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RADIAL-AND-LINEAR-LARGE-SCALE SCANNING

The sound field produced by an acoustic lens is visually plotted by a neon

lamp associated with a minute microphone, both systematically passing
through the field.

The fo||owmg IRE Standards appear in this is
sue: Television. Methods of Measurement of
Elvctronica“y Regulated Power Supplies; and
Circuits, Definitions of Terms in Network
Topology.

PROCEEDINGS OF THE I.R.E.
Video Utilization
Picture Resolution in Television and Films
Correction of CRT Deflection Defocusing
Test Oscillators for Crystal Units
IRE Standards on Network Topology
IRE Standards on Television Power Supplies
Multichannel PAM-FM Telemetering
Distortion in a PCM System
Wide-Angle Conical Antenna Radiation
Angular Jitter in Radar Systems
Noise in Radar Range Performance
Rating of High-Vacuum Power Tubes
Tube Performance with Large Voltages

A 300- to 4000-Kc Electrically Tuned
Oscillator '

Sinusoidal Variation of Inductance in
RLC Circuit

Pulse Transformer Equivalent Circuits
Exponential-Line Pulse Transformers

Abstracts and References
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... 10 get more for your money

Re-Tube with

replacements

for your rectifier ...

AMPEREX
TUBES

& are DESIGNED by ELEC-
TRONIC TUBE Specialists . . .
in a laboratory that is second to
none in the world—and with a
background of expericnce that
encompasses the entire history
of electronic development

regardless of ma ke!

Jr are BUILT BETTER ..and while most makes may
look alike, there are hundreds of little structural de-
sign differences in AMPEREX tubcs that combine to
make a BIG difference in stability and resistance to
shock or vibration,

* are LONGER LASTING ...because of close clectrical tolerances
conscrvative satings, rigid mechanical requircments, careful construc-
tion, plus painstaking inspection and test. .. to assure the maximum
number of operating hours within our specified ratings.

Y are LOWER in COST ...lower in initial cost—lower in cost per operating hour—
As thousands of others alrcady have done, try AMPEREX-—prove it yourself, in
your equipment.

* are AVAILABLE for IMMEDIATE DELIVERY ...by leading radio parts
distributors, who have AMPEREX tubes IN STOCK. We list a few of these
establishments that are prepared to serve you instantly:

ALLIED RADIO CORP.. 833 West Jackson Bivd.. Chicago 7. inols

W. D. BRILL & CO., 198 10th Street, Oakland, California

JOHN COSTELOW CO., 125 Kansas Avenue, Topeka, Kansas

DE MAMBRO RADIO SUPPLY INC 1111 Commonwealth Avenue, Boston 15, Atassachusetts
CRABTREE'S WHOLESALE RADIO, 2608 Ross Avenue, Dallas 1. Texas

HARYEY RADIO COMPANY, INC.. 103 West 43 Street, New York |8, New York

A. W. MAYER CO., 895 Boylston Street Boston 15. Massachusetts

RADIO & ELECTRONICS PARTS CORP., 3235 Prospect Avenue, Cleveland I5. Ohlo
SOUTHEAST AUDIO CO.. {12 West Unlon Street. Jacksonville. Florida

UNITED RADIO SUPPLY CU.. 22 N.W. 9th Avenue N.W., Portland, Oregon

ZACK RAO10, 1426 Market Street. San Francisco, Callfornia

There are approximately 200 standard types in the complete

line of
AMPEREX TUBES

Rectifying, Transmitting, Industrial, Radiation Counter,
Electro-Medical . . . there’'s an AMPEREX tube for almost
any clectronic application. Have you our latest catalog?
If not, write for it.

AMPEREX ELECTRONIC :CORP.

25 WASHINGTON STREET, BROOKLYN 1, N. Y.

In Canada and Newfoundland:
Cdnadian Radio Manufacturing Corp. Ltd.
}1-19 Brentdliffe Road, Leaside, Toronto, Ontario, Canada




“Advance with “adio-’

Electronics
is the themeof the 1951 Convention and Show. Already 212
top-rate paers patterning the “Advance” of Radio-Elec-
tronic engirgering have been submitted. 26 great technical
sessions wil organize these papers. plus 11 Professional

Group Symyjosia.

256 Manufaturers and three Armed Forces Departments
will presenttheir own 1951 “Advance” in this vital, fast-
moving field where to miss a single year is to lose step with
progress. Alvancements in every division of electronics
from televison to components will be sorted out for your

swift disceriment by these far-sighted manufacturers.

Time spentt the Radio Engineering Show is time saved
in procurengnt. In no other way can you see so much, as
easily and quickly —or get the direct answers to your prod-
uct questiord. This national event has become a necessity to

the practicd engineer.

17,000 Engineers

and Businessmen

MEET

at the IRE Convention

and Radio Engineering
SHOW

March 19-22, 1951 in
New York City

at the Waldorf-Astoria Hotel
and Grand Central Palace

11 Professional Groups!
The explosive new development of “Professional Groups”
in the IRE finds full expression in the 1951 Convention.
Eleven of these gréups have organized symposia which offer
the attending engineer all the advantages of the big meetings
and general interests plus the special interest coverage at

his own professional level.

Tuesday is “Broadcast Day” for the station engineer, cli-
maxed with the Tuesday Evening Television Symposium.
Instrumentation, Audio, Nucleonics, Quality Control, are a

few of the special professional interests that will be covered.

And to further the social contacts (as well as the technical
aspects) of the engineers in these Professional Groups,
tables at the Presidents’ Luncheon on Tuesday will be iden-
tified to these groups so that you may lunch and talk with
fellow engineers of your own interests. It is often as im-

portant to know men as to know facts!

“IE Meetings and Shows Accelerate Electronic Progress’
x

STRAW{: VOTE—Help Us!

|
In order to ntimate how many 1ables

Mall Early to

denta’

Mr, J. Harald Maare, Chs
Lunchron

Presi “Interest Evaluation Coupon”

American Telephone & Telegraph G
. . TOUD: e o @ Posils GO AMBE OO o #0375 T8
each l’rofeuhonul Group will need at Co. P
T 3 e ™ 195 Broadway, New York 7, N.Y,
he Presidests’ Luncheon, please fill if Tim abile 10 atrqnd' i Pragls =  (MATATE den ey ae o o e
5 . > denta® Luncheom, | would re.
out this \r’l)l!!('u"pon._N(, obligation 10 quest ansignment to n Group" NATHE: .. it 9 B o PR d . G@B T TT T s s s s oel o NOE

§ ’ table, or General Table as in.
come, of cogne. dicated. | thiak It is a fine Iden.

..........................................
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4 ) o Engineers, Inc., at 1 East 79 Strcet, New York
n.m"ﬂ'"Y 'lrlclt'pcr copy : members of the ln‘-mu,!e of Radio Engincers ‘LO%;; non-memhers $2.25. Yearly subscription |'m’cc~ to members $9.00; to n?m
e T d  State Canada and U.S. Possessions $18.00; to non-members In foreign countries $19.00. Entered as_sccond clans matter, Oc
¥ ;-‘ 270 a1 the poat office at Menasha, Wiscontin, urdler the act of March 3 187‘5‘. Acceptance for mailing at a apeclal rate of postage is
ided for il the act of lebruary 28, 1925, embodied in Paragraph 4, Section 412, P. .. and R., authorized October 26, 1927

Table of Contents will be found following page 32A




SMALLER, LIGHTER, LESS EXPENSIVE

IGH VOLTAGE D-C CAPACITORS

‘4
’

»
NOTE THE SIZES AND RATI@VG
Standard Vitamin Q Capacitors. Ma y

W
- “—’ -~

e

special sizes and ratings also availablé

0-Ct DIMENSIONS
Cap Rated Can Torminal Cd
Valtage Width Depth Height Heoight L3

-

2.0 8000 8% A% 6 2% 2951
4.0 8000 8% 4% 9% 2% 2452
6.0 8000 8% 4% 13 2% 2553
- | 10.0 8000 13% a4V 13% 2% 2954
. { 12.0 8000 13% sV 12% 2% 2955
s 1.0 10000 8% A% 5Va 31%4e 2856
s 2.0 10000 8% A% 82 3% 2557
SVRAGUE 4.0 10000 13% 4% 9% 3% 2958
4 4 V!_m.‘i'f e 6.0 10000 13% 4% 13% 3'%e 2959
¢ l,}..w»' 8.0 10000 132 5% 12% 346 25260
1:::" ; 1.0 12500 8% A% 7' 3% 2961
A 2.0 12500 8% 4% 12% 3e 2962
= ’ . 4.0 12500 13% 5% M 346 2963
5.0 12500 13% s% 13% 346 964
: 1.0 16000 8% av% 10% 4146 1965
:- 2.0 16000 13% 4% 12% 446 2966
' 3.0 16000 13% sV 13% 46 2967
1.0 20000 13% 4% n 4146 256
20000 13% sV 12% 446 2969

i
X 1.5

apocitors with voltage ratings above 10 KV ore recommended for ght
mounting only, For mounting in other positions, please supply complete 3t
dota for recommendation by Sprogue engineers

e

SPRAGUE E

USE an ordinary capacitor rated for
40°C. operation on a high-voltage d-c
filtering circuitand chances are the higher
temperatures encountered will necessi-
tate a serious de-rating. In other words,
you will have to buy a larger, heavier and
costlier capacitor than you actually need.

Standard Sprague high-voltage capaci-
tors impregnated with Vitamin Q, how-
ever,arerated conservatively for operation
at 85°C. They require no de-rating up 1o
this temperature. Special units can be sup-
plied for continuous use up to 105°C.

SPRAGUE

LECTRIC COMPANY o

These capacitorsare consistently superior
in their ability to maintain a high degre:
of capacitance-temperature stability,
Power factor is outstandingly low ove
wide temperature range; d-c insulatio
resistance is notably high; and a-c rippl:
voltage at audio frequencies falls wel
within permissible limits. Equally impo:
tant, Vitamin Q impregnated capacitos
have a high safety factor at all tempcrs
tures, thus assuring long life.

Write for Sprague Engineering Bulletin 20

VITAMIN O
CAPACITORS

PROCEEDINGS OF THE I.R.E

tg. U.S. Pat. OF.

January, 1951



-hp- MODEL 212A

.

SPECIFICATIONS

PULSE LENGTH

Continwusly variable, 0.07 to 10 Hsec.

Direct rading panel contral.

PULSE AMPLITIDE:

50 v. inb 50 (! load. Pos. & neg. pulses.

100 v. Pen circuit.
AMPLITUDE CONTROL:

Continwus cantral throughout range. 50
db in 10 gb steps. 10 db fine adjustment.

ment.

INTERNAL IMEDANCE
50 2 ofless

PULSE SHAPE

Rise ad decay time apprax. 0.02 psec.

(10% % 90% amplitude.)
REPETITION RITE

50 ppsio 5,000 pps. Internally or exter-

ally entrolied
STNC IN

May batriggered by pas. or neg. pulse

of 5 v. ¢ rates up to 5,000 pps.
SYNC OUT

50 v. ifo 200 € lood. Approx. 2 fisec

lang. Ajprox. 0.25 psec rise time
PULSE DELAY

Main plse delayable 0 to 100 psec

from syt output pulse
PULSE ADVANLE

Main pjlse can be advanced 0 ta 10

Bsec fran sync output pulse
POWER SUPPLY

110/228 v; 50/60 cps
SIZE

Panel 14),” high, 19” wide. Depth 12"

PRICE
$550.00f.0,b. Polo Alto.

Data Subjed 10 Change Without Natice

ROCEEDIN® OF THE I.R.E

B

A-> 4¢A
[ \ X

TYPICAL 1 MICROSECOND
PULSE INTO 50-OHM LOAD

A. 002 usec rise and
decay time Mini-
mum overshoot.

B. s50wan peak pow- .
er. (50 v. to 50 L ‘
load.)

—1 C. rulse length varia-

ble 0.0710 10 usec

CONTINUOUSLY VARIABLE, HIGH POWER
PULSES OF SUPERIOR WAVE FORM!

THIS NEW -hp- 212A PULSE GENERATOR
saves you time and work testing
“fast’” circuits as well as making
everyday laboratory checks of other
generators, rf circuits, peak-measur-
ing equipment, etc. It is the first
commercial pulse generator to suc-
cessfully combine broad laboratory
usefulness with the fast rise time,
high power, variable pulsing and
other features demanded in radar,
television and nuclear work.

ACCURATE PULSES AT END OF
LONG TRANSMISSION LINE

The pulse length is continuously
variable from 0.07 usec to 10 usec,
and is varied by a direct reading
panel control Extremely fast rise
and decay time, together with free-
dom from ringing or overshoot

provide a virtually distortion-free
pulse. A low internal impedance
(50 ohms or less) insures a pulse
shape virtually independent of load.
This low impedance also makes it
possible to deliver accurate pulses
at a distance from the instrument,
if the transmission lines are cor-
rectly terminated.

The Model 212A’s repetition rate
is continuously variable from 50 to
5,000 pps. It can be controlled
inernally, or from an external syn-
chronizing source. Synchronizing
pulses are available from the in-
strument either in advance of or
following the output pulse. An
amplifier-attenuator output system
gives a low source impedance, and
makes possible continuously variable
pulse amplitude, positive or negative.

Brief specifications of this new -hp- instrument are shown in the adjoining column.
For complete details. .. see your Incal -hp- representative...or write to the factory.

HEWLETT-PACKARD COMPANY

20400 Page Mill Raad

Pala Alta, Califarnia

Expart: FRAZAR & HANSEN, Ltd., 301 Clay St., San Francisco,
Colif., U.S. A. Offices: New York, N.Y. and Los Angeles, Calif. Toad

luboratory instrument

FOR SPEED

KT
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15 MC
to
400 MC

alent of ANJURM-6.
in sensitivity! Field intensity € sure -
using rod; 10 microwlits-per:
loop. As two-termini

Commercnol equiv
A new ochievement
ments, mucrovoh-per-me'ev
meter vsing shielded directive

meter, ! microvolt.

qvwalen! of 15.587/V.
two-terminal vohmeter, (93 ohms balanced

15125 MG 5 microvolts 88.400 MC. Field
vsing calibrated dipole Frequency

Commerciol €
Sensitivity 0%
2 microvolts
infensity measurements
range includes FM and TV Bands.

al equivalent of AN URM-17
Sensitivity 03 two-terminal vohme'er,‘SO-ohm coxial input)

10 microvolts. Field intensity measyrements vs3 alibrated
dipole Frequency ronge includes  Cinizens gond ond UHF

color TV Band.

Commeruol equivalent of AN PRM-Y

Self'comoined botteries. AC. supply opﬁonol Sensitivity @3 Commerci
1wo-'ermino| voltmeter, microvolt. Field intensity with V2

meter rod antennd., microvohs-per-me'er, rotatable \oop
supplied- Includes standard broadcast band, rodio range,

WWV and communicoﬁons frequencies.

ed the The rugged and relioble instruments iMustrated above serve
equally well in field of \oboratory. Individuoly colibrated

oddart RI-FI* instruments hove establish
for consistent results vsing internal stondard © reference.

Since 1944 St
and unexcelled performance

standard for superiof quality

These instruments fully comply with test equipmen! require-
ments of such rodio interference specifico!ions os JANA-225, Meter scales marked in microvolts and DB oboveone microvolt
o, AN.1.42 AN-1-270 AN-1-40 Function selector enables measurement of sinusoital of eomple;
waveforms, giving average, Peok or quaspeak values

ASA C63 2, 16E4 SHIPS), AN-1-24
ond others. Mony of these specificotion® w

vised to the standords of performance

Sroddart equipment
*Radio Interference and Field Intensity.

ere written or re-

demons!ro'ed in Accessories provide means for measvring eiher conducted

or radiated r.§. voltages. Graphic recorder OV able.

Precisi
recision Attenvotian for UHF |

STODDART G s
) AIRCRAFT RADIO CO. oy o 12 Y5 WE oGO0 (¥

: 0, 10, 20, 30, 40, 50 DB.

6644 SA
NTA MONICA BLVD., HOLLYWOOD 38 AR Sk
Hillside 9294 » CAUIF.

Patents applied for.

4A
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MANY LANUFACTURERS

Cleveland

PHENOLIC TUBES

of ELEFRICAL EQUIP-
MENT ire finding ouvr

CLEVELE* and are the first choice of the Radio and Television Industries!
COP\ALITE* e For example, CLEVELITE* is the proper choice for Fly-back
! "‘ & i d and High Voltage Transformers.
spiralljominate
paperise phenolic It insures perfect satisfaction.

tubingheets their Furthermore, CLEVELITE’S high dielectric strength . . . low
moisture absorption . . . strength, low loss and good ma-
mast Spciing chineability meet widely varied requirements and give

requirerems. fine performance.

PROMPT DELIVERIES are available through our large pro-
Availale in diameters, duction capacity.

wall thknesses and Inquiries invited . . . Samples gladly sent.
lengthgdo meet endless

adaptdons.

7 CLEVELAND CONTAINERAES

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wiire . Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N.J
ABRASIVE DIVISION at Clevelond, Ohio
CANADIAN PLANT; The Clevelond Container, Canada, Ltd , Prescott, Ontario

at are your

rquirements?
REPRESENTATIVES
NEW YORK AREA R T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. ).

NEW ENGLANO R S PETTIGREW & CO, 968 FARMINGTON AVE
WEST HARTFORO, CONN
* Trade Mo

CANAOA WM. 1. BARRON, EIGHTH LINE, RR ¢1, OAKYILLE, ONTARIO
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In a large, modern dial telephone office, 2,000,000
switch contacts await the orders of your dial—and
10,000 of them may be needed to clear a path for your
voice when you make a single telephone call. Within
this maze of signal paths, faults—though infrequent—
must be detected and fixed before they can impair
telephone service.

The latest system developed by Bell Telephone
Laboratories automatically detects its own faults, de-
tours calls around them without delay—then makes
out a ‘‘written’ report on what happened.

03 A0s18MA $T3TLN
Ta0uS. { NLLORDLA CARD

—-1"..
C 13 - 5 DR}
il ST

= * :
Studying punched card record of dial system operation. Each card (top) can report 1080 itemn

.
-
\
N
b

»

The fault may be a broken wire, on high resis-
tance caused by specks of dirt on switclcontacts. In
one second, the trouble recorder punche out a card,
noting in detail the circuits involved anithe stage in
the switching operation where the fault speared.

Maintenance men examine the report at intervals
and learn what needs attention. Betwet times they
go about their own duties in keeping serice moving.

This is another example of how resireh at Bell

Laborat_ories helps your telephone Systel operate at
top efficiency, so the cost to you stays loy

BELL TELEPHONE

LABORATORIES

WORKING CONTINUALLY TO KEEP YOUI TELEPHONE
SERVICE BIG IN VALUE AND LOW IN CcOS
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CERAMIC PLATE CAPACITORS | | | 2%

| o,

Essentially similar, except in 'shape, to Hi1-@ Disk l ! |‘ ]“ §- % b gg PN
Capacitors except that in the mtultiple units they do : 2% 45 2207 o) % mmf
NOT have to have a common ground as is the case u ] | M M s6 005t 59 mf
with disks. These Hi-Q Plates can be produced inan ; 25
unlimited range of capacities, th¢ number on a plate B A
being limite! only by the K of the material and the e =104
physical size of the unit. They offér the greatest avail- oor oo cos  wo wes | #ont S im0 RSN (06
able capacity per unit volume of any type condenser I | | flomse
on the market. ‘ '

Guaranteed minimum values of capacity up to 33,000 ‘ ' o P 2
mmf per sq. in. are available. This §s based on the use | | ;i s %2, 25
of Body 41 ceramic having 3000 as a dielectric constant I « : eof|s8 | == ox oF
*K” and .020 in. thickness and the formula: . '83* § SR T N

- . 1.2 .002 % mf
C (mmf) 2 (—S—'J—l—ql e, T2 aoe A o of
D in. 23 100 7 5% mmi — 25
Ift . . 75 3.5 150 ¥ o % mmé
emperature compensating ceramics are used, the 3.4 005 T 5% m -0 %
capacity will be considerably lowerl Typical circuits sl i 4.5 005 t (')00% i
are shown here, but almost any combination can be ; 22 vk ouvt s 130 T 75
produced for your speciﬁc needs. Contult our engineers 56 .005 T ;g % mf . N Lo o "tk
for complete details. Write for new Hi-Q datalog. 67 005 * ;g % mf
O ]
. 006 ‘SO ISP + 75, 3X1004 003 005

e el _ 12 002 T 2% mf = = i %

3 2| 3 . 3.4 008 Min % mf =1 1 1.2 003 7 o % mf
HEREH - I | | |23 égT 13 005 T 159 mi
< (=)

3X .004 Min mf

150 ,foi “ |.& BETTER & WAYS

.{ T PRECISION

l- 2 3 uN\FORM"Y
Capacitors ) DEPENDAB“'“Y

12 150 3o mt Jrimmers ® Choke Coils M‘wamzAnoN

13 500 ¥ 2% mmf Wire Wound Resistors ~

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

’lg&mmézemce&aﬁ. ‘
| .

OLEAN, N.Y.

$ALES OFFICES: New York, Philadelphio PLANTS: Olean, N.Y., Franklinville, N. Y
Detroit, Chicago, Los Angeles Jossup, Pa., Myrtle Beach, S. C.
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Center, on black background,
are the eight standard sizes of
Arnold Tape-Wound Toroids.
Around them are a number of
other cores of special nature
produced for individual needs.

ARNOLD "rozonn.” CORES

APPLICATIONS

MAGNETIC AMPLIFIERS

PULSE TRANSFORMERS

NON-LINEAR RETARO COILS
and TRANSFORMERS

PEAKING STRIPS, and many ather
specialized applicatians.

RANGE OF SIZES

Arnold Tape-Wound Toroids are
ovailable in eight sizes of stand-
ard cores—all furnished encased
in molded nylon containers, and
ranging in size from V2’’ to 2'2"’
1.0., %'’ to 3 0.0., and Y4’ to
Va’’ high.

RANGE OF TYPES

These standard core sizes are
available in each of the three
mognetic materials named, mode
frameither.004/,.002'0r.001"
tape, as required.

of DELTAMAX
4-79 MO-PERMALLOY
SUPERMALLOY *

In addition to the standard toroids described at left, Arnold
Tape-Wound Cores are available in special sizes manufac-
tured to meet your requirements—toroidal, reciangular or
square. Toroidal cores are supplied in protective cases.

*M r

r

THE ARNOLD [NGINEERING (GoMPANY

M SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORkATIAON

() General Office & Plant: Marengo, lifinois

PROCEEDINGS OF THE I.R.E



COST OF
PRODUCTION

In the price of the El-Menco CM-I
capacitor, the cost of materials is small — for
few materials are used. It’s the know-how of ':,
putting these minute quantities of materials
together that really counts.

Tiny as it is, the El-Menco CM-15 high-capacity
fixed mica condenser exceeds the strict requirements of
the Army and Navy. It is tested for dielectric strength at

double its working voltage before leaving the factory —

CM-15 MINIATURE CAPACITOR

for insulation resistance and capacity value. You can Actual Size 9/32" x 1/2" x 3/16"

For Television, Radio and other Electronic

always depend on this mighty midget — even under the Applications.
2 mmf. to 420 mmf. cap. at 500v DCw.
most critical operating conditions and climate extremes. 2 mmf. to 525 mmf. cap. at 300v DCw.

Temp. Co-efficient = 50 parts per million
per degree C for most

ALWAYS SPECIFY ;apac:ty val:e;.
6-dot color codead.
EL-MENCO CAPACITORS

THE ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT

Write on your firm letterhead for ‘

... EHNenco. .

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIG, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 103 Lafayette St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada

PROCEEDINGS OF THE I.R.E. January, 1951 9A




F_EI.EC'I'RONICS

P besiqners

9 AMPLIDYNES—
200 to 25,000 WATTS

PRECISE CONTROL OF position - torque - speed

tension - power factor - voltage - current

The General Electric amplidyne is a simple d-c generator which,
through the arrangement of ficld and armature circuits, possesses
extremely high speed of response and amplification.

First used in radar and fire-control apparatus, it now has many
new jobs. That's why G-E amplidyne generators and motor-generator
sets are made in a wide variety of sizes and frames with output
ratings from 500 watts to 25 kilowatts.

What are your requirements? For further data, write, giving
complete details, to Electrical Industries Sec., Resale 1ndustries Div.,
Apparatus Dept., General Electric Co., Schenectady 5, N. Y.

——

e e

PULSES
—MADE TO ORDER

Specially designed General Electric Type-E
networks will generate pulses within 5
per cent of any length you require from 0.1
to 40 microseconds. These networks consist
of capacitor and coil sections adjusted to
close tolerances and hermetically sealed in
single metal containers. In the last war G-E
Type-E networks were produced on a large
scale to meet radar demands. Now they are
available for commercial or military use in
a wide variety of designs, impedances, rat-
ings, and sizes. See Bulletin GEA-4996.

A *5%

- i " T- ,,[.::

70%
voltage

100%
wave Wngth.

Typical design and operational limits of G E Type-E

pulse-forming network: Ripple at top of pulse =5%;

Wave length *5% measured at 70% amplitude;
Capacitance tolerance *=10%

GENERAL @D ELECTRIC

10a
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OIL-IMMERSED SELENIUM RECTIFIERS
—use them “ANYWHERE"!

G-E hermetically sealed, oil-immersed selenium rectifier stacks
make it possible for you to design metallic rectifiers into
equipment that will be subjected to corrosive fumes, salt air,
dust, fungus, or other atmospheric conditions. Because they’re
immersed in oil, these stacks will stand higher current drains
than equivalent-size “open” units. Available in single- or full-
wave circuits. Ratings: from 12 to 180 d-c volts output, 15.5
0 270 a-c volts input, .25 to 27.0 d-c amps. Write for complete
data on ratings and dimensions to Electrical Industries Section,
Resale Industries Division, Apparatus Dept., General Electric
Co., Schenectady 5, N. Y.

PUSH-BUTTON STATIONS—make your selection

from the COMPLETE G-E LINE

There's a General Electric push-button station or unit for
virtually any electronic application. The complete line includes
dozens of types. All stations have sturdy nonbreakable steel
frames and covers with ample clearance between terminals.
G-E units for built-in applications have terminals anchored to
a molded base for firm support. Contact maintenance on all
stations and units is virtally unnecessary because large fine-
silver double-break contacts are used. For full data, check
Bulletin GEA-3469.

Rizzeeny |

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

B 000..00.000000000.

NEW’ SHADOW-PROOF DIALS
MAKE SWITCHBOARD INSTRUMENTS

EASIER-TO-READ

Here is a new switchboard instrument that can be
read easily —anytime. Its dial can be clearly illumi-
nated from almost any angle because it is set
forward flush with the front of the case. A pro-
truding anti-glare convex-type glass front prevents
reflections. The new meter is available in 4%4- or
834-inch models, both with long 250-degree scales.
D-c ammeters, volt-ammeters; a-C ammeters, volt-
meters, wattmeters, frequency and power-factor
meters, temperature indicators, and synchroscopes.
Send for Bulletin GEC-218.

General Electric Campany, Sectian A 667-10
Apparatus Department, Schenectady 5, N. Y,

Please send me the following bulletins:

(V) Indicate for
reference only

[] GEA-3469 Push-button stations
[] GEA-4996 Pulsc-forming networks
[[] GEC-218 Switchboard instruments

(X ) for planning an
immediate project

Name
Company
Address

City
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EIMAC 4-1000A

Follow the Leoders te

POWER TETRODE ¢
General Characteristics

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - 75 Volts
Current - - - - 21 Amperes
Grid-Screen Amplification Factor (avg.) 7
Direct Interetectrode Capacitances (avg.)
Grid-Plate {without shietding,
base grounded) - - 0.24 vufd
Input - - - 27.2 wuid
Qutput - - - - - 7.6 vufd
AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR
TYPICAL OPERATION
Class-AB, (Sinusoidal wave, two tubes)
D-C Plate Voltage - - - - 5000 Volts
D-C Screen Yoltage - - 1000 Volts
Max-Signal D-C Plate Current - - 1.00 Amps
Effective Load Plate-to-Plate - 10,000 Ohms
Driving Power - - 0 Watts
Max-Signal Peak A.F Grid Voltage 125 Volts
{per tube)
3100 Watts

Max-Signal Plate Power Output
PLATE MODULATED RADIO FREQUENCY AMPLIFIER
Class-C Telephony—Carrier Conditions

TYPICAL OPERATION
(Freqencies below 30 Mc., one tube)}

D-C Plate VYoltage §500 Volts

D-C Screen Voltage $00 Volts

D-C Plate Current 400 Ma

Driving Power 9 Watts

Plate Power Output 2630 Watts

RADIO FREQUENCY POWER AMPLIFIER

AND OSCILLATOR

Class-C Telegraphy

TYPICAL OPERATION. per tube

(Frequencies below 30 M¢

D-C Plate Voltage - - - 4000 Volts

D-C Screen Voltage - 500 Volts

D-C Plate Current - 15 Watts

Driving Power (approx.) - - - 7 Amps
- 3400 Walts

Useful Power Output

12a
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10004

POWER
TETRODE

High-Power Amplifier
Oscillator, Modulator

tl'oin’yrcnac tetrode type 4-1000A is the elec
e workhqrse of modern communication
des.' ats It is rated at 1000 watts of‘plate
. pweulclm atnd fl capable of efficient opera
into the vhf region Lik
Eimac tetrodes, the 4-1000A is read:l ) I%ger
plaAt\e modulated /
t lower frequenci
. cies power gains of
ogg)ractaln bel‘ expected. Below 30 Mc. in no?r\r/\?i
ol‘Itpmon 5 watts drive is sufficient to obtain
i Iﬁ)gw;\r in excess of 3000 watts per tube
of Hhoc hec in FM broadcast service a pair
St avy duty tubes will deliver ov
- \;ﬁtts gf useful power output <
e adjacent colum
' n are high
cg;t):cc)riI opeCratuOn data in more specn?lcllghtfd
e lsn omplete characteristics are cpoprr:
a new data sheet avail V
wrv/;mg direct alable by
4-1000A is th
e economical
. vac
cg;?p.znliw for tmt(:dern transmitter yurr;nt'L:E)ael
ube life is | J
By ong, conse
placements are not only infrequent l?uutegltsly
o

inexpensive. Consider i
e S0 O er it for your applications

EITEL-McCULLO
San Bruno, C:JIGilf‘it;rI:ic.a

Export Agent
gents: Frozar & Hansen 301 Clay St San Fran C
sco, California

Just off the press .

NEW, COMPLETE 4-1000A DATA...FREE

2N
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15/16” MALLORY
MIDGETROL*

Electrical characteristics specially
designed for critical applications in
television, radio and other circuits.
Insulated shafts are knurled for
ease in adjustment. Current-carry-
ing parts provide 1500 volt insulation
. . 134"" diameter saves space .
phenolic material eliminates me-
chanical noise. Precision-controlled
carbon element provides smooth
tapers, quiet operation, accurate
resistance values, less drift in tele-
vision applications.

*Trade Mark

By Maﬂory

effects real customer savings

Mallory goes beyond the basic research and development
work which results in totally new products . . . and utilizes
every opportunity to pass on to customers the savings
effected by product standardization.

Such is the case with the well known Mallory Midgetrol.
Standardizing its diameter and shaft design resulted in cost
reductions for radio and television manufacturers. The
standard molded phenolic shaft provides a combination
hand knurl and screwdriver slot adjustment at no extra
cost . . .and it is available with either 4"’ or 3:" bushing
length. In addition, the Mallory Midgetrol occupies less
space than larger controls, with no sacrifice in wallage rating.

That’s service beyond the sale!

Mallory’s electronic component know-how is at your dis-
posal. What Mallory has done for others can be done for vou!

Television Tuners, Special Switches, Controls and Resistors

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

144

P.R. MALLORY & CO.Inc.

L

Electromechanical Products
Resistors

Swcitches
TV Tuners

Vibrators
Electrochemical Products

Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
IWelding Materials

Design - Standardization

!

SERVING INDUSTRY WITH
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A top bobsled team—athletes trained to work as one in handling
their balanced, ruggedly built sled—can consistently defeat the
clock in negotiating the treacherous, one-mile Mt. Van Hoevenberg run. »/,

Likewise, T. E. . engineers and production personnel work as a unit with a similar goal — the conquering
of TIME's deteriorating effects through the building of an ever-stronger picture tube. For Thomas' highly
trained personnel, specially designed equipment, and efficient production techniques are consistently increas-

ing the life of Thomas tubes in the contest with TIME.
For the greatest value in today's television picture tubes—for top operating efficiency and truly LONGER life
—specify T.E.1. In all popular rectangular sizes, black-face.

: THOMAS ELECTRONICS, Inc.

118 Ninth Street Passaic, New Jersey




New television microphone, developed at RCA Laboratories, virtually vanishes when in active use.

00/1(4/7? /%2/0,050/78 /et Hhe sturs shine

Now you see it, now you don’t! RCA’s
new “vanishing microphone” is plainly
visible when standing alone—Init let a
television performer stand before it and
it seemns to disappear.
Called the “Starmaker,” this RCA micro-
phone is little larger than a big fountain pen
and principles of design based on mod-
ern camouflage blend it with an artist’s
clothing. There’s no clumsy “mike” to dis-
tract your attention from the artist and it’s
also a superbly sensitive instrument.

16A

Through research carried out at RCA Labora-
tories, the “Starmaker” microphone picks up
sound from al! directions—hears and transmits
every sound the human ear can detect. It’s not
only small and almost invisible, but it's also one
of the most efficient microphones ever devised.

* * *

See the latest wonders of radio, television, and
electronics at RCA Exhibition Hall, 36 West
49th Street, New York. Admission is free. Radio
Corporation of America, RCA Building, Radio
City, New York 20, New York.

Known for brilliant pictures, RCA
Victor's 1951 home television re-
ceivers also have the finest of sound
systems—RCA Victor's “Golden
Throat.”

RADIO CORPORATION of AMERICA

World Leader in Radio — First 1n Television




Its afactthat

l/ The American Lava Corporation has
one of the best equipped Research Divisions
in the industry. The American Lava Staff has
graduate engineers from all leading engi-
neering schools. Ceramic, electrical and me-
chanical engineers are preponderant but
every engineering degree currently being
awarded by U. S. Engineering Schools is
held by one or more men on this staff.

‘/ Almost every month, the Research Di-
vision successfully completes the develop-
ment of a new AlSiMag composition to
comply with special requirements. These de-
velopments are in close cooperation with
the customer. When requested, ail details
are kept confidential.

‘/ Continuous operation of kilns at 12
different temperatures, at temperatures
ranging from 1400° F. to above 3000° F.,

permits the firing of each AlSiMag compo-

sition at its optimum temperature.

OFFICES: METROPOLITAN AREA: 671 Broad St Newa
. rk, N. J., Mitcheil 2.8159 ¢« CHICAGO, 228 North L Salle St., Central 6-1721
LHEIV:,AEDNGI,:HIA, 1649 North Broad St., S'ovens'on 4-2823 . LtOS ANGELES, '232 South ;IIIOS'.,' )::l:acul 9076
AND, 38-8 Brattle St., Combridge, Mass., Kirkland 7-.4498 ¢ ST LOUIS, 1123 Washington Ave., Garfield 4939

HINSTMAG:

10ADE MAAK RIGISTERED US PATENT OIRICE

At American Lava Corporation, you are most apt to find the answer
to any question involving technical ceramics. American Lava Corpo-
ration is composed of MEN who give intelligent, sympathetic consid-
eration to customer problems—backed by specialized experience
gained in 49 years of concentrating entirely on custom made technical
ceramics. The knowledge of these men is available to you on request.
If requested, all customers’ information is kept strictly confidential.

AMERICAN LAVA CORPORATION

Y EFARREEORE LEADERSHIP
CHATTANOOGA S, TENNESSEE

4 9T H CERAMIC




This popular 4-segment design is highly
efficient. It is easy to handle in TV
production work and assures a mini-
mum of hreakage. 2-segment types are
also available.

SEGMENTED
DEFLECTION
YOKE CORES

...'"E

CERAMIC CORES THAT SET
THE QUALITY STANDARDS

The tremendous advance in the use of metallic oxide
(non-metallic) cores has been due in large part to Stack-
pole powder molding experience which paved the way to
fully dependable units in production quantities. Stackpole
Ceramag Cores assure lower losses with higher operating
efficiency, lower operating temperatures, lighter weight,
smaller sizes, maximum permeability, less corona effect
and minimum cost. Ceramag cores are made in two grades
for high and low flux densities.

“U” and “"E”’ CORES Permqability of these Stackpole Ceramag
Coresisof theorderof 10tol by comparison
FOR FLYBACK with conventional iron cores. They are
materially smaller, have higher resistance
TRANSFORME RS and operate much cooler due to the absence
of eddy current losses. Many special types

are regularly produced.

TELEVISION IMAGE
W-1-D-T-H CONTROL TYPES

These Stackpole Ceramag Cores assure remarkably higher stand-
ards of efficiency for TV horizontal image deflection circuits. In areas
where there is a low line voltage, they give ratios of from 1 to 8 or more
compared with 1-5 for previous high permeability types.

Electronic Components Division

STACKPOLE CARBON COMPANY, St. Marys, Pa.

184 PROCEEDINGS OF THE I.R.E January, 1951



.062” DIA.

« « « A Rugged
Stand-Off . . . Quickly Installed . ..
Makes a Neater Chassis . . . Provides
Uniform, Efficient By-passing

ACTUAL
SIZE

Manufacturers of TV and other high frequency receivers
have welcomed the Erie Type 325 Ceramicon because its
distinctive features give the answer to many production prob-

lems. Consider these advantages:

1 For the first time in a hermetically
sealed case, a by-pass to ground
is provided through the shortest
possible path, by taking advan-
tage of the concentric cylindrical
electrode configuration and mak-
ing connection to the outer shell
at the plane of the chassis.

2 The design provides extremely
low and uniform series inductance
and effective v.h.f. by-pass.

3 In assembly operations terminals
and lead lengths are fixed, result-
ing in better mechanical uni-
formity.

4 High speed assembly is facilitated
through use of a standard push-on
clip. For more critical applications
shell may be soldered directly into
a hole in the chassis.

5 Post terminal matches tube socket
terminal height to maintain uni-
form short leads, and provides a
sturdy tie point for several con-
nections.

6 Unusual mechanical ruggedness
minimizes danger of breakage in
installation and in use.

Available in 10, 33, 47, 68, 82, 100, 680, 1,000
and 1,500 MMF capacity. 500 Volts D. C. working.

‘—-—“

/ 0
ERIE RESISTOR CORP., ERIE, PA. \&3Y

LONDON, ENGLAND + <« TORONTO, CANADA
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@ The chari sums it up. Note how Long hours of cooperative re-
radio interierence generaied by search and engineering were
the ignition sysiem and other spent on this noisesuppressxon

electrical equipment is sup- problem. The main considerations o :a‘ £ f
pressed well in excess of require:  Were filters 1o minimize interter- A o i
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@ Capacitance applica'ions such as thisare all in the day’'s
work for AerovoXx engineers. Whatever your capacifance
problems end requiremems may be, AerovoX will fit the
right capacitors te the right applicaﬁons. Address Dept- Fl
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GPL introduces First TV*Cumeru_Ehﬂu#iln |
Designed from Start to Finish for
Compactness and Ease of Operation
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Built with the compact precision which distinguishes
a quality watch from an alarm clock, GPL’s new
image orthicon camera chain is smaller, lighter, easier
to use. It is the first camera chain that has been
“human engineered” — designed from motion studies
of cameramen and control personnel. It is the first
with type and location of controls based on minimum
movement and maximum ease and efficiency.

This simplification, together with size and weight
reduction has been accomplished without any sacrifice or
limitation whatever in performance or accessibility. Supe-
rior GPL circuit design provides a better picture than nor-
mally obtainable with image orthicon equipment. Complete
control is provided for every studio or field requirement.

Logical components have been combined . . . fewer units
make up a chain. A single chain consists of only 4 units; a
triple chain, 12 including switching unit and master moni-
tor. The camera, with integral view finder, is only 103" x
1214" x 22“, weighs 75 Ibs. instead of 100-105 Ibs. The sync
generator is a single portable unit including its own power
supply. It may be easily removed from its case to go into a
standard relay rack.

SIMPLIFIED CONTROL

All controls are at the finger-tips of cameramen and camera
control operators. Focus adjustment of all lenses is uniform;
a given rotation of focus control produces the same shift

Campact GPL camera and control unit have been “human engi- in plane of focus for all lenses. The iris is motor-controlled,
neered” for easy, efficient use. Camera provides unifarm facus either from the rear of the camera or from the camera con-
adjustment for all lenses; iris is motor-controlled from rear of p A Sl

camera or from control unit, with lens opening shown an dials trol unit. Dlal.s on both Famefa and C?ﬂtIOl unit lndl.CE}te
at both locatians. Control unit has 8%, “ manitar tube. the lens opening. Negative feedback is used to stabilize

video frequency response, eliminating an adjustment. Target
and beam are controlled by thumbwheels next to conven-

ient knobs for pedestal and gain.
IMPROVED SYNC GENERATOR

The syne generatar, with its power supply, READILY ADAPTABLE

is a single unit, packaged for field use. f .

Because binary counting circuits are used, GPL Camera Chains completely meet all studio and field
and pulse width is <<3n"°'l|.e:'|f'v :elov requirements or may be readily adapted to supplement
hinegy, 1) [ProYIgePcraVtl TellSOME DEEY existing installations. Before you make any camera chain
thon present studio equipment. With this v B PR ",
circvitry, all operator adjustments are investment, get all the facts on this new addition to GPL's
eliminaed. outstanding line of TV studio equipment.

Write, Wire or Phone for Details

TV Camera Chains * TV Film Chains
TV Field and Studio Equipment
Theatre TV Equipment

General Precision Laboratory

I NCO®RPORATETPD
PLEASANTVILLE NEW YORK

iy

PROCEEDINGS OF THE I.R.E. January, 1951 21A




ﬂ“ M“NT TYPE 280-A

. High-voltage operation, high sensitivity,
and a 10-megacycle bandwidth are provided
in the Type 280-A along with the calibrated
sweepdelay,versati]etime-basesynchroniza—
tion, and sweep durations continuously vari-
able from one to 15000 microseconds. These
and many other precision features make the
Type 280-A important quantitative equipment
in industrial applications where detailed
study of high-speed phenomena contributes
to the evaluation of the quality and design
of products.

Supplementing the usual sweep-control
circuits of the cathode-ray oscillograph, the
Type 280-A also contains a specialized video
synchronizer unit. Used in conjunction with
the calibrated sweep delay, it will select and
display any line or fraction of a line of the

standard RTMA television signal.

““ M“NT TYPE 256-D

® The Type 256-D is designed as a
highly precise time-measuring de-
vice. Its versatility serves many of
the general-purpose functions in lab-

FEATURES

Type 5XP- high sensitivity Cathodo-ray
Tube.

10-megacycle Video Amplitier.

Pulse Response 0.0] psecc. rise time re
produced as a rise time of 0.04 psec.
or less.

Video Synchronizer Unit —~Field and
line selector for a sludy of any por
tion of the composite lelevision sig
nal

Sweep Calibration — 10-, 1-, 0.2-micro
second intervals.

Calibrated Sweep Delay Ranges- 100
psec., 1000 psec.; Accuracy *0.1%
full scale.

Internal Trigger Generator -120 10 2500
cps.; can be synchronized to exler
nal signals from 120 cps. to 50,000
cps. Sweep may be triggered exter
nally.

Output Trigger—0 or 25 usec. delay
with respect to calibrated delay; 50
volts positive; rise time, 0.5 micro
seconds or less.

Output Test Pulse--variable to 20 volts
positive; duration, | psec.; rise time,
less than 0.0]1 msec.; 25-usec. delay
with respect 1o the start of the cali
brated delay.

, measures fractions of ONE MICROSECOND!

The precision sweep delays of the Du Mont Types
280-A and 256-D Cathode-ray Oscillographs.provide
for the accurate measurement of small time intervals.

“provides DIRECT READINGS in Du Mont precision
cathode-ray oscillographs

oratory work.

The calibrated sweep delay of the
Type 256-D will measure time inter-
vals up to 1000 microseconds with
an accuracy of +0.1% of the full-
scale ranges of 100 usec. or 1000 usec.
With both delayed and undelayed
sweeps, a movable marker in the
Type 256-D will indicate that portion
of the sweep which is expanded on
the shorter delayed sweeps. Delayed
sweeps are of 4-, 10-, and 25-micro-
second durations. Undelayed
sweeps are available in six ranges
from 4 to 4500 microseconds.

Response of the video amplifier of
the Type 256-D is within *1 db at 20
cps; down no more than 3 db at 8
megacycles, no more than 6 db at

11 megacycles. Sensitivity is 0.7
peak-to-peak-volt per inch. Pulse re-

* sponse is such that a rise time of

0.01 microsecond will be reproduced
as a rise time of 0.04 microsecond or
less.

Crystal-controlled timing markers
are provided in the Type 256-D for
calibration of the delay circuit
sweeps. Both delayed and unde-
layed sweeps may be started by ex-
ternal trigger pulses of either polar-
ity or by a built-in trigger generator
which provides l-microsecond puls-
es of either polarity, having a rise
time of 0.3 microsecond and ampli-
tude greater than 100 volts. Trigger

repetition rates up to 2000 P.P.S. are
usable.

Please address all inquiries concerning these precision cathode-ray oscillographs to:

ALLEN B. OUMONT LABORATORIES,

INC., INSTRUMENT DIVISION, 1000 MAIN AVENUE, CLIFTON, NEW JERSEY



A page Color Television Research
g %o | Aelerated by Study

o fyhanic of Color Phosphors

in Demountable
» Vacuum System

Sylvania’s physicists, chemists

and engineers have carried out funda-
mental research and development

- on color television tubes for a con-
siderable period of time.

These basic investigations into practical
color television tubes for home

and industry have been conducted at
Sylvania’s Research Laboratories at
Towanda, Pennsylvania, and Bayside,
New York. Typical of the exceptional
facilities and advanced research tech-
niques used at the Sylvania labora-
tories is the demountable vacuum system
shown in the photo.

Developmental samples of phosphor
screens for color television tubes may
be placed in the tube for study
and test. Similarly developmental
models of three-color electron
guns may be placed in the neck
of the demountable evacuated en-
velope and characteristics studied.

This continual basic research has
enabled Sylvania to pioncer in
providing the television tube in-
dustry with a complete selection
of phosphors for color picture
tubes. It has also paved the

way toward more advanced
research into the design and
construction of color tele-

vision tubes and circuits.

1t is typical of Sylvania’s
never-ceasing emphasis

on productive basic research.

—~—

-

JLECTRIC J

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PROOUCTS: ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING OEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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ENGINEERS
DESIGNERS
MANUFACTURERS
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Leading equipment manufacturers
find that it pays to turn specialized as-
signments over to Shallcross for devel-
opment, design or production...
From critical components to sub-as-
semblies and instruments, Shaolicross’
broad experience and precision facili-
ties assure better results . . .
Often, they assure an appreciable
cost saving as well.
® A copoble staff of electrical, elec-
tronic, mechanical, chemical ond instru-
mentation engineers . ..
® A fully equipped plont...
® Plus over 20 years of specialization
in high quolity products for military,
industrial and public utility use . . . are
here ot your disposal.

AMONG RECENT SHALLCROSS
CUSTOM-BUILT ASSIGNMENTS HAVE BEEN :

ROTARY SWITCHES

POTTED AND THERMALLY-CONTROLLED
R-C NETWORKS

PRECISE DECADES AND NETWORKS
FOR COMPUTER DEVICES

CALIBRATING INSTRUMENTS FOR
STRAIN GAUGE BRIDGES

HIGH RESISTANCE STANDARDS
CRITICAL COIL ASSEMBLIES
HERMETICALLY SEALED CHOKES

HIGH-VOLTAGE MEASURING
EQUIPMENT, ETC.

AALLCROSS

SHALLCROSS MANUFACTURING CO.

COLLINGDALE, PA.

PROCEEDINGS OF THE I.R.E

NEW
OVAL
SELECTOR
SWITCHES

- Several new oval rotary
\ \ selector switches are
described in Bulletin
L13 just issued by the Shallcross Manu-
facturing Co., Collingdale, Pa. Six basic
plates and three rotor types produce
switches having from one to three poles
per deck or gang and with other desired
mechanical and electrical details. As
many as 18, 9 or 6 positions may be ob-
tained in single-, double-, or triple-pole
types respectively. These may be single-,
double-, or triple-pole decks exclusively
or a combination of different types.

:

VERTICAL STYLE PRECISION
RESISTORS FOR JAN USES

Improved vertical style
precision wire-bound re-
sistors for use where
mounting requirements
make it desirable to have
both terminals at the
same end of the resistor
have been introduced by
the Shallcross Manufac-
turing Co., Collingdale,
Pa. These units provide a
longer leakage path from the mounting
screws to the terminals. Known as Shall-
cross Types BX120, BX140, and BX160
they are designed to meet JAN require-
ments for styles RB40B, RB41B and
RB42B respectively. For commercial
uses, the resistors carry somewhat higher
ratings than for JAN applications. Wire
leads instead of terminals can be
furnished if desired. Complete details
will gladly be sent on request to the
manufacturer

FLAT, METAL-ENCASED
WIRE-WOUND RESISTORS

Flat, metal-encased, Type 265A wire-
wound power resistors introduced by the
Shallcross Manufacturing Company, Col-
ingdale, Pa., are space wound, have mica
insulation, and are encased in aluminum
for mounting flat against a metal chassis.
At 175" C. continuous use they are con-
servatively rated for 715 watts in still
air and 15 watts when mounted on a
metal chassis. Write for Bulletin 122,

January, 1951
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RELAYS BY GUARDIAN

RESOLVE IN 1951 to improve your products . . . especially radio,
armament and power units coming under government contract. Let
Guardian, No. 1 supplier of improved electrical controls, produce single
units or complete control assemblies for you . .. in quantity. Guardian
GOVERNMENT APPROVED CONTROLS will insure smooth, sat-
Screw Terminal isfactory performance.

Hermetic Housing

T he Series 335 D. C. Relay shown above, is typical of Guardian units built to the
rigorous standards of aviation relays. Furnished open, or with a variety of
HERMETICALLY SEALED housings.
New Hermetically Sealed Relay catalog 5-H is yours for the asking.

m P
Series 695 D.C. Series 610 A.C.—615 D.C.
DWnite — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION.

: GUARDIANVELECTRIC

Series 595 D.C. Series 210 A.C.—-215 D.C. Series 220 A.C.

1628-A W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LENE OF RELAYS SERVING AMERICAN INDUSTRY
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Another Masierpiece of Truscon Engineening Shill
' /4

UNIFORM CROSS SECTION
GUYED RADIO TOWER

HERE again is another example of Truscon leadership
in antenna design—another example of skill gained by
nearly a half-century of experience in the fabrication of
structural steel products.

Truscon Type “G-W"” Radio Towers are of particular interest
to the buyer who is desirous of obtaining the utmost in
antenna quality and strength at a cost representing only a
nominal premium above the cost of secondary types of con-
struction. These guyed towers are available in shop-welded
unit lengths for tower heights up to 528 feet, and include
these features:

TRIANGULAR—because this design resists distortion with greater
efficiency than any other form and is so recognized by the
engineering profession.

UNIFORM IN CROSS SECTION—because radio engineers proclaim
this feature a distinct asset in broadcasting.

STRONG —because these towers and all component
parts are designed to resist a minimum wind
load of 30 Ibs. per square foot which is accepted
as a design adequate for most geographical
areas not subject to frequent cyclone visitation.

The Type “G-W” guyed tower
can be adapted to a number of
services. When base and guy in-
sulated, it is an ideal antenna

Typical central
pier arrange-
ment far nan-
insulated tawer,
Other arrange-
ments are possi-~
ble to meet spe-
cific canditians.

Base insulated
central pier
showing’Mast-
Base' or’Pivat”’
type base in-
svlatar with
Spark-Gap.

tower, It can also simultaneously
support one or more cables or
co-axial transmission lines hav-
ing 313" aggregate diameter and
one or more whip-type UHF
antennas or a side-mounted FM
antenna, with some applications
requiring nominal height
reduction.

Although the Type"G-W" tower
is rated to resist 30 pound per
square foot minimum wind pres-
sure, under certain conditions,
such as an AM radiator not sup-
porting superstructure for other
services, it may be capable of
safely resisting 40 or more
pounds per square foot of wind
pressure.

When non-insulated, the Type
“G-W" tower is suitable for a
number of services, such as an
FM or UHF Antenna Support
for Railroads; Public Utilities:
Industry; Municipal, County,
and State Police; and Communj.

cations Networks.

FREE CATALOG

(|

Write far illustrated liter-
ature giving camplete
descriptian, mechanical
details, installatian phatas,

sy TRUSCON #

infarmatian an the SELF_SUPPOR“NG

B e AND UNIFORM "o WER
CROSS SECTION GUYED

TRUSCON COPPER MESH GROUND SCREEN

n75

X XY

N

X K X

o

Vb

2N

AV
. A

¢ 2

TRUSCON STEEL COMPANY

YOUNGSTOWN 1, OHIO
Subsidiary of Republic Steel Corporation
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“Tever Befre has Mean Obtained
S0 MUCH for SO LITTLE
as fom a TELEVISION SET"

If a Television Set were selling for $2,500 today, you would be lay-
ing away your money to buy one —to see the great cultural, news, educational, sports
and entertainment programs now being telecast.

'You certainly should buy a good, large screen television set —at the present prices of
$100 to $400. You'll really be living —if you own a set.

Leave it to the engineers, the experimenters, the industrial users and the “firsters” to
buy Color Television now. They’ll spend the necessary years to develop it to the
same stage of PERFECTION and SIZE that Black and White is today. When it is

perfected to your satisfaction, you will buy a color set also.

By that time you will have bought 2 or 3 Black and White Television Sets from
your dealer —a three-television-set-home will be the normal thing.

WHILE THEY'RE STILL AVAILABLE AT YOUR DEALER

BUY A TELEVISION SET TODAY

7,%; LAt wsom

Shefdem

SATURAL MAGE SHELDON ELECTRIC COMPANY
ra \ Manufacturers of Shcldon “"TELEGENIC” Television Picture Tubes

;°" "‘°‘;.“h \ A Division of ALLIED ELECTRIC PRODUCTS INC,

Irvington 11, New Jersey

SHELDON TELEVISION PICTURE TUBES © SPRING-ACTION PLUGS & CUBE TAPS o SHELDON ALUMINIZED REFLECTOR FLOOD & SPOT LAMPS

SHELDON INFRA-RED HEAT LAMPS ® SHELDON PHOTOFLOOD AND PHOTOSPOT LAMPS o SHELDON & FLASH FLUORESCENT LAMP STARTERS

SHELDON RECTIFIER BULBS . TAPMASTER EXTENSION CORD SETS L4 TAPMASTER RUBBER CUBE TAPS
@© ALLIED ELECTRIC PRODUCTS INC.

This advertisement appeared as a full page in many of the leading newspapers,
with a total circulation of over 6,000,000, and will appear in many others.

PUT
THIS AD
TO WORK

for you!
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Whether by coincidence or not, wherever this ad appeared, it helped to sell
Television Sets.

DEALERS, JOBBERS! Ask your set manufacturer for reprints (18" x 23", full
newspaper size) for usc as a window display. DEALERS, SERVICEMEN! Ask
your set distributor or parts jobber for reprints.

SET MANUFACTURERS, DISTRIBUTORS, PARTS JOBBERS! Write us for
FREE reprints.




MINIATURE TUBE SOCKETS

7-PIN and 9-PIN...and SUBMINIATURES

Now MYCALEX offers both 7-pin and 9-pin miniature
tube sockets . . .

with superior low loss insulating prop-

erties, at new low prices that offer ceramic quality for
the cost of phenolics.

MYCALEX miniature

tube sockets are injection
molded with precision that affords uniformity and

extremely close tolerances. MYCALEX insulation has
high dielectric strength, very low dielectric loss, high
arc resistance and great dimensional stability.

Produced in two grades: MYCALEX 410 conforms
to Grade L4 specifications, having a loss factor of

only .015 at 1 MC. It is priced comparably with
mica filled phenolics.
MYCALEX 410X is for applications where low

cost of parts is vital. It has a loss factor only one-

fourth that of “everyday” quality insulating ma-
terials, and a cost no greater.

Prices gladly quoted on your specific require-

ments. Samples and data sheets by return mail.

Our engineers will cooperate in solving your
problems of design and cost.

Mycalex Tube Socket
Corporation

‘Under Exclusive License of Mycalex Corporation

of America"’

30 Rockefeller Plozo, New York 20, N.Y
SINCEI919

E MARKREG.US.PAT. OFF

CN. MYCALEX CORP. OF AMERICA !

"Owners of ‘MYCALEX' Patents”
Executive Offices: 30 Rockefeller Plaza, Mew York 20, N. Y

Plant and General Offices: Clifton, N. J.
4

N
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““How can | save, in order to trim
the price of this set another $2.50?"

HE answer, Mr. TV-set Designer, is simple: G.E.’s 6BNG
T gated-beam tube. It replaces three tubes and associated
components, serving as a combined limiter, discriminator,
and audio-amplifier.

GBNG cost is right in line with other receiving types. You
get three tubes’ performance, yet you pay for only one!

Ask for Bulletin ET-B28, which tells the full story of this
amazing G-E economy tube, also charts its performance. Or
if you prefer to discuss the GBNG in person, /‘i
an experienced G-E tube engineer gladly
will call on you. Wire or write Section 12, .
Electronics Department, General Electric ' ‘m:::’:/';"
Company, Schenectady 5, New York.

"GENERAL ELECTRIC
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| News—New Products

These manufacturers have invited PROCEEDINGS

!
readers to write for litercture and further technical

A Better Product

| 5-Element Yagi For Weak

through Ay

A new S-element Yagi antenna tuned
for any one of the low-band (2-6) or high-

/4 :
“Sound” Besearch .o e moms

N. Y., manufacturers of antenna systems,

a—
am—"

Professional Tape Recording Equipment For Every Industrial Need

Extremely high front-to-back ratio and
pinpoint directivity inherent in the Yagi
design minimize ghost effects caused by re
flected signals. It delivers 11-db gain by
actual field measurement.

The 5-element Yagi for low-band chan-
nels is assembled by means of the “Jiffy-
Rig” type of construction saving installa-
tion time and costly call-backs due to
mechanical failures.

The S-element Yagi for the high-band
channels comes pre-assembled in a new
spring-loaded “Click-Rig” form. No as-
sembly time is needed as all elements flip
mto position and lock. \ntenna may be
carried to point of installation in folded
form and then opened, as there are no nuts
screws, or thumb-screws to tighten

New Panel Instruments

NOISE ANALYSIS e PROCESS CONTROL _ The Simpson Electric Co., 5200 \V.
VIBRATION TESTS o TELEMETERING gl ol D

Write for NEW CATALOG

Magnecord, Inc., Dept. P-1
360 N. Michigan Ave., Chicago 1., iil.
Send me further informotion on Mognecord

tope recordings forindustriol ‘'Sound’ ' Reseorch, LN
360 NORTH MICHIGAN AVENUE AMPS if
CHICAGO 1, ILLINOIS Nome
Compony
Address
i City Zone........ Stote..............
. < - — . (Continued on page 60A4)
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- PACKAGED Functional Electronics

Components for Control Systems

ANUCAGY products

Servomechanisms Inc. designs, engineers and
manufactures electronic control devices for
military and commercial applications.

These devices are composed of a number
of functional electronic units, which are mini-
aturized and packaged as plug-in
components.

Control equipment is readily synthesized
from these small component packages which
solve the important system

requirements of:

* Spatial adaptability
o Instant maintainability
¢ Training simplicity

o Ease of manufacture

SERVCONISMS

et Calif.

*Trademork

January,
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RCA FIRST!

o+ « the RCA-17CP4

As pioneers in the development of the
kinescope, RCA leads again with a new
and advanced type of metal-shell recrangu-
lar kinescope . . . destined to become the
industry’s leading large-picture tube. The
new RCA-17CP4 has a picture area of
14%" x 11", and offers designers the fol-
lowing notable advantages . . .

Use of the metal shell not only makes
practical a construction which weighs less
than a similar all-glass tube, but also makes
practical the use of a higher-quality face
plate than is commonly used on all-glass
tubes.

The rectangular shape, which aliows re-
production of the transmitted picrure with-
out waste of screen area, permits use of a
cabinet having about 20 per cent less
height than is required for a round-face
tube having the same picture width. In ad-
dition, the chassis need not be depressed
or cut out under the face of the tube and

controls can be located as desired beneath
the tube.

The 17CP4 with its design-center maxi-
mum anode-voltage rating of 16 kilovolts.
provides pictures having high brightness
and good uniformity of focus over the
whole picture area. It has a high-efficiency,
white fluorescent screen on a relatively flat,
high-quality faceplate made of frosted
Filierglass to prevent reflection of bright
objects in the room and to provide in-
creased picture contrast.

Employing magnetic focus and magnetic
deflection, the 1 7CP4 features an improved
design of funnel-to-neck section which fa-
cilitates centering of the yoke on the neck
and, in combination with better centering
of the beam inside the neck, contributes to
the good uniformity of focus over the en-
tire picture area. The diagonal deflection
angle is 70° and the horizontal deflection
angle is 66°,

rectangular kinescope

Other features incorporated in the 17CP4
are short overall length and an ion-trap
gun which requires only a single-field, ex-
ternal magner,

RCA Application Engineers are ready to
co-operate with you in applying the 17CP4
and associated components to your spe-
cific designs. For further information write
RCA, Commercia! Engineering, Section
47AR, Harrison, N. J.

AMM RCA-developed tube "-b"

Designed for Radiosonde Service, the
RCA-5794 employs two resonators
integral with the tube. The output
resonator ts wned o 1680 Mc by
means of an adjusting screw. Useful
power output is 500 milliwars.

The Fountainhead of Modern
Tube Development is RCA

RADIO CORPORATION of AMERICA

ELECTRON TUBES

HARRISON, N. J.
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Ivan S. Coggeshall

PRESIDENT, 1951

Ivan S. Coggeshall, general traftic manager of West-
ern Union Telegraph Company’s overseas communica-
tions, was born on September 30, 1896, in Newport,
R. L In 1911 he held one of the carly wircless amateur
licenses issued by the Government, and in 1912, he be-
came a telegraph operator for the Postal Telegraph Ca-
ble Company.

Foliowing a three-year course of study in electrical
engineering at Worcester Polvtechnic Institute, Mr.
Coggeshall joined the Western Union Telegraph Com-
pany in 1917 as an engineering apprentice at Boston,
Mass. He rose successively to engineering assistant in
1920, general inspector in 1922, general traffic super-
visor in 1927, staff assistant on submarine cable matters
to the vice-president in charge of traffic in 1936, and was
appointed general traffic manager in 1946.

For the past 14 years Mr. Coggeshall has specialized
in occan cables, and much of his work has been devoted
to the adoption of electronic method and devices in the
telegraph and submarine cable field. The most recent of

these devices is a traffic capacity-doubling amplifier noy
being inserted in transatlantic cables and sunk on th
ocean bottom. He was on active duty with the Unitec
States Navy in both World Wars. During the secon
World War he represented his company on the cabl
committee of the Board of War Communications.

Mr. Coggeshall joined the Institute as an :\ssociat
in 1926, transferred to Member in 1929, and in 1942 re
ceived the Fellow award for his services to the Institut
and to the engineering profession. He served as a Direc
tor of the Institute from 1941 to 1944, and has been :
member of the following IRE committees: Annual Re
view, Building Fund, Constitution and Laws, Execu
tive, Finanee, Membership, National Convention, Nev
York Program, Nominations, Papers, PPapers Procure
ment, Papers Review, Professional Public
Relations, Sections, and Standards.

Mr. Coggeshall is a member of Tau Beta Pi and th
American Institute of Electrical Engineers. He is ¢
registered professional engineer in New York State.

Groups,
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PROCEEDINGS OF TIHE I.RE.

Symbol of the IRE

T THE time that The Institute of Radio Engineers was formed, it was without an emblem

A or symbol. It had pride of ancestry since its predecessor and component societies—The

Society of the Wireless Telegraph Engineers, of Boston, and The Wireless Institute, of

New York—were active and enterprising organizations. But neither had an emblem which
seemed readily adaptable for the newly born Institute of Radio Engineers.

The selection of a symbol for a learned society is not an altogether simple matter. There is the
temptation to use something that would be readily understood by everyone active in the field
of that society at the moment. Had this rather easy method been adopted, undoubtedly the In-
stitute would have been saddled for many years with an emblem consisting of a spark gap
functioning in the center of a dipole, surrounded by a circular resonator provided with a microm-
eter gap for reception. Fortunately the temptation to use a “current-events” emblem was sternly
resisted.

And it was well that this was so. Since those early days sparks, arcs, quenched sparks, high-
frequency alternators, and a multitude of types of vacuum-tube oscillators have in succession
taken the center of the radio communications scene of action. Had any specific symbol of the
spark-gap type been adopted, the Institute would have been forced to utilize an obsolete em-
blem or, alternatively, to change its symbol every few years.

With these inconveniences in view, it was decided to devise a far more general and, in a sense,
perpetual symbol. It was realized that The Institute of Radio Engineers would always deal with
electrical communications—that is, with electrical energy guided by conductors or passing
through space. In either case, the distinguishing character of the transmission process was the
existence of electrical forces and of their correlative magnetic forces. Such forces exist both n
wire transmission and in space transmission using the usual electromagnetic waves.

Fortunately enough, as the scope of the industry gradually expanded and finally covered the
field of electronics, it became clear that the ubiquitous electrical and magnetic forces were the
omnipresent factors in thar field as well. It was therefore wise on an immediate as well as a long-
term basis to select a representation of electrical and magnetic forces as the emblem of the IRE.

Accordingly the electrical force was represented by a vertical arrow, and the magnetic force
by a circular arrow surrounding the electric force and in the conventional relationship to it. The
shape of the resulting drawing obviously lent itself to a triangular placement of the letters
I.R.E. This in turn led to the sclection of an attractive triangular emblem.

The symbol of the Institute seems to have evoked little or no comment, whether favorable
or adverse, during the decades following its adoption. It might therefore be assumed that the
membership is reasonably well satisficd with that symbol.

More important than the symbol itself is the Institute for which it stands. From a few tens
of members, the Institute has grown to tens of thousands of members. The importance of the
contributions of its membership to the advancement of the communications and electronics
field is outstanding and unchallenged. The dignity and constructiveness of its opcrations are
obvious. Its publications have included substantially all major advances in the field of the
Institute. The standards originated in the [.R.E. and now published in its PROCEEDINGS have
greatly advanced the art. Its Conventions, Section meetings, Regional Conventions, and other
forms of assemblage, as well as the operations of its Professional Groups, show a long record of
accomplishment and promisc of still further advances.

Most hopeful of all is the fact that the Institute and its symbol represent a progressive and
evolving situation, and not a mere static and fixed condition. The activities of the Institute,
whether carried out by its Technical Committees, its meetings, or its publications, are always
subject to critical scrutiny, to change, and to improvement. It is a privilege to be associated
with others in a professional society justly proud of its past accomphishments and energetically
determined far to surpass these in the future.—7'he Iiditor.
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Video Utilization—An Introduction and

.. -
Definition of the Art
R. L. GARMANT, ASSOCIATE, IRE

Summary—Some of the technical and artistic problems relating
to video recording have been introduced and defined for further
study and analysis.

7 1HE 23.2 Subcommittee on Video Utilization, as
scet up by the Chairman of the Video Techniques
Committee, has the assignment of devising meth-

ods of measurement and test for the video utilization

techniques which are currently used by the major tele-
casters of this country. The phase of video utilization
which now occupies the major share of attention is
video recording. While the scope of the subcommittee
is not necessarily limited to this phase, the subject has
attracted the interest of a majority of the members and
has, therefore, become a matter of prime consideration.

Video recording is both a science and an art, since it
involves the presentation of entertainment material
through the medium of photographic film. As a science,
video recording is as old as television itself. The en-
gineers working in this field from its inception had to
devise some method for retaining permanent records
of their results. For the most part, however, a still
picture of several frames, a single frame, or even of a
single field, was suthcient. The art phase was unim-
portant, since the subject matter usually consisted of
charts and diagrams which were fitted to the immediate
apparatus at hand. A glossy wood figurine of IFelix the
Cat was a familiar subject for carly recording. Today,
however, video recording is expected to convey faith-
fully all of the program content of a studio performance,
including all of the shades and moods which a skilled
director can create by various lighting and camera
effects. The final product is, therefore, a motion picture
in almost every sense of the word, although it does not
necessarily have to be recorded in accordance with the
physical standards of the motion picture industry,

For commerciai reasons, most of the recording today
is done on 16-mm film, at the motion picture standard
rate of 24 frames per second. .\ frame rate conversion
to television standards must therefore be effected, re-
sulting in some loss of television picture material, as
well as the possibility that evidence of this conversion
might appear in the final product. It can be appreciated
that this conversion presents technical difficulties for the
designer of the recording instrument, and also compli-
cates both the nature and extent of the methods of
measurement and test which must be devised in the

* Decimal classification: R583.14. Original manuscript received
by the Institute, March 28, 1950; revised manuscript received,
October 17, 1950. Sponsored by the IRE Technical Committee on
Video Techniques and its Subcommittee on Video Utilization.

t General Precision Laboratory, Inc., Pleasantville, N. Y.

field of video recording. Since the motion picture frame

rate is accepted in present practice, the product can

be used for direct exhibition to Large or small audiences,

for retransmission on the same or another television
station or network, or for other special purposes pe-
culiar to cither the motion picture or television industry.

January

The end use does not seriously influence the methods |
of measurement and test, but nevertheless consideration |
must be given in detail to the various techniques in- |

volved in picture taking and processing so that com-
mercial standards for the end use of the product will be
satisfied. The final product must, in any case, be of the
highest quality, regardless of the application.

Video recording incorporates the combined contribu- |
tions of electrome, mechanical, and photographic arts. 4

The subject not only creates new problems in all of these
ficlds, but also places a new emphasis on existing
problems. Some of these have perhaps never before
received the full degree of consideration which now
becomes necessary before measurement and test meth-
ods can be devised. To permit orderly analysis, the work
of the subcommittee has been directed along three main
subject divisions. The main subject divisions are: (a)
electrical constants of the process, (b) film constants
of the process, and (¢) physical constants and param-
eters of the equipment used. Each of these mav, in
turn, be subdivided into various parameters for the
major and minor components used in video recording
systems, Some of the topies which require consideration
are discussed in the following paragraphs.

Since the object photographed is a cathode-ray tube,
it is necessary to outline special properties for this unit.
Video recording places stringent demands on  the
cathode-ray tube and its associated electrical circuits.
Good contrast, good resolution, small change of spot
size with change in intensity, and good focus all over
the face of the tube are only a few of the requirements.
Special attention must also be given to lincarity of scan,
especially if the subject material will be used for re-
transmission, where four scanning operations are in-
volved. Since, in cach scanning operation, nonlinearity
mayv be 'expcclc(l in the same part of the picture, any
c‘umulallvc defect could well Tead to disastrous results.
:Slozulincss of interlace is of great importance, not onlv
i the u‘sunl sense of providing maximum rcsnlution',
!)ut also in a new sense. Unsteadiness introduces defects
in Fh'e sp‘li(‘ingr of consecutive television ficlds, and such
spllm‘ng Is incvitably necessary when converting from
telcvnspn to motion picture frame rate standards. The
recording cathode-ray tube and its associated circuits
are, however, only a means toward an end. The photog-

|

i
|
|
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raphy at the cathode-ray tube is only one step in the
process, but standards must be determined as though
the photography were actually from the studio scene
itself. In this respect, much of the work may be beyond
the scope of the subcommittee.
The physical and chemical constants of the film play
a very vital part in video recording, and must therefore
be understood by the technicians and engineers working
in this field. Some of these constants are: the resolution
of the film, the speed of the film, the spectral sensitivity,
and the nature and extent of the toe and shoulder of
the % and d curve. The processing of the film, including
the initial exposure and the conditions under which it
was made, must be understood. Such factors as diffuse
density, specular density, and gamma must be con-
sidered in relation to the final product. The differences
in gross contrast and detailed contrast for both the film
and the cathode-ray tube must be properly evaluated
and interrelated if proper results are to be obtained.
The gamma of the picture must be controlled in order
to produce a film in which the final density and gamma
-are correct for the end use. This gamma may of course
be controlled during several stages of the process, i.e.,
in the original scene, in the pickup camera, in the vari-
ous line amplifiers or possibly in a special line amplifier,
in the film processing, or in the retransmission ap-
paratus. Moreover, processing considerations are com-
plicated by the fact that at some point a sound track
must be added, either in the original recording or in a
later part of the process, and it may therefore be neces-
sary to effect compromises of picture quality, as well as
sound quality in the final commercial product. Since

16-mm film is in common commercial use today, this .

last factor and some of the preceding factors are
doubly important.

The conversion from 30 frames per second to 24
frames per second may be accomplished by either a
mechanical shutter or an electronic shutter, or by
some combination of hoth. Each method presents its
own problems and produces certain obvious difficuities
for which standards of measurement and test must be
devised. The recording cathode-ray tube may present
either a negative or positive picture, depending upon
whether the user desires a direct negative or a direct
positive as the product produced by his equipment.
Testing procedures for these different pictures may
vary considerably due to the nonlinear properties of the
transducers and the film used in present-day equipment.

The problem of vibration, which is important in the
design of an ordinary motion picture camera, assumes
really major proportions in the design of a video re-
cording camera. In motion picture photography, when
vibration occurs during a small portion of the exposure
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interval, only a slight loss of detail is noticed and all
parts of the picture are equally affected. This, however,
is not the case in video recording. The subject is a
moving spot, forming lines which must be interlaced
at one rate and spliced together at another rate to effect
the desired record. Vibration at either rate causes a
very apparent defect. The same may be said about film
motion at the beginning and end of the exposure cycle.
Other physical factors which are important are the size
of the picture in relation to motion picture camera
aperture size, drift of the cathode-ray tube pattern,
and preservation of the aspect ratio, especially under
the conditions where there is some nonlinearity of scan
of the horizontal and vertical sweeps.

The foregoing discussion, covering only a partial
statement of the new problems and corresponding new
methods which can be anticipated in this field, illus-
trates the magnitude of the problem encountered in
devising methods of measurement and test. Con-
siderable advance preparation must therefore be com-
pleted before standards can be proposed and imple-
mented for use by the industry. The immediate tasks
which face the subcommittee are consolidation of all
subject material, and organization of this material
under the three main subject headings which have been
adopted. Some of the material must be assembled from
fields which are related to electronics, but which have
not herctofore been extensively treated in the literature.

In this new and somewhat fluid field, the task of
devising methods of measurement and test is indeed a
huge one. Additionally, the practicability of any test
devised as a result of this work must be demonstrated
hefore these methods can be stated with authority.
Since the task cannot be completed at an early date,
a recommendation has been made that the findings of
the subcommittee be presented to the Institute members
in the form of a series of papers, the first of which ap-
pears in this issue. Other papers which will be pre-
sented to the Editorial Board of IRE for consideration
for publication in forthcoming issues are:

Some Film Characteristics in Video Recording

Calibration Methods in Video Recording

The Characteristics of Cathode-Ray Tubes in
Relation to Video Recording

Some Dimensional Aspects of the Apparatus Used
in Video Recording.

These papers are designed fo lay the groundwork in
the video recording field by covering the present state
of development of the various techniques. They will be
written, for the most part, in the language of the prac-
tical engineer, and will give specific instructions and
references where possible.




Summary—This paper reviews and compares the quantitative
meaning of the term *‘resolution” as commonly used by the television
industry and the film industry. The danger of using values of limiting
resolution as the sole measure of picture quality is discussed. Con-
version equations are developed and a table listing numerically
equivalent values of resolution is provided.

INTRODUCTION

HE MERGER of electronics and photography

into the corporate function of television recording

has resulted in a unique situation. It is a situation
which is logical and natural, but which, nevertheless,
has caused misunderstandings, delavs, and even ex-
asperation. The problem is simply one wherein two
sciences that have hitherto been comparatively inde-
pendent of each other suddenly find that they define
and describe certain phenomena in terms which are
not identical, but which are similar enough to be
thoroughly confusing,

The ultimate objective of both television and photog-
raphy is the faithful reproduction of an original scene.
But while the beginning and end products are the same,
the medium and methods are widely different. Thus,
it is little wonder that there are few, if anv, existing
experts who are so thoroughly familiar with the termi-
nology and techniques of both sciences that theyv can
point out in advance the areas of confusion or misunder-
standing. This paper will attempt to deal with only
one “area of confusion,” the meaning of picture resolu-
tion as defined by terminology in current use.

GENERAL

The resolving power of a medium or a device is a
measure of the ability of that device to convert, trans-
mit, or reproduce details of the original scene. Detail,
of course, is a “separately considered particular,”!
which contributes to or is part of the whole. A device
which is capable of handling more or finer detail is sajd
to have the greater resolving power and the resulting
picture has more resolution. Lack of picture resolution
not only results in the subordination or complete loss
of parts of the original, but also in a loss of “edge sharp-
ness” which gives the picture a “soft™ or, more cor-
rectly, a diffuse quality. The accepted method of de-
termining resolution is to provide a scale or chart
having calibrated points or steps of increasing fineness
of detail and to determine the point at which the device

* Decimal classification: R383. Original manuscript received by
the Institute, March 28, 1950; revised manuscript receiv:d, October
2, 1950. Sponsored by the IRE Technical Committee on Video Teche
niques and its Subcommittee on Video Utilization.

t Twentieth Century-Fox Film Corporation, New York, N. Y,

' Funk and Wagnalls New College Standard Dictionary.
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under test breaks down in the performance of its func-
tion. The human eyve itself has a certain resolving
capability which is influenced by the portion of the)|
retina being used, the spectral content of the light and |
the absolute value of the light energy, as well as by the |
optical characteristics of the lens. Each technical device |
which precedes the seeing process of the eve hasits own
resolution characteristic and contributes its part to the
degradation of the original scene.

In general, the deterioration contributed by any
physical device is evidenced by a gradual reduction in
contrast ratio with increasing detail until a point is
reached where there is no distinction between two ad-
jacent points which did have some quality of distinction
in the original. Whether this contrast ratio is measured_
in light energy, grains of silver deposit per area, po-
tential difference, or whatever, is immaterial. .\ notable
exception to this gradual deterioration of resolution is
the “sharp cutoff™ voltage amplifier which might main-
tain constant amplification with increasing frequency
(detail) until a certain critical or cutoff point is reached,
and thereafter drop sharply towards zero output.

Comparative physical sizes play a large part in de-
termining the point where “signal attenuation™ begins
to occur. Thus, so-called “aperture size,” or the area
within which there can be no differentiation—such as a
single nerve ending in the eve, the focused scanning
spotin a cathode-ray device, or the grain size in a photo-
graphic emulsion—is a major contributor to the limita-
tion of resolution. But there are many other contribut-
ing causes which do not necessarily deal with physical
size, such as-electrical time constants: aberrations in
optical devices: phase shift in amplifiers; spectral sen-
sitivity' of emulsions, photocathodes, and lenses: and,
unfortunatelv, others.

Today both the photographic and television indus-
tries speak of the absolute limit of resolution as a
measure of picture quality. Actually the evaluation
of quality is so complex that measurement of one of the
contributing factors is not adequate to describe the
end result. Much work has been done and is being done
to determine all of the factors involved .23 In particular,
analytical attention is being given o detail contrast
ratio, random noise, brightness, and tone reproduction,
as well as to limiting resolution. The paragraphs which
follow deal onhy with definitions and conversion factors

2 . - L )
tele \l W. B"l‘l‘f'”' Jr,: Che subjective sharpness of simulated
]?);(\)lsnon images.” Bell Sys. Tech. Jour., vol. 19, p. 563; October,

3 . - . |
svsw(n)\t:('? I!(l(‘ is(l?‘"k'- Il'-(l)e(‘l": Upl;c.xl characteristics of television #
2 S, <L Rer, voll 9, p. S, plo 245, p. 491, 633: Marc N
September, and December, 1948, ! U ARI T R
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for the resolution terminology in current use. The paper
should definitely not be considered as a treatment of the
measure of picture quality.

TERMS

One is likely to assume that the use of the common
term “lines” permits a basis for comparison between
photography and television picture resolution. Such is
not the case. Each industry has independently arrived
at a definition in language best suited to its own meas-
urement technique and, as a result, numerical values
which are not apparently related might refer to the
same degree of “absolute” resolution in a television
picture and in a photograph.

The film industry defines resolution in terms of lines
per millimeter of film surface. Typical test charts are
provided by the National Bureau of Standards (shown
in Fig. 1) and by the American Standards .\ssociation.
Such charts usually consist of a series of blocks or
squares of parallel black lines separated by clear spaces
of the same width. Each block represents a given num-
ber of black lines per millimeter of film surface when
the chart is photographically reproduced on the flm
emulsion. For determining resolution values given in
film specification sheets, the contrast ratio between the
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Fig. 1—National Bureau of Standards test chart.
black lines and the clear spaces on the original chart
is held at 30:1. Incidentally, this is about the highest
value which can be obtained on a printed chart. Trans-
mission type charts, used in some resolution measure-
nents, can provide contrast ratios of 100:1 or 1000:1.
The resolving power of a given ilm emulsion is de-
termined by photographing a test chart using the op-
timum exposure, processing the film by recommended
methods and examining the image under a microscope.
I'he maximum number of black lines per millimeter
just resolved, not lost as an indistinguishable grey mass,
is the value used to indicate the resolving power of
that particular film. In practice, the resolving power
values of commercial films varies from about 55 lines
per millimeter for negative film to as high as 150 lines
per millimeter for fine grain sound recording films.
Of course, the figures given in the above paragraph
do not necessarily represent the end product of film
resolution as seen on the screen of a motion picture
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theater. In February, 1946, a portion of the Television
Committee of the Society of NMotion Picture Engineers
made observations of screen resolution of a special test
film projected in a group of leading New York theaters.
These data were not published because the tests were
not suticiently extensive to permit definite conclusions.
In the words of the Committee report: “The influence
of many individual factors has not been determined,
but it is believed that the results...are broadly
representative of present motion picture practice . . . .”
The conclusion reached in the same report stated: “In
general, it can be concluded from theater projection of
the two test films specially prepared for the use of this
Committee that projection in first run theaters shows
resolution of 28 lines per millimeter on 35-mm flm
where the test object includes pictorial subject matter,
and 40 lines per millimeter where the test card alone
was photographed.”

In the felevision industry picture resolution is usually
measured with the aid of a test pattern, such as the
RMA Resolution Chart 1946. This chart follows the
practice of using horizontal and vertical wedges, rather
than a series of parallel lines. The pattern is composed
of a given number of alternate black-and-white lines
of equal width which continuously converge from the
wide to the narrew end of the wedge. Thus, the chart
is provided with a continuously variable resolution pat-
tern, numerically calibrated by indexing various points
along the wedge. Each black and each white line is
counted as an individual line, whereas in the film in-
dustry each black line only is counted as an individual
line.

The resolution of the television picture is indicated
by a value which represents the limiting number of
black-and-white lines identifiable as such, not lost in an
indistinguishable grey, in a vertical or a horizontal
dimension equivalent to the picture height. For the
purpose of assigning this value, it is assumed that the
resolution of any and every point in the picture is equal
to that observed at the wedge. Such an assumption is,
of course, not true, but it is a convention which pro-
vides a numerical value of resolution accepted through-
out the industry. Degradation at the corners of the
picture sometimes is identified by the term “corner
resolution” and is evaluated by the same process
interpreting the resolution of a wedge located in the
corner in terms of the full dimension of picture height.

It is a common error to confuse the number of
horizontal scanning lines as set by the television stand-
ards with the figure for picture resolution. The tele-
vision standards in this country specify 525 horizontal
scanning lines per picture frame. Only 92 to 95 per cent
of these are active scanning lines, the remainder being
blanked out during the vertical sweep retrace. But
even the remaining 480 some odd lines do not specify
the limit of vertical resolution. There is an additional
loss in vertical resolution inherent in the television dis-
secting process which provides a second factor, even
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when there is perfect interlace of the alternate scanning
fields. This effect is illustrated by integration of those
portions of black-and-white resolution lines within the
width of the scanning line and point-by-point compari-
son of the resulting half-tone with the original.® Fig. 2
plots such information for a range of scanning line fac-
tors, showing the percentage of possible scanning-line-
resolution-line phasing for which the integrated half-
tone will be within 20 per cent of the original. Choice of
a scanning line factor may be a matter of individual
preference, but a value of 0.75 is commonly accepted
and is the value used in the equation included in this
paper.

EFFECT OF SCANNING LINE FACTOR
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Fig. 2—Integration effect of scanning
line width,

Using the above factors, present-dayv standards im-
pose a limitation on vertical resolution of the television
picture of approximately 360 lines.

Television picture resolution, by virtue of common
usage among electronic personnel, has also come to he
identified in terms of bandpass, or maximum pass
frequency of the video circuits. Such usage has meaning
only when applied to horizontal resolution, and then
only if a definite horizontal scanning period is specified.
One cycle of video during active horizontal scanning
represents one dark and one light picture element on a
particular scanning line. The higher the video fre-
quency, the greater number of picture elements that
can be theoretically squeezed into one line. Ideally the
one cyele which supplies the light and the dark picture
element should contain sufficient harmonics to resemble
a square corner pulse; actually, a sinusoidal wave form
is considered sufficient for the limiting condition,
sacrificing “edge sharpness™ between picture elements,
It will be realized that a longer scanning period would
permit more cyeles of video signal to be included in one
scanning line, and thus the valueof horizontal resolution
would be increased. The scanning period is set by the
horizontal scanning frequency, or, by the combination
of picture frames per second and scanning lines per

4 A detailed analysis of the effect of finite scanning apertures can
be found in P. Mertz and F. Gray, “Theory of scanning and its rela-
tion 1o the characteristics of the transmitted signal in telephotogra-
phy and television,” Bell. Sys. Tech. Jour., vol. 8, p. 464; July, 1934,
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frame. Fig. 3 indicates the relationship between video |

bandpass and horizontal resolution for several values of
scanning lines per frame.

It is interesting to note that the video bandpass of
4.5 Mec, the nominal television broadcast standard,
results in a horizontal resolution of approximately 360
lines. Thus, it is seen that the present standards provide
about the same picture resolution in the vertical and
horizontal co-ordinates.
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Fig. 3—Television resolution, frame rate 30/second, vertical blank-
ing. 0.065; horizontal blanking, 0.17; line scanning factor, 0.75.

CONVERSION FACTORs

A. Conzversion of Film Resolution in Lines per Milli-
meter to Television Resolution in Lines
R, = 21I,R,
where
R, =tclevision resolution in lines per picture height
R/ = film resolution in lines per millimeter
{I;=height of standard motion picture projector
aperture in millimeters.
For 35-mm sound film

I, =1525mm

R,=30.5R,.
For 16-mim film

;=721 mm

R,=14.42R,.

B. Conversion of Television Scanning Lines Per Frame
to Lines of Vertical Resolution (Television)
R, = b(al)
where
R =vertical resolution (television) in lines
a =vertical blanking factor
b=line scanning factor
L =total number of scanning lines per
frame.

Substituting present Standards:
a=0.92 min., 0.95 max., 0.935
b=0.75 (representative)

L =525 lines
Ri=0.701L =0.701 %525 =368 lines.

television

average
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C. Conversion of Maximum Video Pass Frequency to
 Lines of Horizontal Resolution (Television)

RM 2_{mnxTh /~|

where
R, = horizontal resolution (television) in lines
fmax = maximum video pass frequency in megacycles
T, =active time (unblanked) of horizontal sweep
in microseconds

1
108 usec
L(F)

where

C =horizontal blanking factor

F, = frames per second (television)

A = television aspect ratio.
Substituting present standards:

max = 4.5 megacycles

C = 0.82 min., 0.84 max., 0.83 average

F, = 30 frames per second

10¢
7, = 0.83 52.7 microseconds
525 X 30
| 43
Then
R = 79 = 356 lines

D. Ceneral Conversion Formulas for Iiquul Resolving
Power Between Film and Television

1. Television scanning lines per frame in terms of
film resolution (required for equal vertical resolution)

2

I (2 dblll/ X R; = H;, X R,

0.935 X 0.75
L = 43.5R,
L = 20.6R,

for 35-mm film

for 16-mm flm.

2. Maxinum video frequency in terms of film resolu-
tion (required for equal horizontal resolution), in §2§-
line, 30-frame television system

A
]lmlx - (C X L XF' X ,l/ X 10 6) R/

( X 525 X 30 X 10-¢ X ll,) R;
3 X0.83

0.386 R, megacycles for 35-mm film

Jmax

0.182R, megacycles for 16-mm film.

3. Maximum video frequency in terms of film resolu-
tion (required for equal horizontal resolution in a 30
frame television picture), if the number of scanning
lines in that picture has been chosen to give equal
vertical resolution

g f -("(211)11 x10°)R°
o CF,\ab ot el !
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24
- ( F, X H* X 10 '“) R/’
abC

funx = 0.032R,* megacycles for 33-mm film
0.00715R,* megacycles for 16-mm film.

