessive
production difficulties.

In securing co-ordination with the tube manufactur-
ers on problems of a general nature which affect all, the
JAN-1 Tube Subcommittee has worked, and will con-
tinue to work, with the various RMA tube committees.
These RMA groups are made up of engineers from the
tube manufacturers and comprise committees on re-
ceiving tubes, transmitting tubes, cathode-ray tubes,
etc. Matters which arise are referred to the appropriate
RMA committee through the Electron Section of the
RMA Engineering Department. The recommendations
of the RMA committee are then considered by the
JAN-1Tube Subcommittee and adopted ascompletely as
possible consistent with Service requirements. Further-
more, some of the RMA tube committees are carrying
on investigations requiring appreciable time and data
gathering, with a view to recommending improved
tests for and information regarding the use of tubes un-
der less usual operating conditions.

Tube specifications do not necessarily remain fixed
after their initial acceptance by the JAN-1 Tube Sub-
committee, because improved design and production
techniques, and changed equipment requirements may
involve specification changes. Thus the subcommittee’s
duties include that of reviewing and correcting specifica-
tions as necessary. If errors are found in the JAN-1A
specification or if it is desired to recommend changes,
the information should be sent either to the Signal
Corps Standards Agency or to the Bureau of Ships,
Code 930A. This will insure that they are referred to the
JAN-1 Subcommittee for consideration. In submitting
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recommended changes it is necessary that complete
reasons for the recommendations together with sub-
stantiating data be included.

From the preceding description, it will be seen that
the specification is handled in a manner which enables
it to reflect the latest in government and industry ad-
vancements and requirements.

The JAN-1A Specification does not bear any security
classification since specifications for confidential types
are issued individually to those organizations which
have need for them. Such specifications must be kept in
accordance with government security regulations.

The JAN-1A Speccification is available to any con-
tractor or government organization which requires it.
The distribution of the JAN-1A Specification is not,
however, unlimited, due to practical considerations such
as preparation and printing time, distribution problems,
and cost. In order to insure that the specification is
properly distributed, all requests for copies must be
approved by the JAN-1 Tube Subcommittce. Requests
for copies may be sent either to the Signal Corps Stand-
ards Agency or the Bureau of Ships.

It is well to point out that the JAN-1A Specification
is still incomplete in that all tube characteristics are not
necessarily controlled by the required tests. Therefore,
any tube application which requires the control of less
frequently used tube characteristics should be checked
against the specification to insure that it provides tests
to control those characteristics. For example, the follow-
ing tube characteristics are not usually controlled by the
specification:

1. Triode and suppressor cutoff characteristics of pen-
todes.

2. Plate-current cutoff tolerances for types used as re-
sistance-capacitance oscillators.

3. Radio-frequency characteristics of types originally
designed for audio-frequency circuits. '

If a particular equipment requires the control of
characteristics not now controlled, the matter should be
brought before the JAN-1 Tube Subcommitiee to-
gether with data to enable the formulation of a suitable
test. The subcommittee will then do all possible to ar-
range for specification revisions to accomplish the de-
sired result.

At this point it is well to call attention to the fact that
special tube selection is extremely undesirable. Direc-
tives from the headquarters of both the Burcau of Ships
and the Signal Corps state that special selection of tubes
will not be permitted but that equipments must meet
performance requirements with any and all tubes which
pass the JAN tests for the types involved. When a tube
requires replacement in the field any tube of the correct
type which is in stock must work satisfactorily. If the
tube being replaced was specially selected by the equip-
ment manufacturer in order to enable his equipment to
pass acceptance tests, the tubes in Service stocks may
not give good results and thus the equipment may be
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inoperable at a time when it is most needed. The idea of
including selected spare tubes with the equipment is not
feasible due to the fact that tubes may have a shelf life
and that it is very probable that the spares will become
separated from the equipment during field operations.
Special stocks of selected tubes are not wanted due to
the additional handling and space required. Further-
more special selection is undesirable because of its ad-
verse effect on production efficiency. It is definitely a
military liability.

Fortunately the majority of radio engineers recognize
the evils of special tube selection and are doing all pos-
sible to eliminate it by proper equipment and circuit
design, but all design engineers are requested to give this
their continued attention. The preceding remarks to
the effect that care should be taken to insure that the
JAN-1A Specification controls all important tube char-
acteristics are, therefore, particularly applicable to the
prevention of special tube selection.

The JAN-1A Specification provides for type approval
of each tube type produced by each tube manufacturer.
The purpose of requiring that a tube manufacturer se-
cure type approval for each type that he wishes to sell to
the Government-is to provide a check on his ability to
produce those tubes satisfactorily, and to allow the
Services to check the accuracy and capabilities of his
test equipment as well as the suitability of the tube for
use by the Armed Services. Then, when the Contracting
Officer places a contract with a manufacturer holding
type approval for the required types, he knows that the
contractor can actually make and test those types satis-
factorily.

Complete information regarding the obtaining of tube
type approval is contained in Form TAI-1, which may
be secured from either the Bureau of Ships or the Signal
Corps Standards Agency. However, a brief description
of the procedure will be given.

1. The manufacturer writes to the Signal Corps
Standards Agency in triplicate stating that he wishes to
submit type JAN-______ for type approval. This letter
must include complete information concerning the tube,
test data, photographs, and other data required by
Form TAI-1.

2. The Signal Corps Standards Agency advises him
of the laboratory which will perform the tests and au-
thorizes him to ship the tubes there.

3. The laboratory performs the tests and submits
complete data with recommendations to the Signal
Corps Standards Agency. The laboratory may cor-
respond with the manufacturer, if necessary, during the
performance of the tests.

4. The Signal Corps Standards Agency notifies the
manufacturer of the outcome of the tests and issues
type dpproval certificate, if warranted. If not warranted,
additional samples may be submitted after the manu-
facturer has provided proof that suitable changes have
been made in the tubes.

It should be understood that each manufacturer
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should obtain type approval for each type of his own
manufacture that he wishes to sell for ultimate use by
cither the Signal Corps or the Navy. However, a manu-
facturer cannot secure approval for a type which he
purchases from another manufacturer and resells. The
JAN-1A Specification describes the correct method for
marking tubes to indicate that their manufacturer holds
type approval for them. It may be well to call attention
to a basic requirement that, regardless of who sells the
tube, the type-approval marking must be that of the
actual manufacturer of the tube and is to be used only
when that manufacturer has been granted type ap-
proval for that type.

An important function of the JAN-1 Tube Subcommit-
tee is the handling of requests for waivers to the JAN-1A
Specification. A tube manufacturer may find that he
cannot make a required test due to lack of equipment;
an equipment contractor may encounter a long delay in
securing a particular type if all JAN tests are complied
with, but can secure quick delivery of that type if it is
tested to broader limits which still permit it to give proper
operation in the particular equipment concerned. Such
situations often arise. If they are referred to the Bureau
of Ships or the Signal Corps Standards Agency through
proper channels, the JAN-1 Tube Subcommittee will
consider them and decide whether the tube will meet the
requirements of the JAN-1A Specification. Decisions
required to keep up production may be secured within a
few hours by telephone and teletype concurrence of the
JAN-1 Tube Subcommittee members.

Two types of waivers known as Type 1 and Type 2 are
provided. Type 1 waiver may apply to any or all tube
manufacturers who are concerned with the tube type
affected and allows the use of the JAN marking. The
Type 2 waiver applies to a particular manufacturer, a
particular equipment, a particular contract, a specified
number of tubes, and /or a specified length of time. Tubes
supplied under a Type 2 waiver cannot be marked JAN.

Requests for Type 1 waivers should be sent directly
to the Signal Corps Standards Agency or Bureau of
Ships, Code 930A. Requests for Type 2 waivers should
be made through the channels normally used in request-
ing approval for technical changes in contracts.

Over a year ago, the Army and Navy jointly issued a
Preferred List of Vacuum Tubes. The first revision was
made early in 1943 (the current revision is dated Febru-
ary 15, 1944) and included both a confidential and an
unclassified listing. The object of these Preferred Lists,
which must be aimed for in all developments, is to re-
duce number of types used by the Services. With fewer
types required there are important savings to the Serv-
ices in space and manpower for handling stock; also tube
manufacturers can, by concentrating on the production
of those types, achieve greater production efficiency,
higher quality, and lower shrinkage. The JAN-1 Tube
Subcommittee members revise these Preferred Lists
from time to time on the basis of each type’s wideness of
application, case of production, and available production
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capacity. If a development requires tube character-
istics which can be shown to be lacking in any of the pre-
ferred types, a waiver of the Preferred Lists may be re-
quested from either the Bureau of Ships or Signal Corps
Standards Agency. Thus, the fact that the use of the
Army-Navy Preferred List of Vacuum Tubes is manda-
tory does not serve as an obstacle to new developments
in tubes and equipments.

Since some of the tubes now in use and being devel-
oped incorporate features, the knowledge of which
might benefit the enemy, it is necessary to assign a se-
curity classification to them. The JAN-1 Tube Subcom-
mittee members are, by virtue of their close contact
with personnel concerned with tube work for the gov-
ernment, fully cognizant of the tube features which
should be withheld, so are called upon to recommend
types for classification, or for removal from their secu-
rity classification, after there is no longer need for re-
stricting information concerning them.

Although the RMA continues to assign type numbers
for new tubes, the JAN-1 Tube Subcommittee members
work in co-operation with RMA regarding arrange-
ments and plans for handling this work. .

The most recent addition to the work of the subcom-
mittee is that concerned with the use of the JAN-1A
Specification by Canada. The Canadian Services require
the use of this specification in all contracts using tubes
which are placed after January 1, 1944. The Canadian
Services will administer the specification through a joint
Industry-Government committee and will co-ordinate
all actions with the JAN-1 Tube Subcommittee in order
to assure a yet broader standardization of tubes.

Thus has been achieved a single specification for use
with all tubes procured by the United States Signal
Corps, the United States Navy, and the Canadian
Armed Services. After the transition stage, during which
existing tube stocks will be used up, all tubes purchased
and stocked by the organizations just named will be
fully interchangeable. This one factor alone is of tre-
mendous importance in the field, where replacements
are needed in a hurry. Army tubes will now work in
Navy equipments and vice versa, without resulting in
loss of valuable time while maintenance personnel try
to find out if, for example, the type VT-100 called for
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in a certain Army set can be replaced by Navy type
38807. Now, regardless of which organization purchased
the tubes, the type number JAN-807 has taken the place
of those two former designations, and pooling of Army
and Navy stocks causes no maintenance problems. Of
course full use of JAN type numbers is being made in
marking equipment sockets.

Furthermore, by pooling their requirements in the
JAN-1A Specification the Army and Navy have been
able to improve the quality of some of their tubes. The
manufacturer no longer is obliged to make the same tube
meet two different sets of limits, so he can now concen-
trate on making that tube better. Already reports have
been received from fighting fronts telling of the superior
characteristics and quality of American tubes. The value
of this joint effort is becoming manifest.

Through the use of preferred types, the tube manufac-
turer is further aided by the opportunity to specialize on
a few types. Due to the existence of older equipments
which required a wide variety of types, the full effect
of the Preferred-List program cannot be felt for some
time, but there are few who do not subscribe to the pro-
gram as one of real value.

Lastly, the Services are working more closely with
tube manufacturers than ever before. The manufactur-
ers are consulted in all tube matters which affect tube
production and it seems safe to say that there is greater
co-operation in this respect than ever before. This is as
it should be, and the JAN-1 Tube Subconmimittee mem-
bers are happy to have had the opportunity to aid in
bringing thisabout. Theiraim is to give the United States
Army and Navy the world's best tubes in the vast
quantities required. \We appreciate the fine co-operation
of industry in helping us to achieve this. If, in addition
to meeting the requirements of this war, this specifica-
tion is so satisfactory that it will be kept as standard in
the commercial production which follows the victory,
we shall feel that we have been successful. The Services
are desirous of co-operating with industrv to continue
this tube standardization after the war,

In closing, it is interesting to quote from a report on
Lessons in Signal Operation from Burma. “American
tubes are superior because they are (1) sturdier and 2)
standardized and interchangeable.”
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ROCHESTER—Chairman, O. L. Angevine, Jr.; Secretary, G. R. Town, Stromberg-Carlson Co., Rochester, N. Y.
ST. LOUIS—Chairman, N. J. Zehr; Acting Secretary, C. H. Meyer, KFUO, 801 DeMun Ave., St. Louis, Mo.

SAN FRANCISCO—Chairman, W. G. Wagener; Secretary, R. V. Howard, 225 Mallorca Way, San Francisco, Calif.
SEATTLE—Chairman, F. B. Mossman; Secretary, E. H. Smith, Apt. K, 1620—14 Ave., Seattle, 22, Wash.

TORONRTO—Chairman, R. G. Anthes; Secretary, J. T. Pfeiffer, Erie Resistor of Canada, Ltd., 128 Peter St., Toronto,
Ont., Canada.

TWIN CITIES—Chairman, E. S. Heiser; Secretary, B. R. Hilker, KSTP, St. Paul Hotel, St. Paul, Minn.

WASHINGTON—Chairman, J. D. Wallace; Secretary, F. W. Albertson, c/o Dow and Lohnes, E St. N. W,, between
13th and 14th Sts., Washington, D. C.
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Constitutional Amendment Scction

PROPOSED INCREASE IN DUES

In the June issue of the PROCEEDINGS, a brief outline
was given of the reasons for proposing an increase in
dues. It was promised that more information would be
supplied in later issues.

FINANCIAL DIFFICULTIES

In 1930 the Institute membership was 6600. In 1934
it had dropped to 4400. During that period the Institute
operated at a deficit every year with the Board making
every effort to keep expenses down. Since the Board
could avoid a deficit only by retrenching, economies
were instituted. In 1934 the PROCEEDINGs contained
only 64 per cent of the number of pages appearing in
1930. This retrenchment in expenditure on the Pro-
CEEDINGS resulted in balancing the budget in 1935, but
brought about its own difficulties. The Board then be-
gan increasing the number of pages in the PROCEEDINGs
to shorten publication delay, and did not replace mem-
bers who left the office staff as a balancing economy.
This brought about other troubles. By the latter part
of 1941 it was obvious the Institute was in financial
difficulties.

17 May, 1944
The Editor
Proceedings of the IRE
New York, New York

The letter from the Chairman of the Montreal Sec-
tion, in the May PROCEEDINGS, proposing a change from
the recently adopted membership grade names to cer-
tain other names, arouses memories. When the Board
and special committces were considering the matter,
during a period of over a year, the arguments presented
were gone over time and again.

I am glad that the Montreal Section accepts all fea-
tures of the change except that of names. The names are
really pretty much a matter of personal opinion, but |
should like to point out that the radio engineering pro-
fession has a different problem from those of all other
engineering professions. We have thousands of pcople
interested in radio and wanting to join the Institute who
are not in the profession. Oppositely, I maintain that
any man who has been in the profession long enough to
qualify as a “Member” (present designation) is entitled
to being called a member of IRE, and I do not think
it is lowering the prestige of the Institute so to call him.
On the other hand, it lowers the prestige due him to be
called some uncertain kind of a member, qualified by
some term like Associate or Afhliate whose meaning is
not exact and may be anything—higher or lower than
plain member, except by arbitrary definition.
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The Board then authorized an advertising campaign
This, and only this, has avoided scrious difficulties for
the Institute. Advertising is now relatively casy to get,
thanks to large government expenditures for radio, and
to certain other circumstances. Qur advertising is now
largely limited by our ration of paper. This compara-
tively casy-to-get advertising, however, is an insecure
foundation for plans. It may disappear with the termi-
nation of the war. It cannot be depended upon.

INCREASED CoOsTs

The financial difficulties just enumerated were based
upon prewar wage levels. It will be news to no one that
wage levels have risen since 1941. The Institute has had
to meet these new wage levels. All indications are that
wage levels will not fall after the war. Other costs, such
as paper, printing, and rent, have also increased. The
prewar difficulties, the new wage levels, and other costs
must all be met if the Institute is to function after the
war as well as before. The advertising income is uncer-
tain. Only by an increase in dues can the members be
assurcd of the continued functioning of the Institute on
the prewar level.

So I submit that any one actually in the profession
“for keeps” is entitled to-be called a Member, without
any qualification. When he gets high enough, he can be
a Fellow. Before that he should be something which is
clearly higher than Member, and the best term which
came out of much thought on the subject was Senior
Member.

Incidentally, it is interesting to note what the diction-
ary definitions are for the terms Associate and Affiliate:

Associate is “a companion, partner, mate, fellow, con-
federate, accomplice, ally.”

Affiliate is “one adopted, received into a society or
family as a son, with established paternity, as of a
bastard child.”

If we are to worry more about names, let’s be exact,
and choose words which name exactly what we mean—
which is already accomplished by what we have, and is
not accomplished by indefinite terms like Affiliate,

I recommend strongly, if this question again comes
to ballot, that each member take the trouble to read all
the communications on the subject which appeared in
the PROCEEDINGs for May and June, 1943,

A. F. Vax Dvck

Licutenant Commander
United States Naval Reserve

July, 1944

——
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Board of Directors

May 3 Meeting: At the regular meeting
of the Board of Diectors on May 3, 1944,
the following were present: H. M. Turner,
president; R. A, Hackbusch, vice-president;
S. L. Bailey, I. S. Coggeshall, Alfred N.
Goldsmith, editor; R. F. Guy, R. A. Heising,
treasurer; C. B. Jolliffe, F. B. Llewellyn,
Haraden Pratt, secretary; H. J. Reich, B. J.
Thompson, L. P. Wheeler, W. C. White,
and W. B. Cowilich, assistant secretary.

Executive Committee Actions: The ac-
tions of the Executive Committee meeting
on April 4, 1944, which had been described
1n minutes mailed to the Board of Directors
and subsequently amended, were ratified.

Membership: The following applications ’

for membership, which were approved by
the executive Committee, were accepted:
for transfer to Senior Member grade, G. P.
Adair, 0. M. Dunning, R. K. Honaman,
Cullen Moore, A. C. Peterson, Jr., H. D.
Seielstad, and D. B. Smith; for admission
to Senior Member grade, L. N. Brillouin,
W. T. Cooke, H. F. Fruth, G. H. Huber,
Walther Richter, M. K. Taylor, and J. F.
Willenbecher; for transfer to Member grade,
R. C. Bailey, G. V. Brunner, F. L. Bur-
roughs, C. H. Campbell, William Dickinson,
J. E. Doane, C. B. Eckel, B. S. Ellefson,
E. M. Goldberger, Harry Halinton, B. J.
Kingsburg, P. B. Laeser, Nathan Marchand,
E. E. Overmeir, C. B. Plummer, A. L.
Schoen, E. W. Vaughn, W. A. Weiss, and
Halley Wolfe; for admission to Member
grade, E. W, Allen, Jr., N. G. Anton, T. J.
Carroll, C. 1. Cronburg, Jr., E. ]J. Daubaras,
C.R. Evans, C.F. Kocher, R. W. Liska, and
S. J. McDermott; Associate grade, 152; and
Student grade, 76.

