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PICTURE PROJECTION

0/'6/60

Perfected by

The 2%” magnetic projection tri-
ode 3NP4 has a face as small as

G |
é/ a compact and is only 10%" long.

* HERE’S THE OPPORTUNITY THAT MANUFACTURERS

OF TELEVISION RECEIVERS HAVE BEEN AWAITING!
e e oo oo« 10 SIGNIFICANT FEATURES . . . . . . .

° ! Flat16” x 12" non-reflecting picture 6 Manufacturers can most economi- ®

s provides fatigueless viewing from cally extend their product range into .

" less than 5 feet and upward! projection television by udapting
2 Wide-ancle visibility — sq — their 10" EM chassis for use with

* & i — PROTELGRAM. :

. corners.

7 Easy toservice.
. 3 True photographic black and white 8 High contrast ratio and broad gray

. picture quality—no discoloration. tone range
® 4 Compact unit—suitable for tuble 9 Simple optical adjustment system.
. model cabinets.

10 Quality built after more than 10
. 5 Long-life, low-cost picture tube. vears of development.

© & @ ® & # o e ©O e 0O ® © o0 @ e & @ & o o e o o o o

NORELCO PROTELGRAM consists of a projection tube, an optical
box with focus und deflection coils, and a 25 kv regulated high-volt-
age supply unit, making possible lurge-size home projection. More
than ten years of exhaustive research resulted in this ideal svstem for
repr()ducing a projected picture. The optical components are de-
signed to produce perfected projection for a 16" x 12" image, the
optimum picture size for steady, distant observation and ualso for
proper viewing at less than 5 feet.

Other NORELCO products include stand-
ard 10”7 direct-viewing tuhes and special-
o purpose cathode-ray tubes for many

HAP lS‘ PICTURE PERFECTION IN PROJECTION

NORTH AMERICAN

PHILIPS

COMPANY, INC.

; _%ﬁ?- .-' &:: [ T = =3
NORIFAMERICAN ¥ IIERIN 4 CC
; L DEPT. TE-10, 100 EAST 42nd STREET, NEW York

oy T Y e s o -

\ g e aE
IN CANADA: PHILIPS INDUSTRIES LTD., 1203 PHILIPS SQUARE, MONTREAL # EXPORT REPRESENTATIVE: PHILIPS EXPORT CORPORAT O, 100 EAST 42ND STREE™, MEW YORK 17,N. Y.
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plane (see p 126)
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When Hastings Laboratories engineered a new, more precise
type of anemometer some very real problems were encountered.
One was to find an inside instrument that would accurately in-
dicate the direction and velocity of the wind passing the anemome-
ter located outside. Because of Marion’s recognized reputation for
manufacturing fool-proof, trouble-free meters and instruments, it
was natural for Hastings to turn to Marion for this vital component.

Marion then designed, engineered and manufactured two
matched meters for this purpose. Now, matched Marion meters
and these matchless new Hastings anemometers are helping
weather forecasters, air pilots and navigators measure the wind
more accurately all over the world.

When you have a problem involving electrical measuring or
indicating we will be glad to have you turn to us. We have helped
others. And, because we know ‘‘Marion’”’ means the ‘‘most”’ in
meters, we believe we can help you.

THE NAME MARION MEANS THE MOST IN METERS

Write for complete information

MARION ELECTRICAL INSTRUMENT COMPANY

M ANOCHESTER, NEW HAMPSHIRE

Export Division, 458 Broadway, New York 13, U. S, A., Cables MORHANEX

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS, ONTARIO
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PHOTACT is a K&E trademark that is
registered in the United States Patent Office. It is
the name given by KEUFFEL & ESSER CO., for the

protection

partners in creating '

TRADEMARK .
customers, to certain papers and cloths and a

S A

developer and a fixer for making reproductions.
The name PHOTACT may be properly used only in

connection with genuine K&E products.

KEUFFEL & ESSER CO.

EST. 1867
NEW YORK ¢ HOBOKEN, N. J.

CHICAGO ¢ ST.LOUIS * DETROIT * SAN FRANCISCO
LOS ANGELES * MONTREAL

Drafting, Reproduction, Surveying
Equipment and Materials
Slide Rules Measuring Tapes
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There’s a clock at Bell Telephone Laboratories
—evolved by the scientists there—that keeps
accurate time within 0.001 second a day. It
is the latest step in a series of developments
that began 20 years ago when Bell Labora-
tories built the first crystal clock.

Why are the men of Bell Laboratories, whose
basic intexrest is communications, so concerned
with time? Because the study of communica-
tions is largely the study of frequency —and
frequency is the inverse of time. To deal with
frequencies in megacycles requires accurate
measurement of fractions of miero-seconds.

In their early studies of piezoelectriccrystals
for frequency eontrol, Bell scientists saw the
desirability of using them also as a source of
aecurate time.

Two obstacles stood in the way of devising
a erystal clock: the relatively high tempera-
ture coefficient of crystals, and the faet that
their frequencies were too high to drive a
synchronous motor. Annular crystals, with
extremely low temperature coefficients, solved
the first problem. Sub-multiple generators
solved the second, accurately dividing the
crystal frequency. Thus the barrier between

Jrequency standards and time standards was
finally broken down.

BELL TELEPHONE LABORATORIES

*

World’s largest organization devoted exclusively to research

and development in all phases of electrical communications.

October, 1948 — ELECTRONICS
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...in a frequency standard that’s
accurate to 1 part in 108 a day

Continuing research on piezoelectric erystals
at Bell Laboratories resulted in a development
of far-reaching importance—the GT cut.
This opened the way to revolutionary ad-
vances in instruments for time-frequency
measurements. The GT-cut crystals make
possible entirely new standards of accuracy.
because of their extremely low temperature
coefficient —less than 19 parts in 108 per
degree C, far lower than produced by any
other method of cutting. i

Moreover, GT-cut crystals are admirably
adapted to wire-suspension mounting, which
virtually nullifies the effect of shock on fre-
quency. This greatly enlarges the range of
conditions under which accurate measure-
ments can be made.

The Western Electric Primary Frequency
Standard is the embodiment of these new
concepts in design. It is a 100-kc source that
combines accuracy and ruggedness to a re-
markable degree. Frequency variation is less
than 1 part in 108 over a 24-hour period; yet
the Standard, far from being confined to the
laboratory, performs with equal accuracy on
ships, planes and vehicles — even in earth-
quake areas! Wherever there is a need for
time -frequency measurements, or the syn-
chronous Operation of two or more systems,
the Frequency Standard is ready and able to
take on the job.

— QUALITY COUNTS—
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Wesrtern Eleclric

Manufacturing unit of the Bell System and the

nafion’s Iﬂrges.t pmdumr of communications equipmen.t.

'hT accuracy ysually associated
only with delicate laboratory
apparatus into field service,

BISTRIBUTONL: "M U, 5 A&, — Groybar
Eleciric Compony. IN CANADA LMD HEW.
FOUNMAND —Marthern Elestric Co., Lid.
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1WHEN WE THINK OF V-R TUBES,
WE THINK OF HYTRON.”

When leaders automatically order their gaseous vol-
tage-regulator tubes from Hytron, there must be a

reason. Companies with top names can afford to select
only top quality components. To have sold over
2,500,000, these Hytron 0A2,0B2,0C3 /VR105,and
OD3/VR150 tubes must offer something special.
They do! Better performance. Their advanced en-
gineering—-rigidly controlled processing and as-
sembly — and tougher-than-JAN factory tests
make these apparently simple tubes actually
eésy to make — better.
Yes, you are in good company if you instinc-
tively associate V-R tubes with Hytron.
Army, Navy, Air Force, AEC, famous uni-
versity research laboratories — as well as
industrial leaders — repeatedly order Hy-
tron V-R tubes. Pick either the standard
0OC3/VR105 and OD3/VR150or the space-
saving OB2 and OAZ2; you, 100, will prefer
Hytron. That goes double, if you're “from
Missouri.” Find out for yourself why so

many turn automatically to Hytron.

SPECIALIST
$ IN RADIO RECEIVING TUBES SINCE 1921

D @

MAIN OFFICE:

SA
LEM, MASSACHUSETTS
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How Allen-Howe — first to use
“Printed Electronic Circuit” in hearing aids —
depends on this Centralab development
for smaller, finer units.

Models conrtesy of Allen-Howe Flectronics Corp.

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

1zE and weight are vital to Allen-Howe, hearing aid manufac-

turers. That's why this firm’s engineers chose Centralab’s Printed
Electronic Circuit to help them design and build smaller, lighter,
more efficient units. Just as important to Allen-Howe is product
dependability, Months of actual experience using Printed Electronic
Circuits have proved to them how very rugged these miniature audio-
amplifiers are . . . just how well they resist humidity and moisture.
That's why they continue to use Centralab’s revolutionary P.E.C.
INTEGRAL CERAMIC CONSTRUCTION: Each Printed Llectronic Circuit is
an integral assembly of “Hi-Kap” capacitors and resistors closely
bonded to a steatite ceramic plate and mutually connected by means
of metallic silver paths “printed” on the base plate.

This outstanding hearing aid development, illustrated above, was
the result of close cooperation between Centralab and Allen-Howe
engineers. Working with your engineers, Centralab may be able to
fit its Printed Electronic Circuit to your specific needs. Write for
full information, or call your nearest Centralab Representative.

TYPICAL “AMPEC” — (actual size, back view)
shows how you can get complete electrical cir- LOOK TO IN 1948!
cuits—tube sockets, capacitors, tesistors and wir- @ )

ing—in one miniature Centralab amplifier unit.

Division of GLOBE-UNION INC., Milwaukee

ELECTRONICS — October, 1948 7



e With it—your signal from studio to transmitter
now rides on air!

With it—your problems of outages duc to
weather or rugged terrain are solved! Slect
storms, fires or floods can damage studio to trans-
mitter transmission lines or cables —but not
micro-wave transmission from General Electric
S-T broadcast system. There are no transmission
lines or cables.

With it—you can select the best sites for your
station and transmitter with increased assurance
of reliable program service!

; by
T dcggned

o Amplificr . one

Limiting Electric for E,_mcnen' Y_

General audio eqwP

Like all G-E

lus.- .
P it fits into §

mcn‘l
net rack.

tandard cabi-

o Consolette con-

GE ‘wo-studl trols neede for

i 11 con
4ains @
it-second cont

® Opcrates in band 920 to 960 MC. This includes the

band permanently assigned by FCC for S-T broad-
cast service.