The above equations have been applied to several
values of film resolution for both 3S-mm and 16-mm
sound film and the results have been tabulated in Table
| and Table 11, respectively, in the Appendix. These
tables list numerical cequivalent values of resolution
and the corresponding television standards which would
be necessary to realize such a value first, of horizontal
resolution (with §28 scanning lines per television frame,
30 frames per second) and second, of both vertical and
horizontal resolution (with 30 frames per second).

These tables could be interpreted to say that, pro-
vided all other factors affecting picture quality are equal,
a television picture having a limiting resolution of 360
lines (the approximate capabilities of the existing tele
vision the United States) s
equivalent to a 35-mm sound motion picture Alm having
a limiting resolution of about 12 lines per mm; or, to a
16-mm sound motion picture film having a resolution
of about 25 lines per mm. In actual practice ilm reso-
lution having a limiting value of 30 to 40 lines per mm
is not difhicult te achieve. On the other hand, the re-
produced film picture is not able to maintain the
that a reproduced
television picture as detail approaches the limit of
resolution. Some workers in the ficld believe that the
“other factors affecting picture quality”™ mentioned
above mayv eventually he so improved in the television
svstem that existing standards will permit a television
picture quality closcly approximating that of the pres-
ent-dayv 35-mm motion picture film in spite of wide
differences in the limiting value of picture resolution.

It must be emphasized again that the tables in the
Appendix provide numerically equivalent values of
resolution. They do not in themselves permit a com-
parison of picture quality. They in no way indicate the
film resolution that is required when a film is to be
reproduced over a television system or when a television
picture is to be reproduced on film. It is obvious that
when a film is reproduced by a television system, or
vice versa, the end result will contain the defects of
both. For best results, therefore, both svstems should
be operated as close as possible to their limit of perfec-
tion, or, in some cases, be controlled to compensate for
defects or limitations of the other.®

broadcast standard in

contrast ratu can be realized in

SuMMATION

Picture quality and picture resolution are not neces-
sarily synonymous. A\ figure indicating picture resolu-
tion is generally a numerical measure o‘ the limit of

s Charles L. Townsend, “Specifications for motion picture films
intended for television transmission,” Jour. Soc. Mot. Pict. & Telev.
Eng., vol. 55, pp. 147-157; August, 1950.
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detail distinction. Picture quality is a function not only
of the limit of detail distinction, but also of the attenua-
tion characteristic which accompanies the reproduction
of increasing detail, and numerous other factors of
reproduction.

The film industry speaks of resolution as a figure
indicating the maximum number of black lines, sep-
arated by white spaces of equal width, which can be
identified in a dimension equal to one millimeter of film
surface.

TABLE I
35-mm Sound Film

Numerically Equiva-

Minimum Television Standards
lent Values of

Required for This Resolution

Resolution
Film ey e Horizon- Vertically & Horizontally
(lines Television tally*
per mm.) (lines) (video freq.) | (lines/frame)| (video freq.)
90 2740 35 Mc 3900 200 Mc
10 1220 15 1700 51
28 850 11 1200 | 25
17 520 6.5 750 9.3
11 335 4.2 475 3.9

January

The television industry speaks of resolution as a |

figure indicating

black-and-white lines of equal width, which can he
identified in a dimension equal to the picture height,

APPENDIX

The following tables list comparative figures obtained

by applying the equations given above, for a repre-
sentative number of resolution values.
TABLE I
16-mm Sound Film

90 1300 16 Mc 1850 58 Mc

10 580 7.3 820 11

28 100 5.1 580 5.6

17 250 3.1 350 2.1

11 160 2.0 230 0.9

* Provided the standard of 523 scanning lines per frame is re-
tained.

Note: When transcribing ilim to television or television to film
degradation factors of cach system are cumulative. To minimize
over-all degradation, the resolution capabilities of one system should
substantially exceed that of the other. The magnitude of this “safety
factor™ is governed by operational techniques.
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Correction of Defection Defocusing
in Cathode-Ray Tubes*

JENNY E. ROSENTHAL{

Summary—This investigation deals with the problem of minimiz-
ing spot distortion by suitable design of the deflecting plates in a
cathode-ray tube with electrostatic deflection. The treatment is
mathematical throughout. A number of the results obtained may
be applicable to a much wider range of problems. A number of special
design formulas are given which solve the problem satisfactorily.

INTRODUCTION

TTVYHE BEHAVIOR of an electron beam inside a
VI[ cathode-ray tube is well known experimentally.!

It is described very briefly here in order to give a
clear picture of the mathematical problem studied. For
the sake of simplicity, we restrict ourselves to one set
of deflecting plates D’ and D' (see Fig. 1). An clectro-

* Decimal classification: R138.31. Original manuscript received
by the Institute, January 3, 1950; revised manuscript received, June
206, 1950.

A report on the preliminary phases of this work was presented,
American Physi@l Society, Washington, D. C., April 30, 1949,

1 Signal Corps Engineering Laboratories, Fort Monmouth, N. J.

! See, for example, ]. de Gier and A. P. van Rooy, “Improvements
in the construction of cathode ray tubes,” Philips Tech. Rev., vol. 9,
pp- 180-184; June, 1947.

static lens F focuses the electron beam so that in the
absence of a deflecting potential it forms a circular spot
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Fig. 1—Schematic illustration of spot distortion showing clectrostatic

h‘lﬂf F .'lm‘«ll deflecting plates D and D’’. The solid lines represent
I ¢ undeflec ted electron beam while the broken lines show its he-
havior in the presence of the deflecting field.

the maximum number of alternate
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image S on the screen. If we apply to the plate D' a
potential which is negative and to the plate D'’ a po-
tential which is positive with respect to the final anode
potential, then the electrons on the side D’ are retarded
while those on the side D'’ are accelerated. As a result,
“the upper portion of the beam in Fig. 1 is deflected
more than the lower one. This causes a crossover in-
side the beam and a subsequent spreading out. The cir-
cular spot S is distorted to an oval image S’'S”. This is
known as spot distortion.

It is well known that deflection defocusing may be
corrected by suitable circuit design.? However, since the
method requires extra equipment and is thus too cum-
bersome to be of much value in practical applications,
we present here a method for correcting for spot dis-
tortion by suitable plate design exclusively.

GENERAL THEORY

In the mathematical treatment of the problem the fol-
lowing simplified experimental arrangement is assumed
as a first approximation: a monochromatic beam of
parallel electrons leaves the electron gun with a velocity
corresponding to U volts. The electrons enter a system
of two deflecting plates charged to the potentials — Vo
and + Vo, respectively, with reference to the potential
L. The plate system has two planes of symmetry per-
pendicular to each other. The electron beam is also sym-
metrical with respect to one of these planes. The prob-
lem may thus be treated in two dimensions. No addi-
tional restriction is imposed on the shapes of the plates,
which in the two-dimensional problem are referred to
as the deflecting curves. Space charge is neglected. While
the velocity of the electron beam entering the detlect-
ing system depends on the voltage and the shape of the
plates as well as on the potential U, this dependence
will be taken into account only to a first approximation,
all other end effects being disregarded. As shown in a
subsequent paper, fringing cannot be determined by
standard mathematical techniques even for the simplest
case, and the solution given in the literature® for fring-
ing in the parallel-plate problem is incorrect.

The following notation is used (see Fig. 2): The x
axis is the axis of symmetry. The deflecting-curve sys-
tem extends from x=0 to x=1. (The choice of the
projection of the deflecting curves on the x axis as unit
of length is a matter of convenience.) The electron
beam entering the deflecting system is parallel to the x
axis. Its bounding rays intersect the y axis at the points
A and B, respectively. The width of the heamis A B = 2.
\We shall denote by the superscripts 4 and #all quantities
referring to the bounding rays A and B, respectively.
The spacing between the deflecting curves is 2g at

Oand 2hat x=1.

2 W. F. Schreiber, “\ dynamic focus for electrostatic CRT,”
Sylvania Technologist, vol. 2, pp. 16-18; April, 1949.
1. H. Jeans, “The Mathematical Theory of Electricity and Mag-

netism,” Sth ed., Cambridge University Press, London, England,
pp. 274-275; 1941.
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Fig. 2—Diagrammatic cross section of deflecting system in
cathode-ray tube illustrating notation.

Before proceeding with the calculations, we shall
describe qualitatively the behavior of an electron. Inside
the deflecting system it describes a trajectory depend-
ing on the shape of the system and the voltage applied.
After emerging from the deflecting system, it follows
the tangent to its trajectory at the point of emcrgence.
LLet 8 be the angle the tangent makes with the x axis
and let the subscript , denote the value of any quantity
at the point of emergence. The equation of the tangent
18

y=’\'x—1) tan 8 + yi. )]

It the system were designed so as to eliminate spot dis-
tortion, the tangents followed by the bounding elec-
trons 4 and B would be parallel lines. However, as men-
tioned in the introductory statement, they intersect in
general at a point § with the co-ordinates

b 3 =

ys =

1 4+ (y:* — v.8)/(tan g8 — tan B4)

y:® + (xs — 1) tan g5 @

After crossing over at §, the rays diverge until they
impinge upon the screen at the points P4 and P2, respec-
tively. It should be pointed out in this connection that
though the bounding rays intersect at S, all other rays
do not. Nevertheless, the area surrounding S repre-
sents the narrowest portion of the deflected heam.

All calculations are made for an e¢lectron entering the
deflecting system at a point M with ordinate OM =n;
by definition ' =0 and 9# = —o.

The first step toward finding the deflection of the
electrons is to determine the electric field at every
point, i.e., solve Laplace’s equation
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a0
-0 3)
dxr  Jy?
with the boundary conditions V= — Vyand V=4V, at

the upper and lower curves, respectively. Since no refer-
ence was found in the literature to an exact solution
of this problem with arbitrarily shaped curves, the fol-
lowing procedure was devised.

The form of the boundary conditions postulates that
the solution V(x, ¥) of (3) must be an odd function of
y. Itis known that if

*

z=x+ 1y and 2z x— iy,

then any analytic function f(z) as well as f(z*) are solu-
tions of Laplace’s equation.® If the expansion of f(z) in
powers of z involves real constants only, then f(z*) is
the complex conjugate of f(z), f(2) — f(z*) is an odd func-
tion of y and a pure imaginary. If we impose this re-
striction on f(z), then

V(x, 3) = 300]f(2) = /(=) (+)
is a solution of (3) satisfying the boundary conditions

=

+ 1y
over the curves

fG) = f(z*) = + 2i; (5)

the minus sign in the boundary condition corresponds to
the plus sign in (5) and vice versa. The factor »in (4)
is introduced merely as a matter of convenience in alge-
braic computation.

A mathematical investigation is in progress to de-
termine how closely a limited portion of an arbitrar
continuous curve may be approximated by an cquation
of type (5). The approximation should be sutheiently
close for all practical purposes.

It may be interesting to point out that the cquation
for the equipotential curve 1= —7 1 o(—1 <r=<1) has
the form

JG) = f(z*) = 2ir; (6)

its intersection 7 with the y axis is found by solving

Slin) — f(—in) = 2ir. (7)
The cquations for the lines of force have the form
JE&) + f(z*) = 2K (&)

where the constant K is real. Equation (8) is listed
only for the sake of completeness,

To find the trajectory of an clectron after it enters the
deflecting field we have to solve Lagrange's equations of
motion

d%x

al'(x, v
m — e (x, ) =)

de? ax

‘E. T. Whittaker and G. N. Watson, “A Course of Modern
Analysis,” American Ed., The Macmillan Company, New York,
N. Y., p. 390; 1948,
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a(xy)

2
*y _, — 0.
dy

dr

)

m

with V(x, y) given by (4).0

The initial conditions to be satisfied by the solutions
of (9) are found from the following considerations.

If end effects were completely ignored, then the initial
velocity of the electron, i.e., its veloeity at the instant
it cnl(-;'s the deflecting system, would be independent
of the deflecting field. The beam would remain mono-
chromatic. However, since this simplification leads to a
discontinuity in the initial velocity, we replace it by the
following approximation duc to Deserno.®

The effective potential T at any point 7 on the y
axis is given by

U=0U+T0,9=U+3iVo[f(in) — f(—in)]

== [,' _ 7[’0.

(10)

The initial veloeity at that point is found from the rela-

tion

e(U" — rVy). (11)

It s now assumed that the deflecting field does not

Imv? = e T

change the original direction of the electron beam, i.c.,
that the initial velocity given by (1 1) is entirely x-di-
rected. In the absence of any mathematical knowledge
of end effects, we cannot make any improvement on
Deserno’s® approximation,

Let2=0at the instant the electron enters the deflect-
ing system. If x(t) and y(t) are the co-ordinates of the
clectron at the time ¢, then in view of (11), the initial
conditions may be written as follows:

2(0) =0, #0) =p= [(Ze/m)(('—rl/‘.)J”'-’,
¥(0) ¥(0) = 0.

Since r, the ratio of entering-point deflecting potential
to plate potential Vo, is a function of n given by (7), the
clectron entering at any point 7 will enter with a defi-
nite value of v.

The form of (4) for the potential IV indicates the con-
venience of using z and z* as the dependent variables in
place of x and y. With this transformation we find that
(9) is replaced by

(12)

7,

g df(z*
+ I’(’['o f(‘ )
2 (15*

=0 (13)
and its complex conjugate, Henceforth, we shall re-
strict the discussion to the different;
5 as the dependent variable since
sults for z* follow directly.

al equation having
the corresponding re-

AGH .
" I'hus the present treatment is more general than that
"'ll'l}l l(lr Who expands the potential funciion. See R. G. E. Hutter,
(ror:?c )S-QC(‘ltuln) :f Beamis of Charged Particles,” “Advances in Elec-
S, vol. 1, Academic Pre c., New Y Y 3
e ademic Press Inc., New York, N. Y. pp. 167 218:
6P . :
' Deserno, “Deflection of the electron beam and spot distortion

lll:)‘;ls'czlthodc ray tube,” Arch, fur Electrotech., vol. 29, pp. 139-148;

given by

ﬂ

.
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In actual tube operation, the deflection potential Vi,
is small as compared to U. To take advantage of this
fact in solving (13) we introduce

(14)

‘as the new independent variable and substitute for v
the value (12). Thus U is a measure of time, but its
proportionality with time is different for each point of
entry. Thus we obtain

u=u

20 — Vo) Lk + 1% 4f) = 0, (195)
) du? dz*
or letting
1W,/U =3, (16)
the final form of the equation
, dz . df(z*) 2
-1—2r6,-d—u—2-+16 T =0 (17)
with
2(0) = in, (dz) =1 (18)
di/ u—o

as the boundary conditions. The solution of this equa-
tion involves as parameters the ratio r of entering-point
deflecting potential to plate potential Vy and the ratio
25 of plate potential Vi, to beam voltage U. The first
parameter is fixed for any particular electron, while the
second one is a constant for any given problem.

Since & is a small quantity, z may be expanded in
powers of 6 as follows:

z = zo(1) + i 87z2.(2) (19)

Here z,(x) is the solution of the problem in the absence
of deflecting potential. To satisfy boundary conditions
(18) we must have

Zn

o, ' d
u+ in, 2 8"2.(0) = 0, Za-( > =0. (20)
it du /) u=o

el

As is customary in perturbation calculations, we as-
sume that conditions (20) hold independently for every
power of &, i.c., that

Zn

d
z,(0) = 0, ( ) 0, (n 1,2«
du /o

The solution of the differential equation (17) is obtained
by substituting expansion (19) for z in the differential
cquation and cquating successive powers of 6 to 0. In
order to be able to carry it out we must write
df(z*)/dz* also as a series in powers of 8. This is done
by means of a Taylor's expansion in the neighborhood of
2* —2.%. Since z,* differs from u only by an additive
constant, d/dz,* may be replaced by d/du so that the
expansion is written as

(21)
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df(z* df(zo* 2f(zo*
dz* du du®
+ 5 [; o 1)

dud

, 4Y(z0*)
22 du? ] (22)

Setting the coefficients of various powers of & equal to
zero gives rise to the following equations:

d?z, n df(z0") 4 o
1 =
du? du (23)
and
d?z, d*z, d%f(z0*)
== : 12,* — = 0. 24
B - D T g2 (24)

We stop at the second-order approximation since the
neglect of space charge and end effects makes a third-
order calculation meaningless in our case. However, in
general, the method can be carried to as many approxi-
mations as desired.

As shown by the forms of (23) and (24), the prohlem
of solving the complicated differential equation (13) has
been reduced to the problem of carrying out integra-
tions. Thus the first integral of (23) is

(11 v 8 0*/
dzl,‘ = - if . f[(;‘ du = — if(zo*) + if(—in) (25)

and
2, = tuf(—in) — i { Sf(zo*)dune. (26)
Jo

Similarly after replacing 2ir by its value (6) we obtain
as the first integral of (24)

dz, df(zo*
dz = f(—in)[f(z0*) — f(—in)] — wf(in) 4t
I du
= df((;‘*"j;"f(zo)du - fouf(zo) ij%tz du, (27)
and after further integration
o= J(—in) [ faat)du = wpi(= i)
— f(in) [uf(zo*) — fuf(zo*)du]
= (28)

+ /6 [ e~ [ " feo)f(zo")d

- [ f e R ]

This completes the determination of the clectron trajec-
tory inside the deflecting plate system. The electron
emerges from the deflecting system at x = 1; the tan-
gent to its trajectory at that point is determined by

tan 8 = (dy/dx) 1. (29)
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In terms of the variables u, z, and 2* we may write

<(1y dx)
du/ du/ .,

‘[d(z* - z)/d(z* + z)]
: du du et

1 5J (I(Z}:_ Z])ﬁ 5 [ (1(22* - Zz)

tan 8

= —1
2 l du du
- l d(z* + z:) d(z* — z:)]( (30)
2 du du f umug

where u, by definition is the value of corresponding to
x=1. To find u; we therefore solve the equation

x(ui) = Hz() + 2*(uy) | (31)

which can be done by Newton’s method to any desired
degree of approximation. Since tan B contains no terms
independent of 8, and since we are only interested in
getting the final answer to the order 0%, we need find u,
only to the order 8. Thus (31) simplifics to
2(ur) = wp + 36(z:(202) + )] = 1 (32)
so that
we=1— 35[z(1) + z2i*(1) ). (33)

After all the operations indicated have been performed,
the final answer takes the form

tan B = — 3[/(1 + in) + J(1 = in) — f(in) — f(—in)]
+ 5"5’{f’(— in) = f*(in) + f2(1 + in)
=L = i)+ [+ i) = (1 = iy
'[j:U““+fm”“"—KM)—ﬂ—mJ

42 fo du [f(zo) ffvf;;"f)

(lf(Zoz 1
] i (34)

— f(z0%)
Similarly

v =1+ %i&[z,*(zu) — ni(u) + 3id2[s,*(1) — z2(1) ]

1+ 38 {f(”?) 4 f(—in) — f [/(z0) + f(:o*)]rlu}

du

+ 1f5’{f’(—fn) — [¥(in)
Ui+ f= ] [ 1) = faet) i
! df(z0*) . ACo)*
+ 2]; (1 —u) l:f(zo) dn — f(z0*) » ](lu
+ [f(1 + in) — (1 — ip)] [f (/o) + f(z*) |due

= f(im) —f(—fn)]} . (35)
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Since 7 is a small quantity, (34) and (35) may be ex-
panded in powers of 7 with only the first few powers be-
ing retained. This gives

tanB = — 8l /(1) = In2[f7(1) — /()]
+ (/29[ (1) = o))

v 1 ]
s {f"(n j f(uydu + 2 f P )du

+ .'»,772,:3_/'(“)]"(”) — 11/°(1)f"(1)

+ 370)/7(1) 4 3£7(1) ()

- [ [f7 (1) f@u) — 8]"’(1;)](111]: . (36)
Jo

Similarly

w=n-s f o+ B l0) — ) +f'<0>J}
= & 100 (1) ~ G3/2200)
+f (201 = 060 + 1))

- én*[wtf’(“)f”(”) + 3(77(O0) + s(1)(1)

= 3(MIO) + 6/7() = 3O — 370)

+ j; [f"'(l)f(u) — 8(1 — u)f"’(u)]du]} . (37)
Combining (2), (36), and (37) we obtain the expres-

sions for the co-ordinates of the point of intersection of
the bounding rays

s=t=wa =~ dira) < apay

+ ‘/; (201 - w) [ (1) + S () (1) J(lu}
9= [ L7 (/G)) + 277 0) Lt

+ 2.02-{8/’(0)_/”(0) = 1/ (1)
+ 3O + S|

1
- j:' L7 () f(u) — 8 "¥(u) ](lu} (38)

where all terms of the order of o2 ap( hig
numerator and all terms of order of g4
the denominator have been neg
tions,

her in the
and higher in
lected as small correc-

I'he larger the value of xs,the smaller the

. . ” . : spot distor-
ton. Since 2 is a small quantity,

I l - Xs can be made large
W choosing f(1) so that the first term in the de-
nominator vanishes, i.c.,

»
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f [ (1)f() + 277 Jdu = o. (39)

It may be shown (e.g., by direct substitution) that the
solution of this equation can be put in the form

f(u) = F(u) + Au (40)

where F(u) is any analytic function of u subject only
to the restriction stated below, while 4 is a root of the
quadratic equation

247 + A[4F(1) + H(1)]

+ fl [F"(1)F(u) + 2F"(w)]du = 0. (41)

Since f(u) is assumed to be a real function, F(u) must
be chosen so that the roots of (41) are real.”

It is possible (in principle at least) to select F(u) so
that the factor multiplying ¢* in the denominator of
(38) should vanish making the term in ¢* previously
ignored as a small correction, the leading term. This
choice of F(u) would make xs infinite for all practical
purposes. However, as far as tube design is concerned,
complete elimination of spot distortion is of little value
if it is accompanied by a marked reduction in the mag-
nitude of the deflection. The deflection of the central
ray (n=0), which can serve as a measure of the de-
flecting power of the system, is

tan g° = — &f(1). (42)
The optimum solution of the design problem would
minimize spot distortion without markedly reducing
ing the deflection obtained in a standard tube.

In the following section some special solutions are
discussed which accomplish this purpose satisfactorily.

DEsIGN DaTta

In selecting specific plate designs conforming to con-
ditions (40) and (41) for minimizing spot distortion,
the main problem is to obtain a large deflection while
preventing the clectron beam from hitting the plates.

In the examples presented below we make the follow-
ing assumptions, consistent with standard tube prac-
tice as exemplified, for example, by the 71P4;

1. We let §=0.025, i.e., for an anode potential of
U =06,000 volts the deflecting potentials on the two
plates would be + 300 volts.

2. With the length of the deflecting space set at
unity, the half width of the beam is chosen as a=0.02.
In the 7]JP4 the length of the deflecting space is 3 ¢m
s that our numerical results for length should be multi-
plied by 3 to reduce them to the same scale. Consider

1 For a more com‘!)lclc treatment of the iqlt-urul equation problem,
see |. . Rosenthal, The solution of a certain general type of integral
equation,” Proc. Nat. Acad. Sci., vol. 36, p. 267; April, 1950,
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now the special function

f(z) = Ciz — Caz®., 43)

The constants in it are determined from the following
simple considerations: The smallest spacing between
the plates which will allow the deflected beam to clear
the plates is g =0.055; furthermore, condition (39) gives
Cs/C,=0.406. The corresponding values for B° and xg
are

ge = 15°7 xg = 2.8 X 104,

Thus this particular design gives a good value for the
deflection while completely eliminating spot distortion.

Another simple design which leads to good results is
based on the function

f(z) = Ciz — Cyz? (49)

where the conditions for minimum spot distortion and
maximum deflection consistent with keeping the elec-
tron beam from impinging on the plates require that

Cy/Cy=0.240 g = 0.076.
The resulting values for ° and xs are
g =14 xg = 1.6 X 104

The actual curves corresponding to functions (43) and
(44) are shown in Fig. 3.

L) .836
as
5h
.399
3tk
076 I
055" . . .
0 2 4 6 8 1.00

Fig. 3—Plate designs which minimize spot distortion. The heavy
curve corresponds 10 a two-term cubic design function and the
lighter curve to a two-term quartic.

1t is expected that the results obtained can be im-
proved by introducing more terms in the expressions
for the design functions, such as f(z) = Ciz+ Ci?— Ciz?,
or other simple polynomials.

ACKNOWLEDGMENT

In conclusion, the author wishes to thank L J. IEpstein
for checking the formulas and performing the numerical
calculations in this paper.




16

PROCEEDINGS OF THE I.K.E.

Progress in Development of Test Oscillators
for Crystal Units®
L. F. KOERNERT, ASSOCIATE, IRE

This paper is published with the approval of the IRE Professional Group on [nstrumentation

and has been secured through the co-operation of that Group.

Summary—Early crystal unit test oscillators as conceived some
20 years ago were principally duplicates of the actual equipment in
which the crystal units were to be utilized, a practice which resulted
in a large variety of test circuits and procedures for testing. It is now
recognized that a knowledge of the equivalent electrical elements
making up the crystal unit is essential to the circuit engineer, and
that the older conception of frequency and activity, the latter being
an attempt to express the quality of a crystal unit in terms of a par-
icular oscillator circuit, do not define adequately its characteristics.
The equivalent electrical circuit of the crystal unit contains essen-
ially a resistance, an inductance, and 2 capacitances, which together
with frequency define the performance of the unit. Crystal units are
available in the frequency range from about 1,000 cycles to over
100 Mc. Their resistance range may vary from less than 10 ohms to
over 150,000 ohms, the inductance from a few millihenries to nearly
100,000 henries and the capacitances from about 0.001 uuf to 50 ..f.
Modern test oscillators, with frequency and capacitance measuring
apparatus as auxiliary equipment, will measure these quantities with
accuracies sufficient to meet present needs. The transmission meas-
uring circuit also is described and is proposed as the standard refer-
ence circuit for comparison with the test oscillators.

I. INTRODUCTION

VINCE TS ADVENT about twenty vears ago, the
quartz crvstab unit has become a tamiliar compo-
nent part of clectrical circuits Tt has moade avanla-

ble to the engineer an electncal network, phyacaliy
small and possessing properties which hve been tound
to be quite umque in the realm of frequency control
The crvstal clock as the ulumate in precse tmehe ping
has onlv recently been challenged  The extensive uw of
crystals as o prinapal means of controlling the e

quency of osallator circurts id i filter networks i< well
known,

Hundreds ot vancties ot crvstal units have beon

manutactured, and the demand has been so great th
litde time has ban spared to simplity and <tand iz
therr testing proccdure. Adequate arcuts for tosting
filter crystals have existed tor some time, as the nature
of the use of a aystal in tlter circuits necessitates
knowledge of the fundamental elements of the (rvatal
network. As tor osallator crystals, however, the engi-
neer has had hittle interestin these properties A long

as the erystal held the frequency to within his desired

* Decimal classification: R355.911.41 X R214.211. Original many-
script recenved by the Institute, Mav 25, 1950, )
t Bell Telephone Laboratories, Inc., Murray Hill, N J.

tolerance and could be utilized in the partcular oscilla-
tor circuit at hand, the design engineer was satished. As
a result, the oscillator cry<tals were calibrated ina large
variety of test dircunts, ~some of which were either
cquivalent circuits or were samples of the actual equip-
ment in which eventually they were to be used. Perhaps
the all-ime high tor the latter was the calibration of
some 10 milhon ry <tal unit~ manutactured during the
war for use in two transmittcrs, one being a tank radio
transmitter and the other of <innlar desien tor held ar-
tllery communication. Fhese crvstals were tested ten at
a4 time i either one or the othor of thesc transmitters
and in the process several tansmittors of Cach 0 pe were
worn out

It was during the past war thit hret attempts were
made to standardize testing procedurc tor crvstal units
It i the purpose of this paper to rovicn ~ome of the
features of the carlier test set~ and 1o dew ribe <ome of

the more recent desddopmaonts of test osOllator design

Il Tur Crysta Ut

Btore going into the detuls of crvat sl testing pro-
cedure, 1t may be well to oximime bricty <ome of the
charactenstucs of a crvstal Tt s of o prticular intent
to desarbe the large varcty of crveg unit~ which have
been muanufctured and arc i producton todav T, 1
shows ascrics of arvstal umits de~ _ned b the Bell T ele-
phonc Taboratorics and bang monut o tured,
by the Western | lectnne « ompany

i part,
Phev conver the fre-
quaney rangc rom ahout 1000 (vcles s llustrated by
the 20 <etics to 100 V¢ as hustrited by the
Lhe 200 <eres the

330,000 cvedes, the 21 and 26w -

I8 series
1.000 to
16,000 (v (les to
about 3 Mo and the 22 and 27 <o« 200 ke to 15 Ve,
The 25 series are similar 1o the 20 ~crics but
usc an hltor networks,

CoONCrS Irequency range

.|(l.|plctl for

A of these umits may b e presentad dlectrcally by a
simple nawork ot bag 20 which the
cquivalont network of o Uit consisting of a
parallel circuit of resistance R, indud tan . L. nd capaci-

~hows tanuliar

crystal

tance Can series, shunted with o conds n~r ' 1he re-

4 il quartz plate as a
shown wrphically below the
: With a crvstal plate of the di-
menstons shown i the gure, and with the two major

actiunce and resistance of
funcuon ot frequency are
st h('nl.lli(‘ of the ervstal.
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53 REACTANCE EFFECTIVE RESISTANCE
CRYSTAL UNIT SERIES g—v——*I:J.' T T T T T 111
100 MC |
- — | i 1
« 1
Ml =
oM< B T
! H ™ & o
o, $»
. “ '\
@ .
2 . -
mmm ]2
1ME Z ] 1 T
o _‘\
h FUNDAMENTAL AT MODE
3RD OVERTONE AT MODE
10QK€- > ‘
] 5TH OVEPTONE AT MOOE
£ 1Th OVERTONﬁlAT MODE
9T GVERTONE AT MOOE
| ]
Ll | | L]
10KC = 3 ‘7 ) o i
I Fig. 2—he equivalent electrical network and
3 characteristics of a crystal unit.
L the values of L, C, and R differ. In the example shown,
Jg—— only Co, the static capacitance of the plate operating as
\ 5 a condenser, remains relatively the same, although it
may differ due to the use of different electrode sizes for
Fig. 1-—A series of crystal units in the frequency range 1,000 cycles  different modes of vibration.

to 100 Mc. Note: The indicated frequency range of each series
is subject to revision and may not cover completely that shown
above.

surfaces having electrodes suitably connected to a fre-
quency scanning circuit, responses equivalent to abrupt
reactance and resistance changes will occur. No attempt
has been made to show all the possible responses but
only those useful to the filter and oscillator design engi-
neer. The chart is not drawn to scale, since the regions
of abrupt reactance and resistance changes would be
included in approximately the thickness of the line.

The first mode of vibration the CT mode, is a face
shear mode, the frequency being a function of the
length and width of the crystal plate. The terms AT and
CT are used rather loosely here; more correctly these
modes define certain angles of cut which obtain low
temperature coefficients of frequency. Thus a crystal
unit oriented for the CT mode would not be exactly
oriented for the AT mode, although the two angles are
within a few degrees of each other. Between the CT and
AT modes are overtones of the CT" mode, which are not
in general use at the present time. The overtone modes
of the AT cut however have been found to be valuable
in the manufacture of crystal units operating above
15 Mec.

The principal purposes of this figure are first to show
the large number of modes of vibration of a single piece
of quartz and secondly to point out that for each mode,

The engineer usually is interested in one particular
mode of vibration and may easily design his circuits to
reject the others. His next problem is to decide at what
point on the reactance curve he wishes to operate the
crystal. Two conditions of operation have become al-
most universal, one at the point where the reactance is
zero, and the other at some point where the reactance of
the crystal is positive.

Under the first condition, the crystal is said to be
operated under the condition of series resonance and the
frequency of operation is closely equal to

1
2/ LC
The other condition of operation is called the positive
reactance condition; the reactance of the crystal is in-
ductive and equal in magnitude to that of a condenser
Cr which may be connected in series with or in parallel
with it.

The oscillator engineer is interested in the resistance
and the frequency at which the crystal is at series reso-
nance, if the crystal is to operate near series resonance,
or the effective resistance and frequency of the crystal
when operated either in series with or shunted by a con-
denser. The filter engineer may be interested in the
inductance and the capacitances of the condensers C and
Co, in addition to the resistance and series-resonance
frequency.
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[t is therefore important that the crystal test set he |
capable of furnishing cither directly or indirectly these
data, and therefore the magnitudes of the crystal pa
rameters are of great importance to the design of ¢rystal
test equipment.

IFig. 3 is a chart showing the frequency and resistance
range of some typical erystal units. The range of re-

100000H

1I0000H

1000H

100000

Q0H

10000

INDUCTANCE
10H

RESISTANCE R, OHMS
1000

100

H
I

IH
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Fig, 3—The resistance R of typical crystal units.
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sistance is such that it may vary from less than 1 ohm (o
over 100,000 ohms, and the frequency from about 1 Ke
to 100 Mec. Fig. 4 shows the inductance of a similar
series of crystal units. With inductances of these magni-
tudes and with the corresponding resistances shown in
Fig. 3, the Q of the crystal units may vary from about
5,000 to several million. These values of resistance and
inductance are real quantities and may be determined ”«%}(l
from measurement in bridge and other test circuits.
Fig. § shows the range of the capacitances C and C,. ~47
The latter may be measured with a capacitance bridge.
Cis usually determined in terms of a ratio with respect
to Co. This ratio may be found by two relatively simple
frequency measurements and a capacitance measure-
ment of Co.

But few of these data were available to the manu- ; | o7
facturer of the carly oscillator crystal units and the
crystals were tested principally in duplicates of the cir-

MILH

|

- IKC 10KC 100KC IMC tOMC 100MC
FREQUENCY
Fig. 4—The inductance 7, of typical crystal units.
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cuits in which they were ultimately 1o be used., 5 i
(&)
' 1
ITI. AN EArLY CRYSTAL TEST SET 5
1. AN LY CRYST } I 5l J L
. . 3 X O0KC ™ OMC 100 v
It may be of interest to describe a crystal test set FREGUENCaC ! I
utilized to calibrate crystals for the first crystal-con- Fig. 5 The capacitances Cand Co of typical T

trolted Western Electric Broadceast Transmitters manu-
factured in 1928, and some of the carly attempts to - well-known Miller circuit reduced to its essentials, The
standardize testing procedure by that company and the oscillator tube was a 50-watt hlamentary triode which
. . . . : , ‘
Bell Telephone [‘;,},(,ra[(,ncst Inc. o while not worked to its full capacity, operated the erys-
Iig. 6 shows the schematic of the circnit used both tal at considerably higher potentials than is the custom

for testing crystals and in the transmitter itself. It is the today. In the original design, X-cut crvstals  were
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utilized and the final frequency adjustment was made
by changing the operating temperature of the oven. It
was not until scveral vears later that an auxiliary con-
denser was added in shunt with the crystal in order that
its frequency could more casily be varied. The tolerance
‘for broadcast stations at that time was +3500 cycles, but
since this was before the advent of the low temperature-
coefficient crystal, and frequency changes up to 100
cveles per megacycle per degree had to be contended
with, the calibration and adjustment of the crystals was
somewhat difficult. There was an operating level re-
quircment in terms of oscillator grid current, which was
defined by the minimum drive on the following radio-
frequency amplifier. Physically, the test sct was the
complete oscillator section of the transmitter.

TO HEAT
CONTROL
CIRCUIT

1

+8 =

FIL
Fig. 6—\n carly crystal test circuit.

For the next 12 years, crystal specifications were
wr tten around test circuits which were cither simple
circuit boards containing the essential oscillator com-
ponents or complete oscillator sections of transmitters or
receivers. Some of the test sets also contained elaborate
ovens and took up considerable hench space. It was not
until 1940 that one of the first attempts was made to
standardize crystal testing procedure.

A. D-152153 Crystal Unit Test Set

The circurt of the early test set is shown in Fig. 7 and
is again the Miller circuit. It contained several coils, a
plate-tuning condenser and an adjustable condenser in
shunt with the crystal unit. The useful frequency range
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Fig. 7—The 1-152153 crystal unit test set circuit.

was from about 500 ke to 15 Me. The operation of this
oscillator was based upon the adjustment of the con-
denser Cr, so that the erystal unit could be operated at
the same frequency as in certain transmitters and re-
ceivers being manufactured at that time. In this respect,
the oscillator was found to be quite satisfactory, and if
the capacitance looking into the grid of the tube of the
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test set was made equal to the capacitance looking into
the grid of the tube in which the crystal was to be used,
good frequency correlation was obtained. The effect of
the tube input capacitance variation with the tuning of
the LC circuit was minimized by detuning this circuit
on the positive reactance side.

The next step in the use of the test set was to correlate
the test-oscillator grid current against the requirements
of the crystal units when operated in various transmit-
ters and receivers. From these data, taken with hun-
dreds of crystals, a series of curves of frequency and
grid current was obtained which were a compromise be-
tween good engincering practice and the ability of the
crystal to operate satisfactorily in its destined equip-
ment. This grid current was later defined as activity.

It was found almost immediately, upon starting a
study of operation level, that some means had to be
provided to assure the user of the test set that its char-
acteristics had not changed during the collection of the
data and that worn-out tubes and parts could be re-
placed without changing the oscillator’s original operat-
ing conditions. This was accomplished with a series of
coils which could be inserted in place of the crystal.
They allowed adjustments to be made and tubes to be
replaced without changing the over-all operation of the
test from that originally conceived.

This oscillator, which was the forerunner of an Army
test set known familiarly as the TSM-1, has performed
well and is still being utilized in many crystal shops. It
is of interest to note that the quality levels established
by shop practice some six or seven years ago by more or
less empirical means, when translated into equivalent
¢ffective resistance, are practically the same levels w hich
are in use today.

In light of the present methods of specifying crystal
characteristics in terms of effective resistance and fre-
quency, the oscillator leaves much to be desired. In spite
of the alignment coils, the oscillators have to be made
mechanically identical to compare closely with cach
other, and tubes have to be selected with considerable
care. The newer test sets do not have these objections
and also permit the more fundamental measurements of
sceries-resonance frequency and resistance and induct-
ance.

B. Adaptions of the Pierce Circuil

The simple Picrce oscillator circuit of Fig. 8(a) was
adapted for test oscillators during the war in several test
sets. It had the same disadvantages of the TSM-1,
namely, difficulty in maintenance of arbitrary per-
formance levels. Fig. 8(h) is an adaption of the Pierce
circuit for CT and DT erystal units in the range of 200
to 1,000 ke. This test set, the TS-221/TM, was a war
project designed primarily for five varieties of crystal
units, two of which were in large production for use
in tank and field artillery transmitters, The test set was
finished about the time the war ended and did not see
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Fig. 8—Variations of the Pierce crystal oscillator circuit.

service in the shop. It was also furnished with coils for
alignment purposes. These test sets do now measure the
clectrical characteristics of the crystals and it is ex-
pected that thev will eventually be replaced by the
newer equipments. However, a modified version of the
Prerce circuit has been adapted to a series of wire-
mounted erystals. This oscillator will be described later.

C. Transmisston Circuils

Electrical filters were in existence many years previ-
ous to 1928 and circuits were available for the measure-
ment of their characteristics. Iig. 9(a) shows a typical
sctup. The highest oscillator frequency used in early
filter measurements was about 100 ke, and the majority
of the filters and early crystal filters operated helow this
frequency. It was natural that with the advent of ervstal
filters around 1929 that the transmission circuits would
be utilized. Early crvstal characteristics were obtained
from a simple version of transmission circuit shown in
Iig. 9(b). The crystal network was a combination of 4
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AMPLIFIER‘

[oscmuw& ﬂﬁ FILTER J:E”TENUATOR‘

(a)

Mw_rﬂ L |
j DETECTOR
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OSCILLATOR

| —

o
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Fig. 9—(a) Filter transmission test circuit.
(b) Crystal transmission test circuit.

resistors, two shunting either side of the crystal to
ground and the other two isolating the crystal from the
rest of the circuit. With relatively simple precautions as
to the size of these resistors, nearly all the characteris-
tics of the cryvstal could be obtained from this circuit.
The capabilities of the simple resistance network of the
transmission-measuring circuit were not realized in test
circuits in the carly davs of oscillator cryvstal manu-
facture but have been made a part of some of the more
recent test oscillators. Oscillators were available in 1937
for the measurement of filter erystals, but they furnished
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relative frequency and resistance values obtained during
I'he principal

temperature tests of the crystal units.

filter crvstal characteristics were obtained from trans-

nussion-hne measurement,

D. Performance-Index Meler

In 1944 one of the first instruments designed to meas-

ure the fundamental properties of erystal units was de-
veloped. Ifrom this instrument is obtained
merit defined as the performance index, or the Pl of the
ervstal unit. This quantity, expressed in ohms, is the
impedance of the eryvstal unit when shunted with a con-
denser Cp at the frequency where the reactance of Cris
equal to positive reactance of the erystal. If the effective
resistance of the ervstal unit under these conditions is
R., the equation of PPl hecomes that shown in Fig. 10(a).
The quantity PPLis analogous with the shunt impedance
or Qwl. ot a coil and condenser, and may be used as such
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o
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Fig. 10 —The performance index (I'1) meter cirenit.
i 1 )
@ Pl=Qul, =" - 1 ¢ ¢
R. WO r 2afl(Co 4 Cr)2
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E CpC
() pL = = S8
e Cr%m

The PI meter cireuit
i a simplified form is shown in Fig. 10(1).

in the design of oscillator circuits.
It is quite
similar to the circuit of the Q meter, which measures Qin
terms of a voltage ratio. The PI meter measures the
quantity Pl in the s manner, as is shown by the
simplified formula, and the value of 'l m; 1y be obtained
directly from a calibrated dial. Details of this meter are
available in technical journals and will not be deseribed
further here.

same

The PI meter is relatively expensive to manufacture
as compared to other crystal test apparatus and its
operation is somewhat involved. Tt is more suitable for
laboratory use than for shop use, but is, however, an
excellent standard of reference for crystals operating
under positive reactance conditions and is extremely
useful in checking the performance of many test oscilla-

tors and other crvstal circuits,

January
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IV. MobpERN CRrYSTAL TEST OSCILLATORS
1. Crystal-Impedance Meter

Fig. 11(a) shows the circuit for a new series of test sets
vhich have recently been made available to the indus-
Ty, and are versions of the crystal impedance (CI)
neter developed by the Frequency Control Branch,
squier Signal Laboratory, at Fort Monmouth, N. J.
[wo meters, one having the frequency range 76 to
1,110 kc, and the other having the frequency range 0.82
-0 15 Mc are in current production by the Lavoie Labo-
-atories, Morganville, N. J. They are essentially oscil-
ators with a crystal network containing a built-in series
-apacitance Cr and decade resistances. The series-
-esonance resistance and frequency and the effective re-
sistance and frequency of crystal units operating under
positive resistances may be measured. Fig. 11(b) is an
axpression for the loop gain of the circuit, and for oscilla-

I
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Fig. 11—The crystal impedance (Cl) meter circuit.

tion E/e=1. In operation the crystal is switched in the
circuit, the two LC circuits being tuned near maximum
grid current. The crystal is then switched out, the
decade resistance section is switched in and is adjusted
until an equivalent grid current has been obtained. This
resistance will be the series-resonance resistance R of the
crystal if there is no condenser in series with the crystal,
or the effective resistance R, of the crystal if it has the
capacitance CT in scries with it. The 1.C circuits are
then readjusted to obtain the erystal frequency. The
resistance is then replaced by the crystal and the cor-
rect crystal frequency may be measured.

The sensitivity of the oscillator to resistance changes
varies with frequency. At the high-frequency end of the
oscillator the right-hand portion of the denominator is
predominant, making the meter sensitive to low values
of crystal resistance. At the low-frequency end of the
oscillator the left side of the denominator predominates,
making the meter more sensitive to changes in higher
values of effective resistance. The resistance of the crys-
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tal units in general vary in a similar manner and there-
fore a satisfactory measurement of resistance may be
obtained for most purposes.

The two CI meters represent a great advance in crys-
tal test set design. Their accuracy as compared to bridge
and transmission circuit measurements is about § cycles
per Mc for frequency and 10 per cent for resistance and
inductance, provided precautions are taken with re-
gard to the current through the crystal.

In common with perhaps almost all vibrating devices,
the operation of a crystal unit is affected in varying de-
grees by the amplitude of motion. This is a function of
crystal current, and affects both the resistance and fre-
quency of the unit and is independent of changes due to
internal heating. Some crystal units using AT- and BT-
cut quartz plates are not greatly affected with currents
up to several milliamperes. This is not true, however, of
some of the wire-mounted, low-frequency crystal units
where frequency variations with a current of 1 ma may
be excessive when compared with lower values. In some
cases the resistance of the unit may double over a rela-
tively small change in current. Development is in prog-
ress to reduce these variations and it is hoped that
eventually the wire-mounted crystal units will be as free
from this undesirable characteristic as some of the
higher-frequency erystal units. In the meantime, it will
be necessary to define rather exactly the crystal current
if consistent resistance and frequency measurements are
to be obtained.

To bridge the gap between the present and the time
when more stable crystal units will be available, a spe-
cial oscillator has been developed which is a satisfactory
test circuit and at the same time a good “use” circuit.
(Crystal current conditions may therefore be the same in
use as in calibration.

B. The Positive Reactance Test Oscillator

The oscillator of Fig. 12 is being utilized to test a
series of wire-mounted crystal units in the range 10 to
1,000 kc. All of the units operate under a nominal posi-
tive reactance condition equivalent to 20 uuf in scries
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Fig. 12—A positive reactance test oscillator circuit,
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with the crystal. As a “use” circuit, the adjustment of
the condenser C; allows sufficient frequency variation to
take up manufacturing variations of about + 0.004 per
cent and if the crystals are manufactured within that
tolerance, they may be set on exact frequency. A rela-
tively constant output voltage of approximately 4 volts
is available across the condenser Cy. The oscillator is
made up in 12 fixed frequency bands with no tuning
within cach band except for the LG circuits, which are
adjusted to a designated frequency. Their purpose is to
prevent the crystal units from operating at undesired
overtone frequencies. Each band covers a range of fre-
quency cquivalent to the ratio 1.6 to 1. As a standard
oscillator the circuit is relatively simple to set up. The
condenser C; may be adjusted with sufficient accuracy
with a capacitance bridge. The condenser C, may be any
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10-per cent capacitor. The LC; circuits are adjusted to a
specified frequency by shorting the crystal socket and
condenser C and allowing the circuit to oscillate as an
electric oscillator. Fig. 12 shows the expression for the
loop gain of the oscillator, and Z/e=1 for oscillati(m..
Since the loop gain is proportional to PI, the other cir-
cuit elements being constant, the oscillator grid current
is closely proportional to PL. The adjustment of con-
denser Ce is obtained by inserting in the crystal socket
an alingment coil. This coil has previously been cali-
brated and adjusted to have a PPl equal to that of a
minimum-quality crystal at its designated frequency,
Fig. 13 shows the construction and the method of
testing a series of alignment coils. By means of the LC
circuit, a positive reactance equivalent to that of the
operating capacitance Cr may be obtained. This coil is
the equivalent of a crystal unit in so far as its reactance
and resistance are equivalent and it therefore fulfills its
purpose in the oscillator. It is adjusted in the transmis-
sion circuit and used in the oscillator circuit under two
conditions. It is first adjusted for maximum transmis-
sion in the transmission circuit at a designated fre-~
quency by varying the capacitance C. The resistance R
is shorted for this measurement. The coil is used in the
oscillator with the resistor R shorted, and the oscillator
capacitance G is adjusted to obtain the designated coil
frequency. This adjustment therefore correlates the
condenser Cy. The coil is also adjusted in the transmis-
sion circuit to have an over-all effective resistance R,

Coil |catibra-

lﬁ_‘;{g’ S‘;‘(: Osc}; l‘l)ar tor E'iu? r" gﬁﬁf ta )3 L* R, c R
oo e T | G LB Gl apires s
ber an: in mua (ohms)
1 13 10-156 50 1,870,000 S00 200,000 304} 200 000
2 20 1625 50 KOO,0M0 191 | 200,000 300 | 200000
3032 25-40 50 | 310,000 07 2000000 | 350 | 200,000
4 | 50| 20625 5o 130,000 23 200,000 400 | 200 000
5 | 80 (62.5-100 50 56,000 9 180,000 400 | 180000
[ K0 62.5-100 20 280,000 93 36,000 20 20,000
7130 100-160 200 170,000 28 22.000 30 16,000
8 200 [ 160-250 | 20 N5,000 8 13,000 60 10,000
9 | 320 | 250-400 20 70,000 | 3 g o00 | go 4,000
10 200 | 160-250 25 250,000 10 4500 | 0 3,000
11 320 | 250300 25 96,000 4 6500 40 | 3.000
12520 400-640 20 41,000 1 5,700 | 8o 3,000
13 830  6a0.1.025 15 18,500 | 0.25 S 000 | 120 3,000

* Minimum Q=20.

Fig. 13— Standard coils for the positive reactance test oscillator.

Note: 1. Reactance coils are for the alignment of oscillator for frec
tor’s crystal socket as a switch which either shorts R for frequency adjustnient (position F) or allows R to be inserted in

juency and crystal quality. This is accomplished by

utilizing the oscilla-
series with the coil L

for adjustiment of the level of the oscillator (position L) to a given minimum crystal quality,

2. 'The values of R and C given in the table here are approximate,
3. Care should he taken to maintain minimum capacitance betw

resistance adjustment of the coils.

the exact values being determined by measurement in circuits shown

ecn terminals of the coil and ground during the frequency and effective
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hich has been defined by the PI requirement of the
rystal. This is accomplished by the addition of the re-
istor R in the circuit. The coil is also used under these
onditions in the oscillator obtaining a meter reading
quivalent to a crystal having the desired minimum
juality or minimum ’I. Changing the connections for
he two conditions is accomplished by two positions of
he coil in a socket on the oscillator. The socket is of the
ictal type and the key of the coil plug has been removed.

The two CI meters and the oscillator just described
srovide the manufacture of crystal units satisfactory
yscillators for the majority of crystal units in the range
0 ke to 15 Mec. There is also available an oscillator
uitable for testing the audio-frequency crystals in the
-ange of 1 to 10 kc. Its circuit is similar to one of the
sircuits now to be described and under development to
.xtend the range of crystal testing to the higher fre-
juencies and also to make available oscillators for test-
ng crystal units requiring low current.

<. Oscillators Under Development

- Fig. 14 shows the circuits for three test oscillators
inder development at the Bell Telephone Laboratories
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Fig. 14—Series-resonance oscillator circuits.

for filter and oscillator crystal units requiring low crystal
current. Fig. 14(a) is a two-tube oscillator with the
crystal in a resistance network. This circuit is being de-
signed to cover the frequency range 10 ke to 1,000 ke.
Built-in decade resistances are not a part of these oscil-
lators as they are intended for shop use where only a
maximum resistance level need be set up. The resistance
networks are made in plug-in sections to allow the meas-
urements of crystal resistances of varying values. Plug-
in capacitors are also utilized for positive reactance
measurements.
The second and third oscillators utilize the Butler
cathode-follower circuit of Fig. 14(b). The crystal unit
Mis again in a resistance network which is made plug-in to
permit a wide range of crystal resistances to be meas-
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ured. Other than the cathode connection of the crystal
network, both circuits function in a similar manner.

One oscillator has been developed 1o cover the fre-
quency range 0.5 to 20 Mc, and a second is under de-
velopment for overtone crystal units operating abovc
15 Mc. The coil which shunts the crystal is essential for
operation above 50 Mc where the resistance of the crys-
tal unit may be of the same magnitude or greater than
the reactance of the crystal capacitance Co.

The method of measurement of these oscillators is the
same as that of the CI meters, although it is possible to
adjust the LC circuits for maximum grid current to ob-
tain a comparable accuracy of frequency measurement.
Their advantage over the present CI meters lies in their
ability to measure, with somewhat greater accuracy,
low values of resistance throughout the crystal fre-
quency range. This is accomplished by the use of plug-
in crystal resistance networks which are not affected by
other circuit parameters.

With the completion of the development of the high-
frequency test oscillators, the manufacturer will have
available test sets which will cover the entire range of
operation of crystal units, and, with the procedures set
up for the operation, an accuracy of measurement may
be obtained which is sufficient so far as present require-
ments are concerned. However, it is always desirable to
have available an independent system of measurement
to provide a check of the operation of these oscillators.
Such a system should be simple to set up and to operate,
and should have an accuracy of measurement somewhat
greater than that expected from the shop equipment.

V. Tue TrANSMISSION TEST CIRCUIT AS A
REFERENCE STANDARD

The transmission test circuit may be set up to meet
these requirements. Fig. 15 shows the details of this
circuit and also the formula with which its accuracy of
measurement may be predetermined. The circuit con-
sists of an oscillator resistance network, detector, and,
of course, appropriate frequency-measuring equipment.
The oscillator should operate in the frequency range of
the crystals and should provide constant output over
the limited transmission range of the crystal. [t may be
a crystal oscillator whose frequency can be adjusted by
means of a condenser in series with or shunting the crys-
tal. The resistance networks may be j-watt carbon re-
sistor, their values being derived from the formulas
given below. The components of the circuit should be
well shiclded. The detector may be an amplifier with a
rectifying output meter or a simple rectifier circuit con-
taining a resistance, a crystal diode rectifier, and a de
microammeter. For high detection sensitivity, a radio
receiver with some type of output level indicator may
be used. The diode rectifier with its associated resistance
and meter has been found to be quite satisfactory for
frequency measurements above 10 Mc. The detector
does not measure exact voltage output, but is used only
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Fig. 15—Transmission-measuring circuit and details.
to indicate the maximum voltage or current output DEMC .
when the frequency of the oscillator is varied. The ac- o
curacy of measurement, however, is dependent upon the 3 5'” 5"“
sensitivity of the detector, which may be designated by §¥ jl_
the letter s and is equal to the smallest detectable change ‘:‘;’ 58
in current divided by the current. 2 ‘;é
Line I contains the usual unit designations and con- R
nections for either series resonance of positive reactance f,x, §
measurements. A simple adapter mayv be utilized for Eu ‘
connecting the cryvstal unit to the condensers and to the :f_- i
transmission circuit. The ratio of the erystal resistance cib)'“‘*
R 1o the reactance Xy of the condenser Co is or greatest § !
importance in measurements both in the transmission 5
circuit and in the test oscillator. If the resistance of the §
crystal unit is high and the reactance X is low the re-
sulting reactance of the crystal unit may never be pOsi- § | \ T
tive. Under these conditions measurements of resistance N O \ e
in cither an oscillator or transmission circuit may he - §‘f
greatly in error. IMig. 16 is a plot of the frequency and re- 8 § T !
sistance of an 85-Mc crystal unit as a function of the | ‘
number of turns of the shunting coil. Note that if the b4
coil is adjusted to within £1 per cent, equivalent to g | *j |
0.1 turn, the error in resistance would be less than 1 per / -
cent and frequency less than about 1 cycle per Mec. g : L i |
These values compare with the resistance of 75 ohms L.TuRNs © © 8
and a frequency difference of —0.002 per cent when the Fig. 16 —The +
measurcments are made without the shunting coil. Line e it :f?;lile(ifywltnli :;L“:)?I:?:( i e crystal unit

shunting coil.
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|11 of Fig. 15 shows the connections for the crystal and
the shunting coil.

Line III contains formulas for the series-resonance
frequency and the positive reactance frequency in terms
of the series-resonance frequency. 7 is equal to the ratio
of Co to C. Line I\ shows formulas for the error in fre-
quency measurement as a function of the resistance and
reactance Xo of the crystal unit. Note that if, in the
case of positive reactance mcasurements, Cr becomes
infinite, the condition of series resonance applics. Line \Y
shows the error of measurement when the crystal unit is
shunted by a coil. For example, if a coil is tuned to
within 1 per cent of the series resonance frequency,
becomes 0.01 and the error of measurement as compared
to not utilizing the coil is reduced by 1/50. Line Vi
shows the error in frequency measurements due to
shunt capacitances C,. Line \II is the error in measure-
ment as a function of the sensitivity of the detector.

\With these formulas, the transmission circuit may be
designed for any specified accuracy of measurement. As
an example of the use of these formulas let us assume
that a serics of AT crystal units is to be manufactured
having the following characteristics:

Maximum resistance =20 ohms

Ratio of capacitance r =250

Range of Co=35.0 to 10 puf, with 10 ppf the capaci-

tance of the highest frequency

Frequency range =3 to 10 Mc

Total holder and socket capacitance to ground C,

=maximum 5 uuf

Accuracy of frequency measurement =1 cycle per Mece

Detector sensitivity =0.1 per cent.

One set of network resistances may be used for the entire
scries by using values for the least accurate measure-
‘ment throughout. The limiting crystal is the one which
has the greatest resistance and the smallest values of Xo.
This is the 10-Mc crystal. From the formulas in Line
IV, R, is calculated to be approximately 16 ohms. Since
the ratio of R to Xo is small, no shunting coil will be
necded for these crystals. From the value of Ry just
found, the error due to the shunting capacitance of C,
will be 0.1 cycle per Mc which may be neglected. How-
ever, if in Line VI 0.001 is substituted for s, it will be
found that it is necessary to further reduce the shunting
resistance R, to 6 ohms to obtain an crror less than 1
cycle per Me. This resistance is therefore the one to be
used in the network.

In positive reactance measurements the error of meas-
urement of the condenser Cr is of importance. A formula
for the determination of this error is given in Line VITLL

In the case of the examples just cited, if these crystals
were to be operated at positive reactance conditions
equivalent to 32 ppf, the accuracy of the latter would
have to be within +£0.1 puf. This same accuracy would
also apply to the adjustment of the condenser in a test
oscillator.

Koerner: Test Oscillators for Crystal Unils
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The formulas for resistance for positive reactance and
series resonance are given in Line I X. The error in resist-
ance measurement is given in Line X. In the example
just cited with the resistance Ry cqual to 6 ohms, the
error in the resistance measurement would be —0.04 per
cent.

The transmission circuit has been utilized over the
complete frequency range of available crystal units. As
an example of the capability of this circuit, Fig. 17 shows
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CALIBRATION
REQUIREMENTS

Fig. 17—Transmission characteristics of a high-quality
100-kc crystal unit.

1 transmission curve made with a high quality 100-kc
frequency standard crystal unit having a Q of over one
million. The test-set requirement for these crystals is
+5 cycles per Mc. The curve shows that the mcasure-
ment may be made with a relatively insensitive detector
to meet this requirement.

CONCLUSIONS

In conclusion, it may be of interest to show typical
data sheets (see Fig. 18) which may be furnished by the
manufacturer of a crystal unit to engineers interested in
their use. All of these data may be obtained with suita-
ble capacitance bridges, reactance bridges, frequency
measuring equipment, and the test sets which have been
described. The data sheets give the engineer complete
information necessary for the utilization of these crystal
units.
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Fig. 18 —Crystal unit data sheets. (a) XX-11 crystal unit. (b) Data 1. (¢) Data 2. (d) Data 3. (¢) Data 4

Note: Minimum R,: see Data 1.
Maximum PI: sce Data 2.
Maximum crystal current =0.020 4.
Capacitance of terminals to can =0.8 +0.2 unfl
Frequency Fr of crystal unit at operational capacitance = Cr uuf.

G(32 - C)

Fr=F [l 5
T e+ + o
Fiz=Frequency at 32 uuf.
r=250.
C,: see Data 3.
Typical frequency-temperature characteristics: see Data 4.
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Standards on Circuits: Definitions of

Terms in Network Topology, 1950

M. W. Baldwin, Jr.
R. R. Batcher
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J. W. Forrester

W. R. Bennett
J. G. Brainerd
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Accessible Terminal. .\ network node that is available

for external connections.
Arm. See: Branch.

Branch (Arm). A portion of a network consisting of one
or more two-terminal elements in series.

Branch Point. See: Node.

Bridged-T Network. A T network with a fourth branch
connected across the two series arms of the T, be-
tween an input terminal and an output terminal.

Cascade. See: Tandem.

Circuit. A network providing one or more closed paths.

Connected. A network is connected if there exists at
least one path, composed of branches of the network,
between every pair of nodes of the network.

Cut-Set. A set of branches of a network such that the
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Element. Any electrical device (such as inductor, re-

sistor, capacitor, generator, line, electron tube) with
terminals at which it may be directly connected to

other electrical devices.
Four-Pole. See: Two-Terminal Pair Network.

H Network. A network composed of five branches, two

connected in series between an input terminal and an
output terminal, two connected in series between
another input terminal and output terminal, and the

fifth connected from the junction point of the first

branches.

cutting of all the branches of the set increases the
number of separate parts of the network, but the

cutting of all the branches except one does not.

Junction Point. See: Node.
L Network. A network composed of two branches in
series, the free ends being connected to one pair of

two branches to the junction point of the second two

Degrees of Freedom on a Mesh Basis. See: Nullity.
Degrees of Freedgm on a Node Basis. See: Rank.
Delta Network. A set of three branches connected in

series to form a mesh.

Dual Networks. See: Structurally Dual Networks.

®

O

—

h * Reprints of this Standard, 50 IRE 4, S1, may be purchased while O
available from The Institute of Radio Engincers, 1 East 79 Street,
New York 21, N. Y., at $0.50 per copy. A 20-per cent discount will Fig. 1 —Bridged-T network branches 1, 2, and 3 comprise the

be allowed for 100 or more copies mailed to one address.

T network and branch 4 is the fourth branch.
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Fig. 2—H network, Branches | and 2 are the first two branches
between an input and an output terminal; branches 3 and 4 are
the second two branches; and branch 5 is the branch between
the junction points.

terminals, and the junction point and one free end
being connected to another pair of terminals.

Ladder Network. A network composed of a sequence
of H, L, T, or pi.networks connected in tandem.

o—(©0 °

o *—0

Fig. 3—L network. The free ends are the left-hand terminal pair,
and the junction point and one free end are the right-hand ter
minal pair.

Lattice Network. .\ network composed of four branches
connected in series to form a mesh, two nonadjacent
junction poiuts serving as input terminals, while the
remaining two junction points serve as output ter-
minals,

—_—

o :;

Fig. 4—Lattice network. In the mesh 1, 2, 3,4, the junction points
between brariches 4 and 1 and between branches 3 and 2 are the
input terminals, and the junction points between branches 1 and
3 and between branches 2 and 4 are the output terminals.

Loop. See note under NMesh.

Mesh. A set of branches forming a closed path in a net-
work, provided that if anv one branch is omitted from
the set, the remaining hranches of the set do not form
a closed path. (Note—The term Loop is sometimes
used in the sense of AMesh.)

Network. A combination of clements.

Node (Junction Point) (Branch Point) (Vertex). .\ ter-
minal of any branch of a network or a terminal com-
mon to two or more branches of a network.

Nonplanar Network. A network which cannot be drawn
on a plane without crossing of branches.

N-Terminal Network. .\ nctwork with N accessible ter-
minals.

N-Terminal Pair Network. .\ network with 2 V accessi-
ble terminals grouped in pairs. In such a network one
terminal of each pair may coincide with a network
node.

Nullity (Degrees of Freedom on Mesh Basis). The
number of independent meshes that can be selected

January

in a network. The nullity N is equal to the number
of branches B minus the number of nodes 17 plus the
number of separate parts P. N=B— '+ P.

Parallel Elements. (1) Two-terminal clements are con-
nected in parallel when they are connected between

the same pair of nodes. (b) Two-terminal clements are *

connected in parallel when any cut-set including one
must include the others.

Parallel Two-Terminal Pair Networks. T'wo-terminal
pair networks are connected in parallel at the input
or at the output terminals when their respective input
or output terminals are in parallel.

[ — —

Fig. 511 network. The junction point between branches 1 and 2
forms an input terminal, that between branches 1 and 3 forms
«n output terminal, and that between branches 2 and 3 forms a
common input and output terminal.

Pi Network. .\ nctwork composed of three hranches con-
nected in series with cach other to form a mesh, the
three junction points forming an input terminal, an
output terminal, and a common input and output
terminal, respectively.

Planar Network. \ network which can be drawn on a
plane without crossing of branches.,

Quadripole. See: Two-Terminal Pair Network.,

Rank (Degrees of Freedom of a Node Basis). The
number of independent cut-sets that can he selected
in a network. The rank R is equal to the number of
nodes 1V minus the number of separate parts P,
R=1-P,

Separate Parts of a Network. The parts which are not
connected.

Series Elements. (a) Two-terminal clements are con-
nected in series when they form a path between two
nodes of 4 network such that only elements of this
path, and no other elements, terminate at intermedi-
ate nodes along the path. (b) Two-terminal elements
are connected in series when any mesh including one
must include the others.

Series Two-Terminal Pair Networks. Two-terminal pair
networks are connected in series at (he input or at
the output terminals when their respective input or
output terminals are in series.

Star Network. A\ sct of three or more branches with one
terminal of each connected at a common node,

Structurally Dual Networks. .\ pair of networks such
that their branches can be markedin one-to-one cor-
respondence so that any mesh of one correspondsto a
cut-set of the other. Each network of such a pair is
said to be the dual of the other,

Structurally Symmetrical Network. A network which
can be arranged so that a cut through the network
produces two parts that
other.

are mirror images of each

n

——
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(b)

Tig. 6—Structurally dual networks. For example, the mesh EFG in
{a) corresponds to the cut-set efg in (b), the mesh be in (b) to the
cut-set BC in (a), and the mesh JAEGCB in (a) to the cut-set
jaegeb in (b).

Symmetrical Network. See: Structurally Symmetrical
Network.

Tandem (Cascade). Two-terminal pair networks are in
tandem when the output terminals of one network
are directly connected to the input terminals of the

- other network.

Terminal. A point at which any element may be di-
rectly connected to one or more other elements.

OF TIIE I.R.E.
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Fig. 7—T network. One end of each of the branches 1, 2, and 3 is
connected to a common point. The other ends of branches 1 and 2
form, respectively, an input and an output terminal, and the other
end of branch 3 forms a common input and output terminal.

Terminal Pair. An associated pair of accessible ter-
minals, such as input pair, output pair, and the like.

T Network. A network composed of three branches with
one end of each branch connected to a common junc-
tion point, and with the three remaining ends con-
nected to an input terminal, an output terminal, and
a common input and output terminal, respectively.

Tree. A set of connected branches including no meshes.

Two-Terminal Pair Network (Quadripole) (Four-Pole).
A network with four accessible terminals grouped in
pairs. In such a network one terminal of each pair
may coincide with a network node.

Vertex. See: Node.

Y Network. A star network of three branches.
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1. INTRODUCTION

Power 1o operate the electrical cireuits of a television
transmitter, its studio circuits and field pickup equip-
ments, is usually supplied from the alternating-current
mains of a public utility. Some of it is used through
transformers to supply filament and heater power for
the numerous vacuum tubes necessary to the operation
of the system and some of it is converted to direet cur-
rent for supplying the electrode potentials of these tubes,

Regulation or maintenance of the constancy of volt-
age and currents applied to these intricate circuits has
become of great importance due to their complexity as
well as their performance requirements.

1.1 General Description

Automatic line voltage regulators are of several
varicties; c.g., saturated magnetic ficld transformers,
clectronically controlled circuits and regulators supply-
ing both alternating- and direct-current outputs; con-
stant speed alternating- and direct-current generators;
servo adjustable units; batteries floating across a line
rectifier; and so forth.

Direct-current supply for most vacuum-tube circuits
is conveniently obtained through tube rectifiers and
hlters which may be supplied from the ac source through
step-down or step-up transformers. Regulation of the
output voltage and maintenance of a low source imped-
ance are the functions of vacuum-tube circuits asso-
ciated with these rectifiers.

An clectronically regulated power supply may he
thought of as a direct-coupled feedback power amplificr
which operates by amplifying an internal de voltage
obtained usually from a battery or gas regulator tube.
The output is the power delivered to the load circuit
and is obtained from the power output stage of the am-
plifier circuit. To maintain constant the output voltage
for various load currents, and for variations in the am-
plifier circuit introduced principally by the power sup-
ply source or rectifier, negative feedback is introduced
between output and input. Sufficient gain and band-
width are usually supplicd to reduce the output imped-
ance to a very low value over the low and middie video-
frequency band. The low output impedance provides a
source of voltage independent (within limits) of the load
demands. Rectifier ripple, introduced in the power out-
put amplifier section, is usually reduced 1o negligible
values.

The important characteristics of clectronically regu-
lated power supplies currently used at television instal-
lations are described, and methods of measuring these
characteristics are detailed.

1.2 Definitions
1.2.1 Qutput Voltage Stubilization

The change in output voltage, at a specified constant
load current, resulting from a change of input voltage
between two specified values.

1.2.2 Output Voltuge Regulation

The change in output voltage, at a specificd constant
input voltage, resulting from a change of load current
between two speciied values,

1.2.3 Output Ripple Voltage of a Regulated Power Supply

FFor the purpose of this Standard, that portion of the
output voltage harmonically related in frequency to the
input voltage and arising solely from the input voltage.
In television, ripple voltage is usually expressed explic-
ithv in peak-to-peak volts to avoid ambiguity. (Note
IR (in published Standards 38 IRE 17. S1 and 48
IRE 2,, 11,, 15. S1) defines “per-cent ripple™ as the ratio
of effective (rms) value of the ripple voltage to the aver-
age value of the total voltage expressed in per cent.)

1.2.4 Regulution Pull-Out (Regulation Drop-Out)

The load currents at which the power supply fails to
regulate when the load current is gradually increased or
decreased,

125 Output Impedance

Of a device, the impedance presented by the device to
the load,

1.2.6 Unregulated Voltuge in an Electronically Regulated
Power Supply

The voltage at the output of the rectifier fitter,

1.2.7 Regulated Power Supply Ifficiency

The ratio of the regulated output power to the input
power.

1.2.8 Miscellaneous

1.2.8.1 Unit Warm-Up Time. For purposes of this
measurement, the interval between the time of applica-
ton of input power to the unit and the time at which the
regulated power supply is supplving regulated power at
rated output voltage,

1.2.8.2 Quiput Capucitor Discharge Time. IFor pur-
poses of this measurement,
time

the interval between the
at which the input power is disconnected and the
tme when the output voltage of the unloaded regulated

power supply has decreased 1o a specified safe value,

[
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2. MEASUREMENT

2.1 Basic Methods of Measurement

2.1.1 Output Voltage Stabilization

The changes in the output dc voltage of clectronically
regulated power supplies due to fluctuations in line sup-
ply voltage are quite small in comparison to the total
output voltage. Normal dc voltmeters cannot indicate a
change of tens of millivolts in the presence of hundreds
of volts. It therefore becomes necessary to employ a
reference source of potential to balance the normal out-
put of the regulated supply under test, and to use a
millivoltmeter to read the change in output voltage that
corresponds to a specified change in input voltage.

Instantancous variations of the input voltage or load
current above or below the limiting values may tem-
porarily overload or paralyze the regulator amplifier in
the power supply and produce surges in the output volt-
age. Such abnormal conditions are hevond the scope of
this Standard.

2.1.2 Output Voltage Regulation

The output voltage regulation tests use the same ap-
paratus and connections as the previously described one,
except that the load current is varied from the specified
minimum to the specified maximum. The difference be-
tween the voltage of the reference source and that of the
supply under test for various load currents can then be
obtained.

2.1.3 Oulput Ripple Voltage

The output ripple voitage can be measured most con-
veniently in terms of peak-to-peak amplitude by means
of a sensitive oscilloscope, which will also display its
complex wave shape. A selective amplifier, such as a
current analvzer, is required to measure the value of
each harmonic, while the total could be measured with a
suitable peak-to-peak voltmeter.

2.1.4 Regulation Pull-Out

The regulation pull-out point, the value of load cur-
rent at which the supply no longer regulates, is depend-
ent on the output as well as the input voltage. At this
point, the output voltage may not show any significant
drop, but generally the output ripple components in-
crease suddenly. An arbitrary value of ripple increase
can be fixed as defining this point. If the ripple voltage
has been measured for regulated operation, a value of ten
times this ripple voltage would conveniently define the
pull-out point. Measurement of this factor for various
output voltages and for various input voltages will de-
finc the area of operation of a regulated power supply.

2.1.5 Output Impedance

Alternating components of the load current of the
regulated power supply produce voltages across the

output terminals of the device which are functions of
its impedance. The output impedance is of importance
when, for example, the power supply unit supplies low-
frequency or cascaded-amplifier stages, or is sup-
plying power to several circuits operating at different
signal levels, or is a portion of a feedback circuit.

The output impedance of an electronically regulated
power supply may vary between tens of ohms and
thousandths of ohms, For the higher values, bridge
measurements! may suffice. For low values of imped-
ance, the following method is offered and may give
more accurate results.?

An accurately calibrated resistor, of a value approxi-
mately equal to the power supply impedance, is con-
nected in series with the output of the unit under test.
The power supply furnishes current to a load circuit
(for example, sce Fig. 3) whose current demand can
be controlled in frequency and also preferably in am-
plitude. The voltage across the resistor at the test fre-
quency is compared with that across the power supply
output terminals by means of an oscilloscope or other
sensitive ac voltmeter. At frequencies which are multi-
ples of input power frequency this difference must be
large compared with the ripple voltage, otherwise it
will be obscured by the ripple. The impedance of the
power supply can then be calculated from the values
found for the range of frequencies and amplitudes used
in this test.

2.1.6 Unregulated Voltage

Unregulated voltage is measured by means of a dc
voltmeter and an oscilloscope connected to the rectifier
filter output.

2.1.7 Regulated Power Supply Ffficiency

The efficiency of the power supply in terms of dc out-
put power divided by the total input power, including
its own tube heater power, is derivable from the measure-
ment of output power and input power.

2.1.8 Miscellaneous

2.1.8.1 A mecasurement of the warm-up time of a
regulated power supply will include the heating time of
the various tubes, with or without time delay switches,
and the charging time of the several capacitors. This
time generally can be measured in seconds with the aid
of a stop watch.

2.1.8.2 Output capacitor discharge time of the regu-
lated power supply is measured without any load but
with the voltmeter across its output terminals. This
time generally can be measured in seconds with the aid
of a stop watch.

1EL V. Hunt and R, W. Hickman, “On electronic voltage stabiliz
ers,” Rev. Sci, Instr., vol, 10, p. 6; January, 1939,

t . H. Hersey, “Dynamic impedance of regulated power stip-
plies.” Bell Lab. Rec., vol. 27, p. 216; June, 1149,
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2.1.8.3 The design of power transformers used in
regulated power supplies is often governed not by losses
but by physical volume and ventilation. A design which
may be conservatively rated for use in open air may be
unsatisfactory in a confined space. The safe operating
temperature of a transformer—usually recommended
as 55° C above surrounding air—may be exceeded due
to its placement adjacent to and on the same mounting
as power tubes used in the regulated power supply.
Ventilation is likewise an important factor in the tem-
perature rise of the components of a regulated power
supply.

In order to measure the increase in temperature of a
regulated power supply under load, it is necessary to
operate it under conditions which will produce normal
full load heating for a sufficient length of time for the
temperature of its components to become constant.
(Approximately 2 or 3 hours’ operation under load
generally suffices.) The temperature rise may be ob-
tained either by thermometer measurements or by
measuring the increase in resistance of a winding of the
power transformer. (Transformer winding temperatures
are always to be ascertained by the resistance method.)?

The resistance for the calculation of temperature rise
may be obtained from measurements made by any suit-
able method at the beginning and at the end of a rated
power run. The rise in temperature can be calculated
from the following formula:

R; = RT [1 + ar([ c T)]
R‘ = Rr

ar]\’r

(t-1)=

in which
T'=room temperature in degrees
t=the calculated average temperature of
heated transformer winding
R, = the measured hot resistance
Ry =the resistance measured at the beginning of the
test, i.c., at room temperature, and ar is the
temperature coefficient of the copper conductors,
taken as 1/234.54 T or ar=10.00393 at 20° C,
A “hottest spot” correction of 10° C is to be added
to this calculated average temperature rise.

the

2.2 Practical Measuring Devices

The circuit shown in IFig. 1 is for the measurement of
output voltage stabilization and of regulation.

Fig. 2 is a reproduction of the appendix to footnote ref-
erence 1 in which a measurement technique for output
impedance is detailed. The simple ac bridge which is
suggested serves admirably fer measuring internal
impedance in the range of ohms.

For lower impedances in the orders of hundredths and

3 American Standurd for Transformers, Regulators, and Reactors,
ASA C57.1-1942 and C57.2-1943.

{
thousandths of an ohm, the circuit shown in Iig. 3 has {

heen found more useful.?
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Fig. 3—Testing circuit for measuring output impedance
of a regulated power supply.

2.3 Requirements of Measuring Equipment

The reference voltage supply shown in Iig. 1 supplies
sufficient current to operate the millivoltmeter, A low
internal-resistance regulated power supply operating
through a line voltage regulator is to be preferred over
a reference battery for this use, since the internal re-
sistance of the series of cells may be of considerable
value. A second regulated power supply similar to the
one being tested and known to regulate small currents
could be used for this reference voltage supply since
the current demand from it for this test is very low.
. For ripple voltage, regulation pull-out and output
impedance measurements, a sensitive
loscope is necessary:.

calibrated oscil-
Voltage drops produced by ripple
currents and ac load currents flowing through the low
output impedances of regulated power supplicts intended
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r television use are in the millivolt range. The indi-
\ting oscilloscope requires ac amplification, internal
- external, to produce sufficiently large deflections for
scurate measurements.

.For the output impedance measurement, a vacuum-
\be load circuit is connected to the power supply as
jown in Fig. 3. Applied to the control grids of the
ibes is the output of an oscillator which may be
jjusted in frequency and in amplitude. The oscillator
1ould cover the range from the lowest frequency ca-
able of being measured by the above oscilloscope to the
-equency where the output capacitor of the regulated
ower supply determines the impedance range. This
pper limit of frequency may be in the hundreds of
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kilocycles per second. The load current through the
impedance of the power supply must be great enough to
produce a measurable deflection on the oscilloscope.
For an illustrative example, a current of 100 milliam-
peres rms through an impedance of 0.01 ohm will pro-
duce only 2.8 millivolts peak-to-peak. Shown as Ry in
Fig. 3 is a calibrated resistor whose value should be of
the same order as that of the impedance being measured.
Direct-current ammeter shunts are convenient to use
for this purpose and are calibrated in resistance to an
accuracy of 1 per cent and better. Their impedance at
the top frequency to be measured can usually be
assumed as equal to the dc resistance.

3. PROCEDURE

The following is a test procedure using, as an example,

typical regulated power supply furnishing 500 ma at
00 volts. The voltages normally employed in regulated
-.ower supplies are sufficiently high to endanger human
fe. Every reasonable precaution should be taken by
esting personnel to minimize the shock danger while
djustments and tests which demand normal operation
f the power supply are being made.

3.1 Output Voltage Stabilization

t.7.1 Connect the supply under test according to the dia-
ram of Fig. 1, using a variable voltage transformer to
iet the input at exactly rated input voltage.

3.1.2 Adjust the reference voltage supply to equal the
ic voltage output under open circuit before the meter
switch is opened.

3.1.3 Open meter switch and carefully readjust refer-
ence voltage supply to obtain a midscale reading on
millivoltmeter.

3.1.4 Vary the input voltage over an appropriate range
centered on the rated input voltage, recording the out-
put voltage as the sum of the millivoltmeter reading at
each point and the reference voltmeter reading.

The same procedure is followed at dc load currents
from zero to the maximum rated current.

The results can be plotted as shown in Fig. 4.

In making the above measurements, it is suggested
that the necessary data be obtained as quickly as pos-
sible, since even a slight amount of drift is likely to
affect the accuracy of measurement.

3.2 Output Voltage Regulation

Using the same technique as before, adjust the regu-
lated power supply to supply its rated terminal voltage
and maximum current at normal input voltage. (Shown
as the adjustment point in Fig. 5.)

« The load current is reduced in steps sufficiently small
so that a plot similar to that shown in Fig. 5 can be
made.
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Fig. 4—Typical output voltage stabilization curves.
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Fig. 5—Typical output voltage regulation curve.

3.3 Output Ripple Voltage

3.3.1 Connect the regulated power supply to supply
current to a nonreactive load and connect the oscillo-
scope (provided with a suitable blocking capacitor)
across the output terminals.
3.3.2 Vary the load current in steps throughout the
normal range and measure the ripple voltage present
across the output terminals in terms of peak-to-peak
millivolts at each test point.

The results on the typical power supply are shown
in Fig. 6.



32

2.1.8.3 The design of power transformers used in
regulated power supplies is of ten governed not by losses
but by physical volume and ventilation. A design which
may be conservatively rated for use in open air may be
unsatisfactory in a confined space. The safe operating
temperature of a transformer—usually recommended
as 55° C above surrounding air
to its placement adjacent to and on the same mounting
as power tubes used in the regulated power supply.
Ventilation is likewise an important factor in the tem-
perature rise of the components of a regulated power
supply.

In order to measure the increase in temperature of a
regulated power supply under load, it is necessary to
operate it under conditions which will produce normal
full load heating for a sufficient length of time for the
temperature of its components to become constant.
(Approximately 2 or 3 hours’ operation under load
generally suffices.) The temperature rise may be ob-
tained either by thermometer measurements or by
measuring the increase in resistance of a winding of the
power transformer. (‘Transformer winding temperatures
are always to be ascertained by the resistance method.)?

The resistance for the calculation of temperature rise
may be obtained from measurements made by anvy suit-
able method at the beginning and at the end of a rated
power run. The rise in temperature can be calculated
from the following formula:

‘may be exceeded due

R, = Ry [] + ar(t — T)]

R, — Ry
(U-7T)= —
ar R
in which
T"=room temperature in degrees O
t=the calculated average temperature of
heated transformer winding
R,=the measured hot resistance
Ry =the resistance measured at the beginning of the
test, i.e., at room temperature, and ar is the
temperature coefficient of the copper conductors,
taken as 1/234.547 or ar=0.00393 at 20° .
A “hottest spot™ correction of 10° € is to be added
to this calculated average temperature rise.

the

2.2 Practical Measuring Devices

The circuit shown in I5ig. 1 is for the measurement of
output voltage stabilization and of regulation.

Fig. 2 is a reproduction of the appendix to footnote ref-
crence 1 in which a measurement technique for output
impedance is detailed. The simple ac bridge which is
suggested serves admirably for measuring internal
impedance in the range of ohms.

For lower impedances in the orders of hundredths and

3 American Standard for Transformers, Regulators, and Reactors,
ASA C57.1-1942 and C57.2-1943.
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thousandths of an ohm, the circuit shown in Fig. 3 has
been found more useful.?
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Fig. 1 —Schematic of circuit employed for determining regulated

power-supply characteristics.
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Fig. 2—Bridge circuit for measurement of output impedance of a
regulated power supply. At balance Z =K (R /R,).
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Fig. 3—Testing circuit for measuring output impedance
of a regulated power supply.

2.3 Requirements of Measuring Equipment

The reference voltage supply shown in I'ig. 1 supplies
sufficient current to operate the millivoltineter. A low
internal-resistance regulated power supply operating
through a line voltage regulator is to he preferred over
a reference battery for this use, since the internal re-
sistance of the series of cells may be of considerable
value. A second regulated power supply similar to the
one being tested and known to regulate small currents
could be used for this reference voltage supply since
the current demand from it for this test is very low.
‘ For ripple voltage, regulation pull-out and (;lll])llt
impedance measurements, a sensitive calibrated oscil-
loscope is necessary. Voltage drops produced by ripple
currents and ac load currents flowing through the low
output impedances of regulated power supplies intended
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»r television use are in the millivolt range. The indi-
ating oscilloscope requires ac amplification, internal
r external, to produce sufficiently large deflections for
ccurate measurements.

For the output impedance measurement, a vacuum-
ube load circuit is connected to the power supply as
hown in Fig. 3. Applied to the control grids of the
ubes is the output of an oscillator which may be
djusted in frequency and in amplitude. The oscillator
hould cover the range from the lowest frequency ca-
\able of being measured by the above oscilloscope to the
requency where the output capacitor of the regulated
ower supply determines the impedance range. This
ipper limit of frequency may be in the hundreds of
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kilocycles per second. The load current through the
impedance of the power supply must be great enough to
produce a measurable deflection on the oscilloscope.
For an illustrative example, a current of 100 milliam-
peres rms through an impedance of 0.01 ohm will pro-
duce only 2.8 millivolts peak-to-peak. Shown as R, in
Fig. 3 is a calibrated resistor whose value should be of
the same order as that of the impedance being measured.
Direct-current ammeter shunts are convenient to use
for this purpose and are calibrated in resistance to an
accuracy of 1 per cent and better. Their impedance at
the top frequency to be measured can usually be
assumed as equal to the dc resistance.

3. PROCEDURE

The following is a test procedure using, as an example,
1 typical regulated power supply furnishing 500 ma at
300 volts. The voltages normally employed in regulated
yower supplies are sufficiently high to endanger human
ife. Every reasonable precaution should be taken by
:esting personnel to minimize the shock danger while
1djustments and tests which demand normal operation
»f the power supply are being made.

3.1 Output Voltage Stabilization

3.1.1 Connect the supply under test according to the dia-
gram of Fig. 1, using a variable voltage transformer to
set the input at exactly rated input voltage.

3.1.2 Adjust the reference voltage supply to equal the
dc voltage output under open circuit before the meter
switch is opened.

3.1.3 Open meter switch and carefully readjust refer-
ence voltage supply to obtain a midscale reading on
millivoltmeter.

3.1.4 Vary the input voltage over an appropriate range
centered on the rated input voltage, recording the out-
put voltage as the sum of the millivoltmeter reading at
each point and the reference voltmeter reading.

The same procedure is followed at dc load currents
from zero to the maximum rated current.

The results can be plotted as shown in Fig. 4.

In making the above mecasurements, it is suggested
that the necessary data be obtained as quickly as pos-
sible, since even a slight amount of drift is likely to
affect the accuracy of measurement.

3.2 Output Voltage Regulation

Using the same technique as before, adjust the regu-
lated power supply to supply its rated terminal voltage
and maximum current at normal input voltage. (Shown

« a8 the adjustment point in Fig. S.)

The load current is reduce in steps sufficiently small
so that a plot similar to that shown in Fig. 5 can be
made.
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Fig. 4—Typical output voltage stabilization curves.
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Fig. 5—Typical output voltage regulation curve.

3.3 Output Ripple Voltage

3.3.1 Connect the regulated power supply to supply
current to a nonreactive load and connect the oscillo-
scope (provided with a suitable blocking capacitor)
across the output terminals.
3.3.2 Vary the load current in steps throughout the
normal range and measure the ripple voltage present
across the output terminals in terms of peak-to-peak
millivolts at each test point.

The results on the typical power supply are shown
in lig. 0.
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Fig. 6—Typical curves for output ripple voltage as a
function of load current.

3.4 Regulation Pull-Out

The same connections as in paragraph 3.3 are used to
measure this characteristic.
3.4.1 Set the load currents at several chosen values
within the norinal range of the unit, and increase the
voltage regulating adjustment of the regulated power
supply at each value to the point where the unit fails
to regulate. This point is indicated on the oscilloscope
by a sudden increase in ripple content.

3.4.2 Record the dc voltage and current at the point
where the ripple content has increased to ten times the
value measured in the regulating conrlition.

Since this test includes maximum load, care should he
exercised so that none of the components of the unit is
damaged.

The above procedure is carried through at input volt-
ages of plus and minus 10 per cent from the nominal
line voltage.

If the unit is suspected of not regulating under light
loading, the above procedure can be carried through by
decreasing the output voltage.

Plotted as shown in Fig. 7, the enclosed area defines
the range of operation of the regulated power supply.

3.5 Magnitude of Output Impedance

3.5.1 The connections for the bridge measurements are
shown in Fig. 2.
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Fig. 7—Typical curve showing normal range of operation.
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3.5.1.1 Balance the ac bridge circuit, shown in Fig. 2,°
by adjusting Ry at cach test frequency from th.e.lowest
frequency capable of measurement by the sensitive os-
cilloscope (about 20 cycles per second) to the frequency
at which the capacitor across the output terminals
determines the impedance range (from fifty to several
hundred kc¢). Difficulty may be experienced in balancing
this simple bridge, especially at the extreme low values
of impedance which may be encountered. In this case,
see Scction 3.5.2.

3.5.1.2 At the balance point Z is RiX(R./R,). By
making R; equal to Ry the desired impedance can be
read directly from the values of Ry necessary to obtain a
null in the detector circuit.

3.5.2 The procedure indicated in Fig. 3 for the measure-
ment of output impedance is to measure the voltage
drop across R; at the oscillator frequency by means of
the sensitive oscilloscope or the wave analvzer. This
value of voltage E; divided by the value of R, is the ac
current I; supplied to the load circuit. Moving the
switch from position 1 to position 2, the voltage E, at
the same frequency is measured across the output ter-
minals of the regulated power supply.

The output impedance of the unit at this frequency is

3 EQR]
= - = — .
I I,

See Fig. 8 for a typical curve,.
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Fig. 8—Output impedance. (Input voltage, 115v, 60 cps; 300v,
570 ma dc output current; 56 ma peak-to-peak ac load current.)

3.6 Unregulated Voltage

To measure the unregulated voltage and the ripple
voltage of the plate supply to the output tubes of the
regulated power supply, it is necessary to conncct the
measuring instruments to the terminals of the rectifier
filter. Caution should be exercised during this test since
the potentials at this point may be several hundreds of
volts higher than the rated terminal voltage of the power
supply. \

3.6.1 \With the input line disconnected, connect a de
voltmeter and the oscilloscope across the filter output.
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3.6.2 Adjust the input voltage and the output voltage
to their rated values.

