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U.T.C. Commercial Grade components

employ rugged, drawn steel cases
for units from 1” diameter to 300
VA rating . .. vertical mounting,
permanent mold, aluminum castings
for power components up to 15 KVA.
Units are conservatively designed

. ..vacuum impregnated . . . sealed
with special sealing compound to
insure dependability under
continuous commercial service.

A few of the large number of
P A standard C.G. units are described
Universal units designed to match any tubes within the rated output below. In addiﬁon to catalogued units,

power, to line or voice coil. Output impedance 500, 200, 50, 16, 8, 5, E s, »
3, 1.5 ohms. Primary impedance 3000, 5000, 6000, 7000, 8000, 10.000, special C.G. units are supplied to

14,000 ohms. . .
customer’s specifications.

Type Audio List

_No.  Watts Typical Tubes _Price

CVP-1 12 1233, 45, 47, 2A3, BA6, 6F6, 25L6 $ 9.00

CVP-2 30 . 45, 2A3, 6L6, 6V6, 6B3 - 14.00

CVP.3 60 46's, 50°s, 300A’s, 6L6's, 801, 807 2000

CVP-4_ 125 800's, 801's, 807's. 4-6L6's, 845's "29.00 1

CVP-5 300 211, 2424's, 203A’s, 838's, 4-845's, ZB-120's 50,00

(200 ohm windings are balonced and can be used for 250 ohms)

CG Primary Secondary
Type I mpedance Impedance Ll
No. Appltcation Ohms Ohms Pr
1) VOICU ( 131 1 plate to 1 grid 15,000 135,000 3:1 ratlo $ 9
1 a. 135,00 1
The UTC VARIMATCH line 1o voice coil transformers will motch any 32) 1 |plate; topdggelds’  [RO0P EHI) Gt
voice coil or group of voice coils to @ 500 ohm line. More than 50 i~ — - . v
voice coil combinations con be obtoined, as follows: 133 2 plates to 2 grids 30,000 I’ to P 80,000 overall 12
1.6:1 ratio overall
2, .4, .5, .62, 1, 1.25, 1.5, 2, 2.5, 3,33, 3.8, 4, 4.5, SN = . _ 2.
5,5.5, 6 6.25 6.6, 7, 7.5, 8, 9,10, 11, 12, 14, 15, 134 Line to 1 grid W0, 200, 500 80,000 12
Y6, V8. 30, 25, 28, 30, 31, 40, 47," 50, 63, 69, 75. DOk = _
. . 135 Line to 2 grids 30, 200, 500 120,000 overall 13
Type Audio Primary Secondary List ~ g
N’:. Watts Impedance Impedance Price = I"‘E bucking _ - -
cvL-1 15 500 ohms 210 75 ohms $ 8.00 235 f‘lne o |1d°r 2 gndls, 50, 200, 500 80,000 overall 1
s — e ——— e -bucking; -
cViz 4 s00ohms 2tofhoms 1150 ol "alioy “sieideq
CcVvL-3 75 300 ohms 2 to 75 ohmy 17.50 for tow hum plekup

136 single plate and low 13,000, 50, 200 80,000 overall 1
impedance mike or
line to 1 or 2 grlds
Hum-bueking

233 PP 6C5, 56, slmilar 30,000 P to I’
triodes to AB 45’s,
3A3's. 6L6's, ete.

Will motch any modulator tubes to any RF load. —25‘000 overail ]
.9:1 ratio oversll

Primary impedances from 500 to 20,000 ohms

Secondary impedances from 30,000 to 300 ohms —_—— - _ R - -
333 PP 6C5. 56, similar 30,000 P to P 7,500 overall ¢

Max. Max telodes to fixed bias .5:1 ratio overall

Type Audlo Class C List — HL8is _ S n — ;

No. Watts Input Typiceal _Modﬁulaﬂr Tubes Price 433 PP 43, 243, simllar 5,000 P to P 1.250 overall [}

CVM-0 12 25 30, 19, 79, 6A6 2A3, 6B5 $ 8.5 E}ubex to fixed blas 5:1 ratlo overall

TVM-L 30 T 1A o 0170 el B ===y

CVM-2 60 § 20.50 137 Mixing 50, 200, 500 50, 200, 500

CVM3 125 300, 807, 845, 30.00 140 Triode plate to line 15,000 50. 200. 500

CVM-4_ 300 600 50-T, 203A. 80 50.00 T D Glods lates o 15.000 50, 200, 500 |

p e _ oty =hae DT T riode plates to 15,000 50, 200, 5

CVM-5 600 1200 805 HF-300, 2044, HK-354, 250TH 115.00 v ' 2 00

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

| gas

For full details on this line, write for Catalog
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PHOTO RESEARCH CORPORATION

take the color
ftemperature

of light

The “Spectra” is an amazing new instrument developed by the
Photo Research Corporation of San Fernando, Calif. For the
first time in the history of colorimetry this instrument makes it
possible to determine the color of illumination as easily as you can
tell time with a watch or temperature with a thermometer. The
“Spectra” is vitally important to photographers, motion picture
technicians, theatrical specialists, printers, engravers, artists, dvers,
manufacturers of inks, dyes and pigments, dealers in fabrics, cloth-
ing and cosmetics. In fact, it should be absolutely essential to all
to whom the accuracy of color is imperative.

In order to obtain direct reading of color temperature, it was
necessary for the “Spectra” to incorporate an extiremely sensitive
microammeter that would read directly in degrees Kelvin. Because
of Marion’s recognized reputation for manufacturing extremely sen-
sitive, trouble-free meters and insiruments of this nature, Photo
Research naturally turned to Marion for this key component.

Working with Karl Freund, Director of Photo Research Cor-
poration and pioneer in photographic instrumentation, Marion
designed, engineered and manufactured the kind of an indicating
instrument required. Now, Marion meters are enabling technicians
to secure direct readings in degrecs Kelvin with the “Spectra” Color

the Temperature Meter in many aspects of science and industry.
name
MARION When you need general or special-purpose meters for electrical

indicating or measuring functions, you are invited to call on us here
at Marion. We have had long and practical experience in helping
others with these problems. We want to help vou too.

means the
most in
meters

MARION ELECTRICAL INSTRUMENT COMPANY

M’E‘I M ANCHESTER, NEW HAMPSHIRE

Export Division, 458 Broodway, New York 13, U. S. A., Cobles MORHANEX

tN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS, ONTARID
April, 1949 — ELECTRONICS
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How Wells Gardner uses
CRL’s Pentode Couplate and Filpec
to save space and speed assembly
of table-model radios!

Here's hcw Wells Gardner engineers have applied two P.E. C.
units to build more and finer table-model radios. Arrows point to
Filpec (left) and Couplate.

Made with high dielectric Ceramic-X, both
Couplate (above) and Filpec (below) assure

long life, low internal inductance, positive re-
sistance to humidity and vibration. All units
provided with special pherolic coating.

ELECTRONICS — April, 1949

Chassis courtesy of Wells Gardner & Company

*Centralab’s “‘Printed Electronic Circuit”
— Industry’s newest method for
improving design and manufacturing efficiency!

MORE and more manufacturers are turning to CRL’s space-saving
Printed Electronic Circuits to help them produce finer products,
faster. That’s how it is with Wells Gardner & Company, Chicago.
Two Centralab P. E. C. units — Conplate and Filpec —are helping
this firm cut assembling time of table-model radios by reducing the
number of components needed and by eliminating many soldering
operations. What's more, these same units are improving perform-
ance of Wells Gardner radios by resisting temperature and humidity
... by practically eliminating loose or broken connections.
INTEGRAL CERAMIC CONSTRUCTION: Each Printed Electronic Circuit is
an integral assembly of H/-Kap capacitors and resistors closely bonded
to a steatite ceramic plate and mutually connected by means of metal-
lic silver paths “printed” on the base plate.

For complete information about Fi/pec and Couplate as well as
other CRL Printed Electronic Circuits, see your nearest Centralab
Representative, or write direct.

Division of GLOBE-UNION INC

www americanradiohistorv com



DU MONT
TYPE 281-A

DU MONT
TYPE 286-A

® Specitically designed to utilize
the outstanding capabilities of the
Du Mont Type SRP-A Cathode-ray
Tube, the Type 281-A Cathode-ray
Indicator has proved particularly
well suited for high-tension studies
such as surge testing of power-dis-
tribution transformers, lightning ar-
resters and cables, or the study of

IN COMBINATION

cillogr;';:;’n.g e

i €ry os.

C problem

discharges such as lightning. This
instrument also has many applica-
tions in the diversified field of nu-
clear physics.

The capabilities of the Du Mont
Type 281-A are further increased by
the addition of the Du Mont Type
286-A High-voltage Power Supply.
Thus with an extra 25,000 volts ac-
celerating potential, the Type 281-A
becomes probably the fastest writ-
ing and brightest oscillograph in the
world. At a total accelerating poten-
tial of 28,000 volts, this combination
permits writing rates in excess of
400 inches per micro-second.

A still turther combination may
be had by means of other elements
of Du Mont Oscillography. whereby
to achieve all the advantages of per-
manent oscillograph recording. The
Types 314-A and/or 271-A Oscillo-
graph-record Cameras assure lasting
records of all fraces displayed on the

screen of the cathode-ray tube. The
very fast writing-rates of the Type
SRP-A Cathode-ray Tube in the above
combination may be easily and sim-
ply photographed for repeated ref-
erence. The Type 314-A affords either
continuous-motion or single-image
photography- The Type 271-A pro-
vides single-image photography
only. Both cameras are readily
mounted.

Tube Type SRP-A and all Du Mont
cathode-ray tubes, may be purchased
separately

Consult us about your oscillo-
graphic needs. Equipment demon-
stration arranged —no obligation.

ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N. J

CABLE ADDRESS:

ALBEEDU, NEW YORK, N. Y., U.S5 A

(A 8 ey
l“

B e e i

www americanradiohistorv com

April, 1949 — ELECTRONICS



y %CTS

R ¢
\Pvnmm. s, O 20 o ormicr 10

colL

ki Road
aadlo Colls, Electred 231120 North PUSRR gy
A Chpitol 72500
GALES OFFICES: =
NEW YORK. N

o you
2 owdered

of mcer;st
vony
e CarT "“ho‘l;plished

;en accO!
close

will be
e LO us

rers &

s roductlion
ansformers
celvers.

ruly yours»
co1L PRODU

INC.
very © &

STANDARD

W%M
%{112;‘ %i‘éi;%:r

cost B’ powde

cTs COMPANT:

Yes! we said it was possible, and now Stand-
ard Coil Products has proved it. This out-
standing manufacturer has been able to use
low-cost Carbonyl Iron Powder, “E” Grade,
in high frequency applications. “E” pow-
der, lowest in cost of all grades, has hereto-
forebeen used at 455 K.C. Now it has proved
effective in IF transformers operating up
e to 25 mc.

For high ) at low cost use 12" powderin
gh 1

e o e ® @

' ® 5 ' ° [ ]

ANTARA PRODUCTS

A DIVISION OF
GENERAL ANILINE & FILM CORPORATION
444 Madison Avenue
° New York 22, N. Y.
e . .

ir transforme

Productd Co.
“ Y ) Powdef

vour cores and coils. Remember its stability
and performance, itssavings inspace, weight,
wire. Read Standard Coil Product’s expe-
rience. Ask your core maker; ask your coil
winder. You, too, can save with low-cost
“E” powder!

See Antara I’roducts’ Carbonyl Iron Pow-
ders on exhibition at the Spring Meeting of
the Metal Powder Association. Drake [otel,
Chicago, April 5 and 6.

G.A.:F. Carbonyl Iron P~ °
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Proper_balance can he

BsT
Proper balance can be mighty
difficult . . . but not for IRC resistors.
Basically engineered for balanced perform-
ance in every important characteristic, each
g.i:’;;::' ° IRC resistor type offers outstanding features

for specific applications—uwithout sacrifice

of any significant factor.

New, ADVANCED Type BT Resistors, for ex-
ample, are uniformly superior in every important
JAN-R-11 requirement. At 4, 15, 1 and 2 watts
they meet JAN-R-11 specifications for fixed com-
position resistors. Balanced in every characteristic,
small IRC ADVANCED BT’s are particularly
suited to high ambient temperatures and rigorous
television circuits. 12-page Bulletin B-1 gives all
the performance facts. Use the convenient coupon.

WWW.americanradiohistorv.com
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Miniature MPM resistors are IRC engineered for
high frequency applications. Their frequency char-
acteristics are outstanding, but absolute balance has
been maintained with all other significant electrical
characteristics. Thin resistance film is permanently
bonded to ceramic rods. Cupped ends of wire lead
terminals are cemented to resistor bodies to form
axial pigtails. Rated at Y4 watt, Type MPM's are
available in resistance values from 10 ohms to 1.0
Data Bulletin F-1.

megohms. Write for Technical

All standard IRC resistors are readily
available in nominal quantities from your
local distributor’s well-stocked shelves.
This is IRC’s Industrial-Service Plan

at work, assuring you ’round-the-corner

service on your small order require-
ments. We'll be glad to send you the
name of your nearest IRC Distributor.

INTERNATIONAL RESISTANCE

401 N. Broad Street, Philadelphia 8, Pa.

tn Canada:

International Resistance Co., Ltd., Toronto, Llicensee

For close tolerance require-
ments, IRC Precisions offer a fine
balonce of accuracy and de-
pendability. Extensively used by
leading instrument makers, they
excel in every important char-
acteristic. 1% accuracy is stand-
ard. Noise level is inherently low,
and windings are fully protected
against high humidity. Available
in a wide selection of ranges and
types, as described in Bulletin D-1.

=

IRC Type W Wire Wound Controls are
so carefully balanced, your customers
can actually feel the difference. With
center tap they are widely used as ver-
tical and horizontal centering controls in.
television receivers. Design provides maxi-
mum adaptability to most rheostat and
potentiometer applications within 2-watt
power rating. Type W Controls have a
1%’ diameter, and %'’ depth behind
ponel. Spiral Spring Connector provides.
2ositive electrical connection. Bulletin
\-2 gives details. Write for your copy.

W, the Ginewit, Says- -
Power Resistors e Precisions e Insulated

Composition Resistors s Low Waltage Wire Wounds

o Rheostats « Controls  Voltmeter Multipliers.

o Deposited Carbon Precistors e Voltage

Dividers « HF and High Vollage Resistors

INTERNATIONAL RESISTANCE COMPANY

' 402 N. Broad St., Philadelphia 8, Pa.
l 1 want to know more about the IRC Resistors checked below —
1 [J Advanced Type BT’s O MPM Hiéh Frequency Resistors
[J Precision Resistors [0 Type W Controls
: [0 Also send name and address of our IRC Distributor
l Nameprn e xxme - - 3 TEe L - - -EEOETEs TN & EEEEEET
l Title. . . . ...
COMPANY 1 Company . ... .........

WWW.americanradiohistorv.com



Centralab reports to

JOHNSTON — finds \\&
special Ampec avdio- PARAVOX — uses ;

amplifier cuts weight.
RS s yeg custom CRL Ampec for
quick assembly.

et

BELTONE — replaces
45 parts with one
p. E. C. unit,

- ALLEN-HOWE =
MICROTONE — — was first to vse P. E. C.
uses 12 P. E. C. in hearing aids.

units to save space.

*Two Centralab Printed Electronic Circuits are used in
hearing aids. (1) Ampec consists of all components
of an audio-amplifier — tube sockets, capacitors, re-
sistors, wiring — printed on one, compact ceramic
chassis. (2) Filpec combines two capacitors and one
resistor into a balanced diode load filter that is lighter
and smaller than one ordinary capacitor.

The illustrated units are now on the
market — Watch for at least 5 more
by June First!

Simplified wiring and assembly . . . fewer individual compo- ing up to 45 individual parts into one light, tiny unit — makes
nents . . . fewer leads to be soldered — these are some of im- it possible to reduce the weight and size of the electronic
portant production-boosting advantages you get with CRL products you manufacture. For complete P.E. C. information,
- ' Tlarteamic Cirenits. In addition, P. E. C.— by combin see your Centralab Representative, or write direct.

April, 1949 — ELECTRONICS
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Electronic Industry

MODEL “R" MODEL “E" MODEL “M"

CRL’s New Rotary Coil and Cam In- of variations: Model “R” — wire wound, 3 watts; or composition type, 1 watt.
dex Switch. Tts coil spring gives you Model "E” — composition type, 14 watt. Direct contact. 6 resistance tapers. Model

2 Great step forward in switching is 3 Let Centralab's complete Radiohm line take care of your special needs. Wide range
smoother action, longer life. M — composition type, 14 watt. For complete information, write for Bulletin 697.

_—
\'.‘ } *\\‘ !
\ WY .

[ i
. - L RIS 5SS birk
CRL Hi-Vo-Kaps combine high volt-  me Important: the recognized dependa- For by-pass or coupling applications,
age, small size for TV use. Also bility and high quality of ceramic by. check CRL's original line of ceramic
used as filter and by-pass capacitors ;] pass and coupling capacitors is now disc and tubular Hj-Kaps. For full
in video amplifiers. 42-10. available at Centralab Distributors! facts, order Bulletins 42-3 and 42-4.

LOOK TO CENTRALAB IN 1949! First in component research that means lower costs
for the electronic industry. If you're planning new equipment, let Centralab’s sales

and engineering service work with you. Get in touch with Centralab!

DIVISION OF GLOBE-UNION INC., MILWAUKEE, WIS.

ELECTRONICS — April, 1949
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6y RICHARDSON

Dependable names in

plastics

BIG ENOUGH--LITTLE ENOUGH .

That’s the way a friend recently spoke about the
size of The Richardson Company.

His reasons are factors you may want to consider
in selecting a supplier of plastics materials and services.

Here’s how he put it:

BIG ENOUGH to have ALL of the facilities for
big runs of (1) Laminated INSUROK sheets, tubes
and rods, (2) punched parts, (3) fabricated parts and
(4) Molded INSUROK products (molded of Durez,
Plaskon, Melamine, Bakelite, etc.)

LITTLE ENOUGH to give personal and indi-
vidual attention to EVERY customer and his problem.

Our size is just one of many factors that work
in your favor when you turn to Richardson for
plastics. Other important benefits are ready to go
to work for you . . . such as experience, seasoned lab-
oratory and production talent, competent production
skills and a genuine interest in helping you improve

your product and control production costs.

Why not discover for yourself what Richardson
offers in the way of plastics materials and services?

INSUROK is a registered
trade-mark of
The Richardson Company

%e RICHARDSON COMPANY

GENERAL OFFICES: LOCKLAND. OHIO

FOUNDED IN 1838

Sales Headquarters: MELROSE PARK, ILLINOIS

CLEVELAND o

N

- K.
wWWwW americanradiohistorv com -

DETROIT =« INDIANAPOLIS - MILWAUKEE - NEW BRUNSWICK. (N.J.) - NEW YORK

PHILADELPHIA - ROCHESTER ST. LOUIS

April, 1949 — ELECTRONICS



Shielded Balanced
300-Ohm Lead-in Cable

5

INTELIN K-111

Minimizes Noise, “Snow” and “Ghosts”
Due to Transmission Line Pick-Up!

Here is the development for which the industry has been waiting.
It is a shielded, balanced 300-ohm line—Intelin K-11 1—developed and
A M AJ 0 R A DVA N CE I N produce(sia;)y II“eederal—and only by Federal. ?

TELEVIS'ON TECHN'QUE Tests have given positive proof that Intelin K-111 goes far toward

solving the lead-in problem that has been a major obstacle to television

progress. K-111 protects against transmission line pick-up of ignition,

streetcar, fluorescent light, diathermy and practically every other type

Developed by FEDERAI' of noise, “snow” and “ghosts” which interfere with picture clarity. This new

lead-in won’t pick up re-radiation from nearby lead-ins in urban areas. In

Offered OHIY bY FEDERAI' rural areas, where signal strength is weak, Intelin K-111 provides greatly
Pate"t Pe"di" improved reception by reducing the noise level.

' g Now manufacturers can obtain a lead-in that protects the quality per-

formance they build into receivers of 300-ohm input impedance. Antenna

AVAILABL E IMMEDIATE LY kit makers can greatly improve their products. And, by changing to Intelin

K-111, servicemen can call a halt to many of the customer complaints that
take the profit out of service policies.

Intelin K-111 is also recommended for a pick-up-free connection be-
tween antenna post and input stage of FM and TV receivers—and for test
equipment and other HF applications. For information, write to Depart-
ment D-113.

i

Wil |\ N Federal Telephone and Radio Corporation

SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey

tn Canada: - Federa! Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors: - International S'ohdq!d_ Elegrrin?

research and engineering organizatian, of which the federa!

KEEPING FEDERAL YEARS AMNEAD...is IT&T s world-wide
Telecommunication Laboratories, Nutley, N. J., is a unit.

ELECTRONICS — April, 1949
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Blaw-KnoX makes

speaflcahons and

budget meet !

Station WICA . Ashtabula, Ohio

’I\HE consulting radio engineer prescribed uni-
form cross section towers of maximum strength
and efficiency for this directional array, but the
budget demanded a minimum of expenditure.
So there was only one place to take the prescrip-
tion—BLAW-KNOX.

The three type LT towers illustrated, although low

BLAW-KNOX DIVISION oF BLAW-KNOX COMPANY ”@Gﬁwﬂc

in cost, have the strength and high factor of safety
characteristic of Blaw-Knox design and engineering.
The type SGN tower completing the array has the
additional strength to support the heavy-duty FM
pylon and any future TV requirements.

Your tower prescription will be
promptly filled at BLAW-KNOX.

2077 FARMERS BANK BUILDING, PITTSBURGH 22, PA. v’ WO
"

BL Aw- K N O AT’:)TVfI:.: sA
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Facts for Manufacturers of High Frequency Equipment

Power Loss=55.5 €' tan 3xfxV>x 10" Watts

/ Because they influence efficient and effective operation,
low loss characteristics of Zircon Porcelain are most de-
sirable in the manufacture of high frequency equipment.

Meeting the requirements of the power loss formula,
Zircon Porcelain retains its low loss characteristics over a
wide range of temperatures and frequencies. This factor
is clearly demonstrated in the charts shown.

For applications in the field of radio, rodar and: other
POR c E L A I N equipment of this nature, it will pay to get more detailed
3 information. Write direct or discuss the use of Zircon Por-

celain with one of our qualified field staff.

CHART 1 CHART 2
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Special
Zircon
Porcelain
Special Zircon Porcelain

104 10° 10¢ 107 100 200 300 400 500

Frequency ¢/s Temperature °C.

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY
Executive and Sales Offices: 111 BROADWAY, NEW YORK,N.Y. ¢ Generol Offices and Works: NIAGARA F

TAM is a registered trademark.
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PERFORMANCE FAR EXCEEDS PROMISE with

PERFORMANCE-INSURED

@ Based on our lab and life tests, Aerovox has

. @
L eliminates b
made several superlative claims for the exclusive

£ impregnant oo o pacitor
OLEN ad oil €ap et

AL wax 2 <o
tocking and us"‘g‘\b&mbm ) Rcsu“s‘ ":-mg costs. DURANITE technique. And because DURANITE
o 3 u :
Snzmt does the "ﬂucuon n manufac May be means a new impregnant, Aerolene, new process-
corresponding (erioration in zt_ockcconomy ing methods, new casing material - Aerovox has
: nding

sought not to confuse DURANITE capacitors with

€
ow 19 d“'\th correspo
conventional molded tubulars.

o al ~
5:3:1( Sonvcﬂ‘fnce' \ develop cracks of e For example: Note actual clipping from DURA-
ot dry out Docs 1O NITE introductory literature issued almost two
* DURAN\TE does “‘hwughou‘- years ago and based on units produced by our

1t stays tght pilot plant. Then note the performance of a batch
of initial-production DURANITES that were in a
brief case and carried in planes, trains and autos
many thousands of miles along the Eastern Sea-
board from March through November (during the
humid summer months), and just recently meas-
ured for insulation resistance by lab men of a
leading radio manufacturer®. Could usual paper
tubulars approach this performance?

Definitely-but very definitely -DURANITES are
setting brand new standards of stability, depend-
ability and durability.

sures.

“Name on request.

T
AEROVOX TYPE p.gg
DURANITE TUBULARS

THE
PERFORMANCE

Cap.
IR in
Mfd.
gty | Volts Megohms Case ;i
0.01 se Size
0.022 :88 goiono 11/32x 11,80
0.022 Seoa0 13/32x 1 3/
:80 100,000 iy : 3/8 '
o x '8ll
@ Sample DURANITES right off the production lines cheerfully 0.22 400 jg,ggo 17/32x 1 5;’8”
0
2

sent for your own tests and conclusions. Meanwhile, let us P z 1/32 x 277
Jee ac -
company:ng text for conditions -

quote on your TV and other severe-service capacitor needs.

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

XEROVOX CORPORATION, NEW BEDFORD, MASS,, U.S.A. 7

SALES OFFICES IN ALL PRINCIPAL CITIES » Export: 13 E. 40th ST, New York 16, N. Y.

™ Cabls: ‘ARLAB’ o in Canada: AEROVOX CANADA LTD., HAMILTON, ONT.
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—. TRUARC

OLD WAY

Special Y4 cap screw and Y4-28 fibre-insert
nut holds idler arm and pulley assembly on
Model A3 “Take-About” Sander, Porter-
Cable Machine Company.

Every sander through the production lines costs 9
cents less for materials, requires 5 minutes less labor
—with just the simple change from cap screw and nut
to Waldes Truarc rings by Porter-Cable ‘Machine
Company, Syracuse, New York. The change to Truarc
required no new design, no alterations in castings,
but just the reappraisal of old methods,

Truarc can help you cut costs and increase produc-

ong neenin®

WALDES

A

REG. U. S, PAT. OFF,

RETAINING RINGS

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK

WALDES TRUARC RETAINING RINGS ARE PROTECTED BY U. 8, PATS. 2,302;948; 2,026,454; 2,416,852 AND OTHER PATS. PENO.

ELECTRONICS — April, 1949
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| " Truarc saves 5 minutes, 9 cents in materials
per unit without re-design of electric sanders

NEW WAY

Simple 4" C.R. shaft, grooved in automatic screw machine, equipped
with Waldes Truarc Retaining Rings. Bowed external ring (#5101-25)
at top exerts resilient pressure taken up by Standard external ring
(#5100-25} at bottom. Assembly is secure against vibration, can be
easily taken apart and re-installed many times with same Truarc rings.

tion, too. Wherever you use machined shoulders, nuts,
bolts, snap rings, cotter pins—there's a Truarc ring
that does a better job of holding parts together, All
Waldes Truarc Retaining Rings are precision engi-
neered, remain always circular to give a never-fail-
ing grip.

Send us your drawings. Waldes Truarc engineers
will be glad to show how Truarc can help you.

ke M;----—--------_------
ations o

Waldes Kohinoor, Inc., 47-10 Austel Place E-4
Long Island City 1, N. Y.

Please send 28-page Data Book on Waldes Truare
Retaining Rings.

N

Name.

Title

Company.

Business Address.

City. Zone. Qs -
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IF YOU MACHINE COPPER—

THIS REVERE METAL WILL SAVE YOU MONEY

EVERE makes Free-Cutting Copper Rod, and if you are
making electronic devices requiring machined copper
parts of high conductivity, it will pay you to investigate the
savings made possible by this metal. We would suggest that you
make trial runs to prove what it will do under your own shop
conditions. That was the procedure followed by The Trumbull
Electric Mfg. Co., Plainville, Conn., with these results:

Part #18107 and 18108, contacts for the Type D switch illus-
trated, were designed around this alloy. Trumbull states: “On
both these parts we found we could make them in one operation
instead of two. That is, due to the smooth free cutting of the
metal, it was unnecessary to perform a facing operation . . .
Our Screw machine foreman advises that, in his opinion, both
these parts could be made four times as fast as out of ordinary
electrolytic copper rod.”

#3731, 60 amp. post stud.—5,760 pieces run in 19.6 hours
‘with no machine down-time; 10,425 pieces of ordinary copper
tod run in 66.6 hours with 11.8 hours machine down-time. In
addition to the extra time required, three sets of dies were used
for.the regular rod. “The savings of the free-cutting material
over ordinary copper were figured at $1.81 per thousand, in-
cluding in these costs both material and direct labor.”

#16552, space washer. “Savings per thousand over electro-
Jytic conneswere 77¢. This figure included the material differ-

ence and direct labor. In addition, there was an 18% saving
in machine down-time.”

#K-60-1A, 70-200 amp. stud. “The use of Free-Cutting
Copper Rod on this part very definitely increased production
and practically voided machine down-time.

In a letter to Revere, Trumbull added: “In general, at least
for most of the parts we have used, we find that there is at
least a 259 saving in machine time of free-cutting over regular
copper. In addition, the workers are enthusiastic about this
material, particularly when running studs, because of the fact
that it is no longer necessary for them to keep a constant close
watch on the machine to see that the turnings do not become
tangled up with the moving parts of the machine.”

The Trumbull experience is being duplicated in other ma-
chine shops. If you have not tried this Revere Metal, we suggest
you get in touch with your nearest Revere Sales Office.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 1ll.; Detrot, 'Mfcb.: New Bedford, Mass.;
Rome, N. Y. — Sales Offices in Principal Cities, Distributors Everywbere.

April, 1949 — ELECTRONICS
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8RAZED
JOINT

GLASS TO
METAL SEALS

N

COVER

]

SOLDERED JOINT

[can be brazed or
welded by

wsing on adapter] Q

COPPER or——»
EVER DUR conductors

The best way to evaluate these glass
bushings for capacitors, modulator
transformers, and other electronic
equipment, is to see them. If you will
send us a sketch and ratings of bush-
ings you are now using, we will
furnish you with samples of one or
more of our standard glass bushings.
Bulletin GEA -5093 contains complete
listings of our standard designs, allow -
ing you to select the particular bush-
ing you require. Power Transformer
Sales Division, General Electric Company,
16-215 Pittsfield, Mass.

to manufacturers of
electronic equipment

Can be welded, brazed, or soldered to case, forming a strong,
permanent, hermetic seal that eliminates moisture problems and
often permits more compact, light-weight design.

General Electric now offers to other manufacturers the glass bushings
that it has used so successfully on capacitors, rectifiers, modulator and
instrument transformers, and other electrical equipment. These bush-
ings are cast of an exceptionally stable, low-expansion glass. Metal hard-
ware is a special nickel-alloy steel, fused to the glass in casting. Bushings
are attached directly to the apparatus without gaskets by soldering,
welding or brazing the metal bushing flange to the metal case.

The resulting joint between bushing and equipment is permanent,
vacuum-tight, and of high mechanical strength. It is especially desir-
able for equipment subject to vibration, shock, fungus growth or severe
changes in temperature. These glass bushings are available to meet dry,
60-cycle, flashover values of from 10 to 50 kv, and in current ratings
of 25 and 50 amperes (large sizes up to 800 amperes). They may be
single or multi-conductor and can be provided with a top flange to
permit mounting tube sockets directly on the bushings. Diameters
range from 1%g to 334 inches and weights from 214 oz. to 4 1b.

WRITE TODAY FOR BULLETIN GEA -5093

GENERAL @3 ELECTRIC
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SPECTALTY
(APACITORS

- -

These publications will be of value to you. GEA-640B—an
interesting picture story on capacitors. GEA-2621 and -4357
on d-c capacitors. GEA-2027 on general a-c capacitors.
GEA-2526 and -4655 on ballast capacitors. Write Apparatus
Department, General Electric Company, Schenectady 5, N. Y.

S s WWW.americanradiohistorv.com ‘L~—~—J




,I‘HESE are your capacitors. By anda large,
ther are the rasult of challenges made on
the drawing bozrds of your equipment de-
sign engineers—challenges tact have led

us # new concepts in capac.tor develop-
ment and design.
We have made contributions—the in-

trodaction of the liquid dielectrics Pyranol
and Lectronol, the development of thin

sraft paper and Lectrofilm, and the use of
silicone rubber bushings and gaskets—all
evidences of our efforts toward smaller
size, lower weight, higher quality, and
Jower-cost capacitors.

But basically these capacitors have been
built to meet your needs. We hope sin-
cerely that you will call upon us whenever
we can be of assistance.

GENERAL 3 ELECTRIC
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SB-1
% it's the...coONTROL
AND
TRANSFER
SWITCH

full size

|
[+

e

DESIGN engineers already have utilized the
SB-1 for over 10,000 control combinations on cir-
cuits up to 20 amperes at 600 volts a-c or d-c.

Standard parts and a simple basic design mean
longer life and low initial cost. There’s a standard
SB-1 for most jobs. If a standard can’t satisfy,
we’ll build what you want from standard cams,
contacts, and fingers of the basic design.

A variety of attractive switch handles; and
water-tight, dust-tight, oil-immersed, fabricated-
metal, or explosion-proof housings are available to
fit your particular installation problems.

Your nearest G-E sales representative will be
glad to assist you in the selection of an SB-1. Also,
ask him for a copy of GEA-4746 which gives ad-
ditional information about the SB-1, or write to
Apparatus Department, Section 856-6, General
Electric Company, Schenectady 5, New York.

GENERAL @D ELECTRIC

WWWwW.americanradiohistorv.com
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DEFLECTION YOKE SHELLS
with black exterior finish,
as illustrated above, have
3” inside diameter and
3.093 outside diometer.

Q-3 is 2 31/32"” long. The
others, Q-4, Q-5, Q-6, Q-11,
Q-12, Q-13 are 2 11/32”
long.

ELECTRONICS — April, 1949
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COSMALITE SHELLS

for Television deflection yokes are made to meet your individual needs.

Keep in mind that we have tools available without charge for all Shells
shown above. And . . . we can quickly make tools for other punching
and notching as may be required. COSMALITE is known as a quality
product. It meets the most exacting requirements.

Inquiries given specialized attention

% CLEVELAND CONTAINER

@
ik
6201 BARBERTON AVE. CLEVELAND 2, OHIO A

PLANTS AND SALES OFFICES ot Plymouth, Wisc., Chicago, Detroil, Ogdensburg, N.Y,, Jamesburg, N. J.
ABRASIVE DIVISION ot Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Conada, Ltd., Prescott, Ontario

REPRESENTATIVES

CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO
METROPOLITAN
NEW YORK R.T. MURRAY, 614 CENTRAL AVE., EAST ORANGE, N.J.

NEW ENGLAND E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE
WEST HARTFORD, CONN.

www americanradiohistorv com



MITCHELL-RAND HARD WOOD MAPLE WEDGES are fine
grain, hard, accurately sized and shaped and wax
processed to resist humidity and moisture. They are

available in lengths of 30 inches and in any of 20
styles and sizes.

MITCHELL-RAND MOLDED and FORMED WEDGES
are of FIBRE and FISH PAPER. They are flexible,
easy to handle, have great bending strength
with high dielectric and tensile resistance . ..
available in lengths of 40 inches and in

almost any shape and form.

For WEDGES as for all other ELECTRICAL
INSULATIONS you can depend upon —

MITCHELL-RAND
THE ELECTRICAL INSULATION
HEADQUARTERS SINCE 1889.

MITCHELL-RAND INSULATION CO. Inc.