Permits you to meet all FCC FM hroadcast system
requirements.

Remote controlied over single-pair telephone line.
Uses standard type “N” RF fitings throughout.

ANNOUNCING THE GENERAL ELECTRIC S-T BROADCAST SYSTEM!

The new General Electric S-T Link equipment
is easily irstalled and occupies remarkably little
studio space. A product of the rescarch and engi-
neering skills assembled at Electronics Park, this
system is another General Electric contribution
to better broadcasting.

Broadcasters, station managers and engineers
will want all the facts.

Your nearest G-E office can give them to you.
Call there, or write: General Electric Company,

Transmitter Division, Electronics Park, Syracuse,
New York.

.1 TRANSMITTER

ut. Conti nuously adjust:

ated 10 watts outp

. Conservuﬁ\’e\Y 'l for moximum tube life.

able 1 10 10 watts, ne
installation.
kably easy 10S )
iy ! ntire fransmitter is ‘;O:P\:\
omforta
e done underc doors
tion: 675 watts total inpy
v hout special test eq :
controls im-

e e
e within its cc}k?ln

\ i e'lndoorcondmons.
. . e Single untt

All maintenanc

o

ipment.
: e Low power cons . i o
g Can be tuned and adjuste e
oy ibility. All meter on S o
e ol hen front doors are

afety 10 personne\.

%

o e Insia
mediately at hand W i
Rear doors interlocked for
L]

hange tubes.
o Simple and easy to €

WHAT THE SYSTEM DOES FOR YOU...

e Provides high fidelity performance:

—Less than 195 distortion from 50 to 15,000 cycles.

—Noise Jevel better than 65 db.

—Frequency response well within = | db from 50
to 15,000 cycles.

e Designed for unattended remote operation.

October, 1948 — ELECTRONICS
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CLEVELAND 4, OHIO

710 Williamson Bldg.

Euclid & Public Square
Superior 6822

ATLANTA 3, GA. DALLAS 2, TEXAS
137 Spring Street N.W. 1801 N. Lamar Street
Walnut 9767 LD 224
BOSTON 1, MASS. DENVER 2, COLO.
140 Federal Street 650 17th Street
Hubbard 1800 Keystone 7171
CHICAGO 54, ILL. KANSAS CITY 6, MO.
1122 Merchandise Mart 106 W. i4th Street
Whitehall 3915 Victor 9745
CINCINNATI 2, OHIO
215 W. 3rd Street
Parkway 3431

LOS ANGELES 14, CALIF.
Suite 1300-1301
Security Title Insurance Bldg.
530 West Sixth Street
Trinity 3417

ude

MINNEAPOLIS 2, MINN.

SALT LAKE CITY 9, UTAH — 200 South Main Street
SYRACUSE 1, N.Y.— Syracuse 6.441 |

i A
KW M Transmitter.
:Sm‘zus member of @ fomc::;
family. skillfully englneend—
and sturdily built—a ::\ep:aj <
able unit that has hel{)e i
bring continuing FM lea
ship to General Electric

i M Antenna — PTO°
S;:\Z:\T\Zgi power gc?in with
low wind loading.
”Doughnuf“
able in 1 2,
models.

SAN FRANCISCO 4, CALIF.
235 Montgomery Street
Douglas 3740
SCHENECTADY, N. Y.
Bidg. 267, Rm. 209
Schenectady 4-2211
SEATTLE 4, WASH.
710 Second Avenue
Main 7100
WASHINGTON 5, D. C.
806 |5th Street N. W.
Executive 3600

12 Sixth Street
Main 2541
NEW YORK 22, N. Y.
570 Lexington Avenue
Wickersham 2-1311
PHILADELPHIA 2, PA.
1405 Locust Street
Pennypacker 5-9000

LEADER IN RADIO, TELEVISION AND ELECTRONICS

GENERAL @) ELECTRIC
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IN
PORTABLE FORM

Designed for a wide variety of laboratory measurements,
especially those where high sensitivity and a long scale arc are required.
Electrostatically and magnetically shielded, Model 622 is ideally suited for
precise measurements of potential and current at the very low energy levels
frequently encountered in nuclear physics, electronics and electro-chemical
research, Microammeters, milliammeters, millivoltmeters and voltmeters are
available in single’ and multi-range D-C types; milliammeters and voltmeters

in thermo and rectifier types for RF and A-C.
Complete, information” on Model 622 is available from your

nearest WESTON representative, or by writing ... WesToN Electrical Instrument
Corporation, 618 Frelinghuysen Avenue, Newark 5, N. J.

WESTON 2.5

CLEVELANO - DALLAS - DENVER - DETROIY - HOUSTON - JACKSONYILLE - KNOXYILLE - LITTLE ROCK - LOS ANGELES - MERIDEN - MINNEAPOLIS - NEWARK

ALBANY - ATLANTA - BOSTON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATI -
NEW ORLEANS - NEW YORK - PHILADELPHIA - PHOENIX - PITTSBUREH - ROCHESTER - SAN FRANCISCO - SEATTLE - ST.LOUIS - SYRACUSE - TULSA - IN CANADA, NORTHERM ELECTRIC CO., LTD., POWERLITE DEVICES, LTS,
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TYPE CVH, an important newcomer in a famous line
—a SoLA CONSTANT VOLTAGE Transformer designed for
use with equipment that requires a source of undis-
torted voltage. These new transformers, zvailable in
250, 500 and 1,000 VA capacities, provide all of the
voltage stabilizing characteristics of the standard Sora
Constant Voltage Transformer, with less than 3% har-
monic distortion of the output voltage wave.

Since the output voltage wave is essentially sinusoidal,
these transformers may be used for the most exacting
applications such as general laboratory work, instru-
ment calibration, precision electronic equipment or
other equipment having elements which are sensitive to

CONSTANT VOLTAGE
with low harmonic distortion

power frequencies harmonically related to the funda-
mental.

As in all Sora Constant Voltage Transformers the
regulation is automatic and imstantaneous. There are
no moving parts, no manual adjustments and every
unit is self-protecting against short circuit.

Type CVH represents ]
an outstanding ad-
vance in automatic
voltage regulation
and an important
contribution to pre-
cise electronic equip-
ment.

WRITE FOR THESE BULLETINS

DCVH.136-—complete electrical and
mechkanical characteristics of the
new T'ype CVH Constant Voltage
Transformers.

DCV-102 — complete engineering
| handbook and catalog of standard
Constant Voltage Transformers

' ; © LA W W : avaiiable for remedial or built-in
pplications.
I— 7\ TRANSFORMERS "~~~ |

Transtormers for: Corstant Voltage » Cold Cathode Lighting + Airport Lighting + Series Lighting ¢ Fluorescent Lighting ¢ Luminous Tube Signs
il Burner Ignition * X-Ray ¢ Power « Controls « Signal Systems * etc. «+ SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, lllinols

Mansfactured under license by: ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australia ¢ ADVANCE COMPONENTS LTD., Walthamstow, E., England
UCOA RADIO S.A., Buenos Aires, Argentina « M.C, B.'& VERITABLE ALTER, Courbevoie (Seine}, France

ELECTRONICS — October, 1948 "
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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 altloy. 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
rod 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-
lytic copper were 77¢. This figure included the material differ-

ence and direct labor. In addition, there was an 189, 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, 11l.; Detrost, Mich,; New Bedford, Mass.;
Rome, N. Y, — Sales Offices in Principal Cities, Distributors Everywbere.
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Exclusive Manufacturers of Communications Network Components

s
Cycles

The big three out of 30 types of
€ toroidal coils we are supplying.
% TC-1 any ind. up to 10 hys,
=4 TC-2 any ind. up to 30 hys.
TC-3 any ind. up to .750 hys.

Attenuations in DB

S-105 Wideband Filter
1 | | } 1

o © n © wm O W o i
- - S«

‘7: of Center Frequency

Wide band sharp cutoff band pass.
Size: 2 x 31, x 654.

YONKERS 2, NEW YORK

CABLE ADDRESS “BURNELL”

_ALL INQUIRIES WILL BE PROMPTLY HANDLED . .. WRITE FOR TECHNICAL INFORMATION



For top-flight quality and rock=-bottom economy

in telecast programming . . . DU MO“T Type 5130-B

Superlative movie programming utilizing economical 16 mm
sound films—that's the meaning of this latest Du Mont achieve-
ment.

Designed and built “from scratch” to meet the exacting needs
of movie telecasting. Not to be confused with usual improvisa-
tions. Definitely, with this unique projector, movie telecasting
comes of age.

Ready for the heavy-duty service normal to telecast operations.
All parts readily inspected, checked, replaced, when needed.
Selt-contained. Fully enclosed. Streamlined. Smartly designed.

Better movie presentations over the air are bound to follow

the installation ‘of such equipment by telecasters seeking the
largest audiences.

’ Details on request. Meanwhile, submit your
telecasting problems and requirements.

' T T Qe
NS i |
l
1
i
i
|
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©ALLEN B. DU MONT LABORATORIES, INC,

4 m ; - £ . gg E 5 ;1 rd - ; é L J -
ALLEN B, DU MONT LABORATORIES, INC, o
AND STATION WABD, 5I5 MADISON AVE.,

TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE,,
NEW YORK 22,
PLACE, NEW YORK 3, N. V. .

N. Y, o DU MONT'S JOHN
STATION WTTG, WASHINGTON, D. C.

CLIFTON, M. J.

DU MONT NETWORK
WANAMAKER TELEVISION STUDIOS,

WANAMAKER
.
14

HOME OFFICES AND PLANTS, PASSAIC. N, J.
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Finest Cored Solder
in the World

TECHNICAL ADVANTAGES

T |

y

@ Multicore Solder

Thrze separote cores of flux eliminade possibility of
no Aux in o portion of the wire, wnich may occur
in single cored solder. Guaranteed continuity of
the flux stream prevents “"dry” jcints, i.e. those
hav'ng high electrical resiscance.

Alttough there are three cores of flix in Multicore,
the total percentage of flux to solder is no greater
thaa in single cored solder,

Ver¢ rapid melting results from thz multiple core
construction which provides thinner walls of solder
thaa are found in same gauge singe cored solder.