3.6 3 Increase in steps the current output of the regu-
tated power supply and record the dc voltage and the
ripple voltage as measured by the oscilloscope.

3.6.4 Plot the results as shown in Figs. 9 and 10.
From these data, the plate voltage across the output

tube or tubes in multiple can be calculated and whether

the output stage operates within its maximum ratings

UNARCGULATED FILTERLD VOLTAGE (VOLYS)

50— —
o

A . t
! 200 300 400 500 800
ALCULATED OUTPUT CURRINT iN MILLIAMPLRLS

Fig. 9—Typical curves showing unregulated output voltage
as a function of load current.
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Fig. 10—Typical curves showing ripple voltage at unregulated
output voltage terminals as a function of load current.

can be determined. The division of currents through
several paralleled output tubes is not indicated by these
results, but can only be determined by separate current
measurements.

3.7 Regulated Power Supply Input Current and
Efficiency
3.7.1 Mcasure the input current and input power for
normal regulated output voltage and currents through-
out the range by standard techniques.

3.7.2 Plot the results as shown in Iig. 11.

The efficiency is the ratio of the de output power to
the input power and will vary considerably over the
range of output.

r 3.8 Miscellaneous
3.8.1 Warm-up Time

Mecasure the warm-up time with a stop watch at the
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Fig. 11—Typical curves showing input power and current as
functions of load current,

rated output voltage and maximum current of the
regulated power supply.

3.8.1.1 Adjust the output voltage to normal, and the
current to its rated maximum value.

3.8.1.2 Allow the power supply to cool to ambient
temperature.

3.8 1.3 Switch on the input power and begin measur-
ing time from that instant to the time when the unit is
delivering regulated voltage at rated current.

3.8.2 Output Capacitor Discharge Time

3.8.2.1 Remove all theload circuits from the regulated
power supply output terminals except the voltmeter.
If an external voltmeter is used, its impedance should
not be so low as to affect the measurement.

3.8.2.2 Adjust the output to normal voltage.

3.8.2.3 Switch off the input power and mcasure time
from that instant to the time when the voltmeter read-
ing has decreased to 50 volts.

3.8.3 Temperature Rise

3.8.3.1 Allow the power transformer to assume the
ambient temperature. Measure the resistance of a
winding of the power transformer, (the secondary
windings are connected to the rectifier plate pins which
are generally convenient) with a dc bridge or other
convenient means.

3.8.3.2 Allow the regulated power supply to deliver
rated output volt-amperes until its temperature be-
comes constant. Several hours will probably be required.

3.8.3.3 Turn off the power and again measure there-
sistance of the same winding as above.

3.8.3.4 Calculate the temperature rise as detailed in
Section 2.1.8.3.

Iixample:

Rr =374 ohms at 20° C
R,=41.2 ohms hot
(t—T)=3.8/0.()()3‘)3X37.4=3.8/().147=25.8°.

Adding the correction of 10° to 25.8° makes the sought-
for value 35.8° C temperature rise.
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A Multichannel PAM-FM Radio

. *
Telemetering System
J. P. CHISHOLM{, E. F. BUCKLEY], MEMBER, IRE, AND G. W. FARNELLS§

Summary—A multichannel time-division system of the PAM-
FM type is described. It can provide as many as 64 channels with an
information bandwidth per channel greater than 800 ¢ps or fewer
channels with a corresponding increase in the information bandwidth
per channel. Modulation and multiplexing in the airborne equipment,
and demultiplexing in the ground station, are performed by simple
pentode gating circuits which derive their gating signals from crystal-
resistor matrices. Transmission of dc signals over the radio-fre-
quency link is avoided by a process of double modulation. The novel
technique of reactance switching provides a simple FM transmitter
with wide linear frequency deviation. The airborne portion of the
system is miniaturized through the use of potted unit construction.
In each channel, the over-all linearity is better than + 1 per cent, the
cross talk is less than 1 per cent, and the signal-to-noise ratio is

greater than S5 db.
I[ to be economically practical, many separate pieces
of information must be obtained from ecach test
flight. This information is obtained normally by radio
telemetering. The electric outputs of various end instru-
ments, such as pressure gauges and accelerometers, are
combined for transmission over one radio link: at the
receiving station, the combined information signal is
separated into the individual information signals so
that a continuous record of each measured quantity is
obtained. In many applications, the airborne equipment
must be extremely compact and light in weight.
The two basic methods of combining or multiplexing
a number of electric signals into one composite signal
are frequency division and time division. An example
of the use of frequency division is in the relatively
common frequency-modulation-frequency-modulation
(FM-FM) system.! Experience has shown that in tele-
metering applications not more than about six informa-
tion channels can be provided readily by this type of
system. For this reason, frequency-division systems are
not readily adaptable to the tclemetering of a large

INTRODUCTION
F THE FLIGHT TESTING of pilotless aircraft is

* Decimal classification: R424 X R365.34. Original manuscript re-
ceived by the Institute, May 11, 1950. Presented, 1950 IRE National
Convention, New York, N. Y., March 7, 1950; and New England
Radio Engineering Meeting, Boston, Mass., April 15, 1950,

This work was done in the Research Laboratory of Electronics at
the Massachusetts Institute of Technology, Cambridge, Mass., and
was supported by the United States Navy under Bureau of Ordnance
Contract NOrd 9661.

t Formerly, Research Laboratory of Electronics, Massachusetts
Institute of Technology, Cambridge, Mass.; now, Bell Aircraft Cor-
poration, Niagara Falls, N. Y

Research Laboratory of Electronics, Massachusetts Institute
of Technology, Cambridge, Mass.

§ Formerly, Research Laboratory of Electronics, Massachusetts
Institute of Technology, Cambridge, Mass.; now, McGill University,
Montreal, P. Q., Canada.

! J. C. Coe, “Telemetering guided-missile performance,” Proc.
IL.R.E., vol. 36, pp. 1404-1414; November, 1948.

number of information signals unless subcommutation
in the time domain is employed. However, a direct
method of time division such as the one discussed below
permits the multiplexing of a very large number of
high-capacity channels.

Several different methods of pulse modulation allow
multiplexing to be performed in the time domain. The
common methods include pulse-amplitude modulation
(PAN), pulse-width modulation (PWNMI), pulse-position
modulation (PPM), and pulse-code modulation (PCM).
Moreover, the radio-frequency carrier may be modu-
lated in amplitude or in frequency. Theoretical investi-
gation has shown? that while PCM-AM and PCM-IM
offer the best signal-to-noise ratios, PAM-FM is one
of the better of the remaining systems. Since no known
method of pulse-code modulation permits the design
of an airborne multiplexing unit which is sufficiently
simple and compact for use in small pilotless aircraft,
attention has been centered on the development of a
PAM-FM system.

The particular PAM-FM system described below is
a direct time-division system which uses two eight-
channel multiplexers to provide 16 information chan-
nels and 6,400 data samples per second per channel.
The frequency response of each channel extends the-
oretically from zero to nearly 3,200 cps. The svstem
may be altered to provide 32 channels or 64 channels
with frequency response extending to 1,600 cps or 800
cps, respectively. The information-handling capacity of
the system is determined primarily by the total number
of data samples per second, which in the above case is
16 X6,400 =102,400. The data samples may be allotted
equally to 2, 4, 8, 16, 32, ... channels as may be
desired, and the corresponding theoretical information
bandwidth in cycles per second is half the number of
data samples per second per channel.® The airborne
portion of the 16-channel telemeter described herein
uses approximately 1.7 tubes per channel, and the
entire equipment, including power supplies, but ex-
clusive of end instruments, is packaged in a volume
less than 200 cubic inches. The major components of
this PAM-FM telemetering system are discussed in
the following order: airborne multiplexer, ground-station
demultiplexer, synchronizing circuits, channel demodu
lators, and FM transmitter.

? V. D. Landon, “Theoretical analysis of various s
. indon, ystems of mul-
tiplex transmission,” RCA Rev., vol. 9, pp. 287-351 8;
pp.'4\;{,3-‘}4282hseptemb“e{, 1948, e June, 1948; and
- K. Bennett, “Time division multiplex syst ” Bell. .
Tech. Jour., vol. 20, pp. 199-221; April, 1691, sems” Be 24
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AIRBORNE MULTIPLEXER

Pulse-amplitude modulation and time-division multi-
slexing are performed simultaneously in the airborne
nultiplexer unit. Assuming that the wave form shown
n Fig. 1(a) represents the signal voltage from one of
-he end instruments, the function of the telemetering
system is to reproduce this wave form at the receiving
terminal on the ground. Theoretically, only two samples
per cycle of the highest-frequency component of this
signal need be transmitted in order that the wave form
can be reproduced identically at the ground station.’
However, in practice, a minimum of about 2.1 samples
per cycle is required. To perform the sampling, the sig-
nal voltage is applied to the control grid of a pentode
gating tube which has the suppressor grid biased beyond
plate-current cutoff. During intervals & at times T,
2T, 3T . .. (see Fig. 1(b)), a positive gating pulse of
fixed amplitude is applied to the suppressor grid. The
resulting plate wave form is a series of negative pulses
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Fig. 1—Pulse-amplitude modulation in a single channel.

with amplitudes proportional to the corresponding
instantaneous values of the signal voltage. Thus, a
short sample of the signal voltage is taken once during
each frame period T. These so-called channel pulses
are shown inverted in Fig. 1(b). During the remainder
of each frame period, other signals may be sampled
successively for similar short intervals d.

The circuit which performs the simultaneous modu-
lation and multiplexing for an eight-channel system is
shown in Fig. 2. One gating tube is used in each of the
eight information channels, with the eight information
signals applied to the eight control grids. A common
load resistor Ry is used for all eight tubes, and positive
gating pulses are applied in sequence to the suppressor
grids. The suppressor grids of the pentodes used in this
application have sharp cutoff characteristics. The
voltage across the common load resistor becomes pro-

wportional to each of the information signals in turn as

‘ L L. Kilpatrick, “A high-capacity matrix-commutated tele-
metering system,” Master's Thesis, Massachusetts Institute of Tech-
nology, 1948.
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the corresponding tube is gated “on.” The wave form
of this composite signal is shown inverted in Fig. 3,
wherein seven channels contain useful information and
the remaining channel contains a synchronizing pulse
of characteristically high amplitude for use in the re-
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Fig. 2—Representative 8-channel multiplexer. Gating signals are
?:btaine from crystal-resistor matrix. Pentodes are 6AS6 or
K5784.
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Fig. 3—Composite output of 8-channel multiplexer.

ceiving equipment. This illustration shows two com-
plete frame periods with certain specific signal varia-
tions. This ideal wave form could be transmitted only
by a system of infinite bandwidth; in the actual system,
any one information pulse does not occupy all of the
interval é allotted to it.

The block diagram of the airborne portion of a 16-
channel system is shown in Fig. 4. The two 8-channel
multiplexers are interconnected by means of an auxil-
iary electronic commutator to provide 16 channels. The
composite output of each 8-channel multiplexer is
selected during alternate periods T to modulate the
FM transmitter. Since alternate samples of each in-
formation signal are omitted at the output of the com-
mutator, the 16-channel system has a frame period of
2T. During each of these frames, the 15 information
signals and the one synchronizing signal modulate the
transmitter in turn. Since there are 102,400 useful data
samples per second, the duration of each channel inter-
val 8 is slightly less than 10 microseconds.
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In the airborne unit, the sequential gating or switch-
ing pulses are obtained from a crystal-resistor matrix
which is operated by a three-stage binary counter. The
binary counter and crystal-resistor matrix are illus-
trated in detail in Iig. 5(a). Each stage of the counter
is a conventional flip-flop circuit, and isolating cathode
followers connect cach plate in the flip-flop circuits to
one of the vertical lines of the matrix. The significant
voltage wave forms encountered in the matrix are
shown in Fig. 5(1). Assume first that the crystal diodes
are not connected. During the first interval §, section
(a) of each double triode is conducting and the cathode
of each conducting section is at a potential of V volts
with respect to ground; hence, the open-circuited volt-
age of line 1 with respect to ground is V volts. Since the
cathode voltage of the nonconducting section of each
cathode-follower tube is essentially zero, it mayv be seen
that the voltage of lines 2, 3, and 5 is 2V/3 volts, that
of lines 4, 6, and 7 is 17/3 volts, while that of line 8 is
zero. Line 1 is called the selected line because its voltage
is greater than that of any other line, and the minimum
differential of V/3 volts could be used as the gating
signal for channel 1. However, if the crystal diodes are
used, each line except line 1 is connected to the cathode
of a nonconducting triode through the forward resist-
ance of at least one crystal diode. Thus the selected
line, line 1 in this case, is at V volts as before, whereas
the remaining lines arc all at essentially ground po-
tential. The fact that only two output voltage levels
are possible with the diodes in the circuit makes the
adjustment of the bias voltage of the gating tubes much
less critical.

At the end of the first interval § a negative triggering
pulse causes the first stage of the counter to assume

its alternate stable state. Thus, section (1) of the first
double triode becomes the conducting section. Examina-
tion of the circuit shows that line 2 is now the selected
line and that all the other lines, including line 1, are at
ground potential. As succeeding triggering pulses actu-
ate the counter, lines 3 through 8 are sclected in turn as
shown by the wave forms of Fig. 5(1), and the sequence
repeats continuously. These cight pulse trains generated
by the matrix provide the switching pulses which are
applied to the suppressor grids of the gating tubes in
Fig. 2.

If an m-stage counter is used, the crystal-resistor
matrix may be extended to provide 2" sequential gating
pulses. lHHowever, the number of elements required is
n-2", where the parallel combination of a resistor and
a crystal diode is considered as a single matrix element.
Thus, while 24 elements are required for an 8-position
matrix, a 16-position matrix requires 64 elements, and
a 32-position unit uses 160 elements. The rcason for
using two 8-channel multiplexers in the airborne equip-
ment in order to obtain 16 channcls is to limit the physi-
cal size of the matrix.

IFor the sake of continuity, the discussion of the radio-
frequency link will be postponed until the function of
the receiving-station demultiplexer has been outlined.

RECEIVING TERMINAL

The first function of the receiving equipment at the
ground station is to recover a composite signal which
is identical with that modulating the transmitter. This
signal is decomposed into amplitude-modulated pulse
trains which are replicas of those associated with the
sampling of the original information signals. Finally,
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demodulator circuits reproduce the wave forms of the
end-instrument variations.
n The output of the discriminator of the I'M recciver
' shown in the block diagram of IFig. 6 is a 16-channel
| composite signal similar to the 8-channel signal of Fig.
' 3. The discriminator output is connected to the control

‘grid of each of the 16 gating tubes in the demultiplexer.
The gating tubes are pentodes similar to those employed
in the airborne multiplexer. However, in the ground
station, each tube has a separate load resistor, whereas
in the airborne unit all the gating tubes have a common
load resistor. Sequential gating pulses which coincide
in time with the corresponding pulses in the airborne
unit are applied to the suppressor grids of the demulti-
plexer gating tubes. Thus, cach gating tube produces
an output only during the short interval that its
suppressor grid is gated “on”; but its output is the re-
quired amplitude-modulated pulse train representing
the sampled information in the corresponding channel.

A 16-position crystal-resistor matrix is used to
generate the sequential gating pulses in the receiving
terminal because size is not a critical factor. Obviously,
the “on” interval of the demultiplexer gating tube in
a given channel must coincide exactly with the “on”
interval of the multiplexer gating tube in that channel.
Not only must the gating pulses at the ground station
occur in exact synchronism with the pulses in the air-
borne unit, but also they must be correctly indexed.
This phase and frequency control is performed by the
phase-locked  pulse-repetition-frequency multiplier
shown in Fig. 6. The circuit is controlled by the syn-
chronizing pulses which are extracted casily from the
composite signal because they are larger in amplitude
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Fig. 6—Block diagram of 16-channel PAM-FM ground station.

than any of the information pulses. The frequency
multiplier is essentially a gated multivibrator operating
at 16 times the recurrence frequency of the synchroniz-
ing pulses. The differentiated output of this multi-
vibrator is a train of triggering pulses which operates
the lour-stage binary counter, The multivibrator is
stopped at the end of alternate frames (a frame is the
time interval between successive synchronizing pulses)
and is restarted each time by the succeeding syn-
chronizing pulse. This pulse also resets the 16-position
binary counter to position 1. Thus the demultiplexer
is properly indexed at the beginning of every second
frame., The interval between synchronizing pulses is
compared in a time-discriminator with the interval
occupied by the 16 cycles of the multivibrator which
follow each indexing operation, and the output of the
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discriminator adjusts the grid-bias voltages of the
multivibrator so that its frequency is just 16 times the
repetition frequency of the synchronizing pulses. Since
the frequency of the multivibrator automatically fol- .
lows changes in the synchronizing frequency, the master
oscillator which establishes the basic channel-switching
rate in the airborne unit need not be exceedingly stable,

The lower wave form of Fig. 1 shows the samples of
a typical information signal which are recovered at the
output of one of the gating tubes in the ground station.
If this train of pulses were passed through an ideal
low-pass filter which cut off at exactly one half of the
sampling frequency, information signals containing
frequency components up to half of the sampling fre-
quency could be handled by the system. Since practical
filters do not have irfinitely sharp cutoff characteristics,
the frequency response of each channel is slightly less
than one half of the sampling frequency. In applications
where no low-frequency signals are encountered, the
channel demodulators may be simple low-pass filters.
However, in the direct pulse-amplitude-modulation
process discussed earlier, all of the frequency com-
ponents present in the data wave forms appear in the
composite, or commutated, signal. This condition repre-
sents a decided disadvantage in telemetering applica-
tions because much of the information is in the form
of slowly varying dc voltages. In order to transmit these
low-frequency components, the svstem would have to
contain dc amplifiers and the center frequency of the
FM transmitter would have to be carcfully stabilized;
that is, the information would be carried in the absolute
amplitude of the pulses, and a reference level would be
required.

In order to eliminate the complications of dc trans-
mission, the double-modulation technique illustrated
in Fig. 7 is used. The information signal to be trans-
mitted in each channel modulates a square-wave car-
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sjer of frequency equal to exactly one half of the sam-
sling frequency. For many types of end instrument,
such as the strain-gauge bridge or the microtorque
potentiometer, this modulation can be performed
directly by using the square-wave carrier to excite the
instrument. The end-instrument output, which is of
the form shown in Fig. 7(b), is sampled in the normal
manner by a gating tube. It should be noted that be-
cause the carrier wave and the gating pulses are syn-
chronized, the modulated carrier is sampled alternately
at the top and at the bottom as shown in Fig. 7(b) and
(c). Thus, in the sampled wave form of one channel,
the information is contained in the difference in ampli-
tude of successive pulses, and the absolute amplitude
of the pulses is unimportant. In this double-modulation
system, dc information signals do not produce dc
components in the composite wave form.

In the ground station, a wave form similar to that of
Fig. 7(c) is obtained at the plate of one of the gating
-tubes of the demultiplexer. Demodulation is performed
in two steps. The output of each gating tube is passed
through a low-pass filter which cuts off just below the
sampling frequency, and the amplitude-modulated sine
wave of Fig. 7(d) appears at the filter output. A full-
wave rectifier and a low-pass filter which cuts off just
below the carrier frequency are used in the arrangement
shown in Fig. 7 to recover the information signal. This
double-modulation technique has been used success-
fully to reproduce wave forms which contain frequency
components up to 70 per cent of the carrier frequency.
The information signals from the demodulators are re-
corded on a multichannel oscillograph.

REACTANCE-SWITCH M TRANSMITTER

The little-known technique of reactance-switching®’
is employed in the FM transmitter in order to obtain
wide linear frequency deviation and to permit modula-
tion directly at the carrier frequency. A wide linear
frequency deviation is desirable so that the information-
handling capacity of the system shall not be limited
by transmitter characteristics. Modulation directly at
the carrier frequency is desirable to minimize power
requirements and circuit complexity.

A reactance-switch modulator differs from a react-
ance-tube modulator in that the latter controls the fre-
quency of an oscillator by varying the effective react-
ance connected continuously across the tuned circuit,
while the reactance-switch modulator varies the time
during which a fixed reactance is connected across the
tuned circuit. Fig. 8(a) is a simplified schematic dia-

o~ J. W. Kearney, “Reactance-switching: a method of producing
wide-band freg}uency modulation,” NDRC-Div. 15, Technical Mem-
orandum 411-TM-90, (PB 14020), Radio Research Laboratory, Har-
w vard University, 1944,
s D. W. Cottle, “Frequency modulation by reactance-switching,”
Master’s Thesis, Massachusetts Institute of Technology, 1948.
7 Staff of the Radio Research Laboratory, Harvard University,
“Very High-Frequency Techniques ” vol. I, pp. 422-425, McGraw-
Hill Book Co., New York, N. Y.; 1947,
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gram of the reactance-switch modulator. An auxiliary
inductor L,, a crystal diode, a bias battery, and the
source of modulating voltage are connected in series
across the tuned circuit of the oscillator. Let v, in Fig.
8(a) be the sum of the bias voltage and the modulating
voltage. As long as the instantaneous value of the
voltage across the tuned circuit is less than v., the diode
is nonconducting and the angular frequency of the oscil-
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Fig. 8—Reactance-switch modulator. (a) Simplified schematic
diagram. (b) Wave form of tuned-circuit voltage.

lator w, is determined by C;and L. During the time in-
terval between ¢, and f;, the tuned-circuit voltage ex-
ceeds v, the diode conducts, the inductor L, is con-
nected across L, and the instantaneous angular
frequency is changed to a value ws. Thus the instan-
taneous frequency alternates between two values during
each radio-frequency cycle. The resulting fundamental
frequency of the tuned-circuit voltage depends upon
the conduction interval of the crystal diode, and there-
fore the frequency deviation is a function of the modu-
lating voltage es. This function can be made approxi-
mately linear over a frequency range of +1 per cent
of the carrier frequency; moreover, the modulation is
performed directly at the allocated carrier frequency
of 220 Mc. Fig. 9 shows the linearity of frequency devia-
tion and the uniformity of power output of a typical
transmitter.

PERFORMANCE

While the PAM-FM telemetering system is still in
the developmental stage, the results of field tests have
been encouraging. The information-handling capacity
per unit volume is greater than that of other existing
systems in the telemetering field. The versatility of this
particular multiplexing technique should be noted. The
16-channel system described above transmits 102,400
data samples per second, thus providing an information
bandwidth of about 3,000 cps per channel. However, an
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increase in the information bandwidth to, say, 6,000 cps
entails only the doubling of the master-oscillator fre-
quency and the appropriate increase in the cutoff
frequency of the low-pass filters in the ground station,
Morcover, as noted previously, a given number of data
samples per second can be subdivided in many different
wavs. Because the matrix switch which provides the
gating pulses is operated by a binary counter, the
number of channels is most conveniently a power of 2.
Since the number of gating pulses is 27, where 7 is the
number of binary stages, the possible number of chan-
nels increases much more rapidly than the number of
stages. Thercfore, the number of tubes per channel
decreases as the number of channels increases: for
example, the 16-channel system requires 1.7 tubes per
channel in the airborne unit, whereas a 64-channel
system requires fewer than 1.4 tubes per channel.

In telemetering systems, the output signal of each
channel should be a linear function of the corresponding
input signal in order to facilitate data reduction. The
over-all lincarity of one channel of the 16-channel
PAM-FM system including the radio-frequency link is
shown in Fig. 10. The end instrument used in taking
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Fig. 10—Over-all linearity of one channel of 16-channel
PAM-FM system.
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these measurements was a potentiometer excited by the

half-sampling-frequency square-wave carrier. The po- ©

tentiometer output was applied directly to one of the -

airborne gating tubes and the system response was’
measured at the output of the corresponding demodu-
lator. It can be seen that the departures from linearity
are less than 1 per cent of full scale. Full-scale modula-
tion is produced by a signal of 1-volt peak-to-peak ap-
plied to the grid of a gating tube.

A type-AN/APR-4 radio receiver was modified for
use with this system. A radio-frequency signal of 5 uv
is required to keep the demultiplexer synchronized, and
as long as the system remains in synchronism, the sig-
nal-to-noise ratio measured at the output of any chan-
nel is about 55 db. An appreciable percentage of the
noise is introduced by the switching and frequency-
control circuits. Complete shielding would reduce this
component of the noise somewhat, but it is extremely
difficult to provide adequate shielding in the airborne
equipment where volume and weight must be mini-~
mized.

Nonlinearities in the radio-frequency link do not
introduce cross talk between channels in time-division
systems. However, cross talk is introduced because
finite radio-frequency bandwidth does not permit the
transmission of ideal rectangular pulses. Rise and fall
times are prolonged so that in the demultiplexer, encrgy
from any one pulse appears in adjacent portions of the
time intervals allotted to adjacent channels. To mini-
mize this cross talk, the gating pulses used in the de-
multiplexer are appreciably shortened in such a manner
that they occupy only the middle portion of each chan-
nel interval of the composite signal. The other major
source of cross talk is pickup due to incomplete shield-
ing. When the radio-frequency bandwidth is approxi-
mately 1 Mc and a full-scale signal modulates one
channel of the 16-channcl system, the cross talk in
adjacent channels is down more than 54 db; when
identical full-scale signals modulate all but one channel,
the cross talk in that one channel is down more than
48 db.

It is common practice in telemetering to calibrate
each channel immediately before flight and sometimes
during flight. Thus, the accuracy of the PAM-F)\I sys-
tem depends upon the accuracy of calibration, upon the
errors due to noise and upon drifts in gain between
calibrations. The errors due to noise can be made |
negligible and the drifts in gain are dependent largely
on the stability of the power supplies used. If the sup-
plies are regulated, the crrors due to drift can be kept |
within 1 per cent of full scale. However, in telemetering
applications, it is often necessary to use poorly regu- |
lf'it(?d battery supplies because of size and weight |
limitations. The airborne multiplexer of the 16-channel |
PAM-FM system requires 6 amperes of filament current !
at 6 volts, and about 100 milliamperes of plate current
at 135 volts. The total volume of the airborne power |
supply is less than 100 cubic inches.
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The photograph in Fig. 11 illustrates the compact
tructure of the airborne equipment; it does not show
he associated end instruments or the power supplies.
Fhe potted unit in the lower foreground is the 8-position

Fig. 11—Airborne equipment for 16 channels, exclusive of
power supplies and end instruments,

crystal-resistor matrix, while the small box in the rear
contains the reactance-switch transmitter. The main
unit contains the master oscillator and the counting
and gating circuits. Each vacuum tube with its associ-
ated circuit components is embedded in a potting
compound and these subassemblies are mounted in
miniature sockets. The potted construction enables the

telemetering equipment to operate under very high-

accelerations. The complete unit shown in Fig. 11 op-
erates satisfactorily under sinusoidal acceleration of
amplitude 15 g and of frequency 50 cps. It will with-
stand constant acceleration in excess of 50 g along any
axis for short periods. The weight of this unit is about
7 pounds and the volume is about 110 cubic inches.

The ground-station equipment of the 16-channel
PAM-FM system appears in Fig. 12. This photograph
does not include the power supplies or the recording
apparatus. The relay rack contains the modified
AN/APR-4 receiver, the synchronizing, demultiplexing,
and demodulating circuits, and the dc amplifiers re-
quired to operate a multichannel recording oscillograph.

CONCLUSIONS

The PAM-FM telemetering system described above
has the following noteworthy features. It is extremely
versatile in that relatively few circuit modifications are
required to change either the number of channels or the
maximum frequency response per channel. Pulse-ampli-
tude modulation and time-division multiplexing are
performed by a simple set of pentode gating tubes
supplied with the appropriate gating pulses from a
compact crystal-resistor matrix. A process of double
modulation is employed to avoid the transmission of dc
signals over the radio-frequency link. In the transmitter,

—

Fig. 12—Ground station for 16 channels, exclusive of power
supplies and recording equipment.

wide-band frequency modulation directly at the carrier
frequency is facilitated by the novel technique of
reactance-switching. Potted unit construction provides
a compact, rugged, and easily serviced airborne unit.
The potential information-handling capacity of this
PAM-FM telemeter is greater than that of other ex-
isting telemetering systems and the wide information
bandwidth of each channel makes the circuitry appli-
cable to multichannel speech-communication systems.
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Quantization Distortion in Pulse-Count Modulation

with Nonuniform Spacing of Levels
P. F. PANTERY, SENIOR MEMBER, IRE, AND W. DITE{

Summary—It is shown that the distortion introduced in a pulse-
count-modulation system due to quantization can be minimized by
nonuniform spacing of levels. Equations are derived for an arrange-
ment of nonuniform level spacing that produces minimum distortion.
It is also shown that minimum distortion is significantly less than
distortion resulting from uniform quantization when the crest factor
of the signal is greater than four.

I. INTRODUCTION

T HAS BEEN shown in a previous paper! that the

process of quantization in a pulse-count-modula-

tion system introduces distortion. In that paper,
equations were derived for the special case of cqual-
level spacing. This paper studies the effect of non-
uniform-level spacing with the view of obtaining mini-
mum distortion.

It is shown that by taking the statistical properties
of the signal into consideration, the distortion can be
minimized by a proper level distribution, which is a
function of the probability density of the signal. In
practice, nonuniform quantization is realized by com-
pression followed by uniform quantization. The most
common form of compression is the so-called logarithmic
one, where the levels are crowded near the origin and
spaced farther apart near the peaks. It is shown that
with logarithmic compression the distortion is largely
independent of the statistical properties of the signal.

I1. D1STORTION FOR NONUNIFORM SPACING

Consider a quantized signal y(f) as shown in Fig. 1.
Let the levels be symmetrically disposed about zero
voltage level, but otherwise placed in an arbitrary
manner in the interval (— V, V). The problem of mini-
mizing the distortion of the quantized signal by prop-
erly spacing the levels will be considered now. Denote
the levels by y—n, y-ni1, © © *, Y0, ¥1, * * * Ya_1, ¥a, where
Y&« = —y_xand yo=0. Further, assume that a signal value
of y which satisfies

(1)

is transmitted as level y,. The y's with fractional sub-
scripts are the crossover values.

The measure of distortion that is adopted is the
mean-square-distortion voltage defined as

V-2 < ¥V < Yipy2

* Decimal classification: R148.6. Original manuscript received by
the Institute, June 16, 1949: revised manuscript received, December
22, 1949. Presented, 1949 IRE National Convention, March 7, 1949,
New York, N. Y. The work described in this paper was done un-
der the sponsorship of the Signal Corps Engineering Laborator-
ies, Fort Monmouth, N. J.

1 Federal Telecommunication Laboratories, Inc., Nutley, N. J.

VA, G. Clavier, P. F. Panter, and D. D. Grieg, “PCM distortion
analysis,” Elec. Eng., vol. 66, pp. 1110-1122; November, 1947,
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Yi41/2
a= [ — yray, @)
Yk—1/2

where oy is the distortion in the kth level, The error of
the transmitted signal is (y —y:) and P(y) the prob-
ability density of the signal y.

First, derive a relation between the various ¥y'sin (2)
so that ¢, in the kth level is a minimum.,

Suppose that the levels are so close that P(y) may be
considered as nearly constant over the region of integra-
tion and equal to P(y,,)

where
Yeryze + Yecae
Yar = — - s
2
P(ya,)
or = T3 [(yar1p2 ~ ¥+ (v — yiy 2)?]. ©)

Differentiating o} with respect to y, gives

dO’k
E; = P(ya) [— (yus12 — ¥ P+ (3 — yin)?] = 0

or
_ kvt Yo

yk =
2 Yav.

(4)
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Thus, the condition for making o a minimum is that
yi lie half-way between Yii1/2 and yr— 2

etz = Yr + A}'Ic,}
Ye-12 = Y& — DAY

©)
Substituting these values in (3), it follows

2
O = -3- P(yk)Ayka. (6)
The total mean-square-distortion voltage is found by
summing over all levels, giving

2 n
o4 = ‘3‘ Z P(yk)Ayka. (7)

-—n
Now, it will be proved that the mean-square-distortion
o4 is a minimum when g is constant, independent of
the kth level.

By the definition of an integral, we may write

n 1 4
23" PV (y0aye = f Pi(y)dy = 2K, (8)
- v

where K is a constant, since the integral is a function
of only its limits. Let px = P'3(y)Ayx; then (7) and (8)
become, respectively,

2 n
94=3 > uid, 9

and

K= uk (10)
—n
The problem is now reduced to minimizing the sum of
cubes subject to the condition that the sum of the
variables is a constant.
From Lagrange’s method of undetermined multi-
pliers, it follows that (9) is a minimum when

n = Hon = v = pp ] = WPp = . 11
M H—nt1 Hn—1 B 2+ 1 ( )
From this, it follows P
PU3(y)Ay, = — 12
(y)Ayx w1 (12)
or
2 K?
op=——""3"
3 2n+1)3
The total minimum distortion power
2 K?
Op = — ———
3 (2n+ 1)?
1 1 4 3
= —— PU(y)dy ). 13
122n + 1)2(f.,v ) y) o

Since P(y) is an even function and letting N=2n+-1 be
the total number of steps,

Panter and Dite: Distortion in a PCM System 45

(14)

N

The ratio of the mean-square-distortion voltage to the
mean-square-signal voltage is

v 3
I [ fo Pm(y)dy]

Dm2=_:= -
¢

3N2 v
f y*P(y)dy
0

) (15)

Equation (15) gives the minimum distortion resulting
with optimum level spacing.?

An approximate method of obtaining levels may be
obtained by writing (where k is positive)

ye = Ayo+ 28y + - -+ + 28y + Ay

- K [ 1 n 2 n
N PV3(y,) PU3(y,)

PR 1]
PY3(yem)  P(yx)

B K[ 1_ n 2 "
T2V LP3(ye) - PM3(y)

+ 2 + ! ]2V (16)
PY3(y,,) P(yod N

The series may be approximated by an integral

S|
Y
0 Pll3(z)

where we have changed the variable on the right to z
to avoid confusion. 4 is a constant of proportionality so
chosen that when z=V; y=V. Hence

ek
y=V__‘l_@_. (18)

v o1
f dz
o PY3(z)

By letting z vary from 0 to V, y will describe a curve
as shown in Fig. 2. As z takes on the values of 20=0,
2,=2V/N -+ -2,=2kV/N - .- 2,=2nV/N, we get the
point y0=0,y1° Y&+ * In

While approximate, this derivation has the advantage
that the levels are obtained quickly. The relation (12)
may be used to make spot checks since

(17)

Yer1 = Y& + Ayx + Byenr

- +£(—1——+ #l‘-) (19)
T N\PG) | PY(yee))

3 This equation was first derived by P. R. Aigrain using a slightly
different method. Y e ¢ ¢
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From Fig. 2, it may be scen that the uniform spacing
along the z axis is transformed into a nonuniform spac-
ing along the y axis. The compressed output z is then
subjected to uniform quantization. To recapitulate,
nonuniform spacing of levels may be realized by passing
the signal through a compressor with a given character-
istic and applying uniform quantization to its output.
Obviously, this also implies that a corresponding ex-
pansion is incorporated in the receiver.

OUTPUT UNIFORM SPACING 2

]| ) S

Yy

INPUT NONUNIFORM SPACING y

Fig. 2—Compression curve for nonuniform-level spacing.

Ye = Ayo+ 2Ay + - -+ + 28w + Ay
K 1 2
T I:l’""()'o) t gy T

L, (1
=4 fo P %
t 1
J, 7o

v 1
f ———dz
o PV(z)
c=Vandy=V.

+ 2 n 1 ] 2V
Py Pon I N

’

where

ITI. LoGgariTnmic COMPRESSION
A compression curve that is relatively easy to obtain
and has been used in practice is the so-called logarithmic
compression curve. The positive half of the compression
characteristic is given by

v2 = klog <1 + flv—l) (20)

where

4 =compression parameter
v;=Iinput voltage

vz =output voltage

V' =maximum input voltage
k=an undetermined constant.

To find &, let v;= 1V when v,=V, so that the maximum
values of the input and compressed waves are equal,
This gives

PROCEEDINGS OF TIHI I.RE.

v <1+uv1>
log (1 + ) ¢ v/

The parameter u controls the degree of compression
and may be chosen so that large changes in the input
produce relatively small changes in the output. As
shown in Fig. 3 for u=1,000, a 60-d change in the
input will cause only a 20-db change in the output.
When u is large, the levels are crowded about zero, p=0
corresponds to uniform spacing.

(K]

. ;
E 1
0.001 oo J.: - |J.o
INPUT
Fig. 3—Logarithmic compression.
¢ KUy
1y = ] L)
= g (1 + ) °g(l+ v
Differentiating, (21) yields
7 |
dv,. (22)

2 = —_— ———
log (1 + u) 1"+ up,
As the compressed signal is divided into N uniformly
spaced levels, Av,=21"/N. This gives
_ 2log (1 +4)
uN

Ai’]

(V' + o). (23)

In the notation of the previous section, Ay,=Av,/2
so that

log (1 + u)
k =

— (V' +uy) = a(V + uy), (24)

m

where

log (1 + u)
Q= — .

N (25)

From (23), it follows that the ratio of the largest to the
smallest level is given approximately by

AYn .

— = B 26
o (26)
Itis interesting to note that

is al
(doo/dvy),, =250 cqual to 14 p.

(21)

1
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This ratio, when expressed in decibels, is often referred
o as the compression of the system.

The distortion power is given approximately by (7)
vhen the number of levels is large

2 n
va= > P(y)Ayéd

—n

2a2 n

S 3V 4 uye)?P(yo)Ayx

—n

2a2 n R
—i_ 3 [V2P(ye) + 2Vuyel(ye)
+ wytP(yo) Jaye.  (27)

Since P(y) is an even function and yi= — ¥, the second
term in the summation vanishes. Thus,

2a% &
0a = 'Z‘ > [P + w2yt P(y) JA .

*Converting this into an integral with 2Ay,=dy and
using (41) and (46) of the Appendix yields

azvrz v a2 2 14
vy = P(y)dy + f y2P(3)dy
-V 3 v
2V2 2,2
AT (28)
3 3

where ¢ is the mean-square-voltage and V is the peak
value of the signal. Hence, the distortion is given by

b (2>1/2 _ logi(_1_+ﬂ_) (€ + w2,

= 29
o 3y N (29)

when Cis the ratio of peak to root-mean-square value of
signal. For a given C, the distortion is a function of u
only and will be a minimum for optimum g as shown in
Fig. 4.

When g is large compared to C, this becomes

D=log(l+ﬂ).

3II2N (30)
12 P
T
10 1 | I+ - 41—+ —
EEEEEENEEEEEE
] — + 4 e 4 ¥_ +,T
o | 3 — - S B s e o s
J.:Q L N 4 } +— {‘ ) S —
| 1 { i I 41 [ —1 4
a— l I : - e Fj:
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Fig. 4—Distortion plotted against the parameter u.

C! 1/2
C =12 and 3VND = log (1 + ) (1 + —,)
m
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Hence, when p is large, the distortion is largely inde-
pendent of the signal.

The distortion for uniform quantization may be ob-
tained by letting 4 become zero in (29).

D = C/3N. (31)

For a sine wave,
C =212
and
212 2
D = —3 .
312N 612N

When a signal is uniformly quantized, the distortion
depends on the ratio of the peak to the root-mean-
square value. This is illustrated in curve 1 of Fig. §;
curve 2 gives the minimum distortion for optimum
logarithmic compression when the compression param-
eter u is selected by curve 3.

28 7
24 7 60
- . P
20 7 wa 50
26 a0
L
Y . W,
v ¥
2 | 4;/ = 30
8 A 20
2
a —— =t 10
AT
72
o a 8 12 16 20 24 28 32 36 a0

c

Fig. 5—Distortion characteristics. Curve 1 is for uniform quantiza-
tion 3'* ND=C. Curve 2 is for optimum logarithmic compres-
sion,

C2\ V2
312ND = log (l+p)(1+'—’) .
n

Curve 3 is for the case where
2 12
c={+5% £ .
—;—"log(l +w) -1

1V. APPLICATION TO SPECIFIC SIGNALS

To illustrate the various points involved, let the pre-
ceding results be applied to the class of signals specified
by the probability density given by

r(y)= (32)

1 ya z
- = MDY () | A
(34-2M)121128(172, A1) ( (3-{-2)\)0)’

which is discussed in the Appendix. Here \ is a param-
eter that determines the ratio of the peak value to the
root-mean-square value. For —1<A<0, the signal is
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relatively flat, while for 0 <\ < o, the signal has sharp
peaks. When A =0, all values are equally probable. If we
let

1
A= Gt s+ )
a = d”z(ﬂ + 2)\)112'

we find that the minimum distortion is given by

e
3N% 0 a?
T2
12N?% 3

2+ 3 BY(1/2,1 4 N/3)
12N B(1/2,1 4 \)

sz()\) =

(33)

In this case

C=(\+ 302 (34)

The distortion for uniform-level spacing is from (31)

1
- — 1/2
D= -Gt

(35)

The quantity ND is plotted versus C in Fig. 6. It is
seen that for small values of C, there is little advantage
in using the minimum spacing. It is not until the crest
factor is above 6 that the difference between the two

: //

3 e

/<umroam
2 A~

/
k OPTIMUM

—

ND

' e
. i |c=3" TRIANGULAR SIGNAL
t
. e
I} |c=2" sINE wave
[ |
[ 2 3 4 5 6 7
C
Fig. 6—Distortion plotted against crest factor for

the Pearson distribution.

distortion figures is 6 db. The distortion for opti-
mum spacing attains a final value of about 1.65/N.
Thus, the chief advantage of the optimum spacing oc-
curs when the crest factor of the signal is high.
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V. APPENDIX, STATISTICAL PROPERTIES
OF THIE SIGNAL

PEARSON DISTRIBUTION
The probability density given by

y2 A
- (3+2)\)a> (36)

is known as the Pearson distribution. In (36), ¢ is
power and N\ is a parameter satisfying —1<A< o,
Further, the variable y is restricted to the interval

=B+ 222 <y = + [(34 2002

1
PG ='(3+2x7*72a7/21f-(1/'2,—x+7><

Finally, B(m, n) is the beta function.
FFor special values of X, P(y) reduces to simple forms.
We have for A=0

P(y) = 2oy’

—(30)1? < y < (30)102,

which is a rectangular distribution with a peak-to-
peak amplitude of 2 (30)"2. The case A= —1/2 re-
duces to the distribution function of a sine wave whose
maximum value is 4 =(20)"2 If A= —1, we find that

P(y) = o
when y= +g1/2,
P(y) =0
elsewhere.
The distribution consists of impulses at y= +g'/2 of

strength 1/2; the signal is a square wave. When A— «,
the probability density reduces to the normal distribu-

tion,
‘ SINE WAVE
i ;. 1
|
|
|

RECTANGULAR
(DISTRIBUTION [

o’ Py

SQUARE

y/o"

Fig. 7—Pearson distribution curves of ¢'/* P(y)
plotted against y/o!/2,

The probalulity density (36) is plotted in Fig. 7 for
several values of N with constant power. Actually
a'*P(y) is plotted against y/a!/? to get a set of curves
applicable to all values of o. From these curves, it is
seen that A=0 is the dividing line between two classes
of signal. If A is negative, the signals tend to concen-
trate near the maximum value. For \ positive, values
near zero are emphasized.

|

January |
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Radiation from Wide-Angle Conical Antennas
Fed by a Coaxial Line®

CHARLES H. PAPASt, AsSOCIATE, IRE, AND RONOLD KINGf, SENIOR MEMBER, IRE

Summary—An approximate expression for the radiation from
spherically capped conical antennas is derived by the Fourier-Lamé
eigen-function method. Radiation patterns have been calculated for
antennas with flare angle of »/6 and various lengths.

I. INTRODUCTION

N A PREVIOUS PAPER! the input impedances of
]:[ spherically capped conical antennas fed by a co-
axial line were calculated for large flare angles. By
an extension of this earlier work an expression for the
electromagnetic field of an antenna of arbitrary length
a and flare angle 8, (see Fig. 1) is obtained. It is sup-

SPHERICAL CAP

s
s/ CONIGAL ANTENNA
/ \
/ \
/ . \__ MATHEMATICAL

/ ¥ HEMISPHERE

/ \‘

i \ INFINITE

| / / { PLANE

' Wi,
wncrion”| (|
; / lmne
4
COAXIAL LINE~ 4

¢
g
4
Y
4
5&‘

Fig. 1—Spherically capped conical antenna fed by coaxial feed
line. Characteristic impedance of line equals characteristic im-
pedance of antenna and flare angle is large, i.e., o= 7/6.

posed that the characteristic impedance of the coaxial
line

Zine = 6010 22,
(4}

where p; and p, are respectively the radii of its outer and
inner conductors, is equal to the characteristic imped-
ance of the antenna

* Decimal classification: R120XR326.612. Original manuscript
received by the Institute, January 16, 1950.

The research reported in this paper was made possible through
support extended Cruft Laboratory, Harvard University, jointl gy
the Navy Department (Office of l?aval Research), the gi nal Corps

m of the U. S. Army, and the U. S. Air Force, under ONR Contract
NSori-76, T. O. 1.

1 Cruft Laboratory, Harvard University, Cambridge, Mass.

VC.H. Paras and R. King, “lnput impedance of wide-angle coni-
cal antennas fed by a coaxiarline, Proc. I.R.E., vol. 37, pp. 1269~
1271; November, 1949.

0o
Zy=60In cot—2--

From symmetry considerations it is known that the only
nonvanishing components of the electromagnetic field
in the antenna region p:<r=a, 0,<0=7/2, and the
radiation region r Za, 0<0 =<7/2 are H,, E,, E,. Assum-
ing that only the TEM mode exists in the antenna
region, and expanding the field in the radiation region
in an infinite series of eigen-functions, the radiation field
is determined by forcing the annihilation of Eg over the
spherical cap and the continuity of Es over the mathe-
matical surface r=a, 0,<0=7/2.

I1. FORMULATION OF THE SOLUTION

In the antenna region for large flare angles, i.e.,
8o=7/6, only the TEM node need be considered. The
6 component of the electric field for this TEM mode is
given by the following expression:?

T; ae‘-ikr —_ Beikr

Ey(r, 8) = ,

€ r sin @

(1

where o and B are constants, k=2m < free-space wave-
length.
In the radiation region, it is easily shown that?

Fa(r,0) = if/ — ZA,.[h,,_,‘”(kr)

_ h..‘”(k’):l P.\(cos®),  (2)
kr

where A,'s are constants, k,®(x) are the spherical Han-
kel functions of the second kind, P,!'(cos 8) = —d/d0P,
(cos 8) are the associated Legendre polynomials, and
the summation is over odd integers.

Since Es(a, 0) must vanish over the spherical cap,
from (2) it follows that

hd n

0= A,.(h,.,.l‘”(ka) o h,.‘”(ka)) P, (cos 8) (3)
n=l a

for 0<0=0,. To match E, across the mouth of the an-

tenna, i.e., across the mathematical surface, r=a,

0, <0 <m/2, it is necessary to satisfy the relation

ae—‘ka — ﬂe‘ka

asin @

> A,.(h,._l(”(ka) . ;3 h,.‘”(ka)) P\ (cos0) (4)
a

n=1

3 C. H. Papas and R. King, “Input Impedance of Wide-Angle
Conical Antennas,” Cruft Laboratory Technical Report No. 52, De-
cember 1, 1948,
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obtained by equating (1) and (2) for r =a. Multiplying
both sides of (3) and (4) by P,}(cos8) sin § and integrat-
ing with respect to @ over their respective intervals of
validity, it follows from the orthogonality property of
the associated Legendre polynomials that

<ae -ika _ ﬂetka

>P (cos 6,)

a
n(n + 1)
2n + 1

Solving (5) for the A,'s and then substituting into
(2), the 8 component of the electric field in the radia-
tion region is obtained

= id, I.h,.__lm(ka) - lln(Z)(ka):l (%)
ka

Eo(r, 0) = KD Pa(cos 8,) P, (cos )

n=]

where

'u_ ae -ika ﬂetku

R

At distances from the antenna large compared to

a wavelength, i.e., kr— o, the expression [lz,._,(”(kr)
—(n/kr)h,®(kr)] approaches (i)"e~#*/kr. Hence for

kr—

—ikr

lfa(r, 0) = K

r a

The expression (7) yields the 8§ component of the electric
field along the circle 7, 8 when kr>3>1. Dividing (7) by
(Eo(r, w/2) vields the normalized radiation distribution
function

L

nel

B0 _

™
Ea (7’, >
2

R(#) is a complex function of § whose modulus A/(f)
gives the distribution of the absolute value of the
normalized electric field over a hemisphere of very large
radius. Explicitly,

R(6) =

L

Ne=]

Nesl

M) =

L

> P.(cos 0,) P, l(o)

n=l
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> P.(cos 8,) P, (cos 0)

+
Z Po(cos o) P,}(cos 6) w-;-; 1" Bacs @ (ka) — (n/ka) ha® (ka)]

January

I11. RADIATION PATTERNS

For given values of the flare angle 8o, the antenna
length @, and the operating angular frequency w(=ke
where ¢ is the velocity of light in vacuum), the radia-
tion pattern of the antenna can be computed from (8).
When ka<1, only the first terms in the series need be
considered and consequently

M(0) = sin 6, 9
which is to be expected for the radiation pattern of an
infinitesimal vertical dipole on a perfectly conducting
horizontal plane. As the parameter ka increases, the

2n+1 lz,._,m(kr) — (n/kr)lz,.m(kr)

n® 4+ n lzn_,m(ka) — (n/ka) lz,.(“(ka) ©)

departure from (9) becomes more pronounced as is seen
from the polar plots of Fig. 2 for the case 8o =7/6.
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n? 4+ n h,._ “’(ka) - (;;/ka)lz,,(“(ka)

@)
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Fig. 2—Plots of the absolute values of the far-zone electric field as a function of the zenithal angle 6 for various values of ka and
flare angle 8, ka = 2xx length of antenna in free-space wavelengths.

Angular Jitter in Conventional Conical- Scannmg,
Automatic-Tracking Radar Systems’
CHARLES E. BROCKNERY, SENIOR MEMBER, IRE

Summary—Four sources of angular jitter in a conventivnal coni-
cal-scanning, automatic-tracking radar are discussed and each is
expressed in terms of range and the several system parameters. The
total-angular-jitter-versus-range curve is shown to have a charac-
teristic shape exhibiting a certain range interval of optimum tracking.
The importance of beamwidth in determining the magnitude of
angular jitter is also stressed.

INTRODUCTION

N THE CONVENTIONAL fire control system

]:[ (Fig. 1), present target position data obtained from

the fire control director are used in the computer,

to calculate target rates and accelerations. These tar-

get rates and accelerations are in turn used to predict

the future target position, which is required in the solu-
A tion of the fire control problem.

* Decimal classification: R116XR537. Original manuscript re-
ceived by the Institute, March 17, 1950.
t Sperry Gyroscope Company, Great Neck, L. I.,, N. Y.

In present-day practice an automatic-tracking radar
is used to control the director, and this tracking method
yields data which include random deviations from the
true target position. These perturbations are called
“jitter.” Jitter is a matter of eonsequence because the
computer, in computing rates and accelerations from
the radar data, greatly amplifies these random devia-
tions with the result that dispersions in the gun (or
missile) orders are many times the values of the original
perturbations.

With the development of modern high-altitude, high-
speed, highly maneuverable targets, the computer’s
task has been made more difficult on two accounts: (a)
The computer smoothing time has been shortened be-
cause the targets are faster and more maneuverable, and
(b) the time required for projectile flight has been
lengthened because longer range missiles are used. Since
the amplification of the tracking perturbations is pro-
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Fig. 1—Artist’s conception of typical radar-computer-
director-gun-moving target system in operation.

portional to the projectile flight time and inversely pro-
portional to the computer smoothing time, it is neces-
sary more than ever before that tracking jitter be
reduced to a minimum.

The purpose of the present paper is to list the several
sources of tracking jitter present in a conventional
conical-scanning, automatic-tracking radar system and
to show how they are dependent upon range and the
system parameters. It is assumed that automatic track-
ing in range is accomplished with negligible jitter, and
therefore the discussion is confined to the subject of
angular jitter. Finally, because of the lack of quantita-
tive information on the phenomena involved. much of
the discussion will be qualitative in nature.

SOURCES OF ANGULAR JITTER

The sources of angufar jitter in a typical conical-
scanning, automatic-tracking radar system may be
listed as follows: (a) random fluctuation in the received
signal strength, (b) random fluctuation in the angle of
arrival of the received signal, (c) receiver noise, and
(d) residual servo jitter.

RANDOM FLUCTUATION IN RECEIVED SIGNAL STRENGTIH

Fluctuation in the received signal strength is due
mainly to the time-varying character of the target
scattering cross section as viewed from the radar and is
caused by the variations in target aspect as a whole
and relative motions of the various parts of the target
(Fig. 2). The presence of this phenomenon is substan-
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Fig. 2—Return power from a B3-26 aircraft at 10-cm wavelength as a
function of azimuth angle. The radar data were taken while the
aircraft was rotated on a turntable under conditions excluding
other return of radar cnergy. Return power is plotted in decibels.
(From “Radar System Engineering,” edited by .. N. Ridenour,
McGraw-Hill Book Company, Inc., New York, N. Y., 1947.)

tiated by the echo-power-versus-azimuth-angle plots

for typical aircraft reported in the literature.! Trans- -

mitter modulation and misfire and random changes in
atmospheric insertion loss also are factors contributing
to this fluctuation, but their effect is probably negligible
and is outside the scope of the present paper.

The angular jitter 84 resulting from this fluctuation
in received signal strength is a function of the target’s
geometry, speed, and course. For a given target, velocity
and course, the rms angular jitter 84 is inversely pro-
portional to the slope m’ of the per cent-modulation-
versus-crror-angle curve. (This assumes that m’ is con-
stant for the small error angles of interest.) For small
error angles, m’ is proportional to the slope S of the
normalized antenna wolfage pattern at the spin axis
(when the angular dimension used is beamwidth) and
inversely proportional to the beamwidth. Therefore, 64
is proportional to the beamwidth and inversely propor-
tional to S (Fig. 3).

It may also be expected that 8, will increase as the
servo gain-bandwidth product increases. The servo
gain-bandwidth product £ is defined as

© g,
{ — dw
Jo 6

1

where
0o =output angle as a function of frequency
0:=input angle as a functicn of frequency
w=frequency in radians per second.
Just how 8, varies with the servo gain-bandwidth prod-
uct depends upon the energy-versus-frequency distribu-
tion of the received signal-strength fluctuation. How-

'L. N. Ridenour, “Radar Syst Engi ing,” N -Hill
Book Co., Inc., New York, N. YY, pc;l)].l 76117%?(31(3':;& MeGrav-1h

-

!
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Fig. 3—Antenna voltage pattern. Slope S is tangent
to the lobe at the spin axis.

ever, if it is assumed that this energy is fairly uniformly
distributed over the servo bandwidth and a continuous
function of frequency, 84 is proportional to the square
root of the servo gain-bandwidth product.

On the other hand, as long as the automatic gain con-
trol is operating in such a manner as to maintain a con-
stant servo-loop gain, 64 should be independent of
range and other system parameters such as transmitter
power, receiver noise figure, antenna efficiency, and so
forth: in short, those parameters which define the echo
signal-to-noise ratio.

Thus,

) £12W g .
04 A5 mils (1)
where
K 4 = proportionality constant
£ =servo gain-bandwidth product
S=slope of normalized antenna vollage pattern at
the spin axis
Wg = system beamwidth in mils.

RaNDoOM FLUCTUATION IN THHE ANGLE OF
ARRIVAL OF THE RECEIVED SIGNAL

Random fluctuation in the angle of arrival of the re-
ceived signal is mainly due to the fact that the effective
center of radiation of the radar echo from a target as
geometrically complex as an aircraft wanders in a ran-
dom fashion over the limits of the target as its aspect
relative to the radar changes. (Random aberration in the
atmosphere might also be a contributing factor.) This
motion of the effective center of radiation is termed
glint (Fig. 4) and is a target characteristic closely re-
lated to the observed fluctuation in received signal
strength due to change in target attitude.

For a given target it is reasonable to assume that the
effective center of the target moves a given number of
yards for a given change in target aspect. Therefore,
the angular jitter due to this phenomenon 8 is inversely
proportional to range. The rms value of 85 also is pro-
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portional to the square root of the servo gain-bandwidth
product if it is assumed that the energy-versus-fre-
quency distribution in the angle-of-arrival fluctuation
is fairly uniformly distributed over the servo bandwidth
and a continuous function of frequency. g, however, is
independent of the echo signal-to-noise ratio and m’ as
long as the automatic gain control maintains the servo
loop gain constant.

/ANGLE SUBTENDED BY A/G
i

\
— —————ay
. !
\
\

TIME=T, - TIME:=T,

Fig. 4—One source of angular jitter is glint, or the random shifting of

the target's effective center of radiation. In the left view the ef-

fective center is amidships. The right view shows it as the tail
structure. The aircraft is shown near the radar antenna; thus,
glint effect is heightened as an illustration aid.

Thus,
Kpt'!?

R

B = mils (2)
where
K g =proportionality constant
£ =servo gain-bandwidth product

R =range.

RECEIVER NOISE

Every receiver has associated with it an equivalent
thermal noise source that generates an amount of noise
power which is essentially constant for that particular
receiver. The angular signal is in competition with this
noise for recognition in the angular sensing device and as
this signal-to-noise ratio decrcases one would expect the
angular tracking jitter to increase. Now, since the angu-
lar sensing device in a conical-scanning radar operates
on a voltage basis, and if it is assumed that the angular
error voltage varies linearly with error angle, the angu-
lar jitter due to receiver noise ¢ is inversely proportional
to the square root of the echo-signal-to-receiver-noise-
power ratio.

That this is so can be shown with the help of Fig. 5. In
Fig. 5 the angular-error-voltage-versus-error-angle curve
is shown as V-shaped with the base submerged in re-
ceiver noise. The radar line-of-sight wanders randomly
over an angle which is proportional to the width of the
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portion submerged in the noise. Now the action of the
automatic gain control is such as to maintain the “V”
ordinate fixed and to make the noise voltage propor-
tional to the square root of the receiver-noise-to-echo-
signal-power ratio and hence submerge the “V” to a
depth, and for straight sides to a width, which is in-
versely proportional to the square‘root of the echo-sig-
nal-to-receiver-noisc-power ratio.

ANGUL AR
ERROR
VOLTAGE

OLTAGE

RECEIVER NOISE

Fig. 5—Plot of error voltage versus associated angular
error in the presence of receiver noise.

fc is also directly proportional to the system beam-
width and the square root of the servo gain-bandwidth
product and inversely proportional to the slope of the

normalized antenna voltage pattern at the spin axis.
Thus,

PNIIZEIIZ

IT,‘“S g mils (3)

6c = C,

where

C, = proportionality constant

P, =receiver noise power

P,=echo signal power.

From radar considerations, the echo signal power
varies with the several system parameters and range as
follows:

_ C2PGlaN?
-

P, 4)
where

C.= proportionality constant

P, =transmitter power

G.=antenna power gain along the spin axis

g, =target scattering cross section

R =range

A =wavelength.

For automatic-tracking radars, where pencil beams
arc employed,

Can

Gg e
Wg?

B (5)

where
C, = proportionality constant
n=antenna efficiency
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B=a factor which allows for the loss in power gain
along the spin axis as a result of the beam tilt ¢
(Fig. 3).
Thus, from (4) and (5)

(741)17720132)\2

LTI ©)

r

where Cq=C.Cs.

The receiver noise power may be expressed as follows
if it is assumed to be of uniform density over the band

P,=CiN (7)
where

C; = proportionality constant

N =receiver noise figure.

Thus, from equations (6) and (7) cquation (3) be
comes

KC‘\H/?EUZ”'BJRZ
- - ~ mils
P2 MESBA

c = -

(8)
where K¢ =proportionality constant.

RESIDUAL SERVO JITTER

Even when the line-of-sight is slaved to a reference,
which in itself is noise-free, there is jitter about the
reference. This jitter 8p is due to the presence of elec-
trical or mechanical backlash, sticky friction, and noise
in the servo system. To a first approximation, 8p in mils
is assumed to be proportional to the square root of the
servo-gain-bandwidth product and independent of

range and other system parameters.
Thus,

6p = Kp&'/? mils  (9)

where K p = proportionality constant.

CONCLUSIONS

For a given system-target combination, (1), (2), (8),
and (9) above reduce to

6, = K, mils  (10)
K, .

0p = 3 mils (11)

6c = K3R? mils  (12)

0D = K4 mlls (1;)

Admittedly, the state of the art has not advanced to
a point that permits the evaluation of the K's in (10)
through (13) for a particular set of system parameters
and target. With this in mind, the plot of equations
(10) through (13) on Fig. 6 must be interpreted as being
qualitative rather than quantitative in nature. The
total angular jitter 8, is computed by assu ming that the
individual angular jitter sources are random; that is,

0: = \04% + 05% + 6c + 0,7 mils. (14)
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This curve is given on Fig. 6 and should also be in-
terpreted as a qualitative plot.

i
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Fig. 6—Plot of sources of angular jitter.

From the curve of 8, versus R of Fig. 6, it is seen that
best tracking, i.e., minimum jitter, is obtained at an
intermediate range where the contributions to angular
jitter from glint and receiver noise are small compared
with the contributions from residual servo jitter and
random amplitude fluctuation in the echo signal. Such
a range bracket, in general, exists for all systems. How-
ever, if there is no range interval where both 6 and f¢
are negligible, the f,-versus-R curve will have no flat
portion.

TABLE 1

SUMMATION OF EFFECTS OF JITTER SOURCES
ON SysTEM PARAMETERS

System Parameter; Parameter Exponent

Jitter A R o

Source Wa £ N P, n S 8 A
04 1 0.5 0 0 -1 0 0
(T 0 0.5 0 0 0 0 0 0
6c 3 0.5 0.5 —0.5 -1 -1 -1 -1
0p 0 0.5 0 0 0 0 0

In order to obtain the smallest amount of tracking
jitter over an extended range, it is obvious that all four
curves 84, 0p, 8¢ ,and 8p should be depressed as much as
possible. To show better how the scveral system param-
eters determine the positions of these curves, Table | has

Brockner: Angular Jitter in Radar Systems 55

been constructed from equations (1), (2), (8), and (9).
Table I shows at what exponent each system parameter
enters in determining the angular jitter from each
source.

Reference to Table 1 shows that the servo gain-
bandwidth product ¢ enters each angular jitter com-
ponent as a square root. It is therefore concluded that §
should be made as small as possible consistent with the
permissible servo lag and the target dynamics. Having
minimized &, 85 and 8p are independent of the other sys-
tem parameters although the type and size of the target
affects @5 and the care in the design of the servo system
affects 0p.

6,4 is seen to vary directly with the beamwidth Wp
whereas 0¢ is proportional to the cube of the beamwidth.
It is reasonable, then, to employ the narrowest beam
possible. Of course, care should be taken in design so
that the receiver noise figure N is minimized and the
antenna efficiency 7 is maximized since both these
parameters are effective in determining fc. Increasing
the transmitter power P, and wavelength \, also de-
crease O¢, for O¢ is inversely proportional to the square
root of P, and inversely proportional to \. Of course, it is
implied that the aperture dimension is adjusted so as to
maintain constant beamwidth if the wavelength is in-
creased. It should further be noted that in applications
where the maximum available power is required, P, is
nominally proportional to A2

Both 64 and ¢ are seen to vary inversely with S so
that from this consideration ¢ (Fig. 3) should be chosen
to maximize S. However, f¢ also varies inversely with B
which decreases continuously as ¢ is increased. It is,
therefore, necessary to choose an intermediate value
for ¢ which will best satisfy the particular problem.

Of the several parameters, the beamwidth is the most
potent factor. Low receiver-noise figure and high an-
tenna efficiency can be obtained from careful design.
The target dynamics establish the servo gain-bandwidth
product in any given application. Increasing the trans-
mitter power decreases the angular jitter due to receiver
noise, but this is an expensive way, and other channels,
especially beamwidth, should first be fully exploited.
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The Statistical Properties of Noise Applied to

*
Radar Range Performance
S. M. KAPLANT, ASSOCIATE MEMBER, IRE, AND R. W. McFALLf}

Summary—The advent of high-speed scanning radars which
yield but a few pulses per scan element and displays which collapse
the range co-ordinate has necessitated an analytical approach to the
problem of radar range performance, as empirical methods have
proven inadequate. An analysis is made which yields several graphs
from which the radar detection range can be calculated for any de-
sired detection probability, and from which computations of the prob-
ability of false target echoes can be made. Methods are also indicated
which permit dark-tube operation and video pulse stretching. Sta-
tistical concepts involved in the effect of receiver noise are intro-
duced.

I. INTRODUCTION

HE PERFORMANCE of radar systems pos-
Tsessing a display in which the range co-ordinate
i1s not collapsed (PPl and B type) has been
analyzed in several past papers.'® In general, the
calculations of performance are based on empirical
results and apply quite well to slow scanning radars
where a large number of pulses per target are available.
The advent of high-speed scanning radars, yielding a
small number of pulses per target and using displays
in which the range co-ordinate is collapsed, has neces-
sitated a somewhat different approach in calcu-
lating performance. It is the primary purpose of this
paper to demonstrate a method of calculating the range
performance of a radar on a statistical basis, that is,
for a given range, the probability of detection of a target
and the probability of occurrence of false target echoes
may be stated. It is no longer necessary to use such
quantities as maximum effective range or maximum
useful range which are subject to wide variations in
calculation and interpretation, or to ignore false target
echoes and their consequences.
Displays which collapse the range co-ordinate (C and
G types) have useful application in radar. However,
since the collapse of the range co-ordinate is, in effect, a
compression of the time co-ordinate, the spot on the
cathode-ray tube remains essentially stationary for one
or more repetition intervals. This results in noise pile-up
and a consequent reduction in range; thus these displays
have been looked upon with some disfavor, Actually,
they possess a marked technical advantage in that
short pulses (less than 2 microseconds) may be stretched
to enhance the presentation. Such stretching in PPI

* Decimal classification: R537XR161.6. Original manuscript re-
ceived by the Institute, October 19, 1949,

t General Engineering and Consulting Laboratory, General
Electric Company, Schenectady, N. Y.

! Andrew V. Haeff, “Minimum detectable radar signal and its
dependence upon parameters of radar systems,” I’roc. 1.R.E., vol.
34, pp. 857-862; November, 1946.

? Kenneth A. Norton and Arthur C. Omberg, “The maximum
range of a radar set,” ProC. I.R.E., vol. 35, pp. 2-24; January, 1947,

3 Ruby Payne-Scott, “The visibility of small echoes on radar
PPI displays,” Proc. L.LR.E., vol. 36, pp. 180-196; February, 1948,

and B displays simply enlarge the target without in-
tensifying it. While some range resolution may be lost
by pulse stretching, it is usually of little consequence.
This paper presents a method of obviating this range
reduction duc to noise pile-up, and of obtaining a vidco
output which allows a dark-tube display (screen
illuminated by targets).

In the work that follows, clutter and jamming have
been neglected. Anti-jam techniques have been widely
discussed and the clutter problem is greatly dependent
on the specific radar under consideration. In any event,
if clutter and jamming appear as signals at the intensity
grid of the cathode-ray tube, there is little left to do »
but present them.

II. Noist ProBABILITY DISTRIBUTIONS AND IPALSE
ALARM TIME

In order to obtain satisfactory radar operation, it is
necessary to control the occurrence of noise pulses or
false target indications. Consider the probability dis-
tribution of pure receiver noisc which has passed
through the detector and video amplifier. The prob-
ability distribution of this noise voltage can be assumed
to be the distribution of the envelope of noise (not
signal plus noise) in the intermediate-frequency section
of the receiver. It has been shown®s that this distribu-
tion is of the form

p(V)AV =V exp (= 12/2)dl", (1)

where V is ratio of the envelope voltage to rms noise

(prior to detection), and p(V)dV is the probability of

an instantaneous noise voltage lying between V and
I"+dV. A plot of equation (1) is shown in Fig. 1. The

probability of exceeding a particular voltage V. is
1" exp (= V?2/2)dvV.

pr = (2)

Ve
The integration is shown graphically in Fig. 1. Upon
choosing a particular threshold level V., the fraction
of time during which noise will exceed this level may
be determined. Thus, the fraction of time may be |
controlled by the choice of V.. The value of Py required |
to produce on the average only one pulse in a specified
time interval is r
time duration of noise pulse

pr = ~.@3) |

time interval during which noise can appear on

*S. 0. Rice, “Mathematical analysis of random noise,” Bell. Sys.

Tech. Jour., vol. 2 . .
January, 1638 23 PP-282-332, July, 1944; and vol. 24, pp. 46-1%6:

¢S. Goldman, “Frequency Analysis Modulation and Noise,”

|
the indicator *
! |
McGraw-Hill Book Co., Inc., New York, N.Y.; 1948 ‘



e ' 2 3 . £ = L]
v—s V. v

Fig. 1—Probability distribution of noise after detection.

The numerator of (3) is approximately equal to the
reciprocal of the receiver bandwidth (1/Af), while the
‘denominator is equal to a quantity which will be called
the false alarm time (r;) multiplied by the fraction of
time f, between successive pulses that the receiver is
gated on. The false alarm time may be defined as the
average time interval between false target indications.
Equation (3) then becomes

1
=] . 4
e Afflfn ®

Equating (2) and (4) we obtain
fv, Vexp (—V¥/2)dV = exp (=V.%/2) = Afrifa > O

A plot for (5) is shown in Fig. 2.

For any particular radar design Af and f, are de-
termined, and consequently for any desired false alarm
time (7,), an amplitude selection level V. can be set.
The manner in which the amplitude selection level
affects the minimum detectable signal and conse-
quently radar range, is taken up in the following section.

Fig. 2—Threshold value versus false alarm time and receiver
characteristics.
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I1I. MiNniMuM DETECTABLE SIGNAL AND

RADAR RANGE

The minimum detectable signal Sy is determined by
the relation

SM = Sva = mTAff., (6)

where
NF =receiver noise figure, dimensionless ratio
k =Boltzmann's constant, Joules per degree Kelvin

T =Temperature, degrees Kelvin

Af =receiver bandpass, cycles per second.
The visibility factor f, is a factor by which the receiver
noise power Sy must be multiplied in order that a signal
be adequately identified on the indicator. If a linear
detector is used

s [Minimum detectable rms signal voltage]2 ™

rms noise voltage

where

(V/V/2D)? =

V,=peak signal to rms noise voltage ratio required for
adequate signal identification. It is convenient to define
two terms, f, and V,, in that f, applies on a power basis
and V, on a voltage basis.

The value of V, depends primarily on three factors:
(1) the value of V.; (2) the probability distribution of
signal plus noise; and (3) the required probability of
signal plus noise, exceeding the threshold value (Vo).

The probability of detecting a single pulsed signal
p. is always less than certainty because the chance of

1/2V2

" noise subtracting from the signal amplitude exists. The

minimum detectable signal, therefore, is a statistical
quantity and is governed by the laws of probability.
In Fig. 3 is shown the distribution of a sinusoidal signal
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Fig. 3—Probability of distribution of noise and signal plus noise
after detection.

plus noise and pure noise. Once V, has been determined
by choosing a false alarm time, a signal-to-noise ratio
V, must be found such that the shaded areca equals the
fraction of time signal plus noise is to exceed the thresh-
old value. The distribution of signal plus noise is known

to bet
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p(V)AV = V exp [—1/2(V.2 + V) ]I(V.-V)aV, (8)

where Io(V,- 1) is the modified Bessel 1'unction of order
zero and argument (V,- V).
Therefore V, is determined by
Vexp [—1/2(V.2 + V) IV, V)AV = p.. (9)
Ve
This integral cannot be evaluated in closed form.
Rice* has shown a solution based on a series found by
Bennett. Neglecting terms of magnitude less than
V,73 the value of the integral becomes

V.- T, 1
pe=1/2 — 1/2erf(— o > +

Wa/2r
[1 Vc - Vc 1 + (I'c - ‘70)2]
4V,

81,2
[

IFor a given p, and V., solutions of this equation for
7, can only be found by trial and error, and conse-
quently the most satisfactory method of employing the
equation in a numerical problem is to plot it as shown
in Fig. 4.

(10)
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Fig. 4—Signal-to-noise ratio versus probability of
exceeding threshold value.

The value of V,, f, and consequently the minimum
detectable signal is a function of the false alarm time

and the probability of signal plus noise exceeding V..
Expressed in functional notation, we have

Su = (s, p). (11)

It will now be shown how p depends on the number
of pulses per scan element and the over-all probability
of signal detection (p4). Equation (11) may then be

written as
Su = G(ry, N, pa). (12)

In many radar applications, scanning requirements
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are such that the number of pulses per element N,
varies over the explored volume. If there are N, pulses,
each with a probability pg of exceceding V. the over-all
probability of detection (i.e., at least one pulse exceed-
ing V.) will be determined by

Pd =1 — (1 - pn)Na- (13)

This is true since the over-all detection probability is
obtained by subtracting all the unfavorable occur-
rences from certainty. The probability of unfavorable
occurrences is (1 —p,)N., since the probability of an
unfavorable occurrence for each pulse is (1—p,), and
we have N, mutually exclusive events. A plot of (13)

is shown in Fig. 5.
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Fig. 5—Probability of signal plus noise exceeding threshold
value versus pulses per target.

Suppose now that a fixed probability of detection pg
is required. By (13), p, may be found for any value of
N.. Consequently, (12) follows from (11).

Once the minimum detectable signal for the required
detection probability and false alarm time has been
ascertained, the corresponding range for specific radar
parameters can be found from the radar range equation

P2 Pt 1/4
k=~ I v
478 N2 4xNFETAINY,

()

where
P, =transmitted power watts
o =cffective target cross section, square feet

A.=ecffective aperture area, square feet.

It would be well now to summarize one possible
method of using the equations and graphs. A desired
false alarm time is chosen and the clipping level de-
termined from Fig. 2. The required detection probability
and the number of pulses per element are used in con-
junction with Fig. 5 to determine the single pulse
probability. Once the single pulse probability and the
clipping level are known, the required peak signal to
rms noise ratio and hence the visibility factor may be
obtained from Fig. 4. The constant C of (14) may be
calculated from known radar parameters. The actual
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range is found by substituting this value of visibility
factor and predetermined constant C in (14). The
numerical example of Section 1V follows this pro-
cedure.

Alternative uses include the choice of range, proba-
bility of detection, and determining false alarm time,
or the choice of range, false alarm time, and determining
probability of detection.

IV. NUMERICAL EXAMPLE

P=40 kw Af=1mc = 108 cps
=100 ft?2 77=10 min,=3.6X10* sec
A=1.61 ft? fa=0.1

fa=0.62 A,=Afa N.=6

A=3.0cm=0.1ft $a=0.9

NF=12db=16.0
T=300° Kelvin

k=1.38X10"2 joules/°K.

" From equation (14)
P[O'A a2 1/4
C=|: . ] = 5§ X 10* yards.
dry NFRTAf
From Fig. 2,
for logio (Afrsfa) = log (3.6 X 10%) = 9.556, Ve = 6.62.

From Fig. 5 for pa=0.9 and N.=6

9. = 0.32.
From Fig. 4 for p,=0.32 and V,=
V,— V.= — 0.6,
then
V., = 6.02.
From Fig. 6 for V,=6.02
f. =18

R = C(f,)~1* = 5 X 10%(18) '/
= 2.43 X 10* yards for 90 per cent detection

probability and a 10-minute false alarm time.

Fig. 6—Signal-to-noise ratio and range versus visibility factor.
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V. DiscussioN

The relations between detection probability, the clip-
ping level, the pulses per element, the false alarm time,
and other factors are presented both in equation form
and graphically. The numerical example of Section 1V
indicates one method of using these relationships. An-
other use, of equal importance, is to indicate the effect
of various system parameters on the radar performance.
For a selected false alarm time, it would be desirable
to have a minimum value of clipping level (Fig. 2).
Thus, the receiver bandwidth should be as narrow as
other considerations, such as magnetron wander, permit.
Small values of receiver bandwidth correspond to long
pulses. It is also important that the interval during
which the receiver is gated on be maintained short
through the use of sensitivity time control (STC), and
a range gate positioned near the maximum useful range.

‘This reasoning indicates a long pulse which, since
the magnetron duty factor is a constant, indicates a
low repetition rate and hence a low value of pulses per
element. It would appear desirable from Fig. 5 to have
as large a value of pulses per element as possible. How-
ever, a little thought will show that the receiver band-
width not only affects the clipping level but also has
the more important effect of increasing the receiver
noise power. On this basis it is apparent that the pulses
per element should not be increased at the expense of
increasing the receiver bandwidth. Since, in general,
physical scanning requirements affect the value of pulses
per element, a value should be chosen in the range of
three to six, which is the knee of the curve, provided
the frame time thereby determined is reasonable. In
many scans, the pulses per clement vary throughout
the scan and the range coverage is not uniform. Using
the method of the numerical example, the exact range
coverage may be calculated.

Since the visibility factor is proportional to the
square of the peak signal to rms noise ratio on a voltage
basis, it is desirable to keep this ratio and hence the
single pulse detection probability a minimum. It can
be scen from Fig. 5 that even for a 90-per cent detection
probability, the single pulse detection probability may
be as low as 20 per cent for ten pulses per element.

It is evident that the device which establishes the
threshold level acts to integrate the additional informa-
tion when more than one pulse is returned from a single
target. This does not constitute integration in the
conventional sense, that is, use of time-phase informa-
tion, but the effect is similar.

Fig. 6 is included to show the fourth power relation-
ship betwcen range and visibility factor and further
emphasizes the desirability of a low visibility factor.
R,=1 was chosen for f,=4.5.

VI. CONCLUSIONS

The authors feel that the interpretation of range
performance of a radar as a statistical quantity is a new
and valuable one. Using the methods presented in this
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paper, the probability of detection of a given target at manner, system parameters can be optimized to a |

a particular range and the probability of occurrence of
false echoes may be determined. This latter quantity is
especially important in that a multiplicity of false
echoes can reduce the effectiveness of any radar. The
application of this statistical method will accomplish
the following:

(1) Result in more accurate comparisons belween
existing radars. The nebulous term, maximum effective
range, and misunderstandings concerning false target
echoes may be eliminated.

(2) Result in the systematic optimization of the radar
system parameters for the required system performance.
Since performance can now be specified in a more exact

higher degree of accuracy.
It will also be noted that if a clipping level be literally

established, the noise and signal are separated with an .

average error of one false target per false alarm time
interval. The resulting signals (both true and false)
are then free to be processed as the designer wishes.
One example is pulse stretching which greatly enhances
range collapsed displays.

Thus for high-speed scanning radars with few pulses
of short duration per target, a dark-tube presentation
with the range co-ordinate collapsed and a high proba-
bility of target detection may be obtained with little
or no sacrifice in range performance.

Principles of the Electrical Rating of
High-Vacuum Power Tubes”

E. E. SPITZER{, SENIOR MEMBER, IRE

Summary—A rational system of ratings for high-vacuum power
tubes has been arrived at, which permits the determination of rat-
ings by calculation, once the radio-frequency power amplifier and
oscillator ratings, class C, have been determined by operating test
and life test. A summarized tabulation of the rating factors is given
A system for reducing ratings at high frequencies is also developed,

INTRODUCTION
ﬁ RATING is defined by the American Standards

Association as follows:! “A rating of a machine,

apparatus, or device is a designated limit of
operating characteristics based on definite conditions.
Note: Such operating characteristics as load, voltage,
frequency, etc., may be given in the rating.”

Why are vacuum tubes (or electrical machines and
the like) rated? Ratings show the user of a tube the con-
ditions under which he can get satisfactory service and
life. They also warn him that operation outside of rat-
ings may result in premature failure or rejection of
claims of unsatisfactory service made against the
manufacturer.

Before ratings of vacuum tubes are considered, it is
necessary to know how tubes may fail. This knowledge
will give an insight into the ratings now used by in-
dustry.

* Decimal classification: R130XR330. Original manuscript re-
ceived by the Institute, January 20, 1950.

This_paper is sponsored by the Committee on High-Vacuum
Power Tubes of the Joint Electron Tube Engineering Council of the
Radio-Television Manufacturers Association and the National Elec-
trical Manufacturers Association.

t Radio Corporation of America, Lancaster, Pa. .

1 Definition 05.50.040, American Standard Definitions of Electri-

cal Terms (ASA C42-1941), published by American Institute oi
Electrical Engineers, New York, N. Y.

Any component of a tube is subject to failure under
certain conditions. For example, the glass bulb may
crack or “suck in” because of excessive temperature.
The excessive temperature may be due to high ambient
temperature, high dielectric losses in the glass, losses in
partiaily conducting coatings on the inner bulb wall, or
bombardment of the bulb by electrons or ions.

Anodes may fail because of excessive temperature,
also. Such failures may be indicated by melting, warp-
ing, or alloying. The temperature may be localized so
that even a reduced dissipation may produce a danger-
ous condition.

Grids may fail because of excessive temperature evi-
denced by melting, warping, alloying, or grid emission.
The high temperature may be due to excessive electron
current to the grid, radio-frequency current flowing in
the grid, radiant energy falling on the grid, or back
bombardment caused by a high transit angle or emis-
sion from the anode. Grid emission may be due to
evaporated materials deposited on the grid.

Cathodes or filaments may fail because of high
operating voltages, high starting current, or loss of emis-
sion. The latter may be caused by high or low operat-
ing temperature, or gas bombardment with the gas
coming from other electrodes or components which are
at excessive temperature. Loss of emission may also be
caused by impurities from other components which are
evaporated onto the cathode, or excessive space cur-
rent may cause excessive voltage drop in the cathode

coating with attendant sputtering, sparking, and gas
release.

\
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High voltage may cause failure due to external flash-
wer, or internal flasharcs, or it may cause excessive rf
osses in bulbs or insulators.

_ The foregoing is only a partial list of how tubes may
ail, but it serves to indicate the complexity of the prob-
em of rating tubes.

If we attempt to rate tubes only in terms of the
nost fundamental parameters, such as maximum anode,
grid, bulb, and insulator temperature, or peak voltages
ind peak currents, we immediately run into the diffi-
sulty of instructing the user how to measure such tem-
peratures, voltages, and currents. These parameters are
very difficult to measure, even with the best physical
apparatus available. Because of this difficulty, the in-
dustry has developed indirect ratings, such as maximum
dc voltages, dc currents, and dissipation, which have
have been applied to various classes of service.

The simplest class of service for a power tube is as a
radio-frequency power oscillator or amplifier—class C.

The most widely used method for determining these
ratings is first to life-test the tube asan oscillator operat-
ing at the maximum proposed values for frequency,
voltages, currents, and dissipation; and then to operate
a sufficiently large number of tubes under these same
conditions until there is little doubt that the desired
average life has been obtained. The ratings obtained in
this manner follow in Table I.

TABLE 1

Rap10-FREQUENCY POWER AMPLIFIER AND OSCILLATOR
Crass C TELEGRAPRY

(Key-Down Conditions Without Amplitude Modulation)

dc Plate Voltage (Eu) de Grid-No. 1 Current (1)
dc Grid-No. 3 Voltage Plate Input (Py()
dc Grid-No. 2 Voltage Grid-No. 3 Input
dc Grid-No. 1 Voltage Grid-No. 2 Input
dc Plate Current (I.,S Plate Dissipation

Maximum Frequency for Above Values

After the ratings for this class of service have been
determined, ratings for other classes of service can be
calculated without the necessity of repeating tests. It is
the purpose of this paper to give the principles which
guide the determination of ratings for all other classes
of servige from these basic ratings.

NOMENCLATURE

d =cathode-to-grid spacing
e=instantaneous plate-supply voltage
E, =dc plate voltage
Ey. =maximum rated dc plate-supply voltage for
telegraph service
Ey,=maximum rated dc plate-supply voltage for
telephone service with 100-per cent sine-wave
. modulation
E,=rms value of the total transformer plate-
supply voltage

E,,=maximum rated rms total transformer plate-
supply voltage
E,, =maximum rated dc plate voltage for unfiltered
power supplies
E,; =peak inverse plate voltage
Eyim =maximum safe peak inverse plate voltage
e.=peak positive grid voltage
E. ,3=dc grid-No. 1, grid-No. 2, or grid-No. 3
voltage, respectively
E.,=maximum rated dc grid voltage for telephone
service
E.,=maximum rated dc grid voltage for unfiltered
plate supply operation
E.,=maximum rated dc grid voltage for telegraph
service
E,=peak value of the rf component of plate volt-
age when the supply voltage is E,
e, =instantaneous value of the rf component of
plate voltage
E,et=rms value of all the rf components of plate
voltage when the plate-supply voltage is not
pure dc
f={requency
fi=maximum frequency for maximum ratings
fo=an arbitrary frequency
i, =instantaneous plate-supply current
I,=dc plate current
Is.=maximum rated dc plate-supply current in
telegraph service
I,,=maximum rated dc plate-supply current in
telephone service with 100-per cent sine-wave
modulation
I, = maximum rated dc plate current for unfiltered
plate-supply voltages
I.=dc grid current
I..,=maximum rated dc grid current for telegraph
service
I.,=maximum rated dc grid current for unfiltered
plate-supply voltages
k=ratio E,/E,
K,=ratio Ebg/Eb,,
Ky=ratio In/Isp
K;=a constant
K =ratio I/
m =angular velocity of modulating voltage
n =efficiency factor
no =efficiency factor at a very low frequency
m =cfficiency factor at fi
ny=efficiency factor at fz
p =angular velocity of supply voltage
P, =plate dissipation
P,, ;=grid-No. 2, or grid-No. 3 input power, re-
spectively
P;=plate input
P, =maximum rated plate input for telegraph
service
w=angular velocity of the rf voltage.
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PLATE-MoODULATED RADIO-FREQUENCY POWER
AMPLIFIER CLAss-C TELEPHONY

Carrier Conditions per Tube for Use with a Modulation
Factor of 1.0

In this type of service, a modulating voltage is im-
pressed on the plate in series with the dc plate voltage.
Therefore, there is both ac and dc power input to the
plate. The power input is greatest when the modulation
factor is 1.0. The wave form of the modulation voltage
under the most severe conditions is assumed to be a
continuous sinusoid. In order to simplify the ratings,
they are given for ‘the carrier condition, that is, in the
absence of the sinusoidal modulation.

First, the maximum rated dc plate voltage [u, must
be established. The rating may be determined by two
different factors. In the case of high-voltage tubes, the
determining factor may be external or internal flashover
due to high peak voltages. In the case of small tubes, the
rating is determined by rf losses in insulators and leads.

In the high-voltage case, it will be necessary to make
some determination of the safe peak positive plate po-
tential. £/, could then be set equal to one-fourth of this
value. During full modulation, the plate-supply voltage
varies up to 2 times Epp and the rf plate swing also ap-
proximately equals this value, resulting in a peak posi-
tive voltage on the anode of 4 X Epp.

In operation, there are rf losses in insulators and leads
caused by the plate swing E, and the capacitive cur-
rents which it produces. Both of these losses are propor-
tional to E,? and thus also proportional to e In the
case of full modulation,

e = Lyp(1 + sin mt)

5 kEs, 1 " .
Epess = *\—/E_ ;j; (1 + sin mt)2d(mt)
k1.5
= " E,.
V2

In the case of telegraphy, the cquivalent rms rf
plate voltage is kE,/+/2. Thus, when full modulation is
applied, the supply voltage Ey, produces losses equal to
those produced by an unmodulated voltage of 1.225
E;,. Then, the rating E,, can be obtained from Ej, by
dividing by 1.225. In practice, this factor is usua]l’y
taken as 1.25 because it is slightly more conservative.

The dc grid-No. 3 voltage and dc grid-No. 1 voltage
are generally not modulated, and their ratings for teleg-
raphy and telephony can be the same. The dc grid-No.
2 voltage is generally unchanged too, as there is no rf
voltage present at this grid, and even though the grid-
No. 2 voltage is modulated, its value is generally so low
that no difficulty is experienced even though the voltage
is doubled on modulation peaks.

The dc plate-current Iy, rating will depend on the type
of emitter used. If the filament is of pure tungsten, from
which the emission usually is relatively low, then Iy,
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will have to be 4 of Iy to be sure that the crest value of
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plate current is equal in both cases. In the case of thori- ¢

ated and oxide-coated filaments, the emission may be
so high, relative to the demands in telegraph service,
that the above rule need not apply. The rating can
then be determined from power-input considerations.

With 100-per cent sinusoidal modulation the power
input is 1.5 Ep, X Iop. If we equate this expression to the
power input for telegraphy and further introduce
Ey,=(1/1.25)F,,

1.5 X Ewdyp = Epels

1.25
5

Ibp = —Ibl-

We have thus determined both the plate input and I,
ratings.

Grid-No. 3 input remains unchanged because there is
no modulation. Grid-No. 2 input and dissipation are
both 1.5 times higher in the modulated case than under
carrier conditions, so both of these ratings must be two-
thirds of the ratings in telegraphy.

RADPI0-FREQUENCY POWER AMPLIFIER, CLaAss 13; GiRID-
MoODULATED RADIO-FREQUENCY POWER AMPLIFIER,
CLass C; SurPRrESSOR-MoDULATED POWER
AMPLIFIER CLASS-C TELEPHONY

These services can be grouped because of many points
of similarity. Because the plate and screen voltage are
unmodulated, their ratings can be the same as in tele-
graph service. Due to the requirements for linear
modulation, grid-No. 1 voltage is never a limitation in
grid modulation or class-B operation, so these ratings
are usually omitted. Grid-No. 1 current is the same as
in telegraphy except in class B, where the rating is
omitted because it is never a limitation.