Committees: The following members, as
recommended by the Executive Committee,
were appointed to these committees:

Circuits
C. Brunetti J. B. Russell, Jr.
L. A. Kelley W. N. Tuttle
C. Nietzert H. A. Wheeler
PAPERS
E. W. Herold

PAPERS PROCUREMENT

D. D. Israel, General Chairman
W. L. Everitt, Vice-chairman

Group CHAIRMEN

J. E. Brown J. K. Johnson

E. J. Content C. J. Madsen

Harry Diamond D. H. Moore

E. T. Dickey H. A. Wheeler
W. C. White

Sections: Treasurer Heising, as chair-
man of the Sections Committee, reported
that with the additional information re-
cently received, the petition for the forma-
tion of a Williamsport Section now carries
the signatures of 29 members who are of the
required grades, and that all such members
are in good standing and have their addresses
in Lycoming and Clinton Counties, the Sec-
tion territory requested.
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National Electronics
u Conference

ELECTRONICS CONFERENCE
PLANNED AS NATIONAL
FORUM

Scheduled to be held at the
Medinah Club, 505 N. Michigan
Ave., Chicago, Illinois, on October
5. 6, and 7, the National Electronics
Conference will offer a symposium
of papers covering the communica-
tions, industrial, measurements, and
medical applications of electronics.
Every attempt is being made, within
| the limits of national security, to as-

sure that the papers to be presented

will not only be outstanding in their
field, but will also reflect recent prog-
|  ress. Nationally known speakers
have been invited to address the Con-

ference at its banquet on October 5,

and at the luncheons on October 5

and 6.
| Described as “a national forum

for electronic developments and
| their engineering application” by

Dr. J. E. Hobson, director of the
| School of Engineering of the Illinois

Institute of Technology, and chair-

man of the Executive Committee,

the Conference has as its aim, a
| means of providing free discussions
| of the applications of electronics in
|  various fields of technical endeavor.
[

The program for the Conference
is under the direction of Professor
A. B. Bronwell, chairman of the
Program Committee. While the gen-
eral plan of the program has been
outlined, those desiring to submit
papers at the Conference are invited

to communicate with Professor
Bronwell, Technological Institute,
Northwestern University, Evans-
ton, Il
‘ Advance registration may be
made with Professor P. G. Andres,
Illinois Institute of Technology,
3300 Federal St., Chicago.
A well-rounded program of ac-
| tivities is assured by the Illinois
Institute of Technology, Northwest-
ern University, the Chicago Section
of The Institute of Radio Engineers,
and the Chicago Section of the
American Institute of Electrical En-
| gineers, sponsors of the National
Electronics Conference.

With the Constitutional requirements
thus met, and on the recommendation of the
Executive Committee, the Board of Direc-
tors officially approved the establishment of
the Williamsport Section.

National Electronics Conference: The
recommendation of the Executive Commit-
tee relative to the publication of a notice of
the National Electronics Conference in
Chicago in October, 1944, was approved.
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Constitution and Bylaws: The rewording
of the following Articles were discussed and
in most cases unanimously approved by the
Board: Article I, Section 2; Article II, Sec-
tion 1A; Article IV, Section 1; Article VII,
Section 1; Article IX, Sections 1 and 2; and
Article X, Section 2.

Proposed Bylaws Amendments:

Sections 37 and 40: It was unanimously
adopted to replace the word “residing” with
the words “with mailing addresses” in Sec-
tions 37 and 40.

Section 45: The revised amendment of
this Bylaws Section was adopted as follows:

4Sec. 45—The standing committees, each
of which shall normally consist of five or
more persons, shall include the following:
Admissions, Appointments, Awards, Board
of Editors, Constitution and Laws, Educa-
tion, Executive Committee of the Board
of Directors, Investments, Membership,
Nominations, Papers, Public Relations, Sec-
tions, Tellers, Annual Review, Antennas,
Circuits, Electroacoustics, Electronics, Fac-
simile, Frequency Moduation, Radio Re-
ceivers, Radio Transmitters, Radio Wave
Propagation, Standards, Symbols, Television.

“These committees shall be advisory to
the Board of Directors on those matters
which are reasonably described by the com-
mittee names, except as defined in these By-
laws.

“The terms of appointments of the Ad-
missions, Awards, Board of Editors, Con-
stitution and Laws, Education, Invest-
ments, Membership, Nominations, Papers,
Public Relations, Sections, and Tellers Com-
mittees shall start with the first day of the
month following appointment and continue
until the date the succeeding terms of ap-
pointments take effect. The Board may
specifically advance or delay the terminating
date of any committee and the starting date
of a succeeding committee.

“The Board shall make appointments to
the following committees: Annual Review,
Antennas, Circuits, Electroacoustics, Elec-
tronics, Facsimile, Frequency Modulation,
Radio Receivers, Radio Transmitters, Radio
Wave Propagation, Standards, Symbols,
and Television, each year between January
first and May first and the terms of appoint-
ments shall be from May first of the year
when the appointments are made until
April thirtieth of the following year. Addi-
tional appointments may be made to fill
vacancies or to care for special cases as the
need arises, with the term of the appoint-
ment expiring April thirtieth.”

Canadian Membership: Vice-President
Hackbusch reported on the meetings with
the Canadian Wartime Labour Relations
Board, held on April 11 and 12, 1944, at
Ottawa, at which various technical and pro-
fessional groups were represented, and which
he attended as the representative of the
Canadian membership of the Institute.

It was stated by Mr. Hackbusch that the
Canadian situation is favorable to the organ-
ization of separate collective-bargaining
groups for professional engineers.

T. L. Eckersley: On the recommendation
of the Executive Committee, the Fellow
award was granted to Mr. Eckersley of Eng-
land.
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Executive Committee

May 2 Meeting: The Executive Commit-
tee meeting, held on May 2, 1944, was at-
tended by 11. M. Turner, president; E. F.
Carter, Alfred N, Goldsmith, editor: R, A.
Heising, treasurer; llaraden Pratt, secre-
tary; and W, B, Cowilich, assistant secre-
tary.

Meetings

Winter Technical Meeting——1945: Dr,
Austin Bailey has accepted the chairman-
ship of the 1945 Winter Technical Meeting
Committee,

American Institute of Electrical Engi-
neers: The A.LLE.E. plans to hold its Winter
Technical Meeting on January 22 1026, 1945;
and consideration was given to co-ordinating
this meeting with that of the I.R.E.

Standards

Definitions of Guided Waves: Unani-
mous approval was given to the Standards
Commniittee recommendation that this re-
port, as submitted by the Technical Com-
mittee on Radio Wave Propagation, be
printed as a separate publication and in a
quantity sufficient to provide copies to all
members and subscribers and a surplus
stock.

Piezoelectric Crystals: It was agreed to
publish this report as a separate publication,
with any further editorial changes that may
be made by Professor Cady of the Piezoelec-
tric-Crystals committee, and to provide
copies to all members and subscribers and a
surplus stock, as recommended by the Stand-
ards Committce.

In_ventive Problems of
Military Interest

The following list of new problems, the
solutions of which would be helpful to the
Military Services, is submitted to the readers
of the ProcEEDINGS OF THE L.LR.E. It con-
stitutes a selection from a more comprehen-
sive list, the selection being based on the
likely interests of the readers of the Pro-
CEEDINGS,

Ideas directed to the solutions of these
problems should be addressed to The Na-
tional Inventors Council, Department of
Commerce, Washington 25, D. C. The In-
stitute is advised that these communications
will be promptly analyzed and that those
which appear novel and promising will be
placed in the hands of appropriate Military

personnel.
The Editor

1. A relatively simple gage to measure the
impulse of explosion blast, positive and
negative phases to be determined sepa-
rately but concurrently. It would be
desirable if the duration of each phase
could be determined in some simple
manner,

2. Device to maintain or indicate, within
S feet, the relation of an aerial camera to
the vertical.

12.
13.
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Illinois Radio Engineers

All radio engineers residing in
the state of Illinois or practicing en-
gineering in that state should apply
for licenses on or before July 31,
1944, in order that they may obtain
licenses without examination in case
the Supreme Court upholds the con-
tested Illinois Professional Engineer-
ing Act. Application blanks may be
secured from the secretaries of vari-
ous engineering organizations; Mr,
Frank F. Fowle, president of the
Ilinois Engineering Council, 35 E.
Wacker Dr., Chicago, Ill.; or Mr.
A. W. Graf, Secretary, Chicago Sec-
tion, I.R.E., 13§ S. LaSalle St.,
Chicago, I1I.

Failure to file applications by
July 31, 1944, will mean that the ap-
plicant will have to pass a written or
oral examination in engineering to
obtain a professional engineering
license at some subsequent date if
the Supreme Court validates the
contested Act. The fec in the latter
case is $20.00 instead of $10.00 re-
quired witHout examination,

. Reduction of glare from glass surfaces

by durable coatings suitable for field ap-
plication,

. Optical method for determining the dif-

ference hetween an artificial green and a
natural green,

. Destruction and removal of obstacles to

landing operations. Obstacles may be
visible or concealed and may be off or on
shore.

. Location and destruction of concealed

enemy emplacements, pillboxes, and

similar strong points.

. Methods of protecting our vehicles from

the effects of enemy land mines.

. Ingenious and simple decoy devices for

purpose of confusing and misleading
enemy.

. Technical data as to strategic enemy

targets such as chemical plants, explo-
sive plants, power plants, etc.

. A voice-transmitting gas mask which

would permit the wearer's voice to bhe
heard with clarity.

. Methods of generating stable artificial

fogs, and methods of dispersing artificial
and natural fogs.

Protection against flame throwers,
Notseless hand generator combined with
a lightweight flashlight. The generator
should be pumped at a rate of 40 revolu-
tions per minute, and the light should be
continuously brilliant and start on the
first pump.

. Plumb-bob type of generator to operate

a light 6-volt radio. Generator probably
operated by a reel winding up and letting
out the plumb-bob,

July

Books

Radio Audience Measurement,
by Matthew N. Chappell and
C.E. Hooper
Published by Stephen Daye, Inc., 48 E.

43 St., New York 17, N. Y. 239 pages +5-

page index. 43 illustrations. 83 X51 inches.
Price $3.50.

Broadcasting has become well estab-
lished as a major method of instantancous
mass communication. It has the limitation
of speaking in a single direction, that is, out-
ward from the transmitting station to the
multitude of broadcast listeners’ homes.
Thus the audience is not only invisible but
also inaudible. Yet the sponsors of pro-
grams, the networks, and the individual
stations over which the programs are radi-
ated have a deep and direct interest in the
reactions of the voiceless audience. Accord-
ingly there has been devised a consideralle
group of diverse methods having as their
aim the tracking down of the elusive audi
ence reaction. The problem is not a simple
one.
In the book, “Radio Audience Measure-
ments,” the main methods of questioning
the audience are described in acceptable de-
tail. Among those analyzed are the coinci-
dental method (which involves an audience
cross-sectional poll by telephone calls during
the program period under study), the recall
methods (which are based on inquiries made
after the program period), and panel and
fixed-sample methods (sometimes based on
the use of mechanical recorders of the par-
ticular ‘station to which the individual lis-
teners are tuned at all times). The advan-
tages and disadvantages of the various
methods are presented.

The book is primarily of interest to net-
works, stations, sponsors, advertising agen-
cies, and students of public-opinion trends.
In this last connection, the book presents an
incomplete but generally informative dis-
cussion of the statistical bases of public-
opinion polling.

Engineers may be particularly interested
in certain aspects of the book. One of these
is the interrelation between the physical
coverage of a broadcast station (as largely
determined by the signal-intensity distribu-
tion in the area surrounding the station) and
its audience coverage (which involves many
other and sometimes evasive factors). The
mechanical type of recorder of the listener's
station selections serves as a partial link be-
tween these methods, and presents the possi-
bility of further enginecring development.

Recently there has been brought to the
attention of an appropriate Panel (’anel 13)
of the Radio Technical Planning Board the
matter of providing experimental facilities
(principally frequency allocations) for a new
service termed “centercasting.” This service
involves two-way communication between a
central transmitting and receiving station,
on the one hand, and, on the other hand, a,
considerable number of surrounding voter
and respondent stations (each also having a
transmitter and a receiver). Thus questions
can be asked of the audience, and the
answers of the listeners can be speedily

=
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obtained by radio. The process is applicable
not only to broadcasting itself, as is highly
appropriate, but also to many commercial,
political, and sociological inquiries. Possibly
centercasting will find its place in later edi-
tions of this book.

Weritten in a clear and instructive style,
the book in its present form presents a rea-
sonably comprehensive picture of the field.
Although its authors might be expected to
have a favorable bias toward the methods
of a particular audience-measurement group,
they appear to have preserved in the main a
sufficiently judicial attitude in their treat-
ment of audience polling.

ALFRED N. GOLDSMITH
Consulting Engineer

New York, N. Y.~

Basic Radio, by C. L. Boltz

Published (1944) by The Ronald Press
Company, 15 E. 26 St., New York 16, N. Y.
269 pages+3-page index+-viii pages. 166
figures, 51 X 7% inches. Price, $2.25.

This book is offered by the publisher as
an elementary textbook covering that basic
knowledge without which one cannot go on
in a serious study or advanced work in radio.
It is, therefore, unfortunate that it defeats
to some extent the above purpose by con-
taining incorrect explanations of the theory.
Furthermore, the author exhibits a certain
air of disdain for some of the theoretical and
mathematical aspects of electrical engineer-
ing that cannot help but militate against
advanced study on the part of the reader.
For example, on page 52, he states concern-
ing Kirchhoff's laws, “We include these laws
here because the textbooks so often quote
them, and people who set examinations de-
light in asking for them. In practice we apply
the rules we have already learned earlier
direct to the circuit we are considering.” In-
deed, on page 54, he further states, “By us-
ing our knowledge of resistances in series
and parallel we can calculate the equivalent
resistance of any network,” which is a neat
trick if it can be applied directly, for exam-
ple, to a bridge circuit without invoking
the aid of the delta-wye transformation.
Other errors occur, such as on page 219, the
statement that the class B amplifier cannot
be used to amplify a modulated carrier be-
cause detection takes place, or on page 242,
the confusing of direct-current input to a
tube with plate dissipation; and as a final
example, on page 256, et al., a somewhat fan-
tastic explanation of the action of a trans-
mission line.

The book is simple enough but it is
marred throughout by the excessive use of
the word “so.” A typical example of this will
be found on page 217. It is clearly not in-
tended for engineers and it would be better
suited for the beginner if it were rid of its in-
accurate explanations.

A further improvement would be to
amplify the book somewhat to include ma-
terial on superheterodyne receivers and pos-
sibly some material on ultra-high-frequency
technique. However, the printing is well
done and the diagrams are, in general, satis-
factory.
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In conclusion the reviewer cannot help
but express the wish that elementary engi-
neering texts were written by world-famous
engineers who have matured to the point
where they have penetrated the jungle of
detail and once more see the broad aspects

of the subject.
ALBERT PREISMAN

Capitol Radio Engineering Institute
Washington, D. C.

Experiments in Electronics and
Communication Engineering,
by E. H. Schulz and L. T.
Anderson

Published (1943) by Harper and Broth-
ers, 49 E. 33 St., New York, N. Y. 377 pages
+3-page index+xii pages. 300 figures.
63 %91 inches. Price $3.00.

An integrated laboratory text for the
fields of electronics, communication net-
works, radio, and ultra-high-frequency
phenomena should be a distinctly usef ul type
of book. “Experiments in Electronics and
Communication Engineering” is such a text.
Originally prepared for the Signal Corps
Training Schools at the Illinois Institute of
Technology, the experiments have been re-
vised to a form usable in undergraduate col-
lege and Engineering Science Management
War Training courses as well. In spite of
the speed with which it must have been
prepared, the book is neither careless nor
incomplete. An occasional minor error oc-
curs, mainly in the diagrams; but the litho-
printed form suggests that a second printing
will be without most of these.

The four major fields are covered in 108
experiments, each complete in itself but al-
lowing easy modification, expansion, or
omission. Two initial ‘chapters contain no
experiments, but discuss laboratory tech-
nique, procedure, and data presentation and
equipment, circuit components, and instru-
ments. Following these are two introductory
groups of experiments on direct-current and
alternating-current circuits. The more ad-
vanced work begins with chapter 5, on net-
work theory and four-teminal networks.
Subsequent chapters are on electron tubes,
cathode-ray tubes and circuits, power sup-
plies, amplifiers, oscillators, modulation and
detection, radio receivers, radio transmitters,
and transmission lines, wave guides, and ra-
diation. Each experiment contains a resume
of the necessary theory and references to
several standard texts. The list of apparatus
and suggested procedure is flexible; unnec-
essarily detailed treatment is avoided in
favor of the use of initiative and a practical
approach by the student. There is a full
quota of conventional experiments, and in
addition a few unusual items like the study
of fields in a triode with a water model.

Because of its flexibility, this text should
prove useful in any one of the fields covered
or in a program combining them all. The
clarity and up-to-date coverage of almost
the entire communication option recom-
mend it for normal civilian needs as well as
the war training programs.

O. L. UrDIKE
University of Illinois
Urbana, llinois
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Practical Radio and Electronics
Course, Three Volumes, Pre-
pared by M. N. Beitman

Published (1943) by Supreme Publica-
tions, 328S. Jefferson Street, Chicago, Ilinois.

Vol. 1—171 pages+1-page index. 192
figures. 84X 10§ inches.

Vol. 11—267 pages+1-page index. 109
figures. 84107 inches.

Vol. 111—99 pages+1-page index. 86
figures. 834X 10% inches.

Price $3.95 for 3 vols.

These home-study course manuals have
been prepared by careful analysis of the
technical literature that describes commer-
cial equipment used in the radio field. The
compilation in these three sections is quite
extensive and will probably serve best to
help students who have only a classroom
knowledge of radio theory, as to the details
of commonplace apparatus he is likely toen-
counter. Editorial comments accompany
each description as marginal notes. The sub-
ject matter seems well selected for this series.