51 MURRAY STREET : COrtlandt 7-9264 - NEW YORK 7, N. Y,

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AND TWINES * CABLE FILLING AND POTHEAD COMPOUNDS - FRICTION TAPE AND SP{ICE - TRANSFORMER COM.
POUNDS * FIBERGLAS SATURATED SLEEVING - ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND
TAPE + MICA PLATE, TAPE, PAPER, CLOTH, TUBING = FIBERGLAS BRAIDED SLEEVING ° COTTON TAPES, WEBBINGS AND
SLEEVINGS * IMPREGNATED VARNISH TUBING * INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

April, 1949 — ELECTRONICS




WO new Hypex* Projecto-s—designed for 360-

MODEL VR-11 “THREE-SIXTY'' HYPEX degree sound dispersal—are now available. With
(above) 15 WATTS; 280 CPS CUT-OFF. T ) ) )

MODEL VR-241 “‘THREE-SIXTY’’ HYPEX sound distributed horizontally in al. directions, these new
(at right) 25 WATTS; 140 CPS CUT-OFF. models are intended for installations =vhzre coverage of rela-

tively large areas and suspension from the ceiling are desired.
Like all Hypex Projectors, these radial units incorporate the
famous Hypex formulat which results in improved acoustic
performance.

By the addition of the two radials to the four previously

anncunced Hypex units illustrated below, the Hypex line
now includes a model for every “sound” need, indoors or out-

doors.
*Trade Mark Registered tPatent 2,338,262
JENSEN MANUFACTURING COMPANY Wirite for Data Sheef 143
Division of the Muter Company rite tor ara e
6607 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS In Canada: COPPER WIRE PRODUCTS, LTD., 351 CARLAW AVENUE, TORONTO

.
|

MODEL VH-24 HYPEX MODEL VH-20 HYPEX MODEL VH-15 HYPEX MODE. VH-91 HYPEX {
25 WATTS; 110 CPS CUT-OFF : 25 WATTS; 140 CPS CUT.OFF 15 WATTS; 180 CPS CUT-OFF 15 WATTS; 300 CPS CUT-OFF

ELECTRONICS — April, 1949
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Keeping Your Radio Beacon
Signal “On The Air” Is Simple With

Aerocom’s Automatic Transfer

RO
Aerocom’s New Artificial Antenna, BL E
Ms

Simulating Actual Operating Conditions,

Saves Time On Transmitter And Receiver Tuning

It is no longer necessary to final tune transmitters or receivers aboard
aircraft. With the new Artificial Antenna (Model DA200) you can
precisely simulate, electrically, any normal aircraft antenna. All this
without leaving the test bench. This equipment will accept any
transmitter power up to 200 watts -- coaxial fitting provides direct
52 ohm metered load. Sturdily constructed for hardpusage, can be
mounted in standard rack cabinet or used on bench top.

The problem of transmitter failure in radio beacons is very serious.
The safety of crew and passengers depends on the continuous opera-

tion of this navigational aid.

Aerocom’s Automatic Transfer provides the means of placing your
standby transmitter “On the Air” should the main transmitter fail for
any reason except loss of powerline voltage. It can be set to function
either on abnormally low carrier power or abnormally low level of

keyed tone identification signals.

A letter or wire from you will bring descriptive literature

CONSULTANTS, DESIGNERS AND MANUFACTURERS OF STANDARD OR SPECIAL
ELECTRONIC, METEOROLOGICAL AND COMMUNICATIONS EQUIPMENT.

AER

Reg, U. S. Pat. Off,

AERONAUTICAL CoMMuUNICATIONS EQuiPMENT INC.

3090 Douglas Road, Miami 33, Florida

DEALERS: Egquipeletro Ltda., Caixa Postal 1925, Rio de Janeiro, Brasil * Henry Newman Jr.,

Apartado Aereo 138, Barranquilla, Colombia * Radelec, Reconquista 46, Buenos Aires, Acgentina

April, 1949 — ELECTRONICS
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MYCALEX 410

MARES HISTORY

Sets astonishing high operational
record for telemetering commutator
used on aeronautical research proj-

ects ... MYCALEX 410 only insula-
tion to fill exacting requirements.

To February 7,1949, more than 200 hours of
maintenance free, high speed, clean signal
telemetering commutator performance has
been logged on MYCALEX 410 Units. . . . Ex-
perience indicated four hours was optimistic
. + « specifications hoped for ten hours . . .
and the challenging problem was solved by
MYCALEX 410 molded insulation.

SPECIFICATIONS TO BE MET IN PRODUCING MYCALEX 410 MOLDED
INSULATION COMMUTATORS FOR TELEMETERING

0.D. 2.996” 4 .000 — .002 e Location of 3 slip rings and the 3 contact
arrays from the center has a total tolerance of =+ .001. » Contact spacing
6° apart = 1 minute. o Parting line thicknesses on insulation body are
+ .002 —.000. o Concentricity between ball bearing bushing and 0.D.
.0015. o Assembly height from face of slip rings and contacts to Mycalex 410
has tolerance of - .002 —.000.  Every contact must be tested from its
neighbor contact for infinity on a 500 volt megger meter « Plate ambient
~20° C. to 4 100° C. « Plate to operate at 95% humidity must not warp,
crack, change in dielectric constant or resistivity e Contacts to resist high
temperatures and must not loosen when repeatedly heated by soldering.

SPECIFY MYCALEX 410 for Low Dielectric loss. . . . High Dielectric strength.
... High Arc Resistance. . . . Stability over wide Humidity and Temperature
Changes. . . . Resistance to High Temperatures. . . . Mechanical Precision.

.. Mechanical Strength. . . . Metal Inserts Molded in Place. . . . Minimum
Service Expense. . . . Cooperation of MYCALEX Engineering Staff.

Illustrated are top and bottom views of the MYCALEX
410 molded insulation commutators manufactured to
the specifications of Raymond Rosen Engineering Prod-
ucts, Inc., for Air Material Command and Navy teleme-
tering projects. This commutator, with 180 contacts
and 3 slip rings of coin silver, samples sixty channels
of information such as air speed, altitude, angle-of-
attack, temperature, pressure, voltage and other vari-
ables; and provides thirty synchronizing pulses.

MYCALEX 410 molded insulation is designed to
meet the most exacting requirements of all types
of high frequency circuits. Difficult, involved and
less complicated insulation problems are being
solved by MYCALEX 410 molded insulation . . .
the exclusive formulation of MYCALEX CORP. OF
AMERICA . . . our engineering staff is at your
service.

 MYCALEX CORP. OF AMERICA

fTHE INSULATOR \ “Owners of '"MYCALEX' Patents”

TRADE MABK RIC. U S PAT. Ok#,

ELECTRONICS — April, 1949
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POWER
TRANSFORMERS

¥ A Complete Line
in 2 alternate
= “Sealed in Steel”
¢ Mountings

Exclusive features like these make
this the ‘“Engineer’s Line”’: Plate
and filament voltages to fit today’s
most-used tubes; in two mountings
. —with solder lugs or 10"’ leads; one
. series for condenser input, another
¢ for reactor input use; exactly match-
. ing reactor for each power trans-
« former. Get complete catalog now.

ISOLATION
TRANSFORMERS
for safer,

more efficient
servicing

R R R R A

For isolating chassis ground from
. line ground and eliminating the
« shock hazard (important on ‘“‘hot”
¢ TV sets). Dual purpose: where line
. is under/over voltage, sec. supplies
« 115 v.; with 115-volt line, sec. sup-
¢ plies 125/115/105 volts (high/low
* volts help find doubtful tube, etc.).
« Three sizes: 50, 150, or 250-VA. to
* cover full range of servicing needs.

The Name
that Makes NEWS
mTRANSFORMERS

i s o0 00000000 s 00

-
.
-

. |
lete CHICAGO Line at |I

See the CompP RTS SHOW |

sooTH THE RADIO PA

. the meantime ...
" GEE YOUR JOBBER

MAY 18 to 20 I|

¥

HIGH Q
CHOKES

for Dynamic
Noise Suppression
Circuits

Two efficient filter reactors, induc-
tance values .8 and 2.4 henrys respec-
tively, are designed for noise sup-
pression circuits, but can be used in
any tuned circuit requiring the given
inductances. Inductance values are
accurate within +59%, with up to
15 ma. d-c. Minimum Q of 20.
Mounted in identical drawn steel
cases 111" x 234" x 174", Write for
descriptive sheet including diagram
of simplified dynamic circuit.

MODULATION
TRANSFORMER

for
Ham and
Commercial

] .
41 Transmitters

A Modulation Transformer ideally
suited for use in ham and commercial
speech transmitters. Will deliver 250
watts of Class B audio power from
P-P 203A’s, 211’s, 805’s, 75TL’s,
etc. to a Class C load with response
variations not exceeding +1 db. over
the speech range, 200-3,500 cycles.
Primary impedances, 9000/6700
ohms; secondary impedances, 8000/
6000/4000 ohms. A matching driver
transformer is available.

Write for complete CHICAGO Transformer Catalogs

TELEVISION
TRANSFORMERS

to fit today's leading

TV circvits

A complete catalog line, made by
CHICAGO —the largest single man-
ufacturer of original equipment TV
transformers. Included are power,
vertical blocking oscillator, and both
vertical and horizontal scanning out-
put transformers in a range of de-
signs that are exact duplicates of
units used in the leading TV sets.

FULL FREQUENCY RANGE
AUDIO
TRANSFORMERS

within + V2 db.
typical response -

30 to 15,000 cycles

For uniformly low distortion, for
response curves that are truly flat
over the full frequency range, use
these CHICAGO input and output
units. Get the facts on the BO-6
(P-P 6L6’s to 6/8 or 16/20-ohm
speaker), the BO-7 (600/150-ohm
line to 6/8 or 16/20-ohm speaker),
and other cHicago full frequency
units—they’re tops in transformers.

REPLACEMENT
TRANSFORMERS
Premium
Quality
Yet They
Cost No More

The new CHICAGO Replacement
Line provides servicemen with a
wide range of standard ratings that
fit the most frequent power and
audio transformer requirements.
These units, backed by CHICAGO’S
20 years of manufacturing experi-
ence represent the finest quality at-
tainable through engineering inge-
nuity and precision manufacture—
yet they cost no more.

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
-
.
.
.
-
.
.
.
.
.
.
-

.
-
IS
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
®

&
£ 3501 ADDISON STREET » CHICAGO 18, ILLINOIS
%

i a0

i
E Y - P PR ek ] o o i » SV 5 R RSN

. April, 1949 — ELECTRONICS

R www americanradiohistorv com



Feaoeated ROSIN CORE SOLDER

Look for the orange package . . . the univet-

sally popular solder for use in electrical
applications where bonding must be

secure and free from corrosion.

“The flux is in the solder . . . all
you need is heat! Federated Rosin

Core Solder is available in

1, 5, and 20-pound sizes.

Federated makes every

commercial solder . . .

Asarco Body Filler Metal, acid-core, solid

wire, spray-gun, and bar ... purity and composition
> y s y

guaranteed by the world's leading supplier of solder.

?W METALS

Division of AMERICAN SMELTING AND REFINING COMPANY
120 Broadway, New York 5, N. Y.

OFFICES IN PRINCIPAL CITIES ACROSS THE NATION
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INDIANA
PERMANENT

MAGNETS may he your answer, too...

"Pa::kaged Energy” Saves Size, Weight, and Cost

Every day, Indiana permanent magnets are opening new fields,
bringing new opportunities to science and industry. From
magnetic can openers to cosmic ray research, these permanent
magnets—of new designs and increased efficiency—enable
equipment to do « better job. They add new functions . . . step
up performance . . . cut costs. These magnet developments can
mean extra profits for you—Ifor “packaged energy” may have
direct application to your own methods and products.

Our specialists have a complete range of magnetic alloys
for casting, sintering, or forming permanent magnets as large
or as small as you need. Strict supervision of every step in pro-
duction assures magnets of exact characteristics, both mag-
netic and mechanical. The experience and know-how of more
than 25,000 different applications are at your service. Let us
help you with yowr magnetic problems, too. Write today.

PRODUCERS OF ‘‘PACKAGED ENERGY"’
6 NORTH MICHIGAN AVENUE - CHICAGO 2,111,

® Indiana—world’s largest exclusive producer
of permanent magnets—is the on/y manufacturer
furnishing 4// commercial grades of permanent
magnet alloys. The most commonly used are:

CAST:
Alnico I, IL, III, 1V, V, VI, and XII;
Indalloy; Cunico; Cobalt.

SINTERED:
Alnico 11, 1V, V; Indalloy; Vectolite.

DUCTILE:
Cunico; Cunife I and II; Silmanal.

FORMED:
Chrome; Cobalt; Tungsten.

Ask for free Book No. 4-E4 — our new perma-
nent magnet reference manual. A note on your
company letterhead will bring a copy to your desk.

THE INDIANA STEEL PRODUCTS COMPANY

SPECIALISTS IN PERMANENT MAGNETS SINCE 1908
PLANTS: VALPARAISO, INDIANA; CHAUNCEY, N. Y.

April, 1949 — ELECTRONICS
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electrolytics
for really dependable
performance for
television and other
exacting uses

SPRAGUE

ELECTRIC AND ELECTRONIC PROGRESS

BUILT FOR LONG, TROUBLE-FREE PERFORMANCE
UP TO 450 VOLTS AT 85°C.

These sturdy little dry electrolytics have what  withstand plenty of heat. Thanks to a recently
it takes to match the toughest capacitor developed processing technique, they are

P1 ONETETRS

assignments in television and other exact- outstandingly stable, even after extended
ing equipment where the use of ordinary  shelf life. in every respect, they are designed
components may only be inviting trouble. for better-than-average service on tougher-

They’re compact, easy to mount. They'll than-average jobs.

SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS

ELECTRONICS — April, 1949 25
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A new low-=inertia, high=-torque
mofor by KOLLSMAN

This newest addition to the Kollsman line of
special-purpose motors is a two-phase, low-
inertia induction unit. It is designed for use
in 400-cycle servo (null follow-up) systems
which require a small motor with an unusu-
ally high torque/inertia ratio.

The Model 1318-0460 delivers maximum
torque at stall, has a low moment of inertia
and will not run single phasc. Its frame is
tully enclosed. Units with either plain or
pinion shaft are available.

The Model 1318-0460 is but one of a
complete line of special-purpose motors de-
veloped by Kollsman for remote indication

Characteristics
Frequency (c.p.s.) ... ... - 400
Phases e e 2
Speed (r.p.m. — no load) 11,500
Torque (o0z./in. — stalled) 2.5
Torque/inertia ratio (radians/sec./sec.) 26,340
Torque/inertia ratio (in. — oz./0z.—in.’) 68

Size (dia. x length) . 134" x 1-47/64"
Weight (ounces) . ... 6.1

® 8 6 6 0 0050880800008 89008000000 as

and control applications. Complete informa-
tion concerning any or all of these units is
available by addressing: Kollsman Instru-
ment Division, Square D Company, 80-08
45th Avenue, Elmhurst, N. Y.

KOLLSMAN INSTRUMENT DIVISION

GLENDALE, CALIFORNIA

April, 1949 — ELECTRONICS
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DISC CATHODE
ASSEMBLIES

The Disc Cathode manufactured by the

Superior Tube Company has been proved in service. It

Actual Size . . L.
consists of a tubular nickel shank, a ceramic insulator, and an

The Disc Cathode, product of the Elec-
tronics Division of Superior Tube Com-

emitting cap welded to the shank. Its use relieves you of a

pany, is designed primarily for television delicate assembly operation. Through the use of integral
and other cathode ray gun structures.

Tiie | Dick- Capliada i taamiiciineg ia beads (embosses) on the tubing, the ceramic is firmly held in

Superior Print ED1-1, a copy of which place, so that it does not move during processing.
is available upon request.

Close control of tolerances, material and cleanliness is
maintained, with the result that the cut-off characteristics of
your television tube are more uniform. In addition to the plain

ceramic insulators (Print ED2-3) illustrated above, a grooved

type (Print ED2-3A), is also available in regular production.

For television, other tubular products of /ﬂ
the Electronics Division include— -
» Stainless Steel Anode and Grid
Cylinders, available with rolled ends, '
straight and angle cut, etc.
o Seamless and Lockseam

Nickel Cathodes.

o Aluminum Wave Guide Tubing in cut
or random lengths for the "X" and

o Tubing foralas o mtel secs - SUPERIOR TUBE COMPANY
You are invited to contact Superior’s Elec- E ,. E C T R o N , CS D’ V’ s , o N

tronics Division for complete information.
Reg. U. S. Patent. 2500 Germantown Avenue Norristown, Pa.

For Electronic products for export, contact Driver-
Harris Company, Harrison, New Jersey. Harrison 6-4800

ELECTRONICS — April, 1949 27
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BUILT ON ALUMINUM

The EXTRA SOMETHING

that spells

TOP
PERFORMANCE

O “primrose path” guides the fancy skater to the cham-

pionship spotlight. The amazing feats that thrill her
audiences were made possible only through tireless practice
and tenacity of purpose—the “Extra Something” that spells
Top Performance.

In the manufacture of Seletron Selenium Rectifiers we have
labored with similar tenacity of purpose to impart to our
product the “Extra Something” that spells Top Performance—
extra quality in materials, extra care in maintaining the high-
est precision standards, extra testing and inspection from start
For assured dependable service in all Elec- to finish of the production line.

tronic and Radio applications specify

Seletron Miniatures.

MINIATURE SELETRON RECTIFIERS

Where such an exacting formula is followed the result must
be a product of dependable performance and long life.

CODE NUMBER 5L1 5M1 5P1 5R1 5Q1

Current Rating 75ma. 100 ma. 150 ma. 200 mo. 250 ma.

Plate Height 1 ¥ 145" 1V2" 1 Write today for catalog. Address Dept. ES-16
Plate Width 7" e 15" 114" 1

SELETRON DIVISION

— @ RADIO RECEPTOR COMPANY, INc.

Since 1922 ia Rodis ond Electronics

251 WEST 19TH STREEL. NEW YORK 1V, N. Y,

28 April, 1949 — ELECTRONICS
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KAY ELECTRIC COMPANY

FOUR NEW KAY INST RUMENTS
INTRODUCED AT IRE. SHOW. ..

For High Frequency Laboratory Work and TV Receiver Development and Service.

THE MEGA-NODE (NOise dioDE) HELPS
OVERCOME RF FRONT END PROBLEMS
® A Calibrated Random Noise Source

® Read the Noise Figure of Your Receiver Directly from a
Panel Meter in db—

THE MEGALYZER JR. A SENSITIVE
VISUAL VOLTMETER AND SPECTRUM
ANALYZER ATTACHMENT

2 c ® Used in Combination with Mega-Sweep and Standard Oscil-
® Selection of Various Output Impedances by Panel Switch. loscope as a High Frequency Spectrum Analyzer.
© With Same Combination plus Calibrated Signal Generator,
SPECIFICATIONS Voltage Measurements over Wide Frequency Range can be
Frequency Range: 1 to 220 me Made.
Qutput impedances: 50, 75, 100, 150, 300 ohms and infinity
. controlled by panel switch. Balanced or Unbalanzed.
Noise Figure Range: 0 to 17 db at 50 ohms Frequency Range: 30 to 500 mc Usefull to 1000 mec.
. 0 to 23 db at 300 ohms Frequency Sweep on Display: Up to 30 mc
Filament Voltage: Regulated d.c. used on filament of noise Frequency Resolution: 100 KC
generating tube. i Sensitivity: 100 to 10,000 microvolts. Range can be extended
Power Supply: 117 Volts plus or minus 8 volts 60 cps upward by external pads.
Dimensions: 8 x 16" x 8"

Price $295.00 F. O. B. Factory

SPECIFICATIONS

Price $250.00 F. O. B. Factory

Nn—HZmICom—HnZ—

THE MEGALIGNER PROVIDES TUNABLE
C W TYPE “BIRDIE” MARKER OR
TUNABLE PIP MARKER

THE MICROWAVE-MEGA-MATCH
DISPLAYS REFLECTED ENERGY IN X-BAND

® Displays Amount of Reflected Energy Over a Wide Frequency
A Television Marker Generator Range . i
Covers All Present and Proposed Television IF Frequency ® Sweep Frequency Widih on Display up to 30 mc i
Bands ® Rapid Adjustment of Microwave Antennas and Matching
Pip Type Marker Does Not Go Through Receiver. Does Not Sections is possible. .
Overload Receiver in Pass Band Nor Disappear in Traps. 9 Indications of Reflection Coefficient Change Down to .02.
Accuracy .5% of Full Scale. ® Approximately 75 feet 1"’ x 15" Waveguide Occupying Space

8 feet by 1 foot Supplied as Delay Waveguide.
SPECIFICATIONS

Frequency Range: Two Bands 19 to 30 mc; 30 to 49 me SPECIFICATIONS
Marker Outputs: CW ‘‘Birdie” or '‘Pip"’ Type Frequency Range: 8500 to 9700 mc (X-Band)

® o oo

Power Supply: Self Contained

Amplitude Control: Both Outputs Adjustable by Panel Controls

Accuracy: .59% Full Scale

Mixing System: Self Contained Mixer System for Use with
Sweeping Oscillator to Obtain ‘‘Pip*”

Price $150.00 F. O. B. Factory

Frequency Sweep on Display: Up to 30 mc

Frequency Measurement: Calibrated Microwave Wave meter

Sens'tivity: Reflection Coefficient Changes Indicated Down to .02.

Equipment Includes Power Supply and Control Box, Approxi-
mately 75 Ft. 1" x 15" Delay Waveguide in 8 by 1’ space

Price $895.00 F. O. B. Factory

FOR FURTHER DETAILS WRITE

KAY ELECTRIC CO., 25 MAPLE AVE., PINE BROOK, N. J.

Tel- Caldwell 6-4000

Manufacturers of: Mega-Sweep, Mega-Marker, Mecga-Pipper, Mega-MarkerSr., Mega-Match, Mega-Pulser, Megalyzer, Micro-Pulser,

Kay Sound Spectrograph.

ELECTRONICS — April, 1949
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DU MONT MONOCHROME SCANNER Model TA-150-A

A shori-persistence Du Mont 10’ C-R tube pro-
duces a light beam focused by a projection lens

Reduced studio operating budgets

...expanded program facilities...
with the DU MONT MONOCHROME
SCANNER Model TA-150-A...

MIZW

of TELECASTING!

' Precisely, this latest Du Mont development, the Mon-
ochrome Scanner Model TA-150-A, is virtually "The
Magic Lantern of Telecasting.” It handles test paiterns,
commercials, station identification, still photographs,
cartoons, graphs—any and all non-animated subjects in
the only logical and really economical manner.

When driven from a sync generator such as the Du Mont
Model TA-107-B, this unii develops an RMA standard
composite signal from standard 2 x 2" glass slides. Still-
image pickups become a simple, economical, one-man
job. The need for costly film trailers and the operation
of movie projectors for short bits, are minimized. The
Monochrome Scanner soon pays for itself. Definitely,
here's a “‘must’’ in the money-making telecast setup.

B Early delivery predicated on previous orders

T UNIT
CLOSED

the tube screen. The raster is kept in constant

focus by the focus-stabilizer circuit. Sweep-fail- /[\SA\AI UNIT OPEN

on to the glass slide. A condenser lens focuses
that light beam after passing through the slide,
on to a multiplier-type photo-electric cell. The
signal voltage developed is amplified and mixed
with blanking and sync pulses, resulting in the
RMA standard composite picture signal.

An automatic slide changer handles up to 25
positive or negative 2 x 2’ glass slides, operated
from local or remote position. The equipment
houses the C-R tube and necessary circuits for
producing a bright, sharply focused raster on

© ALLEN B. DU MONT LABORATORIES. INC.

ALLEN B. DU MONT LABORATORIES, INC. «

AND STATION WABD, 515 MADISON AVE., NEW YORK 22, N. Y. o
STATION WITG, WASHINGTON, D. C. .

PLACE, NEW YORK 3, N. Y. .

30

ure protection is provided by automatically cul-
ting off the high voltage to the tube. The raster
is developed by sweep circuits driven by hori-
zonial and vertical pulses.

A switch inserts sync if a composite signal is
required, or leaves out the sync if only a video
and blanking signal is required for video mix-
ing purposes. Conirols to set sync and blanking
levels are provided. The control panel carries
all necessary switches, fuses and fuse indica-
tors. A fadeou! switch sets the fading of the sig-

nal to black level when slides are changed for
slow, medium or fast rate of change.

The unit is complete with its own high and low
vollage power supplies. Operates on 115 v. €0
cycles. Approx. 8.0 amps.

Mounted in standard rack measuring 8315" h. x
22" w.x 18" deep.

7wt e Aoweit v foloviicine

TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J.
JOHN WANAMAKER TELEVISION STUDIOS,
HOME OFFICES AND PLANTS,

DU MONT'S

WWW.americanradiohistorv.com

DU MONT NETWORK
WANAMAKER
PASSAIC, N. J.
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For Every HI-QUALITY Installation

N

@ Above is a reproduction of the large mural which adorns the wall of our new offices in Franklinville, N. Y.
It provides a comprehensive picture of the many applications into which Hi-@ Components find their way.

® In the air, on land and sea, in myri-
ads of industrial and domestic applica-
tions, you'll find Hi-Q Components set
the standard for Precision, Quality, Un-

iformity and Miniaturization. The ser-

of
trouble.¢,
tter,

OUr Customers: vices of our engineering staff are always

4
ree perfof,“once

= Th: Smalles

0 : 033ib}

Your p'°dut“on costs € SPOCQ
- increq

' BIG vaLye available for consultations. Why not

D <om .
3aving fqepq Ponents in 1he

s your pranrs. “Mich reduce write us today?

, Hl'Q Electrical Reactance W(

FRANKLINVILLE, N. Y, ]

Plants: FRANKLINVILLE, N. Y.—JESSUP, PA.—MYRTLE BEACH, S. C.
Sales Offices: NEW YORK PHILADELPHIA DETROIT CHICAGO LOS ANGELES

ELECTRONICS — April, 1949 3
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Here's the
Recorder
You asked for!

The best features of Presto’s dual motor
gear drive with the overhead mechanism
and turntable of the famous Presto 6-N.

YES, engineers have often asked us for a
compact, economical yet high-quality re-
corder. Now you may have it in the Presto
66-G for standard and microgroove recording.

Here is a unit ideally suited and priczd for
the tvpical broadcast station or large tran-
scription manufacturer. List price, Standard

Model, $996/ (%70 additional for micro-

groove.)

Here's perfection in total speed regulation
and very low mechanical disturbance, thanks
te the standard Presto dual motor gear drive.
Here’s high-quality recording, too, for the
66-G, of course, includes the Presto 1-D cut-
ting head.

You’ll ind 66-G cqual to the most exacting
recording tasks when used with suitable am-
plifiers such as Presto 92-A recording ampli-
fier and 41-A limiter amplifier.

FOR HIGHEST FIDELITY ... IT'S PRESTO DISCS

Microgroove, even more than standard recording,
demands a perfect disc. The answer is Presto. For,
sixteen years ago, Presto made the first lacquer-coated
discs .., and today Presto discs are first in quality.

READY NOW: Magnetic Tape Recorder
You probably saw Presto’s new superquality mag-
netic tape recorder at the I.R.E. Show. If not, be
sure to see it in Presto’s room at the N.A.B. Con-
vention in Chicago.

RECORDING CORPORATION

Paramus, New Jersey Mailing Address: P. O. Box 500, Hackensack, N. J.
\ / In Canada: WALTER P. DOWNS, LTD., Dominion Sq. Bldg., Montreal

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS

32 April, 1949 — ELECTRONICS
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Ohmite Rheostats are available in
ten sizes from 25 to 1000 watts.

R

MEET REQUIREMENTS OF

JOINT ARMY-NAVY SPECIFICATION

JAN-R-22

OHMITE RHEOSTATS MEET THESE RIGID TESTS:
% 5-Hour Vibration Test
* 100-Hour Salt-Spray Corrosion Test

K\, 3 * 150-Hour 95% Humidity Electrolysis Test
| and other tests as prescribed in Specification JAN-R-22.
P DA et = By meeting these severe Joint Army-Navy requirements, Ohmite
Models H (enclosed) and J (enclosed) Rheocstats have proved what industry has long accepted as true—
Also AN 3155 (AN-R-14q) that they can be depended upon for unfailing performance under
the toughest operating conditions. All-ceramic construction . . .
TYPE OHMITE WATT a smoothly gliding metal-graphite brush . . . unifform windings
MODEL RATING locked in place by vitreous enamel . . . insure close control through-
RP10 H 25 out years of trouble-free service. It will pay you to standardize on
RP11 H enclased 125 Ohmite Rheostats for your product.
RP15 J 50
RP16 J enclosed 25
RP20 6 75 ’ ’
RP25 K 100 ?e 2&?45 wa!é
RP30 L 150
. S ORMITE
RP40 N 300
RP45 R 500
RP50 T 750
RP55 ] 1000 RHEOSTATS - RESISTORS - TAP SWITCHES

See Nevx -

www americanradiohistorv. com
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SEE HOW MUCH THIS .002" ELECTRICAL STEEL

CAN IMPROVE YOUR PRODUCTS

Is the wide swing in induction indicated below of value
to your products when the corresponding change in
magnetizing force is small?

These and other characteristics of Armco Thin-Gage
Electrical Steels offer you many advantages in the de-
sign and operation of various high-frequency equipment.

For example, if excessive heating is a limiting feature
of your design, or it is important that the eddy currents
produce only the slightest delay in building up of the
flux, then Armco Thin-Gage Electrical Steels can assure
top performance for your products.

Charts on this page show results of tests on .002”
(.05 mm.) Armco Thin-Gage. Note that its operating
characteristics are given for frequencies up to 100,000
cycles a second.

Magnetic properties of this thin steel are fully devel-
oped by annealing at the mill, and the strip is supplied
with CARLITE insulation on both sides. This insulation will
remain effective even if you reanneal the laminations on
your cores.

Whether you are now manufacturing high-frequen-
cy devices, or your equipment is in the “idea stage,’”’
be sure to look into the extra advantages of special
Armco Thin-Gage Electrical Steels. Write for complete
information. Armco Steel Corporation, 152 Curtis Street,

Middletown, Ohio. Export: The Armco
International Corporation, ( SN ;
»RMCo

ARMCO s e

ELECTRICAL STEELS

HYSTERES'S CURVES OF A SAMPLE OF 0.002° ARMCO
THIN-GAGE ELECTRICAL STEEL

ELECTRONICS — April, 1949
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two great names

Votei OF

Important Announcement To Our Many Friends

In The Broadcasting And Specialty Electronics Fields

CORNELL-DUBILIER ELECTRIC CORPORATION

333 HAMILTON BQULEVARD

m So. PLaNFIELD. N.J.

To Our Customers:

We take pleasure in announcing the purchase of the Faradon
Capacitor Division of the Radio Corporation of America. ;

Cornell-Dubilier acquired by the purchase the good will and
trademark of °®Faradon®, the inventory, tools, dies, molds, equipment,
instruments, designs, processes, and patent licenses. We have moved
the Faradon equipment tc our plants and are presently manufacturing
the complete line of Faradon capacitors previously manufactured by
the Radio Corporation of America.

b Cornell-Dubilier transmitting capacitors and Faradon
capacitors will be sold as separate lines, as Faradon capaciters are
not always interchangeable with those of Cornell-Dublilier. Orders
for Faradon capacitors, using the Faradon part numbers, may be mailed
to our Sales Office at South Plainfield, New Jersey.

The high quality for which both Faradon and Cornell-Dubilier
have been known for the last four decades will be meticulously main-
tained, The addition of the Faradon line will greatly improve our 2 f
services, particularly to the broadcast stations and for those engaged 2
in the specialty electronic fields.

The continued confidence of our customers in our product has
made possible the acquisition of this additional outstanding line.

Sincerely yours,

CORNELL-DUBILIER ELECTRIC CORPORATION

Vcby (2-, .,

0B:K

FLAMTS LOCATED 10 & & A
AY BOUTM PLAINSIELD. M ) PROVIDENCE A | IRGIANAROLIS. NG WEw BEOFOND  Mass s amd Mars.
<

%

Fo

CORNELL DUBILIER ELECTRIC CORPORATION

CAPACITORS - AUTO VIBRATORS . TV AND FM ANTENNAS . POWER CONVERTERS
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Type BG

Thousands of specifications are filled by the complete
line of Allied Relays—seven of which are grouped around
the Allied emblem of engineering leadership.

Allied Control engineers pioneered the design of relays
from signal circuits to 75 ampere contacts, coils from
12 milliwatts to 3!/, watts to give the smallest mounting
area and accessible wiring facilities.

*Type “BOHO" is D.P.D.T. relay sealed with standard
octal plug. Contact rating of 5 to 10 amperes and coil
capacity of 115 v. D.C. at 2.5 watts and 220 volts; 25
and 60 cycles at 4.5 volt-amperes.

*Type "CN" is S.P.S.T. doubie break relay with 50 ampere
contacts and coil capacity of 115 v, D.C. at 3.5 watts and
220 volts; 60 cycles at 10.5 volt-amperes.

*Type "BN"" is 6 P.D.T. relay with 15 ampere contacts and
coil capacity of 115 v. D.C. at 3.5 watts (not available

Type BOHO

RELAYS OF ADAPTABILITY

Type BO

in A.C.).

*Type "BG' is S.P.D.T. relay with 2 ampere contacts and
coil capacity of 25 v. D.C. at 50 milliwatts (not available
in A.C.)

*Type "BO’" is D.P.D.T. relay with 15 ampere contacts
and coil capacity of 115 v, D.C. at 2.5 watts and 220
volts; 25 and 60 cycles at 4.5 volt-amperes,

*Type "F" is S.P.D.T. with 2 ampere contacts and coil
capacity of 85 v. D, C. at 1.5 watts (not available in
A.C).

*Type 'SK'" from S.P.S.T. up to 4 P.D.T. with 1 ampere

contacts and coil capacity of 60 v. D.C. at 750 milliwatts
(for 4 P.D.T. relay) not available in A.C.

Allied Control representatives are located throughout
the United States. A short note to cur home office will

give you the name of our nearest representative.
AL-i19

AlllED CONTROL co.’ lNCo 2 EAST END AVENUE, NEW Y~

MWW americanradiohi




Vibration
Control

Columbian Humming Birds, one of the famous
drawings from nature by John James Audubon.

Wing vibration, nimbly controlled, keeps the
humming bird in flight, enables it to feced with-
out alighting.

Electric vibration is the essence of telephone
transmission. Voice, music, pictures, teletype —
no matter what type of signal —the story is told
by the frequency and strength of not one, but
many vibrations.

Learning how to control electric vibrations to
pin-point accuracy has been one of the basic jobs
of Bell Laboratorics scientists in their develop-
ment of the “carrier” art which enables the send-
ing of many more conversations over existing

wires. Among their inventions have been oscil-
lators, modulators, filtcrs, coaxials, wave-guidcs,
and radio lenses.

Constantly Bell Laboratories scientists discover
new and better ways to control and adapt clectric
vibrations by wire or radio to the needs of the tcle-
phone uscr. Their pioneer work in this field is onc
important rcason behind today’s clear, dependable

and cconomical tclephone service.
R
BELL TELEPHONE LABORATORIES {ZB)

Exploring and inventing, devising and perfecting, for con-

tinued improvements and economies in telephone service.

www americanradiohistorv. com



a -Revblutz’onary method of drilling

microscopic holes

) = o s gy

that depends on NlCH Ro M E*

- . T e

"~~~ —7777 73
l 4 Conrections fo '
| Cerowmic ; electronic y '
I insulator” power supply |
b o TR, “Heusig | Until now, precision (_irilling of extremely small diameter
| Hickrome wres Dynarmically | holes (such as .0016” dia.) has been manually controlled.
| end soereed [ A Even with highly skilled h drill break
I permanent ] ven with highly skilled operators, however, drill breakage

. B e has been frequent—resulting in waste of time and effort,
| Spring-..__ | 000 1 i , .
| = . § and damage to work and equipment.