In all of these systems of modulation the efficiency
varies lincarly with modulation and at the carrier point,
where the ratings are given, the efficiency is only one-
half the peak value. With reasonable linearity of modu-
lation, the crest efficiency is usually no more than two
thirds, so that the carrier efficiency is only one third. In
other words, at the carrier points, the plate loss is two
thirds of the input or the input is three-halves the plate
loss.

During modulation the plate loss decreases from the
value at the carrier point. However, in rating the tubes
we must assume long periods of operation with no modu-
ation, so that the rating is determined by the carrier
point. It is obvious that the plate dissipation ratings in
these services can be the same as in telegraphy. Then
the. input ratings are 1.5 times the plate dissipation
rating.

The plate current ratings can then be calculated from
plate input and plate voltage. This calculated value is
very low, and usually higher values are chosen to permit
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yperation with full input at lower voltages. A rating
squal to I, is logical and is often chosen.

Grid-No. 2 input rating usually has to be made some-
vhat lower than the telegraphy input rating because the
screen current varies symmetrically over the modula-
jon range. A value of two thirds the telegraph rating
1as been found suitable. Grid-No. 3 input rating is made
-he same as in telegraphy, except in suppressor modula-
-ion, where it is no limitation.

RADIO-FREQUENCY POWER AMPLIFIER, CLass-B, AND
GRID-MODULATED RADIO-FREQUENCY POWER
AMPLIFIER, CLASS-C TELEVISION SERVICE

This service differs from telephony service in that
there is no carrier level. Three levels of rf voltage are
defined. These are synchronizing peak level, correspond-
ing to the maximum rf output voltage level, the black
level, which is 75+ 2.5 per cent of the synchronizing
level, and white level, which is 0-15 per cent of syn-
chronizing peak level. The synchronizing level is main-
tained very nearly 10 per cent of the time. The average
picture level will, of course, vary with the material
transmitted, but for rating purposes it must be assumed
that black level can be maintained for indefinite periods
of time.

Another difference in television service is the wide
band of frequencies that must be transmitted. The tube
output circuit must often be loaded heavily in order to
secure the desired bandwidth. If a single tube operates
into a parallel-tuned circuit of C farads and L henries

and it is required to pass a band of Af cycles per second,

then the circuit must be loaded with an equivalent
shunt resistance of

1
R =
27AfC

ohms

The circuit presents a load resistance of R to the tubeat
center of the band and R/+/2 at cach edge of the band,
so that the amplitude response at the edges is 70 per cent
of center response.

The foregoing load resistance is often well below the
optimum for the tube, even when the circuit capacitance
consists only of the tube output capacitance plus in-
evitable stray capacitance. When this is the case, limited
rf plate voltage swing can be devcloped, and it becomes
desirable to reduce the dc plate voltage or needless plate
dissipation will be obtained.

With this discussion in mind we can proceed to rat-
ings. Ratings are based on synchronizing level condi-
tions. (The FCC rates transmitter power under these
conditions.) Plate-voltage and screen-voltage ratings
can be the same as in tclegraphy. The grid bias rating

ashould be defined for white level if grid modulation is
used and can have the same value as in telegraphy. For
class-B operation no grid bias rating is needed, as satis-
factory operation is obtainable only with bias values

near plate-current cutoff and, hence, far less in magni-
tude than the telegraph rating.

The plate-current rating generally can be the same as
in telegraphy, as the conditions at synchronizing level
are similar to telegraphy.

The plate-dissipation rating can clearly be the same
as in telegraphy. The plate-input rating may have to be
lower, depending on the plate-dissipation rating and the
efficiency obtainable in television service. If the tele-
graph input rating, minus the power output, obtain-
able in television service with this input, does not ex-
ceed the plate dissipation rating, then the input rating
for both classes of service can be the same.

At black level, and assuming a linear operating char-
acteristic, the power input is down 25 per cent and
the power output is down 44 per cent from synchroniz-
ing level. It can be readily shown that with efficiencies
at synchronizing level, in the usual range of 50 to
60 per cent, the plate dissipation at black level is very
close to the value at synchronizing level. Therefore,
an increase in power-input rating at synchronizing level
is not possible, even though this power input is obtained
only 10 per cent of the time.

The grid—=No. 2 input rating for this type of service
could be higher than in telegraphy because of the short
duration of synchronizing levels. However, since plate
current and plate input are not higher, higher grid-No.
2 input would be of no advantage, so the rating is made
the same as in telegraphy. The same reasoning applies
to grid dissipation.

Aupio-FREQUENCY POWER AMPLIFIER
AND MODULATOR, CLASs B

The plate-voltage rating in this service is often made
the same as for telegraphy. Higher values would be
quite in order, however, because of the absence of rf
voltages.

The plate input of a class-B amplifier varies with the
signal input to the grid. If an ideal triode were available,
that is, one in which plate characteristic curves were
straight lines, and if the bias were adjusted exactly to
cutoff, then the input would vary linearly with signal.
At the same time, with ideal transformer coupling to a
resistance load, the output would vary as the square of
the signal up to the point where the plate swing has its
maximum value. The plate dissipation, which is the dif-
ference between input and output, would then start as a
straight line, as signal is increased, reach a crest at
about two thirds of the full signal and then decrease
up to full signal. In practical class-B amplifiers, con-
siderable quiescent plate current (and thus also dissipa-
tion) is allowed in order to reduce distortion due to
crossover from one of the push-pull tubes to the other.
The peak of dissipation is thus less pronounced, al-
though still present. Strictly, ratings should be based on
this peak of dissipation. In practice, however, class-B
amplifiers of this type have been used almost solely for
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with the grid bias derived from a grid resistor, it will be
found that this relation holds true. The linearity of =
modulation obtained with plate-modulated amplifiers is |

amplification of speech and music where the average
signal level is always far below the peak level, or the
level at which maximum plate dissipation occurs. Be-

cause of this usage, the industry has largely adopted the
practice of basing ratings on plate dissipation at full
signal, which is the point of maximum plate efficiency.

The theoretical maximum efficiency is w/4 or 78.5 per
cent. Actually, efficiencies are usually not over 70 per
cent due to requirements for linearity. Thus, if a tube
has a relatively low plate-dissipation rating, the input
rating will be determined by the cfficiency obtainable.
The plate dissipation is made the same as in telegraphy
because there are no factors which would require a dif-
ferent value. The maximum-signal dc plate-current
rating can be the same as for telegraphy, but a some-
what lower value is often chosen because it is casier to
get good lincarity at lower values of current.

Aup10-FREQUENCY POowWER AMPLIFIER CLASS A,
CLass AB;, AND CLass A3,

In high-voltage tubes, where peak voltages are im-
portant, the plate-voltage ratings for these services are
usually the same as Ey. In lower-voltage tubes, higher
ratings can be allowed. Grid-No. 2 voltages equal to
twice the rating for telephony are usually allowed in
AB,; and AB, services, but for A, service, where current
flows continuously, the rating must be held down to the
telegraph value to avoid overheating the grid-No. 2.
Grid-No. 1 and grid-No. 3 ratings are often not given
as they are not limitations.

One would expect that the plate dissipation could be
the same as in telegraphy. Ilowever, under quiescent
conditions, because the grid is negative and the plate
voltage is at {ull supply value, focussing of the electron
stream often takes place, with the result that localized
heating of the plate occurs. If this effect is severe
enough, a reduction of plate-dissipation rating in this
class of service is necessary.

In AB, and AB; service, the plate-input rating is de-
termined by efficiency and plate dissipation. The input
can often be made equal to the telegraph input.

In A, service, the input rating is always made equal to
the dissipation rating so that the tube will not be over-
heated in long quiescent periods.

In AB, and AB; servioe, the grid—No. 2 input rating
is made equal to the telegraph rating so that the capa-
bilities of this grid are not exceeded if maximum output
is continuously demanded.

OsCILLATOR AND AMPLIFIER OPERATION WITH
UNFILTERED PLATE-SUPPLY VOLTAGE

If an oscillator or amplifier is operated with a dc
plate voltage E, and the plate and grid currents are I,
and I, respectively, then if the plate voltage is dropped
to (1/n)Es, the currents also drop by the factor 1/z. Of
course, if the oscillator is very poorly adjusted, such as
with an abnormally low value of I., this relation may
not be exactly followed. For all normal adjustments and

largely due this phenomenon.? f

If the plate-supply voltage is now a varying voltage,
I, I., E, all follow the plate-voltage variations linearity,
I'his fact determines many of the steps which follow.

Case I. Self-Rectifying Half-1Vave Operation

A simplified oscillator circuit for such operation is
shown in Fig. 1. The ac supply voltage rating E.n can,

be determined first. It may be determined by one of
'

T 7000 {—
| [T%=
Fig. 1 ¢

three different considerations, the ability of tube to
withstand positive plate potentials, the ability of the
tube to withstand negative plate potentials, and the
heating of insulators and conductors in the tube due to
rf voltages and currents. Which one of these considera-
tions determines the final rating depends on the tube
design.

A. Peak Forward Voltage Consideration. The peak
supply voltage is v/2E,. This voltage can be equated
to-the peak supply voltage in plate-modulated service
when 100-per cent modulation is present, without creat-
ing any additional stresses on the tube. Hence,

'\/.Z Erm = 2Ebp
V2 1
or ]f)m = ]fbl- ( )
K,

This consideration is likely to apply to high-voltage
tubes in which internal or external flashover is an im-
portant factor.

B. Inverse Peak Voltage Consideration. The inverse
peak plate voltage is v/2E,. Since this voltage is only
about half the peak forward voltage, and since vacuum
tubes usually withstand as much inverse as forward
voltage, this consideration is not important.

C. Insulator and Conductor Ileating. Both of these fac-
tors can be lumped together since both vary as the
square of ,. Note that rf currents are primarily capaci-
tive charging currents caused by E,. In this service, the
tube oscillates only during alternate half cycles when the
plate voltage is positive. During this half cycle

*F. E. Terman,

Book Co. Ing. “Radio lingineers’ Handbook,” McGraw-Hill

Ist ed., New York, N. Y., pp. 533, 534, 539; 1943.

.




e, = /2 kE, sin wt sin pt.

“yis expression follows directly from the opening para-
gaphs of this section. It can also be written

2 kE,
e, = \—/—2— (cos (w — p)t — cos (w + ).

‘hus, e, consists of two equal voltages of different fre-
sencies. We are concerned with the rms value of these
7o voltages and in accordance with well-known prin-
Ples’ the rms value is

V2ERE, _____ kE, .
XY= /17 4+ 12 = — (during alternate half
24/2 V2

cycles only).

“is to be noted that the above equations apply to posi-
ve half cycles only. The supply voltage is negative
uring the intervening half cycle, and therefore the tube

not generating rf voltage. The effective rf plate volt-
~ze over a whole cycle is then 1/+/2 the value above, or
| kE,

Epe” = E .

It is this voltage which produces rf heating of insu-
itors, conductors, etc. This voltage must now be
quated to the equivalent voltage obtained in tele-
raph service, at maximum ratings, thus establishing
he value of E., at which equal loss occurs.

. RE,.  kEu
) (2)
or Bonl= /2

D. Power Input Consideration. Plate-supply current
lpws only in half cycles, and due to the linearity be-
ween supply voltage and current, the peak value of
-ach pulse is w1, and

Po= Ex ™ w172
« = 4o \/2 .

I'he /2 results from obtaining the effective value and
he } from the fact that input power flows only one-half
‘he time. Equating this input to the maximum rated
nput for telegraph service, we get

s

Py = L
2+/2

1’-[

3)
or Iy, = 0.9

g
‘v

Equation (3) permits calculation of the maximum value

of Iy, for any value of F, as determined from (1) or (2).
E. Peak Current Consideration. The peak supply cur-

Went is w/,. The highest peak supply current in normal

2 R, G, Hudson, “The Engineer’s Manual,” John Wiley and Sons,
IPL., New York, N. Y., eq. 942; 1939.
{

“
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service usually occurs in telephony, and 2I, at the
peaks of modulation. Hence,

wly = 21,y

0.636 @)

or Iy, = Toe.

2

Peak instantaneous plate currents are proportional to
these values. Thus, (4) permits choice of a value of I,
which results in peak currents no higher than obtained
in telegraph service.

F. Grid Current Consideration. Due to linearity, the
grid current varies with supply current and

Icr [cl
Ty, Ty
5
I (5)

or I" = — X Ib,.
I

bt

Thus, with I, as determined from (3) or (4), the proper
value of I., can be determined from the telegraph rat-
ings of the tube.

G. Grid Voltage Consideration. Excessive rf grid volt-
age can cause overheating of the grid and rf leads due
to capacitive currents and excessive dielectric loss in the
region of grid seals. Since the rf grid voltage is propor-
tional to the grid bias, a grid bias rating is a convenient
way to limit the rf voltage. In self-rectifying half-wave
operation, the grid bias voltage is a half sine wave which
is at zero potential with respect to the cathode for half
of each cycle. By means of the same reasoning as under
1-C, it can be shown that

2
E., = — E. = 0.636E., (6)
™

for equal loss in both self-rectifying and telegraph serv-
ices. There may be cases where peak grid voltages will
be the limitation rather than loss considerations. In this
casc

. Eee
l'ttr -

= 0.318F,.. ™

T
Cuse 2. Separately Rectified Ilalf-Wave Operation

A simplified circuit as shown in Fig. 2. This case is dif-
ferent from Case 1 only in that the inverse plate voltage
is zero. Nothing is gained by adding the rectifier tube,
so this case is not of practical importance.

1

Fig. 2
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Case 3. Separately Rectified Full-Wave Operation

A simplified circuit is shown in Fig. 3. This case fol-
lows very simply from Case 1, so a detailed derivation
is not necessary. lHowever, in this case it is more logical

T

¥4
|AY

4
m
-

Fig. 3
to express cquations in terms of the dc plate voltage F,.
If the rectifier tubes have negligible voltage drop then,

2 2L
Iy = — X ——
T 2
= 0.45E,.
A. Peak Forward Voltage Consideration

4 1.27E,,
Ey=—Ep=—-——" (®
m™ ]\1
B. Insulator and Conductor Ileating Consideration
Eb, = O.QEM. (9)

C. Power Input Consideration
Pl'l
I,,,=O.81—ET- (10)
D. Peak Current Consideralion

) 4 p 1.271, (11
br = - bp — K2

. Grid Current Consideralion
I

ty

Iy =

X Ibr- (12)

bt

F. Grid Voltage Consideration

2v/2
Ecr e Ecg = OQch (]3)

T

Case 4. Self-Rectifying Full-1Wave Operation

A simplified circuit is shown in Fig. 4.

1

A. Peak Voltage Consideration,

Fig. 4

.83
X Ey,. (14)

1

Again, E,,= 232 F, =

B. Inverse Voltage Consideration. The inverse voltagg |
in this case is the sum of the negative supply voltage |
peak plus the rf plate-voltage swing present at the crcst} |
of the supply voltage. Thus, the inverse peak is

V2 E, V2 E,

Ey = | Pl
’ , T 2
V2
or E,, = Liim.
14+ %

If the tube will withstand as much inverse voltage as
forward voltage (which is usually the case), then thig
expression can be written in terms of the forward peak-
voltage, which occurs on the crest of a plate-modulated
cycle. The forward peak voltage is

Z(Ebp + kEbp) = 2(1 + k)Ebp.
This expression can be substituted for Eyimand we obtain

2.83 R |
Ey,. (13)

E V2 X 2(1 + k)(Eyp)
Yk R

C. Insulator and Conductor 1leating Consideration. It
will be noted that this case is very much like Case 1,
except that rf voltage is present on both grids and plates
for the complete supply-voltage cycle. Ience,

Epe“ = ’
and this relation is equated to E,. Thus

Erm
()
2/ _ kEw |

V2 2 (16) |
or E,pn = 2Ey,

D. Power Input Consideration. This relation is the
same as in Case 1, except that the supply voltage per
plate is E,j. Therefore,

Ps!

I, = 1.8

£ per tube. (17)

E. Peak Current Consideration. This relation is again
the same as in Case 1, so that

I 0.636 ’ J

br o be- (ls)
F. Grid Current Consideration. This relation is also ‘
the same as in Case 1: |

|

|

I. |

I = — X I, (19) *
I ' _

x

bt

It.should be noted that in this type of operation, each
grid draws current on both half-cycles of supply voltage,

»
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secause rf grid voltage is present on both half-cycles.
Che grid current which flows in a tube when its plate
roltage is negative is wasted and it causes unnecessary
erid heating. Excess heating will not occur if the above
relation is used. However, the grid current available for
xcitation on the working half-cycle is reduced, and the
yscillator may not operate as efficiently. Circuits have
seen devised to overcome this difficulty, but they are

-ather complex.
G. Grid Voltage Consideration
E, = 2—\1% E., = 0.9E..

™

Case 5. Self-Rectifying Full-Wave Operation with a
Smoothing Choke

A simplified circuit is shown in Fig. § and an equiva-
lent circuit is given in Fig. 6.

A

Fig. 6

A. Peak Voltage Consideration. The forward voltage
supplied to a conducting tube is the average value of
half the transformer voltage, assuming no dc resistance
in the choke or transformer,

V2 E,
2w

The conducting tube has this voltage applied during
alternate half cycles. This condition is equivalent to 100
per cent modulation with a square wave. Therefore, it
can be equated to the peak supply voltage in telephony

\/7 Erm
= 2F, (20)
2r
) 4z 8.9
or Epm = \/2 ILb,, K, Fue. (21)

N B. Inverse Peak Voltage Consideration. In this circuit R
is the equivalent resistance of the oscillator of Fpfy. 1f
the choke has a large reactance compared to R, then
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essentially constant current flows in the choke and each
tube conducts a square pulse of current of 50 per cent
duty factor. The amplitude of this pulse is 2X I, and
the voltage drop from plate to cathode is E,. At the peak
of the transformer voltage (v/2E,), the tube which is
not conducting has an inverse voltage of \/2E, — Es ap-
plied to its plate. However, since the plate of this tube is
coupled to the plate of the other tube for rf frequencies,

the true inverse peak voltage on the nonconducting
tube is

Eyi = V2 E, — Ey + kE,
Ew=~+2E,
or E., = 0.7Epim.

(22)

As this is a rather large voltage, the tube design must be
checked to see if E,, will be determined by this con-
sideration.

C. Insulator and Conductor Heating Consideration.
This loss is proportional to e2. During the conducting
cycle it is proportional to

< V2 1«:,)2
2r '
However, since the two anodes are directly connected, so

far as rf currents are concerned, this loss is also present
over a full cycle.

In telegraph service the loss is proportional to Ey?
Equating losses,
V2E\*
(22

V2 mEy = 4.44E,,.

(23)

or I, =

E.n is thus determined by this equation rather than
(21).
D. Power Input Consideration. The power input is
V2 E,
]’g == b
2r

Equating this expression to the maximum rated plate
input for telegraph service

V2 E,
- 2 br = I’l‘
m
_ 24
, \/2 1l‘l’u 4.44[’(! ( )
Y Em Em

E. Peak Current Consideration. The peak plate-supply
current is 2/, since the current is off half the time. This
value can be equated to twice fy, for equal peak cur-
rents. Then

I A (25)
or K,

,hp o
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F. Grid Current Consideration. From what has gone
before we can expect
Icl
— X Iy

Ibt

1., (20)

However, this equation does not take into account the
fact that the nonconducting tube also draws current,
so higher values of I,, must be allowed unless a circuit
is used which provides grid-current cutoff during the
negative plate-voltage cycle.

G. Grid Voltage Consideration. The rf grid-voltage
amplitude does not vary with time, hence the grid bias
rating can be the same as for telegraphy

k., = F.. (27)

REDUCTION OF RATINGS AT HIGH FREQUENCIES

All ratings discussed so far have been independent of
frequencies. As the frequency is increased, it is well
known that the efficiency of tubes decreases because of
transit-time effects. If the power input is held constant
as the frequency is increased, a point will be reached be-
yond which the plate-dissipation rating of the tube is
exceeded. It is obvious, therefore, that above the limit-
ing frequency, plate input must be decrcased. This prac-
tice is generally used in the industry. Our object here
is to develop a rational basis for such de-rating.

The input can be decreased in two main ways: by a
reduction of plate voltage, or a reduction in plate cur-
rent. The first method is the best, because any reduc-
tion of plate current would have to be accomplished by
reduction in the positive grid-voltage crest which would
result in an increase in electron transit time and thus an
unnecessary further reduction of plate-circuit efficiency.
It is best, therefore, to maintain the plate current at its
full value and reduce the plate input by means of a plate-
voltage reduction. This reduction is commonly made by
specifying the same percentage of reduction for hoth
input and voltage.

Law* has found an empirical relationship for plate
circuit efficiency 5. Law's relationship is

170(1 B std)

VE,

Instead of F,, it is even more accurate to write e, the
peak positive grid voltage. Then Kid/+/e, becomes a
constant. This relationship then shows that the curve of
efficiency is a straight line starting at =79 when f=0
and extending down to the zero axis as shown in Fig. 7.
If we know the efficiency and corresponding frequency
at two points, the straight line is completely de-
termined. From an inspection of Fig. 7, it is obvious
that

n =

m—n -/

m — N f'z—fl

¢ R. R. Law, “Electronics of ultra-high-frequency triodes,” Proc.
I.R.E., vol. 37, pp. 273-274; March, 1949.
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In general, 7, at the frequency f; must be found by
test and thercefore is known. If the second known effi-
ciency n2 is o at f=0, then the expression for 7 is

o — M
- f)
n f=7

m -

(29)

170—(170—171)' :

N

If the plate dissipation rating is not to be exceeded,
then

Py

and the ratio of this input to the maximum input rating
at fl iS

(30)

I'rom (29) and (30) the percentage of allowable input
at frequencies above f, can be calculated. From earlier
discussion, this percentage also applies to plate voltage,
or

E,

Ey

1 —

(31

1 — 9

Although (30) and (31) have been developed for
class-C telegraph service, they are equally applicable to
other classes of service. It should be noted that since g
is usually the same in class-C telegraphy and class-C
plate-modulated services, the same allowable per-
centages of input power and plate voltage is obtained
for both services at a given frequency. This relationship
is not true of grid-modulated and class-B linear ampli-
fiers, since ny is then always of the order of 0.33 or less.

So far, it has been assumed that plate dissipation is
the limiting factor in determining high-frequency rat-
ings. There may be other factors and one of these will be
discussed, namely, heating at the metal-to-glass seals
due to capacitive currents. These currents are propor-
tional to plate voltage and frequency. The hf resistance
of the metal is proportional to the square root of fre-
quency, if we assume that the depth of penetration is

January
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small compared to metal thickness. With these factors in
mind, it is readily demonstrated that to hold constant
the power loss in the seals due to capacitive currents,

Eb (fl>5/4

Ey, S
In general, (32) calls for a much more rapid decrease
in plate voltage than (31), and therefore tubes are usu-
ally designed so that seal heating is not a factor at fi.
Tests can then be made at fi and with constant plate
dissipation to determine how high E, can be when the
maximum safe seal temperature is reached. This value
can then be used in (32) in place of Es,. If this value is
sufficiently greater than E,,, the allowable value of Es
will be higher than determined from (31), so that the
ratings are determined by (31). There may also be cases
where (31) applies over part of the frequency range and

(32)
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(32) beyond that range. If (31) cannot be applied at all
because the seals are already up to maximum tempera-
ture at fi, an unbalanced tube design is indicated. In
some cases no change in design is necessary, if forced-
air cooling can be introduced without undue expense.

From the foregoing discussion, it is clear that the
limiting factor in high-frequency ratings should always
be electron transit time. Then (29) and (31) determine
the high-frequency ratings.

CONCLUSIONS

A rational system for rating high-vacuum power tubes
has been described, based on knowledge of the safe rat-
ings for the tubes in radio-frequency power amplifier
and oscillator service. The rating factors for other
classes of service are tabulated in Table I1. A system of
derating tubes at high frequencies is also developed.

TABLE 11
SUMMARIZED TABULATION OF RATING FACTORS
MaXxiMuM RATINGS

Where a number is shown, the telegraphy value is to be multiplied by this factor to obtain the desired rating. Where the tabulated value is not a
number bul involves some other rating, the desired rating is given by the calculation indicaled.

E; . P,

Type of service E, I, P Py Eea Py Ea I,
Class-C Telegraphy 1 1 1 1 1 1 1 1 1 1
Class-C Plate Mod. 0.8* 0.833 or 0.67% 0.67 1 1 1 0.67 1 1
0.5%
Low-Level Modulated Amplifiers 1§ 0.833 or 1.5 P4 1 1 1 1 0.67 — 1
0.5t
Television Amplifiers 1§ 1 1§ 1 1 1 1 1 — 1
Class-B Audio Amplifiers 1 1 1§ 1 1 1 1 1 S —
Class-A Audio Amplifiers 1 1 Py 1]} 1 1 1 1 — —
Class-AB Audio Amplifiers 1 1 1§ 1 1 1 1 1 — o
Self-Rectifying Oscillator (Case 1)  E,m Iy, 1 1 - - — -— E. I,
141 0.9 Py 0.636% Ky I
or or or
K Em 0.318
1.41 0.636
K.
Sége;;ately Rectified Oscillator E, 0.81 Pyt 1 1 — — — — 0.9 Ky Ine
( 3) == or
0.9 0r E,,
1.27 1.27
K, K,
Self-Rectifying Oscillator Erm 1.8p 1 1 - — = 0.9 K
Full-Wave (Case 4) e c
2.83¢ S
— ——or 0.636
K, —_—
2 K,
Self-Rectifying Oscillator 4.41 P 1 1 — — I
With Smrmlhﬁlg (:hokc'(C:mc 5) 4.41°¢ ut 1 K Iy
Loem o1
or
0.7 Fbim Iy,
K,

* [n case of high voltage tubes a lower value may be necessary. In this case Isp =} max safe instantaneous plate voltage.
1 Use the lower value only for tubes with Limited ernission capability, such as those using tungsten filamenta,
3 In case of tungsten filamentas, the tactor may be less. heing determined by Iy X lbp.

A lower factor may be necemr!y depending on the efficiency obtalnable.
§ If severe focuseing is preeent a fower factor may be necessary.

Use the lower value only in cases where maximum safe instantaneous voltage is the limiting factor.
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Electron Tube Performance with Large
Applied Voltages®

ABD EL-SAMIE MOSTAFAY

Summary—This paper contains an analytic treatment of vacuum-
tube performance with large applied voltages. The method presented
uses the analysis of the transconductance characteristic of electron
tubes, instead of the usual analysis of the plate current-grid voltage
characteristic. By choosing a certain function and its Fourier ex-
pansions over a suitable interval of the g—e, characteristic, the
analysis of electron tubes with large applied voltages is simplified.
Experimental verification is carried out for a triode.

I. INTRODUCTION

Y LECTRON TUBES have become of increasing
B importance due to their extension into the fields
of measurement and control. Therefore, a need
is felt for a rigorous but simplified treatment for quanti-
tative evaluation of electron tube performance. The
method presented herein uses a certain function and its
Fourier expansions over a suitable interval of the trans-
conductance-grid voltage characteristic of the tube,
instead of the usual analysis of the plate current-grid
voltage characteristic. It is felt that the former leads to
a better analysis of the tube performance.

In a paper by Barrow,! the analysis of vacuum-tube
performance with large applied voltages was con-
sidered using Fourier expansions of the plate current-
grid voltage characteristic. However, selecting the
transconductance g rather than the plate current 7,
for the expansion reduces the fundamental period to
half its value, and consequently the number of terms
required for the expansion will be highly reduced. In
a recent paper,? the transconductance-grid voltage char-
acteristic has been used in evaluating electron tube per-
formance, but in a different and limited way as to the
position and amplitude of the applied signal.

The method presented herein has been used by the
author in analyzing class-C amplifiers and proved to be
very useful, especially when the operating range is large.
The method can be directly applied to the tube as a
rectifier, modulator, oscillator, class-B and class-A
amplifiers, as well as a frequency multiplier.

Although the method has been applied to a triode,
we shall start with the simple case of a pentode where
the internal impedance is high compared with the load
impedance, and hence the plate current may be satis-
factorily represented as a function of the grid voltage
only.

* Decimal classification: R331.5XR262.5. Original manuscript
received by the Institute, December 6, 1949; revised manuscript re-
ceived, May 29, 1950.

t Faculty of Engineering, Alexandria, Egypt.

T W. L. Barrow, “Contribution to the theory of non-linear circuits
with large applied voltages,” Proc. I.R.E., vol. 22, p. 946; August,
1934.
2 T. Slonczewski, “Transconductance as a criterion of electron
tube performance,” Bell Sys. Tech. Jour., vol. 28, pp. 315-328; April,
1949.

II. THEORETICAL ANALYSIS

Figs. 1(a) and 1(b) represent i,—¢, as well as g—e,
characteristics, respectively, where,

e, = total grid voltage=v,— E,

i, = total plate current

E.=grid bias voltage

v,=ac input voltage applied to the grid
g = transconductance =di,/de,.

Let the operating range be extended from beyond cut-
off, point b, to the end of the linear portion of the 7,—e¢,
characteristic, point d. The g—e, characteristic can be
represented by either of the following methods:

1. Power series: this will be cumbersome because of
the required large number of terms. Even if the operat-
ing range is small, the work would be tedious, as was
stated by Slonczewski in his paper.

2. Fourier series: this requires a large number of
terms to get good approximation, due to the sharp
jump in the g—e, characteristic.

As the discontinuity is responsible for the rate of
convergency of the Fourier series, the best thing to do,
therefore, is to avoid this discontinuity by “an artificial
extension” as shown in Fig. 1. The artificial extension is
the dashed portion df# in the i,—e¢, characteristic and
the corresponding portion d’f’h’ in the g—e, character-
istic. d’f’h’ is constructed so that the resulting g—e,
characteristic which is represented by a’d’c’d’f’h’ is a
symmetrical curve about the axis X Y, passing through
the middle point of the linear portion of the i,—e¢,
characteristic (Fig. 1). In this way, the g—e, character-

1 [
4 /,‘r -1
7 \ !
1] |
Linear P, ' i |
wnear Portion 1
bet c&d - ! : | (a)
] i
: | !
Py ! !
a A . l ' 1 1
. : LI ) B e
' | 1 ’l o 1 : ] ]
: : : ! | : | |
! 1 ! | . !
PR ] \ 1 | d ' |
- i i f ' I (b)
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1 g i 1
N l 1 h \\ . !
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— e # N
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L Fundamental Pericd of Expansion _u

Fig. 1—Diagram showing i,—, and g—e, characteristics.

istic can be represented by a highly convergent trigo-
nometric polynomial. The artificial extension will have
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inother advantage, namely, the increase of the range
»f validity of the operating signal, i.e., the latter can
sover the range a;abed of the i,—e, characteristic and
1ot only the range abcd.

Now, if O’ is chosen as the origin of harmonic an-
alysis, cosine terms will only exist; the angle correspond-
ing to 00’ will be added as a constant, and therefore
all voltages will be measured from zero value of e,.

Let harmonic analysis give i

nmw
g = di,/de, = a0 + > a,.cosz— (e, — B).
0

na=l

(N

The upper limit of the summation depends on the num-
ber of terms in the expansion required for satisfactory
representation, but generally it is infinity, and where
B =voltage corresponding to 00’,
2E,=voltage corresponding to the fundamental
period of the harmonic analysis, and
ao, a1, a1, a3, €tc., are constants to be determined from
“the harmonic analysis. Integration gives,
i, = bo+ aoe, + Zau—E—o sin — (e, ~ B), (2)
nesl nw Eo
where b,=constant of integration to be determined
from the value of i,at e,=0. At e, =0, 1, =1, (Fig. 1(a)),
therefore,

I n
bo = iy + 5 a0 sin B, (3)
nml nw E,o
Let v,= V cos w!, therefore,
e, — B =1V cos wt — (E.+ B). 4)
Substitution of equations (3) and (4) in (2) gives,
E nw
ip= yim + Y 4, — sin — B — ao(E. + 3)}
nel nw E,
4 ao-V cos wt
E vV
+ Z a, —_— sin j(mr cos wt)
ne=l nwr ) EO
" ket B (s)
E,

But

sin {(V cos wt) — E}
= sin (V cos ut)-cos E — cos (V cos wt)-sin £

= —Jo(V')-sin L
+ {2(—1)"“ > Jui(V)-cos L} cos (2k — Nt
k=] .

. - }.2("1)" Z]u(V)'Sin I:’} cos 2kwt,

k=1

where Ji(V) is a Bessel function of the first kind of
order k and and argument V, substitution in (5) gives
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ip=1TIy+ I, cos wt+ I;cos 2wl + Iycos 3wt + - - -

4+ I,cosrwt+ -, (6)
where I, =mean value of plate current
. E n
=i, — ao(Ec+ B) + Z a, —-o-{rin i
A=l nw EO
B (er) . nr (E +13} .
- -sin — (E, .
\ "z, E, ) (7)

The value of the plate current with no applied signal
can be obtained from (7) by putting V =0, which is given
by

E
ipo — ao(E. + 8) + Z a, —-o—{sin

nesl nw

nrf

0

T
— sin— (E. + B)} . (8)
E,
Eqﬁations (7) and (8) gives the rectified current
E nrV n
= Za,.——o{l - J.,( " )} sin —"—(E¢+ 8). (9
el MT E, E,
I, = fundamental amplitude of plate current
( nwl
2]1(' ,"')
110 nw
=Via+ 2 an—————cos— (E.+B)} (10)
ne=1 nrV Eo
| Ey J
I, = amplitude of the rth harmonic, where r # 1
E nwV n
=2 Za"—°1,< e )cos—1r—(E¢+B).
P nmw ) 0
r being odd, (l1a)
E, nrV nw
= —2 a,,——-],(——) sin — E¢+ ’
,.Z_:l nw Eo Eo ( B)
7 being even. (11b)

Although the operating range may be very large, due
to the high convergency of the trigonometric polynomial
(1) which is due to the introduced artificial extension,
three or four terms are usually sufficient to give satis-
factory results. Therefore, the calculations of (7), (8),
(9), (10), and (11) are highly simplified. The Bessel
coefficients Jo(2), Ji(z), Ja(2), etc., and the recurrence
relation {2J,(z)/z} can be found in any text book on
Bessel functions.?

In the case of a triode, the composite characteristic
which is the relation between the plate current ¢, and
the composite voltage e’ (=e,+e,/u, referred to the
grid side) can be assumed as one curve for most typical
triodes, so long as the grid current is not considerable
and secondary emission is much reduced, and unless the

3 N. W. McLacklan, “Bessel Functions for Engineers,” Geoffrey
Cumberlege, London, p. 42; 1946.
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minimum plate potential is equal to or smaller than the
maximum grid potential. e, and ¢, arc the total plate
and grid potentials, respectively, and g is the amplifica-
tion factor. Therefore, it can be assumed that there is
only one composite characteristic in the usual working
range for a given tube. The analysis for a pentode can
be directly applied to the case of a triode with the
substitution of e’ instead of e, The analysis will he
simple if the output circuit is purely resistive.

In class-C amplifiers, the plate and grid circuits con-
sist of tuned circuits, the load impedance in the plate
circuit is very low at the harmonics and the output
voltage can be satisfactorily assumed sinusoidal. If
tuning and neutralization are perfect and if the operat-
ing frequency is not so high but that the transit time of
electrons can be neglected, the output voltage can be
assumed in antiphase with the exciting voltage. There-
fore,

’

¢ = lumped voltage, referred to grid sidec = ¢, + ¢p/p

1
(V,cos wt — E)+ — (I5y — V', cos wt)
i

' Ey
(1", — Vp/u) cos wt +( — E¢>,
m

where E, and E, are the polarizing plate and grid poten-
tials, respectively. V, and V, are the amplitudes of the
exciting (grid) and the output (plate) voltages. In the
above equations, substitute (Ey/u—F.) and (1, —1,/u)
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for . and V, respectively. The mean value Iy and the

fundamental amplitude I, of the plate current can
therefore be calculated from (7) and (10), respec-
tively. Input power to plate circuit=P;=FEy- Iy, and
output power = /2R, where R, =dynamic resistance
of plate circuit at the fundamental frequency. It should
be noted that in this case the solutions of (7), (8), (9),
(10), and (11) will not be direct. IFor given values of
15, E., V, and Ry, (10) can be solved by assuming
several values of V, and solving for I). The solution is
that which satisfies the relation V,=1,-Ry, interpola-
tion or otherwise is normally required.

I11. EXPERIMIENTAL VERIFICATION

A power supply frequency method is adopted where
ur(linary wattmeters, amnieters, and voltmeters can he
used. The only correction at radio frequency is that of
interclectrode capacities which can be included easily
with the various circuit capacities. In this way, an
equivalent way of introducing the load is effected by
injecting in the plate circuit a sinusoidal voltage which
is in antiphase with the exciting voltage.

An experimental small power tube (2-A-3 triode) was
employed for test purposes and worked as a class-C
amplifier. The {,—e’ characteristics were determined,
following a method similar to that of Guiseppe Gra-
magli.t The curves are very approximately coincident,

¢ Guiscppe Gramagli, “The plotting of the characteristics of

transmitting valves,” International Broadcast and Sound Engincer,
vol. 1, p. 134; 1937.
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Fig. 2——Harmonic analysis,
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resulting in one composite curve, so long as the plate
potential is not less than 100 volts. From the i,—e’
characteristic, di,/de’ is obtained and extended arti-
ficially as was stated before. Harmonic analysis is given
in Fig. 2.

A connection diagram is shown in Fig. 3. The polariz-
ing potentials Ey and E. are obtained from large ca-
pacity batteries. Two transformers fed from the same
supply are used to give two sinusoidal voltages in anti-
phase. Condensers of 0.004 uf are used between plate,
grid, and filament to climinate any possibility of high-
frequency oscillation.

Fig. 4 shows what may be termed variable load char-
acteristics for a constant output voltage. There is good
agreement between experimental results and theoretical
predictions. For the sake of comparison, theoretical
curves based on treating the composite characteristic
as a straight line® are also shown.

5 This is the method adopted in W. L. Everitt, “Optimum operat-

ing conditions for class-C amplifiers,” Proc. I.LR.E., vol. 22, p. 152;
February, 1934.
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J-ig. 4—Variable load characteristics for a constant output voltage.
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A 300- to 4,000-Kilocycle Electrically

. *
Tuned Oscillator
A. 1. PRESSMANYt, MEMBER, IRE, AND J. . BLEWETTY, ASSOCIATE, IRE

Summary—An oscillator is described whose frequency is elec-
trically controllable over a 13-to-1 frequency range. Tuning is ac-
complished by saturation of a ferromagnetic core in the inductance
of the tank circuit. The output is constant in amplitude to within 4
per cent and is reproducibie in frequency to better than 0.1 per cent.

e

INTRODUCTION

N THE THREE-BILLION-VOL.T Cosmotron now
J:[ under construction at the Brookhaven National

Laboratory, protons will be accelerated in a race-
track-shaped orbit from an cnergy of three million to
about three billion electron volts. As the protons
gain energy, there is an increase in their frequency of
revolution and the value of magnetic ficld required to
keep them on arcs of a circle of constant radius. The
orbital frequency is related to the instantancous value
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Fig. 1—Proton orbital frequency versus magnetic field intensity.

* Decimal classification: R355.911.1. Original manuscript received
by the Institute, January 25, 1950; revised manuscript received, June
27, 1950. This rescarch was carried out at the Brookhaven National
Laboratory under the auspices of the Atomic IZnergy Commission.

t Brookhaven National Laboratory, Upton, N. Y,

of magnetic field by

F = 4.304B|B? + (3,422)2]1/2, (1)

where B is in gauss and F in Mc. This relationship is
shown in Fig. 1. The anticipated B-versus-time cycle
will be approximately a linear rise from zero to fourteen
thousand gauss in one second (the acceleration time)
with a five-second duty cycle. IF‘or a proton injection
energy of 3 Mev, the orbital frequency will vary from
343 to 4,181 kc with a frequency-versus-time curve
shaped much like the ahove F-versus-B curve and with,
of course, the same five-second duty cycle. In order to
avoid losing protons to the walls of the 36-inch wide vac-
uum chamber in which they revolve, the frequency
of the source which accelerates them must track the
magnetic field to within 0.3 per cent of the relation
in (1). For 3-Mev injection, the frequency modulation
cycle must start at 343 ke with a dF/dt of 20 Mc per
sccond per second with a delay of not more than 50
microseconds after the magnetic field has reached 274
gauss.

Early in the design of the machine, it was decided
that these severe tuning, timing, and magnetic field
tracking specifications could more casily be met by an
clectronically, rather than a mechanically, swept oscil-
lator. Such an clectronically tuned oscillator would be
driven by an electronic analogue computer whose in-
put signal would be a measure of magnetic-field in-
tensity and whose output voltage would be determined
by a properly shaped nonlinear impedance ¢lement. The
output-input voltage characteristic of the nonlinear im-
pedance element would be fixed by the F-versus-B
relation of (1) and the frequency-versus-modulation
voltage characteristic of the oscillator.

The development of an oscillator, clectronically tun-
able over a 13-to-1 frequency range from 343 to 4,181
kc with 0.3-per cent stability and reproducibility pre-
sented a difficult problem. Tests were performed on a
circuit which used beating reflex klystrons with a sweep
voltage on one repeller. This type of oscillator covered
the required range, but had only barely adequate fre-
quency stability. A voltage-tuned multivibrator was
also built which covered the range casily, but was not
reproducible with respect to tube changes.

The oscillator finally chosen is a saturable inductance
LC oscillator making use of the unique properties of
IFerroxcube,!? a ferromagnetic mixture of iron, man-

' J. L. Snoek, “New Developments in Ferromagnetic Materials,”
Elsew’er Publications, New York, N. Y.; 1946.
* V. D. Landon, “The use of ferrite cored coils as converters,

claglréliﬁers, and oscillators,” RCA Rev., vol. 10, p. 387; September,
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ganese, and zinc oxides, manufactured by the Philips
Company. This material has a high permeability and Q
(Q being defined as the Q of a toroidal coil wound on a
Ferroxcube core) well up into the radio frequencies.
Its permeability can be reduced to 1/250 of maximum
value by saturating fields as low as 50 ampere turns per
cm. Curves of permeability and Q versus frequency are
shown in Fig. 2. The variation of permeability with
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saturating ficld is shown in Fig. 3 for various frequen-
cies. With zero saturating field, Q falls off so rapidly
with frequency that oscillations could not be main-
tained much above 700 kc. But Q rises with saturating
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field as shown in Fig. 4 and throughout the entire range
of the oscillator Q never falls below 25. The material has
a fairly high temperature cocfficient of permeability.
The coefficient is a function of saturating field but is
never more than —1.3 per cent per degree centigrade
between 20° and 50°C. This has necessitated tempera-
ture controlling the inductance to achieve the required
oscillator stability and reproducibility.
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Fig. 4—Q versus saturating field.

DESIGN OF SATURABLE INDUCTANCE

The core used in the saturable inductance is a toroid
of 1} inches inside diameter, 1% inches outside diameter
and § inch height. It is saturated by a current through
an auxiliary winding. It is essential that there be no
coupling between the radio-frequency and saturating
windings. Such coupling would result in radio-frequency
currents in the saturating winding which would reflect
impedance back into the radio-frequency winding and
would make the saturating winding, its distributed ca-
pacity, and current source cffectively part of the radio-
frequency circuit and lead to generally unpredictable
results.

The scheme we have adopted for decoupling the radio-
frequency and saturation windings is shown in Figs. 5
and 6. A rectangular hole 8 X 16 mm is cut into the side
of the toroid, the plane of the hole being normal to the
radius of the toroid. Two 24-turn radio-frequency wind-
ings are threaded through the hole and connected as
shown in Fig. 5. The direction of winding is such that
the radio-frequency flux returns around the hole and
cancels out in the back leg of the toroid. The toroid is
now completely enclosed in a doughnut-shaped metallic
jacket which leaves about a quarter-inch of clearance
between the inside of the jacket and the toroid itself.
A saturating winding of 380 turns is threaded through
the doughnut-shaped jacket. This winding subtends an
angle of about 45° and is centered over the radio-fre-
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quency winding. None of the radio-frequency flux lines
links the saturation winding and, therefore, there is
no magnetic coupling between the two coils. Winding
the saturating coil on the outside of the metallic jacket
also decrcases the electrostatic coupling between the
two coils. The jacket serves as a liquid tight container
through which oil at a temperature of 35°C is pumped
at a speed of } gallon per minute from a reservoir whose
temperature is maintained constant to 0.01°C. The
jacket is made in two sections separated by a neoprene
gasket. This prevents the flow of eddy currents which
would be induced in the shield by the slowly varying
modulation currerit in the saturation winding.

Fig. 6—Saturablc inductance assembled.

The saturating magnetomotive force appears for the
most part in the legs of the radio-frequency coil since
the effective cross section of the magnetic path is
smaller there. By altering the thickness of the legs of
the radio-frequency coil, the shape of the frequency-
versus-saturating current characteristic may be changed.
The inductance used in our oscillator had a zero
saturating-current inductance of 1,680 xh and dropped
to 10.4 ph at 385 ma through the 380-turn saturating
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winding. This corresponded to a frequency change of |

330 to 4,181 kc.

(SCILLATOR CHARACTERISTICS
The oscillator circuit diagram is shown in Iig. 7 and
its frequency-versus-saturating current characteristic in
IFig. 8. The oscillating circuit is of the Clapp? type with
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). K. Clapp, “An inductance capacitance oscillator of unusual
frequency stability,” Proc, LR.E,, vol. 36, p. 356-358; March, 1948.
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an amplified automatic-volume-control signal fed back
to the screen of the oscillator tube. Without automatic
volume control, the signal amplitude falls off by a
factor of 6 from 330 to 4,161 kc because of the very
large change in L/C ratio throughout the frequency
range. With automatic volume control, the amplitude
is constant to within 4 per cent. In the Clapp circuit,
isolation from the effects of tube interlectrode capacity
changes is achieved by making C; large compared to
C,x and C,, and by making the radio of C to C, as large
as possible. But a large Ci/C. ratio causes a large rela-
tive signal-amplitude ratio at the two ends of the band.
An appreciably larger ratio than the one used would
kill the oscillations at the high-frequency end. The out-
put has an amplitude of 2.8 volts rms and a sinusoidal
wave form which shows no distortion throughout its
entire frequency range when viewed on a high-frequency
oscilloscope.
The oscillator casily meets its stability and repeat-
_ability requirements. At zero saturating field, at about
330 ke, of ten different tubes used as the oscillator tube,
the greatest frequency difference between any two was
0.06 per cent. The stability with respect to plate voltage
is 0.001 per cent per volt over the range 140 to 150
volts. The stability with respect to ilament voltage is
0.006 per cent per volt over the range 6.0 to 6.6 volts.
With the oil in the reservoir maintained at 35°C within
0.01°C and with the oil being pumped through the
jacket at % gallon per minute, the frequency-versus-
saturating current curve repeats to within 0.05 per cent
for readings taken every 2 hours over a period of five
days. At a fixed current at any point within the fre-
quency range, the oscillator will stay within 0.01 per cent
of zero beat with a crystal-controlled source over a two-
hour period. A frequency-versus-saturation current curve
at 36°C departs a maximum of 0.67 per cent from the
one taken at 35°C. In the present application of the
oscillator, a dc amplifier whose gain without feedback
is 650 drives five paralleled 6BG6 tubes whose plate
circuits include the saturation winding. The circuit is
shown in Fig. 9. Three fourths of the output voltage
across a common cathode load resistor is fed back (nega-
tive feedback) into the input of the dc amplifier. A
voltage swing of 55 volts at the input grid drives the
oscillator through its entire frequency range. The fre-
quency-versus-grid voltage characteristic of theamplifier
and oscillator in cascade is also reproducible to 0.05
per cent over a period of a week. Because of the nega-
tive feedback proportional to current output, the effec-
tive source impedance of the generator driving the sat-
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uration winding appears as 390,000 ohms. Thus, even
with an initial saturation-winding inductance of 0.3
henries, the time constant is sufficiently small that the
lag of output current behind input voltage is insignifi-
cant in our application.
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Fig. 9—Control amplifier.

There is a hysteresis effect in the oscillator. At low
saturating fields, frequency readings taken at the same
current approached from two directions may differ by
as much as 6 per cent. Above 1 Mc, the effect is less
than 1 per cent. This is of no consequence for the pres-
ent use of the oscillator, as in each proton acceleration
cycle, the saturating current will be moving along the
same hysteresis loop in the same direction from the
same initial bias.

Saturable inductors, as described above, have also
been used in phase shift and Wien Bridge inductance-
resistance oscillators. In such oscillators, frequency is
proportional to 1/L rather than 1/+4/L, and much
greater {requency ratios for given inductance ratios are
obtainable. A Wien Bridge LR oscillator built at this
laboratory by W. H. Surber of Princeton University
tunes over a 95-to-1 frequency range with a maximum
saturating field of about 50 ampere turns per cm. The
frequency range covered is 100 ke to 9.5 Mc.
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: o C,
Linear Series K/.C Circuit
EDWARD 1. HAWTHORNE{}

Summary—Sinusoidal variation of inductance in a series RLC
circuit is considered in a manner which generalizes previous treat-
ments by placing the variation inside the differentiation sign, and by
inclusion of dissipation. A simple relationship is established with
solutions for capacitance variation. Dissipation is shown to lead to
time-variable damping in a specified manner. Typical differential ana-
lyzer solutions are presented.

I. INTRODUCTION
r I YHE BROAD field of parametric excitation has

been receiving considerable attention in recent
years due to its wide applicability to many phases
of power, communication, and clectronic engineering.!'*
The greatest effort has been directed to the study of
simple linear circuits subjected to a sinusoidal time vari-
ation of one of the parameters about a mean value.

* Decimal classification: R140. Original manuscript received by
the Institute, May 2, 1950.

t Moore School of Electrical Engineering of the University of
Pennsylvania, Philadelphia, Pa.

! John R. Carson, “Notes on the theory of modulation,” Proc.
I.R.E., vol. 10, pp. 57-64; February, 1922.

2 B. Van der Poland M. . O. Strutt, “On the stability of the solu-
tions of Mathieu'’s equation,” Phil. Mag., vol. 5, pp. 18-38; January,
1928.) (Gives numerous references to applications of Mathieu's equa-
tion.

3 B. Van der Pol, “Frequency modulation,” Proc. I.R.E., vol. 18,
pp. 1194-1206; July, 1930.

¢ W. L. Barrow, “A new electrical method of frequency analysis
and its application to frequency modulation,” Proc. .R.E., vol. 20,
pp. 1626-1640; October, 1932.

¢ M. J. O. Strutt, “lLamesche-Mathieusche und Verwandte Funk-
tionen in Physik und Technik,” Springer, Berlin; 1932,

¢ W. L. Barrow, “Frequency modulation and the effects of a
periodic capacity variation in a nondissipative oscillatory circuit,”
Proc. 1.R.E., vol. 21, pp. 1182-1203; August, 1933.

7W. L. Barrow, “On the oscillations of a circuit having a peri-
odically varying capacitance,” Proc. I.R.E., vol. 22, pp. 201-213;
February, 1934.

8 H, Ataka, “On superregencration of an ultra-short-wave re-
ceiver,” Proc. LLR.E., vol. 23, pp. 841-884; August, 1935,

*W. L. Barrow, D. B. Smith, and F. W. Bauman, “Further
study of oscillatory circuits having periodically varying parameters,”
Jour. Frank. Inst., vol. 221, pp. 403-416, March, 1936; and pp. 509-
529, April, 1936.

10S, B. Crary, “Two-reaction theory of synchronous machines,”
Elec. Eng., vol. 56, pp. 27-31; January, 1937.

n C. F. Wagner, “Unsymmetrical short circuits on water-wheel
generators under capacitive loading,” Elec. Eng., vol. 56, pp. 1385~
1395; November, 1937.

12 |, G. Brainerd, “Notes on modulation,” Proc. I.R.E., vol. 28,
pp. 136-139; March, 1940.

13 J. G. Brainerd and C. N. Weygandt, “Solutions of Mathicu's
equation,” Phil. Mag., vol. 30, pp. 458-477; December, 1940.

WE.J. Ma’ginniss, “Sinusoidal variation of a parameter in a simple
series circuit,” Proc. 1.R.E., vol. 29, pp. 25-28; January, 1941.

6 J. G. Brainerd, “Stability of oscillations in systems obeying
Mathieu’s equation,” Jour. Frank. Inst., vol. 233, pp. 135-142:
February, 1942.

16 N. Minorsky, “On parametric excitation,” Jour. Frank. Inst.,
vol. 240, pp. 25-46; July, 1945.

17 H. J. Gray, R. Merwin, and J. G. Brainerd, “Solution of the
Mathieu equation,” Trans. AIEE, vol. 67, pp. 429-441; 1948.

18 £, Cambi, “Trigonometric components of a frequency-modu-
lated wave,” Proc. 1.LR.E., vol. 36, pp. 42-50; January, 1948,

1 E,. M. Williams and L. Vallese, “Wide deviation frequency-
modulated oscillators,” Proc. 1.R.E., vol. 36, pp. 1282-1284; Oc-
tober, 1948,

The above represents the simplest case of parametric
excitation and also the widest range of its application,
Further restrictions on absence of driving forces other
than those required for the variation of the parameter
lead to the homogeneous differential equation with
time-variable coefficients. This implies.the study of the
oscillatory modes of the circuits and brings the para-
mount problem of stability to prominence. Once the
fundamental solutions of the homogencous equation are
known, response to additional driving forces can be de-
termined by conventional means.2%%

Sinusoidal variation of either L or C in a simple series
LC circuit, the most basic problem of all, gives rise to a
combination of frequency- and amplitude-modulated
wave. Various aspects of capacitance variation have

f

-~

been treated rather exhaustively.!=9.12-15.1719 Effects of |/

dissipation R have also been considered.'s:'71% The pur-
pose of this paper is to extend previous treatments to
the case of sinusoidally varying inductance, including
effects of dissipation.

Il. NATURE OF THE PROBLEM OF INDUCTANCE
VARIATION

The problem at hand in the light of previous investi- |

gations is summarized in Table I on the basis of a series
RLC circuit.®

Case 1 has been solved!®!? by tabulating fairly com-
plete fundamental sets® of solutions of Mathieu's equa-
tion, to which it leads, using the Eniac built by the
Moore School of the University of Pennsylvania, for a
wide range of parameters over the interval 0 £ wr < 27.
Application of Floquet’s theorem'3.2°2 then enables
solutions for wr>27 to be determined from the tabu-
lated solutions. Regions of stability in the parametric
plane have also been determined.''.17 |)issipation was

accounted for by multiplying the solutions by the simple |

damping function, e¢(—R7/2L), and a suitable modifi-
cation of the parameters.!?

Case 2 has been solved!® by a serics expansion method |
utilizing the techniques of continued fractions for quick |
and accurate computation of the “characteristic ex- |
ponent” in the theory of Floquet,'3:15.17.20.21 which also
applies to this case, to determine the trigonometric
components of the solution.?® Regions of stability in the

.2 E.T. Whittaker and G. N. Watson,
brldzge University Press: 1920,

"E. L. Ince, “Ordinary Differential Equations.” sublica- &
tions: 1944, y quations,” Dover Publica ‘

# The principle of duality permits the extensi i
. nsion of this to an
“equivalent” parallel G-C-L circuit. o

# This method could, of course, be also applied to Case 1.

“Modern Analysis,” Cam-
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TapLE |—THREE CASES OF SINUSOIDAL VARIATION OF L oR C(K <1)

Differential equation

Effect of Most recently

. I
flogichiccienes to be solved dissipation R | analyzed by:

-. 1 (14K cos wr) ‘ . .

Case 1 —=—————— | Mathieu’s Equation simple damping J. G. Brainerd!?.15.17

C Co

- Case 2 C; Co(1 ;;éos wr) | A form of Hill's Equation | simple damping ‘ E. Cambi!®
. Case 3* L=Lo(1+K coswr) | Morecomplex form of Hill's Equation l variable damping ’ this paper

* [nverse L variation is as yet of little practical significance.
wrametric plane were also determined.!® Dissipation (an-1 1 - K !
-as again accounted for by the factor e¢(—R7/2L) and a n 1 + K tan 2
litable modification of the “characteristic exponent.”® E = exp E ;\/l e (8)

Case 3 represents a more complicated situation. If
le variation could be taken outside of the differentia-
on sign, then the equation

2A

d*§ dg
(1 + Kcoswr) — + R—+
dr?

=0, K<1 1
dr C )

ould result, which is exactly equivalent to Case 2 if
ssipation be zero in both cases. This was actually con-
dered by Cambi'® as the case of variable “inductance.”
wductance variation, however, requires that total flux
nkages be differentiated in summing up emf’s around
le circuit, and gives rise to the basic equation for
ase 3:
d[(1+K )dq:|+qu+q 0;K <1. (2)
— COS wr) — —+ —==0; .
" dr dr dr | C
he solution of equation (2) will now be discussed.

[11. SEPARATION OF THE EQUATION

The substitution:
wLo 1
= Wwr; Q = — € = (3)

R w?LC

:duces (2) to the nondimensional form

d dg1 1 dg
——|:(1+ K cos t) —:|+~--+eq=0. 4)
dt dt

‘limination of the first derivative term can be obtained
y the transformation

t, 0, K, ¢ =Y(0, K, e-W(, K) E( K, Q), 5)

there Y is a solution of

1
1 — K+ —
q . ( )-*-Q2
+V|—+ S = 1=0, (6)*
4 14 Kcost 4(1 4 Kcost)?
nd where
1+ K
" W= L )
14+ Kcost

# Dots denote differentiation with respect to .

IV. EFFECT OF DISSIPATION

The predominant effect of dissipation is included in
the damping function E, equation (8). The factor 1/Q?
in (6) has a small, second-order effect® for Q larger than
about 10. Fig. 1 indicates when the 1/Q? term can surely
be neglected for 1 per cent accuracy.

PARAMETER “K~

REGION OF ERROR < 1%

o5

PARAMETER “Q"

[ P o © ~© 0

Fig. 1—Effect of neglecting the 1/Q* term in (6).

The sinusoidal variation of inductance has an interest-
ing effect on the damping function (8), which in absence
of variation (K =0) properly reduces to the e—(¢/2Q)
=e—(R7/2L,) expression. Fig. 2 indicates how the
numerator in the exponent of E varies with time, de-
pending on K, in a manner which may be termed
“damping modulation.”

V. SOLUTION OF THE DIFFERENTIAL EQUATION

If the factor 1/Q? be neglected in (6) then Y- W be-
comes independent of Q and may be shown to be the
solution of the original equation (2) without dissipation,
which then becomes

% An analogy exists in the case of wave propagation where the pri-
mary effect of dissipation lics in the damping of the amplitude func-
tion, and where dissipation has only a second-order effect on the phase
of the wave. [t should also be pointed out that neglccting the 1/Q?
term in (6) leads to pessimistic, hence safe, results with respect to sta-
bility consideration, since dissipation cannot make an otherwise stable
system unstable.
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Fig. 2—Variation of the exponent f(2), of damping function,
E(t), with 2.

d

d

dg
[(1 + K cost) ——:I + g = 0. Q)
! dt

The complete approximate solution of (2) then is

§lt, K, e Q) = q(t, K, €)- E(t, K, Q). (10)

Equation (9) represents a form of Hill's equa-
tion,'®:18-21 a5 evident from (6), and its complete solution
may be sought by the methods listed under Cases 1
and 2.

A very close correlation, however, exists hetween (9)
which represents Case 3 without dissipation and the
differential equation of Case 2 without dissipation,
treated by Cambi.!® In the terminology of this paper the
latter becomes:

d*r
(14 Kcost) — 4+ e = 0. (11)
de

This relationship can be stated as follows: Let the
fundamental sct!3:2122 of (9) be ¢i(¢) and ¢2(¢) defined

¢(0) = 1;  @(0) =0; ¢(0)=0; ¢(0)=1 (12)

and let the fundamental set of (11) be, correspondingly,
ri(¢) and rs(t), where

r(0) = 1; #,(0) = 0; ra(0) = 0; #(0) = 1. (13)
It can then be shown that
€
() =F0); 0= =Tk e s
- . .14
1= SR n); ()= (—~ 1—+L>r 0)
q2( . i) gz I K cont . J

Since the solutions ¢'s and r's represent the respective
charges on the capacitors, while their derivatives repre-
sent the currents in the circuit (for zero dissipation),
the above equations indicate that currents in the ca-
pacitance-varying circuits correspond to the capacitor
charges in the inductance varying circuit, and con-
versely, except for constants or for siniple time func-

Januar!

tions. With this important modification then, sums
marized in (14), the work of Cambi'® may be applied to
the inductance variation of Case 3. |

VI. StTABILITY CONSIDERATIONS AND TyrPICAL
SOLUTIONS
It is evident that stable regions in the parametric g

K plane are coincident for solutions of (9) and (11);
Consequently results of Cambi'® may be generalized tg |

Fig. 3—Differential analyzer solutions of (9) for K=0.1, e=110

Fig. 1—Diffecential analyzer solutions of (9) for K =0.7, e=1.0,

Fiz. 5—Differeatial analyzer solutions of (9) for K =0.1 , e=8.0,
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islude Case 3 as well as Case 2. Studies of (9), made
¢ the Moore School Differential Analyzer at the
hiversity of Pennsylvania, have served to substan-
nte the above development. Typical fundamental
cts of solutions of (9) for a representative range of
jrameters ¢ and K are shown on Figs. 3 to 6.

VII. CONCLUSIONS

Treatment of inductance variation inside the differ-
tiation sign, and including dissipation, gives rise to
vo distinct effects. One is the direct relationship with
ie previously studied'® solutions of the capacitance var-
tion in the sense that the functional expressions for
wpacitor charges and circuit currents are, roughly
eaking, interchanged. The other, caused by dissipa-
on, is the time varying damping, illustrated on Fig. 2.

VIII. ACKNOWLEDGMENTS

The author wishes to express his gratitude to J. G.
rainerd for his help in preparation of this paper. The
uthor is indebted to the Moore School of Electrical
:ngineering of the University of Pennsylvania for the
se of the differential analyzer.

b,
° ‘ / h. t
J \Y/

Fig. 6—Differential analyzer solutions of (9) for K=0.7, ¢e=8.0

some Studies of Pulse Transformer Equivalent Circuits”

C. K. HADLOCKY, ASSOCIATE, IRE, AND D. LEBELLY, ASSOCIATE, IRE

Summary—A pulse transformer equivalent circuit is synthesized
om data obtained by direct test on a typical pulse transformer.
he differential equations for the equivalent circuit are solved by
\eans of a mechanical differential analyzer for a variety of circuit
snstant values. Wave forms of transformer output voltage as ob-
\ined from the differential analyzer are of assistance in the design
! pulse transformers.

I. INTRODUCTION

ULSE TRANSFORMERS are currently finding
Pimportant application in computer and radar cir-

cuits, as well as in many other devices utilizing
hort duration pulses. The method of analysis to be
lescribed here is based on an equivalent circuit which
ias been idealized to the extent that the pulse trans-
ormer which contains nonlinear, distributed parameters
s represented by a circuit containing linear, lumped
ircuit constants. These assumptions permit a rela-
ively simple procedure for synthesis and subsequent
:nalysis of the equivalent circuit.

* Decimal classification: 143.5. Original manuscript received by
'l%e lIg;(t)ltute, December 1, 1949; revised manuscript received, June
P }lu'ghes Aircraft Company, Culver City, Calif.

1 The University of California, Los Angeles, Calif.

II. SyNTHESIS OF EQUIVALENT CIRCUIT!

The particular pulse transformer to be studied is
treated as a four-terminal network whose basic arrange-
ment of impedances (Z4, Zg, Zc) is the T of Fig. 1. The
assumption of the T configuration fixes the frequency
responses of Z4, Zp, and Z¢ for a particular transformer.
These responses are obtained by measurement of the

Za Zs

£
-H

Fig. 1—Four-terminal network representing pulse transformer
(Zn =0§.

IDEAL
TRANSFORMER

:

SECONDARY

7

1 T. E, Shea, “Transmission Networks and Wave Filters,” D. Van
Nostrand Co., Inc., New York, N. Y.; 1929,
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primary and then the secondary frequency characteris-
tics for both open- and short-circuit condition on the
transformer.

The test data obtained from the transformer (Fig. 2)
indicate that Zjg is very nearly zero. Therefore, for
equivalence, Z, should display the same response as
that seen from the primary winding with the secondary
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Fig. 2—Frequency characteristics of a typical pulse transformer
(test data).

short circuited (i.e., the two anti-resonant and two series
resonant points of curve 1). The network representing
Z4 in Fig. 1 is capable of producing this response. Cor-
respondingly, the network representing Z¢ in Fig. 1 is
obtained from consideration of Fig. 2, curve 3 which is
the transformer’s response as seen from the secondary
with the primary open. Hence the circuit of Fig. 1 will
exhibit the frequency response characteristics of the
actual transformer.

The approximation is made that the circuits repre-
senting Z4 and Z¢ could be replaced by single LC paral-
lel combinations. The validity of this step is question-
able where frequencies above 4.0 Mc appear (see Fig. 2).
The Fourier frequency spectrum of a single pulse ex-
hibits an appreciable amplitude over a frequency inter-
val extending from —(10/2¢) to +(10/2¢) where ¢ is
the pulse duration. For a 1-u sec pulse duration then,
10/2e=35 Mc. Hence neglecting all components above
4.0 Mc might introduce serious error. Assuming, how-
ever, that this simplification is permissible, the equiva-
lent L (T with the impedance Zp=0) is shown in
Fig. 3. An equivalent pulse generator and load (re-
ferred to the primary) has been added. Capacitor C; is
assumed to contain any load capacitance; values of gen-

5

L

Fig. 3—Assumed equivalent circuit of pulse transformer.
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erator and load resistance (R; and R;) may be modified
to include transformer copper loss and core loss, re-

spectively.
111. ANaLYsIS oF EQUIVALENT CIRCUIT?

Analysis of this equivalent circuit is based on its con-
ventional loop equations which follow:

d a . .
en(t) = Riiy + 1, d-l (iy — 12) + Lo ;l (ir— 1) (1)
d - 1
0= Ll ';; (12 - 11) + le 12(” (2)
d 1 .
= L2 '(-17 (13 - il) + C2f (13 - “)d’ (3)
1
0= R214 + f(“ - 13)d’ (4)
Ce

where ei(!) is a voltage pulse of magnitude E, and
duration e.

In order to explore the effects on the output wave
shape of changing the circuit parameter values, a num-
ber of solutions corresponding to several sets of values
of circuit constants were desired. Solutions obtained by
techniques of operational calculus would have required
an excessive expenditure of man hours of computing. For
this reason the problem was solved by means of the
University of California mechanical differential ana-
lyzer. This computer was selected because of its ability
to produce many solutions rapidly, inexpensively, and
with the desired accuracy. Equations (1) to (4) were
solved in dimensionless form in order to facilitate the
generalization of results. A selection of representative
solutions (output curves) obtained from the differential
analyzer appears in Figs. 4 and 5.

IV. ConcLusioNs

The various effects on the output wave form for
changes in the circuit parameters (sec Figs. 4 and 5) are
of special interest in determining design criteria. Exist-
ing discrepancies between the output wave shape of the
transformer tested, and the wave shape obtained from
analysis of the equivalent circuit are directly traceable
to the simplifying assumptions made in arriving at the
equivalent circuit of Fig. 3. It is difficult to obtain sim-
ple, accurate, equivalent circuits of devices which con-
tain distributed parameters when consideration of a
wide frequency range is necessary. In particular, the
representation of Z, and Z¢ by single 1.C combinations
is valid only if frequencies above the first resonant point
are negligible in the circuit. Further, the assumed
linearity of all circuit elements may produce discrepan-
cies under certain conditions.

It is over these considerations that a compromise
must always be made between ease of analysis and ac-
curacy of results to determine the most suitable choice

* “The Differential Analyzer of 1he University of Cali ia,” Uni-
versity Press, University of California, Los Annggs, Caaxll;gr'nllgh‘um
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. equivalent circuit. Greater precision is obtainable
17 selecting more complicated impedance structures for
4, Z8, and Z¢ and/or by treating certain elements (pri-
arily L,) as nonlinear. However, the output wave

\apes of the actual transformer and those obtained
om the equivalent circuit of Fig. 3 (employing meas-
ced values of circuit constants) show sufficiently good
zreement for most practical purposes.

The desirability of employing a computer is immedi-
tely evident from a comparison of the time required to
slve the circuit equations by means of the Fourier trans-
ysrm and differential analyzer methods.

Twenty-five hours were required to obtain a solution
5 a single set of parameters by the Fourier transform
sethod whereas the average time required by the dif-
srential analyzer was less than twenty minutes per
olution. More complicated equations which would of

0 &4
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necessity result from a more complicated equivalent cir-
cuit and the introduction of nonlinear elements would

greatly increase the advantage of a computer solution
over other methods.
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Demgn of Exponentlal-Llne Pulse Transformers
EVERARD M. WILLIAMS{, SENIOR MEMBER, Ikk, AND EDWARD R. SCHATZ{, ASSOCIATE, IRE

Summary—Design procedures for exponential transmission-line-
section pulse transformers sre described together with data on an
experimental unit,

[ V1 GENERAL THEORY of pulse transformers
comprising sections of exponential transmission
line has been described previously.! This paper

summarizes design procedures for such transformers and
describes an experimental unit.

An exponential-line pulse transformer is constructed
from a section of transmission line in which conductor
spacing is tapered so that the inductance and capaci-
tance per unit, I, and c,, vary cxponentially with the
length x according to the relations

Iz = Lot"’
c: = Coe7*

where Lo and C, are the inductance and capacitance
per unit length at x =0, the input.
The impedance level at the input end is

/Lo
A /‘/ Co

while that at the output end is

7
Zout = /‘/_o €rr,
Co

It seems probable from the results of the earlier study
that maximum nominal efficiency (in the case of the
very short pulses for which the exponential-line pulse
transformer is particularly suitable) results from a se-
lection of output impedance level equal to load resist-
ance since this condition brings about a minimum initial
reflection at the load.

The insertion of filter sections, somewhat as outlined
by Wheeler? for the steady-state exponential-line trans-
former, could be used to reduce or even substantially
climinate reflections; this alternative, however substj-
tutes energy losses in terminating resistors and energy
stored in reactive clements for energy otherwise re-
flected. Compensating filters could undoubtedly e used
advantageously for shaping output pulses in cases in
which efficiency is not of primary importance.

* Decimal classification: R143.5. Original manuscript received
by the Institute, May 22, 1950; revised manuscript received, August
14, 1950. Presented as part of the paper, “The Exponential-Iine
Pulse Transformer,” 1950 IRIZ National Convention, New York,
N. Y., March 9, 1950.

This work was supported in part by the joint ONR-AEC pro-
ram.
£ t Carncgie Institute of Technology, Pittsburgh 13, I’a.

1E. R. Schatz and E. M. Williams, “P’ulse transients in exponen-
tial transmission lines,” Proc. I.R.E., vol. 38, pp. 1208-1212; October,
1950.

* Harold A. Wheeler, “Transmission lines with exponential taper,”
Proc. I.R.E., vol. 27, pp. 65-71; January, 1939,

Either coaxial or open-wire lines may be employed,
Christiansen? has developed for steady-state use a par-
ticularly convenient form of open-wire exponential
line which may be adapted for pulse-transformer pur-
poses. The authors have found it more convenient to |
work with coaxial-line structures, because of the case ’
with which powder or liquid dielectrics may he ems
ployed to increase electrical length and the adaptability |
of this form of line to extremely high power levcls,
These coaxial-line structures employ cylindrical outer
conductors and tapered inner conductors. The shape |
required in the tapered conductor is given by the ex- ‘
pression for the ratio of radii (in terms of sending cnd':
ratio of radii Ry/R;) as

& ('“)M (1)
8 B ](1 ’

A sketch of typical curves of this function, which im-
posces fairly evident limitations on realizable impedance
levels and ratios, appears in Fig. 1. In this figure K is
the diclectric constant.
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IFig. 1—Variation of ratio of conductor radij with length parameter

X 1n coaxial exponential-line pulse transformers as a function of
nput impedance level.
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Wilbur N. Christiansen, “\n exponential transmission line em-

ploying straight conductors,” ’'roc. I.R.E., vol. 35 5 ;
June, 1947, , vol. 33, pp. 376-581;
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Fig. 2 shows a photograph and sketch of an experi-
iental pulse transformer. The center conductor was
tachined from a solid rod by a series of linear taper
its which approximate the radii given by (1) to about

MC-QUTER
COMOUCTOR

72222

SOLID INNER CONDUCTOR

77724

TTTTTY
DIELECTRIC

yyvyywi
YT ITIII? 2277,

POWDER OR LIQUID

SEMOING END
PULSE
MONITOR
—>

777272722222

PULSE
SENERATOR

®)

Fig. 2—(a) l’hoLoFraph and (b) sketeh of experimental transformer.
1.5 meters in length, The pulse gencrator is incorporated in the
base of the unit to simplify lead problems with the short pulses
employed.
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0.0005 inch. No data are available at present as to the
accuracy with which it is necessary to approximate ex-
ponential tapers; however, tests with this experimental
unit show no distortion attributable to discontinuities
in its taper.

The conductor radii are determined by the load im-
pedance, transformation ratio, and dielectric used. The
outer cylinder radius may be chosen sufficiently large to
reduce attenuation and avoid pulse distortion due to
this cause; in many instances, however, the principal
factors in attenuation will be those due to the line di-
electric and the outer conductor radius will be deter-
mined by mechanical considerations relating to size,
weight, support, and ease of construction. The most
significant electrical design choices are:

(1) the length of the line section and its associated

taper, and

(2) the dielectric material.

These will be considered in some detail.

I. Cuoice oF LINE SECTiION LENGTH

With a given impedance ratio the pulse distortion
and transformer efficiency depend on the length of the
line section or, more precisely, on the ratio of line
length x to velocity of propagation ¢ in the dielectric
between conductors. Curves given in the earlier paper!
provide a ready means for computing response to a
rectangular input pulse and thus for selection of x/c to
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Fig. 3—Typical input and output pulses for the transformer of Fig.
2, showing step-by-step method for calculation of response to
pulses with finite rise time. Computed output is intentionally dis-
placed to left to avoid confusion. (a) Input pulse. (b) Pulse de-
livered to load,

provide an output pulse with a specified minimum dis-
tortion. When the input pulse is not rectangular (as, for
instance, in the common case of finite rise and decay
times) it may be nccessary to take the actual input
pulse shape into account. The transient response of an
exponential-line transformer to transients of finite rise
time may be computed from the step-function response
of the carlier paper by means of a step-by-step analysis.
In this analysis the input pulse is resolved into the sum
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TABLE I [
PROPERTIES OF SOME DIELECTRICS SUGGESTED FOR USE IN EXPONENTIAL-LINE PULSE TRANSFORMERS I
Approximate Approximate Power Factor k
Material Dielectric in Frequency Range Remarks
Constant of Interest
Barium-Strontium-Titanate (solig) 1 7,500 1-2 per cent Losses too high except for very short lines, poor
dielectric strength. l
:Barium-Strontiu_m-Titanate . 20 § 0.05-0.1 per cent High leakage due to surface effects, poor di-
(sintered-powdered) electric strength, but easy to handle.
Rutile (TiO,) (solid) | 99 .01-0.07 per cent | Quite satisfactory.
"Nitrobenzene,_C. P. CHNO, (liquid) | 36 0.25 per cent Satisfactory where losses can be tolerated.
*Mixture of—nitrobenzene and powdered | 50 0.35 per cent Satisfactory where losses can be tolerated.

barium-strontium-titanate (liquid) |

* Data based on measurements of commercial samples.

of a number of step-impulse functions, delayed one
with respect to another to form an approximation to
the input pulse. The transformer output response is
determined from the superposition of its responses to
each of the input steps. An analysis of this type is il-
lustrated in Fig. 3 for the transformer of Fig. 2. It is
evident that quite precise results follow in this instance
from a relatively small number of steps.

A similar process may be applied to the determination
of input current and the calculation of efficiency.

11. CuoICE oF DIELECTRIC MATERIAL

The length and, therefore, the physical size of an
exponential-line pulse transformer may be reduced in
proportion to the square root of the dielectric constant
k of the dielectric material, providing that material with
sufficiently low losses is used. The effect of losses on
output wave form may be estimated from the attenua-
tion of high-frequency components according to the ex-
pression, derived from the general attenuation expres-
sion of the earlier paper

€out

= ¢ °f = e-('f“#)‘
€in

in which & and ¢ are the power factor and propagation
velocity, respectively, in the dielectric medium. For a
specified transformer ratio Z°*t/Z'» and nominal ef-
ficiency N, with which the line-section length with air
dielectric is xo, the actual length is

Zo_
VEk

and the velocity ¢=Ca/\'k so that the attenuation
factor ax is

-

Wf&xo
Cair

and the attenuauon is directly proportional to dielec-
tric power factor, regardless of the dielectric constant
and the consequent length of the transformer section.
Some typical dielectrics that have been used or con-
sidered for use by the authors are tabulated in Table
I. Construction of lines is simplified when liquid or pow-
der dielectrics are used since the lines may be machined
and assembled and the dielectric poured into place. Use
of a material such as rutile would probably require firing |
of large tapered dielectric sections on which conductors
would be sprayed or plated. '
The experimental transformer of Fig. 2 was designed
for use with either liquid (nitrobenzene) or powder !
(powdered barium-strontium-titanate) dielectric. It has
a nominal impedance ratio of one to four and would de- |
velop its full voltage ratio of one to two with a pulse of |
about 3 millimicroseconds duration. With the pulse of
Fig. 3 its ratio is about one to one and one-half. Its peak
power capacity with powdered barium-strontium-
titanate dielectric is about 12.5 megawatts. \With nitro-
benzene diclectric, a better insulator, its peak power
capacity is about 500 megawatts.

\

CORRECTION

E. A. Gerber, author of the paper, “H igh-Frequency Vibrations of Plates ’

Made from Isometric and Tetragonal Crystals,”

10731079, of the September, 1950, issue of the PROCEEDINGS OF THE |.R.E
has called to the attention of the editors the following error:

which appeared on pages

.y |

On page 1075, the third line of formula (12) should read |

1 ae;s

e;s 6T
instead of

1 ae;s

e T

) o] |
)i o] |
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spending approximately one-half of this
time in the Research Laboratory of Elec-
tronics working on the design of airborne
telemetering equipment for the United
States Navy. He is now employed as an
electrical engineer by the Bell Aircraft
Corporation, Buffalo, N. Y.

Mr. Chisholm is a member of Sigma Xi.

J. P. CHisnoLM

William Dite was born in New York,
N. Y., on March 2, 1919, lle received the

B.E.E. degree from the College of the City

of New York in 1940. In 1950, he was awarded
the M.E.E. degree from the Brooklyn Poly-
technic Institute. From 1940 to 1943 he was
associated with the
Signal Corps Labora-
tories, at Fort Mon-
mouth, N. J., where
he worked on sound-
ranging and radar
equipment. Since
1943, Mr. Dite has
been employed by
the Federal Telecom-
munication Labora-
tories, in Nutley,
N. J., where his work
is largely concerned
with communication systems employing
pulses.

Mr. Dite is a member of the American
Institute of Electrical Engineers.

WiLLiaM DITE
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Gerald W. Farnell was born in Toronto,
Canada, on August 31, 1925. He received
the B.A.Sc. degree in electrical engineering
from the University
of Toronto in 1948.
From 1943 to 1945,
he served as an in-
structor in the Cana-
dian Army, returning
to the University of
Toronto in October,
1945, to complete his
undergraduate stud-
ies.

From September,
1948, to 1950 he was
employed as a re-
search assistant in the Research Laboratory
of Electronics at the Massachusetts Insti-
tute of Technology, where he worked on the
design of airborne telemetering equipment
for the United States Navy. During this pe-
riod, he did graduate work at the Massachu-
setts Institute of Technology and received
the S.M. degree in clectrical engineering in
September, 1950. He is now employed as a
lecturer at McGill University, Montreal,
Canada.

Mr. Farnell is a member of the American
Institute of Electrical Engineers.

G. W. FARNELL
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R. L. Garman (A'39) was horn in
Stevens, Pa., on July 21, 1907. In 1929 he
received the B.S. degree from Franklin &
Marshall College,and
in 1931 and 1932
the M.Sc. and Ph.D.
degrees, respectively
from New York Uni.
versity. During the
years 1929 to 1932
he served as a Fel-
low at New York
University and was
appointed to the
teaching staff in 1932,
serving progressively
as assistant instruc-

R. L.. GARMAN




88

tor and assistant professor in the depart-
ment of physical chemistry. In 1942 he
joined the staff of Radiation Laboratory at
the Massachusetts Institute of Technology.
At the termination of the recent war period,
he assumed his present duties as director of
research of General Precision Laboratory,
Pleasantville, N. Y.

Clay K. 1ladlock (A'43) was born on No-
vember 26, 1919, in Lost Hills, Calif. He re-
ceived the B.S. degree in 1942 from the
University of Cali-
fornia, after which he
joined the staff of
the Philco Corpora-
tion, as an electronic
engincer. In 1946 he
left Philco and be-
came associated with
the University of
California  at los
Angeles, Calif., both
as a teacher of en-
gineering and as a
research associate.

In 1950 Mr. Hadlock was made a research
engineer at Hughes Aircraft Company, in
Culver City, Calif., where he is now engaged
in systems analysis.

Cray K. HabLock

Edward I. Hawthorne was born on Sep-
tember 25, 1921, in Poland. He came to the
UTnited States in November, 1937, and be-
came a naturalized
citizen in 1943.

After graduation
from the Cooper
Union School of En-
gineering in FEebru-
ary, 1943, he joined
the RCA Victor Di-
vision in Camden,
N. J., asa test equip-
ment design  en-
gineer. e served in
the United States
Army from Septem-
ber, 1944, to October, 1946. After a short
stay with the RCA Victor Division as a
transmitter design engineer, Mr. Hawthorne
was appointed as an instructor in electrical
engineering at the Moore School of Electri-
cal Engincering of the University of Penn-
sylvania in February, 1947, where he has
since been engaged in teaching, research,
and graduate work toward the Ph.D. de-
gree. lie received the M.S. degree in electri-
cal engineering in 1948.

Mr. Hawthorne is an associate of the
AIEFE, and a member of Tau Beta Pi and
Sigma Xi.

E. I. HAWTHORNE

For a photograph and biography of
RonoLDp KING, see page 1218 of the October,
1950, issue of the PROCEEDINGS OF THE
I.RE.
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S. M. Kaplan (S'48-A'50) was born in
Baltimore, Md., on July 25, 1921. Before
entering the armed service, he attended the
Johns 1llopkins Uni-
versity. During  the
war, he served over-
seas with the U. S.
Army Signal Corps.
Following his dis-
charge, he entered
the University of
Maryland, from
which he  obtained
the B.S. degree in
electrical engineering
in 1048, He joined
the General Electric
Company in 1948 on the Rotating Engineer-
ing Program, and after a short while became
a member of the General Engineering and
Consulting Laboratory, where he has been
engaged in radar electronic development.
He is, at present, doing graduate work at
Union College.

Mr. Kaplan is a member of Tau Beta 1’1
and Phi Kappa Phi.

S. M. KarLaN

Lawrence F. Koerner (A’29) was horn
in Niles, Mich., on February 25, 1897, He
received the B.S. degree from Colorado
College in 1923, and
and in the following
year the M.S. degree
from Iarvard Uni-
versity. He joined
the staff of Bell Tele-
phone Laboratories,
Inc., in 1924, work-
ing first on the de-
velopment of vac-
uum-tube oscillators,
detectors, and fre-
quency-measuring
equipment.Since 1928
he has concentrated on developing crystal
units and crystal oscillator circuits for trans-
mitters and receivers. Mr. Koerner holds
several patents on crystal equipment and is
the author of articles on the testing and cali-
bration of quartz crystals.

L. F. KOERNER

Don Lebell (\'49) was born on May 8,
1926, in California. During the period from
1944 to 1946, he was on active duty in
the United States
Naval Reserve, after
which he received the
B.AS. degree from
the University of
California, in Berke-
ley, Calif. In 1947
he was awarded the
B.S.  degree, also
from the University
of California.

Mr. Lebell has
been employed by
that University, at

DoN LEBELL
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Los Angeles, as an instructor in engineering
and then as an assistant professor. He is cur-
rently in charge of the operation of the Uni-
versity's mechanical differential analyzer. In
1949 Mr. Lebell received the M.S, degree
from the University of California at los
Angeles.

R. W. McFall was Lorn in Moline, Hl,,
on July 2, 1921, He was graduated from the
University of Maryland in 1943 with the
B.S. degree in elec-
trical  engineering,
after which he joined
the General Electric
Company. During
the period 1943~
1945, he was associ-
ated with the Com-
pany's test program,
In 1945 he joined
the General En-
gineering and Con-
sulting Laboratory,
where he is now a sec-
tion engineer in the clectromechanical divi-
sion.

Mr. McFall is a graduate of the GE Ad-
vanced Engineering Course. He is also a
member of Tau Beta I’i and Phi Kappa Phi,
and of the \IEE.

R. W. McFaLL

Philip F. Panter (A’43-SM’48) was born
in 1908 in Poland. After early schooling in
Tel-Aviv, Palestine, he later received at
McGill  University,
Montreal, P.Q., Can-
ada, the following de-
grees: B.Sc. in 1933;
B.Eng. in electrical
engineering, in 1935;
and Ph.1). in physics,
in 1936. He contin-
ued research in spec-
troscopy at McGill
for an additional
year.

After  teaching
mathematics and
physics in Palestine for a year, Dr. Panter
returned to Canada as an assistant professor
of mathematics and physics in the evening
division of Sir George Williams College in
Montreal. He served also on the staff of the
physics department of McGill University
until late 1945.

Early in 1941 Dr. Panter joined the
transmitter department of the Canadian
Marconi Company in Montreal. In October,
1945, he was appointed senior engineer, re-
sponsible for the development of FM broad-
cast equipment, at Federal Telephone and
Radio Corporation. He later transferred to
Federal Telecommunication Laboratories,
and was in charge of the theoretical group of
the communication division. He is now on

P. F. PANTER
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an to International Standard Electric
srporation as a technical adviser on some
iiotelephone installations to be made in
rael. Dr. Panter is a member of the Radio
lub of America.

Abd El-Samie Mostafa was born in
airo, Egypt, on April 27, 1917. He re-
sived the B.Sc. degree in June, 1937, and
the Ph.D. degree in
1946, both in electri-
cal engineering from
Fouad I University,

in Egypt. He has
held the posts of
teaching assistant

and lecturer at Fouad
University, and was
promoted to associ-
ate professor in 1948.
3 He is now professor
of radio engineering,
associated with the
esearch section in radio and telecommunica-
ion work. During the period 1946 to 1948,
Jr. Mostafa also constructed and supervised
he electrical laboratories, and assisted in the
‘escarch activities of the Fouad I University
Jlectrical department.

Dr. Mostafa was elected an associate
nember of the [EE (l.ondon) in June, 1948,
ind was awarded the Fouad El-Awal prize
or science in Egypt for 1950.

\ E.-SAMIE MOSTAFA

A. [. Pressman (M'47) was born in
Brooklyn, N. Y., on .\ugust 30, 1916. He
received the B.S. degree in physics from
Brooklyn College in
1938, and the M.S.
degree in physics
from Columbia Uni-
versity in 1939.

From 1940 to
1941 he was a junior
physicist in  the
Corps of Engineers
and from 1941 to
1946 he was a Signal
Corps Radar Officer
in charge of radar re-
pair and mainte-
tenance depots and teams in various com-
mands in the ETO. During the period 1946
to 1947 Mr. Pressman was an associate
engineer at the Sperry Gyroscope Co. e
has been at the Brookhaven National Labo-
ratory working on frequency control prob-
lems for a three-billion-volt proton synchro-
tron since 1947,

A. I. PRESSMAN

Contributors

Charles H. Papas (S'41-A"42) was born
in Troy, N. Y., on March 29, 1918. He re-
ceived the B.S. degree in electrical engineer-

ing from the Massa-
5 chusetts Institute of
Technology in 1941.
Heattended Harvard
University on a Gor-
don McKay Scholar-
ship from 1945 to
1948, receiving the
M.S. degree in 1946
and the Ph.D. in
1948.

From 1941 to 1945
Dr. Papas was asso-
ciated with the Na-
val Ordnance Laboratory and the Bureau of
Ships, Washington, D. C.

Since 1948 Dr. Papas has been a research
fellow at Harvard University, working on
boundary value problems in electrody-
namics.

VRS
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C. H. Paras

Jenny E. Rosenthal was born in Mos-
cow, Russia, on July 31, 1909. She did her
undergraduate work in France, receiving the
Sc.B. degree from the
University of Parisin
1926. After graduat-
ing from New York
University with the
Ph.D. degree in
physics in 1929, she
.was for two years
National Research
Fellow at Johns Hop-
kins University Sub-
sequently she was re-
search associate at
New York Univer-
sity, Fellow of the American Association of
University Women at Columbia, and in-
structor in the Graduate Division at Brook-
lyn College.

Until the war her research work was in
the fields of applied mathematics and spec-
troscopy, particularly the spectra of poly-
atomic molecules. Since joining the staff
of the Signal Corps Engineering Labora-
tories in 1942, she has worked in electronics,
particularly pulse networks and vacuum-
tube design.