RaLPH R. BATCHER
Radio Consultant
St. Albans, L. I., New York

The Radio Amateur’s Handbook

Published (1944) by The American
Radio Relay League, West Hartford, Con-
necticut. 480 pages--175-page catalog sec-
tion410-page index. 1125 figures+125
charts and tables4+175 basic formulas.
639} inches. Price, $1.00 in the United
States; $1.50 elsewhere.

It seems almost futile to review a book
which in twenty previous editions during a
period of about eighteen years has enjoyed
a distribution of over a million copies. Such
is the A.R.R.L. Handbook, the scope of
which is the broad field of amateur radio.
Taking the abilities of its authors and editors
for granted, the frequent revisions to keep
its contents constantly up to date and its
low price are the foremost reasons for the
Handbook’s continued pre-eminencne.

The neophyte, with only a desire to learn
about high-frequency (112 to 224 megacycles
with brief glimpses up to 750 megacycles)
radio theory and amateur practice, needs no
other text and can get along without a
teacher, as long as he has a Handbook. Its
straightforward and simple presentations of
radio principles and practices stem from
years of writing for the amateur under con-
ditions where a poorly done job is exposed
promptly by an avalanche of mailed ques-
tions which come uncomfortably close to the
desk of the author,

The war has shifted the “balance” of the
Handbook to put greater emphasis on the-
ory. This has suited it better for the teaching
of radio trainees in the Armed Forces, a
not inconsequential role that it now plays.

In its constructional pages, a new entry
is a chapter on carrier-current communica-
tions, a field still open to amateurs who are
not now permitted to radiate power into
space. The other activity providing operat-
ing privileges, the War Emergency Radio
Secrvice, has been treated in a completely re-
written chapter of almost fifty pages.
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An outstanding text for either individual
or group training, the A.R.R.L. Handbook
continues to be the best dollar’s worth of
technical radio literature available toanyone.

HaroLD P. WESTMAN
Institute of the Aeronautical Sciences
New York 20, N. Y.

Fundamentals of Radio Com-
munications,byAustinR. Frey

Published (1944) by Longmans, Green
and Co., Inc,, 55 Fifth Ave., New York,
N. Y. 385 pages+-7-page index4-xii pages.
201 illustrations. 5§ X 9% inches. Price, $4.00.

This new book is one which should inter-
est engineers and physicists who want to
study basic radio circuits and their behavior,
and also those who want to review the sub-
ject to improve their knowledge in this
technical field. The author presumes that
the reader knows mathematics through cal-
culus and can use differential equations,
hyperbolic functions, and Bessel functions
with some facility. In addition to this mathe-
matical background, the reader must have
a good knowledge of the fundamental prin-
ciples of electric circuits, such as a working
knowledgeof the useof vectorsand thelawsof
current and voltage relationships in alternat-
ing-current circuits. A person with this back-
ground will find the book clearly written
and the material well organized. Time and
space are not wasted in the development of
mathematical expressions; but they are
freely used wherever they convey the essen-
tial information more clearly and succinctly
than words.

The first chapter (42 pages) is devoted
to the analysis, by the use of complex num-
bers, of resonant and coupled circuits as
they are used in vacuum-tube amplifiers;
while the second and third (60 pages) de-
lineate the characteristics of vacuum tubes
and introduce the association of the tubes
with the basic circuits that are used in the
several vacuum-tube stages of transmitters
and receivers. The next two chapters (110
pages) explain the action of the standard
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types of alternating-frequency and radio-
frequency amplifiers, using both analytical
and graphical developments. The sixth
chapter (46 pages) is devoted to oscillatory
circuits, starting with the spark circuit be-
cause of its utility in explaining transients in
communication circuits, through the conven-
tional low-frequency generators to several
ultra-high-frequency types. The classical
solution of the differential equation for the
series circuit of L, C, and R is given to ex-
plain the spark circuit and the transient
response of such a circuit in general. Chapter
seven (66 pages) covers modulation and de-
modulation; presenting the usual trigono-
metric approach for amplitude modulation
and Bessellfunction approach for frequency
modulation. The eighth chapter (22 pages) is
confined to a brief treatise on radio-fre-
quency transmission lines and uses hyper-
bolic functions for the analytical evaluation
of line characteristics. Chapter nine (34
pages) is entitled “Radiation” and deals
primarily with radiation formulas and pat-
terns. Problems are included at the end of
each chapter by means of which the reader
may test his understanding of the material
he has read. However, the lack of solved
examples, or answers to the problems given,
limits their utility except for classroom use.

As may bessurmised from the number of
pages devoted to the chapters covering the
various topics, the treatment of each is
brief, as compared to some of the older books
in this field written on the same mathe-
matical level. Except for a block diagram of
a transmitter on page 3 and one of a super-
heterodyne receiver on page 280, no draw-
ings are given to show the organization of the
several types of circuits into commercial
sending and receiving apparatus. No illus-
trations or drawings of coils, condensers, or
commercial equipment are included; no
space is devoted to microphones or loud-
speakers, and no attempt is made to cover
any of the multitude of special circuits based
on the long-known and basic circuits covered
in this book. This paragraph is not intended
as an adverse criticism, but since most
books in this field endeavor to cover the

topics listed above, their omission is worthy
of mention.

The author states in his preface that his
book is devoted to the fundamental prin-
ciples of radio communications and limited
to the more important types of circuits and
circuit theory. As the chapter headings indi-
cate, the book presents and analyzes the
basic circuits that appear in transmitters
and receivers in radio communication, Dr,
Frey has covered this field admirably, writ-
ing concisely and clearly,

GEORGE F. MAEDEL
R.C.A. Institutes, Inc.
75 Varick St.

New York 13, N. Y.

Illustrated Technical Diction-
ary. Edited by Maxim New-
mark

Published (1944) by The Philosophical
Library, 15 E. 40 St., New York 16, N. Y.
352 pages+vi pages. 90 figures. 61X91%
inches. Price, $5.00.

The plan of this dictionary is to supply a
wide and representative selection of officially
approved terms and definitions standardized
by various United States engineering, tech-
nical, trade, and industrial organizations, as
well as by government agencies. The terms
included were determined on the basis of
whether that subject is fundamental in all
fields of engineering and has current im-
portance in present-day technical activity.
The selection of terms dealing with stand-
ards and measurements, and practical ap-
plications of mathematics, chemistry, and
physics has been quite extensive. Terms
dealing with aeronautics, electricity, radio,
the chemistry of synthetics and plastics,
automotive mechanics, and shipbuilding
have been included. A certain number of
tables of technical abbreviations, standards
and measurements, mathematical, scientific,
and technical symbols, conversion tables,
shop data, and formulas, has also been in-
cluded. RaLrH R. BATCHER

Radio Consultant
St. Albans, L. 1., New York

MAURICE ARTZT
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Maurice Artzt (A'26) was born in Tyler,
Texas, on November 30, 1904, He received
the B.S. degree in electrical engineering
from the University of Texas in 1925,
and then joined the radio department of
the General Electric Company at Sche-
nectady. While there he attended Union
College and received the M.S. degree in
electrical engineering in 1929, He has been
with the Radio Corporation of America
since 1930, first at Camden, and later at the
RCA Laboratories in Princeton. Since 1928
his work has been largely concerned with the
development of circuits and apparatus for
facsimile services. Mr. Artzt is a member of
Sigma Xi and Tau Beta Pi.
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Edgar H. Felix (J'17-A'19-SM'43) was
born on March 29, 1898. He studied at New
York University, Columbia University, and
Sheffield Scientific School, Yale University.
In 1918 Mr. Felix joined the Signal Corps as
an engineer in the radio development sec-
tion. In 1919 he became associate editor for
Aerial Age Weekly. From 1922 to 1924 he
was director of public relations for WEAF
and the American Telephone and Telegraph
Company. In 1924 he became technical
director of the radio department of N. W.
Ayer and Son, and from 1926 to 1941 he was
radio consultant to broadcast stations, net-
works, and publishers. He served as radio
director of the National Electrical Manu-
facturing Company from 1927 to 1929;
contributing editor of Radio Broadcast
1926 to 1930; Aero Digest, 1930 to 1931;
and Advertising and Selling, 1932 to 1935.
In 1935 he became director of Radio Cov-
erage Reports, which post he still oc-
cupies. He is the author of “Using Radio in
Sales Promotion,” published in 1937, and
“Television, Its Methods and Uses,” pub-
lished in 1941. In 1942 he became a Captain
in the Signal Corps, as assistant to the Chief
Signal Officer, Fighter Control Section, and
in 1943, with the rank of Major, he was as-
signed to the Radio Navigation Section.

Contributors

Harald Trap Friis (A "18-M '26-F '29)
was born in Denmark on February 22, 1893.
He received the Electrical Engineering de-
gree from the Royal Technical College in
Copenhagen in 1916 and the Ph.D. degree in
1938. During 1916 he served as an assistant
to Professor P. D. Pedersen, and in 1917-
1918, he was a technical advisor at the Royal
Gun Factory in Copenhagen. In 1919, Dr.
Friis was made a Fellow of the American
Scandinavian Foundation and did graduate
work at Columnbia University. He joined the
research engineering staff of the Western
Electric Company in 1920; this became the
Bell Telephone Laboratories in 1925 and his
work continued in that organization. In 1939
Dr. Friis received the Morris Liebmann
Memorial Prize for his investigations in ra-
dio transmission including the development
of methods of measuring signals and noise
and the creation of a receiving system for
mitigating selective fading and interference.
He served as a director of the Institute from
1941 to 1944.

J. Walter Greer (A'41), was born on
January 21, 1906, at Adrian, Ohio. After
receiving his B.S. degree in electrical engi-
neering from Notre Dame University in
1929, he joined the Bell Telephone Labora-
tories. Studies on communication equipment
and electronics were continued at the Labo-
ratories and at Columbia University. Mr.
Greer participated in research on electrical
shock and in a program conducted jointly

the Bell Telephone Laboratories and
Columbia Medical School. In 1935 he joined
the RCA Manufacturing Company, working
on the design and application of electron
tubes. From 1936 to 1940 Mr. Greer was
connected with the Tung-Sol Lamp Works
as an engineer on the testing and processing
of electron tubes. He joined the radio engi-
neering section of the Civil Aeronautics
Authority in 1940, and later in the same year
transferred to the design branch, Bureau of
Ships, Navy Department where he is in
charge of the vacuum-tube section.

°,
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E. L. Hall (A'28) was born at Mansfield,
Ohio, on April 20, 1893. He received the
B.E.E. degree from the Ohio State Univer-
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sity in 1918 and the E.E. degree from the
same institution in 1929. He has been a
member of the radio section, National
Bureau of Standards since 1919, engaged in
work on radio standards, measurements, and
testing. He is a member of Sigma Xi.

Mack C. Jones (A'42) was born in Her-
rin, 1llinois, on April 18, 1913. He received
a B.S. degree in electrical engineering in 1935
from the University of lllinois. He was em-
ployed by RCA Manufacturing Company
in 1935 and worked in the transmitter test
department. In 1936 he transferred to the
broadcast receiver engineering department
and worked on the design of broadcast tele-
vision and frequency-modulation receivers.

Since 1941 Mr. Jones has been in the
communications and industrial engineering
department associated with the design of
Navy equipment.
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Vincent R. Learned, (S'38-A'40) was
born in San Jose, California, January 21,
1917. In 1938 he received the degree of
Bachelor of Science in Electrical Engineering
from the University of California and in 1943
the Ph.D. degree from Stanford University.
From 1938 through 1940, Dr. Learned was

WALTER GREER

E. L. HaLo

VINCENT LEARNED
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with the engineering department of the
McClatchy Broadcasting Company, Sacra-
mento, California; from 1941 through 1942
he was a teaching and research assistant at
Stanford University; and since January,
1943, he has been connected with the re-
search laboratories of the Sperry Gyroscope
Company, Inc., Garden City, New York, in
the capacity of project engineer. He is a
member of Tau Beta Pi, Eta Kappa Nu, and
the Society of Sigma Xi.
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C. W. Martel was born on January 14,
1910, at Wells River, Vermont. He received
the B.S. degree in physics from the Massa-
chusetts Institute of Technology in 1931,
During the following year he served as a
laboratory assistant in the M.I.T. physics
department. From 1936 until September,
1942, when he was called to active duty in
the'Signal Corps, he was connected with the
Raytheon Production Corporation, where,
for the latter two years he was assistant

EpWARD RALPH SCHATZ
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manager of their small-tube division. Since
entering the Service he has been assigned to
the Aircraft Radio Laboratory, which he
represents in electron-tube matters regard-
ing Army Air Force radio equipment.
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Edward Ralph Schatz (A'44) was born
at St. Mary's, 'Pennsylvania, on November
28, 1921. He received the B.S. degree in
electrical engineering in 1942 from the
Carnegie Institute of Technology. Continu-
ing there he was appointed a Buhl Research
Fellow in electrical engineering and ob-
tained a Master's degree the following year.
At present Mr. Schatz is an instructor in the
electrical engineering department of the
Carnegie Institute of Technology. He is a
member of Eta Kappa Nu, Tau Beta Pi, and
an Associate member of Sigma Xi.
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Elmer H. Schulz (A’'38) was born at
Lockhart, Texas, on October 30, 1913. He re-
ceived the B.S. degree in electrical engineer-
ing in 1935 and the M.S. degree in electrical
engineering in 1936 from the University of
Texas. He was on the teaching staff of the
electrical engineering department of the
University of Texas from 1936 to 1942 when
he joined the staff of the electrical engineer-
ing department of Illinois Institute of
Technology. Mr. Schulz is a member of Tau
Beta Pi and the American Institute of
Electrical Engineers.
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B. R. Teare, Jr. (A'41) was born in 1907
in Menomonie, Wisconsin. He received the
B.S. degree in 1927, and the M.S. degree in
1928 from’ the University of Wisconsin.
After another year of graduate work he was
employed by the General Electric Company
and was associated with the advanced course
in engineering there. He was instructor and
assistant professor of electrical engineering
at Yale from 1933 to 1939 and completed

B. R. TEARE, Jr.

the work for the degree of Doctor of Engi-
neering in 1937. Dr. Teare now is Buhl
Professor of electrical engineering at the
Carnegie Institute of Technology. He is a
member of Eta Kappa Nu, Tau Beta Pi, Phi
Kappa Phi, and Sigma Xi, Fellow, A.LLE.E.,
and at present is chairman of the Pittsburgh
Section of the I.LR.E.

James N. Van Scoyoc (A'44) was born in
Rockville, Indiana, on December 26, 1911,
He received the B.S. degree in 1934 from
Purdue University and did one year of
graduate work in physics there in 1935. He
was engaged in radio sales and service work
until June 1942; and from then until the
present time as instructor and laboratory
supervisor in electronics at Illinois Institute
of Technology. Since 1942 a major portion
of his work has been the design and develop-
ment of special laboratory and testing equip-
ment. Mr. Van Scoyoc is a member of Sigma
Pi Sigma

JaMEs N. Van Scovoc




Federal, long recog-
nized as a manufac-
turer af better vacu-
um tubes, naw leads
with new praduc-
tion methods resuls-
ing in stlll yreater
tube efficlency and
length of life. Every-
where, it's Federal
tubes for auperior
transmitting and
industrial power
performance.

The Federal name on co
equipment signifies exac

mechanical design built in . .. plus every

extra performance-giving factor.

Federal research and design develop-
ment are continuous . .. adding new
concepts of operation over and heyond
accepted performance ratings. This
extra care adds ruggedness and high
performance dependability to Federal
equipment.

Transmitters built by Federal are de-
signed for smooth adjustment over the
full frequency range. They are made in
a great variety of frequency ranges and

('
 power

J -‘?N‘-;.! -
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200 KW transmitters . . . in frequenci
‘of 16 Kilocycles to the upper limi  of |
radio frequency spectrum. “

4’2 3-8

Back of every Federal transmitte al‘l"jé}."‘
almost three decades of engineering

and manufacturing experience which
assure the ability to produce any type
or power of communications equipment
. . . for point-to-point, broadcust, radio
telephone or telegraph or for aireraft,
marine or mobile stations.

Look to Federal for the finest in radio
communications equipment . . . now and
in the future!




Parts by the
MILLION IN PLASTIC

PLUGS &
CONNECTORS
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Signal Corps and
Navy Specifications

Types: PL
50-A 61 74 114 150
54 62 76 119 159
55 63 77 120 160
56 64 104 - 124  29V-A
535 6504 108, mase] 25 ... 354

o
o
~N
-
o
o
~N
S

61 76 | 61 76 [ 61 76
6277 "1 e2" 77 T2 77
63 104 | 63 104 63 104
64 | 64

NAF
1361 No. 2129381

Other Designs to Order

Remler injection molding mochine.
Other complete focilities to handle
every type of plostic molding.

REMLER PIONEERED custom mold-
ing in the West and the electronic ex-
perience of this organization goes back
to 1918 and ship wireless. Today Remler
manufactures complete sound transmit-
ting systems, radio . . . plugs and con-
nectors. Complete facilities frequently
permit quotations at lower prices. o
Other manufacturers with war assign-
ments beyond their capacity are invited
to ‘entrust part of the work to Remler.

Phone or wire if we can be of assistance.

REMLER COMPANY, LTD. -
2101 Bryant S5t. . San Francisco, 10, California

REMLER

SINCE 1918

-ﬁnnouncing & Communication fgui/ﬂment

ATLANTA

“Transmission Lines and Coupled Antennas,” by
L. W. Peay. Civil Aeronautics Admin{stration; April
28, 1944.

“A Discussion on Radio Sonde in Forecasting,”
by D. W. Miller, United States Weather Burcau;
May 19, 1944.

BosToN

“Handling of Telegrams in Facsimile,” by I. S,
Coggeshall, Western Unlon Telegraph Company;
March 17, 1944.

BUFFALO-NIAGARA

“Audio and Public-Address Work in Industry,®
by A. J. Dybowsky, Dymac, Inc.; February 28,
1944.

“Radio Communication and Photoelectric Con-
trols in Power,” by Herbert Stadermann, Buffalo
Niagara Electric Corp.; February 28, 1944.

“The Magnetic Recorder,” by W. R. David,
General Electric Company; March 8, 1944.

CHICAGO
“«The Electron Microscope,” by L. P. Copeland,
11linois Institute of Technology; May 19, 1944,
“Report on Illinois Professional Engineering
Licensing Law,” by Beverly Dudley, McGraw-HIll
Publishing Company; May 19, 1944.
Election of Officers; May 19, 1944.