. Alurrrinrr >, . . . d
| 2L DN | But now comes the revolutionary Microdrill. Relying on
{ L PMAEY Wl sensitive electronic circuits, instead of the human senses of
| Avnger. ™ il feeling and sight, it operates infallibly and precisely by

'miﬁ , 2

| Comrric B ; |} means of remote electric controls.
[ e NI Pl Heart of the drill press is a spring-loaded Nichrome V
I e i Lo % wire which, when heated electrically, expands, thereby
: CETI -E i lowering the drill spindle. Conversely, when heating current
| et oot . ' is decreased, it contracts and raises the spindle. Electronic
| ossermbly T . } control of the heating current effects extremely smooth
[ Stoinkess swel ¥ SO T— L ) vertical travel, the drill being raised or lowered at a pre-
P ¥ Boll besrings ,Sz;bii’ ) cisely adjustable rate.
L o Holes as small as .0016” in diameter are drilled with

utmost ease—drill breakage reduced to a negligible mini-
mum. Time is saved. Costs are cut.

Says the manufacturer, Teletronics Laboratory, Inc.,
Westbury, N.Y.: “The wire used in the Microdrill must
have a high coefficient of linear expansion, high tensile
strength, high specific resistance—and must be able to
retain its physical and electrical properties at high tempera-
tures. We know of no other wire as suitable for our purpose
as Nichrome V.”

If you, too, have a product-performance problem, why
not consult with us. In addition to Nichrome and Nichrome
V, we make over 80 alloys for the electronic and electrical
industries. One or more of these may be what you are
looking for.

High coefficient of linear expan-
sion of Nichrome V permits maxi-
mum vertical movement of spindle
with shortest possible length of wire.

High tensile strength of Nichrome
V permits use of a spring large
enough to furnish sufficient force
to drive spindie down.

High heat-resistance of Nichrome
V permits heating wire to 1700°F.
without permanent elongation—
affording substantial drill feed
range.

High specific resistance of Nich-
rome V minimizes heating current
required.

e \——\

‘/jL\A Y & \ *Nichrome . is manufactured only by

LF Drver-Harris Compmzy

HARRISON, NEW JERSEY

BRANCHES: Chicogo, Detroit, Cleveland, los Angeles, San Francisco, Seattle
Manvfactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD,, Hamilton, Ontario, Canade

wWWw americanradiohistorv com



When it's

v Flame Resistant
v Heat Resistant
v High Dielectric

v High Insulation
Resistance

Ea.s.y Sfrlppm.g. approved by Underwrifters Laboratories at
v Facilitates Positive

Soldering o
v Also unaffected by the
heat of impregnation—
therefore, ideal for coil CENTIGRADE GOOVOLTS

and transformer leads

Proven BEST by exhaustive tests! Leading producers of

RUBBER 75° television, F-M, quality radio and all exacting elec-
PLASTIC 80 . tronic applications specify our Underwriter Approved
"NOFI.AME-CORiL_gﬂ “"NOFLAME-COR" as a MUST. Immediate delivery. All

sizes, solid and stranded. Over 200 color combinations.
COMPLETE ENGINEERING DATA

AND SAMPLES ON REQUEST

“made by engineers for engineers”

CORNISH WIRE COMPANY, inc.

605 North Michigan Avenue, i 1237 Public Ledger Bldg.,
Ehicaa ) 15 Park Row, New York 7, N.Y. Philadelohin 6

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTREES

38

April, 1949 — ELECTRONICS

www americanradiohistorv. com



Variable Voltage

—
P

A

A

L 4

gl

G-E Aulomatie
Voltage Stabilizers
provide a steady 1135 volis

W here precision equipment fails to operate
satisfactorily because of ups and downs of in-
put voltage. General Electrie stabilizers supply
an economical remedy. Small in size. they can
casily be built into your equipment to supply automatically a constant
115 volts while line voltage varies from 93 to 130 volts.

These stabilizers have no moving parts. hence present no maintenance
problem. They are available in standard ratings from 15 va to 5000 va.
Stabilization is instantaneous (less than three eveles) and within =1 per
cent for fixed. unity-power-factor loads.

Contact your local G-E office for a call by one of our engineers. Or let
us evaluate vour problem by sending data and deseription of the cireuit
and load. Inquiries invited about special units. For general information,
ask for Bulletin GEA3031B. Apparatus Depariment. General Flectric

Company, Schenectady 5, N Y,

GENERAL

Sh giving you
i trouble?

DO YOU MAKE—OR USE—
ANY OF THESE?

Here are just a few of the appli-

cations where you may find a

G-E automatic voltage stabilizer
valuable:

Radio transmitters and radar equip

ment

Laboratory testing equipment and

precision processes
Motion-picture projectors and sound
cquipment
Telephone apparatus

Precision photographic equipment
and photometors

Phototube cquipment
Calibration of electrie devices
Color comparators
Electron-tube apparatus
Electro-chemical analvais
Rectifiers ( full-wave

Lighting circuits

OELECTRI,Q
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-now availatie!

16 x 10> Gausses (8)

Bi2n=15,100

A new Magnetic Core

Material with a rectangular

hysteresis loop . . .

=25 =20

25, -0 =8

[——scale change 5x ——

2 mil Allegheny Deltamax

A 545 1.0 : I'?\ 20 25
Oevsfe_ds (H)scoe_c ange Sx —f

Commercially available
in standard sizes of
toroidally-wound cores,
heat treated and cased,
ready for your use.

Where can YOU use a Magnetic Material

with these specialized, dependable characteristics?

40

The properties of Deltamax are invaluable for
many electronic applications, such as new and
improved types of mechanical rectifiers, magnetic
amplifiers, saturable reactors, peaking trans-
formers, etc. This new magnetic material is avail-
able now as “‘packaged’ units (cased cores ready
for winding and final assembly) distributed by the
Arnold organization. Every step in manufacture
has been fully developed; designers can rely on

HE ARNOLD

complete consistency in each standard size of core.

Deltamax is the most recent extension of the
family of special, high-quality electrical materials
produced by Allegheny Ludlum, steel-makers to
the electrical industry. It is an orientated 50%
nickel-iron alloy, characterized by a rectangular
hysteresis loop with sharply defined knees, com-
bining high saturation with low coercivity.

@ Call on us for engineering data.

JENGINEERING (;OMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

April, 1949 — ELECTRONICS
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FAST DIRECT READINGS

800 mc to
2100 mc

NO CHARTS OR INTERPOLATIONS

-hp- 61aA UHF Signal Generator

Direct reading output, accuracy +1 db...Constant
internal impedance, SWR 3 db...Direct frequency
tontrol...External modulation 0.5 microseconds
pulses to square waves...CW, FM, pulsed output.

This new —/p— signal generator will
save you hours of time and work in
making UHF measurcments be-
tween 800 and 2100 mc. Its many
different modulation and pulsing
capabilities mcan these man-hour
economics can be applied to a wide
varicty of measurements —receiver
sensitivity and alignment, signal-to-
noise ratio, conversion gain, stand-
ing wave ratios, antenna gain and
transmission line characteristics, to
name but a few.

Carrier frequency in mc can be set
and read directly on the large central
tuning dial. R-f output from the kly-
stron oscillator is also directly set
and read in microvolts or db. No cal-
ibration charts or tedious interpola-
tion are necessary. And thanks to
the unique —4p— automatic tracking
mechanism, no voltage adjustments

SPEED

@ laboratory instruments

ELECTRONICS — April, 1949

arc nceded during operation.

R-f output ranges from 0.1 volt to
0.1 microvolt. Output may be con-
tinuous, pulsed, or frequency mod-
ulated at power supply frequency.
The instrument may be modulated
either externally or internally and
may be synchronized with positive
or negative pulses or sine waves.

Because of its wide range, high
stability and versatile usefulness, this
new —hp— signal generator is adapt-
able to almost any uhf measuring
need. The instrument is available for
early delivery. Contact your —hp-
field representative or write direct to
factory for complete details and tech-
nical specifications.

HEWLETT-PACKARD CO.
1874-A Page Mill Road, Palo Alte, California

Export Agents: Frazar & Hansen, Ltd.
301 Clay Street * San Francisco, Calif., U.S.A.

AND ACCURACY

www americanradiohistorv com
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SPECIFICATIONS

FREQUENCY RANGE:
800 to 2100 mc. Selection is made by means
of a single directly-calibrated control cover-
ing entire range. No charts are necessary.
FREQUENCY CALIBRATION ACCURACY:
i'“/o.
OUTPUT RANGE:
1 milliwatt or .223 volts to 0.1 microvolt (0
dbm to —127 dbm). Directly calibrated in
microvolts and db; continuously monitored.
ATTENUATOR ACCURACY:
Within * 1 db without correction charts. A
correction chart is provided when greater
accuracy is desired.

OUTPUT IMPEDENCE:
50 ohms. SWR 3 db (VSWR 1.4).

EXTERNAL MODULATION:
By external pulses, positive or negative,
peak amplitude 40 to 70v., 0.5 microsec-
onds to square wave.

FM MODULATION:
Oscillator frequency sweeps ot power line
frequency. Phasing and sweep range con-
trols provided. Maximum deviation approx-
imately =5 mc.

INTERNAL MODULATION:
Pulse repetition rate variable from 40 to
4000 per second; pulse length variable from
1 to 10 microseconds. Pulse rise and decay
approximately 0.1 microseconds.

TRIGGER PULSES OUT:
1. Simultaneous with r-f pulse.
2. In advance of r-f pulse, variable 3 to 300
microseconds.
(Both approximately 1 microsecond rise
time, height 10 to 40 volts.)

EXTERNAL SYNC PULSE REQUIRED:
Amplitude from 10 to 50 volts of either pos-
itive or negative polarity and 1 to 20 micro-
seconds width. May also be synchronized
with sine waves.

Data subject to change without notice.
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Simple Jobs...

Intricate Jobs...

We Give Them All
"High Hat’ Quality

Whether you come to us for simple stamped-out
chassis, ordinary metal boxes or the most intricate
electronic apparatus housing, your job will receive
the same Karp quality treatment, plus every pos-
sible economy.

The same long-experienced principals of our staff
will give you intimate, personalized service, from
planning and design to delivery. Your work will be
done by highly skilled specialists, in a plant which
is without an equal in its field for up-to-date ma-
chinery and modern facilities. Welding, when
needed, will be done under precise timing controls
. . . painting and finishing with the most modern
equipment and conditions.

In most cases, our vast variety of dies will save
you the cost of special dies and jigs. We will give
your work accuracy and uniformity that will make
your final assembly easy, time-saving and hence
economical.

Try us for the plain or the precise . . . the every-
day or the elaborate and de luxe . . . in modest or
substantial quantity. Whatever your needs in sheet
metal fabrication, it pays to get our estimate.

WRITE FOR NEW CATALOG

KARP METAL PRODUCTS CO., INC.

215 - 63rd STREET, BROOKLYN 20, NEW YORK

Ceealom (gw/ﬁnwm tre Sreel Alelal
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THIS COMPLETE AN/BKT-3

TELEMETERING SYSTEM WITH PICK-UPS
WEIGHS

LESS THAN 12% POUNDS

The time-tested Bendi»-Pazific sasic sub-miniature system illusirated above,
now approved as AN/DKT-3, »ffers outstanding advantages for precise remote
instrumentat.on on guided missiles aircraft and for industrial use where con-
ventional means of measurament ar= impractical because of inaccessibility.

Motion Pick-up

Pressure Pick-up

High Pvessure
Pick-up

Accelerometer

Altimerer Gage

The entire system as shown, including pick-ups and batteries for 30 minutes
operation, tazes up only 13J cvL. in. and weighs less than 122 pounds. The basic
system provides six channels of infamation and with the addition of a TSC type
commutator and associated equirment up to 48 channels are available. The

Communator

© 006 0 00 ©

Telemeering

Case W’:th ]
Sub-Carrier system operates on 210-220 mc (als> available on 80-84 mc).
Oscillatyrs .

e Bendix-Pacific facilities inc_.ude installation and application engineering,
Transmestter field operation, data reduction and engineering consultation. Complete ground
(217 mc) station facilities, including artenma also may be purchased. Information is

available upon request,
/V
L.
- RORYIW MOLLYWOOD, CALIF.
~ \ TO MEASURE...TO INDICATE...TO WARN...AT A DISTANCE

EAST COAST ENGINEERING OFFICE: 475 FIFTH. AVENUE, NEW YORK 17, N..Y, =

ELECTRONICS — April, 1949

wwWw americanradiohistorv com

42



Insulated Ceramicons

Temperature Coefficient

NPO £ 250
Capacity Tolerance
0.25* +0.1 MMF
0.5 +0.1 MMF
0.75 +0.1 MMF
1.0 +0.1 MMF
12 +0.1 MMF
Temperature Coefficient
N750 1250
Capacity Tolerance
0.75 +0.1 MMF
1.0 +0.1 MMF
2.2 +0.1 MMF
Temperature Coefficient
N1400 £ 250
Capacity Tolerance
Yrd3 +.25 MMF
4.7 +.25 MMF

*Style K molded insulated;
all others are Style 331
dipped phenolic insulated.

»
CERAMICONS'

at an economical price

STYLE
331

Here are accurate, quality, low capacity close toler-

ance ceramic condensers that will go far in improving

performance of front ends and other oscillator circuits.

Because of special processing methods, many pop-

ular values with capacity tolerances as close as +0.1

MMF are available at prices comparable to wider

tolerance condensers. The values and temperature

coefficientsof these Erie Ceramiconsare listed atthe left.

If you have an application for these units, we will be

glad to send you samples ot the capacities you select.

255 . D...

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND ¢

TORON

TO, CANADA

#Ceramicon is the registered trade name of silvered ceramic condensers made by Erie Resistor Corporation,

www americanradiohistorv. com
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. w4 the first line of
®
; STANDARD
. L ]
iR R electronic AC voltage
General Application 3
o Adbdtones  togiton S regulators and nobatrons
250 o 020 : GENERAL SPECIFICATIONS
Yoo e e .. ® Harmonic distortion : max. 5% basic or 2% “S"
2000 200-2000 0.2% models
*Models available with increased regula- e Input voltage range: either 95-125 or 190-250
tign accuracy. volts
o e e e Qutput: adiustable between either 110-120 or
- - 220-240 volts
e [nput frequency range: 50-60 cycles
e Power factor range: down to 0.7 P. F.
All AC Regulators and Nobatrons may be used at no load.
@}r Special Models dzs;irlwiecc:ﬁt:nsr.neet your wnusual
Write for the new Sorensen catalogue. It contains
complete specifications on standard Voltage Regu-
lators and Nobatrons.
Special Transformers, D. C. Power Supplies, Saturable Core
Extra Heavy Loads R:actors and Meter Cclibl:ators m::e to o:der; please
Load Range *Regulation request information.
Model Volt-Amperes Accuracy
3,000 300-3000C 0.2%
5,000 500-5000 05% SORENSEN & Company, InC.
10,000 1006-10,000 0.5%
15,000 1500-15,000 0.5% Stamford, Connecticut

*Models available with increased regula- Represented in all principal cities.

tion accuracy.

R q&ﬁ

The NOBATRON Line 400 Cycle Line

fnverter and Generator Regulators for

utput oad Ran n
Voﬁngpe pC L u:n;.go Aircraft
6 5-15-40-100 Single Phase and Three Phase
12 .15.50 ) .
2 T Wodst  'ohamm  aems |, S-Phase Regulation
a8 15 D100 10-100 0.5% Star- ed three-phase systems can ba
125 5-10 D 500 50-500 0.5% handled effectively. Other three-phoss sys-
Regulation Accuracy—.25% from % to full D 1200 120-1200 0.5% tems must be reviewed by our Engineering
load. D 2000 200-2000 0.5% Dept. VA Capacities up to 45 KVA,

i———----——--—————————-————o’'ooooooocloooo'oooooooooo
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Little lamps can help your product
win top billing!?

ANT extra features to put

your product in the lime-
light and to win applause from
customers? It's easy with General
Electric miniature lamps!

Little lamps can simplify oper-
ation, add extra convenience and
safety in dozens of electronic appli-
cations. Use them as warnings to
tell whether the currentis on or off.
Install them as “‘tell-tales” to check
the operation of individual circuits.
Apply them in novel design features
that pay off in added attraction
and sales value.

Whatever miniature lamps you
need, General Electric makes ’em
all—more than 1,000 different types
and sizes. All voltages and wattages.
Filament or neon glow. And every
General Electric miniature lamp is
made to the same high standards of
quality as its bigger brothers.

For assistance in selecting the
proper type for your particular
applications, consult your nearest
G-E lamp district office. Or write
General Electric, Nela Park, Cleve-
land 12, Ohio.

G-E LAMPS

GENERAL @D ELECTRIC

6 e

WWW.americanradiohistorv.com
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Whatever lamps_you need—

E IS e
EL g . 5,
\««> KM

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

Attenuations in DB

o (=4 w < o O OO
& - - - a8~
%, of Center Frequency

Wide band sharp cutoff band pass.
Size: 2 x 3V, x 654.

YONKERS 2, NEW YORK

CABLE ADDRESS “BURNELL"




Motor-Makers Know that
AMERICAN

PHILLIPS SCREWS
put up a “*Good Show”’

On the Production Floor...and
Sales Floor, too!

Assembly rolls along smoothly in high gear, with

; fastenings made by American Phillips Screws that turn up straight and tight every time
/ . . . with never a slip ar a slash to spoil costly enameled surfaces. Workers do more

and better work, far more easily, than they ever did witt out-of-date slotted screws.
And time savings run as high as 50%. That's why so maoy million American Phillips
=/ Screws are used in auto-notive plants every month.

;/ (LI T TAVHIYEYINIPE The modern mark of American Phillips’ cornerless, crossed

recess is one of the quality insignia of top cars and trucks . . . a feature looked for
Nt P out and recognized by customers. It means no unsightly surred heads to mar sales appeal
INGED DRIVER 9D RECESS or snag clothes and hands. And it means extra vibration-resistance to keep bodies
OF PHULIPS TAP tight and squeak-free. Does yoxr product have this double-feature of production-
% : economy and sales promotion? Then write:

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND

Chicago 11: 539 E. lllinols St. Detroit 2: 302 Stephenson Bullding

ALL TYPES
www americanradiohistorv. com

ALL METALS: Steel,
Brass, Bronze, Stain-
less Steel, Aluminum,

Monel, Everdur (slli-
con bronze)
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. « « Of new and better products made pos-
sible. These curves show the static and
dynamic (1000 cycle) magnetization char-
acteristics of “Permanite”. This new mag-
netic alloy has the extremely useful prop-
erty of reaching magnetic saturation witha

very slight change in magnetizing current.

Utilization of this property in a core and
coil assembly results in a magnetic am-
plifier of extreme reliability for many
applications.

N

0 |
'(/(/'A' TELLS THE STORY

Permanite cores are available now. 1-'T-E
can deliver spiral wound permanite cores
of any size, all having identical magneti-
zation characteristics. This will enable
designers to predict equipment perform-

ance accurately and positively.

One look at the curve tells the story of
“Permanite”’. But Permanite is only part
of the continuing story of I-T-E research
and development to bring you better
first.

equipment and better designs -

For additional information write— Rectifier division I-T-E or consult your
local 1-1-E representative

THE LEADER IN TECHNICAL EXCELLENCE

1-T-E CIRCUIT BREAKER CO., 19TH & HAMILTON STREETS, PHILADELPHIA 30, PA.
31 OFFICES IN THE UNITED STATES. In Cznada, Eastern Power Devices, Ltd., Toronto

SWITCHGEAR o UNIT SUBSTATIONS « ISOLATED PHASE BUS STRUCTURES « RESISTORS « SPECIAL PRODUCTS

ELECTRONICS — April, 1949
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The big news m insulation is HARVEL
1012C . . an outstanding development by
IRVINGTON waich pravides an insulating varnish
with fer greater bonding and cementing qualities
than the numerous thermo-setting varnishes tested

It's a very fast curing resin . . . absolutely oil-proof,

AT A S g d

and wizh excellent resiszance to moisture and high
temperatures. Unequalled for windings operating at
high peripheral speeds as well as those subject to

great s-resses and strains.

Full information amd generous test samples of HARYEL

1012C will be fu-nished on request. Write today.

aA. — ! 2 ¢ —?- q‘_l.-l‘ = N

e b IRV NSO
141 -

~S P | s .
Aathovrized distributars ir 1t B vy Bluelietd Yo B0t

lryington

Phi

Minneapolis: New Nartford, | lodelphi
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70 Steps a Second Speed
Up to 10 (or more) Bank Levels
Only 1 Field Adjustment

Fer all the features vou want . . . in any
remote-control application . . . look to Automatic Electric’s
Type 45 Rotarv Switch!

SPEED . . . it’s faster! It carries 10 wipers at 70 steps a second
on 46 volts d.c. self-interrupted, or at 35 steps a second,
externally interrupted.

CAPACITY. . . it’s greater! Ten or more 25-point bank levels
can be accommodated on the same frame, and single ended
wipers can be provided for 50-point operation.

ADJUSTMENT . . . it’s simpler! A rare readjustment of the
interrupter springs is all that’s normally required.

OPERATION . . . it’s smoother! With an even load on «// con-
tacts, the Type 45 runs without galloping; there’s no chatter
or bounce.

ADAPTABILITY. . . it’s more useful! With more levels, faster
speed and 25- or 50-point operation, it’s suitable for a
wider variety of control applications.

For complete information on this switch that’s new and
better, write for our new circular.

o &
AUTIMATICS) ELECTRIC

Disfributors in U. 5. and Possessions:

Avtomatic Electric Sales Corporation
1033 West Van Buren Street, Chicago 7, lllinois
In Canada: Avtomatic Electric {(Canadal Limited, Toronte

wwWw americanradiohistorv com

the Type 45 Rotary Switch

the Class "'B” Relay

Here’s a new relay, too,
that can k=2 used for
ordinary reliy service—
opening, closing or
switching circuits—and
for extrerely high-
speed operation. Inde-
pendently operating
twin contacrs assure per-
fect contac: ope-ation.
Contact »oints are
domz-shaped tomaintain
uniformly low contact
resistance. They may be
arranged in one or two
pile-ups with a* maxi-
mum of 16 ontacts on
13 springs -1 eaca pile.

April, 1949 — ELECTRONICS



%\O\Game Hunter is:  dbost

Frank Luck says, ‘| needed strong bars
for my lion traps...so | got TEXTOLITE.””

» <2 p—
G-E TEXTOLITE

Lions have little chance
of escaping from this
tough General Electric
Textolite lion trap. Tex-
tolite blends with the
jungle surroundings . . .
completely camouflages
the trap. Lions walk in
—never escape.

# Of course this story of Frank Luck and his G-E Textolite
lion trap is fictitious, but it does get over an important fact. . . .
General Electric Textolite is versatile.

If you have an application that requires a non-metallic
material with excellent electrical, mechanical, chemical, and
thermal properties, it will be to your advantage to investigate
Textolite. Reduced costs and product improvement may result.

G-E Textolite offers you a choice. It is produced in many
grades—over fifty. And cach of these grades has an individual
combination of properties. None are alike. With this wide
selection you can be assured of getting a laminated plastics with
the correct properties for your application. Plastics Division,
Chemical Dept., General Electric Co., Pittsfield, Mass.

G-E LAMINATED TEXTOLITE 1S SUPPLIED IN:

B e S 2!
LOW-PRESSURE MOLDED-LAMINATED FABRICATED SHEETS, TUBES
MOLDED PARTS PARTS PARTS RODS

ELECTRIC

CD49.01
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*REG.-U. S. PAT. OFF. |

SEND FOR THIS HELPFUL BULLETIN TODAY—

IT’S FREE
Write for your copy of “G-E Tex-
tolite Laminated Plastics.” It lists
grades, properties, fabricating in-
structions, and detailed information
about Textolite industrial iaminates.

General Electric Company
Chemical Department (9-4)
One Plastics Ave.,
Pittsfield, Mass.

Please send me the new G-E Textolite
laminated plastics bulletin

City e State. ... =




OTHER STACKPOLE
PRODUCTS

ELECTRICAL CONTACTS

MERCURY ARC RECTIFIER ANODES
BATTERY CARBONS
WATER HEATER ELECTRODES

ELECTRIC FURNACE ELEMENTS

RESISTANCE BRAZING TIPS

WELDING CARBONS

SEAL RINGS « BEARING MATERIALS

GRAPHITE ANODES

CARBON MOLDS & DIES

CONTINUOUS CASTING DIES

CARBON PILE VOLTAGE REGULA-
TOR DisCs

POWER TUBE ANODES

CLUTCH RINGS

FRICTION SEGMENTS

PASTEURIZATION ELECTRODES

TROLLEY AND
PANTOGRAPH SHOES

RAIL BONDING MOLDS
BRAZING FURNACE BOATS
DASH POT PLUNGERS

FRICTION. . . TEMPERATURE
CORROSION...SHAFT SEALING
AND ARC PROBLEMS...

on 1] applications

What is YOUR application problem?
Need a material that can be heated to
4000° F. and thrown into cold water
without cracking . . . that will resist
atmospheric surface action while re-
taining constant contact resistance . . .
that will have low friction (graphite)
or high friction (carbon) or any inter-
mediate frictional value?

WRITE FOR THIS 816 CARBON GRAPHITE BOOK!

In addition to a wealth of informative data, the new Stackpole Carbon-Graphite
Specialties Catalog #40 describes hundreds of items regularly produced. More
particularly, it contains interesting evidence of the ability of Carbon and
Graphite to solve a broad range of design, engineering and production prob-
lems—and of Stackpole's facilities for producing what is needed.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

Stackpole Carbon and Graphite com-
ponents handle all of these assignments
—and many more. Chemically, electri-
cally, and mechanically, Carbon and
Graphite offer far flung engineering
advantages—and, for almost a quarter
ofa century, Stackpole design and prod-
uction service has paced the trend in
progress along many important lines,

"EVERYTHING IN CARBON BUT DIAMONDS”

54
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Highest performance

you can huy

in a 250 watt AM transmitter

.. ... hut

~ the price is
~ competitive

Collins 300G 250 watt AM transmitter

HE Collins 300G gives you everything

a 250 watt AM transmitter can con-
tribute in your fight to win sponsors and
influence audiences.

Engineered to today’s highest standards,
employing the finest components, it trans-
mits a signal that is outstandingly clean,
crisp, and inviting.

The frequency response is flat +1 db
from 30 to 10,000 cycles per second, chal-
lenging the capabilities of the best AM re-
ceivers. The noise level is more than 60 db
below 100% modulation level. The distor-
tion is less than 3% up to 95% modulation.

FOR BROADCAST QUALITY, IT'S, ..

Yet the 300G is competitively economical
to buy and operate. The power consumption
is only 1.5 kw in normal operation, 85%
power factor. The entire complement of but
21 tubes (including a stand-by oscillator,
6 rectifiers and 2 voltage regulators) is com-
prised of only eight tube types. Spare re-
quirements are at a minimum.

This transmitter features eye-level me-
tering, tube visibility through front door
windows, instantaneous power reduction to
100 watts, complete accessibility, high safe-
ty factors, and thorough reliability. Write
us for further information.

-

PR

COLLINS RADIO COMPANY, CEDAR RAPIDS, IOWA

11 W. 42nd 5t., New York 18, N. Y.

1] ;'-_:

oe——
| e———

\ 4

458 S. Spring S1., Los Angeles 13, Calif.
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There are three new grades ot C-D Dilecto* that can
withstand temperatures as high as 250°C. They are
chemically inert, silicone-glass laminated plastics that
offer exceptionally high heat resistance and goed arc
resistance, extra strength, and positive moisture re-
sistance! At Continental-Diamond we’ve literally lived
and worked with Silicone Dilecto—perfecting it to a
point where we believe it can be highly useful in
helping to solve your pro-
duction problems — and im-
prove product performance.

Your parpner \o

DE-2-49

BRANCH OFFICES: NEW YORK 17 e CLEVELAND 14 o

codvuting better Prog,
(]‘

CHICAGO 11

to improve product performance for you!

And this remarkable plastic is but one of many in
the C-D family. They provide practical combinations
of mechanical, electrical, and chemical properties—
structural strength, light weight, positive moisture,
heat and corrosion resistance. In hundreds of plants,
C-D Plastics — Fibre, Vulcoid, Dilecto, Celoron, and
Micabond — offer proof that it pays to see C-D first in
your search for the right plastic for the job. For inter-
esting, useful information on Silicone Dilecto, and
other C-D high strength plastics, call or write your
nearest C-D office, soon.

*Dilecto GB—112—S
Dilecto GB—128—8S
Dilecto GB—261—S

e SPARTANBURG, S.C. e SALES OFFICES IN PRINCIPAL CITIES

WEST COAST REPRESENTATIVE: MARWOOD LTD,, SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

X
.(}‘M@/M@W=]JM4N&WZ(/ FIBRE COMPANSY

Established 1895 .. Manufacturers of Laminated Plastics since 191T-—NEWAUWK 10 « DELAWARE

c6
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TWO ways you benefit from
NP Isomode” Vibration-Isolators

1. IMPROVED VIBRATION CONTROL!

2. EASIER ENGINEERING!

Experiences of two well-known manufac-
turers demonstrate this double benefit:

Always on the alert to improve their product,
a truck maker comprehensively tested
Isomode mounts. Their adoption followed

quickly. Because, instead of previous, typical truck character-
istics, motors mounted on I/somode units displayed passenger-
car performance! Vibration was really isolated, even though
the units were not at optimum locations, but placed at standard
points to allow interchangeability with earlier models.

Another company, with a tough vibration control
problem because they use various makes and types
of engines in their own product, discovered engi-
neering and production simplicity through Isomode units.
Vibration was conirolled by units placed at the regular mount-
ing points. This accomplishment is all the more remarkable
when you consider that the vibration varies with each type
of engine!

There you have actual demonstrations of the value of
Isomode units’ outstanding advantage —‘equal spring rates
in all directions”. The same benefits apply to many products
—engines to electronic assemblies. And you not only isolate
them more easily, but also gain a mounting that withstands
severe shocks! *Trade Mark Reg. U.S. Pat. Of.

SEND FOR YOUR FREE COPY

This Isomode design chart saves you
hours and effort —locates best points
on your product at which to place
standard mountings. For bulletin
which contains chart and helpful in-
formation on vibration contral, write
Dept. F-5

ELECTRONICS — April, 1949
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1060 State Street
: BY - New Haven 11, Conn.
 VIBRATION ISOLATON WNITS « VIBRATION TEST FQUIPMENT

THE ADVANTAGES OF
designing with
ISOMODE MOUNTS

They absorb vibration in all direc-
tions equally well —vertical, as well
as troublesome horizontal and rock-
ing motions.

Non-directional—can be mounted at
any angle, in any direction, simplify-
ing design problems.

High load capacity in compact size —
saving space, weight, costs.

Large rubber volume for softness—
vet perfectly stable and self
snubbing.




me ADLAKE

MIGHTY MIDGET
RELAY (No. [110)

IS IDEAL FOR

ke Seukde

IT IS DEPENDABLE—
REQUIRES NO MAINTENANCE

The Adlake No. 1110 Relay is small enough to fit in
one hand, yet it makes and breaks 30 amps. easily,
and with low operating current.

Like all Adlake Relays, No. 1110 is hermetically
sealed against dust, dirt, moisture and oxidation;
mercury-to-mercury contact prevents burning, pit-
ting and sticking. It’s absolutely safe, requires no
maintenance, and is cushioned against impact and
vibration.

These qualities make the Adlake “Mighty Mid-
get” ideal for use with flasher installations-—as well
as in power circuits, motor and heater controls,
traffic signals and a host of other uses.

WRITE TODAY for FREE illustrated catalog,
with details on No. 1110 and other new Adlake
Relays. The Adams & Westlake Company, 1107
N. Michigan, Elkhart, Indiana.

%

| ///f///////’ ']

The Adlake Mighty Midget Relay gives you long,
trouble-free service on outdoor installations. It’s
weatherproof, shockproof and absolutely depend-
able! Silent and chatterless! Equipped with com-
pression-type terminals to simplify installations.

we hdams & Westlake comeanr

Established 1857 ¢ ELKHART, INDIANA o New York ¢ Chicago

Manufacturers of Adlake Hermetically Sealed Mercury Relays for Timing, Load and Control Circuits

<8 —_—
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WINDING HORIZONTAL SWEEP COILS
FOR TELEVISION RECEIVERS

FOUR COILS WOUND AT ONCE ON
UNIVERSAL NO. 84 MACHINE

The tremendous interest in tele-
vision all over the country has
created a large and attractive mar-
ket for producers of component
parts for TV receiving sets.

For complete assurance of high
quality and production in coils for
television sets, manufacturers are
using Universal Coil Winders.

One of the most difficult coils
to wind is the so-called horizontal
sweep or fly-back transformer coil
(Fig. 1). This can best be wound
on the No. 84 Universal Coil
Winder (Fig. 2), which makes it
possible to wind one to four coils
at once for each of the three
sections.

The following technical data
was prepared by our engineers and

Fig. 1. Horizontal Sweep Coil.

is intended as basic information
when producing the horizontal
sweep coil on the No. 84 machine.
Another component coil for tele-
vision is the focus coil, which is
wound on the No. 102 machine.
Detailed information on recom-
mended winding practice for both
these coils is contained in Getting
the Most from Coil Winding —
copies of which we will be glad to
send you. Ask for GMCW-L.

Fig. 2. No. 84 Coil Winder.

NO. 84 MACHINE SET-UP FOR
TELEVISION HORIZONTAL
SWEEP TRANSFORMERS

FIRST SECTION

Wire 375 turns of No. 28 single
nylon and enamel covered wire

(:0156 in. O.D.)

Cam 53 in. single throw.

Winding speed 750 rpm.

Wind 1Y%, using gearing 48 or
72 with any intermediate gear to
mesh.

Wire guides .018 in. center slot.

Tension medium spring in
fourth hole from top.

Pressure two weights on trav-
erse frame cord.

Wind four coils at a time.

SECOND SECTION

Wire 1,000 turns No. 33 single
nylon and enamel covered wire
(.0099 in. O.D.)

Cam Y2 in. single throw.

Winding Speed 750 rpm.

Wind 2/3, using gearing 119-80
with any intermediate gear to
mesh.

Guides .018 in. center slot.

Tension sixth hole from top.

Pressure two weights on traverse
frame cord.

Wind four coils at a time.

THIRD SECTION

Wire 1,000 turns No. 38 single
silk and enamel covered wire
(.0065 in. 0.D.)

Cam 3/32 in. single throw.

Winding speed 400 rpm.

Wind 1/7th using gears 120-40-
88-38. (With this compound gear-
ing, use any small gear on the
spindle shaft on the inside of the
120-tooth gear. The second and
third gears will go on the inter-
mediate stud with the 40-tooth
gear on the outside and the 88-

tooth gear on the inside. The 38-
tooth gear will be on the clutch
shaft, and should mesh with the

88-tooth gear.)

Wire guides .008 in. center slot.

Tensions light spring in about

the third hole from the top.

Pressure one pressure weight on

the traverse frame cord.

Wind one to four coils at a time.

COIL WINDING
DEMONSTRATION ROOM

We have in our coil winding
demonstration room the following
complete line of coil winding ma-
chines: 84, 96, 98, 102, 103, 104

and 105.

We invite anyone who is inter-
ested to visit our demonstration
room and view these machines in

operation.

UNIVERSAL WINDING COMPANY
P. O. Box 1605 Providence 1, R. I.

=" [rEsona)

FOR WINDING C
ACCURATELY . .

USE UNIVERSAL

+ REG. U 8 FPALl, OFF

OILS IN QUANTITY
. AUTOMATICALLY
WINDING MACHINES
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NATIONA

BUILT TO MEET YOUR

PROCESS REQUIREMENTS |

We design, engineer, fabricate and install
special High Vacuum process equipment.