Although all her publications appear
under her maiden name, Civil Service regu-
lations require her to be known in the Signal
Corps Laboratories under her married name
of Bramley.

Dr. Rosenthal is a member of the Ameri-
can Mathematical Society and a Fellow of
the American Physical Society.
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J. E. ROSENTHAL
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Hubert J. Schlafly (S'41-A'42-SM'47),
was born in St. Louis, Mo., on August 14,
1919. He received the B.S. degree in electri-

cal engineering from
the University of No-

\ tre Dame in 1941.
“ Following gradu-
ation he was em-

ployed by the Gen-
eral Electric Com-
pany and became
associated with the
Advance  Develop-
ment Laboratory of
their electronics de-
partment. In Febru-
ary, 1944, he was as-
signed by GE to the Radiation Laboratory
at the Massachusetts Institute of Technol-
ogy to assist in design and production engi-
neering of a gunfire control system. After the
war, in the marine engineering section of
GE, he was concerned with the commercial
design of navigational radar equipment. In
1947 he joined the research division of Twen-
tieth Century-Fox Film Corporation as di-
rector of their newly formed television labo-
ratory.

Mr. Schlafly has served on the IRE
Subcommittee 23.2 of the Video Recording
Committee since 1948. He is a member of the
Society of Motion Picture and Television
Engincers and is active in the Films in Tele-
vision Committee of that Society.

H. J. ScuirarLy
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Edwin E. Spitzer (A'28-M'38-SM'43)
was born at Fitchburg, Mass., on February
22, 1905. He received the B.S. and M.S. de-
grees in electrical en-
gincering from the
Massachusetts Insti-
tute of Technology in
1927. Mr. Spitzer
was associated with
the research labora-
tory and the
vacuum-tube engi-
neering department
of the General Elec-
tric Company from
1927 to 1933.

From 1933 to
date he has been with the engineering sec-
tion, Tube Department, RCA Victor Di-
vision of the Radio Corporation of America,
and is now manager of the power and gas
tube development group at the Lancaster,
Pa., plant.

Epwin E. SpiTZER

For a photograph and biography of E. M.
WiLLIAMS, see page 1220 of the October,
1950 issue of the PRoCEEDINGS OF THE [LR.E.
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Institute News and Radio Notes

INSTITUTE OF RADIO ENGINEERS
ELEcTs NEwW OFFICERS FoRr 1951

Ivan S. Coggeshall, general traffic man-
ager of Western Union Telegraph Company’s
overseas communications, has been elected
President of The Institute of Radio Engineers
for 1951. He succeeds Raymond F. Guy,
manager of radio and allocation engineering
of the National Broadcasting Company.

Jorgen C. F. Rybner of Copenhagen,
Denmark, professor of telecommunications
at the Royal Technical University of Den-
mark, will serve as Vice-President. The
author of Danish and English textbooks on
network theory, he will succeed Sir Robert
Watson-Watt of England.

Election of the 1951 Directors has been
announced as follows: Directors-at-Large,
William H. Doherty, director of electronic
and television research for Bell Laboratories,
Murray Hill, N. J., and George R. Town,
associate director of the engineering experi-
ment station at Iowa State College, Ames,
Towa; Region 2, Harry F. Dart, office man-
ager of the electronics engineering depart-
ment of Westinghouse Electric Corporation,
Bloomfield, N. J.; Region 4, Paul L. Hoover,
head of the department of electrical engi-
neering, Case Institute of Technology,
Cleveland, Ohio; Region 6, William M.
Rust, Jr., head of geophysics research for
Humble Oil and Refining Company, Hous-
ton, Texas; and Region 8, Allan B. Oxley,
chief engineer of RCA Victor Company,
Montreal, Quebec, Canada.

Calendar of
COMING EVENTS

AIEE-IRE-NBS High-Frequency
Measurements Conference, Ho-
tel Statier, Washington, D. C,,
January 10-12

1951 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand
Central Palace, New York, N. Y.,
March 19-22

IRE Southwestern Conference, Dal-
las, Texas, April 20-21

1951 Convention of SMPTE, April
30-May 4, lotel Statler, N. Y.

1951 Annual Meeting of the Engi-
neering Institute of Canada,
Mount Royal Hotel, Montreal,
May 9-11

1951 IRE Technical Conference on
Airborne Electronics, Biltmore
Hotel, Dayton, Ohio, May 23-25

1951 Summer General Meeting of
AIEE, June 25-29, Royal York
Hotel, Toronto, Canada

1951 TRE West Coast Convention,
San Francisco, Calif., August 29—
31

NEW BOOKLET IS AVAILABLE ON
ENGINEERING COLLEGE RESEARCH

‘The Engineering College Research Coun-
cil of the American Society for Engineering
Education has published a booklet, “Re-
search Is Learning,” compiled by repre-
sentatives of 83 leading engineering schools.
The booklet contains a comprehensive def-
inition of the role of research in engineering
education, together with twelve brief sum-
maries of universities’ research activitiesina
wide variety of technical fields.

Copies of “Research Is Learning” are
available without cost on request to the
Secretary of the Enginecring College Re-
search Council, Room 7-204, 77 Massachu-
setts Ave., Cambridge 39, Mass.

TEcnuNicaL COMMITTEE NOTES

The Standards Committee, under the
Chairmanship of Professor J. G. Brainerd,
held a meeting on October 19. The following
Standards have been approved and appear
in this issue of the PROCEEDINGS: Standards
on Circuits: Definitions of Terms in Net-
work Topology; and Standards on Tele-
vision: Methods of Measurement of Elec-
tronically Regulated Power Supplies. . . . A
new Committee to be known as the IRE Co-
ordination Committee with International
Organizations has been formed. This Com-
mittee will be the mecans of liaison with
CCIR and other international standardizing
bodies with which IRE is concerned. Axel G.
Jensen will serve as Chairman. The duties
of this Committee will be to report directly
to the Executive Committee; to work
through the U. S. Department of State,
rather than with international bodies; and
to ascertain the needs of CCIR in which the
IRE may have responsibilities and assist in
solving CCIR problems. When CCIR or any
other body turns to the IRE for assistance,
the new Committee will then set up an ad
hoc group to study the problem and provide
the required solution. When the Standards
Committee feels that a matter should be
brought to the attention of an international
standardizing body, it will be referred to
this Committee. . . . Work is progressing
towards the revision of the Master Index of
IRE Definitions. Copics of this publication
will be available in late January. The
Standards Committee has drawn up a new
procedure to be employed when submitting
proposed definitions for standardization.
Proposed definitions are to be sent through
the Definitions Co-ordinator to members of
the Standards Committee and to chairmen
of all technical subcommittees concerned
with definitions. In the case of chairmen of
subcommittees, several copies will be sent
to each chairman. A period of one month
will be allowed for comments which will be
mailed to the chairinan of the sponsoring
committee. An additional period of from
two to four weeks will be allotted to the
sponsoring committee, if necessary to review
the comments and incorporate them in defi-
nitions. If the comments are ignored, the

sponsoring committee should be prepared
to explain its action. The definitions will
then go to the Standards Commniittee for ac-
tion at its next meeting. The goal of this
procedure is to eliminate most of the techni-
cal comments before the Standards Commit-
tee meeting. It has been suggested that when
definitions are submitted to the Standards
Committee, controversial ones must be ac-
companied by an explanation stating the
sponsoring committee's reasons for deciding
on the specific proposal.

A meeting of the Circuits Committee was
held on October 27, W. N. Tuttle, Chair-
man, presiding. Comnprehensive reports of
the activities of the subcommittees were
given by the chairmen.

A meeting of the Antennas and Wave-
guides Committee, under the Chairmanship
of A. G. Fox, was held on October 24. Work
is progressing on the definitions of wave-
guide terms and transmission line terms.

The Electron Tubes and Solid-State De-
vices Committee held a meeting on Novem-
ber 2, under the Chairmanship of L. S.
Nergaard. The Committee has drafted out-
lines for Proposed Standards on High-Fre-
quency Tubes: Definitions of Terms and
Proposed Standards on High-Frequency
Tubes: Methods of Testing.

The Industrial Electronics Committee,
under the Chairmanship of D. E. Watts,
held a meeting on November 2. Reports on
the progress of work in the various subcom-
mittees were given by the chairmen.

The IRE will participate in the Annual
Convention of the Institute of Aeronautical
Sciences, to be held January 29, 30, 31, and
February 1. The fourth day of the Annual
IAS Convention (February 1), will be de-
voted to Llectronics in Aviation. The morn-
ing session of February 1 will present the
electronic problems of the aviation people,
and ihe aviation problems of the electronics
group will be presented in the afternoon.

A successful Joint IRE/AIEE Third
Annual Conference on Electronic Instru-
mentation in Nucleonics and Medicine was
held on October 23, 24, and 25, 1950, at the

Park Sheraton Hotel, New York, N. Y. One -

of the highlights of the three-day Confer-
ence was the round-table discussion on “The
Effects of Atomic Weapons” by a five-man
panel of experts, at which W. R. G. Baker
presided. The discussion was particularly
interesting and enlightening, because it was
specifically intended to acquaint the layman
with the simple facts concerning protection
against atomic attack. Simultaneously with
the Conference, the Second Annual Nu-
cleonics Manufacturers’ I2xhibit was held on
October 24 and 25, at the PPark Sheraton
Hotel. Scalers, Geiger tubes, survey meters,
scintillation counters, and industrial instru-
ments sensitive to alpha, beta, and gamma
radiation were featured.

The Joint Technical Advisory Commit-
tee held a meeting on October 24 under the
Chairmanship of J. V. L. Ilogan. A supple-
mental report prepared by JTAC has been
presented to the Federal Communications
Comimission.

-
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ProrEessioNAL Groupr NOTES

The IRE Professional Group, under the
Chairmanship of R. F. Rollman, has divided
the Sections of the Institute in three Regions
for the purpose of carrying on its activities
with greater effectiveness. Each Group Re-
gion is represented on the Administrative
Committee of the Group by a Regional
Chairman. The functions of Regional Chair-
men will be as follows: Facilitate the ex-
change of ideas between the Administrative
Committee and the local Sections, maintain
an active program in the Region of preparing
and delivering papers, co-operate with
Standing committees, and appoint “spark-
plugs” as representatives of the Group in
each Section within the Region.... The
Broadcast Transmission Systems Group has
mailed 2,231 letters together with IRE mem-
bership application blanks to chief engineers
of broadcast stations and chief engineers of
manufacturers of broadcast equipment.

*Chairman Lewis Winner reports that the re-
sponse, both as to applications for Group
membership and IRE membership, has been
exceptionally good. During a meeting of the
Group Administrative Committee on Oc-
tober 27, plans were discussed for the forma-
tion of a local Group in Cleveland. Plans
were also discussed for “Broadcast Day” to
be held on Tuesday, March 20, during the
1951 IRE National Convention. Papers on
the following tentative subjects were sug-
gested for presentation on “Broadcast Day”:
Maintenance of TV Broadcast Transmission
Equipment; The Manpower Problem in
Broadcasting; Electronic Instrumentation
Covering AM, FM, and TV Instrumenta-
tion at the Broadcast Station Through Use of
the Oscillograph; Substitution in Transmit-
ters; Color Television or UHF ; Radio Silenc-
ing During Wartime; Phase Modulation;
and TV Recording. In addition to the pa-
pers, an effort will be made to arrange for an
exhibit of broadcast equipment produced
during the last thirty years to be displayed
at Grand Central Palace during the Conven-
tion. . . . The Professional Group on Instru-
mentations plans to sponsor a program of
technical papers during the 1951 IRE Na-
tional Convention. H. L. Byerly was ap-
pointed to represent the Group on the Con-
vention Technical Program Committee. The
Administrative Committee, under the Chair-
manship of Ernst Weber, discussed at its
September 25 meeting plans for mailing in-
formal news bulletins to all members of the
Group. . . . A National meeting of the IRE
Professional Group on Vehicular Communi-
cations was held on November 3, in Detroit,
Mich. Austin Bailey is Chairman of this
Group. Inspector E. C. Denstaedt of the
Detroit Police served as Chairman of the
sessions, which were well attended and en-
thusiastic. As a result of this meeting much
interest has been aroused in potential new
members for IRE, this Group, and other
IRE Professional Groups. It has been ten-
A\ tatively decided to hold the 1951 national
conference of the Group in Chicago, if a
Section Group is operating there. A two- or
three-page newsletter containing summaries
of the eight papers presented at the 1950
National Meeting will be sent to all Group
members. The Group is planning to sponsor
a symposium at the 1951 IRE National
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Convention. ... The IRE Professional
Group on Nuclear Science, co-sponsors of
the Joint IRE AIEE Third Annual Confer-
ence on Electronic Instrumentation in Nu-
cleonics and Medicine, held a national busi-
ness meeting in conjunction with the Con-
ference at the Park Sheraton Hotel on Octo-
ber 24. M. M. Hubbard, Chairman, presided
at the meeting. ... The Audio Group is
sending out periodic newsletters to all of its
membership. It recently arranged for the
three audio papers which were presented at
the 1950 National Electronics Conference,
and is planning to sponsor one or more sym-
posia at the 1951 IRE National Convention
to include a panel on “Loudspeakers.” An
Audio Center is being planned for the third
floor of Grand Central Palace during the
Convention which will include both exhibit
booths and special sound demonstration
rooms. ... The IRE/RTMA Radio Fall
Meeting was held October 30, 31, and No-
vember 1, 1950, at the Hotel Syracuse, N. Y.
J. S. Steen of the IRE Professional Group on
Quality Control, presided over a session
sponsored by this Group. A television session
was sponsored by the IRE Professional
Group on Broadcast and Television Receiv-
ers. R. A. Hackbusch of this Group presided.
O. L. Angevine, Jr., presided at the Audio”
session, which was sponsored by the IRE
Professional Group on Audio. All of these
sessions proved to be of great benefit and
stimulated interest in many other IRE Pro-
fessional Groups. Application for Group
membership may be obtained from the Tech-
nical Secretary, at IRE Headquarters.

Si1GNAL CorRPs LABORATORIES
REPORT OVER 700 VACANCIES

The Signal Corps Engineering Labora-
tories and The Signal Schools comprising the
Signal Center at Fort Monmouth, N. J.,
have over 700 vacancies for civilians who
qualify as instructors, technical writers, and
professional engineers in the field of com-
munications and electronics. These positions
must be filled as soon as possible. Applica-
tions will be accepted from either veterans
or nonveterans, regardless of whether the
applicants have taken Civil Service examina-
tions, according to John D. Sullivan, Chief
of Civilian Personnel.

Although veterans are accorded prefer-
ence, there are a sufficient number of open-
ings to provide for the appointment of non-
veterans who can qualify. The salaries for
these positions range from $3,825 to $6,400 a
year.

Other job openings at Fort Monmouth
include physicist, mechanical engineer,
photographic engineer, and engineering
draftsman at salaries ranging from $2,650 to
$5,400 a year. No clerical or administrative
personnel are needed at this time.

The principal research and develop-
mental laboratories for the Signal Corps, as
well as the training center for Signal Corps
military personnel, are located at Fort Mon-
mouth.

Applicants for electronic engineering
positions should have at least one year of
professional experience in addition to an ap-
propriate bachelor's degree or a master's
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degree for the salary of $3,825 a year. Addi-
tional experience may be qualifying for
higher salaries up to $6,400.

Applicants with four or more years of
practical experience in the construction,
maintenance, or repair of radio and radar
are especially needed for instructor posi-
tions. Men with teaching experience in addi-
tion to their technical backgrounds in these
fields may be employed at salaries ranging
from $3,825 to $4,600 a year. Openings are
in microwave radio relay, radar, radio elec-
tronics, fixed station radio, central office
techniques, teletype installation and main-
tenance, repeater and carrier, and dial
central office techniques.

Technical writers with 3} to 5} years of
experience in preparing reports, manu-
scripts, or manuals dealing with electronics,
radio, and radar or communications may
qualify for positions at salaries of $3,825 to
$5,400 a year.

Applicants should complete Standard
Form 57, which is available at any first or
second class post office, and submit it to the
Civilian Personnel Branch, Building T-530,
Fort Monmouth, N. J. For applicants who
can report in person, interviews will be con-
ducted between 8:00 a.m. and 3:00 p.m.,
Tuesday through Friday.

NYU STuDENTS DEMONSTRATE
1928 TELEVISION BROADCAST

A public demonstration of how a tele-
vision picture looked in 1928, when station
WRNY began the first regular daily broad-
casting of “live” images, was held by the
IRE and AIEE Student Branches at New
York University on November 8. Because
much of the transmitting and receiving
equipment no longer exists, Student Branch
members exhibited replicas and employed
substitute methods to produce images.

Col. Robert Hertzberg, one of the tech-
nicians who helped with the 1928 broadcast,
acted as master of ceremonies during the
presentation of scrolls to Isidore Goldberg,
president of Pilot Radio Corp., and Hugo
Gernsback, publisher of Radio-Electronics
magazine. Pilot Radio Corporation designed
and developed the equipment used in 1928
and station WRNY, owned by Mr. Gerns-
back, furnished the radio broadcast channel.

The televising equipment used in the
1928 broadcasts included an electric arc
light, photoelectric cells, and a 2-foot
scanning disk pierced by a spiral of 48 holes
which was rotated at 450 rpm. The television
signals were broadcast simultaneously over
WRNY on 920 kc and W2XAL on 9.7 Mc,
using a bandwidth of only 5 kc. The WRNY
transmitter was located at Coytesville, N. J.,
atop the Palisades across the Hudson River
from New York City. An estimated 2,000
standard radio sets in the New York City
area were equipped at that time for tele-
vision, employing a neon-gas “glow lamp”
and a scanning disk identical to the one used
at the transmitter and operated in syn-
chronism with it. The resulting 48-line 7.5-
frame image, when originally demonstrated
at NYU in 1928, was viewed on a screen 14
inches square and was magnified by a lens
to twice that size.
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The Professional Group Activity of the IRE

The growing importance of the IRE Professional Groups h
mittee on Professional Groups, Dr. W. R. G. Baker, to prepare
gestions to those desiring to form a new Group and also to thqsc alr i
Members of the Institute are urged to familiarize themselves with the following so that they may
derive maximum benefit from the Group activities.—The Editor.

as led the Chairman of the Com-
the following constructive sug-
eady active within a Group.

Because of the importance of symposia
to the Professional Groups, some suggestions
for their planning and execution are listed
Lelow:

The Group sponsoring a symposium
should appoint representatives to a Steering
Comniittee to guide the symposium. If the
symposium is to be sponsored jointly with
another organization or organizations, each
sponsor should nominate representatives.

The Steering Committee would be re-
sponsible for the organization and manage-
ment of all other committees necessary for
administration of the symposium, and an
IRE Ileadquarters representative would be
named to serve on the Committee upon re-
quest to the Professional Group Co-ordi-
nator.

The Steering Committee would be re-
sponsible for policy and finances to cach of
the sponsor organizations, including IRE
Headquarters. The Committee should sub-
mit to the Executive Committee its pro-
posals for sponsorship and financing, and dis-
position of profits or losses. It must render a
complete report covering the results of the
symposium within 90 days after the meet-
ing. This Committee would repay any out-
standing loans and divide any profit from
the operations among the sponsors.

The Technical Program Committee
would have the responsibility of securing
speakers, establishing dates for submission
of abstracts of technical papers, and select-
ing and designating chairmen of the various
sessions, subject to the approval of the Steer-
ing Committee.

The Public Relations and Publicity Com-
mittee would assist in obtaining prominent
speakers for special functions such as
luncheons, dinners, banquets, or key mcet-
ings; assist in the suggestion of topics for key
talks, and offer editorial assistance. This
committee also would select such technical
papers which would insure audience and
press interest and prepare appropriate pre-
conference releases for the press.

The Finance Committee would handie
financial matters in accordance with the
Manual for Professional Groups and the
regulations of the IRE. The Local Arrange-
ments Committee would be responsible for
all arrangements involving facilities, regis-
trations, printing of programs, and enter-
tainment.

More detailed suggestions and instruc-
tions for the formation and operation of pro-
fessional groups is inctuded in the Manual
For Professional Groups. Copies of this
manual may be obtained by writing 1o the
Technical Secretary at Institute Ilead-
quarters.

Because the Professional Group activity
of the IRE has proven so eminently success-
ful and because of the wide interest in this
activity, it has been suggested that an ab-
stract of the “Manual for IRE Professional
Groups” be published in the PROCELDINGs.

One of the greatest values of the Profes-
sional Group has been to bring together,
under the sponsorship of the IRE, those
members having interest and enthusiasm in
a specific phase of electronics. The activities
of these Groups have stimulated IRIE mem-
bers to increase their knowledge in these
fields and have inspired a wider dissemina-
tion and communication of ideas.

Through the Professional Groups, mem-
bership in the IRE gains even greater value.

The establishment of Professional
Groups within The Institute of Radio Engi-
neers for those menibers who have interests
in specialized fields has proven extremely
successful. These I’rofessional Groups are
voluntary associations of Institute members
who have formed the equivalent of a na-
tional “society within a society” around a
subject of mutual interest.

Ten of these I’rofesstonal Groups have
been formed in the IRE. These are: Anten-
nas and Propagation, Audic, Broadcast and
Television Receivers, Broadcast Transmiis-
sion Systems, Circuit Theory, Instrumenta-
tion, Nuclear Science, Quality Control,
Radio Telemetry and Remote Control, and
Vehicular Communications. In addition, a
petition has heen received for the formation
of an IRE Professional Group on Airborne
Electronics.

As can be seen, the subjects around
which the [Professional Groups may be
formed may be broadly functional, narrowly
restricted, or may fall in a “field of use”
category. Since the Group system permits
development of the IRE as an integrated
technical society with a wide variety of in-
terests, the Board of Directors of the IRE
has adopted the Group principle 1o enable
its members to organize and still make use of
the machinery, experience, and publication
channels of the IRE,

For the IRE member who may beinter-
ested in forming a new Professional Group,
the following steps are suggested:

1. Communicate with one or more col-
leagues to consider the field of interest in re-
lation to those already organized.

2. Communicate, through the Technical
Secretary at Institute lHeadquarters, with
the Chairman of the Committee on I’rofes-
sional Groups who will provide the promoter
with advice, copies of the “Manual for Pro-
fessional Groups,” and possibly names of
other members who might be interested.

These communications should be in tri[?li-
cate and should outline the prospective
scope of interest in sufficient detail to enable
the Committee to co-ordinate it with the
fields of interest of existing groups.

3. The promoter should secure members
to join with him in signing a petition for
establishment of the new Group. (The form
of the petition is included in the Manual.)
The petition which must be signed by at
least 25 members of Associate or higher grade-
and is then forwarded through the ch.h-
nical Secretary for approval by the Commit-
tee on Professional Groups and the Execu-
tive Committee of the Institute. As a part of
the petition, a list of 6, 9,12, or 15 names,
including the promoter’s, must be submitted
for appointment to the Group's initial Ad-
ministrative Committee.

4. Unless the promoter requests other-
wise, he will be appointed temporary chair-
man of the Administrative Committee of the
Group. His first duty is to call a meeting of
the Committee to elect a regular chairman
and draw up a constitution and by-laws, the
form of which is specified in the Manual. It
should particularly be noted that, although
each Group is permitted to delineate qualifi-
cations for memberships in the Group be-
yond those for Institute membership, the
Institute favors admission of all IRE mem-
bers except Students into any Group on an
equal basis. Group membership may be na-
tiona! and cut across Sections and Regions.
In a typical case an Institute member might
belong to one Section, and to one or more
Groups.

5. Headquarte?s will assist the Groups
by circularizing members, maintaining mem-
bership lists, and handling a moderate
amount of correspondence. Although it is
Dbelieved that most Groups will be self-sup-
porting eventually, it is expected the Board
of Directors may in special cases provide
funds for Groups not yet firmly established.

6. One of the first and important objec-
tives of a new Group should be to study the
publication needs of its members. Equal in
importance to the holding of meetings
should be the solicitation from Group mem-
bers of papers to be sent in to the PROCEED-
INGs oF THE [.R.I. for possible publication.
The Group's committee system should in-
clude a committee set up specifically to
study this field of activity, solicit papers on
newer developments, and arrange lectures or
talks if formal written papers are not pre-
sented. The PROCEEDINGS will be the stand-
ard avenue of publication for all Groups,
although certain additional forms of publica-
tion may be used for conferences, group
symposia, and the like.

—
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If the Group desires to publish Transac-
tions containing the papers delivered before
any Group Conference or Symposium, it
should promptly communicate with the
Editorial Department of the Institute which
will arrange for such publication, provided
the text of the corresponding papers is made
available in time, and provided the Execu-
tive Secretary approves the financial ar-
rangements, required number of copies of

Institute News and’ Radio Noles

the Transactions, cost per copy to the Group
members and others, and any contractual
arrangements proposed by the Group to de-
fray some or all of the cost of printing and
distributing such Transactions.

7. National meetings and conferences
within the field of activity of a Group may
be promoted without formal permission, but
approval of IRE Headquarters must be ob-
tained to prevent conflict with other IRE

CTEZT0O
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activities. Through co-operative action with
the Technical Program Committee of the
IRE National Convention, a Group may
arrange symposia, meetings, or sessions at
the Annual or Regional Conventions. Joint
meetings may be held by a Group with Sec-
tions, Group divisions, or other societies.
Approval for such joint meetings must re-
ceive the approval of the IRE Executive
Commiittee.

1951 IRE National Convention News

HE WORLD-FAMOUS Waldorf-As-
Ttoria Hotel in New York City will

share its facilities with those of the
Grand Central Palace to accommodate the
1951 IRE National Convention on March 19
through 22, an event of such importance
that more than 18,000 engineers and scien-
tists from all parts of the world are planning
to attend. Plans for the convention are
rapidly nearing completion, and all indica-
tions show that, under the guidance of the
Convention Committee, the theme of the
convention, “Advance with Radio-Elec-
tronics,” will be faithfully carried out by the
outstanding program of technical papers and
exhibits.

°,
<

TECHNICAL PROGRAM

Under the chairmanship of Ernst Weber,
the Technical Program Committee in co-
operation with IRE Professional Groups, is
planning a papers program of particular in-
terest and significance this year, consisting
of some 30 sessions and about 175 papers.
Particularly noteworthy is the role that the
Professional Groups are playing in organiz-
ing portions of the program. At last count,
seven Professional Groups are planning
eleven special symposia on subjects of par-
ticular and timely interest in their respective
fields. In addition, all Groups are assisting
the Technical Program Committee in
scheduling regular technical sessions com-
prising voluntarily contributed papers in
their special fields.

The Technical Program Committee is
planning to include again the special Tues-
day night symposium on Television, which
has hecome such a popular feature of past

weonventions. This year's symposium  will
feature a panel of several leading engineers
from companies currently engaged in color
television research and development who
will discuss the latest technical advances
which have been achieved in their respective
laboratories, a session which promises to be
of extreme timeliness and importance.

Technical Sessions will be held in the
Grand Ballroom, the Jade Room, and the~
Astor Gallery on the third floor, and the
Wedgwood Room on the main floor of the
Waldorf-Astoria Hotel; and in the Maroon
and Blue Halls on the third floor of the
Grand Central Palace, a convenient two
blocks from the IHotel.

o<

EXHIBITS

The Grand Central Palace will be the
scene of what has become the most compre-
hensive technical display of radio-electronic
apparatus and their applications in the
United States. Exhibits Manager William
C. Copp reports that this year’s Radio En-
gineering Show will be larger than ever,
with 263 exhibitors completely filling three
floors of the Grand Central Palace. The
exhibits will run the entire gauntlet of prod-
ucts from subminiature circuits to complete
communications systems, affording engi-
neers an unparalleled opportunity for visual
examination of the latest products in every
field and consultation with the manufac-
turers’ representatives.

Several noteworthy features are being
planned for the third floor of the Palace. All
of the exhibits pertaining to the audio and
nuclear fields are to be consolidated in an
audio center and a nuclear center, respec-
tively, on the third floor. The audio center
will include 8 sound theaters for the demon-
stration of the audible features of the audio
equipment. Technical sessions covering the
audio and nuclear fields will be held in the
nearhby Maroon and Blue Halls for the con-
venience of those interested in these fields.
The Hlalls themselves have been redesigned
with a view to improving the seating ar-
rangement. Also on the third floor will be
the Govermnent-sponsored exhibits which
have been allotted a larger area this year,
occupying the entire I’ark Avenue side of
the Palace.

SociaL EVENTS

A “get-together” Cocktail Party will be
held on the first evening of the convention,
March 19, on the Waldorf-Astoria’s Starlight
Roof, famous the world over. In this setting
of world renown, members and guests will
have an excellent opportunity to renew old
acquaintances and make new ones.

The traditional President’s Luncheon
on March 20 will also be held on the Star-
light Roof honoring the retiring president,
Raymond F. Guy, and the newly elected
president, Ivan S. Coggeshall. In addition, a
popular entertainment feature is being
planned, details of which will be announced
later.

The Annual IRE Banquet will be held in
the Grand Ballroom of the Waldorf on
Wednesday evening, March 21, at which
time the Institute awards for 1951 will be
presented by President Coggeshall. A
speaker of national prominence will give the
keynote address.

°,
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\WOMEN'S ACTIVITIES

Mrs. Raymond F. Guy, Chairman of the
Women's Activities Committee, reports that
a particularly attractive program for the
ladies is being planned, including an in-
triguing “technical session for women only.”
Other activities will include a fashion show
and behind-the-scenes tour at the Waldorf,
a trip to the United Nations, a television
broadcast, and a matinee performance at a
leading Broadway show.

<

FURTHER DETAILS

As convention plans progress they will
be reported in these pages in subsequent
issues, and the Convention (March) issue of
the PROCEEDINGS will contain a complete
program of events, together with 100-word
abstracts of all papers to be delivered at the
convention.




94

IRE People

PROCEEDINGS OF THE I.R.L.

January

George W. Bailey (A'38-SM'46), Execu-
tive Secretary of The Institute of Rgdlo
Engineers, has been elected a nation:§l dl.rec-
tor of the Armed Forces Communications
Association for a term extending through
the year 1954.

°,
o

Harry Stockman (A'42-M'44-SM'45)
has been appointed director of research of
the Tobe Deutschmann Corporation in Nor-
wood, Mass. As a
scientific leader, Dr.
Stockman is respon-
sible for the theoreti-
cal phases of contract
work for the govern-
ment and the elec-
tronic industry.

Previously, Dr.
Stockman has served
as consulting engi-
neer and scientist to
several industrial
firms in the greater
Boston area, contributing to the develop-
ment of new devices and weapons on govern-
ment contracts. During the period 1945-
1948, he was associated with USAF Research
in Cambridge, and taught pre-radar and
other causes at Harvard University from
1941-1945. A graduate of the Royal Insti-
tute of Technology, Stockholm, Sweden, and
of Harvard University, Dr. Stockman has
conducted fundamental research in the fields
of nonlinear circuit theory and basic com-
munication. Active in electronics research
and development for more than twenty
years, Dr. Stockman served on the Com-
munications Panel of RDB in Washington,
D. C., during 1947-1948, and has presented
and published numerous scientific, and ex-
perimental papers, reports, patent communi-
cations, and text books.

He is a member of Harvard Sigma Xi,
and has been awarded the decoration of the
Liberty Cross for service in Finland.

HARRY STOCKMAN

o
oo

David S. Rau (A'22-SM'45) has been ap-
pointed assistant vice-president and chief
engineer of RCA Communications, Inc, Mr.
Rau joined RCA as
a student engineer
when he was gradu-
ated from the United
States Naval Acad-
emy at Annapolis,
Md., in 1922.

He served in vari-
ous engineering ca-
pacities with the
company in New
York, California, and
the Philippines prior
to World War 11, in
which he rose from the rank of lieutenant
commander to captain on the staff of the
Director of Naval Cominunications.

Upon his return to the company from
the service, he was promoted to the post of
assistant to the vice-president in charge of
engineering.

Davip S. Ravu

Norman L. Winter (A'47-M'47) hQs been
named the director of special electromc.sales
for Sperry Gyroscope Company. He will be
responsible for all
sales of products and
engineering develop-
ments in electronic
tubes and microwave
components to mili-
tary and nonmilitary
customers in the
United States and
Canada. Mr. Winter
will continue to co-
ordinate Sperry ac-
tivity in the air navi-
gation and traffic

NoORMAN L. WINTER

control field.

He was with the Research and Develop-
ment Board as an executive director of the
committee on electronics until he joined the
Sperry organization in 1949. After five years
of wartime service with the Signal Corps and
Air Force, he now holds the rank of colonel
in the U. S. Air Force reserve.

Mr. Winter is also a member of the In-
stitute of Aeronautical Sciences and the
American Association for the Advancement
of Science.

John N. Dyer (J'30-A’32-SM'45-F’49),
supervisor of radar and air navigation re-
search and development for Airborne In-
struments Labora-
tory, Inc., Mineola,
L. I, N. Y., has
been named director
of research and engi-
neering of the com-
pany.

He succeeds John
F. Byme (SM'45-
F'50) who recently
resigned to take a
position with Motor-
ola Corporation, Chi-
cago, lll.

Mr. Dyer, who joined the Laboratory in
1945, was graduated from the Massachusetts
Institute of Technology in 1931. tle was in
charge of radio engincering from 1933 to
1935 with Byrd Antarctic Expedition I1. He
joined Columbia Broadcasting System upon
his return and worked on CBS television
until 1942, when he becanie leader of the
group developing vhf transmitters at the
Rad.io Research Laboratory of Harvard Uni-
versity.

Early in 1944, Mr. Dyer became a direc-
tor of the American British Laboratory in
England. He was appointed head of the
Radio Research Laboratory’s field division
after VE day. He joined Airborne Instru-
ments Laboratory five years ago.

Mr. Byrne, who also served AIL as a
vice-president, and was graduated from Ohio
State University, was also associated with
the Bell Telephone Laboratories and Collins
Radio Company. He worked with Mr. Dyer
at the Radio Research Laboratory at Har-

Joun N. Dver

vard, where he became associate director
early in 1945. In September of that year he
joined Airborne Instruments Laboratory.

%,
o

Thomas H. Briggs (A'45-SM'45) has
joined the research division of the Bur-
roughs Adding Machine Company as re-
search engineer in
the special devices
department.

Mr. Briggs re-
ceived the B.S. de-
gree in physics from
Wesleyan University
in 1927, and the M.S.
degree in physics
from the California
Institute of Tech-
nology in 1928. Upon
his graduation, he
became a member of
the staff of the Westinghouse Lamp Com-
pany and later joined the Raytheon Manu-
facturing Company.

In 1939 he became chief engineer of the
special purpose tube company as head of
the electronics research and development
laboratory.

He is chairman of Committee B4-VIII-A
of the American Society for Testing Mate-
rials.

Tuomas H. BrigGs

Philips B. Patton (A’46), former field
engineer, has become manager of the sales
engineering department of Lenkurt Electric
Co., Inc., carrier
equipment and com-
ponent manufac-
turer, San Carlos,
Calif. Before joining
the company, he was
chief of FCC's Radio
Telephone-Telegraph
Section, Common
Carrier Branch; flight
radio officer with Pan
Armerican World Air-
ways; and a field en-
gineer and technical
co-ordinator with Farnsworth Mobile Radio.
te was previously associated for many years
with Western Union Telegraph Company.

Puivirs B, PattoN

°,
o

Raymond C. Miles (S'11-A'44-M'49),
has been appointed deputy head of the de-
sign and test section of the Engineering and
Production Division of Airborne Instru-
ments Laboratory, Mineola, L. 1., N. Y. He
will assume full responsibility of the design
and test section.

He comes to AIL after serving with
Hal]er, Raymond and Brown, Inc., as chief
engineer, and prior to that, with Federal
Ielephone and Radio Corporation as a
design and development engineer.

|
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Earl H. Schoenfeld (A’35-
SMI'45), project manager and elec-
tronic engineer for the W. L. Maxon
Corporation of New York, N. Y.,
died on October 9 at Memorial
Hospital in Manhattan. A resident
of Mamaroneck, he was extremely
active in the IRE New York Section
in recent years, serving as Secretary
during 1949-1950.

Mr. Schoenfeld, who was born
in Berkeley, Calif., on October 23,
1909, was a graduate of Stanford
University, from which he received
the A.B. degree in 1932, and the de-
gree of electronic engineering in
1934. He was a member of Sigma Xi
and Phi Beta Kappa fraternities.

Upon his graduation he was em-
ployed by RCA Communications
for two years and then became as-
sociated with Heintz and Kauf-
mann Ltd. of Canada. He was
affiliated with U. S. Forest Radio
Laboratory in 1937, and in 1942 he
returned to RCA Laboratories with
whom he remained until 1949.

He collaborated with other engi-
neers in several publications, includ-
ing “New Technique in Synchroniz-
ing Signal Generators;” “A Bar
Signal Generator,” “Electrostatic
Deflection for the 7GP4 Kinescope,”
and “Improvement in Tuning Char-
acteristics of FM Receivers.”

George W. Patterson (A’49) has joined
he staff of the Research Division of Bur-
oughs Adding Machine Company in Phila-
delphia, Pa.

Mr. Patterson re-
ceived the B.S. de-
gree in electrical en-
gineering from the
University of Ver-
mont in 1934, and
the M.A. degree from
Columbia  Univesi-
sity. He was a physi-
cist in the National
Hydraulic Labora-
tory, Bureau of
Standards.

During the war he was on leave from the
Bureau of Standards to the David Taylor
Model Basin, U. S. Navy, and during 1943
to 1946 was engaged in work for the National
Defense Research Council. He was a re-
search associate and assistant professor at
the University of Pennsylvania, Moore
School of Electrical Engineering, until re-
ceiving his new appointment.

As a result of his special work during the
awar, Mr. Patterson was awarded the Naval
Ordnance Development Award for excep-
tional civilian service.

Mr. Patterson is a member of the Asso-
ciation for Computing Machinery, Sigma
Xi, Phi Beta Kappa. He is a member of the
IRE Technical Committee on Electronic
Computers.

.

G. W. PATTERSON
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Donald L. Stevens (M’49) has joined the
staff of Burroughs Adding Machine Com-
pany’s Research Division in Thiladelphia,
Pa. He attended
Northeastern  Uni-
versity, in Boston,
Mass., and received
the B.S. degree in
electrical engineering
from Massachusetts
Institute of Technol-
ogy in 1945.

Mr. Stevens was
formerly associated
with Bendix Aviation
Corporation,engaged
in the testing and cal-
ibration of radio compass and other air-
craft instruments.

During the war he was assistant to the
electronic supply officer at U. S. Navy
Electronics School at Corpus Christi, Texas.

In 1946 Mr. Stevens joined Sylvania
Electric Products Inc., as head of the com-
puter group. He was active in the engineer-
ing and development of electronic computing
equipment, and supervised and co-ordinated
work of ten engineers as well as technicians.
He also helped develop apparatus for micro-
flash ballistic photography.

He is a member of the technical Com-
mittee on Electronic Computers of the IRE,
and also of the Association for Computing
Machinery.

DonaLp I.. STEVENS

Carl E. Scholz (M’26-SM’43), vice-presi-
dent and chief engineer of the Mackay Radio
and Telegraph Co., has been named to the
same capacity for twoother operating subsid-
jaries of the American Cable and Radio
Corporation, the Commercial Cable Co., and
All America Cables and Radio, Inc.

He has been associated with the In-
ternational Telephone and Telegraph Cor-
poration since 1917, when he joined the
Federal Telegraph Co. as an engineer. He
remained with Federal for 11 years, ad-
vancing to the position of chief engineer.

Except for a few years in South America,
Mr. Scholz has spent most of his career at
IT&T headquarters in New York, N. Y,
working on engineering and design problems
for the various subsidiary companies.

He has been a vice-president of Mackay
since 1945, and a director since 1948. In
February of this year he was appointed vice-
president and chief engincer of Mackay, in
charge of the company’s engineering and
plant department. He is also a member of
the AIEE.

Lorimer P. Brooks (A’50), formerly a
senior patent attorney with the Inter-
national Telephone and Telegraph Corp.,
New York, N. Y., has become associated
with the law firm of Ward, Crosby and
Neal, 225 Broadway, New York, N. Y.

Prior to his association with | T & T, Mr.
Brooks was a radio engineer with the U. S.
Signal Corps, stationed first at the Signal
Corps Radar Laboratories and subsequently
at the Naval Research Laboratory in Wash-
ington, D. C.

He was graduated with honor from
Northeastern University, receiving the B.S.
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degree in electrical engineering, and he is a
member of Tau Beta Pi. Also, he received
the L.L.B. degree from Fordham University
and is both a member of the New York Bar
and registered as a patent attorney with the
United States Patent Office.

William D. Loughlin (A’19-M'29
-F’25), chairman of the board of the
Boonton Radio Corporation, man-
ufacturers of
radio - fre -
quency preci-
sion measur-

ing  instru-
ments, died
on Novem-
ber 12 at
the Com-
munity NMed-
ical Group
Hospital.

W. D. LOUGHLIN Mr.Lough-

lin, who was
one of the early experimenters in
radio, designed, built and operated
a S-kilowatt wireless station while
still in college. He was licensed as a
first-class wireless operator.

During the first World War he
did research and experimental work
at the United States Naval Labora-
tory, Philadelphia, Pa., and later
succeeded S. Ballantine as director
of the research group, remaining un-
til 1923, when he resigned to join the
newly formed radio-frequency labo-
ratories in Boonton.

He began his radio career with
the company as a radio engineer, be-
came vice-president and director in
1928, and president in 1931. The
company’s patents were sold in 1934
to the Radio Corporation of Amer-
ica and Mr. Loughlin formed the
Boonton Radio Corporation. During
World War I1 the company received
the Army-Navy “E” award with
four stars.

He was also a member of the Ra-
dio Club of America and the Frank-
lin Institute.

Harold G. Williams (S’'50) has been ap-
pointed manager of the Beryllium Copper
Division of the Lee Mechanical Labora-
tories. He was formerly chief metallurgist of
Instrument Specialties Co., and has been
closely associated with the development of
beryllium copper as a spring material. The
Lee Mechanical laboratories is a newly
formed division of Lee Spring Company.

Walter Charles Gee (SM'47) has been
appointed the Divisional Engineer in charge
of all Telecommunications in New Guinea
and Papua under the Ministry of External
Territories.
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TeLEvVIsiON NEws

There were 3,107,000 television sets
shipped to dealers throughout the country
during the first seven months of 1950, ac-
cording to RTMA estimates for the industry
based on reports by member-companics. . . .
The FCC has begun what appears to be an-
other series of lengthy hearings in its inquiry
into the feasibility of utilizing the ultra-high
frequencies for television broadcasting. The
Commission has been hearing testimony on
the utilization of the uhf band 470 to 890 Mc
for television broadcasting. Issues being con-
sidered by the Commission include a pro-
posed FCC uhf allocation plan, a proposal of
the Bell Telephone Laboratories to assign
the band 470 to 500 Mc to broad-band mo-
bile communications, Stratovision, Poly-
casting, reservation of channels for non-
commercial educational TV stations, 1nd
metered television. The following are par-
ticipating in the hearing: The FCC's Ad Hoc
Committee under the chairmanship of l.d-
ward W. Allen, FCC engineer, and consist-
ing of industry engineering experts; the
Joint Technical Advisory Committee, ap-
pointed jointly by RTMA and IRE to ad-
vise government agencies; RTMA witnesses
and representatives of the Allen B. Dullont
Laboratories, inc., Philco Corp., the Radio
Corporation of America, Communication
Measurements Laboratory, Inc., Westing-
house Electric Corporation; Collins Radio
Co., Air King Products Co., Inc., and Fed-
eral Telephone and Radio Corporation. . . .
With the opening of the hearing on the utili-
zation of the ultra high frequencies for tele-
vision broadcasting the FCC immediately
found itself with another dispute on its
hands as members of the industry-govern-
ment Ad Hoc Committee failed to agree on
the conclusions reported by the group. This
action preceded the opening of the uhf ques-
tion as the Ad Hoc Commiittee confined its
findings to propagation factors concerning
TV and FM broadcasting in the vhf band.
Mr. deMars, Dr. Thomas J. Carrol, Jr., mi-
crowave research consultant to the NBS,
and Chester H. Page, consuliing engineer,
were the three who refused to sign the re-
port. It was endorsed “with reservations” by
Stuart L.. Bailey, consulting engincer; C. B.
Jolliffe, executive vice-president in charge of
the RCA Laboratories Division; Albert F.
Murray, consulting engineer; Dr. Norton;
Raymond M. Wilmotte and Frank G. Kear,
consulting engineers, and by Jay M. \Wright,
CBS engineer. Those endorsing the report
in full, in addition to Mr. Allen and other
FCC engineers, included Robert P. Wake-
man, head of the propagation department
of Allen B. DuMont Laboratories and Ralph
N. Harmon of Westinghouse Ilectric Corpo-
ration. . . . The role of the television re-
ceiver manufacturer took on added im-

1 The data on which these NOTES are based were
selected, by permission, from Indusiry Reports, issucs
of October 6, October 13, October 20, October 27, No-
vember 3, and November 10, published by the Radio-
Television Manufacturers Association, whose helpful
attitude is gladly acknowledged.
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portance during sessions of the FCC’s hear-
ing on the utilization of the uhf for tele-
vision broadcasting as lines wcre drawn
between those favoring the mixing of yhf
and uhf assignments and those opposing
this mixture in TV allocations. The issue be-
gan to raise its head as the Cominission
questioned T. T. Goldsmith, Jr., of the
Allen B. DuMont Laboratories, Inc. Dr.
Goldsmith emphasized his company’s desire
to minimize the intermixture of uhf and vhf
television channel assignments. Controversy
over the proposal continued as other wit-
nesses professed favor for “admixture” in
order to create a “stimulus” for TV manu-
facturers to produce “all channel” or “uni-
versal” TV reccivers. Commissioner Jones
expressed the fear that manufacturers would
give uhf the “FM treatment” if it were al-
located chiefly to the rural arcas. ... An
RCA-NBC witness gave a detailed technical
description of uhf transmission and recep-
tion in the Bridgeport-Stratford, Conn., area.
Raymond F. Guy, manager of radio and al-
locations engincering of the National Broad-
casting Company, described RCA’s uhf ex-
periments.

FCC Actioxs

The FCC by memorandum opinion and
order has established a policy affecting 60-
kc adjacent channel frequency assignment
for miscellancous common carriers licensed
in the Domestic Public Land Mobile Radio
Services. The change from 120-kc separation
had heen proposcd by the FCC in a notice of
proposed rule making issued May 12, 1950.
However, the FCC has been allowing a 120-
ke separation in the same geographical area
since equipments capable of satisfactory ad-
jacent channel operation were not available
to these carriers. Improved equipments “are
now available,” the Commission stated.
After the effective date of November 30,
1950, authorizations for the installation of
new or additional equipments will not be
authorized if the equipments are not capable
of satisfactory service operation on an ad-
jacent channel basis, except where it may be
shown that the service requirements of a
particular area may not reasonably be ex-
pected to require the use of adjacent chan-
nels in the foresceable future. Where out-
standing authorizations cover equipments
not yet purchased or installed, permittees or
licensees would be well advised to order and
install appropriate new equipments, if that
is possible. . . . The FCC has issued a Notice
of Proposed Rule Making with the view of
relaxing its Rules Governing the Citizens
Radio Service. The revised rules would allow
the utilization of part of the 2.28 Mc from
which class-B stations are presently ex-
cluded, so as to provide for a tolerance of 0.5
per cent in lieu of the existing 0.4 per cent.

RADIO AND TELEVISION NEWS ABROAD

Operation of Cuba’s first television sta-
tion commenced on October § under the
auspices of the Union Radio, Havana, Cuba.
. . . The English channel has been crossed by
television. The program originated in Ca-
lais, France, and was broadcast in England
on BBC Television.

January ||

GE Proproses NEw METHOD ‘
For IMPROVED TV PICTURES

The General Electric Co. has submitted
a plan for a new “high dcfinition” system of ¥
monochrome TV to the FCC. The new
method, according to the announcement of
W. R. G. Baker, is based on different prin- |
ciples than horizontal interlace but which
provides “appreciable improvement” in
picture definition. The new system, GI told
the FCC, was designed by Robert B. Dome,
engineering consultant at Syracuse, N. Y,
Mr. Dome originated GE’s new color tele-
vision which was submitted to the FCC last
summer and which “will undergo extensive
laboratory tests in the near future.” Re-
ceivers designed to utilize the new method, |
according to the GI statement, will provide
S0 per cent increase in horizontal detail. The
new method is “compatible” in that present
sets are capable, without alteration. of re-
ceiving signals of present black-and-white
stations. ’J

The GE proposal was submitted in con-
nection with Section 7 (horizontal interlace
possibilitics, RTMA Industry Report, vol. 6, |
no. 40) of the FCC’s notice of hearing relat- |
ing to utilization of the uhf. At that time
the FCC said it was of the opinion that
“horizontal interlace gives promise of being
an important development in television
broadcasting.” Interested persons were
urged to conduct tests to determine whether
horizontal color television which was sub- |
mitted to the FCC last summer and which
“will undergo extensive laboratory tests in
the near future.”

Receivers designed to utilize the new
method, according to the GE statement, will |
provide 50 per cent increase in horizontal |
detail. The new method is compatible in
that present sets are capable, without altera-
tion, of receiving signals of present black-
and-white stations.

The GE proposal was submitted in con-
nection with Section 7 (horizontal interlace
possibilities, RT M A Industry Report, vol. 6,
no. 40) of the FCC'’s notice of hearing relat-
ing to utilization of the uhf. At that time the
FCC said it was of the opinion that “hori-
zontal interlace gives promise of being an
important development in television broad-
casting.” Interested persons were urged to
conduct tests to determine whether hori-
zontal interlace can be utilized in the present
monochrome system.

Sampling would not be utilized by the
new system which “provides for the sending
and receiving of fine detail and super-fine
detail alternately,” GE stated.

Advantages of the proposed system were
listed as follows: |

(1) All precision cquipment is localized |
at the transmitter so that the receiver can
be relatively low in cost, reliable in opera-
tion, easy to adjust and maintain, and
simple in construction. It is estimated that
only four more tubes are required than in
present-day monochrome receivers.

(2) The receiver is compatible with 1
present monchrome standards, using the
same field, frame, and line rates.

(3) The picture has excellent texture in
the sense that no dot structure should be
visible since no sampling is employed. The
texture thus is quite similar to present-day
monochrome pictures.
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ACOUSTICS AND AUDIO FREQUENCIES

534.152 2955

The Visualization of Vibratory Phenomena
within a Resonant Tube—C. Chartier, J.
Bourot, and J. Noél. (Compt. Rend. Acad. Sci.
(Paris), vol. 230, pp. 2269-2270; June 26, 1950.
The motions of powder particles within a rego-
nating tube are recorded photographically; ob-
servation of changes produced by variation of
experimental conditions is facilitated. Formulas
are derived giving the deviation of the phase
and longitudinal displacement of the powder
particles from the values for the gas within the
tube. These deviations vary in the same sense
as the frequency used and as the gize of the
particles; faithful results are obtainable with
ordinary Al powder at 1,000 cps. Photographs
are reproduced for a tube giving a 32 cps
note, taken with (a) continuous and (b) inter-
rupted illumination.

534.232:534.321.9 2956

Experiments with the Hartmann Acoustic
Generator—L. E. Savory. (Engineering (Lon-
don), vol. 170, pp. 99-100 and 136-138;
August 4 and 11, 1950.) The air-jet generator
has been known for many years but has not
been used extensively in industry for generating
ultrasonic vibrations on account of its hyper-
sensitivity in relation to changes of air pressure
and of certain interelement spacings. Modifica-
tions intended to reduce this instability are
described; these include side pads or a short
cylinder partially or wholly surrounding the jet
somewhere between nozzle and resonator, and
a rod inserted along the jet axis. Results are
tabulated and discussed.

534.321.9:537.228.2 2957

The Generation of Ultrasonic Vibrations by
Electrostriction—H. H. Rust. (Z. Angew.
Phys., vol. 2, pp. 293-294; July, 1950.) Falken-

different baffles for the loudspeaker are also
shown. The back of a receiver with built-in
loudspeaker should be perforated so as to intro-
duce a certain amount of acoustic impedance.
Placing a receiver near a partition, which acts
as a baffle, results in an appreciable improve-
ment of the bass response; otherwise the posi-
tion of the receiver has little effect.

534.75:534.321.1 2959

Upper Limit of Frequency for Human
Hearing—R. J. Pumphrey. ( Nature (London),
vol. 166, p. 571; September 30, 1950.) Experi-
mental evidence that the sensory elements at
the basal end of the cochlea are competent to
respond to sounds of frequency up to 100 kc,
and that the failure of the normal ear to re-
spond to air-borne sounds of frequency above
20 ke is due wholly to the failure of the middle
ear to transmit such frequencies. The apparent
pitch associated with high-frequency sounds
was that of the highest tone audible by air con-
duction, no increase of pitch being observed
above about 15 kc.

$34.78:534.843.5 2960
General Theory of Intelligibility within
Rooms—T. Korn. (Ann. Télécommun., vol. S,
pp. 316-320; August, September, 1950.) Re-
verberation time is not the only important fac-
tor governing intelligibility; the effect of the
direct sound is another factor of major impor-
tance. A method is given for calculating the
articulation index anywhere in a room from the
values of reverberation time, total absorption
and distance from the sound source. The calcu-
lated results agree with classical experimental
data. The direct sound can be reinforced by
architectural or electronic devices.

534.84:061.3 2961

Symposium on Architectural Acoustics,
Marseilles, 11th=17th April 1950—P. Chavasse.
(Ann. Téécommun., vol. S, pp. 255-258; July,
1950) A summarized report of the proceedings,
with a list of the papers presented.

534.844.1 2962

Measurement of Reverberation Times of
Studies of the Radiodiffusion Frangaise—]J.
Pujolle and J. Boisard. (Ann. Télécommun.,
vol. 5, pp. 307-315; August, September, 1950.)
Apparatus and method are described and de-
gree of accuracy assessed.

pure-tone sound sources indicate that the fre-
quency of such modulation may attain the
order of 250 cps with associated amplitude re-
ductions of 10-18 db.

621.3.018.781:621.395.613.3 2964

The Recording of Nonlinear Distortion—
A. Bressi and G. G. Sacerdote. (Alta Frequenza,
vol. 19, pp. 86-92; April, 1950. In Italian, with
English, French and German summaries.) The
determination of nonlinear distortion is of par-
ticular importance in relation to carbon micro-
phones. A method is described for automati-
cally recording the magnitude of this distortion
as a function of the applied acoustic pressure at
any frequency.

621.395.61/.62 2965

The Constants of Magnetostrictive, Elec-
trostrictive and Piezoelectric Electroacoustic
Transducers—U. John. (Arch. elekt. Uber-
tragung, vol. 4, pp. 139-145; April, 1950.)
From a mathematical treatment of the dy-
namics of the magnetostriction process an ex-
pression is derived for the conversion factor;
this is independent of the measurement system
used and takes account of the permeability and
elastic modulus, and also the magnetostriction
factor. A table shows the four different forms
of the fundamental dynamic equation, the ex-
pressions for their constants and the electro-
magnetic equivalents. Each group of associated
constants can be interpreted as a matrix of a
linear quadripole and can be referred to the
corresponding groups for the electrostrictive
and piezoelectric processes.

621.395.61/.62 2966

The Electrical and Acoustical Impedances
and Equivalent Circuits of Electroacoustic
Transducers—F. A. Fischer. (Arch. elekt.
Ubertragung, vol. 4, pp. 189-195; May, 1950.)
Three basic types of transducer are considered:
(a) electrically excited, (b) magnetically ex-
cited, (c) electrodynamic. The piezoelectric
type is to be discussed later. An expression for
complex impedance is derived in each case and
the corresponding eclectrical and mechanical
equivalent circuits are deduced.

621.395.61 2967
Directional Microphones with Phase-
Shifting Elements—H. Groeskopf. (Fern-

meldetech. Z., vol. 3, pp. 248-253; July, 1950.)
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The problem of designing a microphone with a
directivity independent of frequency is con-
sidered generally. Artificial phase-shifting ele-
ments arc introduced to produce the required
directional characteristics. These elements
should produce phase shift proportional to fre-
quency;an acoustic by-pass is simplest in theory
but is too cumbrous in practice. Elements com-
prising mechanical impedances are therefore
preferred; these are studied by means of me-
chanical networks. Ribbon and capacitor
microphones can be adapted in accordance
with the principles given; continuously variable
directivity can be obtained by combining in ap-
propriate phase the outputs from two micro-
phones having cardioid diagrams.

621.395.61:621.395.828 2968

Methods of Preventing Acoustical Feed-
back—\V. Biirck. (Frequenz, vol. 4, pp. 161-
166; July, 1950.) The positioning of micro-
phone and loudspecaker and the use of compen-
sating circuits are revicwed.

621.395.614 2969

Electroacoustic Apparatus with Rochelle-
Salt Crystals—NM. Gosewinkel. (Frequenz, vol.
4, pp. 142-145; June, 1950.) The effect of
temperature change on the crystal character-
istics is discussed. Loading methods to com-
pensate for this are not generally satisfactory.
In crystal generators the total adverse effect is
small. In crystal receivers the change in sensi-
tivity with temperature above 23°C is appreci-
able and renders them unsuitable where con-
stancy of operation is required.

621.395.625.2 2970

Recent Trends in Disk Recording—P.
Gilotaux. (Onde FElec., vol. 30, pp. 301-308;
July, 1950.) A discussion of factors limiting
fidelity of reproduction and of the special prob-
lems of fine-groove recording.

ANTENNAS AND TRANSMISSION
LINES

621.3.09:621.315.24-621.392.26 1]
-4+621.317.3.029.6 2971

Lines and Circuit Elements for Microwave
Measurements—Schifer and Honerjiger. (See
3088.)

621.392.018.8 2972

The Attenuation of Transient or Periodic
Electromagnetic Waves Due to Effects in the
Dielectric Medium Surrounding Transmission
Lines—R. Pélissier. (Compt. Rend. Acad. Sci.
(Paris), vol. 230, pp. 2272-2274; June 26, 1950.)
An analysis is given of the manner in which the
wavefront corresponding to an applied step
voltage is deforined by leakage and corona as
it progresses along a line. Corona is doubly cf-
fective, firstly by increasing the leakage cur-
rent, and secondly by producing a space charge
leading to an apparent increase in: the dielectric
constant. Its deforming action is greater than
that due to skin effect but less than that due to
ground return.

621.392.261:621.3.09 2973

Principles and Applications of Waveguide
Transmission—G. C. Southworth. (Bell Sys.
Tech. Jour., vol. 29, pp. 295-342; July, 1950.)
Excerpts from a book of the same title, in
preparation. Chapter 6, which gives a descrip-
tive account of transmission in waveguides, is
quoted in full.

621.396.67-+621.396.11 2974

Symposium on Antennas and Propagation,
San Diego, California, April 3=-4, 1950—(Proc.
I.R.E., vol. 38, pp. 958-9062; August, 1950.)
Summarics are given of 38 papers presented at
the conference.

621.396.67 2975

A 600-Ohm Mulitiple-Wire Delta Antenna
for Ionosphere Studies—H. N. Cones, H. V.
Cottony, and J. M. Watts. (Bur. Stand. Jour.
Res., vol. 44, pp. 475-488; May, 1950.) An ac-
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count of the design and performance of a
multiple-wire delta antenna for vertical-inci-
dence ionospheric recorders. The variation. of
the terminal impedance over the working
range (1-25 Mc) is displayed graphically.
Radiation pattern measurements using sca.lc-
model technique are given and comparative
records using the delta antenna and an carlier
double-w type are reproduced.

621.396.67 2976
Current Distributions on Transmitting and
Receiving Antennas— T, Morita. (Proc. I.LR.E,,
vol. 38, pp. 898-904; August, 1950.) A method
is described for the direct measurement of the
amplitude and phase of current and charge
distribution along cylindrical antennas. For
the transmitting antenna, the distribution
measurement is continued into the coaxial
feeder, so that a picture of the complete system
is obtained. For the receiving antenna, the dis-
tribution is found to vary as a function of the
terminating load, as predicted by theory.

621.396.671 2977

A Rigorous Calculation of Tubular Dipole
Aerials—11. Zuhrt. (Frequenz, vol. 4, pp. 135~
141 and 178-189; June and July, 1950.) First
published in 1944, Cylindrical dipoles of di-
ameter small, but not ncgligible, compared
with A are considered. A rigorous theory is
developed from a solution of the wave equation
satisfying rigorous boundary conditions, an
image method being uscd. The theory is applied
to the calculation of the input impedance of a
relatively thick symmetrical transmitting an-
tenna; results are comparcd with measure-
ments. The theory is then extended to certain
other nonsymmetrical receiving and trans-
mitting dipole arrangements and their im-
pedances are calculated,

621.396.671 2978

On the Theory of the Straight Aerial—
J. Grosskopf. (Arch. elekt. Ubertragung, vol. 4,
pp. 175-180; May, 1950.) An approximate
formula for the radiation impedance is ob-
tained by applying the fundamental principles
of the Ilallén theory (2763 of 1939) based on
Maxwell’s equations, but avoiding the compli-
cated iterative process for determining the cur-
rent distribution in the antenna. Calculations
from the approximate formula give results .in
good agreement with experimental values and
of accuracy as good as is given by two terms of
Schelkunoft’s developinent.

621.396.677 2979

Electromagnetic Field of the Conical
Horn—>M. G. Schorr and F. J. Beck, Jr. (Jour.
Appl. Phys., vol. 21, pp. 795-801; August,
1950.) The radiation from a conical horn is
calculated by the assumed-field method. The
calculated results agree well with values found
experimentally for cones of half-angle up to
about 25° For greater angles the approxima-
tions used are inadequate and result in poor
agreement with experiment. The theoretical
anomalies are discussed.

621.396.677:621.392.26 1 2980

The Radiation from a Transverse Rec-
tangular Slot in a Circular Cylinder —S. Sijver
and W. K. Saunders. (Jour. Appl. Phys., vol.
21, pp. 745-749; August, 1950.) Results ob-
tained previously for slots of arbitrary shape
(1588 of August) are applied to the special case
of a transverse rectangular slot. The principal
transverse-plane pattern for such a slot in
which the excitation has only a circumferential
tangential electric-field component is the same
as the pattern generated by an infinjte axial
slot with the same circumferential excitation.
Theoretical and experimental curves are given
for the narrow slot of length \/2.

621.396.677.012 2981
Survey of Directional Characteristic Curves
and Surfaces—F. Bergtold. (Frequenz, vol. 4,

January

pp. 114-117; May, 1950.) The general princi-
ples of directional radiation as applied to both
em and sound waves are outlined and surfaceg
are discussed which are such that the radiug
vector for each point of the surface represents
the intensity of the radiation in that particular
direction from a source at the origin. The inter.
section of such a surface with any plane passing
through the origin gives the radiation polar
diagram for that planc. The advantages of a
logarithmic scale for the radiation intensity are
pointed out. Two abacs based on rectangular-
co-ordinate diagramms cnable the directional
characteristics of most types of array to be ob-
tained.

CIRCUITS AND CIRCUIT ELEMENTS

549.514.51.001.8 2982
Applications of Quartz Crystals—Villem,
(See 3110.)

621.3.012.8 2983

Construction and Critical Review of Circuit
Equivalents for Linear A.C. Elements—E.
Samal. (Frequenz, vol. 4, pp. 81-88, 117-125,
149-151; April-June 1950.) The ideal circuit
clement is one that can be considered to possess
only one electrical property (e.g. resistance),
the value of which should be independent of
frequency, timne, temperature, etc. The ac-
curate representation of actual components by
means of such ideal elements is considered in
detail with numerous examples, using circle
diagrams, oscillatory circuits and transducing
networks. The effects of eddy currents, ferro-
magnetic and es phenomena are discussed and
also the modifications necessary to the equiva-
lent circuit when such effects are present. \When
the particular element in question can no
longer be represented accurately by simple
diagrammatic methods, recourse must be had
to the solution of the appropriate Maxwell
equations.

621.3.013.78% 2984

Screening in Electrical Communication Ap-
paratus—K. F. Weinert. (Funk u. Ton, vol. 4,
pp. 358-368; July, 1950.) Study of the effect
of screening in and between coupled quadri-
poles when the coupling is (e) galvanic, the
circuits having a common resistor, (b) capaci-
tive, (¢) inductive, or (d) mixed. Expressions
giving the damping due to different types of
screen are tabulated. Incorrect earthing ar-
rangements can lead to considerable reduction
in the screening effect.

621.3.015.33

621.3.015.7 ¢ 2985
Pulses—Plcase riote that, in this and subse-

quent issues, the UDC number used will be

621.3.015.7%, instead of 621.3.015.33 used

hitherto.

621.3.016.352 2986
. Stability Criteria—E. Gork. (Arch. elekt.
Ubertragung, vol. 4, pp. 89-96; March, 1950.)
Most methods of determining stability condi-
tions are based on the principle of the number
of zeros and poles of the function Z(p). In the
method described this principle is applied di-
rectly. The expression, based on Cauchy'’s
theorem, for the number of zeros when the
function is wholly rational or transcendental is
integrated in the appropriate half plane to
separate the roots; two examples are calculated.
Methods of establishing limits for the roots in
determining the degree of stability are shown
for three values of damping. The Sturm di-
vision method and the use of Hurwitz determi-
nants are discussed.

621.3.016.352:621.3.012 2987

Stability Testing by means of Closed and
Open Circle-Diagrams—F. Strecker. (Arch.
elekt. Ubertragung, vol. 4, pp. 199-206; June,
1950.) Detailed discussion of the physical




1951

lieaning and practical application of circle-
| iagram stability criteria.

21.314.22.015.7¢ 2988

Pulse Transformers—H. (. Bruijmng.
Tommun. News, vol. 10, pp. 120 131; Apnil,
950.) The requirements which pulse trans-
yrmers must satisty arc discussed, a design
1wcthod 1s described and the advantages te-
alting from the use of ferroncube as a core ma-
srial are conmdered.

21.314.23 2989
The Use of U/I Cores in Transformers

AL Nonncnmadher, (Funk u. Tow, vol. 4, pp.
835 395, August, 1950) Stampings for stand-
rd U/1 cores can be obtained by halving 12/1
inmnations, and hance can be produced with-
ut waste 1 cakagd cocthacnt andcpendant of
orc sze and as only half that wath F lanuna-
ions The senvitivity (o eaternal maghetic
wWlds s v ostigatad, with laminations stacked
wlternately the U core is better in thus respect
shan the shedl, Tins advantage 16 Jost when an
drgap 1s used. The apparent width ot argap
fwith the voke tamosvad s plottad as 4 tunction
f the masurad anrgap for U cotes and tor the
.59 corc.

121.314.31 530.58 2990

A Direct-Voltage Amplifier as Power Ampli-
ler and Temperature Regulator —\\. Jelhing-
waus (7 angew. Phys, vol. 2, pp 254-201,
ung, 1950) Descniption of o tast-acting tegu-
ator comprising 4 magnetic amphiher con
tolled by a thermwoouple and tollowed by a
arcuit i which the amphticd voltage is recty
icd and usd to hias negatively a tube whose
mode urcuits indudes premagnd tization wind-
ngs tor a sceond magnetic amphinier supplying
he heating element.

1521.384.011.2:621.310.720 2991
Frequency Control for the Bevatron Radio-
tPrequency Voltage —Ricdel. (See 3116.)

521.316.89:621.385.831 2992

The Negative-Feedback Valve as a Con-
rollable Effective Resistance —A  Klemt.
Funk u. Ton, vol. 4, pp. 293-297, June, 1950.)
When the negative feedback is such that the
ternating voltage at the gnd 18 equal to that
it the anode, the ac resistance of an amplifier
ube is cqual to the reciprocal of its slope. Ap-
>hcations ot the principle include condudtance
ncasurements in parallel resonant circuits, use
is a resistor in a phase-shitt oscillator, and
noise linmitation in FM receivers. Basic circuits
are shown.

621.318.4:621-0S 2993

Universal Coil Winding—E. \W.tkinson.
{Proc. 1.LR.E. (Australia), vol. 11, pp. 179-186;
July, 1950.) A typical coil-winding machine and
the winding patterns derived from it are de-
scribed. The factors which influence the choice
of the coil-winding gear ratio are explained and
analysced. The results are presented in a form
suitable for slide-rule computation.

621.319.55:517.93 2994
A Note on a Generalized van der Pol
Equation—\W. Nijenhuis. (Philips Res. Rep.,
vol. 4, pp. 401-406; December, 1949.)
The asymmetrical van der Pol equation,
r —e(1—23v—vY)r +v=0,isshown tobeequiva-
lent to the classical van der Pol equation (8=0)
with a constant on the right-hand side. For
large values of ¢ and 8 a simple approximation
for the limit cycle is found from which it fol-
Mows that the ratio of the maximum positive
and ncgative values of v(f) cannot exceed 3:1.

1 621.319.55:517.93 2995
On the Theory of Relaxation Oscillations—
'W. Taeger. (Funk u. Ton, vol. 4, pp. 298-307
and 341-346; June and July, 1950.) The second-
order equation applicable to an oscillatory cir-
‘ cuit with periodically varying resistance is

Abstracts and References

reduced to Mathieu's differential form and
solutions are obtained for values of damping
coefficient (a) <1 and (b) >1. The theory is
then applied to the casc of a neon lamp relaxa-
tion circuit and formulas for the frequency and
amplitude ol oscillations are detived,

621.385.2/.4:621.315.59 2996
Transistor and Transistron—Adam. (See

3210.)

621.392.52 2997

Tchebycheff Functions—\V. Klein. (Arch.
Elektrotech , vol. 39, pp. 647-657; 1950.) The
Tehebycheff functions ot real arguments used
in filter theory are presented in five different
ways. An extension to complex arguments is
made to take into account losges in the circuit
clements. A capacitively coupled band-pass
filter is discussed ns an example of the applica-
tion of functions with complex arguments.

621.392.52 2998

Use of a Template Method for the Design of
Filters—A. Fromagecot and M. A. Lalande.
(Ann. Téécommun., vol. 5, pp. 277-290;
August, Scptember, 1950.) The methods de-
scribed are bascd on that of Rumpelt (729 of
1943) and apply to lattice filters with opposite
arms consisting of ulentical two-poles. The
cntical trequencies of the two-poles in the pass
band depend on the image-transfer cocfhicient,
in the stop band they depend on the image
impedance. The image-transfer cocfficient is
detined by the requited attenuation the image
impreedance by its mean value and the permissi-
ble varation within the pass band Some exam-
ples are given using piczodlectne crystals as
arcuit elements Sce algo 842 of May.

0621.392.52:0621.3.012.8 2999

The Relation between Recurrent Networks
and Radio Filter Circuits —\\' Klain. (Funk u.
Ton, vol. 4, pp. 273 281; Junc, 1950.) The
theory of the recurrent network is discussed by
analysing o basic filter consisting of a branched
dircuit i which serics resistance and shunt
conductance are cquivalent, the former com-
prsing ohimic reaistance and pure reactance in
serics, the latter a parallel combination of
ohmic conductance and purce susceptance. On
the basis of cquivalent circuits having the
same transmission factor, a short-circuit tuned,
reactively coupled radio filter is developed from
the basic network. Bandwidth here is neces-
sanly restricted since all series impedances in
the filter are considered as frequency-inde-
pendent reactances. For transmission over a
relatively wide band the basic type of network
is required.

621.392.52:621.396.662 3000
A New High-Frequency Filter with Band-
Pass-Filter Properties —F. Bcenz. (Ost. Z.
Telegr. Teleph. Funk Fernsehtech., vol. 4, pp.
70-75; May, Junc 1950.) The filter described
comprises two parallel-resonant circuits de-
tuned from cach other by a small amount. The
input voltage is sharcd between them go that a
differential output is obtained across the two
circuits in series. Circle diagrams, frequency-
response curves and phase characteristics are
plotted, and performance compared with that
of the common type of filter circuit. Applica-
tions are discussed; in general the arrangement
can be substituted for ordinary resonant-
circuit couplings. Symmetry of the frequency-
response curve is inherent in the design.

621.396.611.1 3001

A Resonant Circuit with a Time-Variant
Resistive Element—P. Bura and D. M. Tombs.
(Nature (London), vol. 166, pp. 483—484; Sep-
temper 16, 1950.) Two phenomena have been
observed: (a) Multiple resonance; in a circuit
tuned to fo (6 kc) the resistive element was
varied at fg (50 cps) and the voltage across
the main capacitance showed peaks at fo+ nfg,
wheren=1,2,3 - - -; (b) Parametrically excited
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oecillations; when fg was about 2fs and the ef-
fective resistance became negative during part
of the cycle, oecillations at fg/2 occurred over a
range of frequencies ncar fo. This range is
limited by sharp cutofl of the self-oscillation,
which suggests the use of the device as a filter,
the bandwidth being readily controlled. Calcu-
lations, based on a theory bricfly indicated,
are in good agrecment with experimental re-
sults.

621.396.61S 3002

Electron Transit Time in Negative-Grid
Oscillator—S. K. Chatterjee and B. V.
Sreckantan (Indian Jowr. Phys., vol. 23, pp.
119-130, March, 1949.) Expressions are de-
rived for cathode/grid and grid/anode electron
transit timnes (or a triode operating as a class-C
oscillator, taking account of the ac voltages on
anode and grid and also of the grud bias.
Numerical results are given tor various tubes

621.396.61S 3003

The Limiting Frequency of an Oscillator
Triode—K. Rodcenhuis. (Philips Res. Rep ,
vol. S, pp. 46-77; February, 1950 ) The triode
is considercd as a quadnipole. (reneral condi-
tions, which the quadripole coefficients nust
satisfy in order that the quadripole may be
able to deliver power to an external circuit, arc
denived ; these are wdentified wath the oecillation
conditions for a tnode. The relations between
the quadnpole coeflicicuts of a triode on the one
hand, and the properties of the electron current,
the serics resistance in the clectrode lcads, the
resistance of the emissive coating, and the di-
clectne losecs, on the other hand, are estab-
lished and discussed \\hen the theory is ap-
plied to the usw oecillator triode Type ECS81,
the calculated iimsting frequency is 1S per cent
above the obecrved value. Tlus discrepancy is
attributed to approximations in the theory.
The expernimantal determination of the hmiting
frequency 1s brietly described

621.396.015.14+4-621.396.045):
621.385.029.03/.04 3004

Amplification and Generation of Micro-
wave Oscillations with Travelling-Wave
Valves—1H. Schmtger (Fumk u. Tom, vol. 4,
pp 347-354; July, 1950)

621.396.615.141.2 3005
Development of the Turbator for Radio-

Relay Equipment—F. Lddi. (Brous Bovers

Rev., vol. 36, pp. 405—409; December, 1949.)

621.396.615.17 3006
Discussion of an Asymmetrical Multi-
vibrstor Circuit—]. Blok and C. C. Jonker
(Physica, ‘s Gras., vol. 16, pp. 381-390; April,
1950. In English.) The propertics of asym-
metrical multivibrator arcuits are discussed by
the method used by Andronow (1648 of
August) for the symmetrical multivibrator.
The method is extended to take account of grid
currents. The operation of such circuits as dis-
criminators is examined and the resolving time
is estimated.
621.396.619:538.632 3007
Possible Moduiators Based on the Hall
Effect—Y. Rocard. (Rev. Sci. (Paris), vol. 87,
p. 212; October, December, 1949.) The circuit
described is intended for amplifying weak dc.
The Hall effect is produced in a thin Ge plate
by means of an auxiliary alternating current
and an alternating magnetic field whose
strength is controlled by the dc to be amplified.
Voltage amplification of some thousandfold is
obtainable.

621.396.645 3008

Improving Differential-Amplifier Rejection
Ratios—R. McFee. (Rev. Sci. Instr., vol. 21, pp.
770-771; August, 1950.) Modifications are sug-
gested to two standard differential-amplifier
circuits which effect fifty-fold improvements in
rejection ratios. Where the input potentials are
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applied to the grids of a pair of similar triodes
having a common cathode resistor, Rk, the
modification consists in connecting a registor
equal in value to Rg across the output triode,
from cathode to anode. In the symmetrical
amplifier in which the output is taken from
both anodes of the pair of triodes, the modifica-
tion consists in connecting equal resistors
across cach of the two tubes, from anode to the
high-potential end of the cathode resistor, the
output being taken from suitable symmetrical
tapping points.

621.396.645 3009

Stagger-Tuned Intermediate-Frequency
Amplifier Design—A. B. Thomas. (Jour. I.R.E.
(Australia), vol. 22, pp. 141-148; June, 1950).
Charts are given for facilitating selection of the
most suitable type of interstage coupling for
any particular purpose, and for deciding the
frequency and damping of ecach stage in a
stagger-tuned unit. A method is given for ex-
tracting the response curve of any stage and a
simple lining-up procedure is described which
can be applied to staggered triples. Reference is
made to a radar unit recently constructed,
with a mid-band gain of 100 db and a b.und-
width of 12.5 Mc centered at 70 Mc. This re-
ceiver proved to be stable and easy to hindle
and duplicate.

621.396.645:621.316.078 3010

Automatic Stabilization of Amplifier Gain—
A. W. Keen. (Jour. Brit. 1.R.E., vol. 10, pp.
198-207; June, 1950.) “The conventional method
of measuring the voltage gain of an amplifier by
equating it with the loss introduced by a
calibrated attenuator is adapted to provide a
continuous and automatic method of accu-
rately defining and maintaining constant
amplifier gain. The resultant arrangements are
all forms of negative feedback systems and are
characterized by high loop gain and the use of a
precision attenuator in the 8 network. Two
types are distinguished according to whether
the error signal representing the discrepancy
between the input and attenuated output sig-
nals is made self-cancelling by being fed back
into the amplifier as in conventional feedback
amplifiers, or used to control the gain of one
or more of the amplifying tubes, as in agc sys-
tems. Appropriate circuit technique is indicated
and suitable applications of the method are
briefly described.”

621.396.645.37 3011

Selective Amplification by Means of RC
Feedback Networks—M. Picchi. (Alta Fre-
quenza, vol. 19, pp. 59-85; April, 1950. In
Italian, with English, French and German
summaries.) General expressions are derived
for the resonance frequency aud resonance co-
efficient of a selective amplifier. Three particu-
lar amplifier circuits are discussed in which the
Scott parallel-T quadripole, the Wien-Robin-
son bridge, and certain phase-shift quadripoles
are used as feedback networks.

621.396.645.371 3012

A Note on the Maximum Feedback Obtain-
able in an Amplifier of the Cathode-Feedback
Type—]. te Winkel. (Philips Res. Rep., vol. 5,
pp. 1-5; February, 1950.) The total feedback
on the last tube in a feedback amplifier is cal-
culated for the case where the feedback voltage
is derived from the cathode load impedance of
the last tube. The total feedback is invariably
less than the product of individual tube feed-
back and feedback around the main loop, and
has an upper limit dependent only on fre-
quency and on the ratio of transconductance to
input capacitance of the last tube.

621.396.645.371:523.165 3013

Linear Preamplifier for Driving a Long Co-
axial Cable—L. G. Lewis, J. G. Robinson, and
J. Toll. (Rev. Sci. Instr., vol. 21, pp. 593-596;
July, 1950.) Linearity and long-term stability
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under severe weather conditions have been
achieved by using negative feedback. The par~
ticular application is to an exposed particle-
detector system linked by a 100-ft length of
cable to the main amplifier.

621.396.665:621.396.645.371 3014

Correction and Clarification of “ Automatic
Volume Control as a Feedback Problem”—
B. M. Otliver. (Proc. LR.E., vol. 38, p. 904;
August, 1950.) Correction to paper abstracted
in 2501 of 1948.

621.397.645 3015
Television Intermediate-Frequency Ampli-

fiers—Coenraets. (See 3191.)

621.392.52 3016

Siebschaltungen mit Schwingkristallen
(Crystal Filter Circuits) {Book Review]—W.
Herzog. Publishers: Dieterichsche Verlags-
buchhandlung, Wicsbaden, 1949, 361 pp.,
45 DM. (Fernmeldetech. Z., vol. 3, pp. 256—
257; July, 1950.) The author has brought to-
gether in this comprehiensive and clearly pre-
sented work the material available on the sub-
ject. General laws and principles of filter de-
sign are given, and basic properties of crystals
are explained by means of equivalent circuits.
Examples are calculated, and sections are de-
voted to adjustment and measurement and
temperature dependence of the filters. The
text is arranged so that for designing any par-
ticular type of filter only the relevant section
has to be consulted.

621.396.611.14621.385].029.6 3017

Technique des ondes trés courtes et ultra-
courtes: Tome I—Circuits oscillants et tubes 4
vide [Book Review]—l.. Liot. Publishers:
Dunod, Paris, 1949, 253 pp., Fr. 780. (Alta
Frequenza, vol. 19, pp. 110-111; April, 1950.)
Essentially a practical book, useful both as an
introduction to the subject and for reference.

GENERAL PHYSICS

530.112 3018

Matter, A Mode of Motion—R. V. L.
Hartley. (Bell Sys. Tech. Jour., vol. 29, pp.
350-368; July, 1950.) “Both the relativistic and
wave mechanical properties of particles appear
to be consistent with a picture in which parti-
cles are represented by localized oscillatory
disturbances in a mechanical ether of the
MacCullagh-Kelvin type. Gyrostatic forces
impart to such a medium an elasticity to rota-
tion, such that, for very small velocities, its
approximate equations are identical with those
of Maxwell for free space. The important re-
sults, however, follow from the inherent non-
linearity of the complete equations and the
time dependence of the elasticity associated
with finite displacements. These lead to reflec-
tions which permit of a wave of finite energy re-
maining localized. Because of the nonlinearity,
the amplitude and encrgy of a stable mode, as
well as the frequency, are determined by the
constants of the medium. Such a stable mode is
capable of translational motion and so is suit-
able to represent a particle. The mass assigned
to it is derived from its energy by the relativity
relation. While this mass is dimensionally the
same as that of the medium, it is differently re-
lated to the energy and so need not conform to
the classical laws which the latter is assumed to
obey. Exchanges of energy bctween particles
and between a particle and radiation involve
frequency changes as in the quantum theory.
The experimental detection of a uniform ve-
locity relative to the medium is not to be ex-
pected. Besides providing a new approach to
the problems of particle mechanics, the theory
offers lhg prospect of incorporating the present
pictures into a more comprehensive one, with a
material reduction in the number and com-
plexity of the independent assumptions.” See
also 3019 below.

January

530.112:535.312 3019

The Reflection of Diverging Waves by a
Gyrostatic Medium—R. V. L. Hartley. (Bl
Sys. Tech. Jour., vol. 29, pp. 369-389; July,
1950.) “This paper furnishes the basis for a
companion one [3018 above], which discusseg
the possibility of describing material particleg
as localized oscillatory disturbances in a me-
chanical medium. If a medium is to support
such disturbances it must reflect a part of the
energy of a diverging spherical wave. It is here
shown that this property is possessed by a
medium such as that proposed by Kelvin, in
which the elastic forces are of gyrostatic origin,
This is due to the fact that, for a small constant
angular digplacement of an element of thig
medium, the restoring torque, instead of being
constant, decreases progressively with time.”

535.8 3020

On the Design of Wide-Angle Schmidt
Optical Systems—}. M. Wormser. (Jour. Opl.
Soc. Amer., vol. 40, pp. 412-415; July, 1950.)
“A method of balancing the optical aberrations
over a wide angular field of a Schmidt optical
system is described.”

537.122:538.691 3021

Electron Motion in Alternating Magnetic
Fields—A. Kneschke. (Arch. elekt. Uberira-
gung, vol. 4, pp. 165-172; May, 1950.) The
differential equation expressing the motion is
integrated completely. The geometric and
kinematic characteristics of the electron paths
are investigated and related to curves whose
curvature is a periodic function of arc length,

Certain special cases of the gencral tra-
jectory are analysed in detail and shown
graphically.

537.226 3022

Equivalence of Temperature and Fre-
quency in Dielectric Measurements—K. H.
Stark. (Nature (l.ondon), vol. 166, p. 436;
September, 1950.) The variation of the complex
dielectric constant as a function of frequency is
represented by a circular arc. Experiments
with two widely different dielectrics yiclded
circular arcs also for variation of complex di-
electric constant as a function of temperature,
Equivalence of temperature and frequency for
dielectrics with a wide distribution of relaxation
times is hence established, but no theoretical
explanation is known.

537.311.31 3023

The Bloch Integral Equation and Electrical
Conductivity—P. Rhodes. (Proc. Roy. Soc. A,
vol. 202, pp. 466-484; August 22, 1950.) An
extension of the dctailed development of the
Bloch treatment of the temperature variation
of conductivity to cover a wider temperature
range. Theorectical and experimental results,
are in good general agreement.

537.311.33 3024

Thermal Equilibrium in Neutron-Irradi-
ated Semiconductors—]. H. Crawford, Jr,
and K. Lark-Horovitz. (Phys. Rev., vol. 79,
pp. 889-890; September 1, 1950.) Analysis of
conductivity/irradiation curves of Ge semi-
conductors exposed to ncutron flux shows the

experimental minimum conductivity to be L

much lower than anticipated. Redetermination
of the product of clectron and hole densities
from Hall-effect measurements gives a value of
3.6X10% at 300°K, which is about one tenth
of the value previously found and which

condu.ctivity. Measurcments are made with the
material in the pile, where photoeffects play an ||
important part. )

yields a much better estimate of minimum+

537.311.33:538.632

Temperature Dependence of the Energy |
Gap in Germanium from Conductivity and |
Hall Data—V. A. Johnson and H. Y. Fan.
(Phys. Rev., vol. 79, p. 899; September, 1950.) |,

-l

3025 |

'

P

5

;

g




T——————————_—_——

251

he data are for the temperature range 500°K
850°K. If the energy gap between the full
td conduction bands is expressed by the rela-
on Eg= Eg,+(3Eg/dT) T, Fg, is determined

0.73 ev and OEg/dT as constant at
~1.1+0.1)X10™* ev/°K, assuming memn
mo?, where m,, ma, mo are the effective elec-
on and hole masses and free-electron mass
spectively.

17.311.33:528.632 3026
On the Theory of the Hall Effect for the
ase of Compound Conductors in an Alternat-
g Electric Field—H. Welker. (Onde Elec.,
’l. 30, pp. 309-316; July, 1950.) In the case
msidered, two types of moving charge carrier
‘e present; large displacements of charge per-
»ndicular to the primary current occur. These
splacements have appreciable relaxation
mes, whose magnitudes are examined by sub-
ituting ac for dc primary current. The value
" the Hall voltage then depends on the fre-
uency of the ac. Results are given for various
»mpound conductors, including electrolytes,
-miconductors and polyvalent metals. Formu-
s for determining particle concentrations and
aobilities are derived and the possibilities of
<perimental verification are discussed.

37.525.534.01 3027

Effects of Plasma Boundaries in Plasma
)scillations—D. Bohm and E. P. Gross.
Phys. Rev., vol. 79, pp. 992-1001; September,
950.) An clectron taking part in a travelling
lasma oscillation will be reflected at a sheath
[ infinitesimal thickness with velocity ap-
ropriate to the oscillation travelling in the
sverse direction, so that standing waves are
uilt up without loss at the sheath. This ap-
roach is extended to sheaths for which a finite
.me of penetration is necessary before reflec-
on occurs, and also to the case of reflection at
ietallic electrodes. In both cases expressions
re derived for the damping. For low-pressure
ischarges, the damping resulting from im-
erfect reflection from clectrode sheaths may
e comparable with collision damping, but the
amping due to conducting electrodes is unim-
ortant.

The excitation of the plasma by sharp
eams is considered and expressions are de-
ived for the energy transfer of a beam to waves
f growing and of stationary amplitude. Beams
hould only excite oscillations when a regular
eometry exists. With irregular geometry,
wnching pulses are to be expected. A detailed
nalysis of the bunching is given.

37.533.8 3028

Measurement of Secondary-Electron Emis-
ion from Dielectric Surfaces—H. L. Heydt.
Rev. Sci. Instr., vol. 21, pp. 639-642; July,
950.) The method described involves bom-
rarding the metal-backed dielectric surface
vith primary electrons so as to produce a
econdary-emission ratio greater than unity
ind hence a surface potential of known value.

+38.221 3029

Departure from the Rayleigh Law of the
VMlagnetization of a Ferromagnetic Material—
1. D. Bush. (Nature (London), vol. 166, pp.
101-402; September 2, 1950.) An interim re-
yort of experimental investigations.

539.233:535.215
Photoadsorption of a Thin Layer of
darium—C. Biguenet. (Le Vide, vol. S, pp.
331-836; July, September, 1950.) Experiments
myre described which confirm that light produces
arge variations of the contact difference of
sotential between an oxide cathode and a
:ungsten-filament collector electrode; the cx-
/' »eriments show also that the effect is not due to
shotoemission. A poasible explanation is that
he barium adsorbed on the tungsten filament
s ionized by the light, causing a change in the
2lectron affinity of this electrode.

3030

Abstracts and References

548.0:537 3031

Scattering of Electrons in Crystals in the
Presence of Large Electric Fields—]. Bardeen
and W. Shockley. (Phys. Rev., vol. 80, pp. 69—
71; October 1, 1950.) “By the calculation of
transitions between states appropriate to elec-
trons moving in a large uniform electric field
superimposed on a periodic crystal field, it is
shown that the probabilities of scattering by
lattice vibrations or imperfections are inde-
pendent of the uniform field and are given by
the usual expressions derived for zero field. This
justified the procedure of treating acceleration
by the field and scattering as independent
processes.”