CINCINNATL
“Development of the SCR284 Fleld Radio Set,”
by H. V. Noble, Crosley Corporation; April 18,
1944.
CONNECTICUT VALLEY
“Ultra-High-Frequency Measurements,” by
E. D. Cook. General Electric Company; May 12,
1944.
Election of Officers; May 12, 1944.

DALLAS-FORT WORTH
“The " General Electric Magnetic-Wire Re-
corder,” by W. R. David, General Electric Com-
pany; May 22, 1944.

DAYTON
“Frequency Modulation,” by M. G. Crosby,
RCA Communications; April 27, 1944,
Election of Officers; April 27, 1944.
“Wave Guides—A New Means of Transmitting
Radio-Frequency Power,” by G. C. Southworth,
Bell Telephone Laboratories; May 25, 1944.

DETROIT
“Recent Improvements in Radio-Transformer
Design,” by Reuben Lee, Westinghouse Electric
and Manufacturing Company; April 21, 1944

EMPORIUM

“Electron Microscopes,” by C. H. Bachman,
General Electric Company; April 28, 1944.

“Ultra-High-Frequency Measurements,” by
E. D. Cook, General Electric Company; May 23,
1944

MONTREAL

“Ladder Networks to Obtain a 90-Degree Phase
Shift Over the Audio Band of Frequency,” by
L. Boulet, Laval University; March 8, 1944,

“Impedance Determination through Standing-
Wave Measurements,” by E. W. Legris; March 8,
1944,

“The Training of Electrical Enginecrs,” by E. A.
Guillemin, Massachusetts Institute of Technology;
March 22, 1944.

“The Basic Principles of Ultrasonics,” by R. W.
Boyle, National Research Council; April 12, 1944,

Election of Officers; April 12, 1944.

“Cathode-Ray Oscillography.” by P. S. Chris-
taldi, Allen B. DuMont Laboratories; May 10, 1944.

NEew York
“Study of Ultra-HIgh-Frequency Tubes by Di-
mensional Analysis,” by G. J. Lechmann and A. R.
Vallarino. Federal Telephone and Radio Labora-
tories; May 3, 1944.

(Continued on page 36A4)
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70,000

Small things are often of major impor-
tance—and mean the difference between
success and failure. Utah Parts, for in-
stance, must be accurate to the most
minute detail. Even an error so small as

: : one ten-thousandth of an inch could re-

/ sule in faulty operation.

o This marvelous instrument, the meas-
uring microscope, makes it possible for
Utah engineers to spot errors in work-
manship—no matter how slight. They
are able to make infallible measurements
to the ten-thousandths of an inch —just
one reason for the split-hair accuracy

Proceedings of the 1.R.E. July, 1944

ever see
of an inch?

of Utah Parts wherever they are used.

Utah's outstanding name for depend-
ability and long life is due to the pains-
taking inspection, ever watchful surveil-
lanceand complete testing. These “traits”™
in Utah's character have been of prime
importance in adapting the many war-
born miracles of radio and electronics to
today’s military needs. They will be just
as important in transforming them to
commercial uses tomorrow.

* * *

Every Product Made for the Trade, by
Utah,lsThoroughlyTested and Approved

: 35A



"KNOW-HOW”

o in Design
o in Manufacture
e in Delivery

RACTICAL experience sharpened and

broadened by the exacting test of war.
Such is the story of Templetone’s amazing
progress and growth in the field of elec-
tronics. From the designing stage, through
every phase of manufacture to‘“on the
dot” deliveries, Templetone’s proven
“know-how” in serving Uncle Sam pre-
sages even greater Templetone progress in
the peacetime era to come.

Electronics Division

TEMPLETONE
RADIO COMPANY
Mystic, Conn.

Section Meetings

(Continued trom page 344)

“The Principles of Klystron Operation,” by
D. R. Hamilton, Sperry Gyroscope Company; May
3, 1944,

“The One-Hundredth Anniversary of the Tele-
graph,” by 1. S. Coggeshall, Western Union Tele-
graph Company” May 24, 1944.

“Electronics in Industry,” by W. C. White. Gen-
eral Electric Company; May 24, 1944,

“The Cyclograph—An Electronic Tool for Pro-
ductlon Testing,” by T. T. Goldsmith, Jr.. Allen B.
Dumont Laboratories; May 24, 1944.

PHILADELPHIA
“Electronics in the Microscopic World,” by
James Hillier, RCA Laboratorles; May 4, 1944.

P1TTSBURGH

“Varistors: Thelr Characteristics and Their
Uses,” by J. A. Becker, Bell Telephone Laborator-
ies; April 3, 1944.

“Ultra-High-Frequency Mecasurements,” by
E. D. Cook, General Electric Company; May 8,
1944.

ROCHESTER

“Power-Line Carrier-Current Apparatus and
Applications,” by F. S. Beale, Westinghouse Elec-
tric and Manufacturing Company; May 18, 1944.

Election of Officers; May 18, 1944.

S1. Louis
“Power Levels in Communications Engineer-
ing.” by N. E. Fowler, American Telephone and
Telegraph Company; April 27, 1944.

SAN FrANCISCO
“Blind-Landing Equipment for Aircraft,” by
Paul Byrne, Dalmo Victor Company; May 3, 1944.

TorRONTO

“Radio Progress in Canada,” by R. A. Hack-
busch, Stromberg Carlson Company; March 6, 1944.

“Ultra-High-Frequency Mecasurements,” by
E. D. Cook, General Electric Company; March 20,
1944,

“Radio Sonde,” by R. C. Jacobsen, Department
of Transport; April 3, 1944.

“The Behavior of Resistances at Radio Frequen-
cies,” by R. G. Anthes, University of Toronto; May
1, 1944

“Problems Affecting the Prqfessional Status of
the Radio Engineers,” by R. C. Poulter, Radio Col-
lege of Canada; May 1, 1944.

Election of Officers; May 1, 1944.

TwiNn GITIES
“The C-1 Electronic Automatic Pilot,”” by H. G.
Larson, Minneapolis Honeywell Company; April 25,
1944,
WASHINGTON
“Characteristics of Ionosphere Affecting Radio-
Wave Propagation,” by H. W. Wells, Carnegie In-
stitute of \Washington; May 8. 1944.

The following indicated admissions
and transfers of membership have been
approved by the Admissions Committee.
Objections to any of these should reach
il;i Institute by not later than July 31,

4.

Admission to Member

Bass, H., 7363 Clovernook Ave., Mt. Healthy, Ohio

Bechtol. H., Airplane and Marine Instruments, Inc.,
Clearfield, Pa.

Berg. S., 74 Barker Ave., Eatontown, N, J.

Cohen, J. 8., 1514 Teakwood Ave., Cincinnati, Ohio

Folland, D. F., 100 Anchor Way, East Hempstead,
L.1.N. Y.

(Continued on page 384)
Proceedings of the 1.R.E. July, 1944




Proccedings of the 1.R.B.

When the hour of Victory arrives, industry can

count on IRC to supply its pent-up needs for
all types of resistors. Mass production methods
now in operation in these, the world’s largest
resistor plants, assure ample quantities at favor-
able prices.

AN INVITATION
If resistances will play a part in your post-war
products, consult IRC. You're sure to obtain
unbiased counsel because IRC makes a
broad and varied line. .. is not limited
to just a few specialties. Naturally, $
your confidence will be respected. 7

INTERNATIONAL RESISTANCE CO.

July, 1944

NOTE THESE QUALITY FEATURES
OF IRC MP HIGH FREQUENCY RESISTORS

1. Extra strong ceramic tube has exceptionally
low loss characteristic at high frequencies.

2. Metallized filament coating is of high specific
resistance and eliminates skin effect at U.H.F.

3. Several baked coatings of special varnish pro-
vide adequate protection against the effects of hu-
midity and shield resistor from mechanical injury.

4. Pre-curing and stabilizing of resistance coating

at high temperatures eliminates appreciable
aging.

5. Tests indicate that water cooling at

%,  tap pressure increases power rating

T approximately ninety times.
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Membership

(Continued from page 36A4)

Jansen, C. A., 153 Norfolk Ave., Clarendon Hitls,
m

Horvath, A., 52 Webater 8t., Lynbrook, L. 1., N. ¥

l Iverson, K. J., 36-01—31 Ave., Long !sland City,

L.L.N.Y

Klss, J. S., 2250 Cathedral Ave., Norwood, Ohio

Langstafl, R, 1., 6145 Glade Ave., Cincinnatl. Ohio

Meador, B. M., 520 W, Fairview Ave., Dayton,
Ohio

' Bryan, H.. 3297 Worthington St.,, N.W,, Wash-
ngton, D. C

Peterson, L. J., Aircraft Radio Laboratory, Wright
Ficld, Dayton, Ohio

Reyling, 1. M., 50 N. Munn Ave., East Orange,
N.J

Sobel, A, D.. 2939 Ocean Ave., Brooklyn, N. Y.

Tyrrell, W. A., Box 107, Red Bank, N. J.

Van Horn, R. H., Bell Telephone Laboratories, 463
West St., New Vork, N. Y.

Transfer to Member

Arcand, W., 100 Third St., Wood Ridge, N. J.

Barnes, F. P., Box 1858, Seattle, Wash.

Brace, F. R., 1258 La Playa, San Francisco, Calif

Brown, W. N.. Jr., Aircraft Radio Laboratory,
Wright Field, Dayton, Ohio

Burroughs, H. A., 2124 Key Blvd., Arlington, Va.

Hill, W. R,, Jr., University of Washington, Seattle
Wash.

Jacobs, M., 171 E. Hillcrest Ave,, Dayton, Ohio

Johnson, H. D., Box 175, R.F.D. 2, Emporium, Pa.

Kees, A. A., 1435 Ulloa St., San Francisco, Calif.

Klipsch, P.. W., Southwestern Proving Ground,

Hope, Atk
Marston, R. S., 23 Flint Ave., Hempstead, L. |
N. Y

Rappaport, G., 3522 S. Utah St., Arlington, Va.
Richmond, L. P., 144 Forrer Blvd., Dayton, Ohio
Weston, S., 365 W. 20 St., New York, N. Y.

Admission to Senior Member

Bowden, B. V., C.R.G. Naval Research Laboratory.
Anacostia, D. C.

Graner, L. P., 40 E. 49 St., New York, N. Y

Holloway, F. L., Aircraft Radio Laboratory, Wright
Ficld, Dayton, Ohio

Singer, ¥. J.. 234 N. Forest Ave., Rockville Centre
LI.NY

Schmitt, O. M., Columbia University, War Re-
search. 150 Old Country Rd., Mineola
N. Y.

Transfer to Senior Member

Barnes, J. l... 21 N. Cherty La., Rumson, N. J
Craig. P. 1., University of Florida, Gainesvlile, Fla
George, R. W., RCA. Laboratories, Riverhead,

.

= LI.NY
Z: i Kandoian. A. G., 67 Broad St., New York. N. Y,
§ ‘ gl e F A Miller. B. F., 2845 Russell St., Berkeley, Calif T
2 inf mation on W ! . Palmquist, J. F., 3807 Somerset Dr., Los Angeles,
nfor =

g TG ::\eei‘r exceptional \ﬂb"'g . : Calif

T:; 1 with rience, c:h‘;ritg : Ware. P., 8 Glenside Ter., Upper Montclair. N. J.

= blem. , A . B—

;5: re i8N0 obligation! : The following admissions and transfers ’

were approved by the Board of Directors
on June 7, 1944. ‘

Admission to Member

Cooley, 229 \W. 43 St., New York, N. Y

Hunt. D. W., 79 Rector Pl., Red Bank, N. ]

Rideout, V. C., 190 Bergen Pl., Red Bank, N. J.

Schramm. F. B., 5 Mulberry Ave., Garden Clty
L.I.N. Y. |

Talmage. T. D., 409 Forrest Ave., Chattanooga. |
Tenn. ‘

‘
,/’ lf

 —~—

T

_\’ s ¥ 8
PO el S TR 3 -8 Transfer to Member ‘
Campbell, V. H., 313 E. Allegany Ave.. Emporium.

Electronic Tubes - Rectifiers - Phototubes b

Chesney, A. P., 4724 Louise Ave., Encino, Calif.

. Sd W 2 s Dolnick. A., 8 E. Fitth St., Emporium, Pa.
. mz(tq tdlm Dulin, W. E., 1673 Park Rd.. N.W., Washington.

D.C.
CONTINENTAL ELECTRIC COMPANY e e, WU o, b Vo
ne., ! o
CHICAGO OMKCT GENEVA, ILL. MIw YORR Or0iCt I e Johnson, E. M., ;6;;‘;?‘.}?0!’ Saln Arlington, Va.

903 MENCHANDISE MART 208 W 1am §T.

(Continued on page 39A) {
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Membership

(Continued from page 384) |

Johnson, W. D., Box 13, Station C, 150 Christopher
St., New York, N. Y {

Kline, M. B., 179 Ocean Parkway, Brooklyn, N. Y. |

Mueller, W. P., West Creek R.F.D. 2, Emporium,
Pa.

Rountree, J. G., Box 5238, Dallas, Texas

Schilling, M. O., Sylvania Electric Products, Inc
Williamsport, Pa.

Sherman. H., 6323 Morton St.. Philadelphia, Pa.

Smithgall, H. E., Jr., Sylvania Electric Products
Inc., Williamsport, Pa.

Warren, W. H., 31 Stephen St., Montclair, N. J.

Admission to Senior Member

Mertz, P., Bell Telephone Laboratories, 463 West
St., New York, N. Y.

Salisbury, W. E., 74 Grandview Rd., Arlington, .
Mass.

Transfer to Senior Member

Galber, R. T., 1019 N. Saint Clair St., Pittsburgh,
Pa

Hopper. F. L., 599 S. Hudson Ave., Pasadena, Calif.

Potter, J. L., Rutgers University, Electrical Engi-
neering Department, New Brunswick,
N.J

Schantz, J. D., Farnsworth Television and Radio
Corp.. Fort Wayne, Ind.

Thompson, L. E., 606 W. Maple Ave., Merchant-
ville, N. J

Webb, W. L., Bendix Radio Division, Baltimore,
Md

The following admissions to Associate
grade were approved by the Board of Dir-
ectors on June 6, 1944.

Alvarez, E., Rodriouez Pena 372, Banfield, P.C.
Sud

Anderson, B. C., Box 1054, Renton Highlands,
Renton, Wash,

Andrews, J. F., 105 Spring St., Lock Haven, Pa.

Badger, G. R., 1302 Crofton Rd., Baltimore, Md.

Balter, I.. General Delivery, Dayton, I, Ohio

Barlow. W. A., 304 Hillside Ave., Nutley, N. J.

Beeson, W, E., 417 Main St., Glen Ellyn, 111

Berlin, A. D., ¢c/o Fleet Mail Office. Halifax, N. S.

Bitner, H. W., 349 E. Bald Eagle St., Lock Haven,
Pa

Black, G. W., 78 Eisenhower Dr., Dayton, 3, Ohio

Bowers, J. L., 538 Corona Ave., Dayton, 9, Ohio

Braddy, J. A., 1282 N. Hayworth Ave., Hollywood,
46, Calif.

Brown, W. M., CFGP, Grande Pralrie, Alba.,
Canada

Bulloek, C. A., 923 W. Fourth St., Lock Haven, Pa

Cadle, L. R., 826 S. Wabash Ave., Chicago, Ili.

Canning, R., 9 Sixth St., Aspinwall, Pittsburgh, Pa

Capen, G. A., 701 Ninth Ave., Belmar, N. J

Cardenas, J. A., 257 Aptmto., 16 Vedado, Habana,

Cuba e e o | :
Carl, K Williamsport Technical Institute CthOgO ‘-‘\L,,A Y B-vliynan orgonl-

Williamsport, Pa. y 1 1

n X v n

Carison, R., 415 S. Park, Angola, Ind. ZQtlon sPe "" g £ CIUSI ely l the
Church, P. K., Sharon, Mass. design and manufaciure of all types of small
Clinkenbeard, E. 1., 2076 S. Ogden, Decnver, Colo
Cornfeld, N. J.. 3577 Valiant St., San Diego, 10 transformers and reactors,

Calif

Cranmill 5 Godo B D 16 i Kb B Housed in our modern daylight plant are

Debel, CbA(,:. 335 Orange St., S.E., Washington, 00 ‘\o\ Complefe IQbOfoOfy ond planf fQCilifieS fOf

De Macedo, A., Jr., Rua Sao Vicente de Paula 276, g @ :o) the handling of every operation in the manu-
Apto. 1, San Paulo, Brazil

Douglas, C. F., 122 E. Water St., Lock Haven, Pa R=Z /bg focfure Of ﬁne tronsformers.

Dunbar, B. L., Com. Air Lant, Ship Materiel /
NAS, Norfolk, Va.

Dunn, E. C., 1245 Donald Ave., Dayton, Ohio

Dybdal, M. B., 17 Maple Dr., Dayton, Obio

i sl CHICAGO TRANSFORMER

Eddy, W. L., 5412 Brookbank Rd., Downer

Grove, 111 CORPORATION

Ellis, T. H., 118 El Camino Real, Vallejo, Calif. .
Ernst, A NTS, Bowdoln College, Brunswick, D"““Q" OF ESSEX WIRE CORPORATION
Me 3501 WEST ADDISON STREET - CHICAGO,I8

(Continued on page 10A4)
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(Continued from page 394)

| Eshbaugh, I, P.. 841 Wellmeier Ave,, Dayton, Ohio

Evans, R. J., 708 E. Main St., Paw Paw, Mich,

Fales, D., 111, 2153 California St., N.W,, Wash-
ington, D. C.

Firestone, S, Z., 5220 S. Kenwood Ave,, Chicago,
15, 11,

Fich, S.. College of Engineering, Rutgers Univer-
sity, New Brunswick, N, J.

Florman, L. W., 210} Brinley Ave., Bradley Beach,
N.J.

Forcier, R. A., 123 Nimitz Dr., Dayton, 3, Ohio

Foy, C. A., Suite 1920, 33 N. LaSalle St., Chicago,
2, 1.

Frey, S. C., 3900—14 St., N.W., Washington, D. G

Gainen, J., 104 River Bend Dr., Dayton, Ohio

Garrison, L., 8617 Pleasant Plains Rd., Towson, 4,
Md.

Gerdes, F. A., P.O. 4058, Albuquerque, N. M,

Gerrity, J. J., 233 Seventh St., Renovo, Pa.