In the High Vacuum field National Research
Corporation offers you unified, under-one-roof
control and responsibility. We not only build
equipment, but also undertake development
work for others in fields where the unique ex-
perience and ability of our own Research Divi-
sion can be used to your advantage.

If you plan to profit from your own High
Vacuum process developments —if you require
assistance in developing your processes—you
should become acquainted with the National
Research Corporation, 70 Memorial Drive,
Cambridge 42, Massachusetts.

COATING

. HIGH VACUUM EQUIPMENT

.

HIGH VACUUM FOR INDUSTRY

ACUU

SEARCH CORPORATION

ENGINEERING
DIVISION

April, 194% — ELECTRONICS
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GENERAL RADIO COMPANY, Cambridge,
Mass., uses flexible Translucent Lamicoid
for the rear-illuminated dial of the Strobo-
tac, a small, portable stroboscope.

74 g
ENGRAVING, TRANSLUCENT, GRAPHM:W[J//

make instrument dials readable, accurate, durable

Big calibration figures on Engraving, Translucent or Graphic Lamicoid make instrument
dials casy to read, casy to set accurately. Lamicoid’s dimensional stability means long-lasting
service, too. It stands up to heat and cold, resists moisture, oils, solvents and corrosive vapors.
Maintenance? Just wipe with a damp cloth to clean!

Engraving Lamicoid is a sandwich type material. Markings engraved through the surface
to the contrasting opaque or translucent core stand out clearly, can’t wear away.

Figures applied by painting, printing or silk scrcen process on Transtucent Lamicoid
show up against rear illumination. Its {lexibility permits formation of simple curved shapes.

Graphic Lamicoid incorporates printed matter laminated under a transparent surface
on onc or both sides of the sheet.

This line of materials, ideal for dials, circuit diagran.,, signs, instrument panels and
charts, is uncxcelled for clarity and durability. For further information about these and other
products of our 56 yecars of experience in making highest quality electrical insulation, contact

our ncarest sales office.

MICA /gﬁrgff;?ﬁg COMPANY

Schenectady 1, New York
Offices in Principal Cities

ELECTRONICS — April, 1949 61
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ASSEMBLY COSTS

NE WAY you can save is by reducing the lost time and
0 motion due to inferior tubing. Dieflex Varnished Tub-
ings and Saturated Sleevings have the flexibility, smooth bore. and
pushi-back qualities that keep assembly workers’ fingers flying. And
there is no fraying—of tubing or nerves.

Uniform, complete impregnation assures high dielectric strength. -
The base may be either finely braided cotton or glass fiber, and
impregnation may be oleoresinous varnish or silicones—depending DIEFLEX PRODUCTS LIST
on the requirements of your products. MADE WITH BRAIDED COTTON SLEEVING BASE
Grade A-1 Magneto Grade Varnished Tubings
Would you like to try Dieflex in your assembly and prove to Grade B-1 Standard Grade Varnished Tubings
your own satisfaction how much Grades C-1 z.md C-2 Heavily Coated Satura_ted Sleevings
diff it kes? W il Grade C-3 Lightly Coated Saturated Sleevings
iterence If [makiesicTWe Wi Heavy Wall Varnished Tubings and Saturated Sleevings
gladly arrange to supply the MADE WITH BRAIDED GLASS SLEEVING BASE
quantities you need for a prac-

Grade A-1 Magneto Grade Varnished Glass Tubings
Grade C-1 Extra Heavily Saturated Glass Sleevings
Grade C-2 Heavily Saturated Glass Sleevings

Grade C-3 Lightly Saturated Glass Sleevings
Silicone-Treated Glass Varnished Tubings and Sleevings

tical test. VARNISHED TUBING PRODUCTS

H. A. HOLDEN—MINNEAPOLIS 3—1208 Harmon Place
M. R. BRETHEN—DETROIT 2—15 Lawrence Ave.
Authorized Distributors
INSULATION and WIRES INCORPORATED

= . St. Lovis 3, Mo. ¢ Atlanta, Ga. ® Boston 20, Mass.
Chicago 6 ® 565 W. Washington Blvd. Detroit 2, Mich. o Houston 2, Tex.  Hillside, N. J.

and other cifies.

IMC Representatives e - :
‘ W. C. JOHNSON—PEORIA 5-—101 Heinz Court 1
7 <

MANUFACTURERS CORPORATION

ER

MILWA UKEE 2 CLEVELAND 14 TRI-STATE SUPPLY CORPORATIONS !
312 E. Wisconsin Awve. 1231 Superior Ave.,N. E. Los Angeles 13, Cal. ® San Francisco 7, Cal. ® Seattle 4, Wash. / G 3
SUFLEX CORPORATION y i
. DETROIT 2 DAYTON 2 33-11— 57th S1., Woodside, N. Y. i
15 Lawrence Ave. 120 W. Second St. Beaege =
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GENERAL ELECTRIC CUSTOM MINIATURES

Made and tested for supreme reliability!

£ ORE dependable than any minia-
M tures yet built.” That was aviation’s
directive . . . and challenge! Thousands
of premium-performance GL-5654’s
and GL-5670’s now in use, prove how
well the challenge has been met. In
altimeters, radio compasses, radio con-
trol equipment, and high-frequency
aircraft radio receivers, these fine
General Electric tubes are doing the
extra-reliable job for which they were
painstakingly made.

You, as designer or user of radio-TV
transmitter equipment, can have the
protection of G-E custom-miniature
dependability now—starting with Type

GL-5654 (electrically the same as the
6AKS5), and Type GL-5670 (similar to
the 2C51 except for improved heater
design and a somewhat higher heater
current). Other types are being added.
These tubes are carefully manufac-
tured one by one, from individually
gaged and inspected heaters, cathodes,
grids, and plates. Each gets not less
than 50 hours’ operation—ample assur-
ance that when plugged in, tube per-
formance will be in line with ratings
consistently. Ask your G-E electronics
office for further facts. Or write Elec-
tronics Department, General Electric
Company, Schenectady 5, New York.

Characteristics

TYPE GL-5654

TYPE GL-5670

| u’sw

{*Fixed-bias operation not recommended)

Heater voltage, a-c or d-c 6.3 v Heater voltage, a-cor d-c 6.3 v cut-off grid voltage, Ib equals
;eu?er curren; 0.175 amp Heater current 0.350 amp 75 mu a fopprox}  —10v
ax ratings, design center values: . 8
J - . tion, Cl ABi:
plote voltage 180 v Max ratings, design center values, lypicel"epematicn) Sl !
Grid No. 2 voltage 140 v each triode section: plate voltage 300 v
?;lc‘;e:issizpc;?'io? ; (l); w plate voltage 300 v cathode resistor 800 ohms
.n S . fssipation = plate dissipation 1.5w A-F grid-to-grid
Typical operation: voltage, RMS 14 v
plate voltage 180 v Typical operation, Class Ar: zero-signal plate current,
G"i: :‘°-b2 voltage 120 v plate voltage 150 v per section 4.9 mo
cathode-bi A
resis:or":as 200 ohms cathode resistor, mcx-sngna! plate current,
plate resistance per section 240 ohms per section 6.3 ma
{approx) 0.69 megohms plate current, load impedance,
transconductance per section 8.2 mo plate-to-plate 27,000 ohms
5,100 micromhos transconductance, per total harmonic
plate current 7.7 ma section 5,550 micromhos distortion 10 per cent
Grid No. 2 current 2.4 ma amplification factor 35 max-signal power output 1.0 w

GL-5670

9-pin miniature
h-f twin friode

GENERAL ELECTRIC

FIRST AND GREATEST NAME IN

ELECTRONICS — April, 1949
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Bew Har—) e
lies
with the
Sperry Gy

Increased air traffic and variable weather condi-

/T G i i a—f

multi-engined transports and bombers come to

tions make precision control of multi-engined
aircraft increasingly important. Gyroscopic controls
must function accurately under many climatic con-
ditions, depending constantly on electrical accesso-
ries for consistent service. Current loads subject
accessory insulation to temperatures up to 300° F.
while in operation, and must necessarily have the
strength and flexibility to resist this strain.

Ben Har Special Treated Fiberglas Tubing is used

Bentley, Harris for this remarkable insulation.
They recognize it is essential that insulation used in
aircraft components have high dielectric strength
and resistance.

Ben Har Special Treated Fiberglas Tubing will
not crack, split or fray at the ends and will not
support combustion. Won't break down because
it combines toughness with flexibility.

The wide use of Ben Har Special Treated Fiberglas

Tubing by America’s leading manufacturers proves
the value of this outstanding insulation. If your
pralluct requires a “special” insulation, specify
n Har Special Treated Fiberglas Tubing.

on the transformers in the amplifier unit of the
Sperry A-12 Gyropilot.

Accessory suppliers for some of America’s great

*Reg. T.M. TLEY, HARRIS MFG. Co., CONSHOHOCKEN, Pa.

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). “Fiberglas” is Peg. TM of Owens-Corning Fiberglas Corp.

Bentley, Harris Mfg. Co., Dept. E-33, Conshohocken, Pa.

I am interested in Ben-Har Special Treated Fiberglas Tubing T D ; Send samples, pamphlet and prices

. fze of L4 on other BH Products as follows:
for operating at temperatures of. °F. at volts. Send samples
( product) O Cotton or Rayon-base Sleeving and

so I can see how Ben-Har Fiberglas Tubing stays flexible as string, will not crack when bent. Tubing.
NAME COMPANY [0 BH Non-fraying Fiberglas Sleeving
ADDRESS
64 April, 1949 — ELECTRONICS
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A MESSAGE TO AMERICAN

“Give us the tools . ..”

INDUSTRY o

73rd OF A SERIES

- Now 1s the time to
FIGHT SOCIALISM
in Washington

Do we want to follow Britain down the economic
skids?

We Americans face that question today. For we
are being advised by Administration economists
in Washington to take the course which destroyed
Britain industrially. It is the temporarily easy
course of cutting down expenditures for tools in
order to have more things to consume right away.

The President’s Council of Economic Advisers
tells us we are spending too large a part of our
national income on new tools and equipment. A
larger share, they say, should go for goods and
services used directly by consumers.

Before we take that advice, let us look at Bri-
tain. When the British once allowed their indus-
trial plants and equipment to run down — they
started down a dreary road to industrial stagna-
tion and decay.

British industry once ruled the world. Low pro-
duction costs enabled it to undersell all competi-
tors. Efficiency gave British workers the highest
living standards anywhere.

Now all that Britain has between it and eco-
nomic disaster is pluck and American aid through
the Marshall Plan.

The British people are living poorly — still on
rations and in austerity. With practically everyone
working, and working longer hours than we do in
the United States, they cannot produce enough to
pay for the raw materials and food they must
import.

How did Britain get in this fix?

The story is complicated. British sacrifices in
two wars play a tragic part in it. But another fact
also stands out:

Britain began to go downhill even before World
War I — when British industries allowed their
plants and equipment to grow obsolete.

Once that process started, it grew steadily
worse. By 1929 the share of Britain’s national
income being plowed back into capital invest-
ment had shrunk to less than two-thirds of what
it had been twenty years earlier. We were putting
twice as big a share of our national income into
capital goods at this same time.

Skimping on capital equipment —on new plants
and new tools—put the skids under industrial
Britain,

World War II only speeded up a process already
well under way.

continued on next page
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British industry today shows the results of its
failure to keep up to date. Here are three examples
found by Dr. Laci Rostas, Britain’s leading au-
thority on measuring workers’ productivity:

An American produces four times as much pig
iron as his British counterpart.

He produces more than four times as many
tires.

In all industry, on the average, an American
produces almost three times as much.

The real reason is the American’s better tools.
The British are struggling with equipment that is,
on the average, forty years old.

Britain once had a big head start in industrial
equipment. But she let it slip away. And as it went,
Britain’s industrial and political leadership slipped
with it.

How could British leaders have slept while all
this happened?

This, too, is a complicated story. But parts of
it stand out clearly:

1. British business men put in more time per-
fecting cartels to avoid competition than they
did in improving their plants and equipment to
meet it.

2. British labor leaders concentrated on sharing
the work and sharing the wealth —rather than do-
ing the job necessary to have enough wealth to
make the sharing werthwhile.

3. British governments taxed away the means
to buy new equipment. By steadily increasing per-
sonal taxes, they undercut the ability of individuals
to invest in new equipment. Finally, they took
away the incentive to get new equipment by pro-
gressively taxing away any returns on it.

4. Farseeing socialists smiled all the while,
knowing that as private industry more and more
lacked the tools to do a progressive job, they would
have their chance to run the country.

Now, with Britain’s fate in their hands, the so-
cialists are trying desperately to stem the nation’s
economic decline by rebuilding its industrial plants
and equipment.

A complete rcport on our national survey, “Business’ Needs
for New Plants and Equipment,” may be obtained by writ-
ing McGraw-Hill Publishing Co., 330 West 42nd St., New
York 18, N. Y. This is the fifth editorial of a special series
on industry’s needs for new plants and equipment.

They are making a little headway, but not
enough. There are several reasons. One is that
Britain must export most of the new equipment
she can make. Another major reason—increasingly
important for her future—is that money needed to
renovate Britain's run-down industry is taxed
away to support welfare programs. The (London)
Economist grimly puts it this way:

“The importance of the function of saving has
only been discovered now that the means of saving
have largely been destroyed.”

Our own Federal and State governments, too,
have dangerously whittled away incentives. They
have more than tripled tax rates on personal and
corporation incomes in the last twenty years. Now,
the President proposes to do more whittling.

If the United States is not to go Britain’s way,
we must preserve our incentives to save and to
invest in industry.

If the United States is to progress, we must con-
tinue to build up our industries.

The President’s Economic Advisers say we can
slow down. But the McGraw-Hill survey of “Busi-
ness’ Needs for New Plants and Equipment,” re-
ported in the previous editorial in this series, pro-
duced facts to the contrary. It showed that indus-
try now plans—if it can get the money—to spend
$55 billion in the next five years for new plants
and new tools. Moreover, it showed industrv's
needs for new facilities are large.

By cutting down the incentives to save, by giving
soothing advice that we do not need to save so
much, Washington is pushing us toward Britain’s
way—the route via industrial stagnation to social-
ization.

Before we skid too far, we should pull up short
and ask ourselves: Do we want to go Britain’s so-
cialistic way?

There still is time to say, “No.”

President, McGraw-Hill Publishing Company, Inc.
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Sunglasses plated with stainless steel—a
recent commercial application of high vac-
uum. Used by Bausch & Lomb Optical Co.
Jfor RAY-BAN Gradient Density sunglasses,
ttworks wonders in killing glare, relieving eye
strain and fatigue, and improving vision.

® During the war, planes jockeyed
to attack out of the sun — battleships
maneuvered to get the sun at their
backs. The sun glare impairing vision,
and accuracy of optical instruments
made them a poor target for the enemy.

Counter strategy developed tele-
scopic sights, range finders, and aerial
cameras whose lenses were coated un-
der high vacuum with transparent fluo-
ride salts. Thus treated lens surfaces
were less reflective, more
light was admitted, instru-
ments could work better
against the sun.

Improving aviators’ sun-
glasses presented a differ-
ent problem. Here the same
high-vacuum process was
used, but the coating must

ELECTRONICS — April, 1949

serve to cut down passage of light
through the lens. Experiments disclosed
stainless steel as the ideal material.

The process has been adopted for
commercial use. At Bausch & Lomb, in
the chamber of a DPI high-vacuum
coater, metallic vapor of stainless steel
is deposited in a scientifically controlled
“gradient” pattern of density and area.
These stainless steel coated sunglasses
are now available at optometrists.

DisTiLLATION PRODUCTS, INC.

727 RIDGE ROAD WEST, ROCHESTER 13, N. Y.

Distillers of Qil-Soluble Vitamins and Other Concentrates for
Science and Industry; Manufacturers of High-Vacuum Equipment

www americanradiohistorv com
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This is but one of many applications
of high vacuum in science and indus-
try to make improved products at
lower cost.

Do you know what high-vacuum
distillation, dehydration or fusion may
do to improve your products—to de-
Crease processing costs, or to salvage
waste materials into valuable commodi-
ties? DPI research men and engineers
may be able to tell you. Write

65



- Pyromid Type B5TM Copacitors
~dre mow in volume production
for leoding TV-receiver
- manufacurers throughout the
.5.A. and Canada.

PYRAMID
CAPACITORS

i Auoas

BUSINESS BRIEFS

By W. W. MacDONALD

Parts For Tubes are being sold
to quite a few people not ordinar-
ily considered tube manufactur-
ers. Investigation of several such
cases indicates that the need for
tubes having very long life is the
usual reason.

Computer manufacturers, in
particular, appear interested in
building their own tubes. Many
thousands are used in some calcu-
lating machines operating many
hours a day. By virtue of the num-
ber employed alone, failures must
be kept to the very minimum. So,
while tube manufacturers wonder
whether it would or would not pay
to produce types having particu-
larly long-lived cathodes for such
specialized applications the manu-
facturers of the machines roll
their own.

Communications Equipment
Sales should increase in 1949 to
$23,500,000, thinks GE’s Ernie
Vogel. Market analysis indicates
the following breakdown: Police
purchases up 16 percent to $6,000,-
000, taxicab business up 25 per-
cent to $5,000,000, utilities up 30
percent to $4,000,000, petroleum
industry up 75 percent to $3,500,-
000, forestry conservation up 25
percent, forestry industries up
160, fire departments up-50 and
highway-maintenance installations
up 160.

Our Washington Office thinks
there is only a 50-50 chance of
upsetting local laws concerning
the operation of sound trucks,
with Supreme Court decisions
likely to go either way in individ-
ual cases. Everything, apparently,
depends upon how the local law is
worded.

Last Time We Mentioned mobil-
ization planning (p 68, January)
we said that a government-indus-
try stalemate appeared likely.
Latest we’ve heard is that one gov-
ernment agency recently wrote a
press release giving the details of
the first contingent contract but
that another government agency,

www americanradiohistorv com

whose approval of the release was
necessary, refused to approve it.

By the time this item sees the
light of day the contract will prob-
ably be signed, but it may not be
publicized.

RMA Members produced 866,832
television receivers, 1,590,046
f-m/a-m receivers and 11,675,747
a-m receivers in 1948, a total of
14,182,625 sets of all kinds. Pro-
duction breakdown by months was
as follows:

TV F-M/A-M A-M

Jan 30,001 136,015 1,173,240
Feb 35.880 140,629 1,203,087
Mar 52,137 161,185 1,420,113
Apr 46,339 90,635 1,045,499
May 50,177 76,435 970,168
Jun 64,353 90,414 959,103
Jul 56,080 74,988 552,361
Aug 64953 110,879 759,165
Sep 88195 171,753 1,020,498
Oct 95216 170,086 869,076
Nov 122,304 166,701 827,122
Dec 161179 200,326 876,315

Receiving-Tube Sales by RMA
members totalled 204,720,378 in
1948, five million more than in
1947. New equipment took 146,-
162,214 receiver-type tubes, re-
placements 47,056,521, export 10,

686,769 and government agencies
814,874.

Ten Times As Much Tin goes
into the average television re-
ceiver as into the average radio
get. And the Department of Com-
merce plans to cut down the allo-
cation of tin to our industry be-
cause of the shortage of this metal.
Therefore, it seems that conserva-
tion, substitution and allocation
within the industry itself are in
order for 1949.

From What We Have Read
about Gulf Oil's Gulfstream and
the Coast Guard’s FEastwind it
seems to us that the latter has
earned the unique distinction of
having participated in what ap-
pears to be the first radar-assisted
collision.

High-Tension Coils are being
placed closer to the distributor in

most new automobiles, according
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Though it would seem a strange place to look for a precious stone, each Eimac
3X2500A3 triode, and modifications of this tube type, cantains three sapphires . . .
making this Eimac triode a better vacuum tube . . . better able to do a superior job
in communication, research, and industrial applications.

It became evident in the early stages of 3IX2500A3 development that the structure
which provided filament tension posed a problem. The source of tension was easy . ..
by using a conventional pusher-spring at the cool end of the center-rod, transferring
the pressure to the top of the rod. and then out to the filaments.

But . . . somewhere in the structure, between the filaments and the center-rod
there must be a non-conducting material with the ability to remain inert under high
temperatures (1500 degrees to 160D degrees C). It must be unaffected by electron
bombardment and it must be physically strong.

The imaginative foresight of Eimac engineers, after exhausting the possible use of
conventional materials, brought synthetic jewels under consideration . . . the rest of
the story is vacuum tube history.

As in the past, when better vacuum tubes are made they will first bear the trade-
mark "Eimac" . . . the result of engineering foresight . . . skill . . . imagination
. . and research.

EITEL-McCULLOUGH INC,

728 San Mateo Ave., San Brune, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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NOTIC

OF IMPORTANCE TO THE
ELECTRICAL INDUSTRY

~Eac
EL
i
Vickers Magnetic Amplifier
VICKERS ELECTRIC DIVISION, Vickers Inc.,

Announces a complete Research and Development Section
available for your technical problems in relation to the
following —
MAGNETIC AMPLIFIERS
MAGNETIC AUDIO AMPLIFIERS
STATIC VOLTAGE REGULATORS
STATIC MOTOR SPEED CONTROLS
POWER SATURABLE REACTORS
RECTIFIERS
PHOTOELECTRIC CELLS

SERVOMECHANISMS
MAGNETIC FLUID CLUTCHES
SPECIAL MOTORS AND GENERATORS

TRANSFORMERS + ARC-WELDERS

CONTROLLED POWER RECTIFIERS FOR
ELECTRO-CHEMICAL PROCESSES

The fundamental schemes employed in many of the above involve
general use of tubeless amplifier circuits— Magnetic Amplifiers.

For information regarding application of the above relath‘ve to your
requirements, you are cordially invited to consult our Engineering

Department. g}s El@q‘
[¥)

VICKERS £ V JZ ELECTRIC
oy

L .

DIVISION

1815 LOCUST ST. ST. LOUIS 3, MISSOURI
A UNIT OF THE SPERRY CORPORATION
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BUSINESS BRIEFS (continued)

to General Motors’ Charles F. Ket-
tering. This reduces radiation of
noise, with some benefit to users
of television receivers.

Scarcely A Month Passes but
what some manufacturer asks us
for a new product idea, and the
quota has increased since we pub-
lished Paul Weiller’s “Finding
New Products” in March. So sug-
gestions from readers are very
welcome indeed. We're glad to
serve as a clearing house concern-
ing things needed in our field and
not made, items that can be made
better and/or cheaper.

Suggestions should meet at least
one acid test before we are tbld
about them. If you had the money
to manufacture the item in ques-
tion but would have to gamble the
whole roll would vou make it?

Concerning New Products, it
seems to us that what the con-
sumer wants and what he is will-
ing to pay for it are frequently
poles apart. Obviously one can-
not produce custom-made pre-
cision equipment at home-radio-
receiver prices.

Dynamotor DMarket-Softening
reported by several manufacturers
appears to be due largely to in-
creasing competition from inher-
ently cheaper vibrator-type power
supplies. Some day, off in the
still-distant future, vibrators will
probably face similar pressure
from all-electronic types.

Norbert Wiener’s Story opening
the January issue of ELECTRONICS
proved stimulating to at least one
reader. An ad in the Personal
column of The Saturday Review’s

February 5 issue read as follows:

CYBERNETIC SECRETARY, efficient as
electronic equipment and twice as beauti-
fllx)l, ycelarns for intriguing job, preferably
abroad.

Two-Way Radiophone licenses
have been issued in Australia to
57 motor-servicing organizations,
12 taxicab companies, two express
carriers, bus services, many radio
and electrical-equipment servicing
organizations, newspapers and
manufacturing concerns. The
total number of licenses in the
commercial category is 158. In
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addition, there are 1,561 licenses
in the names of the police, harbor
authorities, public works, electri-
cal supply authorities and other
government instrumentalities.

Australia is experiencing the
boom in portable radio sales we
went through a year or so ago.
Manufacturers are at present ad-
vertising 31 brands, and 48 models.

A Friend Of Ours who manu-
factures a bulky piece of produec-
tion-testing equipment is toying
with the idea of installing it in a
trailer, driving the thing right
into the plants of prospective cus-
tomers so that its effectiveness
can be demonstrated on a regular
run.

Program Hours teletranscribed
each week by WABD, key outlet of
the Du Mont network, total be-
tween 14,000 and 20,000 feet of
16-mm film. This, according to
Lawrence Phillips, is roughly
twice the weekly output of all
Hollywood feature films.

Direct Approach: Listening to
an f-m station the other night we
were somewhat startled when the
announcer said . . . . “Planning a
movie evening? Why not stay
home and see a movie on your
television set instead.”

Thus writes the moving finger.

LP Record-Player Sales totalled
600,000, and 2,000,000 of the long-
playing disks had been marketed
by mid-February, according to
Columbia’s Edward Wallerstein.

Greatest Need of business to-
day, according to one of the big-
gest wheels in the electronic
component parts game, with whom
we recently talked, is men for top
management who have (1) com-
mon sense, (2) courage, (3) imagi-
nation and, (4) experience . . .
men who lead rather than drive;
men who make the right decision,
at the right time, in the right way.

A New Glass for television pic-
ture tubes contains no lead and
will therefore be lighter and
cheaper to produce. Corning, it
might be said, is shaking the lead
out of its glass.
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The Series
7J0Z
Sigma Relays

i
1

Polarized RELAY
for High-Speed Telegraphy

SPECIAL FEATURES: Contacting is essentially bounce-
free. Characteristic distortion is entirely absent
except at extreme speeds.

PHYSICAL DESCRIPTION: Size 154" x 154" x 254"
seated height. Hermetically sealed. Mounts on standard
octal socket — can be clamp-mounted with stirrup.
Balanced armature construction with unusually high
ratio of force to mass (high vibration resistance).

CHARACTERISTICS: High speed, sensitive S.P.D.T.
polarized relay. Although designed for speeds of 50 to
150 words per minute it is serviceable up to 250 w.p.m.
Developed under Signal Corps Contract calling for
smaller size and improvement over existing types.

WINDING: Matched pair with resistance around 150
ohms each for differential, polarized or “polarential”
service. Various other combinations available — up to
14,000 ohms in a single winding. Standard twin 150
ohm model operates satisfactorily on 5 ma reversals in
one winding, and “just trips” at approximately 1 ma.
For high speed cconomical operation, exceptionally
long Iife and compactness, specify the new Sigma
Series 7 Polarized Relay.

ALSO AVAILABLE FROM SIGMA, a varicty of
other types of sensitive relays AC — DC
— Polarized —Single or Multiple Contact.
We shall be glad 1o assist in the engineer-
ing of your relay problems.

\ /) : FOR DETAILED
INFORMATION ON

Sigma Instruments, INC. THE NEW
Cernactive mELAYS is;:(nsio:.loz

Y Ceyion St., Boston 21, Mass. BULLETIN
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ow ! The
MALLORY MIDGETROL DUAL

... lo help vyou make &
MORE CONVENIENT, %
MORE EFFICIENT,

BETTER LOOKING

Television Recelvers

Highlights of the
MALLORY

MIDGETROL DUAL

1.

Combines two quiet, compact controls on
concentric shafts.

. Insulated for the higher voltages en-

countered in television.

. Special low-drift resistance element meets

temperature-humidity drift problem.

. Only dual control with two-point shaft

suspension, which means—shorter bush-
ing may be used, more stable resistance

values are obtained, less danger of

damage in assembly, longer life, longer
shafts may be safely specified.

. Available now for prompt delivery and

competitively priced!

P.

70

R. MALLORY &

Now Mallory has produced a Dual Mallory Midgetrol
with concentric shafts.

Mallory precision manufacturing PLUS small size
(135" diameter) provide a method to move several key
television adjustments from the rear of the chassis to
the front. Eight single controls now required to make
adjustments can be changed to only four Dual Mallory
Midgetrols, permitting ready adjustment at the front
of the chassis.

You get a cleaner-looking set, an easier set to produce
—and the Mallory Midgetrol provides the ruggedness
and dependability television parts must have.

Read the highlights of the Mallory Midgetrol Dual . . .
and see why those who have seen what it can do to
improve quality and cut costs are so enthusiastic
about its future.

P.S. The unique qualities of the Mallory Midgetrol
Dual make it perfect for many applications in
other fields as well. Mallory engineers will be glad
to tell you more about it. Write Mallory today.

Precision Electronic Parts—Switches, Controls, Resistors

€CO., Inc., INDIANAPOLIS &, INDIANA

SERVING INDUSTRY WITH

PR.MALLORY & CQ. Inc. Capacitors Rectifiers
Contacts Switches
| A L L o R Controls Vibrators
3 5 Power Supplies

Resistance Welding Materials
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CROSS

» BANDWIDTH, AGAIN . . . Since the announce-
ment last year that information can be sent over a
communication channel whose bandwidth is nar-
rower than the spectrum occupied by the informa-
tion itself, provided only that the signal-noise ratio
is kept high enough, there has raged a great con-
troversy in the classrooms and laboratories. Few
venture to doubt the theory; those who can under-
stand it say it’s sound. But the practical man wants
to see it done. Rumors are afloat that it has been
done, or is about to be. But the official word is that
the systems and apparatus men are busy catching
up with the theoreticians.

Good news it is, then, that W. P. Boothroyd and
E. M. Creamer, Jr. of the Philco research organiza-
tion have devised a time-division pulse-multiplex
system, suitable for telephonic communications,
which exhausts the classical theory of Hartley. That
is, this multiplex system uses a channel bandwidth
which is, within narrow tolerances, equal to the
spectrum of the modulating intelligence. In the new
system the successive pulses, equally spaced in time,
are crowded together so that their oscillatory over-
shoots overlap. The heights of the pulses are then
read by a sampling circuit, synchronized with the
transmitter, which sensitizes the indicator only when
the sum of the superimposed overshoot amplitudes
is zero. Thus the main pulse amplitudes are indi-
cated, and the overshoots are dispensed with, per-
mitting the band of the channel to be narrowed to
the Hartley limit.

While not easy to describe in three sentences, as
the above try clearly shows, the system is not overly
complicated and it does work. That leaves the Wiener-
Shannon-Tuller-Sullivan territory directly ahead. The
advance scouts are already over the border.

> F-M FOR VIDEO . .. The recent suggestion, orig-
inating with the technical staff of the FCC, that
frequency modulation might be employed for the
picture channel on the ultrahigh frequencies has

ELECTRONICS — April, 1949
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created something of a stir in Washington circles.
The FCC laboratory experiments indicate a sub-
stantial advantage in reduction of co-channel inter-
ference when narrow-band f-m is used. But the
testimony, at the time of writing, is rather meager
on another aspect, namely what happens when
multipath transmission occurs.

There is plenty of evidence, dating from the tests
made by Philco and NBC in 1940-41, and witnessed
by panel members of the National Televigsion System
Committee, that distortion of the picture signal due
to multipath propagation is a very serious matter.
In the Philco alternate-carrier tests (f-m for sync
pulses only) multipath effects often reversed the
polarity of the sync pulses, or eradicated them alto-
gether. Thus the reduction of co-channel interfer-
ence must be balanced against possible loss of sync
and other effects of multipath distortion. No final
conclusions can be drawn before an adequate field
demonstration, in a city providing typical multipath
conditions. is held.

» LENSES ... We are always gratified when the new
science of electronics gives a helping hand to an old
and established art. A recent noteworthy example
is the work of Otto Schade in testing optical systems,
particularly lenses and photographic films, using a
television system as the testing medium. Optics
is one of the oldest applications of science. Yet, in
over a century of work, no objective means of rating
the ability of lenses to show pictorial detail had
been devised. Mr. Schade, who has extended the
performance of television systems further than any
other engineer known to us, passes a magnified
image, formed by the lens under test, into a tele-
vision camera and analyzes the video waveform thus
produced. A neat trick, applicable to electron lenses
in camera and picture tubes no less than to glass
optics. Such techniques, carefully applied, can
asgist materially in the progress of photography and
television.

n
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Airline Test Techniques

Facilities of American Airlines at La Guardia Field permit complete overhaul of electronic
gear used in 205 coramercial planes and ground stations. Accessory circuits simulating
those used in planes constitute an important part of the equipment

By JOSEPH ALBIN

New York, N. Y.

HE RADIO OVERHAUL WORKSHOP
Tof American Airlines at La-
Guardia Field, New York, handles
the bulk of the aircraft and ground
radio work for the entire airline
system, as well as engineering
changes and modifications to equip-
ment. In addition to scheduled
overhaul, the shop is prepared to
aid the engineering branch of the
communications department in the
development of new models. A
separate manufacturing section of
the shop is equipped with hand-
operated and power tools for fabri-
cating accessory parts in reworking
operations. A pioneer in the use of
vhf for communication between
ground and aircraft, the airline was
interrupted in its installations of
such equipment in planes by the
war. Resuming in 1945, the addi-
tion of vhf gear to the entire sys-
tem has been facilitated by the
equipment to be described.

Test equipment has been designed
to include circuits which simulate
actual conditions found in a specific
plane installation or at a ground
station. Largely through use of
adapters, a single piece of equip-
ment has sufficient flexibility to
handle a wide range of types. An
employee suggestion system has
been helpful in utilizing the talents
of the radio overhaul crew in recog-
nizing the need for special equip-
ment when it arises.

ADF Receiver Test

Figure 1 shows the arrangement
of American-Airlines-built equip-
ment designed for alignment of a

Line crew removing a typical piece of Collirs equipment from a ship for overhaul Bendix MN62A adf receiver. The
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FIG. 1—Circuits of a Bendix adf receiver are completed by the FIG. 2—A barber’s chair provides a sturdy mount for rotating
accessories mounted in the cabinet at upper l=ft. Operating direction-finding equipment during final adjustment and perform-
conditions of the loop are simulated by the unit at lower left ance check

FIG. 3—Radio mechanic adjusts an AA-designed receiver test unit which simulates airplane wiring, controls and indicators
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apparatus at upper left is a control
and indicating unit consisting of
various adf accessories used in the
airplane. The unit thus simulates
the actual installation in the air-
craft, making possible a test under
flight conditions. A tuning unit
with heavy cable is adjacent.

An interesting unit is the loop
simulator, shown at lower left of
Fig. 1. It consists of two loops,
both mounted on the same axial
line, with mechanical means for
driving the smaller of the two loops,
which is used for signal input. The
second loop is a standard automatic
direction-finder loop which picks up
the signal for the adf receiver, and
its rotation follows rotation of the
input loop.

The rotation of the equipment
due to the plane’s movement under
actual flight conditions is simulated
by rotation of the input loop which
is fed from a standard signal gen-
erator. Using the loop simulator,
complete alignment of the receiver
can be accomplished with one ex-
ception, the alignment of the loop
stage.

To align the loop stage of the
receiver, the adjustments are made
with the help of equipment which
includes a rotatable mount that was
formerly a barber chair, illustrated
in Fig. 2. An azimuth card is at-
tached to the base of the rotating
member so that a receiver can be
rotated and checked for sensitivity
and ability to take a bearing on a

FIG. 5—A Wilcox vhf transmitter is ad-
justed after overhaul in the test rack

weak signal, which is picked up
from a short beam antenna, di-
rected downward, above the chair.
Calibrations of correction factors
for various plane shapes and sizes
are recorded on the azimuth card.

Receiver Tester

Several types of communication
receivers are accommodated by the
special receiver test unit being oper-
ated in the photograph of Fig. 3.
It is accompanied on the shelf
(right) by a 75-mc signal gener-
ator having modulation frequencies
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FIG. 4 —Complete circuit of the special receiver test unit.