548.0:537 3032

Deformation Potentials and Mobilities in
Non-Polar Crystals—]. Bardeen and W.
Shockley. (Phys. Rev., vol. 80, pp. 72-80;
October 1, 1950.) “The method of effective
mass, extended to apply to gradual shifts in
energy bands resulting from deformations of
the crystal lattice, is used to estimate the inter-
action between electrons of thermal energy and
the acoustical modes of vibration. The mobili-
ties of electrons and holes are thus related to
the shifts of the conduction and valence-bond
(filled) bands, respectively, associated with
dilations of longitudinal waves. The theory is
checked by comparison of the sum of the
shifts of the conduction and valence-bond
bands, as derived from the mobilities, with the
shift of the energy gap with dilation. The
latter is obtained independently for silicon,
germanium and tellurium from one or more of
the following: (1) the change in intrinsic
conductivity with pressure, (2) the change in
resistance of an n-p junction with pressure,
and (3) the variation of intrinsic concentration
with temperature and the thermal expansion
coefficient. Higher mobilities of electrons and
holes in germanium as compared with silicon
are correlated with a small shift of energy gap
with dilation.”

621.3.013.783 1 3033

Generalized Impedance Method Applied
to Electromagnetic Field Screening—G. Bon-
figlioli and G. Montalenti. (Alta Frequenza,
vol. 19, pp. 93-10S; April, 1950. InItalian,
with Engtish, French and German summaries.)
Cases are first discussed in which problems of
em wave propagation in discontinuous media
can be treated by Schelkunoff's method for an
infinitely long line. Two special cases are in-
vestigated: a spherical-wave generator within
a spherical screen and a cylindrical-wave
generator within a cylindrical screen. For a
screen of small thickness, and for a stated
relation between screen thickness, conduc-
tivity and permeability and generator fre-
quency, frequency ranges may occur within
which a copper screen is more efficient than an
iron one.

621.384.611.11 3034

The Theory of Electron Acceleration in the
Alternating Magnetic Field—]. Picht. (Optik,
vol. 6, pp. 40-55,61-97, and 133-144; January—
March, 1950.) The theory of the betatron (or
rheotron) is considered. The analysis is based
on the llertzian vector and avoids the distinc-
tion drawn in previous work between the
“guiding’’ field and the ‘“accelerating” field,
since it is the resultant field that determines
the electron motion. The stability of the elec-
tron path is investigated and the conditions
for stability are given for the case of fields of
strengths used in practice. The possibility of
focusing electrons emitted in different direc-
tions is discussed.

621.396.822:621.315.592 1 3035

On the Noise Spectra of Semiconductor
Noise and of Flicker Effect—A. van der Ziel.
(Physica,'s Grav., vol. 16, pp. 359-372; April,
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1950. In English.) An explanation is given of
the fact that in flicker effect and semiconductor
noise the noise intensity is inversely propor-
tional to the frequency over a wide range of
frequency. General theorems relating to
Fourier analysis of fluctuating quantities are
mentioned and it is shown to be impossible
for the noise intensity to be inversely pro-
portional to the frequency throughout the
interval 0<f< «. Inverse proportionality over
a wide range can be obtained if a distribution
function of correlation times is introduced.
Such a function should be expected from the
various mechanisms involved.

The sources of noise in semiconductors are
considered; the shot effect discussed by Bril-
louin, Bernamont, and Gisolf (667 of April) is
not sufficient to account for all the noise.
Other mechanisms, such as flicker effect and
resistance fluctuations due to movements of
foreign atoms or to lattice distortions, con-
tribute to give the requisite distribution of
correlation times.

Flicker effect is discussed, with particular
reference to Macfarlane’s theory (4087 of
1947). It is suggested that flicker effect in
oxide-coated cathodes may not be primarily
due to the surface of the coating, but much
more to what happens inside it. In an appendix,
Bernamont's and Gisolf’s treatment of shot
noise are shown to be equivalent.

539 3036

Ions, Electrons and Ionizing Radiations
[Book Review}—]. A. Crowther. Publishers:
Arnold, London, 8th edn 1949, 322 pp., 2ls.
(Nature (London), vol. 166, p. 328; August 26,
1950.) This new edition of a werk which since
1919 has served “as an introduction to the
major treatises on atomic physics” retains and
brings up to date the account of the main lines
of progress.

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.165:621.396.645.371 3037

Linear Preamplifier for Driving a Long
Coaxial Cable.—Lewis, Robinson, and Toll.
(See 3013.)

523.746:621.396.812.5 3038

Results of Statistical Analysis of Fade-
Outs—D. Stranz. (Arch. elekt. Ubertragung,
vol. 4, pp. 217-218; June, 1950.) Correlation of
sunspot data with 130 cases of total disap-
pearance of radio signals observed during 1948.

523.75 3039

The Solar Flare of November 19, 1949 and
Cosmic Rays—]. Clay and H. F. Jongen.
(Phys. Rev., vol. 79, pp. 908-909; September 1,
1950.) Cosmic-ray intensity was recorded using
both shielded and unshielded ion chambers.
With a normal flare the intensity falls below
the quiescent value some few hours after the
flare. This flare was abnormal in that there
was no difference in cosmic-ray intensity before
and after it.

A fade-out of the Noordwijk radio station
was noted and also a magnetic disturbance
with a maximum range in H of 215y.

523.854:621.396.822 3040

Present-Day Ideas on the R.F. Radiation
from the Galaxy—R. Gallet. (Rev. Sci. (Paris),
vol. 87, pp. 157-161; July, September, 1949.)
Jansky's theory, that galactic radiation origi-
nates in the ionized interstellar gas, and the
theory of Pawsey and his co-workers, that this
radiation is emitted by the stars, are discussed.
The apparent and electronic temperatures of
the sources deduced from the observations of
various workers are very high, and alternative
theories such as that of plasma oscillations are
examined. Further fundamental quantitative
investigation is necessary before any theory
can be finally accepted.
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551.5:621,396.9 3041

The Temperatures at the Tops of Radar
Echoes Associated with Various Cloud Sys-
tems—R. F. Jones. (Quart. Jour. R. Met. Soc.,
vol. 76, pp. 312-330; july, 1950.)

551.5:621.396.9 3042

Radar Weather Echoes—R. F. Jones.
(Met. Mag., vol. 79, pp. 109-112, 143145,
170-172, and 198-200; April-July 1950.) Some
typical examples are given of 10-cmn radar
echoes obtained over a two-year period, using
ppi and height-range equipment. The echoes
correspond with most types of weather phe-
aomena observed in the temperate zone. The
interpretation of the echoes from warm and
cold fronts agrees well with generally accepted
theories, but the phenomena of occluded fronts
may be more complex and not capable of
interpretation by a simple model. A few ex-
amples of unusual types of echo are given,
with their probable explanations.

551.5:621.396.9 3043

Radar Echoes—]. E. N. Hooper and A. A.
Kippax; R. F. Jones. (Quart. Jour. R. Mel.
Soc., vol. 76, pp. 330-336; July, 1950.) Dis-
cussion on papers abstracted respectively in
2221 of November and 3042 above.

$51.510.535 3044

Large-Scale Sporadic Movements of the
E-Layer of the Ionosphere—N. C. Gerson.
(Nature (London), vol. 166, pp. 316-317;
August 19, 1950.) Very marked and rapid
sporadic-E movements during the period May
15-1¢, 1949 are indicated according to pre-
limirary information supplied by a network of
American amateur observers operating on
frequencies around S0 Mc. Results are charted
on a sketch map. The displacements of the
reflection points may be due either to move-
ments of the atmosphere or to electron drift.

$51.510.535:535.36 3045
Diffusion in the Ionosphere—M. H. John-
son and E. O. Hulburt. (Phys. Rev., vol. 79,
pp. 802-807; September 1, 1950.) “Diffusion is
treated by showing that the action of a medium
on a diffusing gas is that of a dissipative force.
When the theory is applied to an electrically
neutral ionic gas in a gravitational field it is
found that the mixture of positive and nega-
tive ions diffuse as a single gas because of the
electrical polarization charges within the ionic
cloud. In the presence of a magnetic field, the
diffusion cannot be expressed in terms of the
ionic density until the electrodynamical equa-
tions governing the flow of electrical current
have been explicitly solved. Solutions are ob-
tained for special cases which show that a
strong magnetic field completely inhibit.s the
diffusion due to concentration gradients in the
transverse plane and has little effect on the
diffusion due to the gravitational force.”

551.510.535:551.594.5 3046

Narrowly Limited lonization Clouds at
125-km Height during an Auroral Disturbance
— 1. Stranz. (Arch. elekt. Ubertragung, vol.
4, pp. 213-216; June, 1950.) Analysis of Sw.ed-
ish records of September 15-16, 1948, showing
gporadic-E reflections lasting 24 hours. Cor-
responding records of variations of the mag-
netic vector are also given.

§51.55:551.510.535:621.396.9 3047
Meteoric Echo Study of Upper Atmosphere
Winds —Manning, Villard, and Peterson. (See

3052.)

551.594.6 3.048
Noise Levels in the American Sub-Arctic—

N. C. Gerson. (ProC. I.LR.E., vol. 38, pp. 90.5-
916; August, 1950.) The level of alrposphencs
on a frequency of 150 kc was studied over a
period of six months in Northern and Southerp
Canada. The average, quasi-peak, and maxi-
mum peak levels were determined. Diurnal

PROCEEDINGS OF THE I.R.E.

variation is absent or small in winter, but
shows a marked increase in summer, with a
minimum after gunrise and a maximum after
sunset. As suminer approaches the noise-level
rise occurs carlier and earlier. Static intensity
is higher in June than in January and at south-
ern stations noise increased progressively up !o
June. A rise in noise level at some stations in
February is attributed to precipitation static
caused by blizzards. The noise level varied as
a nonlinear function of colatitude. Recorded
data are included.

LOCATION AND AIDS TO
NAVIGATION

621.396.9:551.5 3049

The Temperatures at the Tops of Radar
Echoes Associated with Various Cloud Sys-
tems—R. F. Jones. (Quarl. Jour. R. Mel.
Soc., vol. 76, pp. 312-330; July, 1950.)

621.396.9:551.5 3050

Radar Echoes —J. E. N. Hooper and A. A,
Kippax; R. R. Joncs. (Quart. Jour. R Mel.
Soc., vol. 76, pp. 330-336; July, 1950.) Dis-
cussion on papers abstracted respectively in
2221 of November and 3042 above.

3051
Jones. (See 3042.)

621.396.9:551.5
Radar Weather Echoes

621.396.9:551.55:551.510.535 3052

Meteoric Echo Study of Upper Atmosphere
Winds—L. A. Manning, O. G. Villard, and
A. M. Peterson. (Proc. 1.R.E., vol. 38, pp.
877-883; August, 1950.) The Doppler fre-
quency shift imparted to continuous waves
reflected from a meteoric ionization column
in the 80-110-km height region cnables the
wind drift of the trail to be found. Statistical
analysis enables average wind velocities to be
measured to within about 20 per cent and direc-
tion to within about 20°, in a period of one or
two hours. Typical wind velocities were found
to be about 125 km per hour during the early
morning hours in the summer of 1949: oc-
casional evidence of nonuniform wind structure
was found.

MATERIALS AND SUBSIDIARY
TECHNIQUES

531.743:621.396.611.21 3053

A Double-Crystal X-Ray Goniometer for
Accurate Orientation Determination—\\. L.
Bond. (Proc. 1.R.E., vol. 38, pp. 886-889;
August, 1950.) The slit system of an X-ray
goniometer is replaced by an AT quartz plate,
thus turning it into a double-crystal instrument
suitable for accurate ineasurements on AT
quartz plates. Errors due to temperature
change and to X-ray refraction are discussed.
Mecasurement accuracy to within about 0.1’ of
arc is attained.

533.5 3054

Measurement of the Pumping Rate of
Rotary Pumps—R. Henry. (Le Vide, vol. S,
pp. 859-865; July -September, 1950.) Funda-
mental definitions are stated, the method and
apparatus used are described, and results ob-
tained with various French and American
models are tabulated.

535.215.1:549.211 3055

Photoelectric Properties of Diamond, Meas-
ured with a Crystal Counter—G. P. Freeman
and 1I. A. van der Velden. (Physica, °s Grav.,
vol. 16, pp. 486-492; May, 1950. In English.)

535.37 3056
Dependence of Emission Spectra of Phos-
phors upon Activator Concentration and Tem-
perature—G. R. Fonda. (Jour. Opt.  Soc.
Amer., vol. 40, pp. 347-352; June, 1950.)

535.37 3057
The Rise in Brightness of Infrared-Sensi-

January

tive Phosphors—P. Brauer. (Jour. Opt. Soc,
Amer., vol. 40, pp. 353-355; June, 1950.)

$35.37:546.472.84
Rise and Decay of Willemite Luminescence
-G Gergely. (Jour. Opl. Soc. Amer., vol. 40

3058

pp. 350-301; June, 1950.) The luminescence:

Jtime curve tor cr excitation times of 1-280

us can be resolved into three monomolccular
components with time constants of 200, 1,8003

and 72,000 per second. The fast component
is predominant for short excitation times and
the slow component for long times. The dura-
tion of excitation does not affect the decay
rates, but varies the proportions of the three
components.

$37.363+621.357.1}:546.841 3059

On the Polarization of the Electrodes in the
Electrophoresis and the Electrolysis of Thoria
and Thorium Nitrate (. Mesnard. (Le Vide,
vol. S, pp. 866 869; July -September, 1950.)

538.27:621.314.22.042.2.029.6 3060

Theory of Magnetically Inhomogeneous
Surface Layers in Transformer Laminations—
R. Feldtkeller. (Frequenz, vol. 4, pp. 129-134;
June, 1950.)

539.11:621.315.612.4 3061

Atomic Positions and Vibrations in the
Ferroelectric BaTiOj; Lattice -\W. Kucnazig.
(Phys. Rev., vol. 80, pp. 94 95, October 1,
1950.)

539.2:537.228.1 3062

Domain Structure of Rochelle Salt ].
Furuichi and T. Mitsui. (Phys. Rev., vol. 80
pp. 93 94; October 1, 1950.)

539.234 3063

Production of Thin Layers of Uniform Con-
trolled Thickness by Evaporation: Applications
in Electronics—C. Dufour, (Le Vide, vol. 5,
pp. 837-843; July-September, 1950.) -
lustrated description of methods used for pro-

ducing thin layers such as are required es- ||

pecially in television and radar tubes. Laycers
uniform to within about 1 per cent have been
produced on a plane surface 20 cm in diameter,
the thickness being controlled photoelectrically
during processing to within about 0.02u.

546.431.82 3064
Ferroelectricity, Domain Structure, and
Phase Transitions of Barium Titanate—A. von

Hippel. (Rev. Mod. Phys., vol. 22, pp. 221-237;
July, 1950.) Detailed summary of MIT re-
search to date, with discussion of: variations
in the ferroclectric parameters of multi-
crystalline BaTiQg cooling through the Curie
region; piezoelectric response with changing
frequency and temperature; hysteresis phe-
nomena; phase transitions of the BaO-TiO;
system; the domain structure of BaTiO); single
crystals and the effect of an applied clectric
field; theory of the ferroelectric state in BaTiO;.
Extensive refercnces and many diagrams are
included.

549.514.5:621.3.011.5 3065

Dielectric Constant of Silica—S. K. K.
Jatkar and B. R. Y. Ivengar. (Indian Jour.
Phys., vol. 23, pp. 145-152; April, 1949.)
The permittivities of crystal-quartz and fused-
silica plates, as determined by the plate-
capacitor method, are respectively 4.54 and
3.2. Measurements by the liquid-mixture
method give for powdered quartz the value
4.55. The results are discussed with reference
to the theory of molecular structure. .

620.19 3066
Investigations into Tropic Proofing of Elec-
trical Materials, 1943-46: Parts 1-5.—(Ausl.
Jour. Appl. Sci., vol. 1, pp. 80-132; March,
1950.)
Part 1. The protection of electronic equip-
ment for use under humid tropical conditions—
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. G. Dobbie. An outline of investigations in
ustralia. Moisture was found the maia cause
: electrical deterioration, particularly under
asuitable storage conditions. Suitable ma-
rials, protective coatings and layout are
1ggested and laboratory tests outlined. Com-
ete hermetic scaling of components is the
\0st satisfactory method of protection. Two
spendices give general data on evaporation
ad water-vapor diffusion.

Part 2. The influence of moisture on in-
lating materials.—J. S. Dryden and P. T.
Jilson. Limitations of methods commonly
sed for measuring surface and volume re-
stivity are discussed. Different types of
\aterial are compared; surface-treated glass
nd ceramics were found the best for main-
ining high values of insulation resistance
nder humid conditions.

Part 3. Some experiments on the applica-
on of organosilicon compounds to glass and
sramic—R. J. Meakins, J. W. Mulley, and
., R. Churchward. The insulation resistance
f glass and steatite at high relative humidities

increased by treatment with a solution of
iethyl or ethyl chlorosilane in benzene. Similar
«sults are obtained with methyl- and ethyl-
licon amine solutions, but prior cleaning
rith chromic acid is essential.

Part 4. The treatment of glass and steatite
aramic with quaternary ammonium com-
ounds—R. J. Meakins. Insulation resistance
f glass and steatite is increased nearly 1,000
imes after immersion for one second in an
queous solution of certain quaternary am-
jonium compounds, but as a practical means
f surface treatment these compounds are less
flective than the alkylchlorosilanes.

Part 5. The corrosion of copper wires at dc
otential in contact with electrical insulating
naterials—R. J. Meakins. The anodic cor-
osion of copper wire in contact with a wide
ange of insulating materials under very moist
onditions was investigated. Results indicate
hat the degree of corrosion depends on the
fhnity for water of the insulator. With polar
naterials, such as cellulose products, severe
orrosion occurred, but little corrosion was
ound with nonpolar materials such as paraffin
\nd ceresine waxes, bitumens and polyethylene.

121.3.011.5:676.19 3067

Investigations of the Dielectric Properties
f Paper Fibre—P. Henninger. (Frequenz, vol.
t, pp. 167-177; July, 1950.) The experimentally
letermined dielectric properties of different
ypes of paper are discussed in the light of its
wellulose structure. Temperature coefficients
or the different structures and the effect of
\bsorption of water are studied.

521.3.032.2:621.315.61:68 3068
Microspacer Electrode Technique—Q. M.
Stuetzer. (Proc. I.R.E., vol. 38, pp. 871-876;
August, 1950.) Closely spaced multiple-elec-
rode systems with glass, quartz or other
-hermoplastic insulation can be produced by
irawing down from a convenient larger size,
:he geometry of the system undergoing little
shange in the process. Electrode materials can
n some cases be inserted prior to the drawing;
n others, wires of suitable size are inserted
after drawing and sealed if necessary. Applica-
tions of the technique in the construction of
subminiature tubes, crystal amplifiers, and flat
parallel-wire screens, are described.

621.315.592% 3069

On the Nature of a Soldered Contact on a
i®emiconductorJ. I. Pantchechnikoff. (Phys.
Rev., vol. 79, pp. 1027-1028; Septembcr 15,
1950.) An account of experiments made to
verify the assumption that the soldered contact
is effectively a gradual transition from a metal
to a semiconductor. Metal atoms diffuse into
the semiconductor during the soldering process,
their concentration being greatest near the
surface through which they have diffuscd. A
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theoretical explanation of effects observed with
soldered contacts is given.

621.315.5921:(621.316.86+621.314.632 3070

Semiconductors and Their Applications—
R. W. Douglas. (GEC Jour., vol. 17, pp. 107-
124; July, 1950.) Conduction in metals is
considered and a typical crystal structure for
a metal is contrasted with that of a semicon-
ductor. Intrinsic, impurity and nonstoichio-
metric types of semiconductors are considered
and their properties discussed from the chemi-
cal-bond viewpoint and more fully in terms
of quantum mechanics. Applications discussed
in detail include thermistors, point-contact rec-
tifiers, high-back-voltage Ge diodes, layer-type
rectifiers and Ge triodes.

621.315.61 3071

Fluid Dielectrics for the Decimetre and
Centimetre Wave Band—W. Endres and H.
Kohler. (Frequenz, vol. 4, p. 145; June, 1950.)
Correction to paper abstracted in 1708 of
August.

621.318.23 3072

The Design of [Magnetic] Circuits for
Permanent Magnets—A. Hug. (Bull. Schweiz.
Electrotech. Ver., vol. 41, pp. 661-669; Sep-
tember 2, 1950. In German.) A semi-empirical
method of calculation is described which is
simple yet sufficiently accurate for practical
purposes. Electrical analogies are used in ex-
plaining the theory. Magnetizing processes and
measurements on permanent magnets are dis-
cussed briefly.

621.318.4.042.15:538.22 3073

The Magnetic Characteristics of Coils with
Pot-Type Cores of Powdered Iron—M.
Kornetzki. (Frequenz, vol. 4, pp. 105-113; May,
1950.) Inductance and iron losses of such coils
with a high-u pot core completely enclosing
the coil are calculated theoretically and re-
ferred to constants for the material measured
on ring cores. The effective permeability of the
pot core is proportional to that of the core
material, but the proportionality factor de-
pends on the type of winding. Losses due to
eddy currents and magnetic after-effect are
practically equal to those of the ring core.
Hysteresis losses are determined from a calcu-
lation of effective length of magnetic path.
Measurements on pot-type coils confirm the
calculations. The effect of the stray field of
these coils is discussed.

621.646.958:537.534 3074

Positive-Ion Emission, a Neglected Phe-
nomenon—W. C. White. (Proc. [.LR.E., vol. 38,
pp. 852-857; August, 1950.) General discussion,
with description of a leak detector based on
positive-ion effects.

666.1:621.317.374 3075

Some Experiments and Theories on the
Power Factor of Glasses as a Function of
Their Composition: Part 1—J. M. Stevels.
(Philips Res. Rep., vol. 5, pp. 23-36; February,
1950.) Power factors and permittivities of
various scries of glasses whose composition
varied systematically were measured at a
temperature of 20°C and a frequency of 1.5
Mc. Results are given in tables and graphs.

669.018.58 3076

Recent Developments in Magnetic Ma-
terials—H. Fahlenbrach. (Z. Ver. Dtsch. Ing.,
vol. 92, pp. 565-570; July 21, 1950.) A survey
with 38 references. The modifying effect of the
new materials on the design of apparatus is

indicated, both where permanent magnets
and where electromagnets are used.
679.5:(53+454 3077

Fundamentals of Synthetic-Polymer Tech-
nology in Its Chemica! and Physical Aspects
[Book Review| ~R. Houwink. (Elsevier's Poly-
mer Series, No. 1.) Publishers: Elsevier Pub-
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lishing Co., New York and Amsterdam;
Cleaver-Hume Press, London, 1948-1950, 258
pp., 28s. (Nature (London), vol. 166, pp. 575-
577; October 7, 1950.) “The subject matter
includes the molecular and colloid chemistry
of polymers, their more important mechanical
and physical properties and methods of testing
these, and their general processing, followed
by an account of the manufacture and out-
standing properties of industrial products of
this type, whether obtained by chemical treat-
ment of natural colloidal products or by syn-
thesis from non-colloid raw materials.”

679.5:(53+54 3078

Elastomers and Plastomers: Their Chem-
istry, Physics and Technology [Book Review]—
R. Houwink (Ed.). (Elsevier’'s Polymer Series,
No. 3.) Publishers: Elsevier Publishing Co.,
New York and Amsterdam; Cleaver-Hume
Press, London, 1948 1950. Vol. 1: General
Theory. 495 pp., 52s. 6d. Vol. 2: Manufacture,
Properties and Applications. 515 pp., 50s. 6d.
Vol. 3: Testing and Analysis: Tabulation of
Properties. Contributed by B. B. S. T. Boon-
stra, A. G. Epprecht, R. Houwink, J. H.
Teeple, and J. W. F. van't Wout. 174 pp., 27s.
6d. ( Nature (London), vol. 166, pp. 575-577;
October 7, 1950.) The ground covered is
similar to that for No. 1 (3077 above) but the
treatment is much fuller and is extended to
include also products such as natural resins
and asphalts.

MATHEMATICS

519.214519.271.3]:517.9 3079

A Sampling Method for Determining the
Lowest Eigenvalue and the Principal Eigen-
function of Schrodinger’s Equation—M. D.
Donsker and M. Kac. (Bur. Stand. Jour. Res.,
vol. 44, pp. 551-557; May, 1950.)

519.3 3080

A Variational Method Suitable for studying
the Wave Egquation—T. Kahan. (Rev. Sci.
(Paris), vol. 87, pp. 205-211; October-Decem-
ber, 1949.)

681.142 3081

Arithmetic Operations in a Binary Com-
puter—R. F. Shaw. (Rev. Sci. Instr., vol. 21,
pp. 687-693; August, 1950.)

681.142 3082

Electronic Pile Simulator—P. R. Bell and
H. A. Straus. (Rev. Sci. Instr., vol. 21, pp.
760~763; August, 1950.) A calculator is de-
scribed which can deal with the set of equations
applicable to a chain-reaction pile. The voltage
output varies as a function of time just as the
neutron flux would vary in a pile. A potenti-
ometer varies the effective multiplication factor
and simulates the action of a control rod. Five
delayed neutron periods are simulated. An
electronic integrator is used and the accuracy
is well within 1 per cent.

681.142 3083

Programme Organization and Initial Orders
for the EDSAC—D. J. Whecler. (Proc. Roy.
Soc. A, vol. 220, pp. 573-589; August 22, 1950.)

681.142 3084

Solution of Simultaneous Equations through
Use of the A.C. Network Calculator—L. M.
Haupt. (Rev. Sci. Instr., vol. 21, pp. 683-686;
August, 1950.)

St 3085

Progressive Mathematics [Book Review]—
P. Clyne. Publishers: Chapman and Hall,
London, 1950, 270 pp., 15s. (Beama Jour., vol.
57, p. 239; August, 1950.) Directed mainly to
students of engineering and physics up to the
Higher Natlona! Certificate standard. Some
unorthodox methods are used. “The book is
well printed and produced, and its modest
price should be the means of making it avall-
able to most students.”
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MEASUREMENTS AND TEST GEAR

621.317.1:621.397.61:621.396.619.24 3086

Television Transmitter Lower-Sideband
Measurements—G. E. Hamilton and R. G.
Artman. (TV Eng., vol. 1, pp. 12-15, 2§, and
14-15, 30; April and May, 1950.) Theoretical
and practical considerations are discussed
which are involved in the measurement of the
spectral energy distribution of television sig-
nals. Account is taken of transmitter adjust-
ment and receiver sensitivity. Measurement
methods described include (@) radio-frequency
excitation of the input circuit of the modulation
amplifier, (b) sine-wave modulation of the
transmitter, (¢) composite-video-signal modu-
lation of the transmitter. Method (b) is pre-
ferred. .

621.317.3/.4:621.315.592 3087

Measurement of Electric and Magnetic
Constants of Semiconductors at Ulwra-High
Frequency using Concentric Line—G. Unter-
mann. (Z. Angew. Phys., vol. 2, pp. 233-241;
June, 1950.) The formulas necessary for evalu-
ating measurements on concentric lines are
derived. Calculations are facilitated by the
graphical presentation of certain functions,
notably z cot z and z tan z for complex argu-
ments. By means of these it is possible to
determine rapidly the values of dielectric
constant, conductivity, permeability and mag-
netic ioss angle at ultra-high frequency.

621.317.3.029.6+[621.3.09:621.315.24621.392
.26% 3088

Lir.es and Circuit Elements for Microwave
Measurements—(Q. Schifer and R. Honer-
jiger. (Arch. tech. Messen, pp. T87-T90;
August, 1950.) Discusses propagation of em
waves in coaxial lines and waveguides, the
design of terminations, attenuators, direc-
tional couplers, impedance bridges, resonator
wavemeters etc.

621.317.321.027.21 3089

The Low-Loss Measurement of Direct
Voltage by Conversion into Alternating Volt-
age—H. H. Rust. (Z. Angew. Phys., vol. 2,
pp, 290-293; July, 1950.) The method pre-
viously described (1451 of July) using a carbon
microphone as transducer is only suitable if
the resistance of the dc source is low; otherwise
a capacitor microphone is more appropriate, on
account of its high input resistance. The un-
known direct voltage is used as a polarizing
voltage, and a proportional ac output is ob-
tained when the microphone is exposed to a
tone of constant amplitude and frequency
(here 2 kc). With an aperiodic amplifier the
lowest voltage measurable is 10-? v, but sen-
sitivity can be increased by using a selective
amplifier.

621.317.324(083.74) t 3090

Development of Very-High-Frequency
Field-Intensity Standards—F. M. Greene and
M. Solow. (Bur. Stand. Jour. Res., vol. 44,
pp. 527-547; May, 1950.) A description is
given of the development of two ficld-intensity
standards which are being used at the National
Bureau of Standards for the calibration of
commercial field-intensity sets in the range
30-300 Mc. These standards are employed to
establish known values of field intensity by
either of two methods: (g) the standard-antenna
method in which the open-circuit voltage at
the center of a receiving dipole is measured
directly; (b) the standard-field method in
which the current at the center of a transmit-
ting dipole is accurately known. The techniques
used for determining the antenna current and
voltage are described. The current distribution
on the antenna is determined theoretically,
using Schelkunoff's method, which gives the
effective length. These values are compared
with those obtained by measurement. Results
of field tests at 100 Mc are presented in which
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the above two methods were directly compared,
using horizontal polarization. Their accuracy
and limitations are discussed.

621.317.333.4.015.7:621.315.2 309‘1

Location of Line Faults by Oscillographic
Observation of a Pulse—C. Béguin and G.
Maugard. (Bull. Soc. Frang. Elec., vol. 10,
pp. 313-328; July, 1950.) A theoretical study
is made of the conditions of propagation of a
pulse along a line and of the distortion of
pulses reflected at line faults. The pulse method
of investigation is particularly suitable for
coaxial telephone lines and high-voltage cables,
but not for lines with high attenuation. Equip-
ment described uses a circular timebase, with
arrangements for locating the steep front of
the initial pulse at the zero of the scale. Pulse
duration is 1-4 us, depending on the circuit
range, and peak power is 250 w. Tests on power
lines are described in detail; the method is
quicker than the bridge method.

621.317.335.3.029.62/.63 1 3092

Complex-Dielectric-Constant Measure-
ments in the 100-1000-Mc/s Range—A. G.
Holtum, Jr. (Proc. I.R.E., vol. 38, pp. 883-
885; August, 1950.) A sample of a medium-loss
or high-loss material is used as the dielectric
of a capacitor terminating a slotted measuring
line. The complex impedance of this termina-
tion, and hence the dielectric constant and
conductivity of the lossy material, can be
determined by the conventional method from
the voltage SWR and the position of the
minitmum.

621.317.336.029.64 3093
The Accuracy of Impedance Measurement
with Microwaves—F. Tischer. { Kungl. tekn.
Hogsk., Handl., (Stockholm), 31 pp.; 1950, In
German, with English summary.) The theory
of impedance matching is discussed and stand-
ing-wave ratio and matching error are defined;
approximate formulas are derived for the case
of small errors. Known types of apparatus,
such as reflectometers, directional couplers,
impedance bridges and comparators, are dis-
cussed. The method using a standing-wave
meter is dealt with at length, this giving the
best accuracy. Ekrrors originate from two
sources, the line discontinuities of the standing-
wave meter and the probe used as voltage
pickup. The errors can be largely eliminated
by proper design. The results of the investiga-
tion have been applied in the development of
two instruments, one a precision meter giving
the S\WR to within 0.5 per cent and the othera
rotary automatically recording meter for the
10-cm band, accurate to within 3 per cent.

621.317.352:621.392.5 3094

Determination of Attenuation from Im-
pedance Measurements—R. \W. Beatty. (Proc.
LR.E., vol. 38, pp. 895-897; August, 1950.)
The dissipative and reflective components Ag
and A, of a linear, passive, quadripole attenu-
ator are measured separately. A4, a function
of the attenuator efficiency, is determined from
reflection-coefficient mecasurements of the
short-circuited attenuator and A, from a single
voltage-SWR measurcment with the attenua-
torterminated by a matched load. Experimental
results are in close agreement with measure-
ments by another method.

621.317.432 3095

Eddy-Current Losses in Electrical Equip-
ment—A. Roth. (Rev. Gén. Elec., vol. 59, pp.
268-278; June, 1950.) Formulas are derived
and graphs presented for rapidly finding the
approximate value of eddy current losses in
various cases. Numerical examples are given.
Wattmeter methods used in industry for
mcaguring these losses are reviewed, and pre-
cautions necessary when using them are indj-
cated. A simple voltmeter method is described.

January

621.317.7:621.314.632.1F 3096

Design of Square-Law Rectifier Circuits for
Measuring Instruments—D. C. Walker, D. L,
Richards, and G. P. Horton. (P.O. Elect. Eng,

Jour., vol. 43, Part 2, pp. 74-77; July, 1950.)

For accurate rms indications of speech cur-
rents, a scale having a range of at least 16
db is desirable. Networks consisting of recti-

fiers in combination with series and shunt
resistors are described with which measurement

accuracies to within about 0.3 db have been

achieved.

621.317.723 3097

New Types of Electrometer—P. Bdning,
(Arch. tech. Messen, p. T10; June, 1950.) The
device described consists basically of a metal
cylinder, with axis horizontal, containing a
fixed metal frame electrically connected to a
similar frame rotatable about the axis and
carrying a pointer. A potential to be measured
is applied between cylinder and frames. The
theory of operation is given.

621.317.726

The New Modulation Meter—M. Bidling-
maier. (Frequenz, vol. 4, pp. 146-149; June,
1950.) Description of a peak voltmeter with an
approximately logarithmic scale and an optical
indicator system. The scale covers an ampli-
tude range of about 1 to 300 and peaks of dura-
tion as short as 10 ms can be measured within
1 db.

621.317.755 3099
Oscillograms Obtained without Timebase:
“Integral-Curve” Method—F. Perrier. (Rev.
Gén. Elec.,vol. 59, pp. 345-351; August, 1950.)
A cro method is described in which a function
is compared with its derivative. Examples of
application include both slowly varying and
rapid phenomena. Oscillograms reproduced
correspond to the superposition of > 10% curves
and demonstrate the immobility of the trace
on the screen. Thus long photographic ex-
posures can be used to give the mean value,
and the fluctuations about the mean value, of
phenomena repeating at irregular intervals.

621.317.755:621.3.012 3100

High-Frequency Curve Tracer for 460-480
ke/s and 10.0-11.5 Mc/s—A. Klemt. (Funk u.
Ton, vol. 4, pp. 396—402; August, 1950.)
A cro is described for checking intermediate-
frequency band-pass filters and aligning inter-
mediate-frequency amplifiers of broadcast
receivers. The upper frequency range deals
with FM receivers, where particular care is
required.

621.317.772 3101

High-Frequency Phase Measurement with
Direct Indication: Part 2—With Pointer
Indicators—A. Ruhrmann. (Arch. tech. Messen,
pp. T64-05; June, 1950.) The pointer instru-
ment has the advantage over the cro as re-
gards simplicity of operation and long life.

Arrangements using crossed-coil and four- _

quadrant indicator instruments are discussed.
Part 1: 2574 of December.

621.317.79:621.396.822:621.396.61 3102

An Instrument for the Determination of
Frequency-Modulated Hum in a Radio-
Frequency Signal—\W. W, Boelens. (Commun.
News, vol. 10, pp. 101-109; April, 1950.) The
instrument uses a very sensitive PM detector
which can be calibrated without any additional
apparatus. The theory of the method of hum
measurement [2837 of 1949 (Boelens and
Stumpers)] is outlined and several special
circuits incorporated in the apparatus are
described. These include a high-pass filter
without any inductance, a double-T RC
filter and an attenuator.

621.385.001.4 (083.74) 3103
S}andards on Electron Tubes: Methods of
Testing, 1950—(Proc. LR.E., vol. 38, pp.

3098

T
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9 948, and 1079-1093; August and Sep-
te ber, 1950.) Reprints of this standard, 50
1£7.82 (Parts 1 & II) may be purchased
wle available from The Institute of Radio
Egineers, 1 East 79 Street, New York 21,
231.25 per copy, with 20 per cent discount
f¢ 100 or more copies.

6.396.621.001.4 3104

Critical Study of Measurements on Re-
crers—L. Chrétien. (TSF pour Tous, vol. 26,
p 212-217; June, 1950.) Methods of making
¢strical measurements to determine receiver
nformance are discussed. Standards are fixed

AM test signal, dummy antenna for me-
dm and short waves, output signal, sensi-
tity necessary to give this output in the
psence of noise. The best simple methods of
ccking the efficiency of the automatic control
c:uits and measuring the selectivity and dis-
ttion are indicated. One criticism of normal
Lts is that a receiver which is judged “perfect”
s:ording to such tests may not entirely satisfy
t: ear of a true artist.

OTHER APPLICATIONS OF RADIO
L AND ELECTRONICS

5.53:621.316.8:621.396.822 3105

The Use of Spontaneous Voltage Fluctua-
ins for the Measurement of Low Tempera-
t¥es—P. M. Endt. (Physica, 's Grav., vol. 16,
. 481-485; May, 1950. In English.) Discus-
a of Lawson and Long's method (483 of
47). The statistical fluctuations in the
sasured noise are calculated, taking account
the bandwidth of the amplifier. The calcula-
»n shows that it is not necessary to use re-
ced anode, screen-grid, and heater voltages

the input tube, and that a quartz crystal
essentially worse than a resistor or an LC
-cuit as a noise generator for temperature
easurement.

16.58:621.314.31 3106

A Direct-Voltage Amplifier as Power
mplifier and Temperature Regulator—]Jelling-
1us. (See 2990.)

37.533.73:621.315.611:539.213.26 3107

Electron Diffraction Apparatus for Investi-
iting Insulator Surfaces—]. J. Trillat and
Oketani. (Le Vide (Paris), vol. 5, pp. 827-
30; July, September, 1950.) The apparatus,
hich is described in detail, includes a new
/pe of neutralizing gun for preventing ac-
imulation on the specimen of negative
narges carried by the exploring beam. This
un uses a platinum filament coated with
arium and strontium oxides and operated at
temperature below that at which vaporization
ccurs. Thus the investigation can extend over
long period without the specimen becoming
oated. Photographs are shown of diagrams
btained with the apparatus.

38.569.2.047:621.315.61.011.5 3108
Dielectric Properties of the Human Body
or Wave-Lengths in the 1-10 ¢cm Range—T. S.
:ngland. (Nature (London), vol. 166, pp. 480~
81; September 16, 1950.) Previously reported
1casurements on a wavelength of 3.18 cm
2282 of 1949) have been repeated on wave-
>ngths of 1.27 ¢m and 10.0 cm. Results are
abulated and discussed, using the values ob-
ained for water as a comparison standard.

139.16:614.8 3109

Measurement Apparatus for the Protection
f Personnel against Radioactive Radiations—
%, Weill. (Onde Elec., vol. 30, pp. 328 334;
fuly, 1950.) The various radiations to be
suarded agalnst and the measurement of their
ntensity by means of photographic plates,
Seiger counters and lonization chambers are
riefly described.

$49.514.51.001.8
Applications of Quartz Crystala

3110
-R. Villem
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(Rev. Gén. Elec., vol. 59, pp. 247-268; June,
1950.) . The equivalent circuit of the quartz
crystal and the order of magnitude of the im-
pedances involved are discussed. The mech-
anisms of oscillation stabilization and of fre-
quency selection are studied, and the ad-
vantages of using crystals for these purposes
are demonstrated. Applications described in
detail include a highly ‘stable generator for
common-frequency broadcasting, the Lepaute
oscillometer for observing the operation of
watches, underwater sounding equipment,
ultrasonic generators, and devices for measur-
ing pressure, especially in machine tools,
vehicles and power-line pylons. Filters making
use of quartz crystals receive special attention.
An appendix gives a résumé of the properties
of T, m, ladder and bridge filters.

621.317.755 3111

A Cathode-Ray Oscillograph for Investi-
gating Functions of Two Variables—S. Geng.
(Tech. Mitt. Schweiz. Telegr.-Teleph. Verw.,
vol. 28, pp. 342-348; September, 1950. In
German.) A description is given of a cro in
which the functions are displayed as surfaces
in three dimensions. Circuit relations are
established by means of which the usual de-
flector system comprising two mutually per-
pendicular em fields is able to produce spot
displacements corresponding to a three-field
deflector system. Several photographs of screen
displays are shown.

621.365.541 3112

A General Theory and Methods of Design
for Medium-Frequency {Electric] Furnaces—
M. Van Lancker. (Bull. Soc. Fran¢. Elec.,
vol. 10, pp. 439-455; Discussion pp. 455-456;
September, 1950.) Simple and generalized
penetration are discussed. Parameters affecting
the resistance and inductance for a furnace of
infinite length are calculated, and coefficients
of resistance and generalized inductance and
correction factors for furnaces of finite length
are derived. Form factor, field factors, and total
input power are investigated. The theory is
applied to the study of the design of an in-
dustrial furnace.

621.365.541 3113

Rapid Tempering by Induction Heating—
J. F. Libsch and A. E. Powers. (Metal Progress,
vol. 58, pp. 176-180; August, 1950.) Short-
term tempering may be performed successfully
on carbon and low-alloy steels by theinduction-
heating method, provided the temperature is
increased to compensate for the reduced time.

621.383:621.385.15:535.245.1 3114

Detection of Short Pulses of Light Using
an Electron-Multiplier Circuit—F. Valentin,
(Compt. Rend. Acad. Sci. (Paris), vol. 230, pp.
2271-2272; June 26, 1950.) Light pulses from
a Hg arc, with a repetition rate of 50 per second,
and an instantaneous brilliance inversely pro-
portional to their duration, are used in experi-
ments on the molecular diffusion of light, the
re-emitted flashes being received by a multi-
plier connected to a suitable amplifier. The
signal is modulated at high-frequency to en-
able a mains-operated ac amplifier to be used.
Signal-to-noise ratio of the circuit is com-
pared with that of a classic dc amplifier; for
flashes of duration 80 us the two are about
equal, but in the new circuit the threshold of
detection can be conslderably reduced by
shortening the flaghes.

621.384.611.11 3115
The Theory of Electron Acceleration in the
Alternating Magnetic Field— Picht. (See 3034.)

621.384.611.21:621.316.726 3116

Frequency Control for the Bevatron Radio-
Frequency Voltage— J. Riedel. (Elec. Eng., vol.
69, pp. 721-722; August, 1950.) Summary of
AIEE Summer General Meeting paper. The
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variable element in the control oscillator is a
saturable inductance consisting of toroidal
coils wound on ferroxcube III.

621.385.833 3117

Contrast Improvement in Electron Micros-
copy—]. Hillier and E. G. Ramberg. (Z.
Angew. Phys., vol. 2, pp. 273-278; July, 1950.)
Methods of preparing specimens so as to obtain
optimum contrast are discussed.

621.385.833 3118

Electron-Optical Properties of Space-
Charge Clouds—L. Marton and D. L. Rever-
din. (Jour. Appl. Phys., vol. 21, p. 842;
August, 1950.) Tests have been made which
tend to confirm the suggestion that a space-
charge lens might be used as a corrective ele-
ment for the reduction of the aperture defect
of electron lenses. However, the experiments
also support the idea that the random noise
in such a space-charge cloud might reduce
image definition.

621.385.833 3119

New Simplified Electron Microscopes—
V. E. Cosslett. (Nature (London), vol. 166,
pp. 305-306; August 19, 1950.) A British and
an American model are briefly described, both
operating at 50 kv and giving a resolving
power approaching 100 A; they cost much
less than standard models hitherto available.

621.387.4% 3120
- A New Method of Operating Counter
Tubes with High Resolving Power—A. Trost.
(Z. Angew. Phys., vol. 2, pp. 286-289; July,
1950.) A method using a thyratron circuit
provides direct quantitative indication of
intensity even at the very high pulse rates
encountered with powerful X-rays or <y-rays.
An experimental investigation of the iife of
quenched counter tubes is also described.

621.387.41 3121

The Behaviour of Counters with Pure
Vapour Filling in the Proportional and Geiger
Regions—E. Flnfer and H. Neuert. (Z.
Angew. Phys., vol. 2, pp. 241-249; June, 1950.)
The variation of pulse height with tube voltage
was measured for various vapors, and for
a- and B-radiation. Counters with pure vapor
filling have a much more extensive proportional
region than mixture-filled counters. For B-radi-
ation the limit of the true proportional region
corresponds to amplification factors of 10%-107.
With heavy vapors so-called ‘oversize’ pulses
may occur.

621.387.41 3122

Three Examples of Electronic Apparatus
Used for [Particle] Detection—G. Valladas.
(Onde Elec., vol. 30, pp. 317-320; July, 1950.)
The auxiliary apparatus required with particle
detectors, viz., amplifier, selector and recorder,
is discussed.

621.387.41:549.211 3123

Mobility of Electrons and Holes in Dia-
mond—E. A. Pearlstein and R. B. Sutton.
(Phys. Rev., vol. 79, p. 907; September 1, 1950.)
From cro measurements of pulse rise times with
voltages of 300-5,0(0 v applied across a crystal
of thickness 2 mm, the mobilities deduced for
electrons and holes were respectively 3,900 and
4,800 cm? per second v, with possible errors of
15 per cent and 20 per cent.

621.387.41:549.211:535.215 3124

The Influence of Red and Infra-red Light
on a Crystal Counter—-H. A. van der Velden
and G. P. Freeman. (Physica, 'sGrav., vol. 16,
pp. 493-500; May, 1950. In English.) The
influence of red light in reducing the space
charge built up in a diamond crystal counter
{s investigated. The counting property of the
crystal can be maintalned for an unlimited
time If the intensity of the incident light s
sufficlent.
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621.387.42F 3125

High-Pressure Ionization Chamber Count-
ers and Their Use—R. Wilson, L. Beghian,
C. H. Collie, H. Halban, and G. R. Bishop.
(Rev. Sci. Instr., vol. 21, pp. 699-705; August,
1950.) New techniques and counters filled with
Ha, D2 or CH4 at pressures up to 35 atm., and
also the characteristics and applications of
these counters, are described.

621.387.42:621.3.015.7 3126

Pulses in Argon Counters—L. Colli, U.
Facchini, and E. Gatti. (Phys. Rev., vol. 80,
pp. 92-93; October 1, 1950.)

621.387.422t 3127

Boron Trifluoride Proportional Counters—
I. L. Fowler and P. R. Tunnicliffe. (Rey. Sci.
Instr., vol. 21, pp. 734-740; August, 1950.)
Counters with filling of BF; and of calculable
efficiency for neutron-beam measurements are
described.

621.398 3128

Remote Control of [Atomic] Pile Reaction—
J. Pottier and V. Raievski. (Onde Elec., vol. 30,
pp. 323-327; July, 1950.) A servo arrangement
is described which has been in operation with-
out interruption for a year and which controls
the position of a neutron-absorbing plate within
a cavity in the pile.

621.385.833 3129

Electron Microscopy: Technique and Appli-
cations [Book Review]—R. W. G. Wyckoff.
Publishers: Interscience, New York and Lon-
don, 1949, 248 pp., 40s. (Nature (London),
vol 166, pp. 285-286; August 19, 1950.)
Includes much to instruct and interest special-
ists, but appeals also to a far wider audience
by providing in effect ‘the story of the new
field of vision.'

PROPAGATION OF WAVES

531.74:621.396.11.029.62 3130

Measurement of Small Angles of Elevation
of Incoming Metre Waves. Part 1: Theory—
H. Stenzel. (Arch. elekt. Ubertragung, vol. 4,
pp. 125-132; April, 1950.) Analysis shows that
with antenna systems in the horizontal plane
with horizontal polarization and adjustable
directivity in the vertical plane, the measure-
ment of small angles of elevation for meter
waves is only possible with antennas of im-
practicable dimensions. For vertical antenna
systems with horizontal polarization, however,
small angles of elevation can be measured if
they are at least 3/4 of the half-value width
of the directional characteristic, but in order to
measure an angle of 4°, the size of the antenna
system must be about 10\,

A new method is indicated which is based
on the comparison of two fixed vertical systems
with different directional characteristics, the
midpoints being at equal heights above the
ground. This method is particularly suitable
for the measurement of angles down to 1/4
degree, since the dimensional requirements can
be carried out in practice and the effect of the
plane and horizontal ground is completely
eliminated. This method will be considered
more fully in part 2.

538.566 3131

Propagation of Electromagnetic Waves
through a Stratified Medium: Part 1—B. Salz-
berg. (Jour. Opt. Soc. Amer., vol. 40, pp. 465-
470; July, 1950.) A general analysis is devel-
oped which is applicable to propagation through
a medium divided into m plane parallel layers,
the first and last being semi-infinite. The em
properties of the layers are unrestricted and
dissimilar, while the thicknesses of the (m-2)
finite layers are in general different. Formulas
for the resulting reflection and transmission
coefficients are derived. In part 2 the analysis

PROCEEDINGS OF THE IR.E.

will be applied to the detailed solution of
specific problems.

621.396.114621.396.67 3‘132

Symposium on Antennas and Propagation,
San Diego, California, April 3-4, 1950—(Proc.
I.LR.E., vol. 38, pp. 958-962; August, 1950.)
Summaries are given of 38 papers presented at

the conference.

621.396.11 . 3!33
Elements of Anomalous Radio Propagation

—E. Knighting. (Met. Mag., vol. 79, pp. 74~
81; March, 1950.) Discussion of the dependence
of the refractive index of the atmosphere on
the pressure, temperature and amount of water
vapor. The changeswithaltitude of these param-
eters can explain radio reception at distances
beyond the nornal optical range, by rcfractjve
bending of the ray paths and by the formation
of radio ducts.

621.396.11 3134

Passage of Electromagnetic Waves [of
Frequency], below the Critical Frequency,
through Plasma Layers of Finite Thickness—
W. O. Schumann. (Arch. elekt. Ubertragung,
vol. 4, pp. 173-174; May, 1950.) It is usually
assumed that for frequencies below a certain
critical frequency on em wave incident per-
pendicularly on a plasma layer of infinite extent
will be totally reflected, an exponentially
damped stationary wave being produced
within the plasma. In the case of a plasma
layer of finite thickness it is found that energy
can be transported through the layer and
appropriate formulas are derived.

621.396.11 3135

Refiection of Electromagnetic Waves at a
Discontinuity of the Permittivity Gradient—
G. Eckart. (Funk u. Ton, vol. 4, pp. 354-357;
July, 1950.) A particular case, such as might
occur in the troposphere, is considered and an
expression is derived for the reflection coeffi-
cient (r). Unlike the Fresnel coefficient, r in
this case is dependent on frequency, being
smaller the shorter the wavelength. A table
shows the angle of incidence, for values of A
from 1 cm to 1,000 m, at which r=1/100, for
two values of gradient jump. See also 977 of
May.

621.396.11:535.42 3136

On the Diffraction of a Radar Wave by a
Conducting Wedge—R. B. Watson and C. W,
Horton. (Jour Appl. Phys., vol. 21, pp. 802—
804; August, 1950.) “Diffraction patterns of
radar waves have been measured about the
edge of a perfectly conducting wedge. Theo-
retical patterns have been calculated using an
asymptotic solution suggested by Pauli (906 of
1939). Good agreement is observed between
experimental and calculated patterns. The thin
wedge tested showed much similarity in dif-
fracting properties to a suitable semi-infinite
conducting screen.”

621.396.11.029.51 3137

Polarization of Low-Frequency Radio
Waves Reflected from the Ionosphere—A. H.
Benner, C. H. Grace, and J. M. Kelso. (Proc.
LR.E., vol. 38, pp. 951-952; August, 1950.)
Vertical-incidence measurements of the limit-
ing polarization of 150 kc em waves, together
with theoretical calculations, indicate that (a)
observed split echoes are not due to magneto-
ionic splitting; (b) the polarization is left-
handed; (¢) the wave leaves the layer at a level

where the collision frequency is roughly
0.8X10® per second.
621.396.11.029.55 3138

Investigations on the Propagation of Short
Waves over Great Distances—\V. M esser-
schmidt. (Arch. elekt. Ubertragung, vol. 4, pp.
181-188; May, 1950.) Report of experiments
conducted in 1938 on the possibility of zigzag

Janu

reflections in the transmission of sw signals 1
great distances. The transit time of a p 3
transmitted and retransmitted over kn y

distances was measured. Two fixed stations
one fixed station and one airborne retrans
ting station were used; distances involved
chiefly about 8,000 km. The ‘detour fact
(ratio of actual path length to great-circle
tance) is correlated with the apparent hei
of the relevant ionospheric layer simulta
ously measured at different places along
wave path. The transit time was often const
for long periods. At other times a jump from
one value to another occurred; this is attributed
to a variation in the number of zig-zag reflee |

tions. .

'
621.396.11.029.55 31
Studies of Muitiple Circuits of the Earth by
Short-Wave Signals—H. A. lless. (Ferme
meldetech. Z., vol. 3, pp. 243-248; July, 1950)
Account of an investigation made on 19th
November 1944, on a frequency of 19.947 Mg
Morse signals of duration 12 ms were sent on‘
at 0.5-sec intervals from DLO (Berlin) and the
echoes were observed at Randers (Denmark)
and Gatow (Berlin). Results are shown graphis_]
cally. The times for the second circuit lay bes |
tween 0.1376 and 0.1384 per second. Periodig
amplitude fluctuations of the echo were corres
lated with multiple paths and the movementsg
of ionosphere layers. The high intensity maine
tained after repeated circuits is evidence of |
propagation in a narrow great-circle beam.

621.396.11.029.6 3140 !

The Propagation of Very Short Electro- |
magnetic Waves—A. Griln. (Z. Angew. Phys., |
vol. 2, pp. 294-301; July, 1950.) Approximale.‘
formulas derived by geometrical ray treatment!
are compared with more accurate formulas
taking account of diffraction. In the decimeter
range certain simple approximations are suffi-'
cient, since reflection and divergence factors da
not differ greatly from unity, and it is safe to
neglect both irregularities of the earth’s sur-
face and the fine variation of refractive index
with height. Fluctuations of ray curvature due
to weather conditions are important in this fre-
quency range, producing a variable interfer-
ence field which is the main cause of fading; 'k
this can be overcome by suitable choice of !
wavelength, antenna height, and range. The
effects of disturbing reflections from isolated |
obstacles and of unusual refraction phenomena
are discussed briefly.

621.396.11.029.64:535.42 3141
Diffraction Pattern in a Circular Aperture
Measured in the Microwave Region—C. L.
Andrews. (Jour. Appl. Phys., vol. 21, pp. 761-
767; August, 1950.) Mecasurements were made
of the diffraction patterns of circular apertures
(of diameter from A to 8\) in and near the
aperture planes, for incidence of a plane-
polarized em wave of 8 cm wavelength. From |
Young's theory the points of maximum in- ’_
tensity near the aperture were calculated and 3
the results checked with experiment. S

621.396.81:551.510.535 3142

Geometrical Optics of Ionospheric Propa-
gation—K. Rawer. (Nature, (London), vol. 166,
p. 316; August 19, 1950.) Three focusing effects |/
have been observed, due respectively to refrac-
tion, curvature of the reflecting layer, and the
spherical form of the earth. Neither the first
nor the third of these effects can be applied
regularly for ionospheric prediction. The
method of constructing a prediction curve
(field intensity/distance) to take account of the
second effect is indicated. Sce also 514 of 1948,
717 of April and 1229 of June (Lejay and
Lepechinski). !

621.396.812.3 3143
. Periodic Fading in Short Wave Propaga- [*
tion—II. A. Hess. (Funk u. Ton, vol. 4, pp,

S————————

e ——
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we-trains of signals reccived from long-
ance oversea transmissions in 1944 are re-
giuced and analyeed. Multiple-hop and
gad-the-world signals are congidered in com-
g ionospheric path lengths to determine
d rapidity of movement of the reflecting
g:r. The beat frequencics observed in certain
mtived signals, in one instance a 34-cps fre-
g ncy modulation of a 15-Mc signal, cannot
b explained by vertical movement of the
Fuyer. In the region of the critical frequency,
altiple refiections will not normally occur
fading is minimized. Similarly, periodic
ging can be avoided by using strongly-
#dulated tel graphy signals.

;-340; July, 1950.) Photographic records of

.396.812.5 3144

Drift Phenomena for Rapid Fluctuations of
Bid Strength of lonospheric Echoes—].
fautkrimer. (Arch. elekt. Ubertragunt, vol. 4,
p 133-138; April, 1950.) Observations ob-
taed from three recorders in line indicate that
dit of the reflection region may occur in the
fosphere. The magnitude and direction of the
svement are determined from the difference
inhe time of observation of rapid fluctuations
athree recording stations at the corners of a
cht-angled triangle. Velocities up to scveral
tadred ms have been observed. In the E layer
definite directional trend is noted, but in the
payer, where higher velocities are more fre-
¢2nt, no such trend is apparent. The observa-
tns are explained by an interference cffect of
t waves reflected from different irregularities
1the laver. Preferred direction in the E layer
fwestward.

41.396.812.5 3145
Origin of the Mdugel-Dellinger Effect—
Siedentopf. (Arch. elekt. Ubertragung, vol. 4,
. 97-98: March, 1950.) Review of observa-

jns reported by various authors, and of possi-

s causes of the cffect.

11.396.812.5:523.746 3146

Results of Statistical Analysis of Fade-
sts—D. Stranz. (Arch. elekt. Ubertragung,
&. 4, pp. 217-218; June, 1950.) Correlation of
nspot data with 130 cases of total disappear-
\ce of radio signals observed during 1948.

RECEPTION

11.396.621 3147

The Broadcasting Receiver and the Pickup
;nnection —\. Lechenne. (TSF pour Tous,
3. 26, pp. 235-237; June, 1950.) Suggested
1ditions to the receiver circuit to improve the
1ality of reproduction are: (a) at least 6 db
nselective negative fecdback; (b) a special
{justable tone-control circuit with a lincar
stentiometer for the pickup position; (¢) a
5- or 9-ke filter in the low-frequency amplifier
1ode circuit.

21.396.621:621.396.822 3148

Receiver Sensitivity and Its Limitation by
ackground Noise—]. Rousseau. (TSF pour
‘ous, vol. 26, pp. 218-221; June, 1950.)

21.396.621.54:621.396.662.4 3149
Calculation of the Three-Point-Alignment
ircuit in Superheterodyne Receivers—O.
leisinger. (Arch. elekt. Ubertragung, vol. 4,
p. 99-104; March, 1950.) The whole of the
uxiliary circuit, comprising fixed capaci-
ars, which in superheterodyme receivers makes
aree-point alignment possible, is treated as
quadripole. Calculation shows that the
#yort-circuit and open-circuit impedances, scen
rom the variable capacitor, are given by poly-
omials involving three parameters. Practical
srmulas and tables, of general application, are
jven which enable all the necessary calcula-
ions to be carried out with sufficient accuracy
¥ 'm a slide rule for inductance and capacitance
r l-alues, bandwidth, and the like.

Abstracts and References

621.396.621.57 3150

Receivers with Crystal Detectors (‘Crystal-
Video')—S. Marmor. (Ann. Téécommun., vol.
5, pp. 266-275; July, 1950.) Results are pre-
sented of measurements made at the CNET on
a silicon crystal of average characteristics at a
wavelength of 10cm. An explanation is given of
the poor scnsitivity of receivers using crystal
detectors as compared with superheterodyne
receivers. Difficulties encountered in construc-
ting high-gain crystal-detector ects for pulse
reception are described, and steps proposed by
American designers (see 206 and 1638 of 1949)
to prevent oversiioois causing prolonged de-
sensitization are reviewed. Details are given of
a set designed at CNET, and photographs are
shown of the output pulses obtained.

621.396.8.015.71:621.396.822 3151

The Effect of a Video Filter on the Detec-
tion of Pulsed Signals in Noise—D. Middleton.
(Jour. Appl. Phys., vol. 21, pp. 734-740; Au-
gust, 1950.) Theorectical examination of the ef-
fect of inserting a video filter of finite bandwidth
on the observability of pulsed signals (of Gaus-
sian or rectangular shape) in random noise.
When the pulsce and intermediatc-frequency fil-
ter are matched, i.e., when they are each other’s
conjugate Fourier transforms, a video filter of
infinite bandwidth gives the best results with
weak signals. This is also the case when the
spectral width of the pulscs is greater than that
of the intermediate-frequency filter, but a video
filter of suitable bandwidth gives an improve-
ment when the intermediate-frequency filter is
wider than neccssary for the length of pulse
uscd. Curves are given showing the efiect of the
video filter on the signal-to-noise ratios in the
different cases.

621.396.823+621.397.823 3182

Telephonic and Radio Interference from
High-Voltage Systems—C. W. Marshall.
(Engineering (London), vol. 170, p. 103;
August 4, 1950.) Abridged version of report of
the Internation Study Committee to the
CIGRE, 1950. Cascs of interference recorded
by the BEA during 1949 are tabulated. 53
relate to radio and 28 to television interference

621.396.828 3153

Research Laboratories of the British
Electricity Authority—]. S. Forrest. (Nature
(London), vol. 166, pp. 334-335; August 26,
1950.) Investigations undertaken include re-
scarch on high-voltage transmission using a
line 800 yards long operated at 250-300 kv.
The intensity of the radio interfering field from
the line is being measured and comparisons are
being made of the signal-to-noise ratios for
AM and FM transmissions. Good television
reception can be obtained with the antenna
only 10 yards from the line conductors.

STATIONS AND COMMUNICATION
SYSTEMS

621.39.001.11 3154

Recent Developments in Communication
Theory—C. E. Shannon. (Tech. Milt. Schweiz.
Telegr.-Teleph. Verw., vol. 28, pp. 337-342;
September, 1950. In German.) Translation of
article noted in 1764 of August.

621.39.001.11 3188

Introduction to Signal and Information
Theories—]. Loeb. (Ann. Télécommun., vol. 5,
pp. 246-254; July, 1950.) A tentative synthesis
of published studies in this field. Emphasis is
laid on fundamental problems rather than on
the theories developed. The discussion covers:
(a) the analytical signal [1293 of 1948 (Ville)];
(b) definition of quantity of information for the
case of discrete signals; (¢) the case of continu-
ous signals; (d) the relation between informa-
tion theory and statistical physics.
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621.39.001.11 3156

Multiplex and Theory of Communications—
J. Icole. (Ann. Télécommun., vol. §, pp. 291~
297; August, September, 1950.) The coefficient
of utilization of a radiotelephony channel is de-
fined and its value is calculated approximately
for various cases of FM and PM. Its variation
with different parameters is determined and
shown graphically. The advantage of using
several interdependent channels on a single
carrier is demonstrated.

621.396.41 3157

Comparison between Multichannel Sys-
tems with Common and Multiple Carriers—
P. Gittinger and G. Valko. (Brown Bovers
Rev., vol. 36, pp. 396401; December, 1949.)
From a theorctical standpoint, the difference
between common-carrier and muiltiple-carrier
multichannel systems lics mainly in the causes
of croestalk. With common-carrier systems,
both linear distortion in the filters and non-
linearity of the modulation and demodulation
processes are responsible, whereas with multi-
carrier systems, nonlinearity of mixer and out-
put stages is the main cause. Experimental
multichannel multicarrier equipment is de-
scribed, and the most essential technical and
test data are given.

621.396.619.11/.13:621.397.61 3158

On the Simultaneous Amplitude and Fre-
quency Modulation of a Carrier Wave—
-F. Kirschstein. (Funk x. Ton, vol. 4, pp. 282—-
292; June, 1950.) Experiments made in 1939
consisted in modulating the amplitude of a
low-power, 200-kc carrier with speech currents
and at the same time transmitting a coded sig-
nal by keying the carrier to produce a tone of
a few hundred cps. No interference was ob-
scerved. Using a similar circuit the AM carrier
was then modulated in frequency by four
telegraphy tones of frequencies 120, 360, 600
and 840 cps. With AM above 80 per cent,
slight distortion of the FM tones occurred.
Using two speech channels the FM channel was
affected by crosstalk. Application of the
method for double-side-band television trans-
mission is discussed, the frequency of the
vision-signal carrier being modulated to provide
the sound channel.

621.396.619.14 3159

Product Phase Modulation and Demodula-
tion—D. B. Harris. (Proc. L.LR.E., vol. 38, pp.
890-895; August, 1950.) A modulating voltage
Il impressed in parallel on gine and cosine
phase converters produces at their outputs
voltages proportional to the functions sin kig
and cos kls. With two balanced modulators,
these modulate respectively the carrier wave,
cos wf, and the carrier displaced in phase by 90°,
gin wi, the outputs being added to produce a
phase-modulated wave according to the iden-
tity cos klg €08 wi+-gin ki sin wt=sgin (wi—klg).
The phase converters proposed are oscilloscope
tubes with the fluorescent screen replaced by an
anode for collecting electrons. A mask is inter-
poeed in the beam to produce a voltage propor-
tional to the sine or cosine of the linear beam
deflection, which in turn is proportional to the
modulating voltage applied to the deflection
plates. Phase deviations up to + 25» radians
should be obtainable.

621.396.65 3160

Planning Radio Relays—W. Steinmann.
(Brown Boveri Rev. vol. 36, pp. 410414; De-
cember, 1949.) Discussion of the various fac-
tors which must be taken into account.

621.396.65 3161

Fundamentals for the Planning of Beam
Radio Links—]. Kornfeld. (Ost. Z. Telegr.
Teleph. Funk Fernsehtech., vol. 4, pp. 85-91;
July, August, 1950.)
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621.396.63 3162

A Multichannel Metre-Wave Radio Link
with Terminal Stations Outside the Optical
Range—A. Hellmann. (Fernmeldetech. Z., vol.
3, pp. 221-233; July, 1950.) Experimental
radiotelephone linke installed between Berlin
and the Western Zone of Germany in and since
1948 are described. Selection of terminal sites
in relation to path configuration is discussed;
useful results can be expected even when
nelther terminua Is at high elevation. FM ls
used. A link operating on 64 Mc in one direction
and 68 Mc in the other, with a frequency devi-
ation of +75 kc, gave improved quality and
tess lost time as compared with earlier links on
lower frequencies and with smaller frequency
deviations. Receiver input voltages have been
recorded continuously for some months, and
charts are shown and discussed. An appendix
develops formulas for the nonlinear distortion.

621.396.65 3163

Wave Propagation Studies in the Alps—
W. Klein. ( Brown Boveri Rev., vol. 36, pp. 387-
395; December, 1949.) See 2326 of 1949.

621.396.65:621.396.5 3164

Multichannel Common-Carrier Radiocom-
munication System—W. Zimmermann. (Broun
Boveri Rev., vol. 36, pp. 373-378; December,
1949.) A description of the equipment used in
the Ziirich/Geneva radiotelephone reiay. The
system uses common-carrier multichannel
transmission, a single carrier wave being modu-
lated{in frequency by an intermediate-frequency
signal derived from the frequency-shifted
channel signals. Independent ‘go’ and ‘return’
channels are used. The frequency range is 150-
220 Mc and the output of the terminal and
repeater transmitters is 50 w. Robust corner
reflectors with folded dipoles are used for
transmission and for reception. Stand-by equip-
ment is provided.

621.396.65:621.396.5 3165

Multiplex Radiotelephone Relays with
Pulse-Modulated Microwaves—H. J. v.
Baeyer. (Brown Boveri Rev., vol. 36, pp. 379~
386; December, 1949.) Description of a 2-way
radiotelephone relay operating on frequencies
between 1.9 and 2.1 kmc and providing 23
telephony channels and one service channel.
Pulse-time modulation is used for the speech
channels while width modulation is applied to
the service-channel pulses. The radio-frequency
pulse power is 30-50 w for a duty cycle of 1:5
and the parabolic reflectors commonly used
have a gain of about 25 db. With the attenua-
tion figures reccommended by the CCIF, the
alternating-frequency band extends from 300
to 3,400 cps.

621.396.65:621.396.619.16 3166

Methods of Modulation with Frequency
Sharing and with Time Sharing (Puise Modu-
lation) for Multichannel Directional Radio
Links—H. Holzwarth. (Frequenz., vol. 4, pp.
33-40; 64-71, and 97-101; February-April
1950.) The principles of various types of modu-
lation are described and the improvement in
signal-to-noise ratio obtainable by the different
systems is investigated. Using double FM or
PPM, crosstalk between channels may be kept
slightly lower than with FM, which is the
best method for single-channel working. Ampli-
tude spectra are given for most of the known
modulation systems, PAM and PWM being
particularly considered, since these occur in the
end stages of most PM systems. The distortion
is calculated for each method of modulation;
with more than 6 channels distortion is nor-
mally extremely small.

621.396.65:621.396.822 3167

The Signal/Noise Ratio in a Decimetre-
Wave Relay Chain—P. Barkow. (Arch. elekt.
Ubertragung, vol. 4, pp. 155~158; April, 1950.)
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Measured values are compared with values
calculated from three different formulas.

621.396.65:621.397.5 3168

A Portable Microwave Television Radio
Link—(Engineer (London), vol. 190, p. 128;
August 4, 1950.) Developed by Standard Tele-
phones and Cables for use in a motor van, this
FM equipment operates on a frequency of
about 4,000 Mc with a radiated power of 390
mw. The transmitting and receiving circuits
are mounted in weather-proof canisters on their
associated paraboloid antennas and are respec-
tively connected by coaxial cable to a cqntrol
and monitor unit, and to a seven-stage inter-
mediate-frequency amplifier and a discrimina-
tor unit within the van.

621.396.65:621.397.5 3169

The London/Castleton Experimental
Radio-Relay System—A. 11. Mumford, C. F.
Booth, and R. W. White. (P. O. Elec. Eng.
Jour., vol. 43, Part 2, pp. 93-99; July, 1950.) A
wide-band FM system for the transmission of
television signals. The mean carrier frequency
is 195 Mc and four intermediate relay stations
are used. To minimize feedback at the relay
stations, the receiving and transmitting equip-
ments are located on opposite sides of suitable
hills and connected by land line. Rhombic
antennas with a forward gain of 15 db with re-
spect to a A/2 dipole and with a front-to-back
ratio of 25 db also help to obtain an attenuation
between the transmitting and receiving acrials
at a repeater station exceeding 120 db. The
terminal- and intermediate-station circuits are
described and an indication is given of the
quality of the transmission of pulse and tele-
vision signals. See also 2026 of September
(Mumford and Booth).

621.396.65.029.63 3170

A Wide-Band V.H.F. Radio-Relay Sys-
tem—W. S. McGuire. (AWA Tech. Rev., vol.
8, pp. 295-307; June, 1950.) See 745 of April.

621.396.712:534.86 3171

Audio-Frequency Equipment for Broad-
casting Services—]. E. Telfer. (AWA Tech.
Rev., vol. 8, pp. 309-340; June, 1950.) Sce 2027
of September.

621.396.931:621.396.619.13 3172

Mobile Radio Equipment, Type SRR 192—
D. J. Braak. (Commun. News, vol. 10, pp. 120-
125; April, 1950.) Two pre-set frequencies are
available in the bands 70-78 Mcs and 80-

86 Mc. The frequencies are crystal controlled
and FM is used.

621.396.932 3173

The Port of Liverpool V.H.F. Radio Sys-
tem—(Electronic Eng., vol. 22, pp. 328-330,
337, August, 1950.) See also 2633 of December.

621.396.932.004.15 3174

Radio for Merchant Ships. Performance
Specification for Lifeboat Portable Radio
Equipment [Book Notice]—Publishers: H. M.
Stationery Office, lLondon, 4d. (Govt. Publ.
(London), p. 20; July, 1950.)

SUBSIDIARY APPARATUS

621.316.7.078 3175

Contribution to the Study of Automatic
Regulation—M. Cuénod. (Bull. Schweiz. Elec-
trolech. Ver., vol. 41, pp. 673-678; September 2,
1950. In French, with German summary.) The
methods of operational calculus are used to
study the variations of the regulated quantity
following on a disturbance. These variations
depend not only on the dynamic characteristics
of the regulator, but also on other elements,
such as the exciter and generator in the case of
voltage regulation. The use of Nyquist curves
(response functions) facilitates theoretical in-
vestigation of conditions for stability and of

January

variations of the regulated quantity, thus per
mitting comparison with results obtained i
practice.

621.316.722.1 3176
Voltage Stabilizer for 200-kV Acceleration
—J. T. Dewan. (Rev. Sci. Instr., vol. 21, pp,
771-772; August, 1950.) A stabilization ratio of
40 js achieved by the use of a 2-stage directs
coupled feedback amplifier, controlling a serieg
regulating pentode. The error signal applied to
the amplifier is the difference between a stable
balancing voltage and a fraction of the main
output, tapped off a 250-M{l wire-wound
bleeder resistor. Standard regulating devices
are used for the supply voltages and pentode
heater current to minimize amplifier drift.

621.355 an

Electrical Accumulators: Recent Patents—
L. Jumau. (Rev. Gén. Elec., vol. 59, pp. 323-
343; August, 1950.) A review of developments
in acid and alkaline types of cell. Thermo-
plastics are being used more and more for cases,
separators, frames, etc.

771.36 3178

A 100000000-Frame-per-Second Camera—
M. Sultanoff. (Rev. Sci. Instr., vol. 21, pp. 653=
656; July, 1950.) 1ligh photographing rates are
obtained with a multislit focal-plane shutter
which is transported optically across the film
plane by means of a rotating mirror. Applica-
tion is to self-luminous phenomena such as are
associated with explosions.

TELEVISION AND PHOTOTELEGRAPHY

621.396.8234621.397.823 3179
Telephonic and Radio Interference from
High-Voltage Systems—NMarshall. (See 3152.)

621.397.335 3180

The Effect of Interference on the Syne
chronization of [television] Timebases, and
the Remedies to be Applied—I. Somers.
(Rev. belge Llec., vol. 2, pp. 3-8; May, June,
1950.) Synchronijzation is liable to be destroyed
by interference, particularly when negative
modulation is used. This disadvantage can be
avoided by providing a local control voltage to
maintain correct phasing of the scanning. Par=-
ticular systems discussed are: direct control of
the sawtooth oscillations; automatic phase con-
trol of a sine-wave oscillator by means of a
reactance tube; flywheel circuits. See also 2336
of 1949 (Clark).

621.397.5 3181
TV in England—]. Moir. (FA{-T'V, vol. 10,

pp. 12-13, 38; August, 1950.) A report on

progress under BBC-controlled development.

621.397.5:535.241.44

Brightness and Contrast in Television—
P. C. Goldmark. (Jour. Brit. 1.R.E., vol. 10,
pp. 219-225; June, 1950.)

621.397.5:621.396.65 3183

3182
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A Portable Microwave Television Radio /[

Link—(See 3168.)

621.397.5:621.396.65 3184

The London/Castleton Experimental
Radio-Relay System-—-Mumford, Booth, and
White. (See 3169.)

621.397.5(083.74) 3185

Standards for Television Systems—( Na-
ture (I.ondon), vol. 166, pp. 472-473; Sep-
tember 16, 1950.) After examining the state of
television in the United States and in various
European countries in March and April, 1950,
a study group of the CCIR recommended the
following points to the main committee: (a)
systems should be independent of power supply
frequency; (b) picture aspect ratio should be
4:3; (¢) line interlacing should be used in the




)51

tio 2:1; (d) asymmetric sideband transmis-
on should be adopted for the vision signal,
- standardization of the polarization of the
dio transmission is not necessary. Present line
indards were retained by France, Great
+4tain and the United States. See also 2642 of
acember.

1.397.6 3186
Three-Colour Television System with Faith-
| Reproduction—F. Lachner. (Ost. Z. Telegr.
sleph. Funk Fernsehtech., vol. 4, pp. 63-70 and
—103; May, June, and July, August, 1950.)
slor theory is dealt with at some length and
e method of representing a color stimulus by
ichromatic coordinates is explained. When
wplied to color television the analysis leads to
e requirement at the transmitter of color
ters whose frequency response curves have a
»gative portion between two positive ones. In
actice this condition can be simulated by
bstituting for the negative-response filter one
ith a positive response of equal absolute
agnitude and reversing the current from the
sociated pickup tube. To make the proper
znal additions possible, three pickup tubes,
~ch with associated partial filter, are required
r each primary color. Cross-controlled sys-
ms, i.e., where fractions of the signal corre-
yonding to one color contribute to the control
the other two colors at the receiver, are also
scussed.

21.397.6.535.88 3187

Recent Progress in Large-Screen Projec-
on of Television Pictures—A Cazalas. (Ann
élécommun., vol. 5, pp. 298-306; August,
sptember, 1950.) Developments in cinema
Jevision are surveyed, both intermediate-film
ad projection methods being considered. A
rojection tube is described in which the
gorescent screen is excited continuously by
n auxiliary cathode a little distance from and
i about the same area as the s:reen. Passage
f the scanning beam across this cathode pro-
uces point-to-point variations of its emission
nd hence of screen brightness.

21.397.61:621.396.619.11/.13 3188

On the Simultaneous Amplitude and Fre-
uency Modulation of a Carrier Wave—
lirschstein, (See 3158.)

21.397.61:621.396.619.24:621.317.1 3189

Television Transmitter Lower-Sideband
feasurements—Hamilton and Artman. (See
086.)

21.397.62 3190

The TV5 De Luxe—A. V. ]J. Martin.
Television, pp. 133-140; July, August, 1950.)
Jetailed design for a reliable, high-quality tele-
ision receiver, presented as suitable for manu-
acturers who do not run a television rescarch
epartment of their own.

21.397.645 3191

Television Intermediate-Frequency Ampli-
ers—A. Coenracts. (Rev. Belge Llec., vol. 2,
p. 9-14; May, June, 1950.) General considera-
ions of bandwidth, gain and frequency re-
ponse are discussed, typical circuits are de-
cribed and practical hints on screening are
iven.

21.397.8 3192

Flicker Color Fringing Phenomena in Color
television—P. C. Goldmark. (Jour Brit.
.R.E., vol. 10, pp. 208-217; June, 1950.) The
¢ termination of the threshold of flicker and
he maximum permissibie highlight illumina-
jion in the sequential color system are dis-
ussed. Flicker would be inappreciable at a
olor-frame frequency of 60 per second, but a
requency of 48 per second has been adopted
lue to bandwidth considerations, giving a
hreshold of flicker at 23 foot-lamberts for an

Abstracts and References

observation distance seven times the picture
height. In a European 50 per second system
this value would increase to 40 foot-lamberts.
Tests with the field-sequential system have
proved that color fringing is of rare occurrence.

621.397.8 3193

95-Mile TV Reception—R. F. Allison.
(FM-TV, vol. 10, pp. 14-15; August, 1950.) A
report on results obtained under extremely ad-
verse conditions.

621.397.62 3194

The Principles of Television Reception
[Book Review]—A. W. Keen. Publishers: Pit-
man and Sons, London, 1950, 319 pp., 30s.
(Jour. Brit. 1.R.E., vol. 10, p. vii; August,
September, 1950.) The book is addressed to the
technician rather than thre engineer and is non-
mathematical. Numerous references facilitate
further study, and both British and American
practice are described.

TRANSMISSION

621.396.619.029.64:621.396.611.4 3195

Microwave Modulation by Variable Circuit
Elements Comprising Waveguides or Cavity
Resonators—A. N. Bhattacharyya. (Indian
Jour. Phys., vol. 23, pp. 175-183; April, 1949.)
A driving mechanism similar to that of an
electrodynamic loudspeaker is used to vary the
dimensions of a waveguide or cavity resonator
according to the speech signals, so that micro-
waves passing through the waveguide may be
modulated in either amplitude or phase or the
output of the cavity resonator modulated in
amplitude.

TUBES AND THERMIONICS

537.533:538.3.029.6 3196

Quantum Effects in the Interaction of
Electrons with High Frequency Fields—]. C.
Ward. (Phys. Rev., vol. 80, p. 119; October 1,
1950.) Treating the electron as quantized and
the field as classical, the phase-integral approxi-
mation is used to predict the probability of
energy transfer between the microwave field
inside a resonator and electrons projected
through the field. When the number of quanta
transferred is large, the result tends to that
obtained by classical theory.

539.233:535.215 3197
Photoadsorption of a Thin Layer of
Barium—Biguenet. (See 3030.)

621.315.59:621.385 3198

A Crystal Amplifier with High Input Im-
pedance—O. M. Stuetzer. (Proc. LR.E,, vol.
38, pp. 868-871; August, 1950.) An amplifier is
described consisting of a point- or line-type
metal/semiconductor contact, in the neighbor-
hood of which a high electric field can be ap-
plied between an additional electrode and the
crystal surface. This can be used to control the
current flowing through the rectifying contact.
The device has been termed a ‘fieldistor.” ac
response, amplification, noise and dc measure-
ments show that the device has a high input
impedance and appears useful as an impedance
transforiner with an appreciable current and
power gain at lower frequencies.

621.383.42 3199

Constitution and Mechanism of the
Delenium Rectifier Photocell—]. S. Preston.
(Proc. Roy. Soc. A, vol. 202, pp. 449-466;
August 22, 1950.) Experiments are described
which indicate the structure and mode of oper-
ation of the thin surface film in the Se photo-
cell. Preliminary results on films of Au, Al and
Cd, prepared by evaporation in a high vacuum,
established the importance of CdO as a film
material. A technique is described for sputter-
ing thin films of this compound having high
light-sensitivity and conductivity, and open-

T

circuit voltages up to 0.5 v under high illumi-
nation. Double films of ZnO and Au were also
investigated; these gave a lower sensitivity. It
is suggested that in the practical photocell, the
essential feature is a contact between two suit-
able semiconductors of opposite types.

621.385.001.4(083.74) 3200
Standards on Electron Tubes: Methods of
Testing, 1950—(See 3103.)

621.385.029.62/.63 3201

A Survey of Modern Radio Valves: Part 5—
Valves for Use in the Range 30-3,000 Mc/s—
R. W. White. (P.O. Elec. Eng. Jour., vol. 43,
Part 2, pp. 78-84; July, 1950.) The poor per-
formance of normal tubes at the higher fre-
quencies is discussed and the more important
contributory factors are indicated. Desirable
design features are tabulated and examples of
tubes specially designed for use in the above
range are briefly described. Part 4: 2058 of
September.

621.385.029.63/.64+621.396.615.14 3202

Transmitting Valves for Decimetre and
Centimetre Waves—F. M. Penning. (Commun.
News, vol. 10, pp. 109-118; April, 1950.) A
review of developments resulting from the ap-
plication of transit-time effects, the use of
cavity resonators, the transfer of energy to the
high-frequency field by induction, and the use
of pulse methods.

621.385.029.63/.64 3203

Traveling-Wave Tubes: Part3—]. R. Pierce.
(Bell. Syst. Tech. Jour., vol. 29, pp. 390-460;
July, 1950.) Chapter VII develops equations
which sum up, in terms of the more important
parameters, the linear operation of travelling-
wave tubes for small values of the gain pa-
rameter. The effect of the various parameters
on the rate of increase and velocity of propaga-
tion of the three forward waves is dealt with in
the next chapter. Chapter IX discusses the ef-
fect of introducing losses into the circuit and of
severing the helix. In chapter X the factors
affecting the noise figure are discussed and the
conditions for low noise are given. The possi-
bility of the amplification of a nearly syn-
chronous backward-travelling wave is investi-
gated briefly in chapter XI. Appendices deal
with the evaluation of the space-charge param-
eter O, diode equations, the evaluation of
impedance and Q, for thin and solid beams, and
the calculation of gain. Part 1: 1810 of August.
Part 2: 2377 of November.

621.385.029.63/.64 3204

The Travelling-Wave Valve—L. Briick.
(Arch. Elektrotech., vol. 39, pp. 633-647; 1950.)
Principle, construction, and properties are de-
scribed. Details are given for correct design of
the electron gun. Alternative delay-line sys-
tems are discussed and the influence of voltage,
current and helix dimensions on amplification
and available high frequency output power are
demonstrated by reference to measured charac-
teristics and simplified equations. The possi-
bility of self-excitation and its suppression are
considered.

621.385.029.63/.64 3205

The Efficiency of the Travelling-Wave
Valve—O. Dohler and W. Kleen. (Arch. elek.
Ubertragung vol. 4, pp. 207-212; June, 1950.)
Continuation of previous work (2669 of 1949).
Expressions are derived for electronic efficiency,
circuit efficiency and total efficiency. Circuit
efficiency can be calculated exactly, but the
formula for electronic efficiency is based on
approximations. These are justified by the
gimilarity of results obtained by different meth-
ods of investigation.

621.385.029.63/.64 3206
On the Operation of the Travelling Wave
Tube at Low Level —R. Kompfner. (Jour. Brit.
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L.R.E., vol. 10, pp. 283-289; August, Sep-
tember, 1950.) The small-signal theory of the
travelling-wave tube is developed on the as-
sumption of finite distributed attenuation in
the helix and beam voltages other than the
*synchronous’ voltage. On restricting the gain
parameter z to values <2, a simplified analysis
gives results not more than about 6 per cent in
error. The voltage gain is then derived for the
first "zero-gain’ point, when the tube produces
infinite attenuation of an input signal. Under
these conditions a measurement of beam cur-
rent enables an estimate to be made of the ef-
fective impedance of the helix, a paramcter of
considerable importance in design. Theoretical
and experimental results are presented.

621.385.032.213 3207

Boride Cathodes—J. M. Lafferty. (Phys.
Rev., vol. 79, p. 1012; September 15, 1950.)
The thermionic emission properties of the
borides of the alkaline-earth and rarc-earth
metals and thorium have been investigated.
These compounds all have the same formula
MB¢ and the same crystal structure consisting
of a 3-dimensional boron framework in whose
interlattice spaces the metal atoms are em-
bedded. The valence electrons of the mectal
atoms are not accepted by the Bg complex,
thus releasing free electrons which impart a
metallic character to these compounds. LaBe,
for example, has a specific resistance of 27 ul2
cm at room temperature and a positive re-
sistance temperature coefficient of 0.071 u$2/°C,
The compounds are very refractory, with
melting points above 2100°C, and they are very
stable chemically; moisture, oxygen and even
HC! do not react with them. At a sufficiently
high temperature, surface evaporation of the
metal atoms occurs, but is compensated by
diffusion from underlying cells so that an ac-
tive surface is constantly maintained. This
feature, together with the high electrical con-
ductivity and high thermal and chemical sta-
bility, makes such materials ideal for cathodes.
The rare-earth borides have better emission
properties than the others, LaBe giving the
highest emission, nearly twice that of BaBgand
over 10 times that of CaBs. Boride cathodes
require no special activation; when heated for a
few minutes at 1,400-1,600°C for outgassing,
they are found to be completely active. Pulsed
emission is the same as the dc cmission. Owing
to diffusion of the boron atoms into the lattices
of refractory metals normally used as cathode
bases, and consequent collapse of the boron
framework, tantalum carbide or carbon should
be used as the support for boride cathodes.

621.385.032.216 3208

The Conduction Mectanism in Oxide-
Coated Cathodes—R. Loosjes and H. J. Vink.
(Philips Res. Rep., vol. 4, pp. 449-475; De-
cember, 1949.) A full account of the work
noted in 491 of March 1. If ¢ is the conductivity
of the oxide coating, T the absolute tempera-
ture, I the current (mA/mm?) and V the volt-
age applied across a 100—u coating, the curves
for log o against 1/ T and for I against V can be
divided into three parts: (a) below 800°K,
(b) 800-1,000°K, (¢) above 1,000°K. The log o
curves have low slope in ranges (a) and (¢) and
are steeper in range (b), while the I/V curves
are linear in ranges (a) and (¢) and curved in
range (b). These results are explained by postu-
lating two conduction mechanisms operating in
parallel, one being the electronic conduction
through the particles of the oxide coating, the
other the conduction through the electron gas
in the pores of the coating. A calculation based
on the known emission of a well-activated
cathode gave a value for the conductivity of the
same order of magnitude as that determined
experimentally.
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621.385.2/.3 3209

Vacuum Tubes with Mutually Bombarding
Oxide Cathodes—E. G. Hopkins. (Jour. Appl.
Phys., vol. 21, pp. 841-842; August, 1950.) A
diode with closely spaced oxide electrodes can
be made to pass ac after the removal of the
initial heating source, while the same structure
with an interposed grid can similarly be used as
a triode oscillator. The power usually wasted in
anode dissipation can thus be used to heat a
cathode surface, and practical power tubes are
envisaged working on this basis.

621.385.2/.4:621.315.59 3210

Transistor and Transistron—M. Adam.
(Tech. Mod. (Paris), vol. 42, pp. 220-224;
July 1-15, 1950.) Design and application de-
velopments of the American and French ver-
sions of Ge-crystal tubes are briefly reviewed.
The importance of avoiding confusion with the
transitron tetrode oscillator is emphasized. See
also 2978 of 1949,

621.385.3.029.64 3211

416A Tube for Microwave Relays—K. P.
Dowell. (FM-TV, vol. 10, pp. 20-22; August,
1950.) A planar triode with high gain-band-
width product at 4,000 Mc is described. New
manufacturing and assembly techniques are
necessary on account of the close interelectrode
spacings.