Mu licore's unique properties make perfect joints
pos:ible on difficult metals and alloys, even if oxi-
dized.

Abi ty to tin rapidly produces per‘ect joints with
less solder. Greater coverage per pound.

e Ersin Flux

Ersin Flux is an exclusive produa of Multicore
Solcers Limited, and is only suppFed as part of
Muliicore Solder. It is a high grade, water white
rosin, homogeneously activcted,

Corfers on rosin a vigorous fluxing action without
affesting the non-corrosive and prorected features
of the original rosin.

Soldered joints made with Ersin Flux do not cor-
rods even after prolonged exposure to a degree
of Fumidity.

Redwuces the surface tension of molten solder,
cau: ng it to wet metals ragidly, inzreasing speed
of cperation with resultant product on economies.

Free from objectionable odor. No1-foxic in use.

leares nothing but pure rosin on the work after
soldering, and may be used wherever plain rosin
is sdecified,

Write far Helpful Booklet,
“SOLDERS AND SOLDERING"

Solidus
°C.

Multicore
Color Code

Alloy
Tin/Lead

Liquidus
(&

| bit temperature

The only 3 core solder made
with ERSIN FLUX...the original
non-corrosive, extra-active flux

Recommended

USES

60/40
L
50/50 |

45/55 |Crimson/Buff 183°

= 1 ml—— -

40/60

Green 183°

30/70 White 183°

20/80 Purple

ALLOY

190°

212°

227°

238°

257°

276°

Appraximate Number of Feet per 1b.

High quality work requiring
low melting point alloy.

Hond saldering. Radio, tefe.

phone and electrical equip-

ment; batteries.

Fuses, motors, dynamos.

Ltomps, motors, dynamos.

48.7 46.6 45.3
4 | o080 | 2032 644 | 617 | 59.2
16 |0.064 |1 626] 1005 | 96.4 | 943
ts |0.048 [1.219| 178.5 | 171.0 [167.8
19 | 0.040 | 1.016| 2575
|o.9u! 318.0 | 304.5 |302.5 i
526 0 | 503.0 |492.o

50740 [ 30750 IIS T3] 40760 | 30770 l 20780
25.2 | 24.1 | 23.5 | 23.0 | 21.9 | 208
38.1 | 365 | 352 | 349 | 331 | 315

44.5 l
58.6

921

163.5 | 155.5

| |
| 246.5 l240.4 235.5 ]224.0

291.0 I

481.0

276.5

457.0

42.3 40.3

56.0 | 53.3

87.5 83.3

Address U.S.A. and Canadian inquiries to:

BRITISH

INDUSTRIES

CORP.

315 Broadway, New York 7, N. Y.

Inquirles regarding other territories to:

MULTICORE

SOLDERS

Mellier House, Albemarle Street, London, W. 1,

LTD.
England
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Resistance Welding Controls
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Want to speed fabrication? Reduce handling and welding time? Get
top-quality welds? Then investigate Westinghouse clectronic resistance
welding controls. You can selcct the basic patterns of controls you need
—synchronous or non-synchronous. Each is a complete, unified, factory-
assembled package that climinates awkward, cumbersome equipment of
the past. Every part has been especially designed for heavy-duty industrial
use. Controls are within easy reach of the operator. Circuits have been
simplified; troublesome gadgets eliminated; designs on-the-job tested
and performance proved. Everything has been designed and built with
one purpose in mind—to make resistance welding more practical
... more efficient than ever before.

Check Westinghouse Electronic Welding Controls today. See their
simplicity . . . their compactness. For complete detailed information, call
your nearest Westinghouse representative or write to Westinghouse

Eleciric Corporation, P. O. Box 868, Pittsburgh 30, Pennsylvania.
J-60681

Synchro-Trol . . . Synchronous-Precision
A-C Control for Resistance Welding

All timing and sequence functions in one
factory-assembled and tésted unit.

Synchronous-precision timing . .. more uni-
form welds ... fewer rejects ... lower
costs.

Easy operation—finger-tip control where
you want it. i

Less floor space required—saves up to 50%,
of that formerly required.

Locking doors protect controls against un-
authorized tampering.

Less skilled help needed for installation and
operation.

Weld-0-Timer . . . Non-Synchronous
Control for Improved Welding

Unusual flexibility permits many combina-
tions of standard sub-units in one factory-
assembled unit for specific resistance
welding requirements.

Installation is easy . . . units are supplied
completely wired and factory-tested.

Tested, improved circuits provide timing
consistency. Each sequence circuit is
equipped with voltage regulating tubes.

Standardized Weld-O-Timers are alike in
design . . . well suited to modern plant
layouts. Circuits and terminal markings,
regardless of combination, are similar for
all units.

Westinshouse

PLANTS IN 25 CITIES ...

OFFICES EVERYWHERE




Wherever There’s a CORE and COIL gmg

Power and
Avudio Transformers

Chokes ° Filters

Choose

POWER SUPPLY UNITS AND ELECTRONIC
ASSEMBLIES TO SPECIFICATIONS

) QW' (gOWb, jm. »

30-A Rockefeller Plaza ® New York 20, N. Y.
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«..with the New -hp- 650A
RESISTANCE-TUNED OSCILLATOR

SPECIFICATIONS

FREQUENCY RANGE: 10 cps to 10 me
FREQUENCY CALIBRATION: 0.9 to 10.
Multiplying factors are:

MF Freq. Range
X10 cps 9 to 100 cps
X100 cps 90 to 1000 cps
Xlke 900 to 10,000 cps
X10ke 9 to 100 ke
X100ke 90 to 1000 kc
Xime 0.9 to 10 mc

STABILITY: 2%, 10 cos to 100 ke; +3%,
100 ke to 10 mc including warmup, line
voltage, and tube changes.

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

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

DISTORTION: Less than 1% from (00 cps
to 100 kc. Approx. 5% from 100 k¢ to
10 mc.

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

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

HUM VYOLTAGE: Less than 0.5% below
maximum attenuated signal level.
POWER SUPPLY: |15 volts 50/60 cps. Con-
sumption 135 watts. Plate supply elec-

tronically regulated.

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

HERE IT IS. .. another -hp- “first” . .. a new
resistance-tuned oscillator that not only covers a
frequency range of 10 cps to 10 me, but brings to
the r-f and video field all the speed, accuracy and
ease of measurement traditional to famous -hp-
audio oscillators. And, this important addition to
the -hp- line incorporates all the family character-
istics of other -bp- oscillators . . . no zero setting,
minimum adjustment during operation, virtual in-
dependence of line and tube characteristics, accurate calibration, and stream-
lined circuits for long, trouble-free performance.

The result is a highly stable, wide-band precision instrument which provides
output flat within 1 db from 10 cps to 10 mc, and a voltage range of .00003 to
3 volts. Output impedance is 600 ohms or 6 ohms with output voltage divider.

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

Where it is desirable that the measurements be made with a low source im-
pedaace, an output voltage divider unit is supplied. This attachment consists
of a cable, which may be extended to the point of measurement and provides
an internal impedance of 6 ohms. It also reduces the output voltage 100 to 1.

THE COMPACT, cfficient -hp- 650A is available now for making a wide
number of measurements . . . testing television amplifiers, wide-band systems,
filter transmission characteristics, tuned circuits, receiver alignments. And . . . it
serves admirably as a power source for bridge measurements or as a signal
generator modulator. 1495

For full information...write today

Hewlett-Packard Company « 14954 Page Mill Road - Palo Alto, Calif.

: sineers!
tion FM Enel
pres sation on the o

1
! infor
Full 1 £ TEST EQUIPMENT

-hp-

laboratory instruments

F OR SPEED A ND ACCURACY
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J&Tt's sweet music to us . . . and to our

customers, we think, to know that Karp Metal Products
Co., Inc., next month will move into a brand new stream-
lined building of 70,000 square feet of space, with a 600
foot frontage.

Our new plant will be the last word in modern manufac-
turing quarters, equipped with the newest and most efficient
machinery and facilities, including the most complete and
up-to-date paint and finishing department, scientifically
air conditioned and dustproof. These advancements will
enable us to extend the scope of the precision service we
render the leaders of the radio and electronics industry.

Your loyal patronage has helped make possible this
expansion, and you may be sure the favor will be returned
in the form of greater production and better-than-ever
Karp service . . . from the simplest chassis to the most
elaborate console.

Ask For Our Informative New Catalog

KARP METAL PRODUCTS CO., INC.

215-63rd Street, Brooklyn 20, New York

Customn %mﬂmwn en Steel Melal

October, 1948 — ELECTRONICS
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The answer to your HOME ENTERTAINMENT CENTER. Decigned by
leading furniture stylists and electronics engineers, CUSTOMCDE custom
cakinets give you hundreds of refined functional arrangements, enhancing
all interior styles and requirements.

Four Basic Units: Repraducer Cabinet—Bass Reflex design utilizes any
15" speaker including Jensen coaxial speakers; Medium Utility Cabinet
—for large equipment, communications receivers, television sets, ampli-
fiers, etc.; Small Utility Cabinet—for tuner, amplifier, recorder, record
changer, etc.; Record CTabinet — holding more than 200 records.
Mahaogany in Blond or Cordcvan finish.

Customode’s '‘building block™ versatility enabies you to create your
own layouts as you wish, when you wish. Please accept our invitation
to write today for free literature and scale cut-up illustration. Jensen
Manufacturing Company, 66G1 5. Laramie Ave., Chicago 38, lllinois.




CLEVELAND - DETROIT -

22

If You Need "
punched parts of

laminated plastics
by the MILLION

-

Look to RICHARDSON
Insist on INSUROK

(REGISTERED TRADE MARK)

The Richardson Company offers you the services of an
established, cxperienced, manufacturing organization with
ample facilities for quantity production of Laminated
INSUROK, proven by years of experience to be one of

the world’s truly fine punching stocks.

#%e RICHARDSON COMPANY

GENERAL OFFICES: LOCKLAND, OHIO L FOUNDED IN 1838

Sales Headquarters: MELROSE PARK, ILLINOIS

INDIANAPOLIS - MILWAUKEE - NEW BRUNSWICK. N. J. - NEW YORK = PHILADELPHIA - ROCHESTER  ~ ST. Louls
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The best way to evaluate these glass
bushings for capacitors, modulator
transformers, and other =zlectronic
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 cf one or
more of our standard glass bushings.
Or write for Bulletin GEA-5093 which
contains complete listings of our
standard designs, allowing you to
select the particular bushing you re-
quire. Power Transformer Sales Division,
‘3eneral Electric Co., 16-215 Pitisfeld, Mass.