Glover, C. P., 37-21—80 St., Jackson Heights,
L.I.N. Y.

Gordon, B. G., 2471 Geneva Ter., Chicago, Il

Grimaldi, M. E., Paroissien 3960, Buenos Aires,
Argentina

Grimm, H. H., 5§ Clark Dr., Dayton, 3, Ohio

Gunning, E. A., 413 E. Main St., Lock Haven, Pa.

Haddan, E. E., 75 E. Fifth St., Hialeah, Fla.

Hagstrum, W. R., R.F.D. 2, Box 611-F, Dayton,
Ohio

Hallaway, A. B., 2235 Emerson Ave., Dayton, Ohio

Hamilton, K. E., Box 356, Oceanport, N, J.

Hedeman, W. R., Jr., 908 Greenleigh Rd., Balti-
more, 12, Md.

Herman, C, E., Mill Hall, Pa.

Higgs. R. D., Jr., 7 Maple Dr., Dayton, Ohio

Hillier, R. J., Caledonia, St. George, Bermuda

Hoagland, C. C., 212 Highland Ave., Jenkintown,
Pa.

Hodgkinson, J. L., 59 Cushing Ave., Dayton, Ohio

Holsgrove, H. E., 67 Bridwell Rd., Devonport,
Devon, England

Howeisen, H. T., 1203 Selden, El Paso, Texas

Hudson, J. W., 39 W. Wesley Rd., Atlanta, Ga.

Hughes, H. M., 4236 S. Olive St., Los Angeles, 38,

Distant flashes of lightning were used to magnetize needles Calif.
. f . . . Hurlburt, E. H., 2216 R St., N.E., Washington,
by Joseph Henry during his experiments at Princeton in the D.cC.
1840’s. The needles were placed in coils attached to a metal Jameson, R. D., 21 Allen St., Dayton, Ohio
T . e kins, H. C., 370 C, 1 .. Apt. J-1, .
roof and grounded. This litHe-known incident demonstrated L N. J. SNt b AT
to Henry that electromagnetic force was propagated — | Jones, W. M., 4 Lombardy P1., Towson, 4, Md.
q , W. G., o o .
“"wave-fashion.” Jones, MC‘; 114 W. Susquehanna Ave., Towson
| Kaarlela, A. W., R.F.D. 1;Box 199, Crystal Falls,

Electronic research is an ever-unfolding drama that often ich:
Kane, J. P., 5699 Goodman St., Chicago, Ill.

magically turns into real-life factors—as Stancor engineers Kauhl, C. J., R.F.D. 5, Springfield, Ohio

discover almost daily—and the values of which they build Kenney. F. N.. 430 Xenia Ave.. Dayton, Ohio

. . . Kern, J. 1., 368 Central Park Ave., Dayton, Ohio

into the devices now being perfected for better Kesling, S. E., 4166 Farnham Ave., Dayton, Ohio

coordination and control of communication. Klick, C. C., 2814 N. Calvert St., Baltimore, Md.

Kline, W. W.. A.P.O. 868, c/o Postmaster, Miami,

Fla.

Klopf, J. A., 544 Aberdeen Ave., Dayton, 9. Ohio

Koontz, R. H., Signal Detachment, Signal Corps.,
Aircraft Signal Agency, Wright Field,
Dayton, Ohio

Laubacher, P. R., R.F.D. 1, Lock Haven, Pa.
. Lauth, R. E., 809 Ferndale Ave., Dayton, Ohio
‘ Leef, A. E., 3501 A St., S.E., Apt. 201, Washington.
D.C.

Liu, M. H., 5 Richmond Rd., New Barnet, Herts,

Transforemens England
Lobo, G., I.LE.M.E. Officer's Mess, Quetta, British

STANDARD TRANSFORMER CORPORATION Long. F l:dl:&“ Forest Dr.. Douglaston, L. I

1500 NORTH HALSTED ST. + CHICAGO 22 N.Y.

* | McVea, N. C., 68B Galyan Dr., West Park, Bre-

merton, Wash.
Moannfacturers of quality transformers, Maloy. E. S., Jr., 123 N. Thomas St., Bellefonte, Pa,
veactors, power packs and allied products Manhart, R. C., Sylvania Electric Products, Inc.,

Sor the electronic industries. Emporium, Pa.
Marconi. A., Pampa 3896, Buenos Aires, Argentina
Martinez, V, M., Circuito CMQ, S.A., Montey

Prado, Habana, Cuba
e 6 ¢ 0 6 6 o ¢ o o o | (Continued on page 424)
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Night and Day —Round the Clock

RADIO MESSAGES via WILCOX'!

Whether it is a military mission or a sched-
uled flicht of a commercial air liner...there
can be no failures in radio communications.
Now, both military and commercial aircraft
all over the world communicate via Wilcox.
For many years Wilcox dependability has

been proved under all operating conditions.

Proceedings of the I.R.E. July, 1944

.\

WILCOX ELECTRIC
COMPANY

Manufacturers of Radio Equipment
Fourteenth & Chestnut e Kansas City, Mo.
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ADVANCED ENGINEERING
demonstrated by

THORDARSON

COMPACT, HERMETICALLY-SEALED
TRANSFORMER FOR AIRBORNE SERVICE

A type of hermetic
seal construction
to meet the newest
rigid requirements
of the Armed
Forces.

raorARSON|
IO e

*

High efficiency inasmall  Since the terminal seal em-
package. .. this compact ploys metal and glass, abso-
high frequency power lute protection is assured
transformer (60 to 2600 against all performance
c.p.s.) fills a difficult difficulties usually caused
airborne application. by climatic changes.

TRANSFORMER DIVISION

THORDARSON ELECTRIC MFG. CO.
500 WEST HURON STREET, CHICAGO, It

7 raresformmen Sreccelests Serce /575

ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

Membership

(Continued from page 404)

Mason, C. F.. Radio Material Office, Eleventh
Naval Dist., San Diego, 30, Calif.

Merkle, E. C.. 1959 Gondert Ave,, Dayton, Ohio

Moriarly, O. M., c/o Navy Office, Melbourne,
Australia

Moran, R. B., Jr.. 3328 Martha Cir., Pasadena,
Calif.

Mutch, J. J.. 2500 E. Strathmore Ave., Baltimore,
Md.

Myeras, C. J., 143 Linden Blvd., Brooklyn, N. Y

Nadel, A., Schooi of Electrical Engineering, Purdue
University, Lafayette, Ind.

Neuenschwander, E. F.. 254 C Humble Bldg.,
Houston, Texas

Nichols, G. P., Jr., 543 Clinton Ave., Bridgeport, 3,
Conn.

Numan, L. J.. 943 M. Espenson Bldg., Houston,
Texas

Odien, E. J.. 1567 Kensington Ave., Buffalo, N. Y.

Oster. R. E., 204 S.E. 18 Ct., Ft. Lauderdale, Fla

Palmer, C. R., 414 Alliance P1., Dayton, Ohio

Parsons, E. M., Box J, Nantasket Beach. Mass.

Parker, J. W., 34 Cranham Rd., Romford, Essex,
England

Pepiot, L. S., 405 E. Ward St., Versailles, Ohio

Pfund. C. E., 133 Hickory St., Bridgeport, Conn

Pockman, L. T.. 3321 Anza St., San Francisco.
Calif.

Pray. E. B., Box 1021, Lawrence, Mass.

Prentiss, R. A.. NDRC, 50 floor, 350 Fifth Ave.,
New York, 1, N. Y.

Price, H. W., Jr.. 521 Anthony St., Baltimore, Md.

Rafael, R., Box 334, Angola, Ind.

Resetich, A. J.. 4406 N, Mozart Ave., Chicago, 1ll.

Richardt, R. W., 125 Third St., Wausau, Wis.

Rinn, F. H., 400 S. High St., Lock Haven, Pa.

Riesmeyer, A. H., 5 Kenwood Lane, Collinsville,
m.

Rommel, T. A., 3570 S. Tacoma Ave., Tacoma,
Wash.

Rotker, W., Temco, Engineering Department, 345
Hudson St., New York, N. Y.

Sanborn, B. M., 3320 N. Dixie Dr., Dayton, Ohio

Sanford, H. N., 1204 E, Colonial Dr., Apt. 2
Orlando, Fla.

Schantz, G. W., 1654 Huffman Ave., Dayton, Ohio

Schlingloff, G. F., Fourth and Beach Ave., Beach
Haven, N. J.

Scholer, R. E., 261 Washburn Ave., N., Minne-
apolis, Minn.

Sckell, A., Paroissien 3960, Buenos Aires, Argentina

Sellers, P. T., 1612 Milam St., Houston, Texas

Shongut, R., 210 W. 90 St., New York, N. Y,

Shellhaas, R. D., R.F.D. 1, West Milton, Ohio

Siemianowski, E. J.. Co. E., 847 Sig. Tng. Bn.,
Camp Crowder, Mo.

Singer, H. J., 419 Concord Ave., N.W., Washing-
ton, D. C.

Smith, L. L., 122 E. Water St., Lock Haven, Pa

Sproule, R. A., 23 Colinton Maines P1., Edinburgh,
13. Scotland

Stengel, E. S., 119} E. Water St., Lock Haven, Pa.

Stevens, A. W., Bureau Ships 903, Navy Dept..
Washington, D, C.

Stiles, A. C., Jr., 2915 Wheeling St., El Paso, Texas

Strain, C. E., 1289 Niles Ave.. N.W., Atlanta. Ga.

Stryker, W. G., Box 587A, R.F.D. 9, Dayton, Ohio

Sullivan, F. L.. 1417 S, University, Denver, 10,
Colo.

Svancara, V. J., 1228 Epworth Ave., Dayton, Ohio

Sydell, J. H., 144 O'Fallon St., Bellevue, Ky.

Tewell. R. H., 1311 Lincoln Ave., Bremerton, Wash.

Thurston, J.N., 173 Hancock St.. Cambridge, Mass.

Tompos, S. S., 9551 Mark Twain Ave., Detroit, 27,
Mich.

Toole, L. J.. ¢/o General Cable Research Labora-
tory. Avenue A and Firet St., Bayonne,
N.J

Travis, E.. 93 Broad St., San Luis Obispo. Calif.

Turconi, R. S., § S. Jared St., Du Bois, Pa.

Tuxill, A. R., 3131 Strawberry La., Port Huron,
Mich.

Tvedt, T. J.. 1902 McDuffie, Houston, Texas

Underhill, C. E., 5525 Maple Ave., Mission, Kan.

Van Horn, J. E., 202 N. Piedmont St., Apt. 4,
Arlington, Va.

(Continued on page 46A)
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'Stta'.n dard of
Excellence

Bliley Crystal Units are doing a great wariime job. Increased
engineering knowledge, expanded facilities, and improved
production techniques have emerged from this effort. This
wartime experience will be reflected in peacetime application.

Bliley Crystals will again take their rightful place with their
pre-war record of dependability, accuracy and user accept-
ance. Not counting applications covered by wartime secrecy
necessities, there will be Bliley Precision-made Crystals for
diathermy, ultrasonic generators, pressure gauges, carrier-
current communications systems, radio frequency filters, and
precision interval timers. And, of course, in greater guantities
than ever before, frequency controlling crystal units for all
radio communication necessities, F. M. or A. M., fixed, portable,
mobile or air borne. As always, Bliley Engineers are ready to
extq‘nd their assistance to you . . . call on them freely.

BLILEY
CRYSTALS

Accurate
Dependable

Proccedings of the LR.E. July, 1944 43A



Resourcefulness of the

N.Y. T SAMPLE

'll DEPARTMENT

is \known in Berlin and Tokm'

i

.J( The- flexibility of N-Y-T
D\ ~ engineering is emphasized

N by the type and scope of
its transformer inceptions. Prior
to the Defense era, N-Y-T techni-
cions\\ produced special custom-
desig;ied units for general preci-
sion obplicotions Then, with mil-
itary preporohons, transformers,
rechf‘eré and solenoids—for prac-
tically every phase of ordnance
equipment— were included in
N-Y-T préduction.

With the 'o‘dvent of war, the in-
genuity and resourcefulness of
the NEW Y‘ORK TRANSFORMER
Sample Department kept pace
with the unprecedented demands
of Army, Navy and Air Forces.

g.‘.

‘,ﬂauﬁen Co

Couht eavi
" on Permoflux Efficiency!

In the ""Handie-Talkie'’, developed in
the Motorola Laboratories, Permofiux
Acoustital Devices are daily demonstrat-
ing their ability to lmprove the efficiency
and intelligibility of speech communica-
tions. These ‘same Permoflux achieve-
ments, which today assure maintenance
of laboratory performance in battle
equipment, will be available for hundreds
of postwar applications.

BUY WAR BONDS FOR. VICTORY!

Takeie’, o R | * NEW YORK

PERM@FLUX g e

| PERMOFLUX CORPORATION
4916-22 W. Grand Ave., Chicago 39, Ili.

PIONEER MANUFAC‘I’URERS oF PERMAN!N? MAGNEI’ DYNAMIC l‘RANSDUC!RS ] 24 26 WAVERLY PL,, -NVEAW YbRK 3,N. Y.

SIS

44A
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LATEST...MOST COMPLETE DATA ON

INERTEEN CAPACITORS

Fonp.[’cmcuns IN ELECTRONIC EQUIPMENT

Every engineer, designer and technicalmancon- It will bring you up to date on capacitor

cerned with developing high-performance elec- advancements, and provide dimension data for
tronic equipment for war or postwar use should designing of equipment.
have this booklet handy. It’s packed with fresh Includes ratings from 400 volts to 250,000
facts and data on Westinghouse D-C Inerteen volts D-C.
Capacitors and their application. Essentially, it To make sure that a copy reaches your desk
is a guide to the selection and use of capacitors without delay, use the coupon to reserve your
for any D-C applications in communications, copy. Westinghouse Electric & Manufacturing
electronics or related fields. Co., East Pittsburgh, Pa., Dept. 7-N.

ASK FOR A COPY...NOW

T o o . r . L ¥ [}
(ACTURING Westinghouse Electric & Mfg. Co.,
noust BECTRIC s MANUFACTE  vans East Pittsburgh, Pa., Dept. 7-N.
'ﬁ:‘s ‘.::':v“"' - Please send me a copy of your new book on
Inerteen Capacitors.

Name.
Position
[
cstl ousc
Addresa
PLANTS IN 25 CITIES . . . OFFICES EVERYWHERE
City. State

Proceedings of the 1.R.E. July, 1944 45a
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(Continued from page £24)

Vehling, A. J., 41 S. Myron Ave,, Indlanapolis, 8,

Ind

Venn, D. A,, 1801—25 St., S.E., Washington, 20,
D.C

Verbance, A., 358 S. Terrace Ave., Columbus, 4,
Ohlo

Wabhle, J. J., Section H, Boca Raton Club, Boca
Raton, Fla.

Wakelee, C. L., 2427 Harvard North, Seattle, 2,
Wash.

Walker, P. E., 7716 Scout Ave., Bell Gardens, Calif.

Walker, P. H., British Broadcasting Corp., Droit-
wich, Worcestershire, England

Walsh, W, C., 34 Grattan St., San Francisco, Calif.

Waterman, L. W., 1501 E. Hampden Ave., Engle-
wood, Ohio

Wehrman, H. F., KLZ, Denver, 2, Colo.

Weiler, P. R., 6338 S. Lorel Ave., Chicago, Il

Weiss, L., 129 Rock Creck Rd., New Haven, Conn

Welker, J. J., 29 North St., Madison, Wis.

Westneat, A. S., Jr., Box 271, Columbia Unlversity,
New London, Conn.

Whaley, S., 1822 S. Mount Olive, Siloam Springs,
Ark.

Wheatley, B. M., YMCA Hostel, Wormley, Godal-
ming, Surrey, England

White, A. S., Jr., 95 E. Front St., Red Bank, N. J.

White, E. S., Chicago Signal Corp., Inspection
Zone 1, N. LaSalle St., Chicago, I1l.

Woodruff, C. M., 101 Lewiston Rd., Dayton, Ohio

Wynne, E. O., 3816 Windom Pl., N.W., Washing-

ton, D. C.
Young, W. R., 332 A St., Sheridan Parkside,
; U Tonawanda, N. Y.
COmmutation is the heartbeat of a Z?rpaylic. J. 118 (?lovcr_Ave.. Paterson, N. J. i
Zick, E. J., 937 Wisconsin Ave., St. Joseph, Mich.

7\, motor or dynamotor. A schoolboy might define this

important function as: “conducting the right voltage to The following Students were trans-

ferred to the Associate grade during Janu-

7{  the right place at the right time.” That description is .
he simplicity itself, but not so simple are the design Z’;' F:bma:y'QMan};'(and SPRGISSA
7 2 0 er, Bernard, QuincCy, ass.
II cal;ulatlfons upon whlbch c‘;)mmutator manufacture Aiken, Elmer W.. Dayton, 4, Ohio
i and performance are based. Albrecht, Albert, Los Angeles, Calif.
! I . . . Alcantara, Rogelio R., Buenos Aires, Argentina
] - n d.c. machines, such as Eicor motors Alexander, Frank C.. Jr., Pittsburgh, Pa.
| and dynamotors, commutation reverses current Allured, Jonathan B., Northampton, Mass,
] dlrecu.on thousands of times per second, each reversal Amrhein, Oscar C., St Louis, 9, Mo.
: involving the making and breaking of a momentary ArdSrEyddinBE Cgute. V.
I contact. To provide years of unfailing service, the - l}°b;r" S e
. B ) >, rieans, La.
,l commutators must be large enough to carry the current Apolenis, Charles J., Allentown, Pa.
] and dissipate the heat but still be of a diameter small Ashbrook, Fred M., Cambridge, Mass.
| enough to afford moderate peripheral speed and long Asmuth, John PyiBoefongis, NMasa.
'l brush life. Division of the commutator into segments ::lt"??'\';,i{:mfkk"l,‘:?s:hl“‘:.’"' l?’ <
. . a . 1ladelphia, Fa.
i of proper number is based on such factors as voltage, Avis, Alexander J. A., Palo Alto, Calif.
) composition and size of brushes, and on performance Bailey, B. L., San Francisco, Calif.
| requirements. Balashek, Stephen, Newark, 6, N. J.
] 8 W Bamford. Donald, Toronto, 13, Ont., Canada
: . The individually formed copper and Bangert, John T., New York, 14, N. Y.
! mica segments are hydraulically swaged into permanent Barron, Bert, Los Angeles. Calif.
= position on the mica lined steel core. After heat Barton, Charles A., New York, 21, N. Y.
treating, high potential tests are made between Ba.uersfeld. Charles F., Richmond Hill, L. I., N. Y.
] Beitz, Ruben E., Schenectady, N. Y
Il segments and from each segment to ground to prove | Benjamin, J. Malvern, Jr.. Baltimore, Md.
\ insulation. When the commutator is mounted and Bennett, Robert, Montreal West, Que., Canada
\ connected as part of a complete armature, it is finished Benware, R. T., Philadelphia, Pa.
\\ by turning and undercutting (illustrated), and then by g::;'&:’cfe'sl;‘)'d‘;'{f’g’:’";;:‘ ; 0
L& 3 . O ST e ar ., Ridgew . N.J.
\ machining to concentric limits measured in "tenths. Bjerke, John W., Twin Valley, Minn.
\\ Good commutation, so vital ; gfyc‘kl:a“]'_lp" Nzw K;."k'. s Yh" .y
o . acker, narry L., mnnipeg, an., Canada
\ to the fine performance of an Eicor unit, Black, John C., Vashon, Wash.
\ can be consistently achieved only Boege, Frederick G., Red Bank, N. J.