Male plugs connect to

cable sets for various receivers
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FIG. 6—Keying and dialing circuits are
provided for testing ground transmitters

of 400, 1,300 and 3,000 cycles. This
is used to align marker-beacon re-
ceivers.

The circuit of the gpecial receiver
test unit is shown in Fig. 4. This
simulates the wiring to accessory
equipment in the aircraft. Acces-
sories are contained in the test unit.
They include a low-voltage d-¢ sup-
ply using selenium rectifiers to re-
place the 12 or 28-volt batteries
used in planes, a 250-volt d-c supply
to replace the dynamotors, sensitiv-
ity controls, frequency-selector
switeh, and indicator lamps for the
marker receiver (part of the in-
strument landing system). These
units are wired to the several plugs
shown in the diagram. Socket and
cable sets are available for connect-
ing the receiver test unit to various
receivers. When the proper cable
set is connected, the various cir-
cuits required by the receiver are
completed just as they would be in
a plane. Changes in the test unit
are made from time to time to ac-
commodate new types of receivers.

The test unit also includes an
audio oscillator for checking the
operation of the receiver sidetone
channel. This channel is provided
in aircraft receivers to permit a
pilot to hear his own voice in his
headphones while speaking into the
microphone when transmitting by
radio or communicating within the
plane. Relays in the plane switch

April, 1949 — ELECTRONICS



FIG. 7—Complete tube tester for transmitting and rectifier types is contained in
these three racks and section above

a portion of the audio signal from
the transmitter to the audio channel
of the receiver and disable the
screen circuits of the r-f and i-f
circuits of the receiver. The test
unit centains similar relays for
connecting the audio oscillator into
the sidetone channel to check its
operation. A level of 50 milliwatts

is considered minimum for head-
phone reception in the aircraft.
When a marker receiver for the
ils is being tested, the white, blue
and amber indicator lamps are
automatically connected by the re-
ceiver cable set to receive the direct-
current output of saturable react-
ors and filters in the receiver that

actuate similar marker indicator
lamps in the aircraft.

In Fig. 5 is a complete test rack
used to adjust the Wilcox 601A vhf
transmitter after overhaul. Single-
channel tuning of the r-f exciter
circuits is done by adjusting the
plate circuit of each stage for maxi-
mum grid current in the following
stage. The final amplifier tube is
then inserted and its grid and plate
circuits resonated. A dummy an-
tenna is next connected, the output
amplifier readjusted for resonance
and all stages checked.

For testing remote transmitter
control units as well as receiver in-
stallations under simulated use con-
ditions, the test rack illustrated in
Fig. 6 contains circuits which serve
as equivalents of telephone lines.
and supplies necessary power and
keying and dialing circuits for com-
plete operation. It also can be used
to test high-frequency transmit-
ters, chiefly the 50-watt W. E. 13
ground transmitter.

Transmitter Tube Tester

The tube tester illustrated in Fig.
7 is designed for heavy-duty recti-
fler tubes and transmitting tubes
only. The tube tester provides a
low-voltage rectifier test. a high-
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FIG. 8—Circuit of tube tester. A power tube is operated as an r-f oscillator under load
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voltage rectifier test, a transmit-
ting-tube static test, a transmitting-
tube dynamic test, and a cathode-
ray test of transmitting tubes. In
the latter test, a visual emission
curve is provided on the screen of
the cathode-ray tube.

Separate adjustable power sup-
plies are provided in the tube tester
for the control grid, screen grid,
suppressor grid and plate potentials
of the tube under test. These po-
tentials are individually contrelled
by the operator of the tester. As
shown in the photograph, volt-
meters for each circuit permit con-
tinuous monitoring of potentials

and precise adjustment for varieus
types of tubes. Up to 8,000 volts
can be applied to tubes under vari-
ous conditions of load.

The circuit of the tube tester is
shown in Fig. 8 For the dynamic
test of transmitting tubes, the tube
is operated as an r-f oscillator to
simulate the load conditions of the
tube in its normal circuit. Power
generated by the tube at a fre-
quency of appraximately 200 kilo-
cycles is dissipated in a load com-
posed of a number of 600-ohm
resistors that are connected in a
series-parallel arrangement to per-
mit obtaining loads of 120, 240 and

FIG. 10—Frequency-measuring equipment used in calibrading quartz-crystal blanks

%
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480 ohms. Control of the load cir-
cuits is accomplished by means of
three knobs at the top of the test
stand.

Components Layout

A series of interlocking door
switches, time-delay circuits and
indicator lamps act as safety de-
vices to protect the operator of the
tube tester. After he has made
proper selection of operating poten-
tials to be applied to a tube under
test, it is necessary for him to step
on a foot switch to actuate the
circuits.

The left-hand rack shown in the
photograph (Fig. 7) contains the
high-voltage selector and preheater
supply unit, the oscillator and
master socket unit with suppressor-
polarity reversing switch, tuning,
load, grid excitation and coupling
controls, the r-f load and associated
external 500-ma and 3-amp thermo-
couples.

The center rack section contains
the meter panel with range-selector
relays, the 905 cathode-ray tube,
the control unit with its warning
and indicator lights, 878 rectifier,
632 thyratron and associated con-
trols for the cathode-ray circuit, 82
rectifier, 2050 thyratron and con-
trols for the overload circuit and
meter-range selector buttons.

The third rack section contains
the variable high-voltage control,
the variable low-voltage control unit
using two power supplies to supply
the grid and suppressor grid volt-
ages, a 15-volt power supply unit
which has a time relay and uses
two type LVR 2-amp mercury-
vapor rectifiers to supply low volt-
age for the rectifier test. The 1,000-
volt power supply has a master-
switch circuit breaker for the en-
tire tester and uses two type 249T
rectifiers which supply the screen
voltage. The 4,000-8,000-volt power
supply with the low-voltage high-
voltage relay supplies the plate volt-
age for all tubes except rectifiers,
which operate directly from the
high-voltage secondary.

The fourth section, across the top
of the three racks, is the rectifier
load with associated controls. The
instrument operates from a 3-kw
line.

The panels shown in Fig. 9 test
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and align radio equipment used in
overseas aircraft. The apparatus on
the upper shelf, from left to right,
consists of an oscilloscope, audio
oscillator, volt-ohmmeter, frequency
standard and signal generator. The
equipment below the shelf com-
prises control and meter panels.

The equipment used in crystal-
frequency monitoring as well as
testing of crystals is shown in Fig.
10. This equipment consists mostly
of General Radio units and some
AA-built units. Other gear, not
shown in this photograph, tests
crystals in their holders, measures
activity, and permits grinding to
proper dimensions.

Other Equipment

For rapid routine testing of dy-
namotors, the test stand of Fig. 11
has been built to check all types of
dynamotors from the smallest type
used in receivers to those used in
transmitters. Adapters are pro-
vided to accommodate the different
types so that a number of dyna-
motors can be connected to the in-
strument at one time. The test
stand is arranged so that all the
meters can be switched to a particu-
lar dynamotor being observed. The
noise meter, actually a vacum-tube
voltmeter with preamplifier, indi-
cates excessive ripple due to faulty
commutator brushes and in some
cases due to electrostatic accumula-
tions on ball bearings which dis-
charge through the oil film.

Headsets and microphones are
tested for sensitivity and frequency
range in the instrument illustrated
in Fig. 12. Headsets can be matched
so that two headsets will be equal in
volume at all frequencies. An audio
oscillator furnishes a signal audible
in the headset. The signal is picked
up by a special dynamic microphone
which feeds an oscilloscope and a
meter that measures voltage out-
put.

The radio overhaul shop at La
Guardia consists of a main area for
general overhaul, a separate manu-
facturing section, and several
smaller rooms, screened or other-
wise constructed for special testing.
For screening purposes, the tech-
nicians in this shop prefer a scraen
composed of hot-galvanized-dipped
wire of }-inch mesh instead of more
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FIG. 11—A variely of adapter chassis permits testing dynamotors under load and
for extessive noise

FIG. 12—Complete facilifies for testing microphones and headsets

closely woven copper screening. The
objection found in the case of the
copper is that it eventually oxidizes,
resulting in incomplete screening in
spots, whereas the galvanized
bonded wire does not work apart or
deteriorate at the joints.

Policy in connection with over-
haul is the responsibility of the Di-
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rector of Communications, G. E.
Mears, and Stanley Irwin, Assis-
tant Director.

The author wishes to acknowl-
edge assistance in the preparation
of this article on the part of Ralph
Core, Supervisor, and Walter
Grasel, Shop Foreman, of the radio
overhaul shop.
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Typical antenna installation employed by a Texas telephone
company

VHF Telephone Link

Standard radio equipment is modified and provided with a balancing network for matching
into line-telephone equipment. Resulting extension of telephone service reaches isolated
homes and business enterprises, or provides short-haul toll circuit over rough or impass-

able terrain where wire lines can not be run

By E. H. B. BARTELINK and E. A. SLUSSER

Radio Engineer Assistant Radio Engineer

ANY homes, businesses and
M communities in remote loca-
tions do not have telephone service
because of the prohibitive expense
of building the long wire lines
necessary to reach them. In a num-
ber of these cases vhf radio circuits
may provide the necessary tele-
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General Telephone Service Corp.
Ncw York, N. Y.

phone facilities at acceptable costs.
Radio circuits offer the advantage
of speed of installation and the
elimination of pole lines, which are
expensive to build and to maintain
whenever long distances are to be
bridged in remote regions. Such
radio circuits, operated as part of a
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telephone system, are particu-
larly advantageous where bodies of
water or rough, hazardous terrain
have to be crossed.

The need for a simple, reasonably
priced unit to handle such cases has
been indicated. For this reason,
the development of a single-channel
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FIG. 1—Block diagram of a two-way radiotelephone circuit connected to conventional
two-wire telephone system
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FIG. 2—Terminal equipment used to extend wire-telephone service by means of
radio. It can be used in different ways, using optional interconnections

for Isolated Communities

LICENSE
REQUIREMENTS

Use of vhf radio circuits to supple-
ment wire-line service by telephone com-
panies is predicated on a number of
factors under the cognizance of FCC.
Present grants are on a “secondary”
basis—dependent upon noninterference
to the mobile service, and licenses require
special handling in each case.

Certain additional licensee categories
are now, or will be, eligible for point-to-
point vhf grants under a proposed FCC
rule. Included are railroads, petroleum
industry, lumbering, and special industrial
services. In some cases, such service is
on a secondary basis; in others it is sub-
ject only to conditions of noninterference
to presently established services. License
applications in these categories will also
require individual handling for each case.

The Commission’s present allocations
are shown in the Federal Register, p 8130
to 8156, Dec. 21, 1948. The major part
of the proposed allocations plan is shown
in the Federal Register, p 3376 to 3441,
June 23, 1948,

—The Editors

vhf link, operating in the 152-to-
162-mc band, was undertaken in
the Radio Department at General
Telephone Service Corporation.

Interconnection Problems

When a radio circuit is to be used
between two fixed points, there is
no problem in operating a two-way
system provided that four wires
are furnished between the radio
facilities and each operator’s posi-
tion. The nation’s wire-telephone
network, however, operates on a
two-wire basis. Only two wires
extend from the central office to
each subscriber’s instrument. In
order to use radio as an extension
of the telephone network, it is there-
fore necessary to match the four-
wire radio network into the two-

ELECTRONICS — April, 1949

wire land-line telephone system.

While usable results can some-
times be obtained by paralleling
transmitter input, receiver output,
and line, it is generally found that
the audio gain of the radio circuit
must be kept down to very low
values in this arrangement to pre-
vent oscillations because of the
feedback path existing around the
radio-circuit loop. Owing to the
variation of phase angle over the
frequency band, even a transposi-
tion of the audio wires in such a
feedback circuit will not eliminate
this problem, although it will
change the frequency of the oscilla-
tions.

To overcome these difficulties, a
hybrid system for which a simpli-
fied block diagram is shown in Fig.
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1, is used. In the ideal case, the
balancing network is an exact rep-
lica of the impedance presented at
the terminals leading into the wire-
line system. Under these condi-
tions, any voltages impressed by the
receiver output will leave the points
across which the transmitter is
bridged at the same potential, and
thus no energy is transferred to the
transmitter. Incoming signals from
the line, however, will produce a
voltage across the transmitter. This
arrangement theoretically permits
high stable gain.

To obtain perfect balancing, it
will be necessary to provide a
special network for each of the in-
numerable varieties of lines that
might be attached to the radio
circuit through the switchboards at
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the central office. Fortunately, it is
found in practice that a compromise
balance may be used, that is, a bal-
ance that represents the impedance
of the average wire line. By using
this compromise balance, gain
values may be obtained that are
acceptable for telephone operations
while maintaining a sufficient
safety margin below the “singing”
or oscillation point.

In the unit described here, hy-
brid circuits, as well as the signal
circuits, are concentrated in a
termination panel. For practical
reasons, it was found desirable to
interconnect all the units through a
distribution panel, as shown in the
block diagram of the system in
Fig. 2.

Functions

There are three main functions
which the radiotelephone unit can
perform. It can be used to give
telephone service to a single isolated
subscriber; it can be used to give
telephone service to a distant group
of subseribers who are located suf-
ficiently close together to permit
their interconnection by means of
a few miles of wire line; and the
unit can be used for toll circuits
between central offices. To obtain

IST LIMITER

1

& P
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FIG. 3—Carrier-operated relay circuit for
dial and ringdown operation
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these different functions, some cir-
cuit changes must be made in the
termination panel. The different
circuits are obtained by changing
straps on a terminal board con-
tained in the unit.

If service is to be given to a
single remote subscriber, a termina-
tion panel is needed in the central
office to match the four-wire radio
circuit to the two-wire telephone
system. At the subscriber end,
however, it is not necessary to pro-
vide a hybrid system, and accord-
ingly the termination panel can be
removed from the subscriber’s
radiotelephone unit. At least one
standard make of subscriber instru-
ment can easily be rewired to pro-
vide a four-wire circuit, as well as
the necessary control circuits for
this application. This instrument
is then directly connected to the dis-
tribution panel by means of a mul-
ticonductor cable. The subsecriber,
through his radio circuit, can then
be connected to either a manual
telephone exchange (using central
battery supervision) or to a dial
exchange.

Radio Party Line

More than one isolated sub-
scriber may be given service from
the same central office on the same
pair of frequencies. When calling,
the central office may distinguish
between the different subscribers
on this “party line” either by us-
ing coded ringing or by harmonic
ringing. In the latter case, any one
of a number of different ringing
frequencies can be transmitted. The
subscribers’ bells are mechanically
tuned to these different frequencies,
and only one bell will ring for each
frequency transmitted.

One problem occurs when the sub-
scriber desires to talk to another
subscriber who is connected to the
central office by means of the same
pair of radio frequencies and
through the same radiotelephone
terminal at the central office. If
two subscribers are transmitting
simultaneously, beat notes are likely
to occur in the central-office re-
ceiver. For this reason, a switch
must be provided in the subsecriber
instrument. Operation of this
switch will put the subscriber’s
transmitter under the control of a
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pushbutton in the handset, and
push-to-talk operation, as used in
mobile radio, is then employed.

In some cases, several potential
subscribers are located close to-
gether so that the building of a
short-wire line will make it possible
to interconnect subscribers. The
vhf radio link can then be used to
connect these subscribers to the
central office; termination panels
are needed at both the central office
and the remote terminal. In this
case, the subscribers’ sets are con-
nected across the standard two-
wire telephone circuit. Manual or
dial operation, as well as coded or
harmonic ringing, are again avail-
able in this application.

Toll Circuits

A common form of toll cireuit is
the ringdown type, in which the
operator applies ringing voltage to
the line to activate a lamp or signal
at the distant end when she initi-
ates a call. Ringing current is
reapplied either to recall the other
operator after the connection has
been established or to signify the
termination of the call. The radio-
telephone unit described here pro-
vides such ringdown toll circuits.
Termination panels are needed at
both ends. For voice transmission,
such a circuit has advantages over
a physical wire line, because voice-
frequency gain is available in the
radio units. This feature, combined
with the voice-frequency gain sta-
bility resulting from the use of fre-
quency modulation, permits the
operation of a stable zero-loss or
low-loss circuit. The same ad-
vantages in transmission quality
are obtained on the subscriber
circuit.

Other types of toll-circuit signal-
ing are needed in some cases; and,
for this purpose, an alternate panel,
permitting full two-way dialing
over the radio circuits, has been
developed.

Description of Equipment

The radio transmitter and re-
ceiver used operate in the 152-to-
162-mc band and are materially
the same as those used for the low-
power land transmitter and for the
land receiver in urban-mobile svs-
tems. The fact that these units are
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already in quantity production re-
sults in acceptable price and de-
livery schedules, which could not be
obtained if special units were to be
designed and built for this service.
Some minor modifications are made
in these units to adapt them for the
particular service and specifically
to provide the supervisory signals
that are necessary when connection
is made to the existing telephone
system. Supervisory signals are
transmitted in these units by con-
trolling the r-f carrier either by
switching it on or off or by recur-
rent interruptions which are used
for the transmission of ringing and
dialing.

It should be noted that while the
equipment described here operates
in the 152-t0-162 mc band, the same
modifications may be made to equip-
ment operating at other vhf bands,
such as the 72-to-76 mc band.

Apart from the antennas and r-f
lines, a complete radio terminal con-
sists of the units illustrated: re-
ceiver, termination panel, distribu-
tion panel, transmitter, and power
supply for transmitter. These units
are permanently interconnected.

The receiver is a modified 152-to-
162-me fixed-frequency unit (RCA
CR-3B) of the double-super-
heterodyne type using different
harmonics of a single crystal oscil-
lator for the local oscillator fre-
quencies. This unit is tuned at the
factory to a specified frequency.
The receiver contains a carrier-
operated relay and associated cir-
cuits to follow dialing and ringing
pulses. The tube complement is as
follows: two 6AKS5 tubes operating
as an r-f amplifier and first de-
tector; three 6AG5 tubes operating
as the oscillator, first multiplier
and second multiplier; six-6SH7
tubes operating as a second de-
tector, first and second i-f amplifier,
first and second limiter, and second
audio; two 6H6 tubes operating as
the discriminator rectifier and the
noise rectifier; one 6SL7 squelch
tube and first audio tube; one 6K6
output tube; one 6SN7 relay tube
and one 5Y38 rectifier.

Relay Circuit

Normally the carrier-operated
relay provided in this receiver is
operated from the squelch circuit.
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In order to get a low distortion
figure for the dial and ringing
pulses, it was found desirable to
energize the d-c amplifier, normally
used, from limiter current instead.
In addition, faster time constants
were incorporated. The relay cir-
cuit is shown in Fig. 3.

A more detailed description of
the termination panel would go be-
yond the scope of this paper. How-
ever, Fig. 2, which represents a
simplified schematic diagram,
shows that operation of the re-
ceiver-carrier relay will apply a-c
ringing voltage to the outgoing tele-
phone line by means of the CSR
relay in toll application and for the
distant unit for subscriber opera-
tion. Ringing voltages, received
from the line, operate polarized
relay P and will interrupt the out-
going carrier by applying cutoft
bias to the transmitter. In the sub-
scriber terminals, a wiring change
is made so that P relay will put the
transmitter on the air as soon as
the subscriber lifts his handset.
The same hybrid circuit is used in
all these applications; it is also
shown in Fig. 1.

The distribution panel (Fig. 2)
interconnects all units as shown. It
also contains a power-supply unit
with its positive side grounded.
This power-supply unit, by means
of relay T can apply cutoff bias to
the transmitter. It also provides
the d-c supply for the termination
panel and the microphone current
for single subscribers.

Transmitter

The transmitter used is the RCA
CT-5A 45-watt 152-t0-162-mc unit.
Like the receiver, it is modified for
this specific purpose. It is also pre-
tuned prior to shipment, so that
only minor adjustments are neces-
sary to place it in operation. The
major modification made in this
transmitter permits keying by ap-
plying negative voltage to grid of
the last tripler tube and final ampli-
fier.

The normally-used transmitting
and the receiving antennas de-
signed specifically for use with this
equipment are three-element direc-
tional types consisting of a driven
element, reflector, and director
mounted on a subassembly. They are
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connected to the radio terminal by
means of coaxial cables. The an-
tenna elevation needed may vary
from one situation to another but,
in general, antennas should be at
least 30 feet above ground level and
15 feet above surrounding build-
ings. Under such conditions, normal
operating range is in the order of
25 to 30 miles over flat country.

Installation

To support the antennas, a single
telephone pole can generally be used.
Normally, sufficient spacing is ob-
tained when the two directional
antenna structures are supported
at opposite ends of a 10-foot cross-
arm. Coaxial cables, attached to
the pole at proper intervals to give
mechanical support, connect these
antennas with the terminal unit.
The cables are equipped with coax-
ial fittings that are connected to
corresponding receptacles in the
transmitter and receiver. For use
in a central office, two wires from
the main distributing frame are
connected to a terminal block in the
unit. For remote communities, the
outside interconnecting wires, hav-
ing been properly fused and pro-
tected, are similarly connected to
the termination panel, and a micro-
phone-supply battery is added. For
single subscribers, a specially-wired
subscriber set is plugged into the
distribution panel, and the termina-
tion panel is omitted. Connection
of a ground wire and insertion of
the power plug into the 110 volt 60-
cycle outlet makes the system ready
for operation.

The power requirement of this
unit is 477 watts for toll-circuit
operation. In subscriber operation,
it is 477 watts while transmitting,
and approximately 380 watts for
standby operation.

Cost

Although the present cost data
are still preliminary and may re-
quire further revisions, the present
indications are that the cost for a
complete radio circuit will be below
$3,000. On this basis, such circuits
may well provide the means to per-
mit telephone companies to give
service to a number of locations
where it is presently impracticable
to do so.
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used for stabilizing frequency control
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FIG. 2—Sampling stabilizer using a klystroo

oscillator

TIME and FREQUENCY
STANDARD

Spectral absorption of microwaves by gases is so stable that the National Bureau of Stand-

ards is using the phenomenon as a standard of time. Oscillators for communications and

measurements at ubf can also be stabilized by utilizing the absorption principle

Y USING the absorption of am-

monia gas at 23,870.13 mega-
cycles as the primary standard of
time in a new clock, the Bureau of
Standards has shown the utility of
microwave spectral absorption as a
time and frequency standard. Not
only does this spectrographic tech-
nique provide a more invariant time
standard than heretofore available
for scientific and engineering meas-
urements, but it also provides a
means for stabilizing ultra high
frequency oscillators with an ac-
curacy at least as good as that ob-

tained at high frequencies by
quartz-crystal control.
Quartz crystals (or magneto-

striction bars) can be dimensioned
so as to vibrate at the frequency
(or one of its subharmonics) to be
stabilized. On the other hand, ab-
sorption lines occur only at certain
specific frequencies. Simple tech-
niques can be used to relate any
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oscillator frequency to a convenient
spectral absorption line. For many
applications the equipment need not
be elaborate; for the ultimate in re-
finement the system employed in the
“atomic” clock (more strictly, a
molecular clock) can be used.

Stabilizing Oscillators

There are several basic methods
of stabilizing the frequency of mi-
crowave oscillators to a degree com-
parable with that obtained by crys-
tal control at lower frequencies.
The reasons for the arrangement
and the development of the tech-
niques used in the clock to be de-
scribed here will be more readily
understood if these previously
described methods are briefly re-
viewed.

As at low frequencies, a discrim-
inator can be used to develop a volt-
age whose amplitude and polarity
are indicative of the deviation of
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an oscillator’s frequency from the
center frequency of the discrim-
inator. Such a technique has the
merit that the diseriminator can be
more carefully stabilized in most in-
stances than the oscillator itself.
As used to stabilize microwave
oscillators, a discriminator consists
of two waveguide tees, a nonreflect-
ing termination, a short waveguide
and a cavity' as shown in Fig. 1A.
The cavity, which determines the
center frequency, can be propor-
tioned for the highest selectivity
and constructed for the greatest
stability ; but, were the cavity to be
associated directly with the oscil-
lator tube, its design would have to
be compromised to meet the re-
quirements of the tube.

The next step is to replace the
cavity with a waveguide, contain-
ing a gas at low pressure, (Fig.
1B) whose spectral absorption line
determines the center frequency of
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Rear (left) and front (right) views of the Bureau of Standards clock. The tubing containing ammonia gas is wound in a helix around

the large clock at the top

the microwave discriminator®. The
cavity discriminator is readily ad-
justed for complete cancellation of
the signal at the center frequency.
Design of the gas line is not as
simple because the line cannot be
made long. If it is made long ab-
sorption will also take place just
each side of resonance, broadening
the apparent absorption band.

Spectrum Stabilization

With a cavity discriminator oper-
ating in the 3-cm band, a stabiliz-
ing output from the discriminator
of 250 millivolts per megacycle has
been obtained'; on the other hand,
using the 38,3 spectral line of
ammonia (in the 1-em band) at a
gas pressure of somewhat more
than 0.1 mm of mercury in a spec-
trum-line discriminator, a stabiliz-
ing output of 70 millivolts per mega-
cycle has been obtained®. Although
the cavity discriminator gives the
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greater selectivity, the spectrum-
line discriminator can be expected
to have the higher stability.

The cavity discriminator can be
built for any desired center fre-
quency, or even made tunable. How-
ever, the spectrum-line discrim-
inator can only be made for a
center frequency at which there is
an absorption line. (Although the
absorption frequencies can be
shifted by applying static electrie
or magnetic fields, this technique
would reduce the stability of the
line.) The next step, therefore, is
to provide a means for relating the
oscillator and discriminator fre-
quencies.

The output from the master oscil-
lator could be modulated or hetero-
dyned with an auxiliary oscillator
to obtain a signal at a spectral line,
but this (usual) technique intro-
duces some inherent instability
from the auxiliary oscillator. (The
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auxiliary resonant circuit can be in
either an oscillator or a tuned
amplifier, the choice being one of
system arrangement rather than of
system stability.)

Frequency Sampling

Another method by which a mi-
crawave oscillator can be related to
a spectrum line is to sweep an auxil-
iary oscillator through the absorp-
tion frequency of a gas and through
the frequency of the master oscil-
lator®. The method, in effect, moves
the discriminator from the ultra
high frequency portion of the sys-
tem to a low-frequency {pulse) por-
tion.

The action of this system, indi-
cated in Fig. 2, is briefly as follows:
the search oscillator is swept across
the absorption frequency of the
spectrum line. The signal from the
search oscillator passes through
the waveguide and is detected at
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FIG. 3—S8implified block diagram of the NBS clock. based on 100-kc crystal driving a
phase-modulated klystron multiplier

the far end. At the instant that
the frequency passes through the
absorption line, the detector output
is interrupted, thus delivering a
pulse that is amplified and passed
to the phase detector (pulse discrim-
inator). In a parallel path, the
output from the search oscillator
is mixed with the output of the
master oscillator. The output from
this mixing is a variable frequency,
for which the transmission charac-
teristic of an amplifier serves as a
discriminator to produce a second
pulse. The two pulses are passed
to the phase (or coincidence) de-
tector to generate a stabilizing volt-
age proportional to the time differ-
ence between the two pulses.

Sampling Rate

The stabilization that can be ob-
tained with this system depends
primarily on the rate of sampling
(search frequency) and the gas
frequency. (The resonant circuit
of the amplifier that provides the
diseriminator action following the
mixer also introduces a residual in-
stability. As in continuous-control
systems, the resonant circuit in the
mixer output could be shifted to a
beating or modulating oscillator
operating on the output of either
the search or master oscillator with-
out changing the hypothetical sta-
bility, although there might be prac-
tical advantages for one of these
three positions.)

Whereas the systems using mi-
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crowave discriminators depend on
high amplification to make full use
of their inherent stability, the sys-
tem using sampling and pulse-coin-
cidence discriminator relies on high
time resolution in the pulse circuits
to realize its inherent stability.

Precision Time Standard

The technique described is suit-
able for most ¢ommunication and
laboratory applications. However,
for the ultimate accuracy, as is re-
quired in the standard time service
provided by the National Bureau of
Standards, further refinement is
necessary. In particular, because
of the inherent inability of the
searching technique to counteract
frequency changes in the master
oscillator taking place faster than
the sampling rate, short-term sta-
bility needs to be incorporated.
This feature is provided in the
clock by using a fairly stable (crys-
tal-controlled) master oscillator. In
effect, crystal control of the master
oscillator adds the analog of inertia
to the frequency of the oscillator so
that the stabilizing circuit need
only contend with the slow drifts
associated with a high-inertia sys-
tem. The absorption frequency of
the gas can then be sampled slowly
enough to assure full response to its
highly selective frequency charac-
teristie.

In the clock, for which a simpli-
fied block diagram is shown in Fig.
3, a 100-ke crystal-controlled master
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oscillator is the circuit to be stab-
ilized. Its frequency is multiplied
and frequency modulated and again
multiplied to the frequency region
of the ammonia-gas absorption
line that is used as the comparison
standard. By using the multiplied
master-oscillator frequency as the
central frequency for the searching
system, the clock is further freed
from instabilities of auxiliary com-
ponents. As in the previously de-
scribed sampling system, a pulse is
obtained as the signal sweeps
through the absorption line. A
second pulse is obtained by mixing
the multiplied frequency from the
master oscillator with the auxiliary
frequency-modulated oscillator to
obtain a second pulse. The time in-
terval between these two pulses
generates the control voltage for
correcting the frequency of the
master oscillator.

There is a finite interval between
the two pulses. This time interval
is .a function of the intermediate
frequency (1.39 mc) used with the
mixer and the rate at which the
sawtooth generator frequency mod-
ulates the auxiliary oscillator. The
tuned circuit in the intermediate-
frequency output of the mixer in-
troduces a residual instability that
could be eliminated (in either
sampling system) by producing the
pulse at zero beat (when the output
from the mixer passes through
zero). This method has the added
advantage of any null system.

With the highly accurate and
stable time standard available from
a spectrum line, precision measure-
ments in all branches of science and
engineering can be made with a
higher degree of confidence than
heretofore. The technique also pro-
vides, in simpler form, the means
for stabilizing communication cir-
cuits so that as efficient use can be
made of the microwave portion of
the radio spectrum as is now pos-
sible in utilizing the lower frequen-
cies.—F. H. R.
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High-Speed
TRIGGER CIRCUIT

For microsecond flash photography and projectile and impact research, precisely timed

pulses actuate equipment following a sound, flash of light or other physical event under

observation and subsequent analysis

By WILLIAM B. LURIE*

HE EQUIPMENT to be described

is useful for applications in
which triggering or firing pulses
are required in a predetermined
time pattern following any physi-
cal event (a sound, flash of light,
interruption of a beam by a bullet,
or making or breaking of a cir-
cuit). The purpose of this develop-
ment was originally to incorporate
into the Westinghouse Micronex
ultra-high-speed x-ray equipment
suitable electronic circuitry to
make more precise the time of gen-
eration of the x-ray pulse. The ex-
act application cannot be released
from classified status at this time,
but the functioning of the equip-
ment will be described for a hy-
pothetical though similar applica-
tion.

General Objectives

Assume that an electrical impulse
of known characteristics is to be
applied to a subject, and that it is
desired to take three pictures of the
subject, p, ¢, and » microseconds
after the start of this pulse. The
task may then be divided as fol-
lows:

(1) Reliable generation of a
single loew-level keying pulse.

(2) Providing three variable de-
lays, in order that the three pic-
tures may be taken at anv desired

*Now with Machlett Laboratorles, Inc.,
Springdale, Connecticut.
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times following the application of
the impulse.

(8) Generation of three high-
level firing pulses, each initiating a
suitable flash equipment (a spark
gap, for example).

(4) Generation of an electroni-
cally-produced impulse, which for
the classified application was re-
quired to be a single square current
pulse of preset height and width.

The project was undertaken with
the understanding that the equip-
ment would be made as accurate as
possible in the time coordinate. For
this reason, radar components used
in systems involving time jitter of
the order of 0.05 microsecond were
brought into use.

Referring to Fig. 1, a pulse with
steep rise is produced by mechani-
cally connecting a charged capaci-
tor into the grid circuit of a 6SN7
or TNT twin triode. The two triode
sections are used in parallel as a
cathode follower; the output pulse
is coupled to a 6AGT cathode fol-
lower, and also to a 2050 thyratron,
whose firing removes essentially all
voltage from the capacitor until a
reset button is operated. This pre-
vents generation of multiple pulses.
Equipment used in conjunction
with Fig, 1 includes meter circuits
(for checking 2050 bias, 7TN7 bias,
regulated and unregulated power-
supply voltages), and power sup-
plies for the initial pulse generator

+ 400V D-C,100 MA
ROV - 200V DC
SUPPLY VWA
FOR KEYING
PULSE _ VRI05
CHASSIS mB —105V
+350VDC, t£<RESET EXTERNAL
200MA M
POWER 8 g
SUPPLY 8. S
FOR DELAY = &
CHASSIS
:l [l
= 00l |O‘OI ° g
3 ?
<
1 ( PULSE
3 - OuTPUT
105V 120000
50,000 =

FIG. 1—Single pulses are generated with this circuit
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and the following variable delay
circuits,

Yariable Delay Circuits

The problem of furnishing vari-
able delay was analyzed from the
standpoint of prediction, calibra-
tion, and reproducibility of delay,
and therefore all R-C charging and
discharging circuits were rejected
in favor of artificial transmission
line-type delay networks. The net-
works selected were designed for
125-ohm characteristic impedance,
delay 1.4 usec per unit, and a band-
pass of 8 megacycles, insuring the
accurate transmission of all pulse
components not exceeding that fre-
quency. Referring to Fig. 2, 19
duch networks were placed in
geries, giving a maximum delay of
26.6 usec. If desired, one of the
units may be unboxed, and smaller
units of time delay, down to 0.05
usec, used. Also, for more delay
more units may be placed in series.

It should be borne in mind, in
assembling this type of equipment.
that the propagation of electromag-
netic waves along normal coaxial
cables takes place at a velocity of
approximately 120,000 miles per
second, or about 630 feet per micro-
gecond. Pulse transmission for a
distance as short as 6 feet, then.
produces automatic delay of the
order of 0.01 wsec, which must be
taken into account if calibration to
0.05 psec is attempted.

The input pulse, which is posi-
tive, is first inverted in one-half of
a TN7 twin triode, becoming nega-
tive; all positive portions are then
clipped off in the second half of this
same tube, which also amplifies the
pulse, which then proceeds to a
6V6 (triode connected) cathode fol-
lower, of 125 ohms output impe-
dance. Several short-time-constant
interstage coupling networks are
used. as differentiator-peakers. The
pulse at 125-ohm impedance is ap-
plied to the 125-ohm delay lines, in
series; the impedance mateh is
completed by placing a 125-ohm
noninductive resistance across the
output of the 26.6-usec line.

Three pairs of switches are so
arranged that three output pulses
may be obtained, at any three de-
lays (independent) from 0 to 26.6
usec. Each pulse, attenuated in the
delay line, is fed to another 7N7 in-
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FIG. 3—Each high-level pulser

verter, clipper, shaper and 7N7
cathode follower, to provide a nar-
row, low-impedance, steep-rising,
positive-going pulse to energize the
hydrogen thyratrons which follow.

The pulse, as selected at various
points on the delay line, is applied
directly to the grids of negatively-
biased triodes, thereby providing a
high impedance which does not dis-
turb the impedance match along the
delay line. The input pulse to this
delay unit is also brought out, un-
delayed, for use in initiating the
single square current pulse.