ELECTRONICS — October, 1948

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 is now offering to other manufacturers the glass bush-
ings that it has used so successfully on capacitors, rectifiers, modulator
and instrument transformers, and other electrical equipment. These
bushings are cast of an exceptionally stable, low-expansion glass. Metal
hardware 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 currently 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 153 to 324 inches and weights from 214 oz.
to 4 Ib.

GENERAL ELECTRIC

40153

23



Recommended for use under
stringent conditions such as en-
countered in television, auto
radio applications, and sets for

export use.

Samples on request
to quantity users.
Write for Sprague
Data Bulletin 201A.

Wherever small, paper capacitors

are required to operate under exacting conditions of
heat, moisture or vibration, Sprague Phenolic Molded

Tubulars are setting new, higher standards of efficiency.

SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASS.

R n G u E * Trademark Rex. U. S. Pat. Office

ELECTRIC AND ELECTRONIC PROGRESS

PIONEERS OF

CAPACITORS KOOLOHM® RESISTORS
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vhf communication package

® The Collins 3000A-1
provides radiophone facilities for transmission
and reception in the frequency range of 118
to 136 mc. It is expressly designed for air-
lines and airport tower vhf communications.

The installation consists of a Collins 242B-1
vhf transmitter (r-f, modulator, relay control,
and high and low voltage power supply units),
and a Collins 51M-2 vhf receiver, all com-
pactly integrated in a Collins cabinet.

The r-f section permits transmission on
either of a pair of frequencies not more than
19, separated, anywhere within the band, and
has a power output of 50 watts. The number
of channels can be increased by the addition
of r-f units, each unit having two channels.
By selection of vhf units and a Collins remote
control unit the installation can provide
transmission on as many as eight frequencies.

The transmitter units are designed for 19”
rack panel mounting. Convenience for main-
tenance has been an important design con-
sideration. All tubes and adjustments are
available from the front of the cabinet. Thor-
ough engineering throughout insures depend-
able, uninterrupted performance at either a
local or remote position.

IN RADIO COMMUNICATIONS, IT'S . . .

The 51M-2 is a fixed channel crystal con-
trolled dual-superheterodyne receiver, and is
highly sensitive and selective. It includes all
modern circuit features, such as flat ave, noise
limiter, and squelch. Write us for further
information.

=/

.

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, N. Y.

N\ 4

458 South Spring Street, Los Angeles 13, Californiug

ELECTRONICS — October, 1948
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the right material
for your job

If you want to get the electrical insulating
material best suited to improve product per-
formance, here's an engineering service worth
investigating. Experienced Continental-
Diamond engineers will welcome the oppor-
tunity of working with you from the start of a
job to its completion. Backing them up is a
complete line of insulating plastics with un-
usual combinations of electrical, chemical and
mechanical properties. There's Diamond
Fibre for toughness, wear resistance, and
light weight, Vulcoid for superb arc resist-
ance, toughness, good dielectric strength and
fair moisture stability, Dilecto for structural

DE-5-48
BRANCH OFFICES: NEW YORK 17 o

CLEVELAND 14

CHICAGO 11

-
T i
P SO TR L R
wag
Mﬂ“ﬂﬁ“‘ X “!" you L
) pervRe
e pe035! :“ BUTERS GO
a0 BT e et teetie
y " SOOR s v,

S

T

strength and dimensional stability. All in all,
there are five different C-D Plastics subdivided
into grades to fit your specific application.

Take advantage of this complete plastics
service designed to help you improve product
performance, lower unit costs. For personal
engineering help or prompt delivery of insulat-
ing plastics, call your nearest C-D office today.

C-D HIGH-STRENGTH PLASTICS
Diamond Fibre—Vulcanized Fibre
Vulcoid—Resin Impregnated Fibre
Dilecto—Laminated Thermosetting Plastic
Celoron—Molded High-Strength Plastic
Micabond—Bonded Mica Splittings

SPARTANBURG, S. C .

5 il o RS Ricn

Rl Aol AR 5.

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

» . 4 . .
( yonlenerled - Uzwﬂwn(/ FIBRE COMPANY

Estctliskes 1695 . Manufecturers of Laminated Plasf:cs since 191T—NEWARK 10« DELAWARE
e e e e e e e e e e e e S U ™ el e W B™ e .

26 October, 1948 — ELECTRONICS



You get all these features ONLY in the

Western Electric 5A Monitor

for FM Broadcasting

CENTER FREQUENCY MONITOR: MODULATION PERCENTAGE MONITOR:

Accuracy—better than = 500 cycles. (# 200 Accuracy—better than 5% for all readings
cycles if occasionally adjusted to agree with Modulation Range Capability—up to 133% (= 100 kc)
a primary standard) Terminals for connecting remote meter

Meter Range— = 3,000 cycles

Terminals for connecting remote meter

V

QUALITY DESIGN
AND

MANUFACTURE:

Desigzned by Bell Tele-
phone laboratories.
Built by Western Elec-
tric,to WesternElectric
standards of quality.

fomoour

CUurg,
re
Eere aosdurncy

PROGRAM MONITORING CIRCUIT:

Output suitable for either aural program monitoring or
FM noise and distortion measurements

Frequency Response— = 0.25 db, 30 to 30,000 cycles, with-
oat de-emphasis; with de-emphasis, response is within
(.5db of the standard 75 microsecond de-emphasis curve

AM NOISE DETECTOR:

. s lusive feature in the 5A
Audio Output Power—output level adjustable up to + 12 An excl 4
dbm— permits direct switching of program monitor from MODULATION (liVlomttor. Thle. t;]utputbof th’;
transmitter input to 5A Monitor output PEAK INDICATOR: df::gllo;;‘:x:l:leg:znizzﬁt
Hall:;n'(l)(())r(;lgpi)lstoruon-—Iess than 1/4 of 1% frem 30 to Indil(]:alion Iiampd_l ﬂas]he; e i ey o
s s . B . when a selected level o automatically referred to
OuitputNoise—atleast 73dbhelowsignalat 100% modulation modulation is exceeded 100% amplitude modulation,
Peak Limit Range —contin- thus simplifying measure-
uously adjustablebetween ment of transmitter AMnoise.

40% and 140% modulation

The 5A Monitor includes numerous other valuable
features such as: dual thermostats and dual heaters for
each crystal—means for checking the inherent noise level
of the monitor from its input to output terminals—requires
only a low RF input level (1 watt) which can vary from
0.3 10 3.0 watts; i. e, a 10 to 1 variation without affecting

POWER SUPPLY: Newly designed 20C Rectifier (furnished

_ as a part of the 5A Monitor) provides electronically regulated the performance of the monitor. To get the complete story
d-c with less than 1 millivolt ripple from 105-125 volts a-c 60 on this outstanding monitor value, call your Graybar
cycles. May be remotely located if desired. Broadcast Representative or mail the coupon below.

4 » Graybar Electric Comnpany E-10 I
W 5 m E eC” 420 Lexington Avenue, New York 17, N. Y.
Ic Please send me Bulletin T-2437, including curves, |
schematics and block diagram of the 54 Monitor.
Distributors: In the U. S. A.—Graybar |
Electric Company. . i NAME |

In Canada and Newfoundland—Northern d STATION

Electric Company, Ltd.

—QUALITY COUNTS — ADD.RESS_ B - _l
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Applied
Research
Laboratories
specifies
Sorensen
electronic
voltage

regulation

Only Sorensen electronic voltage regulators offer as much as 0.19%
regulation accuracy under simultaneouns line and load changes.
Shown above is the ARL Projection Comparator Densitometer. Applied Research Laboratories, internationally
known manufacturers of precision spectographic and densitometric equipment, have standardized on
Sorensen AC line voltage regulators because only Sorensen units provide the 0.19% regulation accuracy necessary
for the scanning lamp. SIX IMPORTANT SORENSEN FEATURES: ® Precise regulation accuracy; ® Excellent
wave form; ® Output regulation over wide input voltage range: ® Fast recovery time; ® Adjustable output voltage, that
once sel, remains constant; ® Insensitivity to line frequency fluctuations between 50 and 60 cycles.
It you calibrate meters, need quality control on test lines, work with X-ray equipment, or are a research physicist
or chemist, there is a standard Sorensen AC or DC unit to solve your voltage problem. The Sorensen Catalog

contains complete specifications on standard Voltage Regulators and Nobatrons. It will be sent to you upon reques!.
THE FIRST LINE OF STANDARD ELECTRONIC VOLTAGE REGULATORS.

%" SORENSEN & Company, Inc.

—
Stamford, Connecticut

-~ e
o
g %
o ww Represented in all principal ities.
-~
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Dhesigners and AManfactrers of

Communceations, NMicrowave and JM—%W JWWZJ

PRESS WIRELESS
MANUFACTURING COMPANY, INC.

(Combining Press Wireless Manufacturing Corporation and Milliken Machine Company)

A STATEMENT BY THE PRESIDENT

* To the many ceptional engineering staffs and production facilities
friends of Press Wire-  of its predecessors and now offers to government and
less Manufacturing industry a complete service for the design anc_l manu-
Corporation and of facture of a wide variety of communication, micro-
Milliken Machine wave and electro-mechanical equipment.
Company, we take * Press Wireless Manufacturing Company, Inc,
pleasure in announc- places at your disposal a coordinated and experi-
ingthat thesetwolong  enced team, which has consistently delivered suc-
established concerns are now united under the name ~ cessful military and commercial equipment and
Press Wircless Manufacturing Company, Inec. which knows how to interpret intangibles and create

« The new company has continued intact the ex- efficient designs where no precedent exists.

WE WELCOME YOUR INQUIRIES W
o y A President

e

PRESS WIRELESS MANUFACTURING COMPANY, INC.

Manufacturing Plants Located at Hicksville, L. I, and West Newton, Mass.
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Centralab reports to
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®
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Check the features of Centralab’s revolutionary new Rotary Coil 24 inch pounds.) (2) Guaranteed minimum life — 150,000
and Cam Index Switch. You'll agree it's one of the most im- cycles (RMA Standard — 10,000 cycles.) (3) Removable spring

portant switch developments of the year! (1) New tested step- can be replaced without removing switch from chassis. Get all
strength of 48 inch pounds. (Standard RMA step-strength—onl the facts. Write for Bulletin 995.