Bonadies, Vincent J., Philadelphia, Pa.
Bowman, David F., Little Neck, L. [., N. Y.
Bowman, Jesse Y., San Francisco. Calif.
Boyer, John L., Wilkinsburg, Pa.

Bradford. Charles E.. Brooklyn, N. Y.
Brenner, G. J., Jr., Saginaw, Mich.

Brettell, George A., Jr., Newark, 4, N. J.

Eiceon Ine. 1500 w. Congress St., Chicogo, U.S.A. Brewer, Alexander F., Garden City, L. I N. Y.
Brittain, Gilbert H., Bronx, N. Y,

DYNAMOTORS * D. C. MOTORS » POWER PLANTS - CONVERTERS Brodzinsky, Albert, Washington, D. C.
Brooks, F. E., Jr., Austin, 21, Texas

(Continued on page 58A)
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AN by men with specialized knowledge
. and experience.

~

Export: Ad Ayriemo, 89 Brood S1., New York, U. S. A. Coble: Auriemo, New York
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Today, behind closed doors, 1. C. E. strives for perfection in the rush schedules

of war. . . tomorrow, when the fruits of our labors have helped to win the peace,
you can look to the precision engineering skill of I. C. E. to help mold your
drafting-board dreams into reality. <t Perfected in the merciless crucible of war

...1.C.E. will have the key to many of your post-war radio-application problems.

[ 4
%maw\
..the promise of great things to come

INDUSTRIAL & COMMERCIAL ELECTRONICS

BELMONT, CALIFORNIA
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FAST
DELIVERIES,

TYPES UP
. TO 30KV
30,000 VOLTS

Shallcross Portable
KILOVOLTMETERS

Other Shallcross High-
Voltage Equipment

Kilovoltmeter
Multipliers
Corona-protected
High-Voltage
Resistors
Special Apparatus
for Any High-Voltage
Measuring
Requirement

Write For Details

Now available for rapid delivery, Shall-
cross Kilovoltmeters are produced in a
complete line for the measurement of the
high potentials encountered in radio trans-
mitters, radar, television equipment, X-ray
systems, dust precipitators, and similar
high-voltage equipment. Ruggedly con-
structed, yet light in weight, the instru-
ments are suitable for either laboratory or
field work, and are entirely safe in opera-
tion. Full scale accuracy on a typical 1,000
ohms-per-volt Shallcross D. C. Kilovolt-
meter is * 29,. The accurate fixed wire
wound resistors are closely calibrated and
properly aged. Corona protected resistors
can be supplied for measurements up to
200 KV.

In addition to its standard line, Shallcross
likewise produces regularly a wide variety

of “tailor-made” Kilovoltmeters and high

voltage Meter Multipliers to match indi-
vidual requirements. Write for details or
engineering recommendations.

SHALLCROSS MFG. CO.

DEPT. 23 , COLLINGDALE, PA.

ENGINEERING -

48a

DESIGNING « MANUFACTURING

RADIO MASTS
and TOWERS

nllustra!ed

SPEED KING \
5 to 200 ff.

shipPi® | og
Also tov

Whotever your problems may be,
HARCO can solve them from every
Engineering angle. If none of our 16
Standard Designs meet your require-
ments, we can give you a “Custom
Built” job.

Please send complete design specifi-
cations when inquiring for detailed
information.

STEEL CONSTRUCTION CO., Inc.

Elizabeth 4, New Jersey

Proceedings of the 1.R.E. July, 1944




RADIO TRANSMITTER
SENDING CONTINUOUS
DOTS AND DASHES

AUTOMATIC ELECTRONIC
SWITCH TIMED TO

SEND "A"AND N~
SIGNALS TO
DIRECTIONAL

LOOPS

OVERLAPPING A" %

AND "N"SIGNALS

PRODUCE STEADY

TONE. DIVERGANCE

FROM COURSE

BRINGS OUT ONE LETTER . 1
OVER THE OTHER R

“N"sectoR —

PAN AMERICAN AIRWAYS PHOTO

COMMERCIAL AIRLINES keep the beam
‘‘on the beam’’ with built-in CONSTANT VOLTAGE

Milesabove familiar landmarks,with
vision obliterated by fog, sleet or
storm clouds, the steady, fused tone
of the “‘dot dash—dash dot” in the
head phones is like a soothing sym-
phony to the ears of the airplane
pilot. A fading, disrupted signal
spells danger.

Thus you will find SorLa Constant
Voltage Transformers operating the
directional beams of most commer-
cial air lines, and the instrument
landing equipment of the C.A.A.
Without this constancy of operating
voltage, a steady projection of radio
beams is impossible.

Radio range stations must neces-
sarily be in constant operation and
fully automatic. In most instances

consto D flormer

they are located at great distances
from the airports. Anything short of
instantaneous adjustment of the
voltage fluctuations would be unac-
ceptable to these instruments, too
sensitive to tolerate variations ex-
ceeding * 1%.

SoLa Constant Voltage Transform-
ers were selected for this important
assignment because of their depend-
able automatic operation. They have
no tubes or net-works to get out of
order—they require no manual su-
pervision —they are self-protecting
against short circuit—they instantly
reduce voltage fluctuations as great
as 30% to safe operating limits.

In designing any device depend-
ent on precise input voltage, the de-

sign engineer’s responsibility does
not end with specifying the oper-
ating voltage on the label.

It is the designer’s responsibility
to the user to assure the availability
of rated voltage at all times, by
building automatic voltage control
into the unit—or to instruct the
user as to how constant voltage
might be obtained for those devices
not so equipped.

Sora Constant Voltage Transform-
ers are available in standard units
with capacities ranging from 10VA
to 15KVA. As a built-in part of
electrically operated instruments or
devices, special units can be custom
built to exact product design speci-
fications.

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on .
details of design specifications.

Ask for Bulletin KCV-74

Transformers fors ConstontVoltoge + Cold Cothode Lighting « Mercury Lomps - Series Lighting « Fluorescent Lighting + X-Roy Equipment « Luminous Tube Signs
Oil Burner Ignition « Radio « Power + Controls * Signol Systems « Door Bells ond Chimes + ete. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, Il
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ENGINEERS

TO SERVE AS
PROJECT LEADERS
ON TRANSMITTERS

AND RECEIVERS

Must have good engineering
background and several years of
broad experience in the radio in-
dustry. Also, a knowledge of
civilian radio requirements will be
valuable when this Company re-
sumes production of high-quality
FM receivers and phonograph
combinations. Write, giving de-
tails of experience and salary ex-

pected, to:

Freed Radio

Corporation
200 HUDSON STREET NEW YORK CITY

FIELD SERVICE ENGINEERS

For Domestic and foreign Service
Also Instruction book writers.
Good knowledge of Radio and

Or experience in technical writing.
Essential workers need release.

HAZELTINE ELECTRONICS CORP.

58-25 Little Neck Parkway

Little Neck, Long Island

WANTED

SENIOR ENGINEER

with at least seven years industrial experience
in important electronic research and develop-
ment work., Capable of executing important
assi 8 from devel to finished prod

ucts.

JUNIOR ENGINEERS

with sound educationa! background and at
least one year's experience in factory or engi-
neering departments,

RADIO TECHNICIANS

with factory or model shop experlence in build-
ing test equipment on production testing elec-
tronic oquipment.

MECHANICAL ENGINEER

preferably experienced in electronic feld.

PRODUCTION MAN

experienced In setting up and supervising pro-
duction linecs.

These positions offer unusually good perma-
nent opportunities—top compensation commen-
surate with qunllﬂcuttonn congenial, pProgres-
sive organization with new and one of the
best equipped laboratory and factory facilities
{n the industry. Interesting work on most ad-
vanced type of military communication equip-
ment now and broad flold of quallty radio-
shonograph and industrial electronics after
ﬁ Dsay. Please write detalled qualifications.
including savailability, if not occupied to full
extent of ability in war work, to Dept. F

THE MAGNAVOX COMPANY

Fort Wayne, lndiana

The following positions of interest to LR.E.
members have been reported as open. Apply
in writing, addressing reply to company men-
tioned or to Box No. .....coiivevecvnainsen

The Institute reserves the right to refuse any an-
nouncement withoyt giving a reason for the refusal.

PROCEEDINGS of the L.R.E.
330 West 42nd Street, New York 18, N.Y,

ELECTRONIC ENGINEER

The Brush Development Company requires,
for one of its rescarch and development pro-
grams, the services of an electronic engineer
preferably with acoustic or vibration experience,
including a working knowledge of clectrical
mechanical analogies. The project has immediate
war applications and will continue as an im
portant post-war activity. Write Personnel Di
rector, The Brush Development Company, 3311
Perkins Avenue, Cleveland 14, Ohio

ENGINEERS AND DRAFTSMEN

A nationally known aviation accessory corpor-
ation now formulating post-war plans can use
the services of several electrical, mechanical and
electronic cngincers, experienced in research and
development work

Draftsmen: Also a number of design, detail
and layout men, excellent working conditions

Give full details of past experience and edu
cation as well as draft status and salary re-
ceived in first letter. Location, Metropolitan New
York. Address Box 338.

DESIGNER

A central New England manufacturer em
ploying over 1000 people nceds draftsman-design

er on telephone and signaling (mechanical) ap-
paratus,

Knowledge of die-casting and plastic applica-
tions desirable. WMC regulations prevail. Write

| to Box 339.

DEVELOPMENT ENGINEERS

Mechanical and electrical, Graduate or equiva-
lent training. Required for development work in
the following branches:

1. Electro-mechanical devices, communication
systems. Must be in!ereste(i in development
and familiar with magnetic circuits.

2. Measuring and control instruments. Back-

round sﬁould be in electrical engineering,
including electronics.

Statement of availability required. Address
Box 340.

ELECTRICAL AND RADIO ENGINEERS

Interesting development work and test equip-
ment design for mass production of electro-
acoustical devices, Experience in electronics,
acoustics or audio desirable.

Excellent working conditions and post-war
opportunities with long-established manufac-
turer,

Call, or write to Chief Engincer, Dictogra?h
ga;wration, 95.25 149th Street, Jamaica, L.

PHYSICISTS AND ELECTRICAL
ENGINEERS

Needed in connection with the manufacture of
a wide variety of new and advanced types of
communications equipment and special electronic
products. Apply or write, giving full qualifica-
tions, to D. E R., Employment Dept., Western
Electric Company, Hawthorne Station, Chicago
23, Illinois.

POST-WAR RADIO ENGINEBR

Experienced radio engineer wanted for broad
cast-receiver designs, production and detailing
Position open now. i’rogressive mid-west plant
Salary commensurate with ability and {Arevious
experience; starting salary $6000 describe
former work and fmckground, and enclose a
small picture (which will not be returned) if
hossible. All replies held in strictest confidence.
Jur employces know of this advertisement. Write
to Box 336

(Continued on page 52A4)

RADIU ENGINEERS with extensive experience in the development

or design of radio communications or broadcast receivers. or tele.
vision receivers. This experience is necessary in order that these men
may be able to handle, with a minimum of extra training, the research
work for the U. S. Navy being done by us, which specifies the creation
of equipment similar in fundamental principles, but much more com-
plicated in the adaptation of these principles. W.M.C. rulings will
| be observed. Write qualifications to Manager of Engineering and

Research.

STROMBERG-CARLSON CO., ROCHESTER 3, N.Y,
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TRAMIC 4

SIMOLTANEOUS VISUAL OBSERVATION OF SIGNALS OVER A BROAD BAND OF FREQUENCIES

Panoramic Reception is the technique of viewing simultaneously
a multiplicity of signals received over any given portion of the
radio frequency spectrum. lts uses include the measurement and
comparison of frequency, inductance, capacitance, and resistance,
The Panoramic Radio Corporation has conceived and pioneered the
major developments in this field, yet we feel that we have but scratched
the surface of the tremendous sphere encompassed by Panoramic Recep-
tion. lts successful use in communications, direction finding, navigation,
production, and the laboratory presents only an incomplete picture of its
possibilities. Why not let our engineers demonstrate how much of your work
can be expedited by Panoramic equipment?

PANURAMIE‘ 4 ~‘,?f?‘nﬂmu CORPORATION

242-250 WEST 55™ 5T, Y ‘?/M/.Q,/f’?/

Proceedings of the I.R.E. July, 1944




project men.

25 West 43rd St.,

RADIO and ELECTRONIC
ENGINEERS |

Project and design engineers experienced in the

field of communications equipment and radar.
Also openings for

junior engineers to serve as assistants to Senior

Positions available for engineering inspectors,

draftsmen, and tracing checkers.

Apply
HUDSON AMERICAN CORPORATION
New York 18, N.Y.

AT 100 MC

DILECTENE
A C-D Engineered
~ U-H-F Insulation

/b/c;wn 1=Acr<;iex_> \

N STABLE
< UNDER
/

DIELECTRIC
CONSTANT
57 v

-
High Humidity
2

. ‘Temperature
! 5 Extremes
- Mechanical
p Stress
READILY *

" MACHINED Chemical

\ . Cconditions

_ For complete technical
data, send for Bulletin DN
CONTINENTAL-DIAMOND

- FIBRE COMPANY
e NEWARK 48, DELAWARE
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Wanted
ENGINEERS

¢ Radio

s Chemical

¢ Electrical

¢ Electronic

* Mechanical

e Metallurgical

* Factory Planning

e Materials Handling

¢ Manufacturing Planning

Work in connection with the manufacture of
a wide variety of new and advanced types
of communications equipment and special
electronic products. -

Apply lor write), giving
full qualifications, to:

C. R. L.
EMPLOYMENT DEPARTMENT

Wesrern Electric Co.
100 CENTRAL AV., KEARNY, N. J. {

Applicants must comply with WMC requlations

(Continwed from page 504)

ELECTRONIC ENGINEER

With ability to design audio-amplifier and
audio circuits from low-power up to 500 watts.
Must be familiar with amplifier circuits and
components presently used in this field. Should
be familiar witb various audio svmchinr cir-
cuits, impedance matching, and filter design,
and have a basic knowledge of transformer de-
signs. Should have strong background in funda-
mentals, as our transmission problems involve
both acoustic and audio measurements.
with practical production experience is desired,
in preference to theorist unfamiliar with modern
Brodl;%tion practices and procedures. Write to

0x i

SALES ENGINEER

Wartime and post-war opportunity in Chicago
territory for a manufacturer whose ptoducu are
well-known and widely used, especially in the
clectronic field. Applicant must have engineering
training or at least five years of practical ex-

rience in engineering or manufacturing, Pre-
er man between 30 and 35 years of age. Write
stating details of education, age, previous con-
nections, cxperience and salary. I already en-
gaged in war work, require a ststement of avail-
ability. Address Box 332

ELECTRONIC ENGINEERS

Leading television and electronics organiza-
tion in Manhattan needs first-class engineers spe-
cializing in electronics, physics, 'phyllco-chemir
try, and high-vacuum technique, for research de-
velopment mainly on important post-war prod-
ucts, Give full details of experience and salary.
gepli;ssheld in strictest confidence, Write to

oX .

TELEVISION ENGINEERS

Long-established and well-known company re-
quires Television Engineers:

1) Graduate engincers having had definite ex

perience in the Television field, transmitters
or receivers 3

2) Cathode Ray Tube Research Engineer

3) Mechanical Engi and ig

Excellent opportunity for well qualified men.
War work now, Television later. Applicants must
be U. S. citizens.

Company located in New York. Our staff
knows of this advertisement and replies will be
léept Jgta‘nﬁdemial. Write, giving all details, to

ox

CHIEF MECHANICAL ENGINEER

Mid-west radio-electronics manufacturer has
immediate position open, Post-war future for
engineer experienced with small parts or in radio-
development laboratory. Salary opens Premium
for unusual man. Confdence respected. Write to
Box 335.

SENIOR RADIO ENGINEERS

Mid-west radio-clectronics manufacturer has
present and post-war positions for one chief
mechanical engineer, and two research, three de-
velopment, two production, one specifications-
and-standards engincers. Salaries open. Confiden-
tial inquiries respected. Write Box 336.

RADIO EXECUTIVE

Mid-west radio-clectronics manufacturer sceks
assistant chief engincer cayisable of wider respon-
sibilities. Salary open. All queries confidential.
Write Box 337.

ELECTRICAL ENGINEERS AND PHYSICISTS

Need a few men with sound training and some
experience in the lighting and electronics fields
to work on the design, development, or produc-
tion of indicated products. The exact type of
work will depend upon the individual’s interests
and experience. Positions offer definite oppor-
tunities. Advanced degrees in electrical engineer-
ing or physics desirable, but not essential. Open-
mg/lp Pennsylvania and Salem, Massachusetts.

rite to Sylvania Electric Products, Inc., In-
dustrial Relations Department, 254 Essex Street,
Salem, Massachusetts,

ELECTRICAL ENGINEER

For cxperimental work in developing radio-
tub king equip t. Position is that of equip-
ment-design engincer on advanced developmental

(Continued on page 544)
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AU EVMENEN RN

A certain type of Westinghouse Electronic
Tube was urgently needed in England. Every
night, as the last lot came off the test rack
at our Bloomfield Plant, we had a cab wait-
ing, ready torush it to the airport for bomber
ferry across the Atlantic. Today, things are
different. Engineering ingenuity and a vast
program of plant expansion have multiplied
Westinghouse Electronic Tube production
30 times. We’ve trained 28 new workers for

each one formerly employed, expanded floor
space 20 times. And now we’re not only
meeting time and quality musts on all Gov-
ernment contracts—we’re also continuing
to supply the heavy demands of war indus-
ry. Your nearest Westinghouse Office or
Distributor will be glad to receive your in-
quiries for Westinghouse Tubes. Westing-
house Electric & Manufacturing Company,
Bloomfield, N. J.