High-Level Firing Pulses

Each delayed, shaped pulse is
used to trigger a 5C22 hydrogen
thyratron connected as in Fig. 3.
This causes a charged capacitor or

.

v
S et
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employs a hydrogen thyratron

artificial pulse line to discharge
through the primary of a pulse
transformer, which may be a 1:10
trigger type for gap firing, or a
magnetron type if a pulse of con-
trolled duration is desired. In
either case, a voltage pulse of
height up to about 30 kilovolts and
rise time of the order of 0.1 micro-
second is obtained.

If a capacitor is used to dis-
charge through the pulse trans-
former, the discharge shape is
determined by the R, L and C con-
stants of the circuit. To achieve
minimum rise time and maximum
voltage, the inductance in the cir-
cuit should be minimized by mount-
ing the thyratron, capacitor, trans-
former and gap, (flash tube), as
close together as possible. The peak
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FIG. 4—Sixteen-thousand-volt power supply

0.002
MiCA

FROM
FIG. 2
INPUT

5
PECIAL)

Y
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IT¥

EACH L:4MH, LESS THAN I-OHM D-C RESISTANCE
L L

ARTIFICIAL LINE

TO 2-Kv
D-C SUPPLY

SCOPE TRANSFORMER
AND 3B24

FIG. 5—Circuit of square-wave pulse generator

voltage available is equal to the
charging voltage (not to exceed 16
kv for the 5C22) times the step-up
ratio of the pulse transformer. Us-
ing an artificial pulse-forming line,
properly matched, the peak is one-
half this value.

All 5C22’s will not stand off 16
kv d-c continuously; some can be
aged up to this value. In any case,
they must be well shielded, or all
will be fired by the first high-level
pulse generated in the vicinity.

Since very little average current
is drawn at the high anode voltage
of the 5C22’s, essentially all the
pulse energy being obtained from
charged capacitors, the high-volt-
age power supply may be a voltage
doubler, as shown in Fig. 4. Type
705A were used first because of
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availability in an existing power
supply; actually 3B24’s are satis-
factory.

Square Current Pulse

The undelayed pulse is applied to
a pulse shaper, a clipper, and to a
3C45 hydrogen thyratron square-
pulse generator as shown in Fig. 5.
The load is shown as a 45-ohm re-
sistance in the cathode circuit; for
the original application, a current
of up to 10 amperes was required,
through a resistance of the order
of 1 ohm. A total resistance of 45
ohms was provided, which allowed
the current to be varied, up to the
maximum, by various combinations
of series and parallel circuits. In
order to insure reliable firing of the
3C45, a 2,000-volt anode supply was
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provided, again required to supply
little average current.

To provide a quick-rising, flat-top
pulse, an artificial line was used in
the 3C45 plate circuit as a current
source. Since the requirements of
this line are that it supply a 10-
ampere pulse for at least 1 millisec-
ond into a 45-ohm load, an open-
end artificial line of ten L sections,
of 45 ohms characteristic imped-
ance, and delay per section of 90
microseconds was tried. The total
pulse length here is 10 times 90
pwsec in each direction along the
line, or a total of 1.8 milliseconds.

As marked on Fig. 5, each in-
ductance along the line is 4 milli-
henrys; each capacitance is 2 mi-
crofarads. The inductors, however,
must have low d-c resistance in or-
der not to attenuate the 10-ampere
pulse current. In the first model,
these were hand wound on small
filter choke cores. Ideally, at least
the first 30 usec of this line should
be made of small sections compar-
able to the commercial lines used
for the variable delay, but the en-
tire 900-usec electrical length of
this line cannot conveniently be
(and need not be) made up of 8-
megacycle wide, 1 or even 5-micro-
second delay lines.

Charging this line to 1,800 volts
and discharging it into a 45-ohm
load, 2 maximum pulse current of
20 amperes is obtained. When the
thyratron conducts, the line is
placed across the cathode resistance
which is always maintained at 45
ohms, the characteristic impedance
of the line. The voltage across the
load is instantaneously 900 volts,
and remains at this value until the
line discharges, twice its electrical
length in microseconds later.

There are many uses for this
type of synchronizing and trigger-
ing equipment. These include mi-
crosecond flash photography, pro-
jectile and impact research and ex-
plosive research. The equipment
was developed by the author while
employed at Picatinny Arsenal,
Dover, N. J., and publication of
circuit details at this time does not
imply release from security classifi-
cation of the associated equipment
connected with explosives research.
It is hoped that at a later date the
complete equipment, with research
results, may be described.
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Automatic Bridge for

Universal jig for testing components with pigtails,
jaws when component touches ejector plate between jaws.
is directly below jig

Solenoid in box at left closes
Sorting chute opening

Front view of automatic bridge, showing
jig, sorting chute and door-control solen-
oids. and bins

Eight different sets of ratio arms are switched, separately and in sequence, into a simple

1,000-cps Wheatstone bridge. Novel discriminator detects bridge balance and initiates

operation of sorting mechanism. Unit construction facilitates trouble shooting

ESISTORS, capacitors, inductors,
R or any impedance elements
ranging from 1 ohm to 5 megohms
can be automatically tested and
sorted at production speeds with
the automatic bridge deseribed in
this article. Accuracies of the
order of =0.8 percent are obtain-
able with unskilled operators. The
instrument sorts components into 8
groups (depending on the compon-
ents’ deviation from their specified
value) at rates as high as 1,800
units per hour, or into 4 groups at
‘3,600 per hour.

The type of test jig employed is
determined by the physical con-
struection of the components being

‘88

tested. The jig shown in the ac-
companying photograph is used in
testing components having pigtails.

Ir operation, a standard of the
value of impedance being tested is
plugged into the rear of the cabi-
net. The components to be tested
are then fed into the test jig which
consists of two sets of metal-faced
jaws which firmly grasp the com-
ponent’s pigtails. When contact is
made, the testing cycle begins, and
almost instantly the piece is
measured and ejected from the jig
inte a sloping chute; one of the
doors in the bottom of the chute
opens, and the component falls into
one of eight bins depending on its
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actual value. As the next com-
ponent is put in the jig the cycle
repeats.

The tolerance limits of the groups
are fixed by plugging appropriate
limit plugs into connectors in the
rear of the ecabinet. Typical limits
for a 1,000-ohm component might
be as follows: —20 percent, —10
percent, 0 percent, +10 percent,
+20 percent, +30 percent, and +40
percent. These limits would per-
mit sorting components into eight
groups having the following ohmie
ranges: (1) below 800, (2) 800 to
900, (3) 900 to 1,000, (4) 1,000 to
1,100, (5) 1,100 to 1,200, (6) 1.200
to 1,300, (7) 1,300 to 1,400, and ()
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Component Testing

Rear view, showing unit construction for
easy replacement. Limit plugs and stand-
ard may be seen on bottom chassis

.

1,400 ohms and above.

Although these limits happen to
be 10-percent steps throughout,
larger or smaller steps, or any com-
binations of larger and smaller
steps, could be wused, with one
limitation. To realize the full ac-
curacy of the bridge, the minimum
percentage steps must be held to
1 percent.

Operating Principle

A Dblock diagram of the instru-
ment is shown in Fig. 1. When it
is in the rest position, the bridge
ratio arms are such that any un-
known within 800 percent of the
value of the standard will cause a
balance signal to be sent to the dis-
criminator. This signal, when com-
bined with the reference voltage
from the oscillator, causes the dis-
criminator circuit to send a ground
signal to the switching unit.

When the switching unit receives
this ground signal, it starts the

ELECTRONICS — Aprit, 1949

testing cycle which consists of
switching different sets of ratio
arms into the bridge circuit, sepa-
rately and in sequence, until the
set which produces bridge balance
with the value of unknown being
tested is found. When this condi-
tion occurs, the bridge sends a bal-
ance signal to the discriminator
which in turn sends another ground
signal to the switching unit.

Upon receipt of this second
grounding signal, the switching
unit initiates the following actions:
(1) The testing cycle is inter-
rupted, (2) the jig ejector mechan-
ism is actuated and the piece falls
into the sorting chute, (3) the ap-
propriate door in the sorting chute
is opened, (4) two counters are
operated, one for the particular bin
into which the piece falls, and a
totalizing counter, and (5) the
bridge is returned to the rest posi-
tion ready for the next piece.

Limit Bridge

Figure 2 shows the circuit dia-
gram of the limit bridge. The limit
jacks, J, through J,, and the stand-
ard terminals are mounted in the
rear of the instrument, while the
unknown terminals are brought out
through the front for connection to
the test jig. The bridge has a 10-
to-1 internal ratio arm (formed
by R, and R.) which is connected
in the circuit in the rest position.
This is the ratio which starts the
testing cycle by sending a balance
signal to the discriminator if the

value of the component falls within
800 percent of the value of the
standard.

If the component’s value is
within this range, the ground con-
nection is moved (by the switching
unit) from the center of the 10-to-1
ratio arm to the center of the arm
containing J,. The ground is then
passed to the arin containing J, and
so on until the ratio arm is reached
which produces bridge balance with
the piece being tested, at which
time the piece is ejected. At the
end of the cycle the ground is re-
turned to the 10-to-1 ratio arm.

The entire bridge circuit and its.
components are carefully shielded,
and low-capacitance coaxial cable is.
used for all bridge wiring. To re-
duce contact resistance in the vari-
ous connectors, 12-prong plugs and
sockets are used with the prongs
wired in parallel for maximum con-
tact area.

The limit bridge operates on a.
1,000-cps voltage which is gener-
ated by the Wien bridge oscillator
shown in Fig. 3. The oscillator is
designed to operate over a wide
range of frequencies, as determined
by the constants contained in the
plug-in phase-shift network. Under
practically all kinds of operating
conditions, however, the 1,000-cps
bridge frequency has proved quite
satisfactory.

Discriminator—Amplifier

The output signal from the
bridge is fed into the circuit shown

BRIDGE GROUNDING SIGNAL
Y
SWITCHING
BRIDGE BALANCE AMPLIFIER- |GROUND SIGNAL AND
SIGNAL DISCRIMINATOR [FOR THYRATRONS DOOR-CONTROL
UNIT
A A
SBORLIJER)EE +120 VOLTS FOR COUNTERS
VOLTAGE REFERENCE VOLTAGE AND SORTING SOLENOIDS
SORTING COUNTER
|
A TABLE INDICATORS

FIG. 1—Block diagram of Industrial Instrument’s high-speed component tester and
sorter
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in Fig. 4. After passing through
four 6SF5 amplifiers and a 180-
degree phase-shifting network, the
signal is limited by V,, further am-
plified by V, and finally appears
across R, in the plate circuit of V..
A reference voltage from the os-
cillator is introduced at the cath-
odes of the discriminator, V,. When
the voltage across R, has the proper
phase relationship to the reference
voltage (as is the case when the
bridge is approximately balanced),
V., which is normally cut off, will
conduct, closing the relay in its
plate circuit, and passing a ground
signal to the switching unit.

Switching Circuits

The heart of the switching cir-
cuit, Fig. 5, is the free-running
multivibrator, V,, which is capable
of running at two speeds as deter-
mined by the position of the switch
in its grid circuit. The single-shot
multivibrators, V, V. and Vi,
form a frequency-dividing chain
since they are triggered only by
negative pulses from preceding
stages.

Each of the grids of the tubes in
the frequency-dividing chain is at-
tached to the grid of one of the six

KL/ TO SWITCHING
UNIT

FIG. 2—Bridge circuit. Limit plugs in |,

through J; determine range of tolerance

groups into which components are sorted.

Resistors R, and R; form 10-to-1 ratio arm

which is connected when bridge is in
rest position

BALANCE ~._| 2700 :|
CONTROL 01 V25
FREQ- ADJUST
! TRIMMER 30:0008 i
2,500puF = =3 ]
e =cz I i I x
(=] — /O o s3]
o [— oF o
= AT % 1 [~
=152 8 I £
PLUG-IN o] 1o
PHASE-SHIFT /P’N 2 3070
NET WORK A DISCRIMINATOR
| 1 18[s00]i00] o
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FIG. 3—Circuit diagram of Wien bridge
oscillator which produces bridge voltage
and discriminator reference voltage
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Table I—Operating Schedule for Switching and Door-Control Unit

Bridge
Connec-

Relay position: E-energized, D-de-energized

Position tion [

Grounded | RE! | RE?2 | RE?
[

— | Thyraton
| ! on-

RE* | RE® | RE® | RE? | RE® | nected

est

:u—qc\m-hwl\'.—;:
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SWITCHING

Jao JLe
0,000 T 10000 7

UNIT

FROM
BRIDGE

B+

FIG. 4—Discriminator-amplifier circuit diagram.

Crystal diode provides bias for

discriminator by rectifying 6.3-volt filament supply

paralleled-6SN7 relay-control tubes.
Whenever the grid of one of the
frequency - dividing multivibrators
goes positive, the corresponding re-
lay-control tube grid goes positive,
the tube conducts, and the corre-
sponding relay is energized.

The six relays which are con-
trolled by the relay-control tubes
have several functions. They con-
nect the proper door-control thyra-
tron (one for each limit) to the in-
put from the discriminator, and
they send the ground signals back
to the bridge as previously men-
tioned. A schedule for the opera-
tion of these relays and several
other components in the switching
unit for a complete test cycle is
shown in Table I.

All the limit thyratrons, except
V. which corresponds to the low
limit group, have door-control sole-
noids in their plate circuits. There
is no solenoid for this first group
since the piece falls into a bin at
the end of the chute. These limit
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thyrafrons also actuate the bin
counters.

The grid of V., is connected to
the input from the discriminator
at all times so that it will operate
on all ground signals from the dis-
criminator after the test cycle has
begun. Its function is to operate
the jig ejector and the totalizing
counter for every piece that ia
tested.

The thyratrons are held noncon-
ducting, until they receive a
grounding signal, by a negative
voltage from the bias supply, and
the cathodes of the limit thyratrons
are grounded through a common re-
sistor to prevent more than one
tube’s firing at a time.

The bridge is stopped from step-
ping by cutting off one-half of the
free - running multivibrator, V..
This is done by applying a blocking
bias through V., and the contacts
of RE., RE, RE, and RE. when
they are in the rest position, to
which the switching system auto-
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FIG. 5—Schematic diagram of switching and door-control circuits.

Sequence of

operation is explained in Table I.

Frequency of free-running multivibrator is approximately 48 cps

matically returns after each testing
cycle. The function of V is to keep
the multivibrator V, from stepping
the bridge beyond the first test po-
sition until RE, has applied plate
voltage to the thyratrons.

The only way the blocking bias
can be removed from V, is by put-
ting a test piece in the jig, which
will cause a ground signal to be
sent from the discriminator to the
grids of V, and V,. When V, con-
ducts, RE, is energized, and the bias
is removed from V., Relay RE, is
immediately deenergized, but the
circuit connecting the blocking bias
to V, is interrupted as RE, RE.,
and RE; move out of the rest po-
sition.

Relay RE. switches the 120-volt
supply from V, to the plate circuits
of the thyratrons during the test-
ing cycle. This arrangement makes
only V, sensitive to the initial
ground signal from the discrimina-
tor, which starts the cycle; and the
other thyratrons become sensitive
to the second ground signal which
indicates bridge balance. When the
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frequency-dividing multivibrators
cease to operate, the 120-volt supply
is returned to V..

This switching arrangement is
accomplished by V., and V,, which
control the operation of RE,. The
same negative bias which cuts off
V. is applied to the plates of V,; and
indirectly to C,, charging it nega-
tively to hold V,, cut off. When this
negative bias i§ removed, V., con-
ducts and C, discharges through it,
allowing V., to conduct. Relay RE.
is thus energized. When the testing
cycle is completed, the negative bias
again appears, and the grid-cathode
capacitor begins to charge. The
time delay introduced by the charg-
ing of this capacitor is provided to
allow the piece being tested to fall
down the chute and into the proper
bin before the door closes. The ca-
pacitor discharges rapidly, ensur-
ing that the plate voltage is on the
thyratrons as soon as the testing
cycle begins, so that the door can
open.

The 4 and 8-group switch effec-
tively disconnects V., in the multi-
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vibrator chain for testing cycles
where only 4 groups are required,
instead of 8.

General

When capacitors are Dbeing
tested, special sets of limit plugs
must be used if the capacitors are
to be sorted according to their de-
viation in terms of capacitance, be-
cause of the inverse ratio between
capacitance and capacitive react-
ance. Proper operation of the
bridge on capacitors and inductors
is possible only when the units be-
ing tested have nearly the same
phase angle as the standard.

The model AB-1 Auto Bridge was
developed by Industrial Instru-
ments Inc. of Jersey City for use
by manufacturers and consumers of
large numbers of component parts.
Special jigs have been developed
for testing and sorting such things
as potentiometer elements, and ex-
periments show promise for a jig
which will permit automatic feed as
the components leave their assem-
bly lines.—J.D.F.
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TELEVISION FRONT-END

Design equations for several types of r-f amplifier stages of a television receiver are de-

rived and illustrated. Emphasis is placed on the problem of optimizing the signal-to-

noise ratio while satisfying gain, bandwidth and adjacent-channel rejection require-

ments. Mixer stages are discussed in Part 2 to follow

By H. M. WATTS

Research Physicist
Radiation Laboratory

The Johns Hopkins University
Baltimore, Maryland
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HE CIRCUITS to be considered in

this paper are the r-f amplifier
and mixer portions of a receiver
intended to operate in the standard
12 television channels.

The design is based on inductive
tuning, the design process being
the same whether the tuning is
continuous or in steps. It is not
intended to prove the superiority of
certain circuit configurations over
others, but rather to indicate the
factors to be considered and the
method of evaluating them in the
design process.

Initial Premises

Initial premises in the design are
the exclusive use of 6.3-volt minia-
ture tubes, the use of 75-ohm coax-
ial-cable input and output and the
use of a 26-mc intermediate fre-
quency.

To review FCC standards, the
vestigial sideband character of the
transmitted signal is such that the
receiver would ideally have the re-
sponse characteristic shown in Fig.
1 for reception of signals on chan-
nel 2. Note that the sloping re-
sponse in the vicinity of the picture
carrier is linear and that the re-
sponse is 50 percent at picture-car-
rier frequency.

It is not important what the fre-
quency is at A and at D, but only
that A be within the channel and
that the curve between A and D is
such that when the area ABC is
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pivoted about B until A coincides
with D the resultant response curve
is flat from 55.25 mc up to 59.25 me.
(For instance, the dashed curve
ABD would be quite acceptable.)
The reason for this is that the
equivalent video response curve for
any modulated-carrier amplifier is
obtained by adding the percent re-
sponse at f. + f. (where f. is the
carrier frequency and f, is the
modulating frequency) to the re-
sponse at f. — f.. and plotting the
resulting sum against f, for all
values of f,, between zero and the
frequency corresponding to full
sideband width. Thus, for the ex-
ample of Fig. 1, the equivalent video
response at 100 ke is equal to the
sum of the r-f response at 55.15 and
that at 55.35 me, while the equi-
valent video response at 1 mc is the
sum of that at 54.25 mc and that at
56.25 me. Invariably the smoothest
curve AD implies the best phase
response.

Figure 1 shows that the maxi-
mum possible equivalent video band-
width would be slightly less than
4.5 mc since the best that can be
done below 55.25 mc is to provide a
response supplementing the upper
sideband to give a flat equivalent
video response, and since the re-
sponse of the picture channel is
necessarily zero at the sound trans-
mitter frequency. The maximum
realizable equivalent video band-
width will therefore be taken as 4
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DESIGN

Part I

of a
two-part article
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FIG. 3—Noise analysis block diagram. Symbol R denotes a fictitious noise-equivalent
resistor

mc wide at the 6-db-down points.

With 55.25 mc as the bottom of
the received band (the frequency
below midband at which gain is 6
db down) which is 4 me wide, the
band center for this channel is 57.25
me, and the band center of the re-
ceiver will correspondingly be 3.25
me above the bottom of any chan-
nel to which the receiver is tuned.
As will be shown lates maximum
gain and bandwidth are obtained
with minimum capacitance shunt-
ing the load circuit of an amplifier
stage, so the circuits will be reson-
ated by tube and wiring capaci-
tances alone and the circuit induct-
ance will be changed to change
stations.

Synchronous single-ti.ned inter-
stage networks will be -onsidered
rather than coupled cit:uits or
stagger-tuned circuits, even though
the latter two are theoretically bet-
ter. It has been proven that both
of the latter circuits provide a
greater usable bandwith for a given
gain, but the stagger-tuned system
is difficult to track properly over
the specified range, and the coupled-
circuit system requires one addi-
tional tuning element per inter-
stage.

Figure 2 shows the computed
variation in scalar impedance of a
parallel RLC circuit over a band
of frequencies centered at the anti-
resonant frequency of the LC com-
bination. The scalar impedance has
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been shown in terms of 20 log.
|Z|/R, or simply db down from the
impedance at resonance, and fre-
quency has been presented as @
times the percent deviation from
antiresonant frequency.

For this circuit, @ is defined as
the ratio R/w,L where o, is the
antiresonant radian frequency.

The significance of Fig. 2 is that
in any system of cascaded amplifi-
ers having single-tuned load cir-
cuits, the gain of each stage will
vary with frequency in the manner
shown by the curve. If each of
three identical stages were 3 db
down in gain at the extremes of a
band of width Af centered about
a frequency f,, the unit as a whole
would have a gain 9 db down (from
that at f,) at the extremes of the
band Af.

Data derived from the curve
have been tabulated to the right of
the curve, showing the bandwidth
per stage required for an N-stage
system to have an overall band-
width of Af between the —3 db
points.

Preliminary investigation shows
that two tuned circuits (through
which the signal must pass) will
be used in any r-f head using a
grounded-grid r-f amplifier, and
three tuned circuits will be used in
other r-f head configurations. It
will be assumed arbitrarily that for
an overall receiver bandwidth of 4
mc between —6 db points, the i-f
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amplifier will be allowed —3 db
from maximum gain and the r-f
head will be allowed —3 db from
maximum gain at the edges of the
4-mc band. According to the table
of Fig. 2, each tuned circuit in an
r-f head having a grounded grid
r-f stage must be 6 mc wide, and
each tuned circuit must be 8 me
wide in other r-f heads.

So far, the discussion has neg-
lected the matter of reception of
the 59.75-me sound carrier with its
—+25-ke deviation under 100-percent
modulation. Since the sound car-
rier is 2.5 mec from the resonant
frequency of the tuned circuits, a
study of Fig. 2 reveals that the
gain is down 4.4 db from maximum
gain at sound carrier frequency
for an r-f head having a grounded-
grid stage, and 4.2 db down for
other heads. This loss relative to
picture-channel midband gain can
be made up in the high-gain sound
i-f amplifier since it is relatively
easy to obtain extra gain in nar-
row-band circuits.

Noise Considerations

In practice, the designer consid-
ers each noise source along the path
of the signal from the input up to
the point in the circuit at which
new noise contributions are trivial
in importance due to the increasing
magnitude of the signal and the
noise from earlier circuits. We
must start, therefore, with a block
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diagram, Fig. 3, and determine the
level of the signal and of the noise
for as many points along the cir-
cuit as seems necessary.

It will be necessary to develop
certain gain and grid-equivalent
noise-registance equations that do
not appear in the literature, and
to bring out carefully the difference
between the correct manner of com-
bining the noise powers from each
of two actual resistances and the
correct manner of combining noise
power from a real resistance with
that of a fictitious resistance.

Pentode R-F Amplifier

There are four basic -circuits
from which to choose: the conven-
tional pentode r-f amplifier of Fig.
4, the grounded-grid amplifier of
Fig. 5, the cathode-follower ampli-
fier of Fig. 6, and the cathode-
coupled amplifier of Fig. 7, the lat-
ter discussed in Part II. The
pentode amplifier will be discussed
first, calculating the tube-noise
equivalent resistance referred to
the grid, then the optimum anti-
resonant resistance of the circuit
connected to the grid will be com-
puted. Then it will be shown how
the noise powers from the real and
the equivalent resistances combine,
the optimum plate circuit antire-
sonant resistance will be computed
and signal and noise voltages will be
referred from the grid to the plate.

To facilitate calculation, the ac-
tual tube with its shot effect, cur-
rent-division noise, and other
sources of noise voltage is replaced
by a theoretically noiseless tube in
whose grid circuit there is a ficti-
tious resistor having a thermal-
agitation noise voltage which pro-
duces the same noise voltage in the
output of the theoretical tube as
there is in the output of the actual
tube. This fictitious resistor, the
grid-equivalent noise resistor of

F

3}

0000000
VVVY

FIG. 4—Pentode r-f amplifier
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the tube, is a legitimate and accu-
rate equivalent because the noise
energy of a resistor has essentially
the same flat frequency spectrum
as the tube noise. The value of the
use of an equivalent noise resistor
lies in the fact that noise powers
add directly, rather than noise volt-
ages adding directly. Therefore,
noise-resistance values may be
added directly as though the resist-
ors were in series, and the total
noise voltage computed accord-
ingly.

As an equivalent of the situation
wherein noise-powers from a real
and a fictitious resistor must be
added together, assume that two
different resistors of value R, and
R, generate noise in the grids of
two identical noiseless amplifiers
using pentodes having infinite r,.
Assume that each amplifier has a
voltage gain, A, and that the ampli-
fiers have a common load of R,.
Then the total noise voltage across
the load resistor is given by

Enp = (PoRL)V? n
where P, is the total noise power
produced in R, by the two tubes.
As shown later, the thermal-agita-

tion noise voltage from a resistor
R. can be expressed as

E, = K(R,)V? (2)
The power produced in the plate

load due to a noise voltage E. at
the grid is

AE?,
P, = 7L 3

The total power P, can be expressed

P,= P,+ P, 4)
where P, is defined by Eq. 8 with
subscript b substituted for a. Sub-

stituting for P, and P, from Eq. 3
in Eq. 4,

A2
P, =" (B + E%) (5)
Ry,

We can now substitute Eq. 5 in
Eq. 1,

Enp = [A2(E? + E%))? (6)

Enp = A(Eza + Emb)l/2 (7)
Now, substituting from Eq. 2 in
Eq. 7,

E., =A[ KR, + Ry)]\? (8)
But E., = AE,, (9)
SO E., = K(R,+ Ry)\? (10)

The artifice of two tubes having
a common load resistor emphasizes
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the fact that these two noise contri-
butions (one from a real resistor,
one from a fictitious resistor)
could not react on each other
earlier in the circuit than the plate
load. In the case of two real re-
sistors connected in parallel in a
given circuit, the equivalent resist-
tance of the two is computed from
the well-known parallel relationship
R = R, By/(R. + R») (11)
and the noise voltage is simply com-
puted for the equivalent resistor.

Further Development

For the grounded-cathode pen-
tode amplifier circuit of Fig. 4, the
grid-equivalent noise resistance is

given by
Ly 25 | 21, ) .
R, = . o + G 112)

where I,, I,, and I, are the d-c plate
current, d-c cathode current, and
d-c¢ screen current respectively, and
G.. is the plate transconductance in
mhos. In the case of a 6AK5 tube
operated at E, =75 v, K, =175,
E,=-06, I,=6.0 ma, I, =15,
G, = 5,000 micromhos, then R,, =
1,360 ohms.

From the thermal-noise-voltage
equation?,

E = 2(KTAfVE X (R)V2,
where

K = Boltzman’s constant = 1.374
X 10® joules per degree K.

T = absolute temperature of re-
sistor in degrees Kelvin.

R = resistive component of im-
pedance across which volt-
age is developed.

Af = bandwith of circuit through
which noise voltage is
transmitted. (This defini-
tion of Af as the overall re-
ceiver bandwidth differs
from that shown ordinarily
because we have specified
that the receiver as a whole
has a bandwidth of 4 mec,
which makes it unimportant
whether noise components
exist in the r-f section over
a greater band than 4 me).

We find that for T = 300 degrees
Kelvin and Af =4 mec,

E = 0.26 (R)2 microvolts (14)
For the calculated value of R for
the 6AK5, £ = 9.6 microvolts. This
is the tube-noise voltage referred
to the grid, not the grid-circuit
noise voltage.

(13)
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From classical transformer the-
ory, E,., the signal voltage at the
grid of the r-f stage is:

Eoet = Eant (Ro/Rant)'/? (15)
where K., is signal voltage from
the antenna, R,.. characteristic re-
sistance of the antenna transmis-
sion line, R, antiresonant resistance
of the grid circuit (this quantity
is directly measurable with an r-f
impedance bridge as opposed to R
in Eq. 12). It is evident that for
maximum signal at the grid the
value of R, should be as high as
possible. Further, if we compare
Eq. 14 with Eq. 15 we see that the
ratio of signal voltage at the grid
to noise voltage from R, is not de-
pendent on the value of B,. On the
other hand, an increase of R, will
bring about an increase in E,,, and
noise voltage from R, together,
with respect to the tube-noise volt-
age which is not dependent on R,.
As a result, the net S/N ratio is
improved due to the tendency for
the tube-noise voltage to become
relatively insignificant. Thus an in-
crease in K, improves both gain
and S/N. We must now determine
just how large R, can be made
without violating any of the design
requirements.

H. W. Bode shows® that for a
constant-shunt C and R, regardless
of location of the pass band of a
network in the frequency spectrum,

Af a 1/RC (16)
where f is the bandwidth of the cir-
cuit in cps, R is the shunt resist-
ance of the circuit, and C is the
shunt capacitance of the circuit. In
the case of a simple parallel RLC
circuit,

Af = 1/2xRC cps (17)
where f is the frequency at which
the scalar impedance is 8 db down
from maximum value, or

R = 1/2x (Af)C (18)
From the equation it is evident
that since the required bandwidth
is fixed, R will be maximum for
minimum shunt C. Since both the
circuit gain and S/N are maximum
for maximum R, it is imperative
that C be held to the absolute mini-
mum. The input capacitance for a
6AKS5 tube and wiring in the cir-
cuit shown in Fig. 4 can be held to
7 puf total. For an 8-mc band-
width, from Eq. 18, R = 2,850
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ohms, the maximum permissible
value of R, for 8-mc bandwidth.

The shunt impedance of the an-
tenna as seen looking into the grid
side of the input transformer may
have sufficient variation of its re-
active component over the band of
a given channel to render it worthy
of close scrutiny. It has been found
that the reactance variation is
small enough that the antenna does
not narrow the receiver pass band,
but on the other hand it is not small
enough to allow the antenna to be
properly treated as a pure resist-
ance over the pass band of a given
channel.

Inasmuch as it is necessary to
match the antenna to the grid cir-
cuit to prevent reflections on the
line, if the antenna impedance were
purely resistive over the band the
effective resistance shunting the
circuit would be halved by connect-
ing the antenna into the circuit,
and the reactance would be unaf-
fected. In such an event the r-f
stage grid circuit would have twice
the bandwidth previously com-
puted. With present antennas it
appears not to be good design prac-
tice to depend on the antenna for
band widening, but it is surely per-
missible to use the reduced grid
circuit antiresonant resistance in
computing resistor noise voltage.
The latter voltage is therefore 9.8
microvolts. The total noise voltage
at the grid of the 6AK5 amplifier
is then £,, = 13.7 microvolts.

If the impedance of the antenna
transmission line is 75 ohms, from
Eq. 15, E., = 6.16 X E.,. micro-
volts. Thus, a signal of 22.2 micro-
volts at the antenna would yield a
S/N ratio of 10 if there were no
noise contributions of importance
bevond the r-f amplifier grid.

Gain

To assess the importance of noise
sources beyond the first grid, we
must next compute the gain of the
first stage. The total shunt capaci-
tance of the interstage circuit be-
tween a 6AK5 r-f amplifier and a
6AK5 mixer is about 14 puf for a
carefully designed circuit. The in-
terstage antiresonant resistance
for an 8-mc bandwidth is 1,425
ohms. The gain of a pentode of
transconductance 5,000 micromhos
operating into a tuned tank circuit
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of antiresonant resistance R is
given at the resonant frequency by

4 =G,R=17.12 19)

The signal voltage at the 6AKbH
amplifier plate is then

Eep = AEy = 43 .8 Eoni (20
Similarly, the noise voltage at the
plate due to r-f stage tube noise
and grid-cricuit noise is

Eny = AE,; = 97.5 microvolts 21)

The most convenient process for
introducing the noise contribution
of the interstage circuit resistance
and the mixer tube is to compute
the noise-equivalent resistance for
the noise power transmitted from
the r-f grid to the r-f plate, and
then add to this quantity the inter-
stage circuit resistance and the
noise-equivalent resistance of the
mixer tube. The r-f stage noise-
equivalent resistance referred to
the plate can be computed from Eq.
14 as follows:

Eup \?

ko = \ 0726 )
where R,, is the desired resistance
referred to the plate, and E,, is the
noise voltage at the plate from the

grid, as before. Substituting from
Eq. 21 in Eq. 22,

Rnp = A2(Ea;)2/(0.26)2 (23)
and, substituting for E,, from Eq.
14,

Rnp = AR,y (24)
wherein R,, represents the total
noise resistance in the r-f grid cir-
cuit and tube. Then R,, = 141,200
ohms.

This value of equivalent noise re-
sistance is quite large compared to
the values of circuit impedance and
equivalent tube-noise resistance en-
countered so far. Therefore we can
at least make a good first approxi-
mation to the correct S/N ratio of
the complete unit without any
further data. This approximate r-f
head S/N ratio can be computed
from the data given, S/N =
E../E., = 0450 E,,.. Although it
is current practice to express the
S/N characteristic of a receiving
system by use of the system noise
figure, it is more convenient to use
S/N voltage ratio as defined above
for purposes of calculation, and
then convert to noise figure as a
final basis for comparison.

To summarize the data computed

(22,
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FIG. 5—Grounded-grid triode-amplifier

on the 6AK5 grounded-cathode r-f
amplifier, F,, = 43.8 E.., R., =
141,200 ohms. We find later that
for the case of a 6AK5 grounded-
cathode amplifier coupled to a
grounded-grid mixer the interstage
capacitance is only 7 puf, so that
the Interstage resistance level can
be doubled, which doubles the r-f
gain and yields E’,, = 87.6 E..,
R’,, = 564,800 ohms.

Triode Grounded-Grid Amplifier

Next consider the grounded-grid
triode amplifier circuit of Fig. 5.
The noise-equivalent resistance of
a triode grounded-cathode amplifier
referred to the grid is given by
Terman* as

R, = 3/G: ohms (25)

Using Eq. 14 the equivalent noise
voltage at the grid of the tube is

E,, = 0.26 (R,)? microvolts (26)

However, in the grounded-grid am-
plifier, as in any other amplifier
having impedance in the ‘cathode
circuit, the application of an a-c
voltage e, between grid and ground
will produce an a-c plate current,

M en

7o+ 2L + Zx (u + 1)
where I, is the resultant plate cur-
rent, r, is the a-c plate resistance
of the tube, Z, is the load imped-
ance between plate and ground,
Zy is the impedance connected be-
tween cathode and ground, and p
is the amplification factor of the
tube. In response to the current I,
there will be a voltage E’,. from
cathode to ground,

I, = (27

E wZg
"t Zo + Zx (u + D*
(28)
which refers the noise voltage to
the true input of the grounded-
grid amplifier. Since both plate
load and cathode circuit are reso-
nant at the same frequency, at the

’
E've =

96

center of the transmission band of
the amplifier, Eq. 28 becomes

Eny — —MiK——/.w
"rp+ Re+ Bx (p+ 1)

(29)
where R, is the resistive compon-
ent of impedance connected be-
tween cathode and ground. How-
ever, the input impedance of a
grounded-grid amplifier at reson-
ant frequency is given by Jones® as

rp+ B
S E
and the input transformer must
match this resistance if reflections
are to be avoided in the transmis-
sion line to the antenna. Then,

Rr =R
o+ RL
RS
Substituting for Rx from Eq. 31 in
Eq. 29 we have,

Y
B =

(30)

ohms

Ry = 31

m (Tp + RL)
: (w+1)
E'e = Eﬂﬂ
(Tzu + RL)
T;;+RL+(/J«+1) (,u-‘)—l)
- S S e
E've = Eng CTPES)) microvolts (32)
It can be shown in general that
E'ne = Ea A microvolts (32.1)

where A, is the gain from grid to
cathode that would be obtained if
a signal were injected between
grid and ground. Equation 32
shows the value of the tube noise
voltage of a grounded-grid triode
amplifier referred to the cathode
circuit for the particular case
where the cathode load resistance
matches the input resistance of the
tube. To simplify the equation for
circuits using a tube of w appre-
ciably greater than 1,

Jo
2

Bl = (33)

Comparing Eq. 33 to Eq. 26 and
25, for the particular value of R«
selected,

_n

Riw= (34)
and

Rl = 582 (35)

where R’, is the noise equivalent
resistance (of a grounded-grid am-
plifier stage) referred to the
cathode.