Four Positions Give You Wide Choice of Switching Combinations

Pl — Positive Index SR -— Spring Return

oXoioYe

11w position positive 2 1w position spring 3 Two position spring 4 three position posi- S Three position spring

index, return, from counter~ return from clockwise. tive index. return from both sides
clockwise, to center,

D O O

6 Three position index 1 Three position index our position, three L position, three 10 four position, two
~—two positive spring —two positive spring positive, spring return positive, spring re- positive, spring re-
return from counter- return from clockwise. from counter-clock- turn from clockwise. turn from clockwise,
clockwise, wise, counter-clockwise,

October, 1948 — ELECTRONICS




MODEL *"R" MODEL “E" MODEL “M"

of variations: Aodel "R’ — wire wound, 3 watts; or composition type, 1 watt.
Direct contact, 6 resistance tapers. Model
sformation, write for Bulletin 697.

cal size, low mass weight, use CRL
-~ Hi-Kaps — miniature ceramic disc ca-
pacitors. Write for Bulletin 933.

9 For utmost reliability in small physi-

3 Let Centralab’s complete Radiohm line take care of your special needs. Wide range

Model "E" — composition type, V4 watt.
“M" — composition type, /4 watt. For complete it

Resistor

MM

ACTUAL
SI1ZE

I'.
\ \ Capacitor e
‘\"I II(IH "'|| ——

A \ mmar e
1|I.‘ %
\ |
IIH.'.

uF“pec-n \ \\ CGPGC”OI’

Actual size P

Actual size

i

Centralab's Filpec is designed for use as a batanced diode lead filter, combines up to 5 CRL’s Couplate consists of a plate
e

three major components into one tiny filter unit. lighter and smaller than one ordinary lead resistor, grid resistor, plate by
capacitor. Capacitor values available from 50 to 200 mmf. Resistor values from 5 pass capacitor and coupling capacitor.

ohms to 5 megohms. For complete information write for Bulletin 976. Write for Bulletin 933

LOOK TO CENTRALAB IN 1948! 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,
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SN 5 AMPLIFIER

FITS neatly into your audio cabinet—attractive,
sturdy, quiet. But what a wallop it packs when
you want attention from Mr. Big—the listener!

Based on engineering developments by CBS
engineers, the Limiting Amplifier has been de-
signed by General Electric to give you greater
coverage and more potential listeners without
changing vour present transmitter or antenna.

For morc information, call your nearest G-E
broadcast equipment representative, or write us.
General Electric Company, Transmitter Division,
Electronics Park, Syracuse, Neu' York.

MEMO T0
ENGINEERS:

> Increases average level of
modulation as much as 8 to
10 db.

> Anticipatory circuit pre-
vents overmodulation—even on
the first half cycle of the over-
modulation peak. Automatic re-
covery time improves program
fidelity!

> Prevents distortion and ad-
jacent channel splatter.

> G-E popular hinged panel
construction—easy to get at.

MEMO TO
STATION MANAGERS:

> Increases modulation and
thus makes signal reach farther,
sound clearer.

> Raises effective signal
strength —this means increased
coverage.

> Low installation cost—
quickly, easily mounted in G-E
Audio Cabinet Rack.

> In FM, too — protect your
listeners againstreceiver distor-
tion caused by transmitter over-
swing. Dynamic range, so im-
portant in FM, is maintained.

G-E Limiting Amplifier at the 50,000 watt
ventilation. transmitter of WTOP, Washington, D. C.

> Vertical mounted for better

$ 0862800628 ¢20eeee 9

o

yn// 7024 ///// /(‘/ﬂ/ p(//// 206C€¢ 477

GENERAL 6 ELECTRIC

160:-G2A-6914
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OHMITIE Resistance “Know-How”

F YOU have a design problem involving rheostats or resistors, call

on Ohmite for assistance. The accumulated experience of the entirs
Ohmite engineering staff . . . the combined thinking of its many
resistance specialists . . . are all available to you for the asking.
Ohmite engineers are well qualified to help analyze your requiremenze
an{ select the correct units to fit your specific application.
Years of experience in building dependable rhzostats and resistors,
in helping others solve specialized resistance problems, is your
assurance that Ohmite “know-how” can help you. We invite you to
submit your problems to us.
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NON-SHORTING

MODEL 1NN

Here’s a line cf non-shorting, rotary tap switches that combine high current-
capacity and a large number of taps, with unusual compactnzss. Their sturdy
one-piece ceramic bodies provide permanent insulation, as the ceramic is not
affected by arcng. The heavy silver-to-silver contacts have a self-cleaning
action, a1d (except for Model 111) are totally enclosed and protected. Switch
shafts are olectr.cal y dead—insulated by strong ceramic hubs. A positive cam-

and-rolle- mechanism provides “slow-break quick-make” action—particularly
designed for alternating current use. Two or three of these Ohmite tap switches
can be mounted in tandem to form multiple-pole assemblies.

ALL CERAMIC @ POWER TYPE




If Recorders came

Presto 6N would be M/ZES A//EAO

Yes, day after day and year after year over 3,000 Presto 6N

recorders are hard at work in broadcasting stations, recording studios,

educational institutions and government agencies throughout the world.

6N recorders purchased ten years ago are performing as well today
as when they were new. This outstanding record of the 6N recorder
in action is proof again that Presto design is built for hard, continuous

duty and Presto materials are the finest obtainable,

So when you're looking for a new recorder, remember: By actual

test the best recorder for the most people is Old Faithful, the Presto 6N.

E @F@ 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
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MOLDED INSULATED TUBULAR
GP CERAMICONS

Have extremely rugged, molded insulation,
oxial leads. Capacity range 10.5,000 MMF.
Smollest size .250” x .562"” mox,

—

DIPPED INSULATED
GP CERAMICONS

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

waTiU“iﬁ

NON-INSULATED
GP CERAMICONS

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

e o o o ®

INSULATED STAND-OFF
CERAMICONS

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

3 ® ¢ a Y

b s sl
£2E &
wihlod.

B e

2
dath

NON-INSULATED
STAND-OFF CERAMICONS

Style 318 (left) mounts 2" high above
chassis, has .032'" diometer wire top
terminal. Capacity range 1-560 MMF,
Style 319 (right] mounts .520" high,
hos .067'" diometer top terminal.
Capacity range 2-1,000 MMF. Both
styles have 3-48 threod.

AT

SIDE-LEAD STAND-OFF
CERAMICONS

Wire leads are correct height from
chassis for shortest possible connection
to tube sockets. Style 2322 {left)
45/64'" high. Capacity range 5-2,500
MMF. Style 2336 {right) 15/16" high.
Capacity range 6-5000 MMF.

LONDON, ENGLAND

34

Electronics Divcscon

ERIE RESISTOR CORP., ERIE, PA.

TORONTO, CANADA

<o

For Any and All

By-Passing Requirements

ERIE
CERAMICONS_

Erie Ceramj .
"Lll'Sl't.es fOr effllc;:ollel:fuif;}au the req-

e Sent on requ

est.

FEED-THRU
CERAMICONS

By-pass R. F. to ground o
when feeding through
chassis or metal can. Body
length %"'; mounted with
12-28 nut. Type 362
(obove) has 20 gauge
feed-thru wire. Capacity

range 5-1,500 MMF.Typﬁ FOR UHF
3i507me(0befl°;vc)>ohkcesdo-esnsds COMMUNICATIONS
feed-thru wire; capacity EQUIPMENT

range 5.-1,000 MMF. ERIE BUTTON

SILVER MICAS

These extremely compact
silver mica condensers
have 360° current path
from short, heavy ter-
minals to ground, provid-
ing very low inductance.
Made in Stand-off and
Feed-thru styles.
Capacity range 15-1,000
MMF in 447" diameter,
1,000-6,000 MMF in
651" diometer,

October, 1948 — ELECTRONICS
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WIRING ¢

seibie LileMilee of %

every elecirical product

Whatever your product, you can more surely pre-
dict dependable performance-in-use when it is
Rockbestos-wired.

For Rockbestos wires, cables and cords are per-
manently insulated with impregnated felted asbestos
— the ageless, heat and flame resistant insulation
that insures top wiring dependability under even the
most gruelling conditions.

Protect your product’s life line with the wire that
does so much more for so little more . . . Rockbestos.

’
e

WRITE TODAY — for your copy of the new No. 10-F
Caralog, sectioned for easy reference to Appliance, Air-
craft, Electronic, Fixture, Switchboard, Lighting and
Magnet Wires; Apparatus Wires and Cables; Power and
Control Cables.

ROCKBESTOS PRODUCTS CORPORATION

464 NICOLL ST,, NEW HAVEN 4, CONN.

NEW YORK CLEVELAND DETROIT CHICAGO PITTSBURGH
ST. LOUIS LOS ANGELES OAKLAND, CALIF.

ROCKBESTOS

THE WIRE WITH PERMANENT INSULATION

ELECTRONICS — October, 1948
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When
Tndustrny
Putts on the Brakes

Take a close look at the insulation on this Warner
“ICB” Electric Clutch-Brake. The wire that con-

veys the current from the collector ring to the
magnet requires an insulation that is heat resistant
to 300° F. at 110 v.

When the Warner Electric Brake Manufacturing
Company put this problem up to Bentley, Harris,
they got complete performance data on BH Extra
Flexible Fiberglas Sleeving and samples for labo-
ratory test. Here is what they found:

BH Fiberglas Sleevings are made to meet specific
- double-braided, triple-braided,
heat resistant to 1200° F. if necessary. Remarkably

requirements

flexible — can be spread to cover knobs or ter-
minals, cannot dry out. Non-fraying — without

use of hardening varnish or lacquer.

If you have a problem of insulation breakdown
caused by high heat, extreme cold, harmful gases,
grease or moisture, try BH Fiberglas Sleeving

“BH Fiberglas Sleeving fully meets our require-

ments for insulation of electric brakes used on

industrial machinery.”