WI.-195 Pliotroo WL-672 Thyratron

WL-196 Pliotron KU-676 Thyratron

W L-463 Pliotron WL-677 Thyratron

KU610 Thyrateon WL-681/686 Ignitron

KU627 Thyrotron WL-710 Ballast Tube eS 1 Ouse
KU.628 Thyratroo WL-788 Bollast Tube

KU-629 Thyrateon WL8578 Phanotron PLANTS 1N 23 CITIES OFNICHS EVIRYWHESE
WL-632A Thyratroo WL-892 Pliotron

WL-651/656 Ignitron W L-895 Pliotron

WL-652/657 Ignitron WL-8% Ballast Tube .

WL655/658 Ignitran QUGII"Y Controlled ELECTRONIC TUBES

Proceedings of the 1LRE.
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INSTRUMENT DELIVERIES!

War work has expanded Triplett production far
beyond previous capacities and, with the experience

of more than forty years of instrument manufactur-
ing, has bettered the Instruments coming off the v
production lines.

Now—better instruments are ready for general
use. Place your orders, at once, with Triplett— C
headquarters for instruments made to one fine
standard of engineering.

STANDARDS ARE $¢16Y

‘, ﬁ\ul

Army-Navy“E”
Award citation for
high achievement.sin
war production, contin-
uing a long record of war ,
service, is a source of justi-
fiable pride to the manage-
ment and personnel of The
Arnold Engincering Company:.

The star will serve as an incen-

tive to The Arnold Enginecring
Company to continue with the same
high devotion, energy and skill to
turn out products for the war effort.

D*Arsonval Moving Coil D.C
Instruments

Double Iron Repulsion A.C
Instruments

Electrodynamometer A.C.-D.C.

R.F. and Rectifier Types,
Sizes 2 through 7°

TRIPLETT ELECTRICAL INSTRUMENT (CO.

BLUFFTON ¢« OHIO

THE ARNOLD. ENGINEERING COMPANY

147 EAST ONTARIO STREET, ‘CHfCAG'O 11, ILLINOIS
Specialists in the Manufaciure . of ALNICO. PERMANENT MAGNETS

544

(Continued from page 52.

project, Applicants having previous training in
radio-tube oy lamp manufacturing equipment pre-
ferred. Applicants having qualificd rechnical back-
ground and ability will also be considered. Write
to RCA Victor Division, Langaster, Pa.

ELECTRICAL ENGINEERS

Graduate electrical engineers or men with
equivalent industrial experience, needed for the
development and design of pocket-size radio
and audio-frequency equipment. Especially in-
terested in qualified engineers looking to post.
war period who, at present, arc not being used
in their highest skill or capacity. Company is
well established in- electronic field and located
in suburb of a large New England city. Reply
to Box 320.

INSTRUCTORS FOR ADYANCED
ARMY-NAVY PROJECT

Prominent New England technical institute
requires instructors for officer-training project,
in modern electronics and applications of ultra
high-frequency radio. Exceptional opportunity
to acquire advanced knowledge and serve in
important war effort. Men having various de-
grees in electrical engineering, physics, or
communications—or long experience in radio
engineering—and_ interested or qualified as
teachers, are needed. Salary adjusted to qualifi-
cations and .experience. Applicants must be
U. 'S. citizens of unimpeachable reputation. In-
quiries will be treated as confidential. Please
send personal history and small’ photograph to

Box 321.
ELECTRICAL ENGINEERS

Electrical engineers needed with experience
in the transformer or rotary-equipment field,
either in design, technical, or production work.
Company manufactures the smaller types of
transformers.

Starting salary range will be between $4,000
and $6,000 per year. Write to Box 322.

ELECTRONIC-DESIGN ENGINEERS
AND
ELECTRICAL DESIGNERS

For complex equipment similar to radio trans-
mission apparatus. High priority war work.
Must have had all technical training required
for bachelors degree in engineering or physics
Two openings demand three or more years re-
sponsible research or commercial experience.

Salary open, 48-hour week. Apply, Personnel
Office, Radiation Laboratory, Gniversi(y of
California, Berkeley. California.

RADIO ENGINEERS, INSPECTORS,
AND DRAFTSMEN

Engineering department of manufacturer,
while continuing its war program, is ex anding
to meet requirements for postwar product de-
velopment. Well established as a radio-coil and
trimmer-condenser manufacturer, Interested in
stable men who have an eye to the future.
Address reply to Automatic Winding Company,
Inc., 900 Passaic Ave., East Newark, N.J.

RADIO ENGINEERS

Radio engineers wanted with at least two
years design and development experience with
radio-communications-equipment manufacturer
on items subsequently satisfactorily produced in
quantity. Knowledge and experience in two-
way mobile equipment, low-power transmitters,
receivers, and control equipment essential. Per-
manent position, West Coast manufacturer. Will
pay expenses to coast for interview if qualifica.
tions satisfactory. Write giving complete past
experience, employment record, salary received,
and technical references to Box 323.

RADIO AND ELECTRONICS ENGINEERS

Engincers with the ability and experience
required to design and develop radio and eclec-
tronic equipment.

The men who qualify will become permanent
members of engineering staff, and will partici-
pate in the post-war program of a progressive
and well-established company. This firm has
excellent laboratory facilities, and is one of
the leaders in its field.

All inquiries will be kept confidential. Send
all dctails of experience, etc. with reply to
Box 326.

The foregoing positions of interest to |.R.E. mem-
bers have been reported as open. Apply in writ-
ing, addressing reply to company mentioned or
to Box No.
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The Legion of Lége ..

An army within an army . .. the 75,000 doctors and
nurses of the Army Medical Department have the job
of saving, rather than taking life. The victory they are
winning is magnificent beyond praise. Want facts ?

In the last war, eight of every hundred wounded men
died. Today, ninety-seven of every hundred wounded
recover. And that is not the whole story, either ... the
tragic toll of men suffering amputation, prolonged hos-
pitalization, recurrent operations and permanent disa-
bility is being drastically reduced.

The wartime products of Connecticut Telephone & Elec-
tric Division (field telephone equipment, electronic de-
vices, and aircraft ignition components) are helping
the Army Medical Department to practice its skill and
devotion with greater promptness than ever before.

-~

Proceeaings of the I.R.E

Here at home, Connecticut Telephone § Electric hospital
communicating and signalling equipment (installed be-
fore the war) is also lending a helping hand. Civilian
doctors, nurses, and volunteer aides in understaffed
institutions are doing a job under trying conditions
which too few of us appreciate. “Connecticut”
equipment adds to their efficiency in hundreds of
American -hospitals.

After the war, needed hospital construction will be
one of the most active and important elements of the
nation’s building program. “"Connecticut” engineers

are planning even now to return to
the hospital field with new and better
systems for communications, signal-
ling, paging and “electronic supervision”.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

GREAT AMERICAN INDUSTRIES, INC. o MERIDEN, CONNECTICUT

¢



It may prove mighty useful to you. This small, precision built,
permeability-tuned I.F Transformer was developed, proved and is
being used with outstanding success on a variety of vital war appli-
cations, Now available for more general use, it may be just what
the doctor ordered for some of your present or projected components.
Better have the complete facts on this simple prgeise transformer

readily available. Ask us about the LS-1 transformer.

CAMBRIDGE Thermionic CORPORATION

447 Concord Avenue Cambridge 38, Massachusetts

y of Gates installations reveals:

GATES
W AINTENANCE C0STS FO (80)
15 YEARS SINCE

MITTERS N THE 2 "
OR HAVE BEENLESS THAN $1009°

W
LRRRANY

TRANS
PEARL HARB

Just figure it—an average maintenance cost of
$12.50 for 214 years—forty some cents per
month ! Today, when equipment is at the “criti-
cal stage,” efficiency is not only important, it
is a must. Years of experience in transmitter
designing have enabled Gates' engineers and
skilled craftsmen to design and build transmitter
equipment that measures up to today’s heavy- -
load requirements. And that’s a sound reason
why the less you have to spend, the more im-
portant it is to buy Gates equipment and enjoy
more performance hours per dollar!

If you'd like to know more about the Model 250C Trans-

mitter illustrated, write for technical bulletin which
gives complete data and details.

GATES RADIO and Supply CO.

QUINCY, ILLINOIS, U.S.A.

Manufacturers of Radio Broadcast Transmitters, Speech Equip-
ment, Recording Apparatus and Allied equipment in the
electronic fields.
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COPROX

RECTIFIERS

Coprox Rectifiers Have
Conservative Ratings,
Excellent Stability, Long-

er Life. Gold Coating
Delays Aging.

Shown above is Coprox BX-22.3 double
bridge rectifier with eurrent and temper-
ature-current characteristics balanced to
better than 19, over a range of —40°C to
+70°C. Rated up to 4.5 vclts AC, 3 volts i
DC. 5 milliamperes DC. Other models and !
capacitics to meet all needs, . y.

In Coprox Rectifiers, gold coat-
ing on the positive contact
" " 3

pellets’’ delays aging. Pra-
soldered lead wires or special
terminals, prevent overheating dur-
ing assembiy.

Standard units are sealed with
waterproof lacquers. Critical-ap-
plication units are potted in
wax, Standard mountings are
adaptable.

Ratings are conservative and very
latest technical advances war-
rant unusually high testing stan-
dards.

Bradley hos the experience to

meot unusual rectifier problems.

Write for data.

BRADLEY

LABORATORIES, INC.

82 Meadow Street, New Haven 10. Conn
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Working
Hand=in=-Glove

Behind the scenes in Precision Aircraft Radio Manufacture ..

CALLING D FOR DORIS CALLING D FOR DORIS ..’ Somewhere
up in the stratosphere, a flier's gloved hand flicks on a Bendix*
Aircraft Radio and the voice of the squadron leader comes in clear
and crisp, unblurred by the biting cold. The operating frequency is
correct...set by means of a frequency standard which a girl’s
gloved hand tested here in the Bendix “cold box,” where 40 below
temperatures duplicate conditions of altitude flying

Bendix Radio employees thus literally work hand-in-glove with
our fliers .. . testing aircraft radio equipment for its ability to func-
tion not only in the bleak cold of the upper air, but in the blistering
heat of the tropics...in desert dryness and jungle humidity ...

for its ability to stand up under combat strains and landing shock.

. One of a series, photograph by BR Photo

Bendix engineers have devised more than a thousand such tests
and inspections covering every stage of production, from single
parts and sub-assemblies to the compact finished radio.
Maintenance of the highest standards of quality and precision
in manufacture, plus exhaustive pre-flight testing, assure depend
able performance even under the most extreme conditions .. . have
earned for Bendix Radio equipment the deserved confidence of our
fliers in the armed forces, and the pilots of our commercial airlines.

*Trode Moark of Bandix Aviation Corporation

%,aﬁ'o!x RADIO IHVISlON OF THE BENDIX AVIATION CORPORATION

BALTIMORE, MARYLAND

Proceedings of the 1.R.E. July, 1944
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PanAmerican World Airways

Premax Antennas
Are Maintaining
Communications

— on Land
— on Sea
— in the Air

In Standard and Special Designs, Pre-
max Radio Antennas are performing
a vital service for the Armed Forces
...on land and sea ... in maintain-
ing vital communications.

Police, Airports, Mobile Broadcasting
and Civilian Defense Units are using
them in all parts of the country.

Emerggncy repair crews find Premax
Antennas admirably suited to their
needs.

Your job can probably be handled by
a Standard or Special Type of this
famous Antenna. Write for Details.

/:f,"emax /DI‘OO/LIC#

Division Chisholm.Ryder Co., Inc.
4403 Highland Ave. Niagara Falls, N.Y.

58a

' Membership

(Continued from page 464)
Brown, Donald F., Arlington, Mass.
Brown, H. Walcott, Jr., Haddonfield, N. J.
Brown, Jacob S., Baltimore, Md.
Bullock, John B., Cambridge, Mass.
Bunger, John W., Scotia, N. Y,
Burkart, Joseph A., Riverdale, N. Y,
Burke, James T., Oak Hill, W, Va,
Burns, Leslie L., Jr., New York, 25, N. Y,
Busse, C. Clark, Pittsburgh, 5. Pa
Cann, Arthur F., Danvers, Mass.
Carlson, Arthur F., Miami, Fla.
Cater, John R., Baltimore, 1, Md.
Caywood, Thomas E., Cambridge, 38, Mass.
Caywood, William P., Jr., Pittsburgh, Pa
Chitty, H. W., Washington, D. C.
Chaee, David G., Washington, 10, D. C,
Church, Raymond L.. Sioux City, lowa
Clapp, Fred D., Santa Cruz, Calif.
Clapp, Roger E., Cambridge, Maes.
Clark, Gordon L., San Francisco, Calif.
Clark, John J., Jr., Washington, 20, D. C.
Cline, Dudley E., Brooklyn, N. Y.
Cohn, Daniel E., Los Angeles, Calif.
Cohn, Seymour B., Cambridge, Mass.
Cole, Walter A., Winnipeg, Manit., Canada
Colehower, C. Harris, Jr., Merion, Pa.
Colloff, Isadore, Asbury Park, N. J.
Conklin, E. Biddle, Jr., Ironton, Ohio
Conte, Theodore M., Richmond, Va.
Conway, John, Pittsburgh, 6, Pa
Cooper, Ronald G., Wilstead, Beds., England
Corse, Willlam F., New Freecom, Pa.
Corl, John 1., Emporiym, Pa.
Costa, John J.. Bronx.'k Y.
Couch, Charles R., Jr.. Gainesville, Fla.
Cox, John W., North Arlington. N. J.
Crothers, M. H., Brookings, S. D.
Cuccia, C. Louis, Princeton, N. J.
Daskam, Edward, Schenectady, N. Y,
Dau, Walter K., Jr., Arlington, Va.
Dayot, Vivencio D., West Palm Beach, Fla.
Deakins, Glenn, Cambridge, Mass.
De Mers, Edwards F., Rochester, 3, N. Y.
Dewey. Gordon C.. New York, N. Y
Dinsmore, Edmund G., Boston, Mass.
Dishington, Roland H., Hollywood, Calif.
Dennison, B. H., Jr., Alexandria, Va.
Dlouhy, Frank W., Newark, 5. N, J
Dobson, William T., Garden City, L, I.. N. V'
Drazy, Elbert J., East Orange, N. J
Dolberg, Charles E,, Germantown, Pa.
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Echtman, Lionel, New Y N. Y
Edutis, V. L

Elias, Lc +.. Danbu onn
Ellis. Bernard T., Jr., Summit, N. J.
Engel, James S., Newark, 1. N, J
Epstein, David J.. New York, N. Y
Falk, Alfred E., Fort Wayre, Ind
Farnsworth, Neil R.,, Hempstead. I.. I., N. V.
Fathauer, George H., Indianapolis. Ind.
Fernald, O. H.. Upper Montclair, N. J
Ferrante, Frank M., New York, N, Y
Fisher, George W., Toronto, Ont., Canada
Flock, Warren L., Cambridge, Mass.
Frederick, Arden H., Cambridge. Mass.
Freed. Philip J., East Orange. N. J.
Friedl. E. Mack. Bridgeport. Conn.
Frontjes, Melhourne, Flint, Mich
Fulmer, John R., Jr., Clearfield, Pa,
Fulmer, Norman C., East Orange, N, J
Fulton, James A., ]Jr., Mobile, Ala.
Gaba, Herbert, Lincoln, Neb,
Gamble, Joseph H., Hempstead, L. 1., N. Y.
Garber, Sumner H., Boston, Mass.
Ghelardi,’Raymond P., Cambridge, 39, Mass
Godbey, Joe J., Washington, D, C,
Gordon. Daniel 1,, Silver Spring, Md,
Graptham, R. E., Waghjngton, 20, D. C
Greenleaf, Erancis D., Foxboro, Mass.
Gregory, Arthur H., Montreal, Que., Canada
Guarrera, John J.. Cambridge, Mass,

The names of Students transferred to the

Associate Grade for the letters H thyough
Z will be published in the next issuc.

ENGINEERING
EXPERIENCE

and
Manufacturing
Facilities for

REACTORS

SEND PRINTS AND

SPECIFICATIONS IN

CONFIDENCE FOR
ESTIMATE

THE ACME ELECTRIC & MFG. CO.

©CUBA, NEW YORK ¢ CLYDE, NEW YORK

Proceedinps of the 1.R.E. Tuly, 1944




VERSATILITY and dependability were paramount when

Alliance designed these efficient motors — Multum in Parvo!

. . . They are ideal for operating fans, movie projectors, light
home appliances, toys, switches, motion displays, control systems

and many other applications . . . providing
economical condensed power for years of
service.

Allicice Precidion

Our long established standards of precision manu-
facturing from highest grade materials are strictly
adhered to in these models to insure long life without
breakdowns.

EFFICIENT

Both the new Model “K"” Motor and the Model "“MS”
are the shaded pole induction type — the last word in
efficient small motor design. They can be produced
in all standard voltages and frequencies with actual
measured power outputs ranging upwards to 1/100
H. P. . . Alliance motors also can be furnished, in
quantity, with variations to adapt them to specific
applications.

DEPENDABLE

Both these models uphold the Alliance reputation for all

'round dependability. In the busy post-war period,
there will be many “spots”
where these Miniature Power
Plants will fit requirements . ..
Write now for further infor-
mation.

T

&N

Wit
]

JJ#&

Model **MS” — Full Size
Mortor Measures
1%" x2 x 3.4

New Model**K"”—Full Size
Mortor Measures
2% x 24" x 34"

Remember Alliance!
—~YOUR ALLY IN WAR AS IN PEACE

MANUFACTURING CO.

ALLIANCE.

Proceedings of the 1.R.E. July, 1944

OHIO

FOrR VACUUM TUBES

Complete range of sizes
and allays far Transmit-
ting, Receiving. Battery
and Miniature Tubes . .

Melted and warked ta

assured maximum uni.
farmity and strength

W'RES dra
R'BBON wn to .0005° d'ome'e'

rolied 1o .0001 'h::ck

@ SPECIAL ALLOYS made ta
meet individual specifi-
catians. Inquiries invited.

Write for list of stock alloys

SIGMUND COHN & CO.