621.385.38 3212

Ignition and Discharge Processes in Gas
Triodes—E. Knoop and W. Kroebel. (Z.
Angew. Phys., vol. 2, pp. 281-285; July, 1950.)
Discharge processes in various gases were in-
vestigated by means of an oscillograph. The
discharge was recorded photographically with
time scales of 1.7X 1078 to 3X107% second per
mm of oscillograph trace. From these records
the exponential indices of the discharge rise
and fall curves were found. With grid ignition
the cathode/anode discharge is delayed by a
fixed interval after the grid/anode discharge.
For Type-EC50 tubes (helium-filled) the delay
time is 107® second; for Type-4690 tubes
(argon-filted) about 5X 1078 second. The differ-
ence is attributed to the effect on transit time
of the greater mass of the argon ions. No
fluctuations were observed in the time of oc-
currence of ignition or discharge.

621.385.832:621.318.572 3213

Valves with a Ribbon-Shaped Electron
Beam: Contact Valve; Switch Valve; Selector
Valve; Counting Valve—J. L. l. Jonker.
(Philips Res. Rep., vol. 5, pp. 6-22; February,
1950.) A discussion of results obtained in the
development of special cathode-ray tubes. The
size of such tubes can be reduced so much that
customary tube techniques can be applied in
their construction. The new possibilities thus
created are illustrated by (¢) an electronic con-
tact tube, which may serve as a telephony
switch, (b) a tube of similar design to replace
magnetic relays, (¢) a multicontact switch tube,
and (d) a high-speed counting tube. See also
1801 of August.

621.396.615.141.2 3214

A Simple Approximate Formula for the
Resonance Frequency of a Cavity Magnetron—
F. Borgnis. (Z. Angew. Phys., vol. 2, pp. 278~
280; July, 1950.) The magnetron multivcaity
system is usually considered as a number of
similar coupled oscillatory systems. It is here
treated as a cylindrical waveguide with plane
metal e_nds. the actual boundary of the cavity
coinciding approximately with the hypotheti-
cal surface containing the magnetic field lines of
the corresponding circular-section waveguide.
A very simple formula is thus obtained for the

desired (m-mode) resonance frequency. A n
merical example is worked for A=1 cm.

621.396.615.142 321

Theory of Velocity-Modulation Transi
Time Valves: Parts 3 & 4—11. Déring. (Are
elekt. Ubertragung, vol. 4, pp. 147-153, and 22
231; April and June, 1950.) The commencemen
of oscillations is ronsidered for the theoreti
case of a tube with infinitely short alternating
fields (electrical double layer). The lower part
of the general efficiency curve is represented by
a parabolic approximation, which is applied to
determine the conditions necessary for oscilla-
tions to begin. The practical case of tubes with *
alternating fields of finite length is then treated
and conditions for oscillation are detcrmlm-d'
for single-field tubes, drift tubes with in-phase;
or out-of-phase alternating ficlds, and reflex
tubes. Part 1: 2175 of 1944. Part 2: 1034 of
May.

621.385+621.396.611.1.]029.6 3216

Technique des ondes tres courtes et ultra-
courtes: Tome I—Circuits oscillants et tubes a
vide [Book Review]—-Liot. (See 3017.)

MISCELLANEOUS

53 3217

Physics Research at T.R.E—R. A. Smith.
(Science, vol. 112, pp. 71-73; July 21, 1950.)
Work on electronics, millimeter waves, semi- 2
conductors, infrared radiation, radio meteor- |
ology, low temperature and theoretical physicss
is briefly described.

621.396.69:061.4 3218

Radio at the 39th Paris Fair—R. Ar.
(Radio Prof. (Paris), vol. 19, pp. 15-26; June,
1950.) General survey of exhibits, with notes® o
on individual rcceivers (radio and television),
antennas, loudspecakers, victrolas, intercom=
munications equipment and electronic ap-
paratus.

621.3.089.6+53.001.4 3219
Testing by the National Bureau of Stand-
ards NBS Circular 483 [Book Review] -Na-
tional Bureau of Standards. Publishers: U. S.
Government Printing Office, Washington,
1949, 25 cents. (Engineering (London), vol. 170, f
p. 102; August 4, 1950.) This document states 3
the Bureau’s policy regarding testing, outlinvsi
the procedure for applying to have tests carried
out, and sets out in detail the types of test
which can be made and the schedule of fees.

621.39.029.64 3220

Les Hyperfréquences, Circuits et Propaga-
tion des Ondes (en vue de I'Application au
Radar et aux Telecommunications) [Book Re-
view]—R. Rigal. Publishers: Ed. Eyrolles,
Paris, 1950, 219 pp., 1470 fr. (Ann. Télé-
commun., vol. 5, p. 276; July, 1950.) The author
is Directeur des Etudes 3 I'Ecole Nationale
Supéricure des Télécommunications, and the
book covers his course for engineering students.

621.396 3221 ||

N.A.B. Engineering Handbook, Fourth
Edition [Book Review}—Publishers: National ||
Association of Broadcasters, Washington, D. C. |||
1949, 650 pp., $17.50. (Proc. LLR.E., vol. 38,
p. 962; August, 1950.) “The material in part
consists of reprints of articles appearing in vari-
ous technical magazines, and in part of articles
directly written for this handbook. The style
and content is therefore variable. ... It is
recommended to the attention of all engineers
who are engaged in broadcast and television
activities.”
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\DVENTURES IN ELECTRONIC DESIGN

/ L] L] L]
Centralab’s Printed Electronic Circuits \
May Solve a Problem for You
s
.
(‘\ :;\'AA ,—:\"; (-:)‘
In a busy Washington ,ﬁ"‘f/ office during the past war :.-'&/"? hung a sign |
e i A =

which said — “We do the miraculous every day — the impossible takes just a little long-

______

‘ﬁgﬁ/ Centralab. For example,

er.” Today, that sign ‘could hang in the offices of "'!
someone wanted a small speech amplifier j“/Centralab’s answer — @@ Ampec, a full 3

stage unit, two of which can fit inside of a regular pack of cigarettes! A“G‘\A radio man-

ufacturer 2= ,“,‘-_471 wanted a small audio-detection unit. Centralab’s answer KR

. oy : . 9 :
Audet, a unit one-third size of an ordinary soda-cracker! R How were these things

& -
: . : i (m)
done? With Centralab’s Printed Electronic Circuits — a pioneered o ’ de-

L

4an" M Mgl
velopment of [ﬁl %Centralab. Yes, and here are some of the benefits that many man-
A _— 3

; 5
ufacturers of radio =3 TV sets QJ and other electronic gear s§> have reaped

from using PEC’s. They’ve eliminated numerous individual parts j;% their han-

Yl s &
dling, inventory f‘f and assembly. They’ve gotten more consistent and better per-
Y 2
formance results. ¢ 4.1[)3/ They’ve reduced finished product size and weight. ‘?f’
= IHA /:/{\9 o, (. {{

(‘l/;“)

ol o A% g
They’ve eliminated wiring errors Q‘(?ﬁ-’ and cut down on the number of ;r%:% soldered
o"..

| connections. What's more, they’ve been able to stretch \W’ their resistor supplies . . .
) e
an important factor in meeting current volume demands f) %,v‘ for TV and radio pro-

¥

duction. Look over your own situation. [ Want to cut costs? 7 §~¢ Speed up as-
- /4 s /
sembly? ‘l;r/‘”..‘ﬁ Then on the next two pages you may see a Centralab Printed Elec-

-~

tronic Circuit unit /7 ;7;] 7 that will help you do just that! If you don’t see what you

want — contact us. @ Tell us your problems. Maybe we can do the miraculous

£ Q

‘;‘ or take a little longer and accomplish the i ible! —yr K=
rly £ e leag plsh the imposstle! o o™ ifj

L O 52 = );/)

Cenm — DEVELOPMENTS THAT CAN HELP YOU )
®

Divislon of GLOBE-UNION INC., Milwavkee
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UT ASSEMBLY COSTS

onserve Resistors

|

ctual size photo of plate capacitor, resistor, and resistor-capacitor
nits. Because of size and ease of installation, they easily fit minia-
ire and portable electronic equipment — overcome crowded condi-
ns in TV, AM, FM, and record-player chasses. For complete data,
reck coupon No. 42-24 — Ceramic Plate Components,

<

YA401-002A
i~ 2. 4

entralab Triode Couplates save space and weight, replacing 5 com-
snents normally used in audio circuits. They consist of 3 capacitors
d 2 resistors bonded to a dielectric ceramic plate. Available in
wriety of resistor and capacitor values. For complete data, check
»upon No, 42-6 — Couplate, and No. 42-27 Model 2 Couplate.

\
ey

!

{s; |
’?t’lu’;

‘ “nard
-

L.mpec is a full 3-stage, 3-tube speech amplifier with amazingly efh-
fient, reliable performance. Size 114" x 113" x .340” over tube
fockets! Used in hearing aids, mike preamps and similar applica-

| Bons where small size and outstanding performance counts. For
fomplete data, check coupon No. 973 — Ampec,

Pentode couplates are complete interstage coupling circuits consist-
ing of 3 capacitors and 3 resistors on a small 6 lead ceramic plate.
Compared with old-style audio circuits, they reduce soldered connec-
tions 50% — wiring errors accordingly. Big saving in space and
weight. For complete data, check coupon No. 999—Pentode Couplate.

Centralab Vertical Integrators give you big savings in assembly costs
in TV vertical integrator networks. One type consists of 4 resistors
and 4 capacitors brought out to 3 leads reducing formerly re-
quired 16 soldered connections to 3! There're less parts handled,
too! For complete data, check coupon No. 42-22—Vertical Integrator.

Division of GLOBE-UNION INC. * Milwaukee

B B rear out couron I H N

for the Bulletins you want

CENTRALAB
Divisian of Glabe-Unian Inc.
920 East Keefe Avenue, Milwaukee, Wiscansin

Yes— | wauld like ta have the CRL bulletins, checked belaw, far my technical library!
4224 ] 999 [ 426 0 427 [0 4222 1 973

Name

l Address




OF THESE MICROPHONES

HAs THE SUPER-CARDIOID

PICKUP PATTERN THAT REDUCES
RANDOM SOUND PICKUP

4

BY

= THE FAMOUS "'55”
UNIDYNE DYNAMIC

Unidirectionol Microphone. This superlative
dynamic microphone is a Multi-Impedance
Microphone —you can have either High, Me-
dium, or Low Impedance simply by turning
a switch! Because it is a Super-Cardioid, the
“Unidyne” kills Feedback energy by 73%—
making it possible to use under the most
difficult acoustic conditions, The *“Unidyne”
is probably the most widely used microphone
throughout the world. Recommended for all
Mulii-Impedance Switch highest quality general-purpose uses,

for Low, Medium or High
impedance.

\ \

&
UST PRICE .. Q
$6950

4
N i
[

RICH SATIN-CHROME CASE

| THE NEW %“737A”
MONOPLEX CRYSTAL

Unidirectional Microphone. The “Monoplex” is the ONLY
Super-Cardioid Crystal Microphone made. As such, it is
undoubtedly the finest of all crystal microphones. (A
comparative test will prove this statement convincingly.) LIST PRICE
The *“Monoplex” employs the same type of acoustic 53975

Broadcast Microphones. Has “*Metal Seal” crystal—will
withstand adverse climatic conditions. Can be used in
those applications where severe background noise would
make conventional microphones practically useless!

RICH SATIN-CHROME CASE

Licensed under p of Brush Devel: ¢ C y. Shure pal di

SHURE BROTHERS, Inc¢.

Microphones ond Acaustic Devices

225 West Huron Street, Chicago 10, lllinois » Cable Address: SHUREMICRO

ATLANTA

“Measurement Unite Used in Communicatlon
Engincering,” by N. B, Fowler, American Telephone
and Telegraph Company; October 27, 1950,

BALTIMOKE

“A Precise Continuously Variable Pulse Drlay
U'nit,” by ). F. Gordon; November 8, 1950.

BosTton

“Engineering Aspects of International Short
Wave Broadcasiing Conference,” by C. B. Plum
mer, Federal Communications Commission; Se
tember 14, 1950.

“Research With High-Energy Electrons,” by
J. G. Trump, Faculty, Massachusectts Institute of
Technology; October 19, 1950,

“Radar in Mecteorology,” by A. C. Bemis
Faculty, Massachusetts Institute of Technology
November 16, 1950,

BUFFALO-NIAGARA

“The Effect of Recent Color Television De-
velopments,” by Nathan Marchand, Sylvania
Electric Products Inc.; October 18, 1950,

CEDAR RAPIDS

“Home Problems that Challenge Us Today
by Lillian Gilbreth; October 17, 1950

“Improvements in Transformer Perforimance
by Ruben Lee, Westinghouse Electric Corporation;
October 24, 1950,

CHicAGO

“Two-Way Radio Communication in Large
Industrial Plants,” by G. B. Soviers, Westinghouse
Electric Corporation; “Quality Control in the Elec
tronics Industry,” by Harold May. Motorola. Fred
Thoorobridge, Sentinel. and Dan Harris, Sentinel;
September 15, 1950,

“Transcontinental Television,” by B. D. Wick-
line, Ilinois Bell Telephone Company; “UHF Re
ceiver Design and Field Experience,” by J F. Bell,
Zenith Radio Corporation; October 20, 1950.

CINCINNATI

“Electronic Umpire,” by R, F, Shea. General
Electric Company; October 17, 1950.

CoLumsus
“New Test Equipment for Pulse, UHF, and
Audio Measurements,” by F. E. Waterfall, Alfred
Crosley and Associates; October 19, 1950.
“Industry’s &lturc.” by Tom Campbell,
Editor. /ron Age; November 2, 1950.

CONNECTICUT VALLEY
“Electronics in Navigation Control.” by R. L
Wanamaker, General Electric Company; Film
“\'-2 Rocket Project”; October 19, 1950,

DaLLas-ForT WorTH

“Theory and Application of the Vibrotron,
by John Ohman. Southwest Rescarch Institute;
October 25, 1950.

DENVER

“Nuclear Resonance by Super-Regenerative
Technique.” by J. R. Zimmerman, Faculty, Uni
versity of Colorado; “Methods ot Investigating
Beta-Ray Spectra with Magnetic Spectrometers,”
by A. A. Bartlett, Faculty, University ot Colorado;
November 10, 1950.

DEs MOINES-AMES
“Bell System Intercity Television Networks,”
by M. E. Strieby, American Telephone and Tele-
graph Company; September 26, 1950.

EvANSVILLE-OWENSBORO
“The FM Ring Antenna,” by Harvey Kees,
Electronics Research, Inc.; November 8, 1950,
(Continued on page 38A4)
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phase-shifting network used in the highest cost Shure




uniform

Yes, UNIFORM! There’s no such
thing as a "better tube” or a
“poorer tube’ when you insist on
Du Mont Teletrons. Advanced

(“*I engineering, precise mechaniza-

- tion second to none, and the most
Q‘\"’] rigid quality control account for
> 5oy uniformly dependable perform-
'\ )‘j ance that has made the Du Mont

—~ label symbolic of the finest in

j TV tubes. Best of all, with a pro-
[t ductive capacity in excess of one
million BIG picture tubes a year,
the giant Du Mont Allwood plant
meets quantity as well as quality
‘ requirements. Literature on
’ request.

’II||IIl|lIl|llI||I|IIllif"lnll‘

.,.—"

®TRADE-MARK

FIRST WITH THE FINEST IN TV

ALLEN B. DU MONT LABORATORIES, INC.
Cathode-ray Tube Division, Clifton, N. J.
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IMPROVEMENTS IN THE

BALLANTINE BATTERY OPERATED §
ELECTRONIC VOLTMETER

Achieving a tenfold increase in sensitivity, higher input
impedance, improved low frequency response and sub-
stantial reduction in size and weight.

VOLTAGE RANGE:
100 microvolts to 100
volts In 6 decade
ranges.

INPUT IMPEDANCE:
2 megohms shunted
by 8 mméd on high
ronges and 15 mmfd on
low ranges.

FREQUENCY RANGE:
2 cycles to 150,000
cycles,

ACCURACY:
3%, except 5% below
5 cycles and above
100,000 cycles.

® Available multipliers in-
crease the voltage range to
1,000 or 10,000 volts.

® Available precision shunt
resistors permit the meas-
urement of AC currents from
1 ampere down to one-
tenth of a microampere.

@ Features the well-known
Ballantine logarithmic volt-
age and uniform DB scales.

@ Battery life over 100 hours.

@® Can also be used as a flat pre-amplifier

with @ maximum gain of 60 DB. Be- MODEL 3028

Size: 67" x 72" x 123",

cause of the complete absence of AC Weight: 14 Ibs
hum, the amplifier section will be found Price ‘;,mp|e,; with cover and
extremely useful for improving the sen- botteries: $215.

sitivity of oscilloscopes.

For further informatian on this Valtmeter and the Ballantine Madel! 300 Vali.
meter, Wide-Band Valtmeters, Peak ta Peak Voltmeters and accessaries such as
Decade Amplifiers, Multipliers, and Precisian Shunt Resistars, write far catalag.

‘E;ALLANTINE LABORATORIES, INC. g7y

102 Fanny Road, Boonton, New Jersey ~

(Continued from page 36A4)

ForT WAYNE

*Fourth Color in TV,” by G. H. Timmings;
October 23, 1950,

Kansas City

“Fundamentals ot Atomic Theory,” by Max
Dresden, Faculty, University ot Kansas; October
17, 1950.

LonNpon

“Process of Conduction and Rectification in
Metal Rectifiers,” by H. Tull, Facuity, University
of Western Ontario; October 2, 1950.

SElectronic Research at the University of
Toronto Department of Physics,” by J. M. Ander-
son, Faculty, University of Toronto; October 19,
1950.

*Develc nt of Equi t for Remote
Metering of Broadcast Transmitters,” by J. M
Toye, Canadian General Electric Company. Ltd
Inspection of Radio Station CFPL; November 20
1950,

Los ANGELES

“Nonreciprocal Structures for Radar An-
tennas,” by G. Fonda-Bonardi, and *A New Re-
cording Head for Magnetic Drum Memories. " b
C. B, Forrest; November 7, 1950,

LouisviLLE

“Electronics in Industry,” by J. R. Roe, Allis-
Chalmers Company; October 27, 1950,

*Tape Recorders,” by J. S. Boyer, Magnecord
Corporation; “"High-Fidelity Amplifiers Using
Receiving Tubes with High-Output and Low Dis-
tortion,” by Frank Mclntosh, Mclntosh Labora-
tories; November 10, 1950,

MILWAUKEE
*Exploration in High-Fidelity Sound.” by
Marvin Camras, llinois Institute of Technology;
October 24, 1950.
MONTREAL
*Kinescope Recording.” by J. E. Hayes,
Canadian Broadcasting Company; November 16,
1950.
NEwW YORK
“Reliability ot Electronic Equipment for
Military Service,” by F. R. Lack, Western Electric
Company; “Reliability in Miniature and Sub-
miniature Tubes,” by P, T. Weeks, Raytheon
Manutacturing Company; *Tube and Circuit Con-
siderations for Indi®idual Applications,” by N. F
Mackenzie, RCA Victor Division; October 4, 1950.

NORTH CAROLINA-VIRGINIA

“What Makesthe IRE Click.” by G. W. Bailey,
The Institute of Radio Engineers; October 20, 1950.

“Information Systems Research,” by Ferdi-
nand Hamburger; November 17, 1950,

OTTAWA

*“Wave Propagation Beyond Normal Hori-
zons,” by J. A. Saxton, N.P.L., England; October
26, 1950.

PHILADELPHIA

*Transient Testing of Loudspeakers.” by M. S.
Corrington, RCA Victor Division; November 2,
1950

“Application of Radio Activity to Industry,”
by George Pieper, Tracerlabs, Inc.; November 8,
1950,

PITTSBURGH

“Recent Progress in Television,” by D. G
Fink, Electronics; October 16, 1950,

*Magnetic Amplifier Circuits and Applica-
tions,” by W. J. Darnhoeter, Vickers, Inc.; Novem-
ber 13. 1950,

(Continued on page 39A4)
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PRINCETON

“Control Problems in Nuclear Power Plants,”
sy M. A. Schultz, Westinghouse Electric Corpora-
ion; October 12, 1950.

“Television in Europe—Present and Future,”
sy D. G. Fink, Electronics; November 9, 1950.

ROCHESTER
“The Radio Engineer Looks at Industrial
Electronics,” by E. D. Cook, General Electric
Zompany; October 26, 1950,

SAN ANTONIO
*Radio Progressin Europe.” by A. \W. Straiton,
Faculty. University of Texas; October 26, 1950.
The Vibrotron,” by John Ohman, Southwest
Research Institute; November 16, 1950.

SaN Dieco
3 “The Present Status of Color Television,” by
L. N. Papernow, Television Broadcasting Com-
pany; October 3, 1950

SaN Francisco

“Printed Circuits and What They Mean to
the Parts User,” by W. C. Parsons, Centralab Divi-
sion of Globe Union, Inc.; September 18, 1950.

“Automatic Anti-Roll Ship Stabilization—A
Se Problem,” by J. H. Chadwick, Stanford Uni-
versity, and A. J. Morris, Office of Naval Research;
October 4, 1950

*Electronic Equipment Reliability—The Mili-
tary Problem.” by Jerre Noe, Stanford Research
Institute; October 25, 1950.

SAINT Louis
“Brains for Guided Missiles,” by G. J. Fiedler,
Sverdrup and Parcel, Inc.; September 20, 1950.
“Calibration of Laboratory-Type Micro-
pkones,” by R. W, Benson, Central Institute for the
Deaf; October 26, 1950,

SCHENECTADY
“The Engineers Approach to the Human
Mechanism,” by J. R. Ragazzini, Facuity. Col-
umbia University; November 13, 1950.

SEATTLE
*The Impact of Television on the Radio
Serviceman,” by Nick Foster, Faculty, Edison
Technical School; October 27, 1950,

SYRACUSE
“Problems in the Television Industry.” by A. B.
DuMont, Allen B. DuMont Laboratories; October
30, 1950.
ToLepo
“The Principles and Application of the Strobo-
conn,” by 8. L. Krauss, C. G. Conn, Ltd.; October
12, 1950
“The Oscillator System for the Rochester 130
Inch Syncro-Cyclotron,” by W. W. Salisbury,
Collins Radio Company; November 14, 1950,

ToroNTO

“New Types of UHF Tubes,” by P. A. Red-
head, National Research Council; October 23,
1950

“Kinescope Recording,” by J. E. Hayes,
Canadian Broadcasting Corporation; November 13,
1950.

" TwinN CiTies

“TV Network Facilities of the Bell System,
by M. E. Strieby, American Telephone and Tele-
graph Company; September 28, 1950,

WASHINGTON
“Radio Radiation from thc Sun and itse Mean-
ing.” by J. P. Hagen, Naval Research Laboratory;
November 13, 1950.

(Continued on page 40A4)
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DESIGNS AND PRODUCES

Plevible and Rigid

AVEGUID

COMPONENTS

Special Microwave
Mixer-Duplexer Assembly
Designed by AIRTRON

?om the smallest waveguide com-
ponent fo complete transmission systems ...
from the first “doodle’ memo or blueprint
to the finished precision product . . . make
AIRTRON your FIRST source for all types of
microwave plumbing. Unique in back-
ground, technical savvy, plant
facilities and the WILL to
SERVE, this organization is
prepared to engineer and
manufacture your staple or
special requirements in:

Mixers
Duplexer Assemblies
Magic Tees
Waveguide Switches
Elbow Bends
Elbow Miters
Twisted Sections

Rigid Twists
Choke Fittings
Flexible Woveguides

Straight Section
Rotary Joints

Send for AIRTRON
Engineering Data on
Microwave Plumbing

BRANCH OFFICES
Boltimore Los Angeles New York
Boston $t. Lovis Dollas Doyton




X ..
BETTER TOROIDS MAKE /)
BETTER FILTERS ... AND

G\, D)Makes Both

Precise engineering and careful design, coupled with .highest
grade materials and latest designed winding equipment enable
B & W to manufacture Toroidal Coil Type Filter Units economi-
cally to most exacting specifications.

B & W offers to all communication fields, a performance-proved
line of Filters, including High-Pass, Low-Pass, Band-Pass, and
Band Suppression Types, in addition to
supplying individual Toroidal Coils in
a wide range of inductance values.

Coil Problems
Solved!

Need an exacting coil type—one pro-
duced to critical specifications by coil
specialises?

B & W coils in standard or special
types range from single layer solenoid
coils to universal units with single, mul-
tiple pie or progressive windings; RF,
IF and oscillator coils; traps, discrimi-
nators, filters, RF and delay line chokes
and others. For detailed information
write to B & W Department PR-11.

237 Fairfield Avenue

46A

SUBSECTIONS
B
Atn
HaMILTON

“Fhe Hammond Organ.,” by W. Ber

“Color Tele
«
1950.

Mip-Hupson

International Business Machine Corporata
October 24, 1950.
MoNMOUTH

“Application of DPrinted Circuits to Sub
miniature Design.” by M. U. Cohen, Balco Researct
Laboratories; April 19, 1950,

“A Survey of Latest Color Television De
velopments,” by A. G. ]
Laboratories, Inc.; October 18, 1950.

STUDENT
i BRANCH
{

UNIVERSITY OF ALBERTA, |RE Braxcit

Studios,” by Mr. Tanner. Northern Electric Com
pany; October 19, 1950,

U'NIVERSITY OF ARKAN . IRE

“Troubleshooting Television Receivers.”™ by

Mr. Smith, Smith Radio Shop; October 25, 1950

CARNEGIE INsTITt TE OF TECHNOLOGY
IRE-AIEE Brancu

fo |

Faculty Carnegie Institute of Technology., and
Professor Nelson. Faculty, Carnegic Institute of
1 November 21, 1950.

CLARKSON COLLEGE OF TECHNOLOGY,
IRE Braxcu

Bell Telephone Company; November 2, 1950
Business Mecting; IFilms: “DC Commutation
a AB ( it Breal " Ne ber 10, 1950

UNiversiTY OF Cororano, |RE-A1EE BrANCH

""""" ness b
tober 18, 1950,

“Magnesium Manufacture,”™ by John Thomas
Student, University of Colorado; Films: attle for
0il,” and *Our State University °; October 30, 1950

“Nuclear Resonance by Super-Regenerative
Technique,” by J. K. Zimmerman; “Methods of In
vestigating Beta Ray Spectra with Magnetic Spec
trometers,” by A. A. Bartlett, Faculty. University
of Colorado; November 10, 1950

“Power Transformers,” by W. S. Pullen, Jr
R. E. Ingmire, and Mr. Fabion. General Electric
Company; November 15, 1950.

“R f

(Continued on page 42A4)
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TRANSFORMERS & INSTRUMENTS

DECADE INDUCTORS BY R

A complete line of precision high stability decade
inductors covers the range from one tenth of milli-
henry to hundred henries and frequencies from 30
cycles to 300,000 cycles.

The inductors can be used either as secondary
laboratory standards or as high Q components in
wave filters, equalizers and tuned circuits for aqudio
and radio frequencies. Individual inductors are
wound on temperature stabilized molybdenum per-
malloy toroidal core. Four coils (nominal values 1.
2. 3. 4) are combined in an individual decade. A
special low loss ceramic switch combines the coils
in such a way as to give the eleven successive values
from 0 to 10.

Special silver alloy contacts insures very low con-
tact resistance.
OUTSTANDING FEATURES
Very high Q ot frequencies up to 300,000 cycles,
High natural frequency.
Astatic to external magnetic fields.
Very low temperature coefficient.
Electrostatic and magnetic shielding.

FREQUENCY RANGE 30 TO 2000 CYCLES
Q 50 @ 200 CYCLES

*41164 DECADE INDUCTOR 111 Henry total in steps of .1 Henry
FREQUENCY RANGE 100-2000 CYCLES
COMPARISON BRIDGE Q 80 @ 500 CYCLES

HI FIDELITY
I/, DB 20-30000 CYCLES

4

APID TV PARTS TEST #1341 DECADE INDUCTOR 100 Henry total in sleps of 10  Henry

FREQUENCY RANGE 500-20,000 CYCLES
Q — 60 @1000 CYCLES

#1160 DECADE INDUCTOR 11.1 Henry total in steps of .01 Henry
#1163 DECADE INDUCTOR 111 Henry total in steps of .001 Henry
#1260 DECADE INDUCTOR 11.11 Henry total in steps of .001 Henry

FREQUENCY RANGE 500-20,000 CYCLES
Q 160 @ 1000 CYCLES

#1220 DECADE INDUCTOR .01 Henry total in steps of .001 Henry
#1230 DECADE INDUCTOR 1 Henry total in steps of .01 Henry
#1240 DECADE INDUCTOR 1 Henry total in steps of .1 Henry
1260 DECADE INDUCTOR 11.11 Henry total in steps of .001 Henr

gnro DECADE INDUCTOR 10 Henry fotal in steps of 1 MEED HERMETICALLY SEALED

NO. 1030 LOW #1280 DECADE INDUCTOR 1.11  Henry total in steps of .001 Henry TO MEET MIL.T-27 SPECS.
LDUENCY "Q" INDICATOR #1290 DECADE INDUCTOR 11.11 Henry fotal in steps of .001 Henry
#1310 DECADE INDUCTOR 11.1 Henry total in steps of .01 Henry

FREQUENCY RANGE 2000-50,000 CYCLES
Q 200 @ 10,000 CYCLES
1161 DECADE INDUCTOR 1.1 Henry total in steps of .001 Henry

FREQUENCY RANGE 10,000-300,000 CYCLES
Q 200 @ 100,000 CYCLES

NO. 1210 NULL #1162 DECADE INDUCTOR 111 Henry tolal in steps of .1 millihenry sus MlN'ATgEELED
ETECTOR & YACUUM . RMETICALLY SEA
TUBE VOLTMETER %#1984 DECADE RIFRCTON 8 SrannR st g o, Mckpl ooy o R R ANSFORMERS




...when you
design
TV sets

Make your sets easy to tume. Put the
control knobs where the user can ma-
nipulate them without stooping, squat-
ting or kneeling.

A Lt

YOU CANDOIT

Use these specially developed remote control
flexible shafts to couple the tuning elements
1o their control knobs. Then you can put the
tuning elements where they should go for hest
circuit efliciency and easy assembly, wiring
and servicing and you’re free to place the
control knobs for utmost user convenience.

WRITE FOR NEW BULLETIN 5008

It contains the latest inform-
ation and data on flexible
shafts and their application.
Write for a copy today.

« Wit wovevarns orrsion

DENTAL MFC.CO. Dept. G 10 East 40th St.
NEW YORK 16, N. Y.
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STUDENT
BRANCH

MEETINGS
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(Continued from page 40A4)

| Coorer UNi1oN, IRE BraNcH

‘ “Particle Accelerators,” by II. C. Wolfe,
Faculty, Cooper Union; October 30, 1950.
Tour: Columbia University Cyclotron; No-
vember 4, 1950.
Business Meeting. November 14, 1950.

CoxNELL UNIVERSITY, IRE-AJEE BRANCH

*Galloping Bridges,” by D. B. Stelnman, Oc-
tober 25, 1950.

UNiveRsITY OF DENVER, IRE-ATEE BraNch
Business Meeting; November 1, 1950.

UNIVERSITY OF DETROIT, IRE BrANCH

*Psychology in Engineering,” by A. Schneiders,
Faculty, University of Detroit; October 10, 1950, i

UNIVERSITY OF FLORIDA, IRE-AIEE BraNcH
“The Application Engineer in Industry.” by
C. W. Drake, Faculty, University of Florida; Film
“Television”; October 17, 1950,

ILLINOIS INSTITUTE OF TECHNOLOGY,
IRE BRANCH
Film: “Sightseeing in the Home";
Officers; October 16, 1950.

Election of

STATE UNIVERSITY OF Jowa, IRE BraNcH

Organization of IRE and AIEE Student
Groups; September 27, 1950.

Organization of Student Branch and Program
Planning; October 4, 1950.

Student Speeches; October 11, 1950,

Construction of Homecoming Monument
October 18, 1950.

Student Speeches; October 25, 1950,

Film: “Radio-Frequency Heating and its Ap-
plication”; November 1, 1950,

“Cyclotron,” by J. J. Livinggood. Collins
Radio Company; November 8, 1950.

UNIVERSITY OF KENTUCKY, IRE BRANCH

Film: “Electrified Farming,” by General
Electric Company; October 12, 1950.

“Human Relations.” by Gifford Blyton,
Faculty, University of Kentucky; October 26, 1950.

| *History of the Piano.” by Nathaniel Patch,

Faculty, University of Kentucky; November 9,
1950,

LAFAYETTE COLLEGE, IRE-AIEE BRANCH

*Quality Sound Systems,” by H. H. Elliott
Student, Lafayette College; November 14, 1950

LenicH UNIVERSITY, IRE BRANCH

Films: “Radar, Finding the Enemy,” and
“Radar, \Weapon of Attack”; October 26, 1950,

MARQUETTE UNIVERSITY, IRE-AIEE BRaNCH
*Color Television,” by A. F. Petrie, Student
Marquette University; October 19, 1950.
Smoker, October 25, 1950,
Business Meeting, November 2, 1950.
Business Meeting, November 16, 1950.

UNIVERSITY OF MARYLAND, IRE-AIEE BRANCH

*Radio Telemetering,” by R. S. Butts, Melpar
Corporation; November 15, 1950.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
IRE-A1EE BrANCH
Tour of Television Station WBZ-TV; October
10 and 11, 1950.

(Continued on page 43A4)
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STUDENT |
BRANCH

") MEETINGS |

(Continued from page 42A4)

«The Application and Manufacture of Circuit
Breakers,” by E. A. Kilgour, Allis-Chalmers Com-
pany; October 23, 1950.

Tour of Allis-Chalmers Boston Works; October 24—
26, 1950.

*Feedback Control Mechanisms,” by G. S.
Brown., Massachusetts Institute of Technology;
October 31, 1950.

MICHIGAN COLLEGE OF MINING AND TECHNOLOGY,

IRE-AIEE Braxc NO BIGGER'N A WRISTWATCH 3
“Summer Employment in Sweden.” by Lynn BUT PACKED WITH PERFORMANCE!
Zellmer, Student, Michigan College of Mining and . . ) o
Technology; October 17, 1950. The new model 55 shorting type switch reflects, in miniature,
Business Meeting. October 31, 1950. many design features of large CP switches. With a maximum
UNIVERSITY OF MINNESOTA, IRE-AIEE BrANCH of 18 contact positions in the single pole style, it’s .also
Film: “Thisis Resistance Welding”; October 4, available in two or three pole styles. Of course several sections
LoS0: u ® o F. T may be “ganged”. Silver path from terminal to terminal
“Honeywell Research Projects,” by F. J. . . _ :
Larson. Minneapolis. Honeywell Company; October is provided. Flash-over voltage at 60 cycles is
11, 1950. ' 1000 volts peak. Current rating is 2 amperes.
Electronics Demonstration by Aifred Crossely Model 55 is only one of seven standard stock model

and Associates, Fred Nearing, Speaker; November
1. 1950

“The Future of Electrical Engineering,” by H.
Hartig. Faculty, University of Minnesota; No-

switches of our manufacture. A catalog describing
them all will be sent upon request.

B

4

1LLUSTRATION
IS APPROXIMATELY
ONE HALF
ACTUAL SIZE

NEw MEX1co COLLEGE OF AGRICULTURE

& MECHANIC ARrTs, IRE-AIEE BrANCH

*Electron Tubes,” by H. H. Brown, Faculty,
New Mexico College of Agriculture and Mechanic
Arts; October 12, 1950.

“Plant Opera:lons of the Nichols Electrolytic
Copper Refinery.” by D. Kunklen, Nichols (Phelp
Dodge Copper Company); October 26, 1950.

CoLLEGE oF THE Ci1TY OF NEW YORK,
IRE BraNCH

Business Meeting; Films: *Squirrel Cage Rotor
Principles,” “Repulsion Motor Principles,” “Split
Phase Motor Principles,” and “Naturally, It's
FM"; October 26, 1950.

*Test Equipment in the Production and

IF YOU NEED

Servicing of TV,” by Mr. Petrasek, Radio Corpora- AM’ FM or Tv
tion of America; November 9, 1950. TRANSMITT'NG SPEC'ALT'ES
*UHF Impedance Measurements,” by Mr
Thurston, General Radio Corporation; November — YOU NEED CP
16, 1950.
NEW Yorxk Usavesity, IRE BRANCH Becausg CP Transmission E.qmpment has proven 'outstanc.lmg
(DAY Division) in service and performance in hundreds of major installations
Film: *Just Imagine,” by Bell Telephone Com- throughout the nation. If you have a specific problem pertaining

pany; October 26, 1950.

“Opportunities for Students in the Graduate
School of Engineering.” by S. G. Lutz, Faculty, New
York University; November 2, 1950.

“Errors in Telemetering.” by Leon Hillman,
Faculty, New York University; Smoker; November
8, 1950,

Business Meeting, November 9, 1950.

to any of the products listed,
our engineers will be happy
to help you solve it.
Consultation can be arranged
to suit your convenience—

without obligation.
New York UNivessity, IRE-AIEE BrANCcH
(EVENING DiviSION)
“Feedback Amplifiers,” by Dr. Mulligan,
Faculty, New York University; Election of Officers;
October 27, 1950,

NORTHEASTERN UNIVERSITY. IRE-AIEE BRANCH ’
“Current Practices in Television,” by Hollis ’
Baird, Faculty, Northeastern University; October /

3, 1950, -

Tour of High Voltage Engineering Corpora- % |
tiom; October 19. 1080, e oo ) | KEYPORT (B E}; NEW JERSEY

(Continued on pag je 46A4) ' v 25
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Z..0- VOLTAGE REGULATION N\ [
7 odbritt Coi |

Insure constant plate and filament voltage
for your electronic products with standard
SOLA "“CVE” POWER TRANSFORMERS.

e —————

Specify the new SOLA

"(F:)VE” Constant Voltage @
Power Transformers in
your circuit design to
eliminate the variable of

fluctuating line voltage at ‘ TYPE CVE
{ CONSTANT VOLTAGE
unusually low cost. Regu : e R ol

lation of filament and
plate supply is =3% at
line voltage variations
from 100 volts to 130 volts.

Mnde under one

0 CYCLES

following patent
)

43,745; 3 4
2,346,621 e
kil Pend., - ‘
™

.._‘€

an

REGULATION COMPARISON
SOLA ""CVE’’ Pawer Transfarmer—

SOLA ELECTRIC CO. & 820

CHICAGO. ILL . U. $. A ‘ ‘ $00 == 1 _
W 480
"2 460
440
O 420
> 400
~— 380
D 360
2 340
3 o
The SOLA ““CVE"” standard Power Transformers are completely S ':::
automatic and continuous in regulation . . . have no moving parts - % 0 Ho o 10 |
or tubes . . . and are self-protecting against short circuit. They are PRIMARY VOLTAGE
stocked in 42 V.A,, 75 V.A. and 210 V.A. capacities to cover most
electronic power supply requirements. We invite your inquiries on 8
the application and benefits of the moderately priced “CVE” o
Constant Voltage Power Transformers to your product. For full elec- 2 :;
trical and mechanical specifications write for Bulletin K-CVE-138. = oo . |
o se |~ [
> se
N Cozant v 5 5 |
& 52
=2 so |
™\ TRANSFORMERS 3
“CV’’ for high precision voltage regulation. “CVE" for regulated electronic w : el ] J
power supplies. "CVH" for constant voltage with less than 3% harmonic W dE e R v
distortion. “CVA"’ for constant voltage on television receivers. PRIMARY VOLTAGE !
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Collins vhf transmitters
for its entire Martin 4-0-4 fleet

By its purchase of 40 Martin 4-0-4’s, which will begin to go into
domestic service next spring, Trans World Airlines follows its tradi-
tionally vigorous course of progress.

Also reflecting TWA’s policy of providing the most efficient air
transportation that modern facilities permit, is the fact that the
radio complement of every one of the new 4-0-4's will include a
Collins 17L-2 vhf transmitter.

TWA engineers made a careful study of available vhf transmitting
equipment. They knew that vhf communication is line-of-sight com-
munication, noise-free within its range, but not applicable over great
distances. They chose the 17L-2 largely because it had the best size-
weight to power ratio.

The 17L-2, small enough to be housed in a standard 15,ATR size
case, weighs only 19 pounds. Yet it has a power output of eight
watts or better into a 52-ohm load, thus assuring that transmissions
will be received and acknowledged at the busiest air terminals.

In addition, it provides fingertip remote frequency control of all
180 channels reserved for aircraft communication in the vhf band.
The 314Y-1 remote control unit can be located wherever it is most
convenient.

All airline operations and communications people should be fully
informed about this highly developed transmitter. A descriptive
bulletin will be sent you on request.

D COMMUNICATIONS, IT'S . . .

COLLINS RADIO COMPANY, Cedar Rapids, lowa

1) West 42nd Strect, NEW YORK 18 27 West Olive Avenuve, BURBANK
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~ Here may be the answer

 to your RECORDING problem

anborn Amplifier Recorders are being

found outstandingly useful in a wide
variety of industrial recording applications.
Records are produced directly, and continu-
ously, by heated stylus on plastic coated
record paper (Permapaper), are in true rec-
tangular coordinates, and are sharp, clear,
and permanent. Elimination of the ink flow
type of recording permits the use of these
recorders in any position and at any angle.
The writing arm (or arms) is driven by a
D’Arsonval moving coil galvanometer with
an extremely high torque movement (200,000
dyne cms per cm deflection).

The single channel Model 128 is a
vacuurn tube recording voltmeter capable of
reproducing electrical phenomena from the
order of a few millivolts to more than 200
volts. Standard paper speed is 25 mm /sec.
Slower speeds of 10, 5, and 2.5 mm/sec. are
available. A variety of interchangeable ampli-
fiers is available.

The multi-channel Model 67 provides
for the simultaneous registration of up to
four input phenomena on one record using,
in a multiple system, the same principles and
methods as the single channel Model 128.

In addition, this vertically mounted, metal
cased amplifier-recorder provides a choice of
eight paper speeds: 50, 25, 10, 5, 2.5, 1.0, 0.5
and 0.25 mm /sec., and further provides for
the use of 4-, 2-, or l-channel recording
paper. Complete versatility of recording is
offered in this unit by means of interchange-
able amplifiers which permit the registration
of stresses, strains, velocities, etc., along with
the usual D.C. or A.C. phenomena.

The recorder and amplifier units
of which the above models are com-
prised are also available separately.

For complete catalog
giving tables of con-
stants, sizes and
weights, illustra-
tions, general de-
scription, and
prices, address:

SANBORN

AMPLIFIER-
RECORDERS

MODEL 128
SINGLE
CHANNEL

MODEL 67
MULTI-
CHANNEL

Sanborn  Recorders and
Amplifiers have evolved
from those originally de-
signed by Sanborn Com-
pany for use in electro-
cardiographs, and have, by
actual practice, proven to
- have wide applications in
s 1he industrial field as well.

PROCEEDINGS OF THE I.R.E

Student Branch Meetings

(Continued from page 43A)

Tour of Mystic Station of Boston Edison;
October 26, 1950.

*“Nature, Art and Engineering,” by E. W,
Boehne, Faculty, Massachusetts Institute of Tech.
nology; “Electronics in Overalls,” by F.Hansen,
General Electric Company; November 2, 1950.

Business Meeting; Films: *Adventures in Re.
search,” and “Echoes in War and Peace”; Novem.
ber 7, 1950.

UNIVERSITY OF NOTRE DAME, IRE-AIEE Braxch
Business Meeting, September 20, 1950.

OHI10 STATE UN1VERSITY, IRE-AIEE BRANCH

*Commercial Distribution of Power,” by E. E,
Kimberly, Faculty, Ohio State University; No-
vember 9, 1950,

PENNSYLVANIA STATE COLLEGE,
IRE-AIEE Branch
Films: “Railroad Signals,” and “X-Ray Inspec-
tion”; November 2, 1950.

PraTT INSTITUTE, IRE BRrANCH
“Electronic Computers,” by Simon Gluck,
Faculty, University of Pennsylvania; October 26,
1950.

PRINCETON UNIVERSITY, IRE-AIEE BraNCH

Film: “Daredevils of the Alps”; October 12,
1950.

“Is Engineering a Profession?” by J. F. Fair-
man, Consolidated Edison Company; November 2,
1950,

RENSSELAER POLYTECHNIC INSTITUTE,
IRE-AIEE BraNcH

“Operator Toll Dialing.” by J. C. Macrow and
G. W. Schaible, New York Telephone Company;
November 15, 1950.

RUTGERS UNIVERSITY, IRE-AIEE Braxcu

“Trends in Electrical Measuring Instruments,”
by Mr. Estopey. Weston Instruments Corporation;
October 24, 1950,

“Theory and Application of Transistors,” by
S. M. Christian, RCA Laboratories; Business Meet-
ing. November 14, 1950.

SYRACUSE UNIVERSITY, IRE-AIEE BRANCH
“Engineers in Industry,” by C. H. Heiden,
General Electric Company; October 25, 1950,
“Korea,” by Albert Lee, Student, Syracuse
University; November 16, 1950,

UNIVERSITY OF TExas, IRE-AIEE Brancu

“Austin Power System,” by W. E. Seaholm
October 2, 1950,

Demonstration "of Electrical
Laboratories, October 30, 1950,

Film and Award Presentation, November 6,
1950,

Engineering

UNIVERSITY OF ToLEDO, IRE-AIEE BraNcH
Business Meeting; Films by Bell System; Oc-
tober 23, 1950.
“Squirrel-Cage Motors,” by Lester Fox,
Electric Auto-Lite Company; November 14, 1950.

TurTs CoLLEGE, IRE-AIEE Branch
“Concepts of Microwave Techniques,” by
Raymond Crisp. General Communications Com-
pany; October 25, 1950.

TULANE UNIVERSITY, IRE-AIEE BrancH

Business Meeting, September 30, 1950.

“Relationship of City Sections and Student
Branches,” by J. A. Cronvich, Faculty, Tulane
University; “Role of the Student Branch in the
College Scheme,” by L. H. Johnson, Faculty,
Tulane University; October 2, 1950.

VIRGINIA POLYTECHNIC INsTITUTE, IRE BRANCH
“The Application ot our Field in the Field of

Applied Mechanics,” by E. J. Maher, Faculty.

Virginia Polytechnic Institute; October 10, 1950,

(Continued on page 47A4)
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student Branch Meetings
(Continued from page 46A)

Film: *RF Heating.” by Westinghouse Flm
Abrary; October 24, 1950,
UNIVERSITY OF VIRGINIA, IRE BRANCH l

Film: *Summer Storms”; October 10, 1950.

AR (DC VOLTAGE REGULATORS)

UNIVERSITY OF WYOMING, IRE-AIEE BRANCH DO YOU WANT the admmtages
Business Meeting; Films: “Sound Recording,” of storage battery characteristics with-
UL el . out the disadvantages? Then equip
usiness Meeting; Films National Air A
aces,” and “Principles of Radio Receivers”; No- . Wlth Sorensen NOBATRONS! You
rember 8. 1950. M get adjustable output voltage, stabil-
‘_ /A? ized against changing line AND
B LOAD conditions. You eliminate bat-
— tery charging and maintenance, gas,
—t acid hazard.

Like all Sorensen regulators, the
NOBATRON is a painstakingly en-
Ibhe following transfers and admissions gmeergd Comblnatlon. of fine work-
were approved and will be effective as of manshlp and top-quallty components.
“January 1, 1951: That means accurate, trouble-free
operation; long life!

Transfer to Senior Member
adler, H. J.. Hallicrafters Company, 4401 Fifth
Ave., Chicago, Il
Antman. M. A., 1244 Kumler Ave., Dayton 7, Ohio
Bernstein. J.. 1363 Findlay Ave., New York 56, | L/
N. Y,
C.. 846 Howe St., Vancouver, B. C.,

410 Prospect St.. East Orange, N. J.
Felton. W. W., 10 Hemlock Rd.. Lansdowne, Pa.
Hansen. J. A., 23 Bee St., Valley Stream, N. Y. 5
Jarmie, T. W.. 759 Douglas Ave., Oxnard, Calif.
Keller. A. C.. 125 White Plains Rd., Bronxville 8,

N.Y =
Ketchum;‘l';[ M., 127 Nichols Ave., Syracuse 6, MODEL E-6-15
Kreveky, S., 76 Throckmorton Ave.. Red Bank,

N.J

Robinson, S. A.. 111 Ivy Rock Lane, Westgate Hills,
Havertown, Pa.

Saxon, M.. Box 575, Lufkin. Tex.

Smith, O. J. M., 228 Amherst Ave., Berkeley 8,
Calif Write for Complete Literature

Thurston. J. N.. Electrical Engineering Depart-
ment, University of Florida, Gainesville,

VanScoyoc. J. N.. 946 S. Maple, Oak Park, 11l STANDARD MODELS COMMON ELECTRICAL SPECIFICATIONS
Wilhelm, J. F., Leaman Acres, R. D. 7, Box 223, 6-VOLT SERIES
Lancaster, Pa. 21‘55 :i:ooo Input voltage range 95-130 VAC; adapter transformers

Williams, J. B.. Philco Corporation, C & Tioga Sts., available for 230 VAC operation®

Philadelphia. Pa 12.VOUT SERIES - ;
crd. E12:5 €12:30 utput voltage range Adijustable = 10%
Wright, R. R., Box 568, Blacksburg, Va. E1215 E12:50 L 2 2 e
Zink, A. J.. Jr., 64 Whittier St., Andover, Mass. 28.VOLT SERIES Regulation accuracy and
o . | P €2870 load range + 0.2% from 1/10 load to full load
Admission to Senior Member ‘ 2810 E28150 B pipple voltage RMS ma 1%
| 5 . X.
Butler, E. W., 100 Kingsland Rd., Clifton. N. J. £2830 SAESSS 2
McDonough. J. A.. 12 Andover P1., Glen Cove, L. L, “Vm SERIES Recovery time 0.2 second—this value includes charging
N. V 13 time af filter circuit for the most severe
Williams, W. B., 13103 Corbett Ave., Detroit 13, b change in load ar input conditions
Mich embors ldiEis{TelE Input frequency range 50-60 cycles
| sge and current; for one o,
6-3 _Indlest .
Transfer to Member ‘ (R A $ B *Some high current units require three-phase input

Abjanich, G. S., Sylvania Electric Company, 1280
Main St.. Buffalo 9, N. Y

Allen. J. E., Eighth & Oak Park Rd., Lansdale, Pa. |

4 Pl L e Fllllllllllrllllllllllll]llll]l]lllllj_l
Pike, Lancaster, Pa.

Butler, H. J., 126 Seminary Ave., Lutherville, Md. o . .

Cole, H. H.. 1232 N. Stanford, Albuquerque, N For' other regulation problems investigate Soren-
Mex. sen’s line of AC Voltage Regulators, Voltage

\ DC
Grimm, E. M., 1 East St., Boonton, N. J Ref )
Johnston, S. L., 2795 Peachtree Rd., Atlanta, Ga. erence Standards’ Power supplys.

Judge. H., Pingree, 1daho
Manley, T. M., Box 3381, Wright-Patterson AF

Base, Dayton, Ohlo o 4
Miller, H. G., Bell Telephone Company of Penn- Mm ""'I ¢ "".""'.y9 ',.‘..
sylvania, 121 N, Broad St., Philadelphia 7, 375 FAIRFIELD AVE. © STAMFORD, CONN.

P
a(c,m,;,,u,d on page 484) MANUFACTORERS OF AC LINE REGULATORS, G0 AND 400 CYCLES; REGULATED BC POWER SOURCES; ELECTRONIC

INVERTERS: YOLTAGE REFERENCE STANDARDS; CUSTOM BUILT TRANSFORMERS; SATURABLE CORE REACTORS
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(Continted from page 474)

R Newbold, R Instrumentation Laboratory.
" Massachusetts Institute of Technology.
Cambridge, Mass

|

Opie, A., 15 Tulip Lane, Short Hills, N. J

» Pavela, H, W., 4541 S. Greenwood Ave., Chicago
L 15, 1!
L) Peterson, T. A.. Jr.. 615 Baker P, Elizabeth 3,
| ] N.J

L] Rogers, A. J.. 324 Roxbury Rd Dayton 7, Ohio
L] Slusser, E. A.. R. D. 4. Heech St., Babylon. N. \
a Walker. K. C., Box 414, Bucknell University, Lewis-
) burg. Pa

.. ® Admission to Member

a Beaver, J. A., Jr.. 937 Easton Rd., Roslyn. Pa

a

Creighton, A. M_, Jr., 2221 E. Osborn Rd., Phoenix,
Gresko, J. J.. 9 Doyer Ave., White Plains, N. Y
Holley, M. V., 214 Bedford Ave., Buffalo, N. }
Makalanda, A., Hydraulic Research & Soil Me-
chanics Laboratories, Jawatta Rd., Co

lomgbo, Ceylon
McLaughlin, C., 567 Superior Ave., Dayton, Ohio
C. N.. Armour Research Foundation, 35
\W. 33 St., Chicago 16, 111
Petersen, C. C.. 3640 Fullerton Ave., Chicago 47, 111
Rubinfien, D., 117 8. Central Ave., Chicago 44, 111
Stuarts, A, Jr., 341 Taylor Ct_, Troy, N. Y

Pe rson

TUNGSTEN

and

MOLYBDENUM
GRID WIRE

The following elections to Associate grade
were approved and will be effective as of
December 1, 1950:
shus 17 Sycamore St., Massapequa, N. YV
Bahl, D. R., Technical & Development Cir., Govind
Bhawan, Jabalpur, India

s

The nenmelting SILICONE insulating

and wat ofing compound that is

frem -TO°F, to

i o
i
Shown:

.
) a
?f{.'?y type ‘::‘ (IUAI.ITY is

B_ASIC with Buu-:v

One of the BASIC rcasons why
BLILEY has been top choice for
twenty years is our continued
emphasis on product QUALITY,
regardless of the pressure of
urgent delivery dates. We are
pleased to be known to so

4 for ELECTRONIC
EQUIPMENT

4 for AIRCRAFT ignition

and electrical control
systems

MEETS ALL THE
REQUIREMENTS

Made to meet your
specifications . .. @
for gold content,

diameter and

481

OF AN-C-128a

many concerns as “The Standard
of the Industry!”

=lle

More woter repellent thon porotfin, Oow Corning
4 Compound is highly resistont to oxygen, ozone
ond to deteriorotion coused by corono dischorge.
POWER FACTOR, up to 10 megocycles

0.001
VOLUME RESISTIVITY, ohm centimeters .. 10 > |
OIELECTRIC STRENGTH, volts/mil 500 3 ;
CRYSTALS Wty !
BLILEY ELECTRIC COMPANY fo_you_copy of our W[
i i oring
UNION STATION BUILDING Carning 4 Componet RTINS 6 e SIGMUND' COHE CORP
ERIE, PENNSYLVANIA Addicss Depe. D

DOW CORNING CORPORATION, Mudland Muchigan

44 GOLD ST. NEW YORK
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NEW INDIGATOR ION TRA?

Ci-
A Ry —

|

Helps you Cut Production Costs

Rauland’s new Indicator Ion Trap can help you in your
hattle to cut pennies off production costs and thereby
to price receivers competitively.

First of all, the Indicator Ion Trap completely elimi-
nates the need for any equipment and any trained judg-
ment in the adjustment of ion trap magnets. Adjust-
ment can be made faster than equipment could be
attached. The ion trap magnet is simply moved until
the green glow signal is reduced to minimum. It can be .
done in seconds with absolute accuracy —without even Tilted Offset Gun
seeing the front of the picture tube.

Second. the Rauland Tilted Offset Gun which incor-

RAULAND

The first to introduce commercially
these popular features:

Indicator lon Trap

porates this Indicator lon Trap requires only one Ion H
Trap Magnet instead of two, nli)bb]ing a littleymore off Luxids {Black)5eresn
production costs. Yet it gives better results—the elec- Reflection-Proof Screen
tron beam is bent only once and is focused to maximum
sharpness. Aluminized Tube
Specify Rauland tubes with these exclusive advan-
tages, and get the benefits that only Rauland offers. .
For further information, write to. .. —«L—“*

THE RAULAND CORPORATION
)‘ pe/?_facflﬂ‘n mfz_ouyé_ /?eAe,a/LcA.

4245 N. KNOX AVENUE * CHICAGO 41, ILLINOIS
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The W. L. MAXSON

CORPORATION
IS

SEEKING

Ouistanding

ENGINEERS

AND

PHYSICISTS

with
AMBITION

TO

FURTHER
PRESENT
STANDING

Immediately

[
|
: Minimum Requirements are:

Five to ten years experience
in advanced electronic re-

search and development

1.
[

|
[
! 9. Outstanding record of in-
| genuity

Ph.D., M.S. or equivalent

it .

Please send résumé and salary re-

quirements to:

The W. L. MAXSON

CORPORATION
460 W. 34th St.
New York 1, N.Y.

50A

|

The following positions of interest to
LR.E. members have been reported as
open. Apply in writing, addressing reply
to company mentioned or to Box No. ...
The lnstitute reserves the right to refuse any
announcement without giving a reason for the

refusal.

PROCEEDINGS of the L.R.E.
| East 79th St., New York 21, N.Y.

ELECTRONIC ENGINEER

Senior graduate engineer with at least
10 years experience in receiver design.
Minimum of 2 years experience UHF de-
sirable. Must me capable of assuming
project responsibility. Location Connecti-
cut. Excellent opportunity. Salary high.
Submit resume. Box 631

ENGINEER

Small  California transmitting tube
company requires engineer for medium
frequency tube work, also for develop-
ment and manufacture of klystrons and
pulse tubes. Give full details giving age,
stating education, experience, salary ex-
pected. Box 632.

ENGINEERS AND PHYSICISTS

Project and senior engineers desired
for work on several theoretical and ex-
perimental programs of diversified nature
involving military applications of elec-
tronics. Applicants should have 3 or more
years of experience in research and de-
velopment in some branch of electronics
and preferably advanced graduate train-
ing. Command of physical fundamentals
and analytical ability important. Small,
expanding company located in college
town. Opportunities of graduate study.
Reply Personnel Manager, Haller, Ray-
mond and Brown, Inc. State College, Pa.,
stating education, experience, salary ex-
pected.

ENGINEERS

National Broadcasting Company needs
experienced engineers with commercial
television operating experience or stand-
ard broadcasting control room experience.
Apply Room 505, 30 Rockefeller Plaza,
New York, N.Y.

ELECTRON TUBE ENGINEERS

For development and production. Ex-
perience miniature or sub-miniature tubes
desirable. Apply by letter only to Person-
nel Dept., Sonotone Corp., Elmsford,
New York.

RADIO AND TELEVISION ENGINEERS

Experienced in design of high fre-
quency circuits such as FM tuners, TV
boosters and TV antennae. Salary com-
mensurate with ability. Write giving full
details—Mr. Stone, Talk-A-Phone Com-
pany, 1512 South Pulaski Rd., Chicago 23
111. Lawndale 1-8414. '

ENGINEERS

Physicists, chemists or EE's with Ph.D.
or equivalent and experience in the field
of solid state physics for research work
on semi-conductor devices employing
germanium and silicon. An excellent op-
portunity in a research laboratory of a
leading manufacturer with laboratories

(Continued on page 524)

PROCEEDINGS OF THE LR.E

Positions avallable for

SENIOR
ELECTRONIC
ENGINEERS
with
Development & Design
Experience
in
MICROWAVE RECEIVERS
PULSED CIRCUITS
SONAR EQUIPMENTS
MICROWAVE

COMMUNICATIONS
SYSTEMS

Opportunity For Advancement

Limited only by Individual
Ability
Send complete Resume to:

Personnel Department

MELPAR, INC.
452 Swann Ave.
Alexandria, Virginia

Graduate
ENGINEERS

Good Opportunities

for
ELECTRONICS

Engineers or Physicists

M.S. or Ph.D. in Physics, Physical
Chemistry, E.E., M.E,, or Ch.E. for
industrial electronics research. Must
be outstanding technically with at
least a few years research ex-
perience, and interested in the de-
velopment of instruments and physi-
cal techniques.

Give experience, education, age,
references, personal history, salary
received and salary expected. Please
be complete and specific.

All inquiries will be cansidered
pramptly and kept canfidential.

E. I. du Pont de Nemours & Co. (Inc.)

Englneering Department Personnel
Wilmington 98, Delaware
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OPPORTUNITY FOR ELECTRONIC
ENGINEERS

A leading new (1946) company in the field of high quality electronic equipment has
openings for outstanding

PRODUCTION DESIGN ENGINEERS

Engineers of outstanding ability and five to ten years experience in the develop-
ment and design for production of electronic equipment are desired.

RESEARCH MEN

are needed for enlargement of an important research and development program on
government and industrial projects. Applied physicists, electronic engineers, and
applied mathematicians are sought. Considerable advanced development experience
and advanced degrees are desirable.

WORKING CONDITIONS ARE ATTRACTIVE

Interesting projects are underway in the fields of radar, air traffic control, blind
landing, computers, servos, and general electronics. New projects will be established
to suit the qualifications of the staff.

Liberal vacation and sick leave policies are furnished, together with excellent hos-
pitalization and insurance plans.

Access to the Graduate Schools of Massachusetts Institute of Technology, Harvard
University, and Boston University is provided.

HOUSING IS ADEQUATE IN BOSTON AREA

Houses for purchase or rental and apartments are readily available in the Boston
area. Assistance will be provided new employees in locating living quarters. Moving
expenses will be paid.

Interviews will be held in selected areas. Expenses of those outside these areas
will be paid if interview is requested by the company.

WRITE PERSONNEL MANAGER

LABORATORY FOR ELECTRONICS, INC.
Il LEON STREET
BOSTON 15, MASS.
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APPUED MAIHEMAIIBIANS Opportunities exist for graduate

| engineers with design and de-
velopment experience in any of

physicists and applied mathema- | the following:

ANALOGUE COMPUTERS

Electronic and mechanical engineers,

ticians.
' SERVO MECHANISMS
POSITIONS AVAILABLE RADAR

AT ALL LEVELS ELECTRONIC CIRCUITS
for research and development In COMMUN|CAT|ON

, EQUIPMENT
radar, microwaves, servo systems, AIRCRAFT CONTROLS
computers, telemetering. instrumen- HYDRAUUCS
tation and nucleonics. INSTRUMENTAT|ON

ELECTRONIC PACKAGING

Permanent positions offering variety, PRINTED CIRCUITS

PULSE TRANSFORMERS
FRACTIONAL H. P. MOTORS

responsibility, and challenging op

portunities for advancement. |
Submit Resume to
Employment Dept.
BENDIX AVIATION CORPORATION

RESEARCH LABORATORIES s P E R R Y

4855 Fourth Avenue GYROSCOPE co
Detroit 1, Michigan Division of the Sperry Corp.
GREAT NECK, L.I., NEW YORK

RESEARCH OPPORTUNITIES IN THE LOS ANGELES AREA

UnusuaI.Opportunity for Senior men with degrees and at least five years of
oqtstandlng proven accomplishment to achieve further growth by working
with some of the nation’s outstanding scientists on commercial and military
projects in large modern electronics laboratories.

ELECTRONIC ENGINEERS SERVOMECHANISMS
PHYSICISTS—CIRCUITRY ENGINEERS
PHYSICISTS—ANALYSIS ELECTRO MECHANICAL
PHYSICISTS—OPTICS ENGINEERS

PHYSICISTS—ELECTRON TUBES MECHANICAL DESIGNERS

Lopg term program of research and development in the fields of Radar,
Guided Missiles, Computers, Electron Tubes, and related equipment,

Please do not answer unless you meet the above requirements.

RESEARCH AND DEVELOPMENT LABORATORIES
Hughes Aircraft Company CULVER CITY, CALIFORNIA

Bachelors, Masters, Ph.D.’s in PHYSICS or E.E.; Experienced Electronic
Engineers; Supervisory Personnel for vital war work.

OPPORTUNITY ON LONG ISLAND
for research minded engineers

Offers attractive working conditions, salary commensurate with i
schools, first-rate research and development facilities; oth:r ad::?\:a"ge:s‘fe' sccess to graduate

Projects underway in fields of microwave receivers, transmitters : i
trol; servos, motor control systems; general electronics. » antennas: radar, sir traffic con-

Write PERSONNEL MANAGER

I NC ORPORATEZO

160 OLD COUNTRY ROAD < MINEOLA, N.Y.

(Continued fronmi page 50A4)

in New York State. Send complete
resume. Our employees have been notified,

Box 633.

SENIOR ELECTRONICS ENGINEER

For design and development of circuitry
for ultrasonic equipment timing CIircuits,
audio oscillators amplifiers, and audio
measuring equipment to meet Navy speci-
fications. Experience required: 3-5 years
in development of audio or supersonic
equipment for government or industrial
usage. Must have B.S. in physics or
electrical engineering. \Write: Personnel
Director, Box 30, State College, Pa

DEVELOPMENT TECHNICIANS

At least 3 years experience in layout,
(Including rough drafting) of electronic
chassis. Should also be experienced in
electronics testing and trouble shooting.
Write : Personnel Director, Box 30, State
College, Pa.

ELECTRICAL ENGINEER

Graduate electrical engineer with a
minimum of 2 years’ experience. For de-
sign and development of audio trans
formers and filters. Permanent position
with progressive firm located in Chicago.
Give details stating age, education, ex-
perience, references, availability for work
and salary expected. Box 0634,

ELECTRONIC SCIENTIST

For research in upper atmosphere
rocket program. Must have an appropri-
ate degree, and at least 3 years experience,
with emphasis on electronics as applied to
upper atmosphere research or an allied
field. Please address replies, contaming a
brief resume of experience to Employ-
ment Officer, Naval Research l.aboratory,
Washington 25, D.C.

RADIO & RADAR ENGINEERS

Radio and radar engineers for air
craft installation and application design
work. Should have 5 or more vears’ ex-
perience with aircraft radio or radar sys-
tems and preferably have aircraft instal-
lation or antenna design, selection and ap-
phication experience. lixperienced aircraft
elecirical engineers are also needed. Con-
tact  Enginecering  Personnel  Section,
Chance Vought Aireraft, P. O. Box 5907,
Dallas, Texas.

ENGINEERS

Florida East Coast opportunity for
permanent positions i Electronic Instru-
mentation Rescarch and  Development.
Telemetering, Pulse Circuits and Com-
puter expertence desirable. Junior, Senior
and Project Engineers may send resume
of education, expcrience, references,
availability and salary expected to Radia-
tion, Inc. Melbourne, Florida.

ELECTRONICS ENGINEER-WRITER

A long-established concerm of high
repute in_ the military instruction book
field requires a technical writer of proj-
ect director calibre for permanent em-
ployment. A solid electronics background
1s essential, as is direct experience in the
planning and writing of instruction books
to Navy, Air Force, and Signal Corps

(Continued on page 54A4)
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UTC was the largest supplier of transformer components in World War
Il. Present UTC production is on a similar basis. Illystrated below are a
few of the thousand military types in UTC 1950 production.

gnetic amplifiers

Miniaturized audio units, m@

150 VARICK STREET NEW YORK 13, N. Y.
ORK 16. N. Y. CABLES: *ARLAB"




RESEARCH
ENGINEERS

CALIFORNIA INSTITUTE OF
TECHNOLOGY JET PROPUL-
SION LABORATORY,
PASADENA CALIFORNIA

Needs Research Engineers for
work on their Missile Program in
the following electronic cate-
gories:

RADAR

ANTENNAS
TELEMETERING
COMPUTERS
INSTRUMENTATION
ANALOG COMPUTERS

Apply in writing and fumnish in-
formation as to education and
experience. 4800 Oak Grove
Drive, Pasadena 3, California.

NATIONAL UNION
RESEARCH DIVISION

Senior engineers and physi-
cists are needed for research
and development of Cathode
Ray, Subminiature, Second-
ary Emission and highly spe-
cialized types of Vacuum
Tubes.

Junior Electrical Engineers
are desired for training as
tube or circuit design engi-
neers.

Men qualified by virtue of
education or experience to
handle problems in the field
of tube or circuit design are
invited to send their resumes
to:

Divisionol Personnel Monoger

Notionol Union Reseorch Division,
350 Scotland Rd., Oronge, N.J.

S4a

Positions Open

(Continued from poge 524)

specifications. Security clearance will be
required after employment, Concern is lo-
cated in downtown New York City. Send
detailed resume to Box No. 638.

ELECTRONIC ENGINEERS
Senior engineers or Physicists, degree
and experience in Radar, Pulse Circuits,
Digital or Analogue Computers, or Servo-
mechanisms. Electronic Engineering Com-
pany, 180 S. Alvarado St., Los Angeles 4,
California.

CIRCUITS AND MICROWAVE ENGINEERS

Rapidly expanding company in the in-
strumentation field has openings for Senior
engineers with several years of expe-
rience. Men with Masters or Ph.D. De-
grees preferred. Excellent opportunities in
field of VHF, UHF and microwave test
equipment. Location Brooklyn, Send com-
plete resume to Box 639 L.R.E.

ELECTRONIC ENGINEERS

Naval Ordnance lLaboratory, outside
Washington, D.C., offers unusual op-
portunities to men with college degrees,
in the fields of communications aund in-
strumentation. Starting salaries may run
as high as $6300. Men with specialized
experience in the video or the instruments
fields are urgently required. Attractive
openings exist for men with inclinations
in other directions. Address: Personnel
Dept., Atten: UT, Naval Ordnance Lab-
oratory, White Oak, Silver Spring 19,

Md.
ELECTRONIC ENGINEERS
At least three (3) years post-college
experience in development, DC amplifier,
digital computers, pulse and servo design.
Established Company, New York City,
Box 640.

ENGINEERS

Expanding Southwest organization has
need for electronic engineers and tech-
nicians, mechanical engineers, machinists,
draftsmen, mechanical and electronic; to
work with cinetheodolites, cameras,
radars, computers and telemeters, as used
for guided missile test instrumentation.
Work consists of operation, maintenance,
development and construction. Write for
application form. Salaries based on appli-
cation and personal interview are com-
mensurate with education, training, ex-
perience, job responsibility and other
factors. Particularly needed: engineers
and technicians experienced in small
quantity production to JAN specifications,
Address reply to: C. E. Riggs, Land-Air,
Inc. Box 76 Holloman Air Force Base,
New Mexico.

ELECTRONIC ENGINEERS
. Sales, design and application engineer-
ing. Positions open in Sales and Engineer-
ing Depts. of manufacturer of communi-
cations equipment. Salary commensurate
&gh experience. Location Chicago. Box

TELEVISION ENGINEER

_For design and development of Tele-
vision and Radio Receivers by one of
Chicago's oldest Television and Radio
manufacturers. Applicant required to have
college degree or equivalent. Experience
necessary in design and measuring tech-
nique. Give age, experience, reference,
etc. Salary open. Apply box 643,
ELECTRONICS ENGINEERS
A large Cleveland Manufacturer of
Automotive and Aircraft_ Engine Parts

is entering the Electronics Field. De-
(Continwed on page 55A4)
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Electronic Engineens

Benbix Rabio Division
Bendix Aviation Corporation

PRODUCTION DESIGN RESEARCH

Openings for experienced en-
gineers or recent graduates
who are seeking a permanent
position in a modern, well-
equipped electronics organiza-
tion working with a special-
ized and highly technical
professional group.

Positions available for work
on: Search and Airport Sur-
veillance Radar; G.C.A.; Com-
munication and Navigation
Equipment; Broadcast and
Television; Mobile Equipment;;
Test Equipment.

Housing ond rentols in oreo ore plentiful

Send resume to:
MR. W. L. WEBB, Director
Engineering and Research

BENDIX RADIO DIVISION

Boltimore 4, Morylond

RESEARCH ENGINEERS
ELECTRICAL ENGINEERS AND
PHYSICISTS

THE FRANKLIN INSTITUTE
LABORATORIES FOR RE-
SEARCH AND DEVEL-
OPMENT

Have opening for personnel with 2-10
years experience. Advanced degrees
are desirable in certain of the po-
sitions, Fields of interest covered are:
Mathematical Analysis of Physical
Problems, Statistical Theory of Com-
munications, Electromagnetic Theory.
Circuit Analysis, Servomechanism
Theory, Electrical Compuﬁnq.' Ad-
vanced and Fundamental Circuit De-
velopment, Radar and Pulse Circuits,
Supervision of Operation of G.C.A. or
Tracking Radar, Air Traffic Conttol,
Air Navigation. Automatic Controls,
Industrial or Naval Power Drives,
and Electrical Machinery.

Send resume of education and experi-
ence, salary requirements and a pho-
tograph to:

Personnel Deportment

THE FRANKLIN INSTITUTE
Philodelphia 3, Pennsylvania

Janvary, 1951
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Positions Open

(Continued from page 54A4)

velopment Engineers and Laboratory
Technicians are needed to conduct de-
velopment, testing of qualification test
samples, design and build test setups,
writing reports, etc. Work is original in
the field of high frequency signal trans-
missions (frequencies up to 11,000 mega-
cycles per second). Reply should give
training, experience in detail, past em-
ployers, earnings and other pertinent
facts. Thompson Products, Inc., 2196
Clarkwood Road, Cleveland 3, Ohio.

ENGINEERS

Four senior electronics research and
development engineers with a mimmum
of five years' experience in pulse and
general radar design. Assignments will
include microwave test equipment projects
and guided missile development. Degree
essential. Excellent opportunity for ad-
vancement in rapidly expanding company.
Modern plant of 250 workers located in
Los Angeles area. Three experienced
, junior engineers also required. Send
resume of education, experience, salary
desired, to Box 644

ELECTRICAL ENGINEER

B.S. or M.S. to work with group on
circuits and miniaturization problems re-
lating to electronic equipment and tech-
nique. Must be capable of job planning
and project control. Minimum 5 years
experience in both audio and TV circuits
and tube component design or equipment
production. Prefer engineering physicist
or electrical engineer with some mechan-
ical design experience and major interest

in circuits, Position is with gyhysics Lab-
(Continued on page 56A4)
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PROJECT
ENGINEERS

Far Micrawaves . . . Magnetrans

.+ . Klystrans
Experienced personnel required
in our expanding Microwave and
Vacuum Tube facilities, with the
following background: Micro-
wave Measurement, Magnetron
Development and Manufactur-
ing. Klystron Development, Vac-
uum Tube Technique, Pulse and
Modulator Circuits.

Permanent positions with one of
the oldest tube companies in
America, associated with a
world-wide research organiza-
tion. Unlimited possibilities are
available to the proper people.
Write full details, in confidence
to Mr. Weston.

e s s g T . e e s o o o o o o e e e S e S S S S o e g

25 Washingtan St.  Braaklyn 1, N.Y.

00‘000’0”&0000&00000‘00'“0‘0'000‘00”0-00-0-0“00000”000000 e e S g

¢
*
AMPEREX ELECTRONIC CORP, %
:

e e e e e e e

PROCEEDINGS OF THE I.R.E.

January, 1951

ENGINEERING
OPPORTUNITIES
IN

Westinghouse
Wanted:

Design Engineers
Field Engineers
Technical Writers

Must have at least one year's
experience.

For work on airborne radar,
shipborne radar, radio communi-
cations equip., microwave relay,
or micro-wave communications.

Good pay, excellent working
conditions; advancement on in-
dividual merit; location Balti-
more.

Send resume of experience and
education to: Manager of In-
dustrial Relations, Westinghouse
Electric Corp., 2519 Wilkens
Ave., Baltimore 3, Maryland.

PHYSICISTS
AND
ENGINEERS

You can find plenty of positions where
you will work on minor improvements
on radar, telemetering systems, and
other conventional devices. However,
you will find very few positions where
you can break ground in new flelds hav.
ing tremendous significance. This you
can do at the JACOBS INSTRUMENT
COMPANY, whose entire effort is de-
voted te ploneering activities in new
flelds that it has opened up itself, Ome
of these flelds, for examplo, is that of
ultra-high speed, ultra-compact digital
computers and controllers. This com-
pany's JAINCOMP family of eomlrnun
dominates this fleld. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design
of advanced electronic circuits er pre-
cision mechanical {nstruments may
qualify, also individuals with good
backgreunds in applied physics. A fow
openings exist for eutstanding junier
E. E.’s and physicists, alse experienced
technicians; applicants for these posi-
tions must apply in personm.

JACOBS

INSTRUMENT CO.

4718 Bethesda Ave.
Bethesda 14, Maryland

ELECTRONICS
ENGINEERS FOR
SOUTHWEST
ATOMIC ENERGY
INSTALLATION

2to 10 years experience in re-
search, design, development,
or test

A variety of positions open for
men with Bachelor’s or ad-
vanced degrees qualified in
one or more of the following
fields:

¢ UHF TECHNIQUES

® PULSE CIRCUITS

® SERVO-MECHANISMS

o TELEMETERING

® RELAYS

e LOW POWER APPLICATION

® INSTRUMENTATION

e STATISTICAL ANALYSIS

¢ TEST EQUIPMENT RELATING
TO ABOVE FIELDS

Patent History Desirable But
Not Necessary

These openings are for per-
manent positions at the
Sandia Laboratory in Albu-
querque, New Mexico. Al-
buquerque is the largest city
in New Mexico, a mile above
sea level, with a sunny, warm,
dry climate, and a population
of 100,000. Located in the Rio
Grande Valley at the foot of
the Sandia Mountains, which
rise to 11,000 ft., Sandia
Laboratory is operated by
Sandia Corporation, a sub-
sidiary of the Western Electric
Company, under contract with
the Atomic Energy Commis-
sion. This laboratory offers
pleasant working conditions
and liberal employee benefit
plans,

MAKE APPLICATION TO:

PROFESSIONAL
EMPLOYMENT DIVISION
SANDIA CORPORATION

SANDIA BASE

ALBUQUERQUE,

NEW MEXICO
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ELECTRONICS
RESEARCH AND
DEVELOPMENT

In Baltimore, Maryland

Career Positions
for
Top Engineers and Analysts
in
Radar Pulse, Timing and In-
dicator Circuit Design
Digital and Analogue Com-
puter Design
Automatic Telephone Switch-
board Design

Also
Electro-Mechanical Engineers
Experience in servo-mechanism, spe-
cial weapons, fire control, and guided
missile design.

R t E.E. graduates and those with
at least one year electronics research
and development work will also be
considered.

Salary commensurate with abillty.
Housing reasonable and plentiful.
Submit resume outlining qualifica-
tions in detail. Information will be
kept strictly confidential. Personal in-
terviews will be arranged.

THE GLENN L. MARTIN COMPANY
Employment Deportment
Boltimore 3, Morylond

SCIENTISTS

AND

ENGINEERS
for

challenging research and ad-
vanced development in fields of
RADAR
GYROSCOPES
SERVOMECHANISMS

MECHANICAL SYSTEMS
ELECTRONICS CIRCUITS
APPLIED PHYSICS AND MATH
PRECISION MECHANICAL DEVICES
ELECTRICAL SYSTEM DESIGN
GENERAL ELECTRONICS
INSTRUMENTATION
MICROWAVES
COMPUTERS
AUTOPILOTS

Scientific or engineering
degree and extensive technical
experience required.

WRrRITE:
Manager, ENGINEERING PERSONNEL

BELL AIRCRAFT CORPORATION

P.0. Box 1, Buffalo 5, N.Y.

Positions Open

(Continued from page 55A)

oratories. Sylvania Electric Products Inc.,
Bayside, Long Island. Please address re-
plies to Personnel Manager 40-22 lLaw-
rence Street, Flushing.

By Armed Forces
Veterans

In order to give a reasonably equal op-
portunity to all applicants, and to avoid
overcrowding of the corresponding col-
umn, the following rules have been
adopted:

The Institute publishes free of charge
notices of positions wanted by LR.E.
members who are now in the Service or
have received an honorable discharge.
Such notices should not have more than
five lines. They miay be inserted only after
a lapse of one month or more following a
previous insertion and the maximum num-
ber of insertions is three per year. The
Institute necessarily reserves the right to
decline any announcement without assign-
ment of reason.

TELEVISION ELECTRONICS TECHNICIAN

214 years B.E.E. New York University.
2 years Naval Electronics Radar Tech-
nician. 2 years T.V. experience in produc-
tion test and field engineering for New
York manufacturer. Desires position New
York—I.ong Island area. Resume on re-
quest, Box 489 \V

ENGINEER

B.EE. clectronics option, University
of Minnesota, June 1949, high scholastic
standing. 3 years Army Signal Corps
radio repairing and operating. Desires
electronic design or development posi-
tion. Location immaterial. Box 490 W.

ENGINEER

Age 43, married. Extensive practical
radio, FM., T.V. and communications
experience. .Desircs position as Service
Manager with a reputable distributor.
New York, New Jersey or Conn. area.
Resume on request. Box 491 W,

JUNIOR ENGINEER

B.ELE. June 1950, New York Uni-
versity. _Deanes position in electronics or
communications field. Experience remote

control repairman on AA guns, 1%
years television and radio repairman. Age
27, single. Willing to relocate anywhere
m US. Box 493 W.

SALES ENGINEER

B.E.E. June 1947, Polytechnic Institute
of Brooklyn, Eta Kappa Nu. 2 years
varied radar, radio, electronic technical ex-
perience. 1 year own business. Single, age
25. Box 494 W.

ELECTRICAL ENGINEER

Six years experience in electromechani-
cal and industrial electronics and measure-
ments. Professional engineer. New York
;‘n){,ea preferred. $7500 per year. Box 500

SALES ENGINEER
Graduate “Salesmanship for Engineers”
course at C.C.N.Y,, B.EE. communica-
(Continued on page 58A)

PHYSICISTS
AND
SENIOR RESEARCH
ENGINEERS

POSITIONS NOW
OPEN

Senior Engineers and Physiclsts having out-
tnndinﬁ academic background and experience
in the flelds of:

Microwave Yechnigues
Moving Target Indication
Servomechanisms

Applied Physics

Gyroscopic Equipment

Optical Equipment

Computers

Pulse Techniques

Radar

Fire Control

Circuit Analysis

Autopilot Design

Applied Mathematics

Electronic Subminiaturization
Instrument Design

Automatic Production Equipment
Test Equipment

Electronic Design

Flight Test Instrumentation

are offered excellent working conditions and
opportunities for advancement in our Aero-
physics Laboratory. Salaries are commensurate
with abllity, experience and background. Send
information as to age, education, experience
and work preference to:

NORTH AMERICAN AVIATION, INC.
Acrophysics Laboratory
8ox No. N-4, 12214 South Lakewood Blvd
Downey, Califomia

ment.

56

CIRCUITS AND MICROWAVE ENGINEERS

Permanent Positions for Men with Several Years of Experience

A rapidly expanding organization with long range programs for commercial
and government developments offers excellent opportunities in the field of
general instrumentation including VHF, UHF, and microwave test equip-

Our modern, well equipped laboratories are conveniently located in down-
town Brooklyn and offer a stimulating and pleasant working atmosphere.
Men with Master’'s or Ph.D. degrees are preferred.

RESEARCH and DEVELOPMENT €O :Inc.
202 TILLARY STREET. BROOKLYN 1. N. Y

PROCEEDINGS OF THE I.R.E.
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12.2-AMP
THYRATRON-

General Electric’s GL-5855 is designed for control
work that requires high current capacity . . .
toughness and stamina . . . utmost dependability.

GL-5855

12.5.
2.5-amp ontrol thyratron

l RE’S 2 new motor-control tube that handles big currents, Filameny voltoge
and can take the punishment of full-time, heavy-duty Filameny Current 25y
operation . . . on through a long life span which squeezes Peak anog 34 omp
value out of every dollar. fofwardeg,:lslrage'

Study the clean, sturdy design. Under the heavy glass en- Peak cathog inverse 1500 ,
velope is a structure so simple, so inherently braced, that 4 € trrent 150
vibration and shocks have little effect. Bolts fasten the tube 9 cathode cyrrgpy Sy
1o the panel, assuring firm support and providing tight, solid Current averaging y; 125 amp
electrical contacts. Ambient o me 15 sec

Cleanness and simplicity go further . . . right through 10 Commutatigp fact 9¢ ~5510 479 ¢
application needs. No snubber circuit is required. The high 2r 200
commutation factor (200) means that the anode gas ab- * &
sorption from inductive loads is negligible. This makes for
long tube life with a straightforward, economical circuit. NOTE\(,O

To a husky 12.5-amp rating are added high anode voli- for is the PrO(TuT,ma“o" fac
age, high peak-to-average current ratio, stable control Of curren, deca Of the rare

*»  characteristics, and short heating time. This pattern has Per‘miCrosccon{]'q Amperes.
made the earlier, smaller GL-5544 and GL-5545 popular; ro_c‘)mmulatio,, Just prior
assures enthusiastic acceptance for the new thyratron. 0{'“"erscvol,agea',’d the rare
Also, the GL-5855 has a wide temperature range, making Pcr'miCrosecon Fiseinvols.
the tube virtually climate-proof. commuralion, Just afrer

Wire or write for complete ratings and performance
data. Or better, ask for an across-your-desk talk with
an experienced G-E tube engincer! Electranics Depart-
ment, General Llectric Compay, Schenectady 5, N. Y.

GENERAL &3 ELECTRIC

100K
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wore GEQ. STEVENS con winoine

EQUIPMENT IS IN USE THAN ALL

OTHER MAKES COMBINED'
——————

GEO. STEVENS machines bought !4
years ago are still operating daily
at full capacity.

e MORE OUTPUT...LOWER
COSTS . . . from EXCLUSIVE SPEED
FEATURE. Universal motors permit
variable speeds without changing
belts and pulleys. Coil design per-
mitting, speeds as high as 7500
RPM are not uncommon.

o PORTABILITY. Conveniently car-
ried from place to place. Machines
come mounted on bases to constitute
one complete unit.

e MUCH LOWER ORIGINAL
COST. The same investment buys
more GEO. STEVENS machines than
any other coil winding machines.

o LONG LIFE. Most of the original

SET-UPS than any other general
purpose coil winding machine.
Quickly changed gears and cams
save time between jobs.

e VERY LOW MAINTENANCE.
Replacement parts are inexpensive,
can be replaced in minutes, and are

thus saving valuable production time.
o EASIEST TO OPERATE. In one

a GEO. STEVENS machine.

"e

TITTNTIG

T

e

SPACE WINDING MACHINE, MODEL 30, winds resistors and space wound coils up to 6

long. Winds wire from No. 40 to 18. For smaller wire sizes, Model 92-6 De-Reeler-

is recommended instead of the bench type spool holder illustrated.

8 10 800 TURNS PER INCH is an outstanding feature, permitting an unusually wide
range of pitch selection. 48 pitch change gears—completely enclosed for safety—give
desired pitch. Up to 10,000 turns are registered by full vision 6” Clock Dial Counter.

For speedy return to starting position, the heavy traverse bar has a friction drive
and uses a rack and pinion for return. Accurate location for start of coil is attained by
screw adjustment on feed roller. Fine wire is wound freely and fast due to ball bear-
ing, spring tension tailstock which also allows quick change of coil forms. Spools and
tailstock may be adjusted closer or farther from winding head by moving tension
bracket—because they are mounted on bed rods. Tailstock may also be moved to the
front or rear for perfect alignment.

Motor equipment: 14 H.P. Variable Speed Universal Motor with foot treadle con-
trol. Automatic Stop with Predetermined Counter is optional — it saves time and
eliminates most bad coil rejection by not requiring operator to do turns manually.

Also available — MODEL 35— same construction, same features but arranged to
wind forms up to 12” long.

There is a GEO. STEVENS machine for every coil winding need. Machines that wind ANY
kind of coil are available for laboratory or production line. . . . Send in a sample of your
coll or a print to determine which model best fits your needs, Special designs can he made
for special applications. Write for further information today.

Porlds %’lyed/ .//(anu/('n'/a:m
a/ Cocl Wnuﬁny Mactkines

HG6ED. STEVENS

REPRESENTATIVES
Frank Tatro
6022 No. Rogers Ave., Chicoge 30, lllinois
Ralph K. Reid
1911 W, 9th St,, Los Angeles 6, Colifornio

R. A. Staff & Co.
1213 W. 3rd St., Clevelond 13, Ohio

MFG. CO., INC.

Pulaski Rood ot Petersonr

Chicogo 30, lilinons

58a

o MUCH FASTER CHANGING OF

stocked for ‘‘same day' shipment,

hour, any girl can learn to operate

Positions Wanted

(Continued from page 56A)

tions—N.Y.U. 1950. Single, age 24. Look-
ing for job as junior or traince that needs
a man that has technical ability, knows

how to sell, and has sincere desire to sell.
Box 501 W.

ENGINEER

M.S. in E.E,, University of Wisconsin
February 1951. UHF and microwave
major; 26, married, 2 children; Desires
design and test or field position pref
erably in west. Resume on request. Box
502 W.

ELECTRONIC ENGINEER

Ph.D. in communications expected June
1951. 3 years full time University teach
ing. 2 years Navy electronics. Age 25
Married. Desires academic or industrial
position in eastern U.S. Available July 1,
1951, Box 503 W.

TELEVISION ENGINEER

B.S.T.E. American Institute of Tech
nology, Sept. 1949, 5 years experience in
radio and TV servicing. st class radio
telephone license, Class B amateur license
Age 23. Will relocate. Résumé upon re-
quest. Box 504W.

ELECTRONIC ENGINEER

B.E.E. June 1949. Communications op
tion. Rensselaer Polytechnic Institute. 3
years electronic techmician 1/cl. U. S
Navy. 114 years experience test and devel-
opment fire and control equipment;
year M.B.A. at N.Y.U. major manage
ment. Position desired: test and develop-
ment or project engineering with com
munication or electronic instruments. New
York—Long Island area. Resume on re-
quest. Box 487 \V,

An invitation from Lotkheed in Californio to

A 4

SENIOR
ELECTRONIC SYSTEMS

ENGINEERS

Lockheed invites youy to participate in its
long-range productiop program, developing
the aircraft of the futlre.