Bentley, Harris Mfg. Co., Dept. E27, Conshohocken, Pa.
I am interested in BH Non-Fraying Fiberglas Sleeving for

( product)
operating at temperatures of . °F. at volts. Send samples so I can see for myself how
BH Non-Fraying Fiberglas Sleeving stays flexible as string, will not crack or split when bent.

COMPANY

NAME

ADDRESS

36

your plant, in your product.

BENTLEY, HARRIS MFG. CO., CONSHOHOCKEN, PA.

Send samples, pamphlet and prices
on other BH Products as follows:

1 Cotton-base Sleeving and Tubing
[J Ben-Har Special Treated Fiberglas
Tubing

October, 1948 — ELECTRONICS



"GL-7D21

RING-SEAL CONTACTS
LTI FLAMENT

2
///CONTR. GRID
7,
—///SCREEN GRID
#

R-f GROUND
PLANE

Sketch shows how easily the GL-7221

can be plugged into a cooxial sodket.
Ring-seal! design also provides areple
contact surface for all terminals.

CHARACTERISTICS

Filament voltage 6.3 v
current 3C amp
Interelectrode capacitances:
grid-plate
tnput 39 nmfd
LN 14 nmfd
Frequency at max ratings 110 me
Type of cooling forcad-air
Max plate ratings, Class C telegraphy:
voitage 4000 v
cugrent . amp
input 31000 w
dissipation 1200 w

‘0.4 mmfd

[[ ELECTRONICS — October, 1948

AILORED to your needs as
builder or designer of new
broadcastirg equipment, Type
GL-7D21 is the right tube for
medium-porer FM. Check the low
drive requiement of 120 w—real
economy!—against an output
(push-pull in open-line circuits
with proper external shielding)
of well over 3 kw. Norte the con-
venience of forced-air cooling!
Study the tube’s other advan-
tages given above, then add plus-
features lik= silver-plated contacts
tc reduce t-f losses; strong, last-
irg Fernico metal-to-glass seals;
trim contour and compact con-
struction to match the other ad-
vanced components of your ultra-
modern trensmitter.
One of ¢ distinguished family
o7 ring-seal power tubes for FM
and television, the GL-7D21’s

GENERAL

FIRS™ AND GREATEST

brilliant all-around performance
also marks these larger types:

GL-5513. A 220-mc forced-air-
cooled triode, with typical Class
C output (per tube) of 2.45 kw.

GL-5518, A 110-mc forced-air-
cooled triode with typical Class
C output (per tuke) of 6.4 kw.

GL-9C24. A 220-mc triode,
cooled by water znd forced air,
with typical Class C output (per
tube) of 9 kw.

In this group is a tube directly
suited to your requirements, no
matter what type ar size transmit-
ter now is on vour drawing-
boards. For prices and detailed
information phore your nearby
G-E electronics office, or wire or
write to: Electronics Department,
General Electric Company,
Schenectady 5, New York.

ELECTRIC

161°G8-80050

NAME IN ELECTRONICS

37



POTTER & BRUMFIELD, foremost supplier of relays to industry, now makes
available for the first time their Series MTA telephone type relays for
AC operation up to 220 volts 60 cycles. “Smaller than your thumb”, this

midget relay, weighing only 1-1/4 oz., measures I1-1/2” x 1-7/32" x l/ie”.

Pitler s o
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Foliow the Leaders 1o

OUTSTANDID

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

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

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

EITEL-McCULLOUGH, INC.

The Eimac 4-125A

. .

== 204 San Mateo Ave., San Bruno, California

Filament: Thoriated tungsten

Vz'r':.?‘: 2 m;:":: Export Agents: Frazer & Hansen, 310 Clay Street, San Francisco 11, California
Grid-Screen Amplification Factor {Average) 6.2 *Reg. Trade Mark
RADIO FREQUENCY HIGH-LEVEL MODULATED AUDIO FR Y POW
N e CITTATO R AP RO UENGY AMPLIFIER UDIO FREQUENCY POWER AMPLIFIER AND MODULATOR
Class-C Telegraphy or FM Telephony Class-C Telephony {Carriar conditions Class AB,' (Sinusoidal wave, Class-Ab? (Sinusoidal wave,

Maximum Ratings {Key-down conditions, | tube) unless otherwise specified, | tube) two tubes unless otherwise specified) two fubes unless otherwise specified)

D-C PLATE YOLTAGE 3000 MAX. VOLTS 2500 MAX. YOLTS MAXIMUM RATINGS

D-C SCREEN VOLTAGE 400 MAX. YOLTS 400 MAX. YOLTS D-C PLATE VOLTAGE 3000 MAX, YOLTS 3090 MAX. YOLTS

D-C GRID YOLTAGE 500 MAX. VOLTS 500 MAX. YOLTS 0-C SCREEN YOLTAGE 600 MAX. YOLTS 430 MAX. YOLTS

D.C PLATE CURRENT 275 MAX. MA, 200 MAX. MA. MAX-SIGNAL D-C PLATE

PLATE DISSIPATION 125 MAX. WATTS 85 MAX. WATTS CURRENT, PER TUBE 225 MAX. MA 225 MAX. MA

SCREEN DISSIPATION 20 MAX. WATTS 20 MAX. WATTS PLATE DISSIPATION PER TUBE 125 MAX. WATTS 125 MAX. WATTS

GRID DiSSIPATION S MAX. WATTS S MAX. WATTS SCREEN DISSIPATION PER TUBE 20 MAX. WATTS 0 MAX WATTS
TYPICAL OPERATION

Typical Operation (Frequencies below 120 Mc.) D-C Plate Voltage 2000 2500  volts 200 2500  volts
D-C Screen Voltage 600 400 I#: 5. 0 12

D-C Plate Voltage 2500 3000 volts 2000 2500 volts D.C Grid Voltage B e e N o T

D-C Screen Yoltage 350 350 volts 150 150 volts Zero-Signal D-C Plate Current 50 50 ma 72 9 ma.

D-C Grid Voltage 2150 .150  volts 220 218 volts Max-Signal D-C Plate Current 240 232 ma. 00 260 ma.

D-C Plate Current 200 167 ma. 50 152 ma. Zero-Signal D-C Screen

D-C Screen Current 40 0 ma. 1 30 ma. Current 0.5 0.3 ma. ] 0 ma.

D-C Grid Current 12 ?  ma. 0 9 me Max-Signal D-C Screen Current 6.4 85 ma. 3 & ma.

Screen Dissipation 14 1e.s watts 1S 10.5 watts Effective Load,

Grid Dissipation 2 1.2 watts 1 L4 watts Plate-to-Plate 13,400 20,300  ohms 13,608 22,200  ohms

Peak R-F Grid dnput Voltage Peak A.F Grid Input Yoltage

(approx } 320 80 volts 75 360 volts {per tube) 94 9%  volts £05 89 volts

Driving Power (approx.) 1.8 25 watts 38 13 wats Driving Power 0 0 watts (K] | watts

Plate Power Input 500 S00  watts 300 180 watts Max-Signal Plate Dissipation

Plate Dissipation 125 125 waths 75 B0y atts {per tube) 125 125 wath 126 122 wats

Plate Power Output s 375 watts 25 300 watts Max-Signal Plate Power Output 230 330 watts IS0 400 walls
Total Harmonic Distortion 2 2.6 perct. 1 22 perct.

ELECTRONICS — October, 1948
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approved by 9 0 6 0 0
Underwriters’ Laboratories at CENTIGRADE VOLTS

®Flame Resistant ®Heat Resistant ®High Insulation Resistance
®High Dielectric = ®Easy Stripping  ®Facilitates Positive Soldering

® Also unaffected by the heat of impregnation—

therefore, ideal for coil and transformer leads

Chosen after exhaustive tests by leading manufacturers of television, F-M, quality
radio and all exacting electronic applications. Available for immediate delivery
in all sizes, solid and stranded, in over 200 color combinations . . . ready to
demonstrate anew the Efficiency and Economy of CORNISH WIRES AT WORK.

COMPLETE ENGINEERING DATA AND SAMPLES ON REQUEST

RUBBER 75°
PLASTIC 80°

“NOFLAME-COR"”_ 9(0°

“made by engineers for engineers” S

CORNISH WIRE GCOMPANY, inc.

605 North h{\lchlgan Avenve, . 15 Park Row, New York 7' N.Y. 1237 Pu.blic Led?er Bldg.,
Chicago 11 Philadelphia 6

| MANUFACTURERS OF QUALITY WIKES AND CABLES FOR THE ELECTRICAL AND ELECTRONEC INDUSTRIES

40
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}4|Iicmce Model B is another new,
A-pole shaded type induction mo-
tor. It is especially adapted to fan
klades and other mechanical loads.

This motor is made in three stand-
crd stack thicknesses with vari-
able horsepower ratings for
particular operating conditions
such as fan loads—other mechanical
loads—continuous or intermittent

duty. And to futher meet varied load

ACTUAL

requirements, Alliance Model B can T

be supplied semi-enclosed as illus- apole =0 : "sqz‘j:%;:
trated or completely enclosed with ?;‘\{i,S;".)\\'ug:";\::w‘;s.ﬁ*:‘{,’,"eﬁ:;e_
oil tubes and oilers. :m‘c/\:!:::j:_" o hyrendered
ror — s
With a range of power ratings from """Cﬁ::'es oo 115 O 6 oyde . N\
1/100 h.p. up to 1/25 h.p. and a C;\Zef*;‘:se;s o 02"/;* ::qui;?’:“:;&
speed of 1550 rpm, Model B, like all \{155\3’3';&‘;’: é‘;: ;Z(:océ‘rg::?cﬁon i
Alliance motors lends itself to mass c:m:;"f,\f. cwpged "o

production at low cost.

WHEN YOU DESIGN—KEEP
MOTORS IN MIND

ALLIANCE MANUFACTURING COMPANY = ALLIANCE, OHIO
Export Department: 401 Broadway, New York 13, N. Y., U. S. A.
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ALLIED’'S NEW
CO-AXIAL RELA

The new Allied *RA” relay transfers 52 ohm antenna
transmission line (type RG-8U Cable) from receiving
to transmitting position. It is now used in police

car radios and is highly recommended for both mobile
and stationary applications.

This new relay is equipped with two Co-Axial cable
fittings and one insulated transmitter line terminal.
Co-Acxial fittings for antenna and receiver connection
are die cast as part of the metal housing. They will
accommodate Signal Corps cable connector PL-259,
Auxiliary double-pole, double-throw contacts can be
supplied when specified.