44 GOLD ST. /A  NEW YORK
SINCE @ 190!

WE CAN

HELP
YOU
WITH YOUR

PRIORITY
REQUIREMENTS

for

RADIO

PARTS
°
TUBES
°
ELECTRONIC
EQUIPMENT

~ SEND for this P
FREE CATALOG? Buying

Guide
A Complete
Centralized Source of Supply

Save precious time! If you are having difficulty
Erocuring essential radio-electronic items we can
elp solve your problems. Hundreds of Ieadint
nationally-advertised brands are carried in stoc
—ready for immediate shipment on suitable
priorities.
* INSTANT SERVICE o =
o

% 10,000 ITEMS IN STOCK e
% TRAINED TECHNICAL pany letterhead

STAFF to receive free 800

page catalog,
% 2 YEARS’ EXPERIENCE
— Telephone BArclay 7-1840 —

SUN RADIO

& ELECTRONICS CO.

212 Fulton Street. New York 7. N. Y.

59a



WIDE-BAND
0SCILLOSCOPE

® For precision measurements and
viewing wave shapes in electronic re-
search and production testing. A full
4 x 4-inch picture makes this instru-
ment especially useful where both
high and low frequencies of small
magnitude are present,

Other units in the new General
Electric line of ELECTRONIC MEASUR-
ING EQUIPMENT include: G-E wave
meters, capacitometers, power sup-
plies, square wave generators, signal
generators and various other instru-
ments in the ultra-high frequency
and micro-wave fields for measuring
electronic circuits and checking com-
ponent parts.

For complete details, please mail
the coupon below. We invite your
inquiry for G-E electronic teasur-
ing equipment made to meet your
specific requirements.

FREE
CATALOG

ELECTRONICS
DEPARTMENT
GENERAL ELECTRIC CO.
Schenectady, N, Y.

Please send, without obligation to
me, the General Electric Measuring
Instrument Catalog, P-7 (loose-leaf),
for my information and files.

Name________ ——— LU
Company.
Address

GENERAL @) ELECTRIC
Electronlc Meosuring Instruments

60A

Air and moisture cannot penetrate this trans-
former case. That's why climatic extremes
do not affect the unfailing performance of
Peerless hermetically-sealed transformers.

PEERLESS —~

ELECTRICAL PRODUCTS CO.
6920 McKINLEY AVENUE, LOS ANGELES 1, CALIFORNIA

MODEL 62
VACUUM TUBE VOLTMETER

SPECIFICATIONS:
RANGE: Push button selection of five ronges—1, 3,10, 30 ond 100 volts a.c. or d.c.
ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megoacycles.
INDICATION: Lineor for d. c. ond calibrated to indicote r.m.s. volues of o sine-

wave or 71% of the peak value of a complex wove on o. c.

POWER SUPPLY: 115 volts, 40-60 cycles—no botteries.
DIMENSIONS: 4%" wide, 6" high, ond 8%2" deep.
WEIGHT: Approximotely six pounds. PRICE: $135.00 f.0.b. Boonton, N. J.

MEASUREMENTS CORPORATION
BOONTON, NEW JERSEY

Proceedings of the I.R.E.
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PROMPT DELIVERY

e o o WithUf ‘ N
sacrifice of

QUALITY

_is the result of incorporating into the SECO production
system the high efficiency and ease of control inherent in
every POWERSTAT variable voltage transformer.

Whether your voltage control application requires a standard
or a specially designed POWERSTAT, there is a minimum interval
of time between the receipt of the purchase order and the
delivery date.

Consult SECO engineers for equipment to control voltages
from 115, 230, and 440 volt single or polyphase circuits and

....
......

be assured of a quality controller.

POWERSTAT

VARIABLE VOLTAGE TRANSFORMERS

SEND FOR BULLETINS 149 ER and 163 ER

SUPERIOR ELECTRIC COMPANY, 323 LAUREL ST., BRISTOL, CONNECTICUT

Proceedings of the I.R.B, July, 1944 : 61a



A typical group of H.F. radio coils
insulated with Q-Max A-27 Lacquer.

Q-MAX A-27 LACQUER
HAS LOW LOSS FACTOR
OVER A WIDE
FREQUENCY RANGE

The loss factor of Q-Max A-27 Lacquer
is very nearly constant as the frequency
increases from one megacycle, which
is indicative of its excellent perform-
ance inthe high frequency range. This
feature, together with its low dielectric
constant and other special character-
istics, makes Q-Max A-27 Lacquer an
outstanding high frequency coating
medium.

Q-Max provides an excellent coat-
ing for R. F. solenoid windings and
serves as an impregnant on multi-
layer or star coils. It is used as a tape
saturant, a stiffening and strengthen-
ing medium, and a surfacer for wood
or porous materials. Because of its
low dielectric constant and excellent
high frequency insulating character-
istics, Q-Max is used widely in treat-
ing radio frequency coils.

New descriptive booklet sent on re-
quest.

Other C. P. products available to
the communications industry are: a
radiation-free line of copper or alu-
minum Coaxial Transmission Liae,
Auto-Dryaire for dehydrating trans-
mission lines, new Sterling Switches,
Antennas and Radiating Systems.

[

prODUCTS © COMPANY, INC.

744 BROAD ST, NEWARK, N. J.
Factory: 346 Bergen Ave.,
Jersay City, N. J.

Communicatioa Products Company, Inc.
744 Broad Street,
Newark, New Jersey

Send: [ Q-Max A-27 Lacquer Booklet

Name —

Company. — -

Address

bt 5. e B b S |

I
I
|
Dataon— — —— ——l
I
H
/|
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G-E Safety Door

Interlock Switch

@ pEN the door and the power’s
off! Prevents accidents, pro-
tects equipment. Will not fail
mechanically. For complete

details, write:

GENERAL @) ELECTRIC

177-cs1
SCHENECTADY, N.Y.

ELECTRONICS DEPARTMENT

INDEX

Section Meetings 34A
Membership 36A
Positions Open 50A
DISPLAY ADVERTISERS
Acme Electric Mfg. Company 58A
Alliance Mfg, Company 59A
American Telephone & Telegraph Co 24A
Amperex Electronic Products Cover ||
Arold Engineering Company 54A
Arpin Manufacturing Co. 62A
Bendix Aviation Corporation S7TA
Bliley Electric Company 43A
Bradley Laboratories, Inc S6A
Cambridge Thermionic Corp. 56A
Chicago Transformer Corp. 39A
Sigmund Cohn & Company 59A
Communication Products Co., Inc 62A
Connecticut Telephone & Elec. Div 55A
Continental-Diamond Fibre Co. 52A
Continental Electric Company 18A
Cornell-Dubilier Electric Corp. Cover HI
Corning Glass Works 29A
Daven Company BA
DeJur-Amsco Corp. 16A
Tobe Deutschmann Corp. 63A
Allen B, DuMont Labs. Inc 7A
Eicor Inc. 46A
Eitel-McCullough, Inc. 2A
Electronic Corp. of America 19A
Electronic Labs., Inc 3A
Electronic Mechanics Inc. Facing I7A
Electro-Physical Labs., Inc. 19A
Electro-Yoice Mfg. Co., Inc 21A
Federa! Telephone & Radio Corp. 33A
Freed Radio Corporation 50A
Gates Radio & Supply Co. S6A
General Electric Company 60A, 82A
General Instrument Corp. 14A
General Radio Company Cover IV
Guardian Electric Mfg. Company SA
Hallicrafters Company 12A
Harco Steel Construction Co., Inc 48A
Hatzeltine Electronics Corp. 50A
Heintz & Kaufman Ltd. 15A
Hewlett-Packard Company 1A
Hudson American Corp. 52A
Hytron Corporation 9A
Industrial & Commercial Electronics 47A
International Resistance Company I7A
International Telephone & Telegraph Corp.  33A
Ken-Rad Tube & Lamp Corp. 18A
Lear Avia Inc. 23A
Magnavox Company S0A
Measurements Corporation 60A
Mycalex Corp. of America 13A
National Company 20A
National Union Radio Corp. 17A
New York Transformer Company 44A
Panoramic Radio Corp. SIA
Peerless Electrical Products Co. 40A
Permoflux Corporation 44A
Premax Products 58A
Radio Corp. of America, Victor Div.. .25A, 32A, 64A
Rauland Corporation A
Remler Company, Ltd. N | 34A
Shallcross Mfg. Company 48A
Shure Brothers . e . 26A

Sola Electric Company 49A
Sclar Manufacturing Corp. 4A
Sprague Electric Company 3A
Stackpole Carbon Company 30A
Standard Transformer Corp. 40A
Stromberg-Carlson Company 50A
Stupakoff Ceramic & Mfg. Co. 10A
Sun Radio & Electronics Co. 59A
Superior Electric Company 1A
Taylor Tubes, Inc, 22A
Templetone Radio Company A
Thordarson Elec. Mfg. Co 42A
Triplett Electrical Instrument Co. 54A
Tung-Sel Lamp Works Inc. 28A
United Electronics Company Facing |6A
United Transformer Company 27A
Utah Radio Products Company 35A
Western Electric Company .. 52A
Westinghouse Electric & Mfg. Co. 45A, 53A
Wilcox Electric Company 41A

ARPIN

e — RECTIFIERS
MERCURY
VAPOR
HALF WAVE

575-A

FOR HIGH
VOLTAGE |

\.

* HIGH POWER
TRANSMITTERS

N
* INOUCTION HEATING
EQUIPMENT

® SPECIAL INDUSTRIAL
APPLICATIONS

575-A is a heavy-duty half-wave rectifier tube of
exceptional performance. Filament of edge-wise
wound ribbon of a new alloy, giving greater ther-
mionic emission reserve, No arc-back at full rating.
Used by Signal Corps and many large manufacturers.
Two tubes for full-wave rectification in single phase
citcuits deliver 5000 volts DC at 3 amps. with good
regulation., Filament 5 volts, 10 amps. Peak Plate
Current 6 amps, Peak inverse Voltage 15,000 volts.
Fully guarantced. Write for details on 575-A and
other high-voltage rectifiers.

REPAIR SERVICE WATER-COOLEO TUBES
We rebuild and repair practically all types of

water-cooled tubes. 75% of life of new tube at
approximatcly 50% of original cost,

ARPIN MANUFACTURING CO.

422 Atden St. Orange, N.J.

guaranteed.

Proceedings of the 1.R.E. July, 1944

= -




Sandy Hook
Lighthouse,
built in 1764.

oN THE BEAM®

for nemfly wo centuries

Tobe Capacitors, too, are “on the beam”—giving years
of dependable service . . . for, at Tobe, long life is as
integral a specification as the dimensions themselves.
That is why, with millions of Tobe Capacitors oper-
ating under all conditions, “returns” are practically
negligible. Continuation of this enviable record rests
on long, specialized manufacturing experience—inten-
sive inspections — and constant research. Illustrated
below is the Tobe OM-Capacitor. This capacitor is a
mineral oil impregnated unit in a streamlined drawn
container, hermetically sealed. The hold-down bracket
permits the use of either inverted or upright terminals,
with wiring underneath or on top of chassis. You will
find Tobe engineers ready to cooperate on your own
capacitor problems. Why not inquire now?

" MAS SAG““g

SPECIFICATIONS

OM-CAPACITORS MIDGET OM-CAPACITORS
TYPE OM-*  TYPE OMM-*
RATINGS . . .05 to 2.0 mfd. 600 V.D. C.
05 mid. to 1.0/0fdel;080MWAD, C. dl Sl & & #05,glfand

STANOARD CAPACITY TOLERANCE . . . . . 20%** 2x.05 600V.D.C.
TEST VULIIM%[ « s+ .+ Twice D.C. rating -05x.1 1000 V.D.C.
GROUND TEST. . . . . .. 2,500 Volts D. C.

OPERATING TEMPERATURE - . 55° F o 185° F  STANDARD CAPACITY TOLERANCE . . . . . 20%**
SHUNT RESISTANCE GROUND TEST . . ...... 2,500 V.D. C.

-02 to g; mf;g Zg,ggg megoll:ms OPERATING TEMPERATURES . . -55° F to 185° F

.25 t0 0.5 mfd. 1 megohms

1.0 to 2.0 mfd. 12:000 megohms SHUNT RESISTANCE . . . . 20,000 megohms

POWER FACTOR POWER FACTOR . . At 1,000 cycles—.0075

At 1,000 cycles—.002 to .005 CONTAINER SIZE

CONTAINER SIZE Width %" 1 h 154", height 1114.4"
Width %", length 154¢", height 214" idth %", length 1%’, height 1115,

MOUNTING HOLE CENTERS . . . . ... .. 1" WOUNTING HOLE CENTERS . . . . ... .. 1

*Data sheets showing complete code number for units having a specific capaci-
tance value and voltage rating available on request. #*QOther tolerances available.

A SMALL PART IN VICTORY TODAY...A BIG PART IN INDUSTRY TOMORROW
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RCA ANNOUNCES NEW MODELS
RCA ELECTRON MICROSCOPE

OF THE FAMOUS

.—.oa»w. many of the most successful industrial and
research laboratories employ RCA Electron Micro-
scopes in solving vitally important problems—
problems relating to the processing and use of
metals, chemicals, ceramics, plastics, synthetic rub-

. Please Use This Coupon

FElectron Microscope Section, Dept, 110
Radio Corporation of America, Camden, N. J.

Please send me the new hulletin entitled “The RCA
Electron Microscope.”

Nar

Positior

Company

Stree City.

bers, textiles and petroleum products—to name
just a few.

Equally noteworthy is the fact that several in-
dustries at present are using this equipment for
purposes of production or quality control. This is
an application of the Electron Microscope which
should be considered by every industry in which
size or shape of small particles or fine details of
surface structure are important in processing or
manufacturing.

To further enlarge its utility and convenience to
science and industry two new models of the RCA
Electron Microscope are now offered. These new
instruments . . . one a compact desk model, the
other a de luxe Universal model incorporating an
electron diffraction camera . . . are described in a
bulletin “The RCA Electron Microscope.” The
coupon at the left will bring you this bulletin by
return mail. Fill it out now.

BUY MORE
WAR BONDS

AN \RPND N OF |
" RADIO. CORPORATION OF A
|~ - RCA VICTOR DIVISION « CAMDEN; |

e N . i

' LEADS THE WAY.. In Radio, . Televis
MR, N uf. .l/.i !... i 30

b A
{5
~ide



TYPE YAT

compact,

low copocity Dvkonol
byposs copacitor;
hermetically sealed:
in speciolly-treated.
drawn metol
contoiners.

Range ot 600V,

.05 mfd. to | mfd.
Range ot 100V,

.05 mfd. to .5 mid.




WRITE FOR FREE WALL SIZE COPY OF THIS REACTANCE CHART \

Always use corresponding scales

S,

+
=

¥

e

D0, ¢

REACTANCE

1 10¢ 100¢
1 M 10 Mc 100 Mc
300 m) (30m) Gm

1000 Mc
(30 cm)

1ke 104 1004 1000 ¢ 10,000
10,000 Mc 100,000 Mc 1,000,000 M
Gem) (3¢m) (03 cm)

FREQUENCY

The accompanying chart may be used to find:

(1) The reactance of s given inductance at a given
frequency.

{2) The resctance of a given capacitance ot a given
frequency

(3) The rexonant frequency of s given inductance and
eapacitance.

1o order to facilitate the determination of magnitude
of the quentities Involved to two or three significant
figures the chart is divided into two parts. Figure | i-
the complete chart to be used for rough enlculations.

GENERAL RADIO COMPANY « 30 STATE STREET, CAMBRIDGE 39, MASS, U.S. A.

LOS ANGELES 38

FIG. 1

Fizure 2. which in a single decade of Figure | enlorged
approvimately 7 times, s to be used where the sig-
nificant 1wo or three figures are 10 be determined.

TO FIND REACTANCE

Enter the charts ertically from the hottom (fre-
quency) and along the lines slanting upwuard to the left
(capacitance) or to the right (inductance). Correspond-
ing scales (upper or lower) must be used throughout.
Project horizontslly 10 the left from the interection
and read reactance.

NEW YORK 6

Alweys obtsin spprozimate value rom

Figure 1 before using Figure 2

INDUCT ANCE
© o & o o £9 v > N
10 = V.d Pl -
o @ p&X AL % x AR C
i A I 1Y
N S €0 0,94%, 3 PR
% % > wwe LTI
< o 0. 9. % ¢ SR N Ry ¢
(/ M 5% P A SRS |,
6 - K £ . o%t %9 g bk //\/xw
3 = A A
R R
R % : ol SSN ]
AK \NW» R M\\\-—V Mﬁ J." 4 _
s A RS Fo e
w 4 o2 %~ 3 \\
SR % : 1|
b4 85120, %% e b ) e )Mxm
< S . KC_’ W (] - () 10&
LK AR : o | L
w x % % Y X f
v R ¢ ﬁ 2ecl
h GRS -
“ > A n s LAy A . )(” L .wm i
BoEN e e P > e ¢ & Nmf 2
2 e N LK Kt > e
B 3 LR , u%,w.v.vu/
X P53 SEAN e ,AIQ‘W %
> b, b Y .
o pNRS v ST ; :
: RS ES iR s e
e KO ) v A %
M J J . VN] ¥ :
X x\/ d
1 —
O afe A Ma, “ . N, g
CAPACITANCE ﬁ
v ¥ v N . B N N A
! o 3 4 6 8 9 10
FREQUENCY
FIG.2

TO FIND RESONANT FREQUENCY

Enter the nlanting lines for the given inductance and
capacitance. Project downward and read resonant
frequency from the bottom scale.  Corresponding
scalen (upper or lower) must be used thruoughout

Esample: The sample point indicated (Figure 1)
correnponds 10 u frequency of about 700 ke snd an
inducisnce of 500 .h. or a capucitance of 100 ..f,
giving in either case a rractance of aubout 2.000 ohms.
The resonant feequeney of a circuit containing these
valuer of inductaonce and capucitance is. of courne
700 Le. approvimately.

CHICAGO §

USE OF FIGURE 2

Figure 2 in used to obtain additionsl precision of
reading but does not place the decimal point which
must be located from a preliminary entry on Figure 1.
Since the chart neccmsacily requires two logarithmie
dreades for inductance and « for rrery single
decade of frequency and rractance, unless the correct
decade for L and C is chosen. the cnleulated sulues of
rractance and frequeney will be in error by a fuctor of
3.16.

Example: (Continued) The reactance corresponding
to 500 uh or 100 ..l is 2,230 ohme at 712 ke, their
resonant frequency