If desirable or necessary to pro-
vide a different cathode impedance
than R, in Eq. 30 the noise resist-
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ance changes. In general, referring
to Eq. 26 and 32.1 we have

Ry = Rad (24.2)
From inspection of Eq. 29, if w is
much greater than one, then for
those circuits in which Ry is of the
same order as, or greater than,
(r, + R.), we can write approxi-
mately,

E'ne=E, (36)

For this grounded-grid r-f am-
plifier circuit, however, we must
match the input circuit to the an-
tenna, so the equivalent noise re-
sistance is given by Eq. 35. For
a 6J4 operated at 15 ma of plate
current, G, = 0.012 mho, 7, = 4,-
500 ohms, and w = 54, so that
R’, = 62.5 ohms.

Since the plate-circuit impedance
of a class-A amplifier is the actual
load impedance shunted by the a-c
plate resistance of the tube, in
the case of the triode amplifier the
correct antiresonant impedance
of the load circuit proper is
appreciably higher (for a given
bandwidth) than for a pentode.
The 6J4 triode has substantially
the same output capacitance as the
6AKS5, so that the same interstage
antiresonant resistance of 1,425
ohms is required. With an a-c plate
resistance of 4,500 ohms, the load
circuit itself should have an anti-
resonant resistance of 2.080 ohms
(R, in Eq. 30). Substituting the
proper values in Eq. 31, B, = 120
ohms. The total noise resistance in
the input (cathode) circuit is then
122.5 ohms, since 3R, (% because
of the shunting effect of the an-
tenna) and R’, add directly as re-
quired by Eq. 11.

If we change notation in Eq. 15
to refer to R, instead of R, and
Er instead of E,, we have

Exgors = Eant (Rg/Rant)/%, or

sk = 1.27 Egnt
The tube gain is simply the ratio
of R, to R, since the same signal
current flows through both plate
load and cathode circuit. Thus,

A =Ri/Rg =17.35 37
The signal voltage at the plate of
the grounded-grid r-f amplifier is
then

Ep= A Eig = 22.0 Ban: (38)
The total cathode noise resistance
referred to the plate circuit is, Eq.
24, R,, = 36,800 ohms. To perform
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the same input circuit S/N calcu-
lation (as a first approximation to
the recelving system S/N), aiready

done for the 6And: K, = 2.8/
microvoits, and S/N = E, /E.. =
0.44z E,,,.

A signal of 22.6 microvo.ts at the
antenna would be required for an
S/N of 1u. Iote that S/N is bet-
ter for the 6AK5 grounded-cathode
amplifier than it is for the 6J4
grounded-grid ampliiier thus far.
On the other hand, the 6J4 cathode
circuit has a very interesting char-
acteristic. Since Ry is 120 ohms,
and the shunt capacitance across
the cathode circuit totals about
7 wuf, we find from Eq. 17 that Af =
1/2xRC = 190 mc. This means that
the cathode circuit may be tuned
to 135 me and there is no need for
adjustment to receive stations be-
tween 54 and 216 mec.

We shall later show that R, =
4,500 ohms is desirable for the 6J4
grounded-grid r-f when used with
a 6J4 grounded-grid mixer, and for
that condition, R = 164 ohms, R...
= 144.5 ohms, F,, = 148 E,,,, A =
275, FE,, = 40.7 E..., R,, = 104,500
ohms, and S/N = 0475 E,,..

Cathode-Follower Amplifier

In the cathode-follower r-f ampli-
fier circuit of Fig. 6, the optimum
step-up ratio for the output trans-
former is needed in addition to the
other calculations encountered in
the previous circuits.

When an a-c grid-to-cathode volt-
age of E,x volts is applied to a cath-
ode follower whose load resistance,
Ry, is small compared to the a-c
plate resistance, the resultant cath-
ode current is

Iy = ExGh (39)
where G. is the cathode transcon-

ductance. The voltage across a
cathode load, R;, is £, where

EK = IKRK = EaKGKRK (40)

it

-

FIG. 6—Cathode-follower r-f amplifier
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The grid-to-ground voitage that
was required to produce this cath-
odé voitage Is

by = by + bx = Hyr (L + deltx) (1)
and the gain from grid to cathode
is

Aos = Ex/b, = Gritg/\| + Grltx) (42)
From Eq. 15 the step-up from an-
tenna to grid is A, = (R./R.,..)*! and
the step-up trom cathode to output
resistor R is A, = (R./R;)* where
Ky is the load resistance presented
to the cathode by the output trans-
former,

The total gain of the cathode-
follower amplifier from antenna to
R, is

A= 44,54, (43)
Substituting for A., and A,, each of
which is dependent on Ry,

AGy (Rplea)' 2 .
A= 1+ Gk, 43.1)
To determine the value of R, for
maximum gain the derivative of A
with respect to R, is set equal to
zero. The gain A, is dependent on
R only by virtue of the dependence
of input capacitance of the tube on
the grid-to-cathode gain, A.,, which
is in turn dependent on R,;. The
degree of dependence of A, on R:
is so slight that A, changes only
20 percent as R, goes from zero to
infinity, so we shall assume A4, to be
invariant with R; in performing

the differentiation. Then
1A
f’ aa Al /2
ar A1k (R)V2 X
d

ar, |RO7/(L+ GuR)]

and it can be found that

R, =1/Gy (44)
The driving impedance seen by the
load of a cathode follower is equal
to 1/G, so the above result is quite
in keeping with the usual relation-
ship for matching a load to a gen-
erator for maximum power trans-
fer. Note that the above condition
has no relation to the condition for
maximum power output from a
cathode follower when the available
input signal is unrestricted. Sub-
stituting for Rx from Eq. 44 in Eq.
43.1, we have

A = 154 (GrR)V? (45)

4= }/2 (GleRZ/Rant)l/Z (46)

Having obtained the basic gain
equation for the circuit, we can
evaluate the signal and noise trans-
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missions to the output. The cathode-
foillower r-f amplifier grounded-grid
mixer combination would not re-
quire an interstage transformer, so
we need only consider the combina-
tions invoiving a straight pentode
mixer or a catnode-coupled inixer in
computing the value tor R. For
both the 6AKb5 pentode mixer and
the 6J6 cathode-coupled mixer, the
input capacitance of tube, socket,
and wiring is about 7 puf, so R,
must be 2,850 ohms for an 8-mec
bandwidth. Using either the 6J6
(sections paralleled) or the 6J4 as
r-f stage, the G, is 12,000 mi-
cromhos for an obtainable operat-
ing condition. The output trans-
former ratio R./Rx = R.Gx = 34.2
impedance ratio. With such an
impedance step-up, the 5 uuf
cathode-to-ground capacitance of
the cathode-follower adds only 0.146
unf to the capacitance loading across
R., so we may neglect it.

The input capacitance to either
a 6J6 or a 6J4 cathode follower is
about 6 puf so R, is 3,320 ohms for
an 8-mc bandwidth.

The cathode follower gain is then
A = 19.5.

Computing the tube noise-equiv-
alent resistance from Eq. 25, since
the presence of cathode feedback
does not modify the inherent S/N
of the tube, R, = 3/G; = 250 ohms.
The grid-circuit antiresonant re-
sistance is made up of the trans-
formed antenna resistance in paral-
lel with the 8,320-ohm damping
resistor, or 1,660 ohms net noise re-
sistance. The total noise resistance
effective in the input circuit is
R, = R, + R, = 1,910 ohms.

The amplified and transformed
total noise resistance at the ouput
side of the output transformer can
be computed with the aid of Eq. 24,

Rue = (A AR, (47)
By Eq. 43, 45, 47,
Rpy = 1 GrRsR,, = 16,350 ohms (48)

From Eq. 26 the noise voltage
across R, (excluding the noise from
R, itself as well as the mixer noise
which is yet to be computed) is
E.. = 33.3 microvolts.

Since the gain is 19.5, S/N =
AE.,./E,. = 0585 E,.. A signal
of 17.1 microvolts at the antenna
would produce an S/N of 10 for
this circuit if there were no further
noise contributions.
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Stabilized Decade-Gain

With an input impedance of over 200 megohms and less than 6-##f shunt capacitance,

this single-probe instrument permits simultaneous observation of voltage, waveshape,

and other characteristics of signals on high-impedance circuits with practically negligible

Amplifier being used for simultaneous

NPUT IMPEDANCE of an electrical

test instrument is a major fac-
tor in considering its applications
and general usefulness. It is axio-
matic of all sciences that a process
which is being observed should not
be affected by the means of ob-
servation; and for electrical work,
it is necessary that indicating and
recording devices have no great ef-
fect on a circuit whose character-
istics and performance are being
measured. Otherwise, no knowledge
would be gained of the circuit in
its normal operating condition, and
the resuits obtained in the test con-
dition would ke untrue and mislead-
ing.

The Problem

More specifically, a measuring in-
strument should have an input
impedance which is large compared
with the circuits to which it is con-
nected and take only a small frac-
tion of the power available. If the
low audio-frequency output voltage

98~

loading effect

voltage and waveshape observation

of a pentode amplifier stage which
has a 10,000-ohm plate load resistor
were measured with a 10,000-ohm
voltmeter, a large error would be
expected. But only a 1-percent error
results with a 1-megohm voltmeter.
If, however, a 1-megohm plate load
resistor were used in the amplifier,
a 50 to 100-megohm voltmeter
would be required for a 1-percent
loading error. Capacitance loading
introduces similar errors at the
higher frequencies.

Instruments have been built more
and more sensitive to keep the load-
ing errors small. Meters now com-
monly used for d-c voltages have
D’Arsonval movements of 20,000
ohms per volt, and various elec-
tronic voltmeters have input re-
sistances of from 10 to 1,000
megohms. Sensitive a-c¢ voltmeters
and cathode-ray oscilloscopes have
inputs of 0.5 to 10 megohms shunted
by about 20 to 50 puf at their input
terminals.

For measuring the output signal

——
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By JOSEPH F. KEITHLEY

Keithley Instruments
Cleveland, Olhio

voltages of high-impedance circuits,
such as the pentode amplifier with
the 1-megohm load resistor, the di-
rect connection of I-megohm and
35-uuf voltmeters and oscilloscopes
plus an extra 10 to 60 uuf added by
the test leads causes a large loading
error. Most coupling means com-
monly used between the signal
source and the test instrument in
order to reduce the loading error
are not wholly satisfactory. Inher-
ent capacitances can cause unde-
sirable loading on the circuit being
tested as well as a nonuniform re-
sponse of the test instrument to
frequencies of interest. Unshielded
high-impedance leads pick up spuri-
ous voltages, and shielding adds to
the capacitance errors. Also, the
desired signal is often reduced be-
low the capabilities of the measur-
ing instrument; and, in general,
each test instrument requires its
own coupling network.

The Answer

A proposed circuit’ has a much
higher impedance than usual at the
working end of the test leads, and
a modification of this circuit in con-
junction with a stabilized amplifier
produces an instrument with a
number of desirable features. Its
high-impedance input of greater
than 200 megohms shunted by less
than 6 puf for frequencies up to 150
ke can be connected to almost any
circuit with small loading effects,
no loss of signal, or introduction
of hum.

The stabilized amplifier has a low
dynamic output impedance, so that
one or several measuring instru-
ments can be connected to it with-
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Isolation Amplifier

Under-chassis view.

out error. It is thus possible to ob-
serve simultaneously and accurately
the voltage, waveshape, tone, or
other characteristics of signals on
high-impedance circuits. Only one
pair of test leads is required for
all observations. In addition, gains
of 10.0 and 100 as well as 1.00 are
available, and the noise-level is low
enough so that 100 microvolts can
be measured with reasonable ac-
curacy.

The circuit diagram is shown in
Fig. 1. Tubes V, and V, are used
for the input circuit, and V, and V,
form the stabilized amplifier. The
high input impedance is obtained
by enclosing the input circuit in a
shield, shown dotted in Fig. 1,
which is driven at almost the same
instantaneous potential as the test
signal conductor. The circuit being
tested, therefore, supplies only a
fraction of the usual charge, thus
the apparent capacitance is greatly
reduced. Similarly, only a fraction
of the usual current flows through
the resistive paths, greatly increas-
ing the apparent resistance. An-
other point of view is that the in-
strument, in driving the inner
shielding, is providing the charging
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The type-75 tube is mounted inside the insulated shield box

and leakage current for the cable,
relieving the circuit being tested of
that function, thus creating the il-
lusion of high impedance. Unde-
sirable electrostatic fields are elim-
inated by enclosing the driven
shielding by a second cable shield
and by the metal cabinet which are
maintained at ground potential.
Figure 2 shows a cross-section of
the signal probe test lead, with the
central signal conductor enclosed
by the driven shield, which in turn
is enclosed by the shield at ground

potential. An insulating jacket cov-
ers the cable o that no metallic
grounds are present along the lead.
A Bakelite ferrule holding the
banana-plug probe insulates the
end of the cable. The test leads are
30 inches long, allowing convenient
separation between the circuit be-
ing measured and the test equip-
ment.

Input Capacitance

The input capacitance is the sum
of three components: the grid-plate
capacitance of V,; the capacitance
of the grid and signal wiring to
all other conductors at a-c ground
potential; and the capacitance due
to the test cable. If C, is the actual
cable capacitance between the sig-
nal conductor and the driven shield,
Es the potential of the signal con-
ductor, and E, the potential of the
driven shielding, then the contribu-
tion of the test cable to the input
capacitance is C, [1 — (Es/Eg)].
The resistive component of the in-
put impedance is made up almost
entirely by the current flowing
through R, and leakage effects
within V.. The contribution of R,
is Ry = R/[1 — (E/E.)], where
E, is the potential at A in
Fig. 1, and E, is the potential of the
signal conductor.

In order to obtain a high im-
pedance, the ratios of E,/E; and
E./Es should be as high as possible,
which requires V, and V., each to
have a high u and a high load im-
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FIG. 1—Isolation amplifier circuit diagram. See text
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for resistor tolerances
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pedance compared with 7. Inside
the instrument, the signal conduc-
tor and the grid are isolated by the
driven shielding from as many
other conductors at different a-c
potentials as possible. The grid-
plate capacitance of V, should be as
small as possible, and the tube
should have high leakage resist-
ances. With these conditions in
mind, a type 75 tube was chosen
for V., a triode-connected 6ACT se-
lected for V. and the circuit ele-
ments shown in Fig. 1 were worked
out. Each stage has a gain of ap-
proximately 0.98. The 75 has its
grid connection at the top of the
bulb, isolating it from the filament
leads, which would add capacitance
and induce hum potentials onto the
high-impedance conductor if a sin-
gle ended tube had been used. The
driven shield box, shown in the il-
lustration fastened by porcelain in-
sulators to the front of the chassis,
completely encloses V; and its cir-
cuit, and eliminates as much grid-
ground capacitance as possible. The
75 also has a low grid-plate capaci-
tance.

The sole function of V. is to pro-
vide signal to the driven shielding.
Its load at low frequencies is B
and is the reactance of all the ca-
pacitance between the driven ghield-
ing and ground at the higher fre-
quencies.

The input impedance of the unit
measures about 800 megohms
shunted by 5.7 uuf. Figure 3 shows
the response of a circuit with 1.0-
megohm series resistance shunted
by 20 uuf when measured with a
probe having such an impedance.
The network is representative of a
high-gain amplifier stage with the
plate and load resistances shunted
by tube capacitances, socket leads,
and wiring and component capaci-
tances. For comparison, probe im-
pedances of 10 megohms shunted by
20 puf and 1 megohm shunted by 50
upf are also included. The upper
curves (B) show the apparent re-
sponse of the network if measured
with instruments having the input
impedances shown, and the lower
curves (C) give the percent error
resulting from the loading.

Stabilized Amplifier

In addition to driving Vs, V, also
drives the stabilized amplifier por-

_ - SIGNAL GONDUGTOR
-
) _~DRIVEN SHIELD
GROUNDED SHIELD

T~ INSULATING JAGKET

FIG. 2—Signal-probe cross section
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FIG. 3—Errors in high-impedance meas-

urements due to circuit loading

tion of the instrument, It might be
noted that the coupling capacitors
C, and C, are included in the shield
box to lessen the capacitive load on
V., making higher gains with uni-
form frequency response possible.
The amplifier has two functions.
First it provides overall gain steps
of 1.00, 10.0, and 100, and second it
has a low dynamic output imped-
ance so that several test instru-
ments can be connected to it. The
design is conventional for a two-
stage feedback circuit. Tube V,; is
a 6AG5 and V. is a 6ACT connected
as a triode in a resistance-capaci-
tance amplifier. The degenerative
cathode circuits of V, and V, intro-
duce feedback as well as that ob-
tained by coupling the plate of V.
to the cathode of V, through Cs,
R., R, R., B, and R.. In each posi-
tion of the gain switch, the plate-
cathode contribution is approxi-
mately 20 db.

Because of the gain of 0.98 in
V,, the V.V, amplifier circuit has
gains of 1.02, 10.2, and 102 to pro-
duce decade gains overall. The
choice of working gain is made
with the selector switch on the
panel. The gains are controlled by
varying both the amount of plate-
cathode feedback and the degenera-
tion in V., by connecting the
cathode of V. to various points on
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the voltage divider formed by R,
R, R; and R,. The tolerances in
percent are: R, = 1, R, == 0.1, R,
— 0.1 and R, ==0.5. By using close
tolerance resistors, the gains of 1
and 10 fall within a small fraction
of a percent of their nominal values,
and it is not necessary to adjust
each instrument.

Parameter variations, principally
the 6AG5 tubes, make an individual
alignment of the gain of 100 neces-
sary if the initial error is to be less
than 2 or 3 percent. Resistor R, is
selected to bring the gain to its cor-
rect value with nominal line volt-
age. There is sufficient feedback so
that instruments which have oper-
ated almost daily for a year show
no measurable variation. Line volt-
age changes from about 100 to 130
volts cause a 2-percent change in
gain. The gain of the amplifier is
constant within 2 percent below 5
cps to above 150 kc, which corre-
sponds with the frequency region
of high input impedance.

Output tube V. can deliver 10
volts rms into a 3,000-ohm load
connected to the output terminals
with distortion well below 0-1 per-
cent. The dynamic output imped-
ance depends upon the amount of
feedback, thus upon the gain set-
ting, and is 300 ohms at 100, 70
ohms at 10, and 10 ohms at 1. At
the highest value, 300 ohms, three
indicating instruments each with
0.2-megohm resistance and 200-uuf
shunt capacitance, including the
connecting cable, cause less than 2
percent loading error of the ampli-
fier for frequencies less than 150,-
000 cps. Three sets of output ter-
minals are provided on the panel, so
that three instruments can be con-
nected easily.

The instrument is housed in a
cabinet 6 x 4% x 10 in. and it is
intended to be set on a laboratory
bench alongside the instruments
which it drives. In use, a voltmeter
and a cathode-ray oscilloscope are
the usual instruments connected to
the output, and the test leads are
moved about the circuit being meas-
ured. The small probe is con-
venient to handle, and the one con-
nection provides signal for both
indicating instruments.

REFERENCE
(1) H. L. Daniels, Tubeless Probe for
VTVM, ELECTRONICS, D 125, Feb. 1945.
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Directional Antennas
for A-M Broadcasting

Simplified and practical method of calculating radiation patterns for two and three-tower

arrays when determining coverage and protection. An example is given that provides a

convenient check list of the operations involved in plotting a complete pattern

LTHOUGH directional antennas

have long been in use by a-m
broadcasting stations, some engi-
neers regard them with awe, and
surround them with an aura of
mystery. Many regard the calcula-
tions involved as being beyond their
capabilities when, in fact, nothing
more than an elementary knowledge
of the basic operation of a single
antenna and the ability to perform
simple trigonometry is required. It
is the object of this article to dis-
perse some misconceptions, and
simplify directional-antenna calcu-
lations for two and three-tower
arrays.

Almost every textbook opens its
antenna section with an illustration
of the fundamental laws of radia-
tion from an antenna and these
laws will not be repeated here.
Since the radio engineer is usually
more interested and concerned with
the effect of his antenna on co-chan-
nel and adjacent-channel stations he
will, presumably, prefer to see how
to design an antenna to do a specific
job.

Two-Tower Array

Figure 1 shows the basic dia-
gram for the field at one point
caused by two antennas. The
nomenclature used to perform the
functions is given below, although
all engineers do not necessarily use
exactly the same symbols for some
parameters.

#, = angle hetween reference line R-R’ and
axis of array

I, = current in tower 1

I, = current in tower 2

T = ratio of I, to I, (current ratio for similar
towers, or field ratio for dissimilar)

¢ = phase angle of tower 2 with reference
to tower 1

ELECTRONICS — April, 1949
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Pattern from two antenna elements of

equal height spaced 45 degrees. with

equal currents in each element and phase
angle of 180 degrees

¢, = phase difference between tower 2 and
tower 1 at point Py

P;, = point at infinity, or such distance that
lines drawn from the towers to P, may
be considered parallel (horizontal)

P, = same as Pj, except above the horizon
in vertical plane

« = vertical angle to P, in space

9, = angle between R-R’ and line to P,

S = spacing between towers in degrees (360
degrees equals one wavelength)

6 = angle between axis of array and true

north, used when plotting on chart to
obtain correct orientation for coverage
required and protection
G = height of tower in degrees
When calculating the radiation
pattern for a two-tower array, it is
usual to number the towers 1 and 2,
and to place them at random. “Ran-
dom” is used in the sense of being
an arbitary placement dependent
on the whim of the engineer,
subject to the dictates of com-
mon sense and necessity. In prac-
tice, the engineer usually has an ap-
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proximate idea of the basic pattern
obtainable from certain standard
combinations of tower spacing and
phasing. From these he can esti-
mate how the final pattern will ap-
pear. But eventually the problem
boils down to one of trial and error
until a pattern is obtained, with
reasonable constants, which gives
the protection required.

Tower 1 is taken as the reference
tower and all quantities are stated
with reference to this tower. The
reference line R—R’ is drawn
through tower 1, at random. A point
P, is located on a circle whose
center is equidistant between tow-
ers 1 and 2, and such a distance
that lines joining P,-tower 1, and
P,-tower 2 may be regarded as
parallel (actually the error is so
slight that it may be ignored in
practice).

Calculation

The basic information has now
been presented in a form which en-
ables the designer to see what he is
doing and how each step may be
taken. Consider the field at P,.
The radiation from tower 1 has to
travel farther than the radiation
from tower 2 by a distance S cos
(8. — 6,). This is also the case if
P, is on the other side of the axis.
Line A-A’ of the array, that is for
values of (9. — 6,) between —90
degrees and 490 degrees, S cos
(8. — #,) is plus, but when it is
between 490 and 4270 S cos
(f, — 6.) is negative. This pro-
vides the first clue to the manner in
which the pattern is obtained, since,
depending on the length of the
paths to P,, all signals arriving at

101
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FIG. 1—Basic diagram of field created
by a two-tower array

P, will either reinforce or buck
each other, thus giving rise to the
characteristic pattern for these
parameters.

Consider the initial phase differ-
ence at the towers. It will be ob-
served that the phase relationship
of the fields at P, resulting from
the radiation from towers 1 and 2
is due to the different path lengths.
Therefore the tower phase differ-
ence must be added to the phase
difference to obtain the total phase
difference. The total phase differ-
ence between towers is referred to
tower 1. If the current in tower 1
leads the current in 2, the phase
angle ¢ is negative; if it lags in
tower 1 then i is positive. Thus
the total phase difference at point
P, is given by the expression:

on = ¢ + Scos (6, — 6)

For the purpose of this discus-
sion it will be assumed that the an-
tennas are identical, although it
often happens that due to a desire
to use an existing tower in conjunc-
tion with a new one, two dissimilar
towers will be used. With this
assumption the field from each
tower is proportional only to the
magnitude of the current in the re-
spective towers, and since they are
identical the only thing which can
cause the fields to differ is a cur-
rent difference. From this we have
a measure of the field strength at
P, in the magnitude of the relative
tower currents. Vectorial repre-
sentation of the component fields by

102

the magnitudes of I, and I, makes
possible the addition of vector I. to
the reference I, at the phase ditier-
ence angle ¢, A vector I, is pro-
duced, which represents the result-
ing field strength. In that direction

In=L+0LZ ¢

To obtain the antenna pattern
necessary to determine the direc-
tion of the lobes of radiation of
various values it is necessary to
compute the field at P, for all angles
from the center of the axis of the
array. If R-R’ is made to coincide
with the axis of the array, only
azimuths of from 0 to 180 degrees
need be calculated and S cos
(6, — #4,) then becomes —S§ cos
¢,. It will a so be apparent that in
the case of a two-tower array, the
towers must be equidistant from
the center of the circle, and there-
fore the pattern will be symmetri-
cal. This makes it necessary to
compute only one side of the array.
These values are now plotted on
polar paper and a unit pattern is
obtained. Before this can be used
directly to compute field strengths
at various points it must be con-
verted to absolute field strength E,.

Array rms

(S Unit rms

Ey= KXIy

Value K is a constant which is de-
termined by dividing the rms of the
unit pattern into the assumed rms
value of the array. The easiest
way to do this is to measure the
unit area with a planimeter, and
convert it to a circle of equal area.
The radius is measured in the same
units as I, and I, (used to plot the
unit pattern) and divided into the

array root mean square value.

General engineering experience
has determined over a long period
of time that under average condi-
tions of efficiency a given power
into the antenna will produce a
known field strength at one mile.
The FCC has incorporated these
figures into the Standards of Good
Engineering Practice, and so by
multiplying the field intensity at
one mile produced by one kilowatt,
by the square root of the power in-
crease, the assumed rms value for
the array will be found. In prac-
tice, the FCC will not usually ap-
prove an array below this minimum
efficiency. The horizontal pattern
is now obtained by plotting the
values of absolute field intensity
(E,) for 360 degrees at intervals
of 10 degrees (or less in critical
directions). From this it can be
determined whether the required
protection or coverage is being
obtained.

Vertical Pattern

The method of calculating the
vertical radiation pattern of a two-
element array is very similar to
that for the horizontal pattern, the
only difference being a slight modi-
fication of the horizontal method,
and the application of the radiation
characteristic of a vertical antenna.
Most readers are familiar with the
fact that a single vertical antenna
does not radiate equally in all ver-
tical directions, but, as is shown in
Fig. 2, the intensity varies with the
angle of elevation above the hori-
zon. If it is assumed that an an-
tenna is operated with its lower end
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FIG. 2—Vertical radiation patterns of vertical antennas
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grounded and that the current dis-
tribution is sinusoidal, then the ra-
diation pattern is given by

< cos(Geosa) — cosG
sinz (1 —cos G)

where G is
degrees.

As was done in computing the
horizontal patterns, the radiation
at any point P, in the vertical plane
is obtained by adding vectorially
I. and I, at the pertinent phase
angle, and then multiplying this
result by the wvertical radiation
factor.

Just as for horizontal patterns,
the total phase difference of the
component fields observed at point
P, is obtained by adding the phase
difference caused by the difference
in the length of the radiation paths,
and the initial phase difference of
the antennas.

This is given by

antenna height in

¢ = Y + S cos (6, — 6) cos «

As in the case of the horizontal
pattern the vectors I, and I, are
added at the phase angle ¢,. The
resulting vector is then multiplied
by F, the radiation factor, and the
same conversion factor K as was
used in the horizontal pattern. The
resulting signal strength at one
mile E., is plotted in mv per m on
polar paper as a vertical section
through 90 degrees in the horizontal
direction involved.

Thus

E,=hL+01/¢XFX K
Three-Tower Array

The method of calculation for a
three-tower array is exactly the
same as for two towers except that
the third tower has to be included
in the formulas. Figure 3 shows
the basic form for calculating the
field at P, from a three-tower di-
rectional array. Tower 1 is the
reference tower and is in the center.
The same nomenclature as before is
used with the addition of the fol-
lowing symbols to take care of the
third tower:

I: = current in tower 3

T; = ratio of current in I3 to I,

s = phase difference between tower 1 and
tower 3

Y3 = phase angle of tower 3 with reference
to tower 1

S; = spacing between towers 3 and 1 in
degrees

8,3 = angle between R-R’ and axis of towers
1and 3
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The field at any point will be
determined by the magnitudes of
the currents in the three towers and
their phases. Radiation from tower
1 travels a distance of S cos
(8, — 6.) more or less than radia-
tion from tower 2. Also radiation
from tower 1 travels a distance of
S, cos (6., f,) more or less
than radiation from tower 3. If
(6, — 6,) or (8., — #,) is between
—90 and +90 degrees the distance
is greater: if (8, — 6,) or (8., — 6,)
is between +90 and +270 degrees,
the distance is shorter.

As in the case of a two-tower
array, the initial phase differences
must be added to those resulting
from the different distances to P..
Thus the total phase difference with
reference to tower 1 from towers
2 and 3 is given by
Towers 1:2 ¢» = ¢ + S cos (6, — A;)
Towers 1:3 ¢us = 5 + S; cos (6.5 — 6,)

If the three towers are similar,
adding the vectors for the currents
in the three towers at the correct
phase angle will produce a vector
representing the resultant field
strength of the unit pattern I,

In=N+1LLép+ 1L b

From here on the method is exactly
the same as for two towers, with
the exception that in all but special
cases the pattern is not symmetrical
and therefore all values of 4, from
0 to 360 degrees have to be com-
puted.

The vertical radiation factor F
is computed from

ens (Gicois @) — cos (7
¢« 7 sina(l —cos@)
The phase difference at point P, is
computed from
Towers1:2¢, = + S cos(8, — 6) cosa
Towers 1:3 ¢ns = Yz + Sz cos (83 — 65) cos a
Adding I, =L+ 5LZ¢.+T1: 2L b
Then the absolute signal strength
at one mile at anv angle « above the
horizon in any direction 4, is:

E.=1I.X KXF
Example

The following example of the
method shows the calculation of the
radiation in one azimuth for the
array with the constants shown
below:

Iy = I, = 4 amperes
S = 45 degrees

¢ = 180 degrees
G = 0.311 (112 degrees) G = G.
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FIG. 3—For calculating the field of a
three-tower array, the center tower is
used as the reference point

To obtain the unit horizontal pat-
tern, the radiation at every 10 de-
grees is calculated. For example:
suppose §, = 40 degrees: 4. = 20
degrees:

Then

¢n = ¢ + S cos (6, — )
Simplifying: R — R’ is made to
coincide with the axis of the array.
Then

on =y + ( — S cos )
= 145 .5 degrees
Now Ig = I, + I, Z 145 .5 degrees

4+ 4 /145 .5 degrees

Adding vectors = 2.367
This is the scalar length of a hori-
zontal vector at 40 degrees. To
obtain the complete pattern, this
operation is repeated every 10 de-
grees. To obtain the absolute field
at one mile the factor K must be
applied.
rms array 175_
1

= ———— say,
rms unit

Then

Ey= K X Iy =325X24=78) mv

per m at azimuth 40 degrees.

To obtain the vertical pattern
(unit) at 20 degrees the procedure
is the same except that the vertical
formula is used and the vertical
radiation factor F has to be calcu-
lated from:

o cos (G cos 2) — cos
~ sina (I —cos @)
This is then applied to I, X K,
becoming

E,=I,X K
E, =

XF
substituting: I, X 325 X 1.36
I,

(448)
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Carrier Communication

Complete Lenkurt type-32 three-channel
carrier repeatsr

By W. S. GHASKIN

FEngineer
Lenlurt Electric Co.
San Carivs, Calif.

N THE FIELD of carrier communi-
I cation on open-wire lines, the
three-channel, 30-kc carrier system
is widely used to add three voice
circuits without affecting operation
of the existing physical circuit.
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Closeup of pilot requlator used in repeater. Intermediate units have two regulators,
one for each direction, while terminals require only one regulator

Where these lines are long in
terms of total attenuation, repeat-
ers are placed at suitable intervals
to restore operable levels in the
audio material transmitted. Atten-
uation on such lines, however, is
not a constant. It varies in two
ways: (1) it increases from dry-to-
wet and cold-to-warm weather; (2)
it increasss more at the high end
of the frequeney spectrum, in an
effect known as twist. This causes
the higher-frequency channels to
operate in unfavorable weather at
relatively lower levels than the
lower-frequeney channels of the
same carrier system.

Automatic regulators have been
used to compensate for these effects.
However, the pilot regulator de-
scribed here is one of the first to
perform these functions with an
all-electronic circuit which permits
the elimination of all moving parts,
relays, motors and physical contacts
from the regulating circuit.

The regulator forms part of a
standard rack-mounted carrier unit
and consists of three equipment

WWW.americanradiohistorv.com

panels: (1) a pilot oscillator which
produces pilot-frequency current
for transmission on the line from
one terminal of the system to
another; (2) the regulator itself,
which determines attenuation of
the pilot frequency on that line and
adjusts the level of the terminal or
repeater for constant output level
regardless of attenuation or twist
ahead of it; (3) an alarm which
signals the attendant with light and
bell when any abnormal operating
conditions have exceeded the scope
of the regulator.

Pilot Oscillator

The pilot oscillator cireuit is
given in Fig. 1. One oscillator is
used in the transmitting branch of
each terminal of a system. When
installed in an East terminal
(transmitting to the West) it oper-
ates on 5.9 ke, whereas at a West
terminal it generates a frequency
of 29.6 ke.

Stability of both output level and
frequency are most important con-
siderations in this oscillator. It
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Level Regulator

All-electronic control unit corrects twist and maintains constant level for three-channel

carrier telephone or telegraph communication on open-wire lines despite varying weather

conditions. Variations up to 20 db are held within 2 db without adding distortion products

uses two 6NT7 triodes in a push-pull-
parallel circuit, with inductor L,
and capacitor C, in a parallel fre-
quency-determining ecircuit. In-
ductor L, has an iron-powder pot
and adjustable core for fine setting
of the pilot-oscillator frequency.
Fixed bias is provided by cathode
resistor R,. This resistor is wired
to test points as shown to facilitate
measurement of plate current in
terms of voltage drop.

Positive feedback goes through
capacitor C, and variable resistor
R,. A stabilizing variable-bias net-
work maintains constant output
level by picking up a voltage from
the secondary of transformer T,
rectifying it in germanium diodes,
and filtering it in R, and C, before
feeding it to the grids to create
automatic correction for any tend-
ency toward output-level variation.

Jacks J, and J. are provided for
patching-in a 600-ohm db meter for
adjusting feedback control R, to
give correct oscillator level. Pilot-
frequency output-level adjustment
is made with resistor R, to establish
the conventional output of minus 49
dbm at jacks J; and J,. This output
cireuit, consisting mainly of R.. and
R; in series, has an impedance high
enough to allow bridging across the
input of the transmitting amplifier
of the carrier terminal with
negligible loss to through transmis-
sion. When the pilot-frequency
signal leaves the transmitting
amplifier its level is 8 dbm.