ALLIED CONTROL COMPANY, INC.
2 EAST END AVENUE, NEW YORK 21, N.Y.

NEW RELAY GUIDE
This new folder shows 24 small, compact
Allied Relays with a carefully detailed table
of characteristics and specifications.
Write for YOUR free copy today.

ENGINEERING FEATURES OF THE
ALLIED TYPE ‘“‘RA'" RELAY

Contact Rating: Antenna tracsfer contacts
will handle a maximum of 75 warts of
radio frequency up to 150 megocycles
when inserted in a properlv terminated
52 ohm line. Auxiliary contacts have a
non-inductive rating of 1 ampere at 24
volts D.C. or 115 volts A.C.

Coil Rating: Up to 110 volts D.C. and
115 volts A.C. 60 cycles.

Coil D.C. D.C. D.C.
No. Volts Current Resistance
31 6. 46

34 12. .22

38 26.5 .083

40 48, 060

43 110, 026

(This table is based on an average power
rating of 2.5 watts. Minimum operating
voltages are 80% of volmges shown
above.)

Dimenslons: 2”"x2%"x1%,". Weight: & oz.

October, 1948 — ELECTRONICS




RESIN:EIVE

NON-CORROSIVE NON-CONDUCTIVE

MOBILITY!

. . . “"RESIN-FIVE" is so
mobile it is highly effec-
tive in sweating seams.
The activity and stability
of ""RESIN-FIVE'* Flux
make this an accom-
plished fact!

ODORLESS!

... Yes—"RESIN-FIVE" is
virtually without odor at
relatively high tempera-.
tures!

STABILITY!

< Resin.Five is Available In 5 ... “RESIN-FIVE" is STABLE
esin-Five 1s ] €
3 t l-

Core Sizes with Varying Per- ACTIVITY UNEQUALED' ::?i:rg':‘eem;l:r;f::e:e:nz sfcl:e
centages of Flux Content. ... Just Think Of This —~"RESIN-FIVE" will solder Elux still does the jobl
Duur!:eters rgnging frfm! easily and readily such metals as Zinc, Brass, '
010" to .250" — All Practical Nickel Silver, Nickel-Plate, Copper and Ferrous
Alloys! Alloys. REMEMBER “RESIN-FIVE"' 1S NOT CORRO-

SIVE AND IS NOT CONDUCTIVE!

Contact Kester's Technical Department and get the facts on this unusual product.

KESTER
SOLDER

NON-CORROSIVE - NON-CONDUCTIVE

KESTER SOLDER COMPANY

4201 W. Wrightwood Avenue, Chicago 39, lilinois

Factories also ot Newark, N. J. * Brontford, Canado
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“Make Better Sport”’

both for

Makers and Users of
Sporting Goods

THEY MAKE WORK EASIER. .. T fact, American Phillips Screws make assem-

bly a pleasure because, as one user says: "They're 3 times faster to find and drive”’
And they’re far easier to handle, to drive at angles, and into cranky inside
corners. Any worker who “goes crooked” with slotted screws will “go straight”
with American Phillips ... the only screw with the tapered, engineered recess.
Fatigue is banished. Production stays up all day long. And time-savings, too,
stay up around 509.

: American Phillips Screws look new, modern,
R CAN'T SUIP OUT  craftsmanlike... plain y say: “Here’s a top-quality product!”” And when your dealers
4-WINGED DRWEAP“ED RECESS sell the whole story of American P illips extra holding strength, vibration-
OF PHILLIPS T_ : resistance, and greater dependability in strenuous use...then watch sales-resist-
38 ancefmelt away. dGet these double-barrelled production and sales advantages

: or your product. Write.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicogo 1I: 589 E. illinols St. Detroit 2: 502 Stephenson Building

ALL METALS: Steel,
Brass, Bronze, Stain-
less Steel, Aluminum,
Monel, Everdur (sili-
con bronze)
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a truly portable Field=Intensity Meter
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® Weighing only 121, pounds—including bat-
teries, here’s a small, compact field-intensity
meter of high accuracy that carries around like a
portable radio . . . and operates almost as simply.
You tune in a signal, adjust a built-in calibrating
oscillator and receiver gain . . . and read signal
intensity directly in microvoltsper-meter. No charts,
curves, or correction factors to worry about. No
computations to make.

Designed with a wide sensitivity range of 10
microvolts/meter to 10 volts/meter, Type WX-2A
enables you tc make field-strength readings any-
where—from the very shadow of your trans-
mitter, to the toughest location “down-in-the-

¥Subject to change without notice.

BROADCAST EQUIPMENT

Tae mew Portable Field-Intensity Meter,
RCA Type WX-2—shown one-third actual
size. A loop awtenna is built right into the lid!

noise.” Plenty of front-end selectivity, too. Loop
antenna Q is approximately 100 at one mega-
cycle; An r-f amplifier stage provides a very high
order of image rejection.

Power supply; Ordinary flashlight dry cells for
the quick-heating tube filaments—and a 67-volt
battery of the size used in camera-type radios for
the B supply.

A lot easier now to get the facts on your cover-
age, service area, and antenna efficiency . . . with
RCA’s new portable WX-2A. Ask your RCA
Broadcast Sales Engineer for the facts. Or write
Department 36-J, RCA Engineering Products,
Camden, New Jersey.

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN.N.J.

in Canada: RCA VICTOR Compony Limited, Montreol
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KENYON one of the oldest names in trans-
formers, offers high quality specifi-
cation transformers custom-built to your require-
ments. For over 20 years the KENYON “'K’’ has been
a sign of skillful engineering, progressive design and
sound construction.

AKENYUN now serves many leading compan-

ies including: Times Facsimile Cor-
poration, Western Electric Co., General Electric Co.,
Schulmerich Electronics, Sperry Gyroscope Co., Inc.

Yes, electronification of modern industrial machinery
and methods has been achieved by KENYON'S
engineered, efficient 'and conservatively rated
transformers.

For all high quality sound applications, for small
transmitters, broadcast units, radar equipment, ampli-
fiers and power supplies — Specify KENYON!
Inquire today for information about our JAN ap-
proved transformers.

Chieck Yourn Reguinements
T LINE TRANSFORMERS
HERMETICALLY SEALED TRANSFORMERS
A’ LINE TRANSFORMERS
1~ PLATE TRANSFORMERS s~ INPUT & OUTPUT TRANSFORMERS
s~ FILAMENT TRANSFORMERS 1= SPECIAL FREQUENCY TRANSFORMERS
4= REACTORS 1~ ISOLATION TRANSFORMERS
1~ CHOKES 4= AUDIO TRANSFORMERS

4 MODULATION TRANSFORMERS .~ HUMBUCKING TRANSFORMERS
4~ INTERSTAGE TRANSFORMERS 1~ AUTO TRANSFORMERS

Now — for the first time in any transformer catalog,
KENYON'S new modified edition tells the full com.
plete story about specific ratings on all transformers.
Our standard line saves you time and expense. Send
for the latest edition of our catalog now!

SEND FOR OUR CATALOG NOW!

----- A N Y AR M AN N N ey swr ww Ew --------------,

'I" KENYON Transformer Ca., Inc. ‘

’ 840 Barry Street, New York 59, N. Y,
" Send me the latest edition of your new catalog without obligation

’

f N
ame-.......
’

7 Position. ... . .. . City ..

4 Company....

‘
L---------—-i—-' ----------------------- J

[
[
4
4
.
”
’
4
[

KENYON TRANSFORMER CO., Inc.

Octo

46
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840 BARRY STREET
NEW YORK 59,N.Y.
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CIRIG
for domestic

hot water
heaters

LA

When water in municipal systems contains dis-
salved minerals and chlorine, it becomes a
fairly efficient electrolyte.

To avoid electrolytic corrosion which may
occur if dissimilar metals are in contact with
the water, the Toastmaster Water Heater em-
ploys “LIFE BELT" heating elements attached
tc the outside of the tank. In such an applica-
tion, the ability of the elements to give long,
trouble-free, economical service rests solely
upon the quality of the electrical resistance
material used. To assure top-level performance
for a lifetime, the McGraw Electric Co,, maker
of the Toastmaster Water Heater, specifies
Nichrome.*

The tank of the Toastmaster Heater is further
protected by McGraw’s new “Ionodic” system
of corrosion prevention, where a magnesium

rod anode, immersed in the water, saves the
cathodic material of the tank from electrolytic
attack.

Thus the manufacturers are able proudly to
state: “We guarantee the Toastmaster Electric
Water Heater for 10 years, and we deem this
to be a conservative commitment. Many water
heaters made by this company are still in daily
use after several times this length of service,
and elements in the old water heaters show
little wear and no loss of efficiency.”

Profit by the example of the McGraw Electric
Co. and specify Nichrome. And remember,
Driver-Harris manufactures 80 alloys
designed to fill the numerous requirements of
the Electrical and Electronic industries . . . fully
described in our catalog R-46.

over

Nichrome is Manufactured only by

Driver-Harris Company

HARRISON,

NEW JERSEY

BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco, Seattle

Manufactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada

*T.M. Reg. U. S. Pat. Off.
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of electrical insulating ma

Mechanical and electrical stresses en-
countered in electrical equipment con-
[ront the designer with many factors 1o
weigh in sclecting the insulating mate-
rial which will provide optimum per-
formance characteristics.

In some applications, what might
seem conservative design [rom the stand-
point of electrical stress is explained by
other performance essentials. Why, for
example, for insulating commutator
bars in small dec motors, should a mate-
rial of such high dielectric strength as
mica segment plate be used, when elec-
trical stress between bars is only a few
volts? The reasons are found in other
requirements that only mica satisfies:
lemperature resistance, moisture resist-
ance, non-carbonization under poor
commutating conditions, a uniform rate
ol compression and ability to stay in
place under repeated temperature fluc-
tuations.

In large rotating machines, peripheral
speeds are high: extreme compressive,
flexural, tensile and abrasive forces are
encountered. Voltage may also be quite
high. Because cificiency depends upon
the amount of conducting (and not
insulating) material in the slos, elec-
trical insulation must be quite thin yer
possess high dielectric strength.

WEIGH ALL FACTORS

Insulation performance requirements
are as varied as the tvpes of clecirical
equipment manufactured. Standard
methods of testing established by the
ASTM supply important values for
comparison, specification and design.