Lockheed offers an
mensurate with your

ttractive salary com-
ility and background,

a future in aeronauticpl science. In addition,
Lockheed provides generous travel allow-
ances for those who qualify.

If you have:

1. An M.S. or Ph.D. in Electrical Engineering or

Physics —

2. A minimum of three years’ experience in

odvanced electro

hic systems development,

including radar njicrowave techniques, ser-
vomechanisms, computers and fire control —

3. Familiarity with ajrborne electronics equip-

mont requirement|

Write today—giving flﬂ 1 details as to education,

experience and salary
Karl R, Kunz

LOCKHEED
Burbank, C

PROCEEDINGS OF THE LR.E

requirements. Address:
. Employment Manager
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Continued from page 48A)

Baker, G., Jr., 609 Jackson St., Amarillo, Tex.

Ball, R. M., 9407 S. Winchester Ave., Chicago,

1.

Bell, C. W., 36 Lascelles Blvd., Toronto 12, Ont.

Canada

Bicking, H. P., Gough Ave., Ivyland, Pa.

Boorsma, C. J., 224 Eighth St., Ann Arbor. Mich,

Boroff, D., 6051 N. Talman, Chicago 45, Il

Brooks, J. H., 17551 Santa Rose Dr., Detroit
Mich

Bruno, G. A., 358 Union Ave., Wood Ridge, N.

Chartoff, M., § Scheneck Ave., Matawan, N. J.

Cooley, C. C., Jr., Philco Corporation, 6513
Broad St., Philadelphia 26. Pa.

Crane, R. L., 2345 Ocean Ave., Brooklyn 29, N

21,
bJ

N.

« Y.

Dannemiller, J. R., 4334 Groveland Ave., Cleve-

land, Ohio
Davis, R. G., 1358 N. Springfield, Chicago 51,
Decho, K. R., 2952 Wellington Ave., Chicago
I

.
18,

Doctor, B. H., 34-58 74 St., Jackson Heights, L. I.,

N Y
Donics, W., 1632 Roberts Lane, Falls Church,
Dresser, S. R, Jr., Derrick City, Pa.

Va.

Edwards, J. B, Jr., 2632 Reagan St., Dallas, Tex.

Edwards, N. R., Ala Wai Terr., Apt. 246, 1547
Wai Blvd., Honolulu, Oahu, T. H.

R. J., 1700 T St., S. E., Washington
D.C

Ficek, J. A., 340 W, First St., Dayton 2, Ohio
Flour, W., 2453 W. Chicago Ave.. Chicago, Il

Ertman

Ala

20,

Fong, L. F., 1043 Powell St., San Francisco 8, Calif.
Friedman, E., Trav-Ler Radio Corp., Orleans, Ind. |
Gardner, C. L., 3069 N. 32 St., Kansas City 2. Kan.

Gollwitzer, L. H., 3507 Merrick, Houston, Tex.

Gordon, A. D., R.D. 4. Groffs Trailer, Lancaster, |

Pa
Gray, J. S., 4069 W. 13 Ave., Vancouver, B.
Canada

C

Grzywacz, W., Lacey Park, 14 Downey Dr.. Hat-

boro, Pa.
Guba, R. F., 36 Marianne Rd., Waltham 54, M

ass,

Hajny, E. J., 16900 Delaware Ave., Lakewood 7,
Ohio
J. D., 570 Lexington Ave., New York
N.Y

Hay, E., 508 Winneconna Pkwy., Chicago, 111
Heitzer, J. B., 1002 E. Brady St., Butler, Pa

H 26253 Pattow Lane, Roseville, Mich

Hogan, J. V., 307 Burns St., Forest Hills, L
N.Y

bs, G. G., 302 S. Frankfort, Tulsa, Okla

Keane, T. P., 6149 Tujunga Ave., N. Hollywood,

Calif
Kephart, D. C
Kingwill, H. 8., 35 E. Wacker Dr., Chicago 1
Kramer, M., 981 Dumont Ave., Brooklyn 8, N

1725 E. 32 St.. Baltimore 18, Md.

m
Y.

Krogstad, M. O., 79 Herschel St., Providence, R. 1.

Krohn, E. H., Krohn-Hite Instrument Co., 580
Massachusetts Ave., Cambridge 39, Mass.
M 169 Peshine Ave., Newark 8

N.J

Lendway, J. M., 10565 Vernon Ave.,
Woods, Mic
Lindner, G. H., 41 John St
MacDuff, G. R.,
Mich.
Martz, A. F., Jr
30, Micl

Red Bank, N.J

1513 Hawthorne, Grosse Po

Huntington

110 E. Vernor Hgwy., Detroit,

inte

Maybherry, J. H., Box 4046, Corpus Christi, Tex

McArthur, C. S., Jr., Box 5214 College Stat
Raleigh, N. C.

on,

McLawler, M. S,, 908 E. 15 St., Indianapolis 2. Ind

N Miiton 21-17 80 St., Jackson Heights, L. 1.,
N. Y

Morrell, A 1818 Grandview Ave., Portsmouth
Ohio

Murphy, T. P., Jr., Rt. 2, Box 175, Los Gatos Rd.,

Santa Clara, Calif.

Nakata, C. K., 2454 N. Orchard St., Chlcago 14,

ni
(Continued on page 60A)
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2mc on gain of 10; +0.5db on 5 cycles to

b Cansan 649

increase
precision . . .

measure VvV \/

phase difference
DIRECTLY

with the new g Phase Meter

T —
P G

PHASE ANGLE DEGREES
OA- 93)

TIC's New 320-A Phase Meter is the first commercially available instrument for the
direct measurement of the phase difference between two recurrent mechanical motions
or two electrical signals independent of amplitude, frequency, and wave shape.

Phase measurements are made instantly and accurately—no balances, adjustments or
corrections are involved. Phase angle readings at audio and ultrasonic frequencies are
indicated directly on a large wide-scale meter with ranges of 360°, 180°, 90° and 36°.
Useful frequency range 2 cps. to 100 k.c.

In audio facilities, ultrasonics, servomechanisms, geophysics, vibration, acoustics,
aerial navigation, elect-c power transformation or signaling . . . in mechanical applica-
tions such as printing regster, torque measurement, dynamic balancing, textile and
packaging machinery and other uses where an accurate measure of the relative
position of moving parts is required . . . the Phase Meter is a long needed measuring in-
strument never before available—a new tool for a heretofore neglected field of measure-
ment.

For low voltage phase measurement
Add Type 500-A Wide Band Decade Amplifier

Designed for use with the phase meter at
voltage levels below one volt and as a gen-
eral purpose laboratory amplifier-—features

to Imc on gain of 1000 . . . Phase shift—
+2 from 20 cycles through 100ke . . . Gain
stability—constant with 1ine voltages (105-

t';lghd gnl‘r:i neglljlg:ble phase shift and wide 125v) B = LS
and width, Unique circuitry-—~which em-

ploys three cathode followers—offers wide ’Wﬂ/ M/
frequency range, higher input impedance e -

and

lower output impedance than other
types. Panel switch selects proper feedback
compensation when either optimum amplifi- a
cation or phase shift operation is desired. o7

Outstanding specifications: Amplification
10; 100; 1000 selected by rotary switch
Accuracy— +2% nominal . . . Fre-
quency response— +0.5db from § cycles to

3 S

a

Prices: Single Type 500-A in cabinet, $205.00
(Rack mount, $200.00): Dual Type 500-AR
in cabinet, $425.00.

TEGHNOLOGY INSTRUMENT CORP.

1058 Main Street, Waltham 54, Massachusetts

Enginecring Representatives
Cleveland, Ohio—PRonspect 1.6171 Chicago, Ill.—UPtown 8:1141 Dallas, Tex.—DIxon
9918 Rochester, N.Y.—Genesee 3547-M Cambridge, Mass.—ELiot 4-1751 Canosan, Conn.—
Hollywood, Cal.—HOIllywood 9-6305 Boonton, N.H.—‘HOomon 8-3097
Manhasset, N.Y.—MAnhasset 7-3424 Dayton, Ohio—MIchigan 8721

1.5mc on gain of 100; +-0.8db from § cycles




COMBINATION MAGNETIC
OSCILLOGRAPH

Uses either standard inking pen
or electric stylus. A switch on the
front panel of the Power Supply
permits the operator to increase
the stylus voltage when recording high ,
frequency phenomena. instruments are supplied /
with a standard pen and inkwell as well as the elec-
tric stylus. Single or double-channel models available.

D-C AMPLIFIER

Designed for use with the Brush Magnetic Direct
Inking Oscillograph, and used to record many
pheniomena heretofore measured only with the
aid of complicated intermediate equipment.
Voltage gain is sufficient to give one chart mm
deflection per millivolt input. Zero signal drift amounts
to not more than one chart mm per hour. Frequency response
is essentially uniform from d-c to 100 cycles per second.

SURFACE ANALYZER

For exploration and instan-
taneous charting of surface
finishes— metals, glass, plastics,
paper, plated and painted sur-
faces from less than 1 to 5000
micro-inches. Brush RMS METER provides a constant visual check of "RMS”
surface roughness in cases where “hill and dale” chart profiles are not needed.

UNIVERSAL STRAIN ANALYZER

Universal Strain Analyzer, when used with
the Brush Magnetic Direct Inking Oscillo-
graph, provides a complete package unit for
the measurement of strain or other phenom-
B 5 enon where a resistance sensitive pickup is

employed. This combination equipment
records either static or dynamic strains up to 100 cps, and direction as
well as magnitude of the measured strain can be read from the chart.

Write for complete details.

THE gmé DEVELOPMENT COMPANY

Dept. F-1, 3405 Perkins Avenue, Clevelond 14, Ohio, U. S. A.
Canodion Representotives:
A. C. Wickmon (Conada) Ltd., P. O. Box 9, Station N, Toronto 14, Ontario
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(Continued from page 594)

Nedved, O. M., 258 Northwood St., Riverside, [}

Newby, H. H., 905 Perry, Wichita, Kan.

Noll, J. W., 502 Boonton Ave., Boonton, N. J

Padva, P. D., Armour Research Foundation, Tecl
nical Center, Chicago 16, 111

Pag~. F. T., 6220 Tramore Rd., Baltimore 14, Md

Paruell, B., 36 Fisher Ave., Ottawa, Ont., Canada

Paton. I W., 931 Government St., Penticton, B.C

Canada

B., Technical Material Corporation. Box

142. Mamaroneck, N. Y

Pierce, V. M., 134-12 Sutter Ave., S. Ozone Park,
LI.NY

Randolph, A. M., United Gas Pipeline Company,
Box 1407, Shreveport, La,

Robbins, T. N., Jr., 154 Broad St.. Eatontown,
N. J.

Rosenkoetter, E. A., 5564 A Hebert St., St. Louls,
Mo

Rust, J. J., 1001 Jourdan Ave., New Orleans 17. 1.4

Saito, S., 3318 Jones Bridge Ct., ChevyChase 15
Md

Schrader, H. E., Palmer Laboratories, Princcton
N.J

Schwabel, C. A., R.D. 1, Sandusky, Ohio

Sharp, W. C., CAA, City Hall Bldg., Kansas City ¢
Mo

Sibold, A. P., Jr., U. 8. Naval Shipyard. Naval Base,
S. C

Sidwell, R. D,, KUBC, Box 279, Montrose, Cc

Silverman, M., 2052 69 St., Brooklyn 4. N. \

Sjoholm, E. M., Jr., Brilyn Park, 714 North St
Falis Church, Va.

Skaggs. E. P,, 1441 S. Third St., Louisville 8. Ky

Smith, A. D., Sr., 727 Maupin Ave., Salishury, N (

Smith, E. C., 228 Maple Ave., Hershey, Pa

Spencer, G. D., 394 Rugby Rd., Brooklyn 26, N. \

Stavrou, S., 36 Gibson Ave., Toronto 5, Omt
Canada

Stiefel, R. C., 206 W. 21 St., New York. N. ¥

Sweigart, A. S., 6243 N. Cardiff St.. Philadelphia
Pa

Toomey, J., Old Croton Rd., Ayer, Mass.

Weiner, M., 257 S. 16 St., Philadelphia 2, Pa

Weisenfeld, S., 4906 N. Kenmore Ave., Chicagn 40,
i

Williams, W. F., 4506 Randolph Rd., Silver Spring.
Md

Young, C. E.. 309 Walnut St., Bellevue, Ky.

Person, |

News—New Products

These manufacturers have invited PROCEEDINGS

readers to wiite for literature and further technical

information. Please mention your |.R.E. affiliation.

(Continued from paye 30A)

sizes: 43, 33, and 24 inches. The design s
identical on all three sizes. Maodel numbers
are, 1029, 1027, and 1127.

The scale provides increased readability
and is protected by unbreakable plastic.

Plant Expansion

A new plant for producing ceramic ca-
pacitors at the rate of 1,000,000 per week
was opened in Olean, N. Y., hy The
Electrical Reactance Corp.

The plant has 70,000 square feet of
floor space, and will employ about 1,500
people, according to Charles E. Krampf,
president

(Continned on page 62A4)
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Let mﬁﬁﬁﬂ@w help you...

...seal components hermetically

...speed up sub-assemblies

Marion portable,
bench-type induction

soldering unit T

SMALL
COMPACT
ADAPTABLE
EFFICIENT
ECONOMICAL
EASY-TO-USE

A PRODUCTION TOOL This unit was designed to simplify and improve
both the quality and quantity of production of many different
assemblies in the electronic and electrical fields. It has been used
successfully for many years in the manufacture of Marion her-
metically sealed instruments. Assembly applications include
magnet assemblies, relay armatures, connectors, capacitors and
transformer cans and germanium diode assemblies; also jewelry,
wartches, toys, automotive parts, household fixtures, etc

HERMETICALLY SEALED COMPONENTS Because of the present intense

interest in hermetically sealed components, Marion offers the
benefit of its experience in true glass-to-metal hermetic sealing
with the Marion Induction Soldering Unit and Marion metalized
(platinum film) glass. Marion platinum film base glass has been
developed to permit higher sealing temperatures, greater thermal
shock range and resoldering if necessary

MANUFACTURERS OF

MARION RUGGEDIZED
I FAThEN T S PROFIT FROM EXPERIENCE Investigate now. Submit your requirements.

We will be glad to supply samples and quotations. Ask for
bulletin. Marion Electrical Instrument Company, 407 Canal Street,
Manchester, New Hampshire.

marion meters

PROCEEDINGS OF THE I.RE January, 1951 61A



SPECTRUM ANALYSIS FROM AF TO UHF

FASTER AND SIMPLER WITH THESE
PANORAMIC INSTRUMENTS

These instruments help collect data more quickly, simply and objec-
tively. Long recognized as being unexcelled for laboratory, research
and production applications requiring spectrum or waveform analysis.
Spectral components are visvalized graphically on a cathode-ray tube
as sharp vertical deflections distributed horizontally in order of fre-
quency. Deflection height directly indicates component or signal level.
Whether your problem is analyzing waveform distortions, noises,
characteristics of AM, FM or pulsed signals, vibrations, spurious oscil-
lations or modulation, response characteristics of filters or transmission
lines, etc.; or monitoring many frequency channels simultaneously, it
will pay you to investigate these panoramic analyzers.

PANORAMIC SONIC ANALYZER, MODEL AP-1
Automatic Waveform Analysis in Only 1 Second

Accepted as the PRACTICAL ANSWER, for truly simple high
speed analysis of vibrations, harmonics, noises, acoustics
and intermodulation under static or dynamic conditians, the
AP-1 automatically separates and measures frequency and
magnitude of complex audio wave components,

Frcqucncr Range 40-20,000 cps, log scale
Input Yoltage Range S00uY-500Y

Yoltage Scale Linear and two decade Log
Resolution Optimum throughout fre-

quency range
Presentations easily photographed or recorded. Can be cali-
brated for determining level of individual sound or vibra-
tional components.
Panoramic Response Indicator for checking frequency trans-
mission characteristics of lines, filters, speakers, etc., plus
intermodulation Analyzer-optional.

PANORAMIC ULTRASONIC ANALYZER, MODEL $B-7

A New Direct Reading Spectrum Analyzer

An invaluable instrument for channel monitoring, tele-
metering, medical studies, and for investigating ultra-
sonic waveform content and ultra audible noises and
vibrations, the SB-7 allows overall observation of a
200KC wide band or highly detailed examination of
selected narrow bands.

Frequency Range: 2KC-300KC, linear scale

Scanning Width: Continuously variable, 200KC to zero

Amplitude Scale: Linear and two decade Log

Input Yoltage Range: ImV-50V

Resolution: Continuousty variable from 2KC to better than 500 CPS.

iy oy

PANADAPTOR SA-3, SA-6 PANALYIOR §i
For General RF Spectrum Analysi

Recognized as the fastest and simplest means of investi-
gating and solving such RF problems as frequency sta-
bility, modulation characteristics, oscillations, parasitics
and monitoring under static or dynamic conditions,
these models are available in over a dozen different
types, designed to meet your particular application.
Panadaptor units operate with superheterodyne re-
ceivers which tune in the spectrum segment to be ob-
served,

Panalyzors use an external signal generator for this purpose and have a flat response for determining
relative levels of signals.

PANADAPTOR, SA-8

PANALYIOR 5B-8

For RF Spectrum Anaclysis where Maximum
Resolution Is a “Must"

Available in several types with maximum
scanning widths ranging from 200KC to
20MC, both the SA-8 and SB-8 feature. . . .

100KC to

® Continuously Variable Resolution from
00cps

® Synchronous and Non-synchronous Scanning

® Long Persistence Displays plus Intensity Grid Modu-
lation for Analysis of Pulsed RF Sng:\:ls " ecu

® Continuously Yariable Scanning Width from Maxi-
mum to Zero

PANORAMIC 7™
/ RAOID

Write Dept. WC7 for camplete
specifications and prices

62A

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your {.R.E. affiliation,
(Continued from page 604)

. New Tape Recorder

The Magnemaster Consolette, is the
latest addition to the T'win-Trax Recorder
series, manufactured and distributed by
Amplifier Corp. of America, 398-1 Broad-
way, New York 13, N. Y.

Two-speed two-direction tape travel is
available with this recorder. The recorder
may be operated at 15 inches per second,

(Continued on page 65A4)

Nickel alloy, filament wire
and ribbon: flat—grooved
—~crowned.

Grid wire electroplated.

Alloys for special require-
ments.

Pamphlet PR sent upon re-
quest.

SECON METALS
CORPORATION

| 228 East 4Sth Street
‘ New Yark 17, N.Y,

| Telephane: MUrray Hill 7-1594
]

PROCEEDINGS OF THE I.R.E. January, 1951




CRYSTAL
CALIBRATOR Y ol WHAT Ansym

MEASUREMENTS CORPORATION

Model 111 ' "SBW REQUIREMENTS

FREQUENCY

eance.  .25Mc.—1000 Mc. | | .' =/ ‘. IN

FREQUENCY ACCURACY:

L 115 5 PARABOLIC f

ANTENNAS

?

For microwave systems . . . check these
advantages of ANDREW Parabolic Antennas:

DEPENDABILITY — An actual record of 100% dependability. There has never
been a single mechanical or electrical failure on an ANDREW Parabolic An- 41

tenna anywhere in the world.
COST — Exceptionally low; made possible by high productior.

LIGHT WEIGHT — HIGH STRENGTH — Achieved by spun aluminum reflectors
braced by formed steel struts,

ADJUSTABLE MOUNTING — Through * 10 degrees in azimuth and elevation.

DEICING KITS — Thermostatically contralled, ovailable where required.

OoOoO oo Od

CABLE — % air dielectric Teflon insulated cable. Radiator is pressure tight.
Fittings for solid dialectric cables also available.

A Dual-Purpose Calibrator
* CRYSTAL-CONTROLLED SPECIFICATIONS

OSCILLATOR ‘ Frequency Range ...890-960 MCS ... |...1750-2110 MCS.. ..

¢ BUILT-IN DETECTOR
2 Microwatt Sensitivity

Type Number 1002 1004 1006 1010 | 2002 2004 2006 2010

Diameter of Parabola
Designed for the Calibration and feet 2 4 6 10 2 4 6 10

Frequency Checking of Signal Gen- )
erators, Transmitters, Receivers, Gain Over Half Wave

Grid-Dip Meters and other equip- Pipols Desibcle W e W B e < » o
ment where a high degree of fre- Beam Width, Half Power

quency accuracy is required. Points, Degrees 36°  22° 16° 11° 18° 10° 72 59
Hormonic Ronge: Net Weight, Pounds 10 64 150 380 10 65 150 380

.25 Mc. Oscillotor: .25-450 Mc. '
1 Mc. Oscillator:  1-600 Mec.

10 Mc. Oscillotor; 10-1000 Mc. Thrust Due to Wind Load-

ing at 30 Pounds/FT

117 volts, 50/60 ; w
o wids, &° :lgh"gi,";'“‘; P Pounds 127509 1145 3200 | 127 509 1145 3200

Your ontenno problems can best be

MEASUREMENTS | i weclreee i e

CORPORAT|ON . CORPORATION

363 EAST 75th STREET o« CHICAGO 19

| WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS

‘, TRANSMISSION LINES FOR AM-FM-TV « ANTENNAS « DIRECTIONAL ANTENNA EQUIPMENT
ANTENNA TUNING UNITS - TOWER LIGRTING EQUIPMENT

Boonton New Jersey
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A \" 4, g ’(«’// {)\
BUT . 8 AN SR = i
it’s simpler U, @iy
’ P4 il N
to design the radio

around the battery!

"Erveready’ N0.950 " A" batteries
and the No. 467 "B’ batrery
make an ideal combination

for small portable receivers.

Regardless of what size portable radio you are designing,
you’ll find compact, long-lasting “Eveready” batteries to
fit it. “Evercady” brand batteries give longer playing life.
They are the accepted standard for portable radios. Users

can get replacements everywhere—they prefer portables
that use “Eveready” batteries.

CONSULT OUR BATTERY ENGINEERING DEPARTMENT
FOR COMPLETE DATA ON “EVEREADY" BATTERIES

"Loeready”, *Mini-Max*, "Nine Lives" and the Cat Symbol
are trade-marks of
NATIONAL CAKBON DIVISION
UNION CARBIDE AND CARBON CORPORATION
30 East 42nd Stroot, Now York 17,N. Y. TRADE-MARK

District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, R A D I o B ATT E R,' E S —_—

New York, Piusburgh, San Francisco

64a PROCEEDINGS OF THE I.R.E January, 1951




News—New Products

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

with a frequency response of 50 to 15,000
cps; or at 74 inches per second with a fre-
quency response of 50 to 10,000 cps +2
db. After the reel has run through, the in-
strument instantaneously and automatic-
ally changes direction of tape travel, and
plays an equal length of time in the other
direction
A dynamic range of better than 50 db is
attained without isolating the power stage.
Flutter is rated at +0.05 per cent at 15
inches per second; and +0.1 per cent at
7% inches per second
’ ling amplifier, with
supersonic bias oscillator and separate
erase amplifier, and 3.5-watt monitor play
back amplifier includes individual tone
controls for accentuation and attenuation
of bass and treble. Inputs are provided for
»radio-phono, and choice of high or low im-
pedance microphone.

1U-TUt recorc

New Seismographic Indicator
from 8-Channel Oscilloscope

To answer the seismographic problems
of a government experimental agency, The
Electronic Tube Corp., 1200 E. Mermaid
l.ane, Philadelphia 18, Pa. has just de-
veloped a new eight-channel oscilloscope.
Through the high-frequency response
made possible by this instrument, users

HIGHEST QUALITY
ELECTRONIC
COMPONENTS

Large Quantities in Stock
for Immediate Delivery

RELAYS TUBES
TRANSFORMERS CHOKES
VOLUME CONTROLS RECTIFIERS
WIRE & CABLE TUBE SOCKETS

RESISTORS (WIRE WOUND, CAR-
BON, etc.)

CONDENSERS (MOLDED, CERAMIC,
OIL FILLED, etc)

SWITCHES (TOGGLE, MINIATURE,
WAFER, eftc.)

All standard brands, Inspected and guoran-
teed by Wells Sales.

\
Manvfacturers: Write for complete

Electronic Catolog
Dept. P

WELLS )
s emeh

PROCEEDINGS OF THE LR.E.

and prices.

320 N. LA SALLE ST.
CHICAGO 10, ILL.

January, 1951

High score
every time with
“Safe Centers!” |

In Basketball there’s no better assurance of

victory than a lengthy lad jumping center .
and there is nothing that scores higher in radio,
TV and other electronic circuits thon SELETRON
minioture rectifiers with ‘"Safe Center’” plates.

When you spoclly SEI.ETRON Solomum
Rectifiers you eli
short circuits and Mahng c' the comor
pom' A bl , of pressure

opplied in mounting lho romﬁor cannot affect
its performance — a SELETRON feature
plished by d ing the area of

the plote under the contact washer.

The millions of SELETRON Selenium Rectifiers
in umlodory service o3 orlgmol oquupmm
in the prod of |

are millions of reasons why you con |po¢|0y

SELETRON ond be sofe!

Look for Howard W. Sam’s Red Book

Supplement listing SELETRON

replacements . . . and write for
Bulletin No. RE-7

Juyuy

>ISeIetr

SELETRON DIVISION

‘RR’ RADIO RE (I I’l()ll COMPANY. INnC. RR

o and Bectranicn
Factory: 84 North 9t S, Brookiyn 11, N T, hln numml 250 Wt 190 S0, New Terk 11 MY

S |

. 90 G/40-HS-14 ¢ ]
Now Auailalble! wte Ol
An extended range of types ¥
and sizes in the popular {

90-G SERIES
MULTIPLE HEADERS o0 /rs

I
The 90-G Series is now supplied in a (waj)

9.~ 90G/pP-7 wider range of types than ever ‘Y\r\\r\

“

90 G/40-HS-8

a

{Minioture] before. These include 5 and 10
amp lead sizes with from 2 to
14 terminals as well as plug-in
bases for miniature 7, noval 9,
and special 14-prong sockets.
Voltage ratings are 1600 peak.

90 G/P-14

Write for These Descriptive Bulletins: “_'

849 — Hermetically Sealed Terhinals
850 — Hermetically Sealed Headers
851 — Gasket Type Bushings

ELECTRICAL INDUSTRIES

I NC O R P O R A TED

44 SUMMER AVENUE NEWARK 4, N. J.

ke




News—New Products

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

(Continued from page 654)

will be able to learn more about the char
acteristics of the earth than was formerly
possible with a magnetic scismograph

Oty

air- spaced

R.F CABLES

Potents hegd Fode ihark.

THE LOWEST EVER iy At """'}’;3'1[:'22“ op” Designated Model 1-81, the new oscil
CAPACITANCE OR A1 [7aTv7 [On 0% ey i <o i coesin s i

74 1.3 | 024]/0M4 y -

ATTENUATIO N :324 7306 11.5 0.8 POWER gun cathode-ray tube, RMA Type 3 JP11
% are s . and eight ac amplifiers with a deflection

; ” " LOW CAPAC | CAPAC 147 LZZ“" op’ sensitivity of 10 mv/in. Frequency re
specrally organised 1o give TYPES | gt oM lioOmar sponse is 20 to 25,000 cps+2 per cent, or

SPOT DELIVERIESTO USA |<' 7&_:;32’ a5 g_i:— —— 20 10 150,000 cps % 30 per cent. A dc model

10.2 3 eight-channel oscilloscope, Model H-82,

&‘0&/&’ qour rush 0M€f/bl' c [6.3][173] 3.2 [0.36 has been constructed also with a sensi-

shioment éq dlkﬁ'l/&ét €2 gg 0;; §'85 g:: tivity of 2 mv/in. The only factors com

5! / €22 |5 L) . i mon to all the channels are intensifying of

Mement by your own K check [c3 |54 [197]1.0 [0.64] the cathode-ray tubes and timing marker
C33 |48 | 220 2.4 |0.64 injection

g A R ADICU DR <44 |41 ]252] 24 [1.03 Signals are displayed on a horizontal

aNTR oF o OVE A # very Low Capacitorce axis for‘ pholog.raphing on a film strip or

3 o ROAD-LOMDO D cobse. drum with vertical travel. Power supply is

PAD.LONDO independent of the indicator unit.
(Continued on page 67A)

r } _
| Simple - Reliable + Economical 1951 TELEVISION

: CYCLOPEDIA/
% declmal cnl"“e, EVE:\;‘R'AUDSIB-T?;AN!'

Hiave hbundreds of time-saving,

DIRECT DECIMAL money-making TV facts at your

Highest quality X READ-OUT — FOUR Semeipe %50 “at

prelesled' .mmp:nenls, ) g:ggNich;;J LAMPS F'u;'fre%rl:;:lga" F:(,;:"?? 3::‘?”

canservative ratings A ustrations, charts and dis
1.2-4-8 PROVIDE Sdaagtand T 2t in g

betleal order and cross-indesed
for quick reference. It's yours

Four large, eosy read- DIRECT INDICATION

INCORPORATED
115 CUTTER MILL RD., GREAT NECK, N.Y,

Where Employed . :
{ ) Check here if you are enclosing $5.95. We pay
postage. 7-day Money-Back Guarantee

i ls-eye glow & (0-9) AND for 7 days free Triall
I|::‘rgn'psbu| sr::;h:teguble el ! INSTANTANEOUS HELPS YOU GET AHEAD FASTER IN TV
- 3 LOCATION OF ANY The NEW 1951 COYNE TELEVISION
socket type . " DEFECTIVE TUBE. E | Saien B2 i to” handle any TV
d % | problem . and does 1t quickly! (‘o:er.
All components furret- .’ & W, STABLE OPERATION aueneee . “OHF ana coLOR TV . .
lug mounted ond O o 0% — WIDE VOLTAGE contularaihd S Le R
accessible oll RANGE. i u)‘:vt I'lr_lclluties"n (;;mplele explhnnn(lon of
I e Patter are 0OW to u
wiring color coded ‘ | :?rle:.nmlo?n(’lrj:slt TV sts [ with .}.‘,:;’:
ua. B a LR emu L]
b HIGH COUNTING | limited to easy. grade-school arith-
ial sil lated | : RATES — UP TO metic. Formulss are simplified
Special silver plated, ! 130,000 PER Everything explained in detafl {
self - aligning = SECOND ABSOLUTE ! | SEND ND MONEY! Just mall coupon for this book.
contoct ond rigid ACCURACY S el Dok Y OWe e Agi wewt
l connectors for positive GUARANTEED.
mechanical mounting WRITE DEPT. S-E ‘ '
FOR COMPLETE COVERED BY BOTH MAIL THIS COUPON TODAY!
INFORMATION AND 1.LB.M. AND POTTER ! Educational Book Publishing Oivision '
QUANTITY DISCOUNTS PATENTS ISSUED s S Al LIS AN B
AND PENDING ) 500 & Paulina St., Dept. 11-Bl, Chicago 12, 1. ¢
y Send me the 1951 Coyne Television Cyclopedia for 7 '
t days Free Triul per your offer. '
) Name ................. Sete o Wararers Age 1
POTTER INSTRUMENT CO. P Address e . '
: ' : Clty . Zone State .. [}
! '
' )
' ]
L 4
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News—New Products |

fhese manufacturers have invited PROCEEDINGS
‘eaders to write for literature and further technical
‘nformation. Please mention your |.R.E. affiliation.

(Continued from page 66A4) |

ACTUAL TESTS

PROVE
JK H17 Crystals Are
Truly Hermetically Sealed!

There's no room for doubt! Every JK HI7
Crystal described as hermetically sealed
is actually immersed in 95° C water as an

Variable Reluctance Pickup |

The Clarkstan Corp., 11921 W. Pico |
Bivd., Los Angeles 64, Calif., announces |
1 new variable reluctance pickup. It is
he junior model of their type RV cartridge
which has been distributed during the past

»w years. This new pickup, model 204,
has several features: the stylus is easily re-
movable and interchangeable so that
microgroove, standard, and transcription
ecordings can be played. Styli are avail- 1 3
able with ball points for all these various < line.
types of records. JK makes a crystal to fit every industrial, broadcast, com-

actual test!

- This, and many other rigorous tests,
guards the quality of JK stabilized crystals all down the

munication and amateur need.
Send today for your copy of the JAMES KNIGHTS Crys-
tal catalog.

JK Stabilized H17

Frequency range 200 kc to 100 mc. The pin spacing is such that
two units can be mounted in a loctal socket. A small extremely light
weight hermetically sealed unit. Moisture and dustproof. Designed
especially for use where space is at a premium. The crystal is
plated and wire mounted. Pin diameter of the HI7 is .050".

The HI7L and the HI7W are also available in the same frequency
range. The HI7L has a pin diameter of .093”, and the HI7TW has
wire leads.

The instrument offers a new technique
in pickups in that the case is made of clear
polystyrene which permits the operator to ‘
rly see the inner workings of the pickup
at any time. The output is high; only a

stomary preamplifier is required. The N y23 : 1\ %eg mes WA[‘ %07)I/éﬂlly

rriridge weighs 14 grams (} ounce). 3
Continued on page 68A4) SANDWICH, ILLINOIS

Plus all the extra
advantages of

« Manuol Chonnel Selection Y Attenvotor roange 80 Db by means of
15 MC Bondwidth on all chonnels, 3—20 Db ond 1—10 Db steps plus

eoch channel individuolly adjustoble. 10 Db Vorioble,
¥ Covers oll 12 television chonnels on ¥ Zero signol output reference boseline

oscillotor fundomentol frequency. olways present.
v Pulse"ype markers extending to zero ¥ Provisions mode for use with either 75
boselme.o' sound and video corrier ohm unbolonced. or 300 ohm bol-

25 frequencies—either or both morkers anced input receivers

Against Lightning and Static may be turned ON or OFF. No spuri- & Triongulor sweep, properly phosed,

out morkers produced. Accuracy
Ywin Lead 0.02% crystol controlled. Additionol

Pip type morkers for externol use. ¥ Speciol filters to eliminate leokoge.
® SAFE GUARD ¥ Output 0.5 volt peok across 75 ohms ¥ Power supply self contoined and
on all bonds. electronicolly regulated.
wimple to install everywhere and anywhere |

..._nouripping,Cuning o spreading of ® Write for Type 1210 Dato Sheet for full detoils @ Write for Canadian office address
wires, More than 300,000 in use today!

SEE YOUR JOBBER OR WRITE TO

MANUFACTURING CO., Inc.

8127 18th Avenve, Sroekiyn 4, N. V.
Virst lo Tolovision Antonass & Accossorion

Charges provided for scope.
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Now ready for immediate delivery

THE
NEW

a com
ing parts and sheet metalware for

You Can Depend on a Bud Product. The Sturdi-Tower Is Backed by the
Bud Standards of Quality.

Note the following features

GuY e
Ne. G917

1 f00r1
StCTION
Ne. TA.914

77

You Can't Afford to Buy Less Than The Best. Buy The New Bud Sturdi-Tower!

Cat. No. TA-914 8-foot Sturdl-Tower with S
Cat. No_ TT-016 A M An
Cat. No. TR-015 Hing

Cat. No. GB-917 Gu

po-
§T.o7

5 =4 )
CONDOENSERS

r') 1.9

CHOKES

o
N
TEST LEADS

THESE ARE SOME OF THE 1274 ITEMS
AVAILABLE FROM BUD RADIO, INC.

CABINETS cons
RELAY

RACKS

P AY

BUD STURDI-TOWER

® This is not just another tower. It is a well-designed unit fabricated by
pany who has a background of 24 years of experience in manufactur-
the radio and electronics industry. No
corrosive action due to dissimilar metals is possible because the Bud
Sturdi-Tower is all aluminum including hardware.

Nuts
T

HINGED

=

leam Anteuna

8 in diamete
use ns a Foundatlon

o
&

=

"0

MALT HOLOER
AND TOP TRIM
Ne. TI.910

sast
nes

() Q/j ig§ N
=

List price $15.12

List price § 3.42

List price § 5.22
.36

List price §

News—New Products

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

(Continued from page 674)

Interruption-Proof All-
Weather Outlet

The Type 6005 outlet box, when used
with accessory connector, Types 106 and
115, gives the user waterproof, weather-
proof and pull-out proof power connec
tions. A complete illustrated bulletin is
available from the manufacturer, Equip-
ment and Service Co., 6815 Oriole Dr,
Dallas 9, T'exas

The inlet connecior, GREENBILT
Type 106, is rated for 6,000 watts, and t
outlet connector, I'ype 115, is ratec
1,500 watts.

(Continued on page 71A4)

BUD RADIO, INC.
BT D

=
| 2110 E. 55 ST. » CLEVELAND 3, OHIO

X

MANUFACTURERS THREAD GRINDING.

EATONTOWN, N. J.

P. O. Box 66

ONE OF OUR

PRECISION PRODUCTS
END LOADED COAXIAL WAVEMETER

Temperature stabilized by use of

low coefficient invar

1700-2000 MC

INC.

ASBURY PARK 1.1019

RICKOK 250
long-scale arc

100" scale W

- conventional meter

Easier to read accurately

The improved HICKOK meter scale is 23
times longer than conventional meters to
provide faster, more positive readings.
Panel size 250° meters, pioneered by
HICKOK, fit @ smaller space, can be more
easily read.
Accuracies to 1% of full scale reading!
Available in popular AC or DC ranges.
‘ Case widths and diameters, 22" to
51, In reply kindly give details of your
requirements.

THE HICKOK ELECTRICAL INSTRUMENT CO.
587 DUPONT AVE. . CLEVELAND 8, OHIO
Highest Quolity Electricol Meters Since 1910

PROCEEDINGS OF THE I.RE
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| S-S -UWhitc RESTSTORS

\RE USED IN HIGH VOLTAGE
“HIPOT” COUPLERS

.S.White resistors are connected in
:ries to permit a current flow to ground,
hen the “Hipot” Coupler is used to
reasure or to synchronize voltage of high
oltage lines.

Canadian Line Materials, Ltd.—maker
f “Hipot” Couplers and other transmis-
on, distribution and lighting equipment
—says—“We have always found S.S.
Vhite resistors of the highest quality”.
‘his checks with the experience of the
rany other producers of electrical and
lectronic equipment who use S.S. White
es)stors. ~

b' $.5.WHITE RESISTORS

rors are of particular interest to all who
need resistors with low noise level
and good stability in all climates.

HIGH VALUE RANGE
10 to 10,000,000 Megohms
o, STANDARD RANGE
1000 Ohms to 9 Megohms

vun LIt mowsvaras mrsion

DENTAL MFC.CO. Dept. G-R, 10 E. 40th St.
NEW YORK 16, N.Y.

WRITE FOR BULLETIN 4906
t gives details of $.8.White Resistors
ding construction, characteris-
s, dimensions, etc. Copy with price
st on request,

We manufacture Metal Housings for every pur-
pose — from a small receiver to a deluxe broad-
cast transmitter. And the cost is low!

Because we specialize in the Elec-
tronics field, Par-Metal Products
excel in functional streamlined
design, rugged construction,
beautiful finish, and economy.

Remember, Por-Metol
i ‘ equipment is mode by
electronic speciolists,
not just o sheet metol
shop

PRODUCTS CORPORATION
32:62 — 43th ST., LONG ISLAND CITY 3, N. .

Export Dept.: Rocke International Corp.
13 East 40 Street, New York 16, N. Y.

PROCEEDINGS OF THE |.R.E January, 1951
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Which 0f These Coil Forms
Best Fits YOUR Needs?

Coil Forms Only, Or Coils Wound To Your
Specificotions . . . Cambridge Thermionic
will furnish slug tuned coil forms alone
or wound with either single layer or pie
type windings to fit your needs, in high,
medium or low frequencies . . . and in small
or large production quantities.

See table below for physical specifica-
tions of coil forms.

SEND COMPLETE SPECIFICATIONS

FOR SPECIALLY WOUND COILS
Mounting

Coil Stud form Mounted

form Materlal  Threod Size O.D. O.A. Height
-5 i Z

LST Ceramic 8-32 Y% 10y
L-5

LSé6 Ceramlc 10-32* n 2%
L-5

LS5 Ceramic 28+ 1 7% Vi
Paper

LSM Phenolic 8-32 | 7444 g
Paper

153 Phenolic 14~28 Ey 114"
Paper

LS4t Phenollc 14-28 2 2

*These types only provided with spring ocks for slugs.
tFixed lugs. All others have adjustable ring termingls.

All ceramic forms are silicone impregnated. Mounting studs
of all torms are cadmium plated.

%&&%£

Turret Split Terminal Double-End
Ltugs Llugs Booards Lugs

Swagers

custom or standard the
guaranteed componen!s

CAMBRIDGE THERMIONIC CORP,
456 Concord Ave., Cambridge 38, Mass.
Waest Coast Stock Maintained By: E. V. Roberts,
5014 Venice Btvd., Los Angeles, Californio

69A




TOWER LIGHTING EQUIPMENT

COMPLETE KITS

EVERYTHING NEEDED
for ANY Tower

150 to 900 Feet

Exposed or Conduit Wired

Don't let lack of some
critical fitting hold-up
completion of
YOUR JOB!

H & P Lighting equipment,
consistently specified by
outstonding electronic
engineers, is furnish-

ed os stondord
equipment by most
leoding tower monu-

focturers.

COMPLETE 300 MM
LIGHTING KITS CODE
SAVE... BEACON
Purchosing Time! Patented

ventilator
domecirculates
the air, assures
cooler aperation,
langer lamp
life. Cancave
'y bose with
= ‘3" drainage
&S port at law-
est paint.

Erection Time!
Completion

Time!
\

EREN

n.

T
S

SINGLE and DOUBLE

OBSTRUCTION LIGHTS

Designed
/ for standard
| A-21 traffic

signal lomps.

Prismotic globes

meet CAA spe-
cifications,

3= MERCURY
3T CODE FLASHER
No cantact points

ta wear aul. 14-52 ' @ -~
¥

s

AV,

\l,

/e

flashes per minute ",

""PECA™ SERIES
PHOTO-ELECTRIC
CONTROL

any part fails.

PROMPT SERVICE and DELIVERY

Order thraugh your jobber or Tower Manufac-

turer. We will send his name an request.

Send for FREE Catalog

Gives complete bill of material for each of our

7 kits, with itemized costs,

HUGHEY & PHILLIPS
TOWER LIGHTING DIVISION

326 N. LA CIENEGA BLVD.
LOS ANGELES 48, CALIF.

60 E. 42ND ST., NEW YORK 17, N.Y.

70A

Lights automaticolly, if

MODEL 330-A
ULTRA-LOW FREQUENCY
BAND-PASS FILTER

PR 002, 2,000 o [

FEATURING:

ADJUSTABLE CENTER FREQUENCY AND BAND WIDTH @
UNITY PASS BAND GAIN @ 24 DB/OCTAVE SLOPE ® COR-
NER FREQUENCY PEAKING @ LOW INTERNAL NOISE

DESCRIPTION: Unity pass band goin and 24 db/octave slope outside
the pass band. Bath high and low cut- off frequencies are independ-
ently adjustable from 0.02 to 2,000 cps.

Especiolly useful for vibration studies, for electro- medical
research and geophysical and seismological instrumentation.

@ KROHN-HITE INSTRUMENT CO.

580 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. U.S.A

“Pioneer in Radio Engmeermg Instruction Since 1927

CAPITOL RADIO °

ENGINEERING INSTITUTE

An Accredited Technical Institute ’

ADVANCED HOME STUDY
AND RESIDENCE COURSES IN
PRACTICAL RADIO-ELECTRONIC
AND TELEVISION ENGINEERING
Request your free bome study or

resident school catalog by writing to

§————

DEPT. 261C
16th and PARK ROAD, N.W
WASHINGTON 10, D.C
Approved for Veteran Training

are required

SPECIFY

e Proved Precision
Accuracy

o Meet Government
Specifications

e Corrosion Resistance

o Fungus Resistance

o Available in wide
selection of

WRITE FOR NEW
TELESYN BROCHURE

Division of the Sperry Corporation
31-10 Thomson Avenue
Llong Island City 1, N. Y.
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News—New Products

(Continued from page 68A4)

‘Minimum Inter-section Cou-
pling in Multi-section
Electrolytics

Marked reduction in hum and “hash”
often experienced in multisection electro-
lytics because of interanode coupling and
resultant internal cross modulation, is
claimed for Type AFH, or twist-prong-
base multisection electrolytics currently
produced by Aerovox Corp., New Bedford,
Mass.

A special internal construction provides
w rf impedance and minimum coupling
veen sections. This feature applies to
large selection of capacitance and volt-
ymbinations in the Type AFH electro-
lytics which are suited for television ap-
plications and will withstand temperatures
up to 85°C.
Continued on page 73A4)

The New STAVER

MINI-SPRING

TRADE MAGK REG. AHD PAT PEND

A quality
Tube
Guard
that is
Bargain
Priced

Gives support two woys—Keeps pressure
downword ond gives sidewoy support.
The spring oction is constont ond resil-
ient permonently. Send for cotolog
sheet.

COMPANY

INCORPOR
» ORATED

PR P 91 PEARL ST. « BROOKLYN }, N.Y.
N\ ULSTER 5-6303

: Maximum frequency dispersion—I10 me/inch.

PROCEEDINGS OF THE I.R.E.
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M 2 i; : FOR
RADAR and PULSE

APPLICATIONS

- MODEL 712 SWEEP CALIBRATOR

Pip markers at 2.5, 10, 50, and 100 microseconds;
spacings either positive or negative.

Internal or external trigger from 200 cps to 3000
cps.

Continuously variable gate on markers to 2500
microseconds.

Accuracy within 0.29, with ambient of 10°C to
65°C.

Calibrate directly from CW frequency standard.

Power—I15 volts 60 to 400 cycles, 85 volt-
amperes.

MODEL 708 SPECTRUM ANALYZER

Frequency range—8500 mc to 9600 mc.
Receiver—Double conversion superheterodyne.
IF bandwidth—approximately 10 ke.

Sweep frequency— 10 cps to 25 cps.

Minimum frequency dispersion—1 mc/inch.

Signal input attenuator—100 db linear.
Power— 115V or 230V, 50 cps to 800 cps.

a
\/0‘.(/20%”7

14315 Bessemer St., Yan Nuys, Calif. » Box 36l

Lanog

Cost less when made by

7 MULTI-SWAGE

\ The economy way to get

‘

\ a million small parts

similar to these —

! N
|
/ Examine the tubular metal parts shown here twice
size. If you use anything similar . . . in large quan-
tities . . . important savings can be yours. Send
us the part and specs. OQur quotation will show
why the Bead Chain Company's MULTI-SWAGE
Process has long been known as the most economi-
[ cal method of making electronic tube contact pins
terminals, jacks and sleeves. And, why more ami
more users of mechanical parts (up to V4" dia. and
to 2" length) employ our facilities. WRITE
for Data Bulletin.

THE BEAD CHAIN MANUFACTURING (O.,

Tr.Mark 88 MOUNTAIN GROVE ST., BRIDGEPORT 5, CONN.

71A



MANUFACTURERS of
Standard Signa! Geneqators
Puise Generators
£M Signal Gonerators
square Wave Generators
vacuum Tube Voltmeters

fetd
Ragio Notse & F
UMSl:.ng\n Meters

Capacity Baidges
Megohm Meters
Phase Sequence {ndicators

ot higher carrier frequencies.

BOONTON

MODEL 300

VARIABLE
ELECTRONIC
FILTER

Two simple controls are all that are neces-
sary o operate the Model 300 Variable Elec-
tronic Filter. With the variable frequency dial and range switch
any cut-off frequency from 20 cps to 200 KC may be quickly and
accurately selected and reselected. With the range switch either
low-pass or high-pass filter action may be chosen. In either case
the rate of attenuation is 18 db per octave and the insertion loss
0 db. Far higher rates of attenuation or continvous band pass
operation two or more sections can be cascaded. Its low noise
tevel and flexibility of operation make the Model 300 indis-
pensable in geophysical and acoustic research, industrial noise
measurements, in the automotive and aircraft industries as well

as the radio broadcasting, recording and motion picture studio.

Write for further information today

SKL

SPENCER-KENNEDY LABORATORIES, INC.

181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS.

" MEASUREMENTS CORPORATION mooe: 80 |

STANDARD SIGNAL GENERATOR

2 to 400 MEGACYCLES

MODULATION: Amplitude modulation is contin-
vously variable from 0 to 30%, indicated by 0 pccyracy - 5%
meter on the panel. An internal 400 or 1000
cycdle oudio oscillator is provided. Modulation
may aolso be opplied from an external source.
Pulse modulation may be applied to the oscillator
from an external source through o special con- OUTPUT
nector. Pulses of 1 microsecond can be obtained

FREQUENCY

OUTPUT VOLTAGE
0.1 to 100,000
microvolts

IMPEDANCE
50 ohms

NPT M EASUREMENTS CORPORATION

NEW JERSEY

SPECIFICATIONS

® CUT-OFF RANGE
20 cps to 200 KC
® ATTENUATION RATE
18 db per octave
® SECTIONS
Single, can be high pass
and low pass

@ INSERTION LOSS 0db

@ PASS BANO LIMITS
2 cycles to 4 MC
@ NOISE LEVEL
80 db below 1 volt

SELENIUM
RECTIFIERS

Proven 40 Volt Cells
Represent
More Watts For Your
Rectifier Dollar

OTRON alone manufac
tures selenium rectifiers to
block from 6 to 40 volts A.C.
rms per cell with optimum cur-
rent rating for each voltage.
Kotron is the first to produce
commercial rectifiers embodying
this relationship. In high voltage
application, Kotron uses fewer
cells than ordinary rectifiers
thus reducing size and cost. In
low voltage applications, Kotron
works at higher current densi
ties per sq. in. of rectifying area
than ordinary selenium rectifi
ers, reducing size and lowering
€ost

In either direction. Kotron sur
passes ordinary standards!

Kotron mechanical features
match Kotron superior electrical
characteristics. Square or rec-
tangular plates offer maximum
wattage iIn minimum space.
Rectifier cells and terminals are
mechanically interlocked to pre
vent twisting out of alignment
in stack assembly (pat. pend-
ing). Double terminals, where
necessary, facilitate connection
to external circuits. Echelon
terminal structure eliminates
soldered or internal stack con-
nections.

OTRON rectifiers whether

for 1 ampere or thousands
of amperes, are custom-built
and tailored to the application,
giving maximun efficiency with
minimum cost. Kotron rectifiers
are manufactured by selenium
rectifier specialists with years
of technical experience. Their
specialized engineering knowl-
edge and consulling service is
available without obligation.

Write for descriptive sheets.
Submit specifications on vour
requirements for quotations.

KOTRON
RECTIFIER CORP.

Humboldt 2-2400
54 Clark St. Newark 4, N.J.
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News—New Products

These manutacturers have invited PROCEEDINGS
waders to write for literature and further technical

nformation. Please mention your |.R.E. affiliation.

New Tape Recorders

There are six models of the new “Sound

Reel,” dual-speed, dual-track, tape record-

Mark Simpson Mfg.

Co Inc., 32-28 49 St., Long Island City,
L l N Y

A\ll feature two hours of dual-track
rding at 3.75 inches per second or one
7.50 inches per second on a seven

h reel of 1,200 feet of plastic tape.
plete with 625 feet of tape,

7 inch plastic take-up reel and micro-

beyond the BLACKOUT

@ Giannini precision Accelerometers
give faithful indication of the values
of gravity beyond the range of human
endurance. Giannini Accclerometers
are precision-built for a varicty of
exacting applications in all ficids of
aircraft and industry, Write for catalog
and engineering duta

G. M Gionnini & Co,, In¢
Posodeno 1, Colifornio
Springfield, New Jetsey

F CEEDINGS OF THE I.R.E

Maximum Heat Dissipation

Madel 245 ‘

Model 241

January, 1951

Jellf 72c7e

POWER RHEONTATY

New ALL METAL
CONSTRUCTION

ALUMINUM FRAME
ALUMINUM WINDING CORE

with

Exceptional tapers and
non-linear functions—
possible becavse of cord
wound construction,

These exceptionally high
resistances are possible
becavse of the superior
smoothness of the con-
tact sliders. Built to JAN-
R-22 Specifications,

126 | wo 50,000 ohms |

213w 7,000 ohms
where tine precision of

send All Inquiries to Dept. E-2 l all metal parts is not

Ceramic models avail-
able for economy and

for Full Information needed.

I]BI"IH AMSCO CORPORATION

45-01 NORTHERN BOULEVARD, L. I. C. 1, N. Y.

SLOW SWEEPS

HIGH SENSITIVITY

¢ Band Pass—DC-2mc¢

o Sensitivity—5mv/em
maximum

e Sweeps—.3 sec/cm

to 3 usec/cm
Type 512 Oscilloscope

Accurate observation and measurement of slowly recurring phenomena is
difficult, if not impossible, by conventional oscilloscopic techniques. The
Tektronix Type 512 Cathode Ray Oscilloscope, combining as it does direct-
coupled umplifiers, slow sweeps and high accuracy, is recognized by a con-
stantly increasing number of researchers as being an indispensable laboratory
tool. New and fruitful approaches to the problems encountered in research
are permitted by these features. $950.00 f.0.b. Portland, Oregon.

Write today for detaited specificalion of Type 512 and other Tektronix instruments,

TEKTRONIX, INC.

712 S.E. Hawthorne Bivd. Portland.14, Ore.
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Kenvon: Fits Your
¥ Production To AT’

/o Kenvon “I’s’’— high quality, uniform
transformers, are your best bet for development,
production and experimental work. For over 20
years, the KENYON “K* has been a sign of skill-
ful engineering, progressive design and sound
construction.

L T
\

Now — reduce inventory problems, improve
deliveries, maintain your quality — specify
KENYON “T’s,” the finest transformer line for
all high quality equipment applications.

New Catalog Edition! Write Today!

KENYON new modified edition tells the com-
plete story about specific ratings on all transfcrm-
ers. Our standard line saves you time and expense.
Send for your copy of our

latest catalog edition now!/
\
N
% .
S \ = ~

TRANSFORMER CO.. Inc.

840 BARRY STREET - NEW YORK 59, N. Y.

N
KENYO

A Wide Band Sweep With Markers For Aligning
Radar IF Amplifiers. Displays Amplitude vs. Fre-
quency Response on Standard Oscilloscope

Oscilloscope Display

THE
RADA-SWEEP

NEW

FEATURES:

* Increases Productlon Speed when substituted
for conventional CW polnt-by-point metbods

® Wide Band Linear Swcep

® Pulse Type Crystal Positioned Marks at Speci-
tied Frequencies

® Marks Individually Switched On or Off

® Qutput Amplitude Itemains Virtually Constant
While Sweeping

® Output Level Control on IF and Pulse Gutputs

Designed specifically for producing a constant
amplitude frequency modulated slgnal for ex
ploring the frequency response of Itadar I1F
amplifiers. Frequency marks of pulse type are
connected directly to oscilloscope and are not
affected by IF amplifier under test. These marks
are controlled by front panel switches which turn
them on or off individually. Marks at any speci
fled frequency can be supplied and frequency is
changed by changing plug-in crystals. A wide or
a {ll:l!;row sweep may he selected by front panel
switch.

Price: £305.00 F.O.B. Factory with
ahove. Specinl marka at $20.00 each Pﬁ‘g}“w{”
higher outside U.8.A. and Canada,

PROCEEDINGS OF THE ILR.E.

; News—New Products

These manufacturers have invited PROCEEDINGS
readers ta write for literature and further technical
information. Please mentian your |.R.E. affiliation,

(Continued from page 734)

The six models include three with self-
contained AM tuner built into the housing.
The tuner can be used as a separate radio
when not recording

Aluminized 19-Inch Metal
Picture Tube

The Tube Div., General Electric Co.,
Electronics Park, Syracuse, N. Y., has
announced that production will begin soon
on an aluminized 19-inch round metal
picture tube (19AP4C) which will provide
improved picture brightness, contrast, and
detail.

This is the second large picture tube to
be aluminized within the past month by
G, the other being the 16-inch glass rec-
tangular.

The 19AP4C tube features an electron
gun designed to be used with an external
ion-trap magnet. The aluminized screen
allows the tube to be operated at a lower
anode voltage than is feasible with the non
aluminized version of the tube.

Electrical characteristics of the tube
include: heater voltage, 6.3 volts; heater
current 0.6 ampere +10 per cent. Maxi-
mum ratings include: anode voltage,
19,000 volts; grid-No. 2 voltage, 410 volts.

Continued on page 76A4)

Anti-Corona high heat-resist-
ant compounds for Fly Back

Transformers.

Waxes and compounds from
100° F to 285° F Melting
Points for electrical, radio,

and

components of all types.

television, electronic

Pioneers in fungus-resistant

waxes.

Our efficient and experienced
laboratory staff is at your

service.

ZOPHAR MILLS, inc
@ 112-130 26th Street,

i Brooklyn 32, N.Y.

January, 1951




Use
SILVER .
GRAPHALLOY

For extraordinary
electrical performance

\

THE SUPREME BRUSH
AND CONTACT MATERIAL

IN BRUSHES

¢ for high current
density

¢ minimum wear
* low contact drop
o low electrical noise

¢ self-lubrication

IN CONTACTS

* for low resistance
* non-welding
character

.
Grapholloy is o ipecial
silversImpregnated grophite

Accumulated design experience counts —
call on vl

GRAPHITE METALLIZING

CORPORATION

1001 NEPPERHAN AVENUE. YONKERS 3. NEW YORK

PROCEEDINGS OF THE I.R.E.

January, 1951

DO YOU KNOW?

—that a PILOT LIGHT
CAN IMPROVE YOUR PRODUCT

. « « o add attraction — safety — service ?

ik @

THIS MAY BE THE ONE
Designed for low cost NE-51 Neon

— what lomp to use
— how to use it

~ what it will do
— what it will cost

@ Built-in Resistor e Patented
e U/L Listed e Rugged
Catalogue Number 521308 — 997

for 110 or 220 volts,
SAMPLES
for design purpose
NO CHARGE

”EW’ Write for the
"HANDBOOK OF PILOT LIGHTS.”

Write us on your design problems.

The DIAL LIGHT COMPANY of AMERICA

Foremost Manufacturer of Pilot Lights.
900 BROADWAY, NEW YORK 3, N. Y. TELEPHONE SPRING 7-1300

INRESCO RESISTORS

\ meet all instrumentation IIBB(IS

Ynur FREE copy
of the latest

IN-RES-CO

will be sent @k s 7
promptly on request

/ HIGH OR LOW WATTAGE
| HERMETIC SEALED TYPES

Contains complete

data including All TYPES OF MOUNTING
ELECTRICAL
and
MECHANICAL . s,% ",

€o

specifications of the
complete line of

IN-RES-CO

RESISTORS

INRESCO Resistors are a product of high-speed wind-
ing techniques that introduce a new measure of econ-
omy in precision wire wound resistors.

They are available for IMMEDIATE DELIVERY,
in diversified types that meet practically every circuit
requirement of load, ohmic value, size, and shape.

When planning a new circuit design, investigate the
advantage of INRESCO resistors for economy, de-
pendability and permanently fixed characteristics. For
complete details, call or write today for catalog.

Manvutacturers and designers af wire waund resistars—
exclusively. Estimates an custam built resistars fur-
nished withaut abligatian; inquiries are invited.

Please write on
company letterhead

INSTRUMENT RESISTORS COMPANY

UNION, NEW JERSEY

106 COMMERCE AVENUE,

754



HAVE A CONSTANT CONTACT RESISTANCE OF

ONLY 1 or 2 MILLIOHMS!

New Tyne 2A TAP SWITCHES 1,

'hese high quality switches
with up to 24 contacts were
specifically developed to meet
the need for rugged precision
instrument switches that have
longer operating life and
are economical components
in competitively priced
electronic instruments
and military equipment.

o
Write for Technical
Bulletin No. 28.

TECH LABORATORIES

PALISADES PARK
NEW JERSEY

METAL CASES
Custom Built for

YOUR

76A

As specialized builders in metal cases, we
stand ready to solve your cabinet or carrying case problem.

SERVING LEADING NAMES IN INDUSTRY—
Experienced in meeting rigid military specifications

Central Stamping and Mfg. €o., (Dept. 1) Polo, 1.

Central’s Engincering Department will
work direct with your designing engineer and handmade
samples are submitted for your approval.

Whether interested in carrying cases, repair kits, cabinets, or chests,
write, wire or call direct = include blue prints with written inquiries.

]

News—New Products

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

(Continued from page 744)

Windowless Flow Counter

The first production run of SC-16
Windowless Flow Counters has been com
pleted by Tracerlab, Inc., 130 High St,,
Boston 10, Mass.

This instrument is a low backgrounc
radiation counter designed for operation
in either the Geiger or proportional regions
It is essentially a shielded counter tube
into which solid samples are inserted
directly, and through which a constant ga
tflow is maintained to prevent air con
tamination

The absence of a window hetween the
sample and the counting chamber makes
this instrument useful for the detection
and mecasurement of alpha radiation and
weak beta radiation, such as that emitted
by Carbon-14 and Sulfur-35

\ unique feature of this instrument is
that it is equipped with a three-position
rotating platform which has three recesses
for holding standard size sample con
tainers, such as planchets and brass rings
and disks for filter paper. One position is
for sample loading, one for pre-tlushing and
the third for counting.

When operated in the Geiger region
the tlow counter does not distinguish be
tween the various tvpes of radiation, bu
when operated in the proportional region
it is possible 1o count alpha particles
separately in the presence of beta radia-
uon.

Electrolysis, Corrosion, and
Cathodic-Protection Tester

\ new model, the B-3, of the multi-
combination meter for eclectrolysis, cor-
rosion, and cathodic-protection testing, is
now available from the manufacturer,
M. C. Miller, 1142 Emerson Ave,, West
Englewood, N. ). It is small, has a low
range of 2 millivolts, and special mirror
scales 3.9 inches long. The accuracy is 1
per cent.

Continued on page 774)
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News—New Products ‘

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
lnformetion. Please mention your 1.R.E. affiliation.

Continued from page 76A4)

Wide current and potential ranges and
a number of measuring circuits are pro-
vided, as follows: low-resistance, 1,000-
m-per-volt voltmeter with 10 ranges
om 2 mv to 100 volts; high-resistance,
62,500-ohm-per-volt voltmeter with six
anges from 0.1 to 20 volts; potentiometer
voltmeter with six ranges from 2 v to 3
vol biasing potential in series with
high-resistance voltmeter to “back-to-
ro” residual earth, pipe or electrode po-
ntials to permit direct readings of
“change-in-potentials” up to 20 volts;
liammeter /ammeter with nine ranges
from 2 milliamperes to 20 amperes, low in-
ternal resistance, built-in current switch
nd current control rheostats.

e 1

ELECTRONICALLY REGULATED

'LABORATORY
POWER SUPPLIES

o ‘. I' - -
z ‘:‘ y .

BENCH
MODEL 25

« INPUT: 105 to 125 VAC,
50-60 cy

o OUTPUT #1: 200 to 325
Volts DC at 100 ma
regulated

o OUTPUT #2: 6.3 Volis
AC CT at 3A unregu-
lated

L]
STABLE

.
DEPENDABLE

.

| MODERATELY
PRICED

{ 3

|}

DEPTH 6~ than 10 millivolts rms
HEIGHT 8~
WTi17 LBs. For complete information write

for Bulletin G

_ LAMBDA_ELECTRONICS
€C O R P O r A I o M
NIW YORK

PROCEEDINGS OF THE I.R.E.
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VARIABLE
MASTER

OSCILLATOR
Type 115
Model 1

Ly
The Variable Oscillator with CRYSTAL STABILITY

High versatility, plus wide range, plus crystal stability ond accuracy—thot's the

unbeatable combination for the best in diversity reception. Yau get all three
| with the Narthern Radio VARIABLE MASTER OSCILLATOR. The HFO's stability
: is = 20 cps/mc for ambient change of = 25°C.—motching thot of any non-
temperature controlled crystal. Its range is 2-32 mc continuous. Crystal check
points, with 40 curves supplied, permit obsolute frequency setting to = 25
cps/mc. Three crystal-controlled frequencies provide fixed frequency reception.
There's o LF crystal oscillator for BFO.
And, this unit also serves as an excellent transmitter exciter and
laboratory measuring standard.

See the specifications on this outstanding model in the 1950 IRE Directory. For complete
data on the precision-built Northern Radio line, write today for your free latest Catalog P-2.

143-145 West 22nd Street

Nor7meny RADIO CORMPANY, ne. | 1355 et 220

Pace - Setters in Quality Communication Equipment

4
4

BETTER PERFORMANCE

/ /' Output character-
' oA istics of television

transformers must
match the circuit
exactly.

Acme Electric
transformers are
custom engi-
neered to your
specifications.

(illustrated) Television Power
Transformer with copper
shorting band.

TRANSF ORMERS

Water St., Cuba, N.Y., U.S.A,

TRANSTEFEFO

1951 77A
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e=s=¢ MICROWAVE w2 9 =@ vot

ARMY-NAVY TEST SETS

LU-1 Freg. Meter and 'I’oot Oscll-
lator, Typs CRV-TVN-OHU
Power S8upply. M.1.T. Rad, Lab,

TVN-08E Kiystron Power Supply.

M.IT. Red. Lab.

GOOOABW Watt Mouﬂ—ano-
-0 r, 3 oceatimet

nmlw—mo ‘to 6000 mos.

AN/CPN-I—!O centimeter 40 kw.
output RF pecksge. Inaludes
magnetron osclllator. complete

complete signal nnd power ana-
lynr with 8" 115V AC

thydntor Unit CPD 10187 Auto-
Co:.nuow to 50 1bs, Compl.
Te880T ,_Compl. for
r XSMN. Line Now $425.00
-8 Recelver, 30 mo, IF. 8 stages
8ACT, 10 MC. Band width inpt.
8.1 mo B.W. per stg. 9.6 volt
gain per stage as deso. In ch.
g"ml 23 M.LT. Rad. Lab.

TS12 8 cm Sloued Line
T813 g om 8lgnal Generator

g

T848/AMP3 8 om Blgual Geners-

tor
TH68 8 om Roho Box
TS108 D load
1--185A oscillator
1--158 Range Callbrator
1-~233 Itange Callbrator
C—438 Freq Meter
RF—1'ream dp
GR—Caps u bridge §218
GRr—Uni QGalvo Shunt §22%
an—1000 Avd Oso §213
T8 226A/A1 Power Meter O-
1000W

8ig Gen $804 8-330 MC
BC 221 Freq Moter

T8 10/AP

8 es/AP Freq Meter
l 114 Test Set

1128
Field lnt Meter 43A
Mod, 78B

Fed, 81z Gen 85 S50MC
cY SI/AI’

TS 89/A
cw 60/AISM
Freq Meter BC 438

2.00
2.0

3180 |
n-lmmmn 1.80
D.163387 .. .
0.99348 . 000!

6 (bead) $1.
D-167613 (button) $1.60
0-184899 for MTG

“X* band

essscenisceiss $2.80
D-167018  (tube) ;I.W

Electromagnets for magnetrons
GE Magnets type M7765115, GI Distance Be-
| tween pole 2

(huso) to l%” (2200 Gauss) I‘ole Dia. 1%”

MAGNETRON MAGNETS

Pole Dlam. Spacing Prloe
% in, in. 12,50
11/32 In. 15/16 in. 12.80
15 in. 1 5/16 im. 12.50
1% in. 1% in $14.50
$24.50 ea.

faces variable. 1718 (1900

New Part of 8CB 584....

MAGNETRONS

QK 61 232 2J61 720CY
QXK 60 2)37 2462 728.A
¢ 730a -A

.$34.50

Kiystrons 723A, 7078. 417A, 2K41

PULSE TRANSFORMERS

0!..(.-2740 cossenaasse $30.80
Q.E. K.-ﬂ“A 115 KV_ High
Voltage. 3.2 KV Low Voltage
@ 200 KW oper. (370 KW
max.) 1 mioroses, or 3% micro-
om0, @ 600 P! .eeeo . 839,60

W.E. 3166173 Hi-Volt input

transformer, W.N. Impedance

ratio 80 ohms to 600 ohmas.

Freq. range: 10 ko. to 2 mo. 3

sections rsrnllel connected, pot-
ted 10 ofl ..0.0eu.enrs....$96.00
W.E, K8 8800 Input transformer.
Winding ratio between termi-
nals 3-5 and 1.2 is 1.1:1, and
?‘i " Frsgtancy kg AT
re ....$6.00

Permalloy oo .
Q. E. §K273I mmmon hu'sl:cﬁ

0T0800,
PK Seo.

Pnk Outmn. aoo xw Riflar
3.9 Amp. ....... ...364.60

W.E, lDlB’Zﬂ lll Volit 'lznmt

K24WA. Wlll receive 13KV,

cro-noond puise on _prl.

dally: en 14KV _Peak

E) or oul. 100 KW G.1...834.30
Q.E. §K2740A. Pulse Input lln‘

Blocking Os-
tor Freq. llmlu '"0-
810 cy-8

winding
ll :1:1 Dimensions 1 18/16 x l“".

9/32 .
Pulse 181-AWP 'L-121435° . g

2-7181
AVAILABI‘E IN S'N)CK 9318
0 WRITE

RADAR SET SCR4S4

RADIO SYSTEMS

22 Ft. Trailer Complete. White Radlo Telephone Model
Tracking & 10 CM Search 'wmn:,‘_"m’." N P hore Nt
Write lilnh ons — inter lsland —

fix tuned

MICROWAVE ANTENNAS
RELAY SYSTEM PARABOLIC

rectan .$35.00

OV "lAM" RAOAR ROTATING

TENNA. 10 cm. 30 deg.

115 v.a.c. drive. New

........................ 100.00

SC-13 ANTENNA 24 dish with

feed-back dipole 360 deg. rota-

tion. complete wlth drive motor
and sel New ... $

be:m.

Used
DBM ANTENNA,
back paraholas

ack-to-

with _ dipols.
Freq. coverage 1.000-4,500 mc,
No drive mechaniam ....$65.00
ASI125/APR. Cone type recelving

sntenln 1080 to 3208 mega-
$4.50

NeW cveovevercnnes
uo-m Mc CONE type antenns,
c 1 steel
mast, uuys, cable', urrylnu case,
N .$49.50

cond.

VA‘GI AN]TENNA AS: 4s6A APG
OISH FOR PARABOLA 307 ;4 ns
122 N
ees 899, 50

17/APS
OAK Olm:tlonnl Finder Loops
Adcock Arrays
SA-I Rldlr

200 MC. Bed Soring
LP2i.A AlMﬂu Otr. Find. Loop
v/Seloyn & Loop Housing

roo. & Xmitter. Xmitter, pwr.
output In excess of 100W un-
modulated into antenns of 18 &
100 MMF. Freq. Range 2-12
MC Can be modified to increase
range. Xtal controlled uov 00
cy or 220V 60 or q
24” Hx18” Wx 4 D, 125
Ibs. Write or phono for data,
TAJ) 500 Watt Low Frequency
150-350KC CW-

TBK 500 wWatt High Frequency
Transmitter 2-18 MC, Al, A2,
A3. Emission Mfg, by RCA.

FILAMENT

TRANSFORMER
for ahove 115V/60 cy
Pri: four 6.3V/4A B
Sec. 500VT .$27.50
Magnetron Kit of four QK‘s 2875-
3375 inc. w/trans special $250.00

THERE ARE NO SHORTAGES
OF EQUIPMENT AT C.E.C.

Our warehouscs are full of surplus
radio. radar, electronic equipment,
, a8 & manufacturer,
amateur, experimenter,
engineer, everything at surplus
prices. We own what we sell, phone
or write us your needs and let us
quote. Mr. Poul Plishner

Main 4-8373

RADAR

SYSTEMS
AND
COMPONENTS
IN STOCK

APS-2
10 CM AIRBORNE
APS.3
3 CM AIRBORNE
APS8-4
3 CM AIRBORNE
APS.6
3 CM AIRBORNE
APS-6A
3 CM AIRBORNE
APS- 10
3 CM AIRBORNE
APQ-13
3 CM AIRBORNE
APS-15
3 CM AIRBORNE
APS-3t
3 CM AIRBORNE
CPN-8
10 CM_ GROUND
BEACON
CEXH
10 CM_ GROUND
BEACON
FD-MARK 4
800 MC SHIP GUNLAY-
ING
MARK-10
10 CM SHIP GUNLAY-
ING
SA
200 MC SHIP A1R
SEARCH
sC
200 MC SHIP AIR
SEARCH
SD
200 MC SUBMARINE
SE
10 CM_SURFACE
SEARCH
SF
10 CM_SURFACE
SEARCH
SG
10 CM_SURFACE
SEARCH
81
10 CM SUBMARINE
SK
200 MC AIR SEARCH
sL
10 CM_SURFACE
SEARCH
SN
10 CM PORTABLE
SO0 (ALL SERIES)
10 CM_SURFACE
sQ
10 CM PORTABLE
sw
200 MC PORTABLE
SCR 518
400 MC ALTIMETER
SCR 520
10 CM AIRBORNE
SCR 533
200 MC AIR SEARCH
SCR 545
10 CM TRACKING 800
MC SEARCH
SCR 663
SEARCHLIGHT TRACK

SONAR
SYSTEMS
AND
COMPONENTS
IN STOCK
QBF
QBe

3000 MC BENCH TES" PLUMIING

TEST EQUIPMENT
10 CM Wavemoter WH type
B435400 _ Tranamisston
N . Veeder
crometer dial.. Gold Plated
/Culh Clun F/o Frea. Meter
X06404A. New ..........500.80
ABl44/AP-10 Cl( Plok up ‘Dipole
with N Cab)

2
3400 22700 'MCS," Siver Plltgg

sesssesctencrssesrsncvae !

Magnetron to Wavegulde Coupler
with 721A Duplexer c.m“
gold-plated .............348

7214 TR Box complete with tube

and t g plungers ....$12.50

McNally xl"mn Cavitles for

17078 2K28. Three

. types
F-20/SPR-2 Fiiters, ““N**,

in| aene
WAVEGUIDRE TO %’ RIGID
COAX “DOORKNOB* ADAPT-

slotied soction .
8Q. FLANGE to rd choke adapter,
18 In long QA 1% in. x 3 in
mn “N°* output end
‘; prode .........927.80

AN/APRSA m am antenns

ment consisting of two 1
waveguide sections, euh volar-
1z0d. 48 dwm .$75.00 por oot
POWER 8P mn- 726 Klntml
input dual “N* output ..$5.00

%" RIGID COAX

10 CM FEEDBACK DIPOLR
ANTENNA. In lucite ball. for
use with parsbola %” Rildd
Coax Input .... ..30.00

721A TR cnm.lec
plated

lanxl.hl “Stub Suppunod
gold-plated, per length ..$7.80
Bhort Right Angle Bends _(for
above) )

8500 Mc. to 9600 Mc. Bench Test Plumbing
17 x 1Y, " WAVEGUIDE

VARIABLE STUB  TUNER.
DB536, 180 degree phase shift-
ing capacity ............ 70.00

1LOwW POWER TERMINATION,

13 $18.50

COUP!
DB390. 23DB UDO “N** output

seeisnsacies .. 318.80

BULKHEAD u
Y o.oioee....816.00
PRESSURE GAUGE SBECTION.
15 1b, gauge and press, ;:'Igool:

PRESSURN  GAUO

000Q0000ARECEACED 80
DUAL ~~ OSCILLATOR-BHACON
MO . P/O AP810 Radar for

Directional ooupler. APS-8 type
‘N take off 20 DB callbrated
Rotary 'i&i.'u' "Choke” to “cnsolk".“
xxwm "AB Tecelver local oscll-
lator K.Lntron Mount, complets
with crystal unt, Irls coup-

ling md chon ocoupling to TR
22,50

on __for
0

V%" x %" WAVEGUIDE
I'UNABL! Tml(INA'HON Pr.o‘

plane
WAVBOUIDI LINO'I'HS Cut to
slze and lunnlled with 1 choke.
1 cover. per length §2.00 per ft.
VIICI'I'IR' rption type.

...... .81
B1- Dl Co&ler ‘WG outpm call-
brated—25 db nominal ..$17.50
Flex lectlom, 2” llubber C’ontd

uags? ...... .$
6" 8t. sect. choke 1o choke $3.50
APQ 13 Constant Z Rotat Jnt.

4000 to 6000 mcs. Bench
Test Plumbing 2” x 1”

WAVEGUIDE
FLAP ATTENUATOR . m“
VARIABLE STUB TUNER AND

LOW POWHR ‘l'!}lmNA'l'lOoN°
WAVEMETER TEN ......$48.00
APTHERS :
Choke to choke ....... $18.00
er to COver ........ 4.00
Choke to cover ...... $
WAVIOUID! l *N**
mwcnouu',"éi) """ Tw
W.

ELYSTRON 'MOUNT. "Baulpped
with tunable terminstion and

TUNABLB TERMINATION, Pre-
cision edjust ... 390.00

6000 Mc. to 8500 Mc. Bench
Test Plumbing
1% x %" WAVEGUIDE

eseesnns

MAGIC THR .10
DIRECTIONAL, com»un

microm . stron an- lSlON CRYSTAL MOUNT,
tenna tuning .......... L 1 Nul with tuning slugs sad
CRYSTAL MOUNT. Equl tunable terminstion ....$90125.00
o “:i‘.:"‘.%m':g - e emmﬂmz ATION oree
crol cryi uning _ olsion adfust ........ vee.$70.
micrometer sdMm CTYRAl .00 LOW POWHR LOAD .\l 88508

23,000 TO 27,000 MC.

BENCH TEST PLUMBING

2" x ‘/4 ” WAVEGUIDE

Adjustable
DIRECTIONAL COUP

meter Mount. 12DB .....$60.
PRECISION vuuus AT-

TENUATOR., mfg,

AVRG L
6 long. goldplsted with dr-
cular flanges and coupling
ceecess S2.28 PP un
APB.3¢ nouv,lnl Joint .
Bkt dnuto Boed B or "ru...."“"
com! 00
.....502.00

eeconcnsane

45° Bend B or H Plan
cover

£

Mit, Elbow, cov, to cov, ...
'l'R-A'ﬂl Sect. choke to cov.
. Bec. 1’ choke to_choke
"S" Curve Choke to Cover
Adaptor, rnd. to sqa. ocov,
Feedback to Parabols H m

?:':::":

23532833

z_ss,

L -
l? 233

win

Imv Power Lom l
Bend

Ow"m. % z K" $1.00°

D
CU1047a P 00 53 DB M58
3131 Magnetrons ..........388.08

High Voltage Power Supply
15 KV at 30 Ma oc. Bridge Rectifier ................... ..0.-$125.00

All merch. guar. Mail orders promptily filled. All prices, F.O.8., N.Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. Rated Concerns send P.O.

COMMUNICATIONS EQUIPMENT COMPANY

131 LIBERTY STREET, NEW YORK, N.Y.

DEPT. II

P. J.

PLISAENER

PHONE

MAIn—4-8373

—
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PROFESSIONAL CARDS

LESTER W. BAILEY

Regletered Patent Agent
nior Member IR

PATENT OFFICE PRACTICE specializing In
ELECTRONICS M’E.C‘HANI'C'S.

RA
LINCOLN-LIBERTY BUILDING

PHILADELPHIA 7
Bread & Chestnst Strests  Rittenhowse §-3247

ALFRED W. BARBER
LABORATORIES

Specializing in the Communications Field and
in Laboratory Equipment
Offices, Laboratory and Model Shop at:
3244 Francis Lewis Blvd,, Flushing, L1, N.Y.
Telenh Independence 3-3306

P

HERMAN LEWIS GORDON

Registersd Patent Attomey
Patent Investigations and Opinions

Weinston 4 b
a ngton L.
National 2497

100 Normandy Drive
Silver Spring, Md.
Shepherd 1

HAROLD J. BROWN
Vibrators
Vibrator Power Supplies
Electrical Contact Systems
Mattapoisett, Mass.

HOGAN LABORATORIES, INC.
John V. L Hogan, Pres.
APPLIED RESEARCH, DEVELOPMENT,
ENGINEERING
Est. 1929, Exceptionally competent .ll!ﬂ. Elec-
tronics, Optics, Mechanisms, ch.mulc Com-
munication, Electro-sensitive recording media,

Instramentation.
155 Perry Street, Mew York 14 CHelsea 2-7855

V. J. BROWN
tional Elect Consultant
AT PRESENT IN GREAT BRITAIN
Will undertak i ts for Ameri or
British Clients. Please address inquiries to 11
Public Square, Cleveland 13, Ohio.
TO 1447

FA-1-0030

MEASUREMENTS CORP.

RESEARCH & MANUFACTURING
ENGINEERS
Hamy W. Houck Jerry B. Minter
John M. van Besren
Speclalists in the Design and
Devel t of Electronic Test Inst
BOONTON, N.J.

EDWARD J. CONTENT
Acoustical Consultant

Functional Studio-Theater Design
FM ~ Telovision — AM
Audio Systems Engineering
Rozbury Road Stamford 3-7489
Stamferd, Conn.

Eugene Mittelmann, E.E., Ph.D.

Consuliting Englneer & Physleist
High Frequency Heating—Industris! Electronics
Applied Physics and Mathematics

549 W. Washington Blvd. Chicago &, L.
State 2-0021

CROSBY LABORATORIES, INC.
Murray G, Crosby & Staft
Radio-Eiectronic Engineering,

Research & Development
FM, Communications, TV
Test Equipment
Offices, Laboratory & Model Shop at:
126 Herricks Rd., Mineola, N.g
Garden City 7-0284

PICKARD AND BURNS, INC.
Consulting
Electronic Engineers

240 HIGHLAND AVE.
NEEDHAM, MASS.

Richard B. Schul
Electno- Searck

Radio-Interference Reduction;
Devetopment of
Interference-Free Equipment,

Filters, Shielded Rooms
515 W. Wyoming Ave., Philadelphia 40, Pa.

SERVO
CORPORATION OF AMERICA

Henry Blackstone, President
Consultants on
Electrenic Control Problems
for Industry

Gladstone 55383 New Hyde Park Long lsland, N.Y.
ELK ELECTRONIC LABORATORIES TECHNICAL
Jack Rosenbasm MATERIEL CORPORATION

Speclellzing in the design and
development of
Test Equipment for the communications,
tadar and allied fleids.

333 West $2nd St.

Telephone:
New York 19, N.Y, 4 7

COMMUNICATIONS CONSULTANTS
RADIOTELETYPE - FREQUENCY SHIFT
NK SLIP RECORDING - TELETYPE NETWORKS

121 Sp Place, M k, N.Y.

WILLIAM L. FOSS, INC.
927 15th St N.W. REpublic 3883
WASHINGTON, D.C.

TELREX, INC.
M. D. Ercolino, Pres,
H. F. ANTENNA SPECIALISTS

©® The Skill to Design
® The Facilities to Produce
® The Ability to Deliver

Asbury Park, N.J.—Phone AP 2-7252

PAUL GODLEY CO.
Consulting Redie Engineers

P.O. Box J. Upper Montclair, N.J.
Offs & Lab.: Great Notch, N.J.
Phone: Moatelair 3-5000
Retablished 192

WHEELER LABORATORIES, INC.
Radio and Electronics
Consulting — Research — Develepment
R-F Clrcuits — Lines — Anfennas
Microwave Components — Test Equipment
Hareld A. Wheeler and Engineering Stef
Great Neck, N.Y. Great Neck 2-7806

PROCEEDINGS OF THE I.R.E.

January, 1951

79A




INDEX AND DISPLAY ADVERTISERS—Continued

Allen B. DuMont Labs., Inc. Graphite Metallizing Corp. 75A
22A & 37A Guardian Electric Co. 25A
E. I. DuPont de Nemours & Co. . .50A
. Hewlett-Packard Co. 3A
Elte|~McCullough: Inc. 12A Hickok Electrical Inst. Co. 68A
Electr!cal Industries 65A | Hogan Labs. 79A
Electrical Rgactance Corp. T1A Hughes Aircraft Co. 52A
Electro-Motive Mfg. Co. 9A Hughey & Phillips 70A
Electro Search 79A
Elk Electronic Labs. 79A . 75A
Erie Resistor Co. 19A Instrument Resistors Co.

Charles F. Jacobs 80A
fgrdL Ir;:s:rs:ment Co. ;g: Jacobs Instrument Co. S5A
Franklin Institute 54A jetFPB’P;:;m"cLab- 2;:
Freed Transformer Co. 41A - . U Mtg. Lo.

General Electric Co. Kay Electric Co. 74A
10A, |1A, 29A & 57A Kenyon Transformer Co. 74A
General Precision Labs. 21A | James Knigh't-s Co. 67A
General Radio Co. Cover IV Kotron Rectifier Corp. 72A
G. M. Giannini 73A Krohn-Hite Instrument Co. 70A
Girard Hopkins 80A
Paul Godley 79A | Laboratory for Electronics 51A
H. L. Gordon 79A Lambda Electronics 77A

CORRECTION NOTICE
The price of the Spencer-Kennedy Laboratorics Model 212 T V Amplifier
as given on page 81A in December PROCEEDINGS OF THE I.R.E. should
be $220.00 f.0.b. Cambridge, Mass.

ate V4

More and more manufacturers of precise electronic equip-
ment are changing over to Permanol Capacitors because
extensive tests have convinced their engineers that Perma-
nol impregnation yields a better capacitor, capable of de-
pendable performance under the most adverse operating
¥ conditions.

One of the best equipped copacitor manufocturing plants on the Pacific Coast

GIRARD-HOPKINS

1000 40th Avenue, Oakland 1, Calif.

JACOBS ADJUSTABLE SEPARATOR

U.S. Patent #1,950,170—March 6, 1931—others pending

|
[ odoooooooonooj

Made of Lugite for the rapid and efficient construction of open 2-wire

R. F. feedlines. Provision is made to give spacings from 14” to 6”

Price: $5.00 per dozen.
Charles F. Jacobs

P.O. Box 408, Church St. Station, New Yock 8, N.Y.
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VIKANE
IMPREGNATED

“"GREY TIGER"

Paper Tubular Capacitors

only |

Cornell-Dubilier M S

can
offer you:

Vikane™'* impregnotion an cxclusive C-0
development—results in extra long life and
outstanding performance over a temperature
range of —35 €. 10 100 C. Special high tem
perature and moisture end-fill seals unit

A tubular of exceptionally high insulation re
sistance. At 25 C., resistance is over 10,000
megs per unit or 2,000 megs per mid

A standardited line of paper tubulars thot
will fill both high and tow temperature re-
quirements. No duplication of stock and record
heeping! No production delays! Less inventory
loss! A feature of ‘"Vikane' impregnation

A twbvular with o power-foctor average of
0.35% at 1,000 cycles

A tubular with excellent capacity stability
over both the high, low temperature range

SPECIFY “GREY TIGER"

b

Tinned-copper leads, standard sizes. At
tractive grey case, red lettering. Avail
city and volt

'
For §
e of paper tubulars, write for Bulletin
No. NB116 BILIER ELECTR
)RPORA South Plain
field, New Jersey. Other plants in New
Bedford
Mass.; Providence, R

rther details on the “"Grey Tiger
RN
N, Dept

4

Brookline ond Worcester
l., Indianapolis,
Ind., and subsidiary, The Radiart Corp.,

Cleveland, Ohio

—A TYPICAL C-D FIRST!

CONSISTENTLY DEPENDABLE

CORNELL-DUBILIER

CAPACITORS VIBRATORS

ANTENNAS CONVERTERS

sSeesiCiany
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The new G-R Type 1303-A Two-Signal Audio Gener-
ator supplies signals by the beat-frequency method.
Three oscillators and three mixers are used to provide a
number of output-signal combinations. The output of
the mixers are combined in a linear adding network and
then amplified through a very low-distortion power
amplifier. The output from the amplifier is fed into a
600-ohm attenuator system, with a voltmeter to monitor
the level at the input of the attenuator. The harmonic
content and inter-modulation products in the final out-
put are at a very low level. High stability of voltage and .
frequency are provided. The frequency drift from cold
start is only a few cycles.

This A-F Signal Generator will supply
the following signals:

e A single low-distortion sinusoidal voltage, adjustable
in frequency from 20 cycles to 40 kilocycles, in two ranges.

e Two low-distortion sinusoidal voltages, each sepa-
rately adjustable, one to 20 kc and the other to 10 ke.

e Two low-distortion sinusoidal voltages with fixed
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difference in frequency maintained between them as
the frequency of one is varied. The fixed difference fre-
quency is adjustable up to 10 ke, and the lower of the
two frequencies is adjustable up to 20 kc.

The output is continuously adjustable and is calibrated
both in volts and in db with respect to 1 mw into 600
ohms. The frequency calibration can be standardized
within one cycle at any time. Its accuracy is + (1%, +
0.5 cycle).

This generator is an excellent and versatile signal source for
the three standard non-linear distortion tests:

1. The widely used harmonic distortion test.

2. The intermodulation method that evaluates distor-
tion in terms of the resultant modulation of a high-
frequency tone by a law-frequency tone.

3. The difference-frequency intermodulation test, which
evaluates distortion in terms of the amplitude of the
difference-frequency components produced by inter-
modulation of two sinusoidal test signals of equal
amplitude.

Write for Complete Information

90 West St., New York 6 920 S. Michigan

GENERAL RADIO COMPAN

Cambrjdge 39,
Massachusetts

Ave., Chicago 5 1000 N. Seward St., Los Angeles 38
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