Arrangement of the output jacks
is designed to permit disconnecting
the pilot oscillator from the trans-
mitting amplifier when necessary
for adjustments or substitution of
a test oscillator. An additional
carrier-frequency output is pro-
vided to supply current at pilot-
oscillator frequency for modulating
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an extra reduced-fidelity channel
available in these systems for use
as a service circuit or as a voice-
frequency channel for subdivision
into a total of nine telegraph
subchannels.

Pilot-transmitting filter PTF,
consisting of L. and C,, is series
resonant at the pilot frequency.
This precludes the possibility of ap-
preciable pilot-frequency harmonics
being present at the transmitting-
amplifier input.

Pilot Regulator

The pilot regulator, shown in
block form in Fig. 2, is essentially
a variable attenuator. One regula-
tor is connected into the carrier-re-
ceiving branch of each terminal of
a system. Additionally, two are
required for each intervening re-
peater—one to handle each direc-
tion of transmission. The circuit
arrangement permits switching of

the regulating action to either the
manual or the automatic section.
This provides for emergency opera-

TO
TERMINAL FROM
GHANNEL RECEING INCOMING LINE

LATORS S e T J’J l
MANUAL

REGULATOR ATTENUATOR|
PAD

R
s «|$Rs
CARRIER TWIST
FREQUENCY NET
AMP
§ INDICATING,
PILOT FREQ AMR N RELAY
RECT

PILOT :
FREQUENGY BIIo] 1
| ALARM PANEL

FIG. 2—Block diagram of pilot requlator,
Control of attenuation is achieved in the
hybrid transformer by the sampled pilot
frequency derived from the carrier-fre-
quency receiving amplifier
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FIG. 1—Pilot oscillator circuit, Pilot-frequency currents originating here are transmitted
over the line to determine the amount and kind of attenuation and then control the
succeeding repeater or terminal to restore normal level and correct twist
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FIG. 3—Pilot requlator circuit. Reactance in the twist network in the right-hand arm of the hybrid bridge gives a frequency-discrimi-
nation factor that restores flat frequency characteristics

tion and for servicing the auto-
matic circuit.

When the control is set for auto-
matic operation, all carrier-band
frequencies enter the regulator at
the upper right and pass through
an attenuation pad, a hybrid trans-
former, and an amplifier. The out-
put of this amplifier is applied to
the input of the terminal receiving
amplifier whose output is sampled
and fed back to the regulator
through a pilot-frequency filter, a
one-stage pilot-frequency amplifier,
a rectifier and a d-c amplifier. The
output of the latter is used to con-
trol passage of carrier-band fre-
quencies through the hybrid trans-
former by the degree of unbalance
of the hybrid-bridge circuit.

As bridge balance increases, car-
rier-band level at the regulator out-
put terminals increases. The
bridge in Fig. 2 is composed of R,
and C, balanced by lamp VR, R,
the twist-adjusting network and C..
Thus, the level of carrier-band fre-
quencies reaching the terminal re-
ceiving amplifier, and consequently
the subscriber’s handset, is deter-
mined by the received level of the
pilot frequency.

Action of Regulator Circuit

Figure 3 shows the regulator cir-
cuit in detail. Again the regulator
input is at the upper right. The
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attenuator is a five-element T pad
arranged for strapping into the in-
put with 3, 1, 2, 4, and 8-db attenua-
tion factors which can be combined
to match the manual attenuator at
the center of its range. The out-
put of the hybrid transformer
passes through the carrier-fre-
quency amplifier consisting of V,
and goes through switch SW, to the
carrier terminal receiving ampli-
fier, which is not shown. The
sampled output of this amplifier
returns to the regulator at the lower
right, entering the pilot-regulator
filter. This sharp-tuned network
feeds the paralleled grids of V,, the
pilot-frequency amplifier. Cathode
degeneration and bias in this stage
are controlled by C, and R, to pro-
vide gain adjustment over a 6-db
range for centering the pointer of
meter-relay RE,, a Weston type-730
sensitive relay which serves to
actuate the alarm when the pilot-
frequency level varies beyond the
automatic-regulating range for any
reason. This combination is also
used in adjusting the regulator
from time to time as required dur-
ing normal operation.

After passing through the pilot-
regulator filter, which selects the
pilot frequency from the carrier
band, the pilot frequency is ampli-
fied in V, and fed to transformer
T.. The output of the main sec-
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ondary winding is rectified in V,,
a 6H6. Resistor R, the 6H6 load,
feeds an adjustable portion of this
rectified signal to the grids of the
d-c¢ amplifier stage (V, and V, in
parallel) by way of the adjustable-
time-constant network. An addi-
tional secondary on transformer T,
supplies demodulating carrier volt-
age for the fourth or service carrier
channel previously mentioned.

The d-c potential on the grids of
V. and V, is proportional to the re-
ceived level of the pilot frequency,
which thus controls the current flow
through lamp VR, As current
varies, the lamp-filament tempera-
ture—and thus resistance—varies
and the hybrid-bridge balance is
altered, changing attenuation of the
carrier frequencies in the hybrid
and providing regulation. Because
V.and V, operate as a d-c amplifier,
small changes in rectified pilot
voltage cause larger changes in cur-
rent flow through VR,

Weather Conditions

Under normal weather conditions
the pilot regulator is customarily
set for an overall loss of 16 db be-
tween regulator input and output
circuits. This loss includes pilot-
regulator pad loss, regulator-hy-
brid-bridge loss, and regulator-
amplifier gain. At a West terminal
the regulator pad is normally
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strapped for a 10-db loss, the bridge
introduces a 31-db loss under
normal conditions, and the ampli-
fier contributes a 25-db gain. The
result is a 16-db loss. At an East
terminal the regulator pad is
strapped for a 6-db loss, the bridge
operates at a 35-db loss, and the
amplifier has a 25-db gain—making
the net loss again 16 db. The differ-
ence in bridge-circuit attenuation
results from the different frequen-
cies utilized in opposite directions
of transmission.

The twist network is a reactance
circuit in series with the current-
sensitive resistor VR, in one arm of
the hybrid bridge in Fig. 3. This
introduction of reactance makes the
attenuation introduced by the
bridge circuit dependent on fre-
quency to a degree that can be pre-
set by changing the resonant fre-
quency of the network. Maximum
twist correction is obtained when
the impedance of the right side of

the bridge varies most with fre-
guency or when maximum reactance
is in the circuit. No twist correc-
tion occurs when the twist network
contains no reactance.

Under favorable weather condi-
tions, current through VR, is rela-
tively low, and is adjusted by R,
to give maximum bridge balance
and attenuation (35 db) and in-
creased high-frequency attenuation.
The normal slope of the preceding
line section adds to this high-fre-
quency attenuation and both are
offset by a slope-correction network
contained in another portion of the
carrier terminal. The resulting
level to the amplifier is uniform as
to frequency.

Under unfavorable weather con-
ditions, pilot-current level is re-
duced, along with all other signals,
by increased line attenuation. This
raises plate current from the d-c
amplifier and increases the resist-
ance of VR, unbalancing the bridge
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FIG. 4—Total loss over a carrier system,

shown as a summation of various related

factors. The action of the pilot requlator is to keep overall loss approximately the

same under favorable and unfavorable

weather operation. Effect of unfavorable

weather is shown in lower graph
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FI1G. 5—Circuit of pilotrequlator alarm

panel. Action of time-delay circuit at owt-

put of 6N7 is such that alarm is energized

if operating conditions exceed regulator

range for more than 30 seconds, to allow
for transient effects on the line

to reduce attenuation in the hybrid
transformer. Bridge unbalance,
however, is most effective at higher
frequencies due to action of the
series-resonant circuit of the twisi
network. Thus, the higher-fre-
quency attenuation which occurs
here when the bridge is balanced
tends to disappear most rapidly as
the bridge becomes unbalanced.
Since the line twist increases as the
bridge twist decreases, the net
effect on signals at the receiving
amplifier is nil. The curves of Fig.
4 show this effect graphically.

Alarm System

The meter-type sensitive relay
shown in the output circuit of the
6H6 in Fig. 3 actuates a set of alarm
signals if the regulator is unable,
for longer than 30 sec, to maintain
normal operating conditions. The
alarm is shown schematically in
Fig. 5. It utilizes a 6N7 with both
sections in parallel to actuate a 30-
second time-delay circuit RE, on
either high or low pilot level and
thereby give a visual a'arm. Ter-
minals are provided for the attach-
ment of external lamps or an alarm
bell.

Means are incorporated for
silencing the bell but the visual
signal remains until the pilot cur-
rent is restored to a proper level.
In repeater installations, where
there are regulators for both direc-
tions of transmission, both can be
connected to a single alarm panel.
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Front and rear views of the frequency meter showing layout of the major components

A Compact Direct-Reading

Audio-Frequency Meter

Simple, low-cost instrument with sufficient accuracy for most industrial or communica-

tions measurements employs a squaring amplifier, integrator, and pulse counter. It can

be calibrated in the field from WWV transmissions

ESIGNED primarily for the
measurement of audio fre-
quencies in the range from 10 to
5,000 cycles the instrument to be
described comprises part of the
technique for obtaining and measur-
ing an audible beat between a re-
ceived, radio-frequency carrier of
unknown frequency and a known or
identifiable 10-kc marker derived
from a 100-ke crystal clock.
Although exact carrier-frequency
determination by this general
method would require more precise
instrumentation, it was desired to
obtain a direct indication to show
quickly at least the order of magni-
tude. The sense of the audio beat
(whether the unknown is beating
with the high or the low 10-ke
marker) is also apparent with a
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minimum of ambiguity when the
crystal standard or a following di-
vider is varied slightly in fre-
quency. The upper frequency limit
of the direct-reading device is set
by the fact that the unknown signal
can never be farther than 5 ke re-
moved from one of a pair of sequen-
tial 10-ke markers. The lower
limit is set by practical considera-
tions of circuit complexity and at-
tendant cost. :

Because of the potential useful-
ness of the meter for work with
audio or industrial devices, it was
constructed to read up to 10,000
cycles. Some redesign of the cir-
cuit is necessary to make it indicate
reliably at frequencies much above
this arbitrary limit. The ranges
are 10 to 1,000; 10 to 5,000; and
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10 to 10,000 cycles as constructed.

The circuit shown in Fig. 1 com-
prises a cascade amplifier followed
by a cascade squaring amplifier.
The output is differentiated and the
resultant pips used to trigger a
blocking oscillator. The oscillator
grid is biased so that only the posi-
tive-going half of the oscillation ap-
pears at the grid of the final triode.
This tube, initially biased to cutoff,
has a microammeter shunted by a
capacitor in its cathode circuit. The
meter reads the integrated space
current that is directly a function
of frequency. Provided only that
sufficient signal is furnished to the
square-wave clipper tubes, the
meter indications are independent
of audio amplitude. Wave shapes
normally encountered in continu-
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FIG. 1—Schematic circuit diagram of the audio-frequency meter

ous-wave radio are sufficiently close
to sine wave shape to produce cor-
rect meter readings. The ultimate
limitations resulting from wide de-
partures from sine-wave input
have not been examined.

The audio amplifier was found
desirable, particularly at fre-
quencies below some 200 cycles, be-
cause the poor low-frequency re-
sponse of the circuits caused the
square wave to deteriorate unless
the instrument was furnished an
inordinately large input signal. The
addition of the cascade amplifier
has reduced the input signal re-
quirement to a maximum of less
than 5 volts, about half this value
being required at the higher fre-
quencies.

Layout of the circuit is not criti-
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cal provided normal precautions are
observed. Oscillations (the meter
reading about 800 cycles) were
noted with the input ecircuit un-
loaded. The trouble was diagnosed
as feedback from the blocking oscil-
lator to the square-wave tube. A
tube shield cured the trouble. Later,
oscillations caused by feedback in
the cascade amplifier were simply
cured by bending the interstage
coupling capacitor leads slightly so
that the capacitor was farther from
the input jack.

Initial tests and calibration of
the meter were carried out with a
cathode-ray oscilloscope and a lab-
oratory-type commercial frequency
meter. Using the laboratory oscil-
lator as a standard, the scale of the
50-microampere meter was found
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to have a reasonably linear rela-
tionship to frequeney. At no point
is the deviation worse than 5 per-
cent of full-scale deflection.

The electrical zero setting of the
indicating meter is adjusted by
cutoff bias on the last tube, with
full-scale setting determined by the
50,000-ohm resistor. This latter
control is necessary owing to the
varying characteristics of replace-
ment tubes of the same type. The
meter multiplying shunts have been
so chosen, using a variable resistor
and matching its setting with
fortuitous combinations of carbon
resistors, that the top-scale adjust-
ment will be essentially correct for
each scale.

In the field or small laboratory
the top-scale adjustment can be ac-
curately set using the 440-cycle
tone broadcast on 2.5 and 5 me
from WWYV. Since this setting oc-
curs at nearly midscale, the accur-
acy of the setting is sufficient. In
regions where the 10-mc and higher
frequencies broadcast from WWYV
can be heard, either the 440-cycle
or 4,000-cycle tones can be used for
field standardization, using either
a low- or high-pass filter to sepa-
rate the desired tones.

The seconds pulse superimposed
upon the tone signal causes the
meter needle to deflect slightly, but
this momentary movement should
not prove troublesome. It can be
filtered out if desired.

It will be noted from the circuit
diagram that the meter is shunted
by a section of the power switch
and also one of the positions of the
selector switch. Whenever power
is turned off the bias on the final
tube is almost instantaneously re-
moved whereas the plate voltage
bleeds down more slowly, causing
the meter to deflect violently. The
automatic shunt removes the effect.
A somewhat similar effect when the
instrument is turned on can like-
wise be avoided by shunting the
meter through the selector switch.
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Loudspeaker monitor with noise generator and two receivers underneath in
rack at left; control equipment and recorder in center rack: receivers at right
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Representative record of two complete cycles of noise on

six sequential frequencies

Atmospheric Noise

Observations of atmospheric noise down to 0.3 microvolt per meter between 75 kilo-

cycles and 30 megacycles require receivers with special preamplifiers. Antennas are

integrally mounted with the remote preamplifiers and connected by coaxial cables to

recording equipment. Design data are given for a noise signal generator

By H. REICHE

Consultant
Ottawa, Ontario
Canada

ECAUSE of the scarcity of long-
term information on radio
propagation and atmospheric noise
in Canada, there has been, within
the last few years, an accelerated
program of research in this field.
The equipment to be described is
used for the continuous measure-
ment of noise levels as low as 0.3
microvolt per meter over the fre-
quency range from 75 kilocycles to
30 megacyeles. It comprises six
modified communication receivers,

10

a control chassis for channel selec-
tion and all major switching oper-
ations, attenuators, a graphic re-
corder, and a noise-signal generator.
The antennas shown at the left in
the photograph are mounted on the
boxes that house the wide-band
amplifiers, and are remotely located,
being connected to the measuring
equipment through coaxial cables.
The apparatus illustrated is out-
lined in the block diagram of Fig. 1.

Preamplifier Design

Because no suitable antenna could
be obtained having a flat character-
istic over the required frequency
range, the frequency spectrum was
divided into three ranges, each cov-
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ering about 10 megacycles. By mak-
ing the lengths of the antennas 15,
22, and 30 feet respectively, it was
possible to keep the sensitivity of
each individual antenna reasonably
constant over its frequency range
without resonance at any frequency.
Variations in gain are known and
taken into account when making
final calculations for the noise
strength.

The main problem in the design
of a suitable amplifier lies in the
fact that the noise figure for such
a system must be kept at a mini-
mum and the total equivalent noise
from all sources including the re-
ceiver shall not exceed 0.3 microvolt.
Experience has shown that the noise
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FIG. 1—Block diagram of the atmospheric noise-recording setup. Receivers

are automatically switched

Measurement

level encountered in the Canadian
North is very low, especially in
the region of the frequencies above
15 me.

The expression for the noise
figure of a combination of two units
in cascade is given by

Nir= N4+ (Nx—1)/G.4 (1
when N, is the noise figure of
amplifier and receiver in cascade,
and G, is the amplifier gain. It
follows that the gain of the ampli-
fier should be high. The first ampli-
fier stage is the major noise contrib-
uting factor and should have good
stability and low noise level.

Sources of Noise

The principal noise sources of the
first stage are shot-effect noise, de-
veloped in the plate of the tube, and
thermal agitation noise, which re-
sults from the equivalent input
noise resistance of the tube and
circuit. Thermal agitation noise
becomes negligible if the equivalent
noise resistance is not higher than
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400 ohms. Numbers of different
tubes were subjected to tests to de-
termine their equivalent noise re-
sistance and suitability for use in
the first preamplifier stage. The
noise resistance of a pentode showed
approximately 700 to 1,500 ohms
and, therefore, such a tube could not
be used for this purpose. A 6ACT
connected as a triode showed a noise
resistance of only 200 ohms, making
this tube suitable for the first stage
of the amplifier. The 6AK5 is a
similar type of tube and may be
used if connected as a triode. Al-
though the triode has the advantage
of a low noise level, the Miller effect
presents a problem in the design.
The grid-to-plate capacitance is in-
creased by a factor of (G + 1), G
being the voltage gain of the stage.
Using a 6ACT as a triode with an
input capacitance of 11 uuf and a
gain of 7, this capacitance becomes
about 70 uuf because of the Miller
effect. By making the gain of the
first stage unity, the capacitance
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increases only to twice its value
through the Miller effect, and any
variations in the input capacitance
are small when performing such
operations as changing tubes. Hav-
ing thus selected the design, in Fig.
2, of the first stage, the following
circuit is a grounded-grid amplifier,
employing another 6ACT7 as a triode.
This tube provides full amplifica-
tion. The complete arrangement
represented by triodes V, and V,, is
termed the Wallman circuit’.

The noise level of such an ampli-
fier can be calculated and from the
obtained results it may be seen that
the thermal noise is of very small
magnitude as long as the input
resistance is kept low.

The equivalent thermal agitation
noise current can be computed from
the following equation:

IP'=4K7TG df o
and the equivalent shot-noise cur-
rent from equation

P = 4KTRS df 3

where I* = mean-square current
K = Boltzmann’s constant
T = absolute temperature (usually
assumed 20 C)
G = total conductance at tube input
df = bandwidth in cycles

R = equivalent shot-noise resistance
8, = tube mutual conductance

Assuming the bandwidth to be 10
ke we obtain from Eq. 2
2= 1.62 X 108G

and if the input resistance, R, = 1/G
we obtain a thermal agitation noise
of I = 0.0127 (R,)* microamperes.
For the equivalent mean-square
shot noise we get

TP = 162 X 10%RS,
Assume the equivalent shot-noise
resistance R is 200 ochms and S,, is
12 x 10®* micromhos. Substituting
these values in Eq. 8 the noise cur-
rent of the first tube is then

I = 0.280 microampere
or? V = 0.179{microvolt

The plate load impedance is equal
to 1/8,. or 83 ohms.

To obtain the required bandwidth
and amplification, the Wallman cir-
cuit is followed by a wide-band
amplifier. To achieve a bandwidth
of about 10 mec with a frequency
response of = 0.5 db over the entire
range, a degenerative amplifier em-
ploying voltage feedback and stag-
gered tuning was designed. The
output was taken from a cathode
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follower, V., to match the 73-ohm
impedance of the succeeding attenu-
ators. The network consisting of
R, R,, and R, serves the purpose of
providing proper match to the noise
signal generator which is fed into
the preamplifier at that point. The
complete amplifier is housed in a
watertight case with a strip-heater
included to prevent condensation
when operating the equipment at
low temperature.

Receivers

Because the amount of noise pass-
ing through the receivers will de-
pend on the effective noise band-
width of the circuits, the six sets
were carefully aligned to eliminate
any possibility of variation in this
bandwidth. For this purpose the
selectivity control and ave control
were fixed and the bfo was cut out
entirely. The effective noise band-
width B of the i-f amplifier of each
set was then calculated from the
equation

B= [ 16/6. a )

where G is the gain at frequency f
and G, the gain at resonant fre-
quency.

The input resistance of a type
ARB8LF receiver, while nominally
200 ohms, actually varies widely
around this value. On a typical set,
values as low as 60 ohms at 4.4 mc
and as high as 350 ohms at 30 me
have been measured with an im-
pedance bridge. Therefore it is
necessary to introduce a resistance
network at the input to reduce
these variations. The resistance
seen by the input cable in this case
varies only from 71.5 to 78.0 ohms.
Although this arrangement involves
a considerable loss of signal
strength at all frequencies, the
overall gain available is ample to
take care of it. The noise output of
the receiver is taken from the sec-
ond detector stage as a rectified d-c
voltage.

The major components of the con-
trol chassis are the sequence timing
motor and selector switches that
allow the six sets to be sampled in
any required sequence. Each re-

ceiver is sampled for a period of 25
seconds, one complete sequence be-
ing completed in 3 minutes. A con-
ventional R-C time constant pro-
vides a 60-second time delay for
measuring average noise level. The
time constant can be switched oft
for recording noise peaks. The re-
cording meter is connected to the
output of the time constant network
by way of a balanced bridge circuit.
The diagram in Fig. 3 shows this
circuit which can be adjusted by
varying the screen voltages on the
tubes with the control R,.

Recording the Noise

A sample of the recording chart
illustrated shows two complete cy-
cles of recorded noise levels, using
gix different frequencies. The
markings on the left side of the
chart indicate the amount of atten-
uation for each receiver used. In
this case each little square wave
indicates an attenuation of 20
decibels. Two sidepens, one for
each margin, are available and can
be used to record such information
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FIG. 2—Circuit diagram of the wide-band amplifier located at the antenna
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as attenuation, time, or recording
sequence.

The noise signal generator serves
to calibrate the equipment and to
compare the unknown incoming at-
mospheric noise with a known, cali-
brated noise signal. A temperature
limited noise diode with an ampli-
fier and monitor forms the
basis of the generator. The noise
diode is a tube specially constructed
for this application. It has a pure
tungsten filament with high current
capacity. The load impedance of
the noise diode consists of a 3,300-
ohm resistance in parallel with 40
ppf capacitance, as shown in Fig. 4.

Noise “Generator Connection

At frequencies from 2 to 30 me,
this network is connected in series
with the tuned circuit at the grid of
the first r-f stage. The tuned cir-
cuit is shorted out for the lower
frequencies. Thus at low fre-
quencies, the effective input grid
impedance is near 8,300 ohms; at
higher frequencies, the resonant
impedance of the tuned circuit be-

comes the dominating factor. This
circuit was chosen to achieve rea-
sonable constancy of noise output
over the entire frequency spectrum.

Plate Choke

The plate supply lead to the noise
diode is effectively choked over the
entire range by a network consist-
ing of two resistors, a special choke
and a bypass capacitor. The noise
diode is followed by two r-f sections
and the output is taken from a cath-
ode follower stage to the preampli-
fiers.

The i-f section of a receiver is
used for monitoring purposes. Its
gain has been made invariable by
introducing cathode biasing. The
conversion gain of the mixer stage
in front of the i-f amplifier remains
satisfactorily constant over the fre-
quency range. One meter indicates
the noise diode current, and another
shows the noise output of the gen-
erator.

The calibration will depend on the
accuracy and stability of the equip-
ment. If M microvolts of a sinus-

1ov 9 PILOT LAMP

SIDE PEND: METER ‘:Dsms PEN

é_'—#
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TO FILAMENTS
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1l
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FIG. 3—Recording bridge circuit, balanced by adjustment of R,
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FIG. 4—Noise-initiating circuit for cali-
brating generator

oidal signal are required at the in-
put of the monitor mixer for full
scale output and the noise band-
width of the monitor is B, cycles per
second, then M/(B,)t is the moni-
tored noise voltage in rms micro-
volts per cycle bandwidth. The at-
mospheric noise signals are usually
expressed in terms of microvolts per
meter for a noise bandwidth of B,.
Therefore the atmospheric noise
signal that gives the same recorded
reading as a signal from the genera-
tor is in rms microvolts

(Ba)i/2 X (M/(Ba»/z

= Noise in rms (5)
microvolts per
B, cycles
bandwidth
Conversion of microvolts to mi-
crovolts per meter can be made via
the formula relating the two units.
For a given antenna length % and
given wavelength A we obtain

T
tan —

Microvolts = — microvolts per meter
2 xh

~ (6)

A number of other factors have to
be taken into account when calibrat-
ing the equipment but a detailed
description of the entire calibration
procedure would be beyond the
scope of this paper.

Acknowledgement

The writer wishes to express his
thanks to R. A. Chipman of McGill
University for his contribution and
suggestions.

REFERENCE

(1) H. A. Thomas and H. V. Cottony,
Report CRPL-5-1, Central Radio Propa-
gation Laboratory, National Bureau of
Standards, Washington, D. C

113



+300V

RANGE RING
PULSES OUT

DAMPED OSCILLATOR

SQUARER

PULSE AMPLIFIERS

hE

BLOCKING OSCILLATOR
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Radar Range Calibrator

By ROBERT L. ROD

Engineering Department
Radiomarine Corp. of America
New York, N. Y.

ADAR EQUIPMENTS utilizing the
plan position indicator (ppi)
type of visual presentation have
superimposed upon the polar dia-
gram a series of concentric circles
or range rings which enable range
estimations to be made to particu-
lar targets of interest. Depending
upon the range scale in use, these
rings are generally spaced 0.5, 1.0,
5.0, or 10 statute or nautical miles
apart. Those objects which appear
on the ppi between range rings may
be fixed in range by interpolation.
In order to insure the maximum in
accuracy, the indicated distance to
any ring as measured from the cen-
ter of the cathode-ray tube, or zero
range, is maintained well within
one percent of the true range.
Range ring pulses, which inten-
sity-modulate the ppi tube to form
the rings, are generally formed by

squaring the output of a shock-
excited ringing oscillator by means
of several amplifiers and differenti-
ation of the resultant square wave.
By correct choice of parallel res-
onant oscillator circuit components,
the period of sine-wave output is
made equal to the desired time in-
terval between successive range
rings. In production testing of
radars it is necessary to utilize a
simple and rapid system for pre-
cisely tuning the resonant circuit
to the correct frequency.

Applications

The test instrument to be de-
seribed permits range ring pulses
generated in the radar to be com-
pared with spaced pulses generated
by a highly accurate calibrator.
Thus, when the radar range ring
pulses are in exact time coincidence
with those obtained from the cali-
brator, the slug-tuned inductance in
the radar range ring generator that
determines the resonant frequency
of the ringing is precisely adjusted.
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A standard triggered-sweep oscil-
loscope is used for making the nec-
essary visual comparison checks.
The range calibrator may be con-
veniently used with any radar sys-
tem that can be locked in synchron-
ism with some submultiple of the
test instrument’s nautical or stat-
ute mile fundamental frequency of
either 80.86 or 93.12 kilocycles. Ra-
dars utilizing free-running multi-
vibrators or blocking oscillators to
establish their pulse recurrence fre-
quencies (prf) may be locked in
step with the calibrator without
altering repetition rates by more
than a few hundred cycles during
the calibration period. When both
the radar and the calibrator are
locked in synchronism, it is possi-
ble to align fixed and variable range
rings as well as to measure the time
duration of various waveforms
throughout the radar. By modu-
lating the Z-axis of a triggered os-
cilloscope with the calibrator pulses,
a waveform under observation will
be intensity-modulated by a series
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FIG. 2—Block diagram of the precision radar range cdlibrator

Design of an instrument for calibrating in production the concentric rings of a ppi
indicator used for estimating distance. Range ring pulses generated in the radar are com-
pared on a triggered oscilloscope with spaced pulses from a crystal-controlled calibrator

of dots spaced one or five miles
apart, selected at will. Time inter-
vals can then be accurately meas-
ured with a minimum of difficulty.

Systems used to generate range
ring pulses are described in the
literature. However, it is well to
review one common type briefly. In
Fig. 1, a typical circuit is shown
wherein a pulsed ringing oscillator
produces a damped sine wave., The
period of the sine wave is made
equal to the desired time interval
between the range ring pulses
which are developed by the follow-
ing squaring, differentiating and
blocking oscillator circuits. By the
use of a reasonably high-Q reason-
ant circuit in the cathode of the
ringing oscillator, it is possible to
produce five or more usable cycles
having, for example, a period of
five nautical miles, or 62.4 micro-
seconds, between successive cycles.
By center-tapping the inductance
and adding a feedback triode, the
oscillator can be made to have con-
stant amplitude output for each
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cycle during the ringing time.* Suf-
ficient amplification following the
damped ringing oscillator will pro-
duce a practically perfect square
wave.

Range ring oscillators of this type
oscillate only during the application
of a large negative square wave to
the grid of a normally conducting
tube. The abrupt cutoff of plate cur-
rent flowing through the triode and
the associated cathode inductance at
the onset of the negative gate
causes the parallel resonant LC cir-
cuit to oscillate. Since the onset of
the gate pulse to the ringing oscil-
lator stage is made to coincide with
the pulsing instant of the radar
transmitter, the time interval elaps-
ing while the radio-frequency pulse
travels out to a target and thence
back as an echo can be compared
on the ppi with the interval between
successive range rings.

Accuracy

Neglecting such factors as the
linearity of the ppi sweep, accu-

www americanradiohistorv com

racy of the range rings is depend-
ent upon the following factors:

(A) The resonant frequency of
the ringing oscillator.

(B) The degree of amplification
following the pulsed oscillator.

(C) The leading edge fall time
of the negative gate used to ring
the oscillator.

(D) The preciseness of all tim-
ing sequences throughout the ra-
dar system, generally known as
system time delay.

1t is the purpose of this paper to
deal with an extremely accurate
method for adjusting the resonant
frequency, A, of the ringing oscil-
lator. Factors B, C, and D may be
accounted for by careful design so
the end result will be the produc-
tion of pulses coinciding with both
the radio-frequency transmitted
pulse and the start of the ringing,
and the following 2=, 4%, 6=, and
so on, points of the sine wave.

Inasmuch as the ringing oseil-
lator is pulsed but part of the time,
a direct comparison between the
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damped sine-wave frequency and a
known frequency standard is cum-
bersome unless some provision is
made for phasing and synchroniz-
ing the two waveforms. It is also
impractical and inaccurate to pre-
set the slug-tuned inductance
against its particular capacitor out-
side the chassis by methods nor-
mally used for adjusting resonant
circuits.

A practical device for calibrating
range ring pulses is the instrument
shown in Fig. 2 as a block diagram.
Functionally, the range calibrator
delivers a continuous series of
sharp negative calibration pulses
spaced either one or five miles
apart, and a simultaneous series of
negative synchronizing pulses oc-
curring at a repetition rate one-
fifth the frequency of the precision
crystal oscillator. The synchroniz-
ing pulses are used in one applica-
tion to lock a free-running radar
master multivibrator into step with
the sequence of operations occur-

ring in the calibrator. Thus, the
calibration pulses may be compared
directly with those generated by
the radar range ring generator,

Circuit Details

The complete circuit is given in
Fig. 3. A 6V6 tetrode crystal oscil-
lator, V., is used in the calibrator
as the range ring frequency stand-
ard. The fundamental frequency
is 80.86 kilocycles for nautical and
93.12 kilocycles for statute miles.
(81.84 kilocycles corresponds to
2,000 yards.)

Following the crystal oscillator is
a 6ACT squaring amplifier, V,, and
a free-running blocking oscillator,
V.., locked, one for one, to the fun-
damental crystal frequency. Output
of this blocking oscillator is fed
out of the unit through a single
amplifier, V.5, as negative calibra-
tion pulses spaced one mile apart.
Alternately, pulses spaced five miles
apart can be obtained by interpos-
ing a counting-down blocking osecil-

lator, V.., and an isolation cathode
follower, V,;, between the one mile
pulse generator, Vi, and the out-
put amplifier, V.. The additional
blocking oscillator counts down by
a factor of five to deliver 5-mile
calibration pulses.

As shown in Fig. 3, part of the
crystal oscillator output is also ap-
plied to a 360-degree phase shift
network composed of a phase-shift-
ing transformer and a precision
variable phase-shift capacitor. By
the use of this network, a voltage
is developed at the grid of V., which
may differ in phase with the output
of the oscillator anywhere from
zero to 360 degrees, depending upon
the position of the rotor. To secure
linear phase shift against rotor ro-
tation, with little if any change in
amplitude, the circuit must be care-
fully balanced. The 90-degree phase
shift elements must be chosen® so
that at the fundamental frequency,
the resistance, R, equals the ca-
pacitive reactance of capacitor C.
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FIG. 3—Complete circuit of the instrument.
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All switches are ganged. The phasing network contains a butterfly-type capacitor
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Production instrument for calibrating range ring pulses

Thephase-shiftedsine-waveat V,,
is amplified, as before, to synchro-
nize the free-running blocking os-
cillator, V.4, one for one to the fun-
damental frequency. Output pulses
from V,, are divided in repetition
frequency by five in the following
blocking oscillator, V., to produce
radar synchronizing pulses occur-
ring at a frequency of 18.62 or 16.17
kilocycles, respectively, for the stat-
ute and nautical mile cases. Tube
Ve amplifies and inverts the syn-
chronizing pulses, the control
sync determining pulse ampli-
tude delivered to the radar.

A great advantage in placing the
phase shift network in the synchro-
nizing pulse generator section, as
compared to the original approach
which located the shifter in the cali-
brating pulse section, is the elim-
ination of errors created by phas-
ing network distortion. Since it is
imperative that the sine wave fed
to the calibration pulse section be
kept absolutely free from distor-
tion for precise results, the location
of the phase shift device to the non-
critical synchronizing pulse ecir-
cuit, in the final design, helped to
improve the linear relationship be-
tween phase shift and the physical
position of the rotor.

Radar Calibration Procedure

The phase shifted synchronizing
pulses are fed out of the calibrator
at intervals of 72.0 microseconds,

ELECTRONICS — April, 1949

when using the nautical mile crys-
tal. The free-running multivibra-
tor in the Radiomarine CR-101 Ra-
dar, for example, operates at a prf
of approximately 3,000 cycles per
second on the shorter ranges of 1.5
and 5 miles, equivalent to a period
of about 333 microseconds. By cou-
pling the synchronizing pulses into
the multivibrator at correct ampli-
tude, the radar will lock in at a
somewhat higher pulse recurrence
frequency of about 3,470 cycles on
every fourth sync pulse. This prf
increase is of minor consequence,
since higher recurrence frequency
is maintained only during the cali-
bration period.

Similarly, when the CR-101 is
operated on its longer ranges of
15 and 50 miles, the prf of the radar
system is quartered to 750 cycles,
corresponding to a period of 1,333
microseconds. Every 18th sync
pulse then locks the unit in step, a
change of about 115 cycles in the
pulse recurrence frequency.

The procedure used to adjust the
radar range rings is relatively sim-
ple. Negative synchronizing pulses
from the calibrator are applied to
the radar master multivibrator.
Meanwhile, positive radar range
ring pulses are fed to the upper
vertical deflection plate of a trig-
gered-sweep oscilloscope. Negative
calibration pulses are then applied
to the lower vertical deflection
plate. After the radar has been
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locked to the calibrator by adjust-
ing the synchronizing pulse ampli-
tude, both sets of marker pulses
will be visible on the oscilloscope,
inverted in polarity.

Adjusting the phase-shifting ca-
pacitor appears to move the cali-
bration pulses along the sweep.
This is done until two pairs of suc-
cessive pulses are coincident or
close to coincidence above one an-
other. The slug-tuned inductance
in the ringing oscillator circuit is
then adjusted so that the spacing
between radar range ring pulses
approaches that between the pre-
cision pips.

Slight adjustmen