48

s

e =

FLEXURAL STRENGTH TEST!

This test determines the load in pounds
required to break a test specinien of
sheet or plate material loaded at the
center as a simple beam. Supports and
loading nose of the testing apparatus
have contact edges rounded to a radius
of 14” for material 14” thick or over,
and to a radius of 1/16” for thinner
materials. Distance between the sup-
ports is 47 for edgewise tests and eight
times material thickness for flatwise tests.

“Test specimens are 5" in width, ex-
cept for specimens over Ly’ thick being
tested flatwise, where the widdh is made
equal to the specimen thickness.

Test reports include: (1) directions of
cutting and loading the specimen; (2)
thickness and width of each specimen
to the nearest .001”7; (3) the room tem-
perature; (4) breaking Ioad in pounds;
(5) maximum fiber stress in pounds per
square inch calculated from the formula:

3 Pl

2 bd*
where § = maximum fiber stress, P —
breaking load in pounds, 1 = distance
between supports, b = width of speci-
men, and d = depth of specimen,

COMPRESSIVE STRENGTH TEST!

Apparatus for the compressive strength
test is illustrated in Figure 1. Test speci-
men for sheets 1” thick or over is a 1”
cube with faces (lat and perpendicular

LAMICOID SHEETS — AVERAGE VALUES

Compressive Dielectric
Flexural Strength Strength v/m,
NEMA  Strength,psi Flatwise, psi /16" 10 1/8”

GRADE 1/16”t0 1”7 1/16" to 1” Short Time
X 23000 35000 500
P 15000 22000 500
XX 16000 34000 500
xXxp 16000 25000 500
XXX 15000 32000 470
XXXp 15000 25000 470
G 20000 38000 150
CE 17000 36000 360
L 20000 35000 150
LE 19000 37000 360
A 16000 36000 160
AA 20000 38000 50

. Hexral and Gompressive Streng

to the axis. Where sheets are less than
1” thick, the specimen consists of a pile
of sheets 1” square at least 1” high.

Where material under compression
fails by a shattering fracture, the com-
pressive sirength has a definite value.
Where the material does not fracture,
the value obtained for compressive
strength is an arbitrary value, depend-
ing upon the degree of distortion al-
lowed as indicating failure.

lest reports include: (1) significant
dimensions of each specimen; (2) load
on each specimen in pounds at time ol
failure; (3) ultimate compressive load
strength in pounds per square inch
calculated from measured area before
load is applied; (4) description of mate-
rial and how it acts under test; and (5)
room temperature.

'ASTM Designation D229-46.

T T/
”%"g/f/”f‘d' = ==~Hardened
<t ——~~|Hardened,
Ground
ond Lapped
£
[ =)

77 / 7 (;'Zglf /‘_',"7//,'////, 74 77

7 Z 9 Machine Head 7 /
Figure 1 — Typical design of tool for making
compressive strength tests.

MICA
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PERFORMANCE-PROVED ELECTRICAL INSULATION FOR EXACTING APPLICATIONS

A limiting factor in performance efficiency and service life of
electrical equipment is the dependability of the insulating ma-
terials used. Electrical, chemical and physical environments
each demand pcrfomumce standards that make the selection

LAMICOID brackets provide the high
mechanical strength necessary for brac-
ing end-windings against short circuit
stresses. This thermosctting laminated
material may be used for spacers placed
at frequent intervals between coils, as
well as for braces to which the coils are
lashed with strong cords. Clamps or
cleats of the same material may be
attached to provide rigidity to prevent
movement of the coils.

MICANITE segment plate composed of amber mica splittings,
in flush-rype commutators, as in

this dc motor, where mica and copper wear down uniformly.
i For under-cut commutators, Micanite composed of India mica
splittings is more cconomical. Segment Micanite contains ap-
proximately 94%, mica and 6%, binder, and is manulaciured
for minimum compressibility
under heat and pressure. Films
do not slip or exude cement when
properly assembled.

‘ finds primary application

voltage applications. } arnished Fiberglas also resists mol

of the right material a difficult design problem. To meet varied
needs, Mica Insulator Company has developed a complete
line of products, each oftering speciﬁc advantages (lepend-
ing upon requirements. Typical applications are illustrated.

EMPIRE varnished Fiberglas provides high tensile strength, small stretch
and flexibility needed when insulating leads to this 15,000 KVA, g-phasc,
Go-cycle outdoor type transformer. Varnished Fiberglas is a Class B insulation
which will withstand a “hottest-spot” temperatuve of 130° C (266°F). The
impregnating varnish, from which electrical characteristics are derived,
shows unusual resistance to corona and ozone. especially important for high-

sture and most acids.

Fifty-five years of specialized experience in the development, manufacture and improve-

ment of electrical insulating materials has enabled Mica Insulator Company to keep
pace with the increasingly exacting requirements of electrical equipment builders. e
welcome the opportunity to work with you in the selection and application of our
complete line of materials. Consult our Technical Service Department on your insulat-

ing problems.

M‘MZ COMPANY

SCHENECTADY 1, NEW YORK

ELECTRICAL

INSULATLON

Trade-mary

Atlanta » Birmingham + Boston « Chicago * Cincinnati ¢« Cleveland « Detrait « Houston
Los Angeles « Milwavkee » New York « Philadeiphia ¢ Rochester » St. Louis * San Francisca

T H 43 ik —bew
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WE CAN HELP YOU WITH

Our experience—in engineering, designing, - and
butlding performance into energy-storage and dis-
charge capacitors—may provide just the help you are
looking for.

Do you make discharge welding or photographic
Slash-tube equipment? Radar equipment? Flash bea-
cons, aircraft signalling, or similar devices? Or re-
search tools, from spectroscopes to cyclotrons? We
have furnished a large proportion of the capactiors
used for all of these applications.
= Unusual applications, too—like those listed below
—are a specialty with us. Whatever your problem,
let our engineers give you a hand. Apparatus Dept.,
General Electric Company, Schenectady 5, N. Y.

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

15%

vy
7 e ~59,

[

| I l 100%
"5 [(#5% voitage
70%
100% ———u =
wove length RaiLd0e I

M

GENERAL @D ELECTRIC

Industrial control Flash photography
Radio filters Stroboscopic
Radar equipment
: Electronic equipment Television
POR Communication Dust precipitators
Motors systems Radio interference
Luminous-tube Capacitor discharge suppression
transformers 0 " . - A
- welding Impulse generatorg
Fluorescent lamp :
¥ ~ AND MANY OTHER APPLICATIONS

.

ballasts

50
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NEED ARTIFICIAL LIGHTNING? Potent artificial
lightning bolts—at voltages up to 10,000,000—are
not a usual need. But when required—for univer-
sities, laboratory testing, or exhibition—General
Electric can build the capacitors. A typical example
is the 100-kv d-¢ unit, about 3 feet in diameter and
2 feet high. Units can be stacked, as shown, for
ease of installation and minimum space. In some
instances as many as 100 separate units have been
placed in series to produce 10,000,000 volt dis-
charges.

OR DO YOU WANT TO TAKE A PICTURE? A maker of flash-
tube photographic equipment wanted a lighter capacitor for
his portable sets. Our designers went to work and came up
with just what he desired—and one which he could use, also,
for his studio equipment at a considerable saving in price.
(In case you're interested, this capacitor is rated 14 muf, weighs
215 Ib, and delivers }3.8 watt-seconds with 1000 hour service life
or 58 wait-seconds at 400 hours. Used in pairs, they replace a
28 muf-studio capacitor, save in cost too.)

407-176
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Some call it:
SLIP RING ASSEMBLY

whatever you call it . . .

it’s a
PMI
SPECIALTY

Some call it:
COLLECTOR RING ASSEMBLY

Some call it:
ROTOR ASSEMBLY

When you break wires to permit free rotation—that is where
this PMI specialty comes in. We are currently handling all
phases of this type of work, including design, manufacture
of prototypes and production assemblies. PMI experience
includes monitoring, video and power circuit requirements. We
are manufacturing on a volume basis production assemblies
ranging from 3-circuits to more than 200. Let us consult with
you on your requirements.

Y

=

REG.U.5.PAT.OFF.

PLASTIC MANUFACTURERS

INCORPORATED

STAMFORD CONNECTICUT

INJECTION « TRANSFER & COMPRESSION MOLDING - COMPLETE ASSEMBLY
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of this Woll Sheet will be sent on recelpt of 20¢ in stamps to

Engineers, Designers, Production and Maintenance men.. . in fact everyone in the
electrical and electronic industries can use the MITCHELL-RAND WALL CHART OF
TABLES AND DATA to excellent advantage. Easy to read . . . it contains data and tables
used most often . . . write for your copy today...on your company letierhead.

<

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 SPLICE -« 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
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COMPONENTS

4ov DEPENDABILITY

[The dependability of Hi-Q components contained e e
in your finished product will enhance your reputa- | s :
tion as a manufacturer of quality equipment. The
dependability of H1-Q components is the result of
meeting exacting specifications which insure their
conformance to your requirements...temperature
coefficients within recommended tolerances, insu-
lation resistances to minimum standards, capaci-
ties as specified. Hi-Q dependability results from
the use of highest quality materials and from con-
stant surveillance throughout processing...your
assurance of efficient, dependable service. Write foy
detailed information and engineering specifications

CERAMIC CAPACITORS

Hi-Q Ceramic Capacitors of unquestionable
stability assure you the ultimate in perform-
ance for all electronic appliances. Let us assist
vou with your Ceramic Capacitor problems.

CHOKE COILS

Constancy of qualj
gh continya V2V is mainsg;
Ontinuoys manufa::o'f"""'ed over eny;
Uring controps, 1

WIRE WOUND RESISTORS

ALUE
costs . Pace saying com

)
t e increase yq,,, i

factors w,

Profits.
» 2 P i ‘.' ’
= v, g4
Plants: FRANKLINVILLE, N. Y. —JESSUP, PA,
Sales Offices: NEW YORK, PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES

FRANKLINVILLE, N, Y.
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MYCALEX is today's |mproved msulohon—de- .

signed to meet the exazting demands of all
types of high-frequency circuits. MYCALEX is unusuad
in that it possesses a combination of peculiar charac-
teristics that make it ldeolly suited for msuiohon in af
types of electronic circuits, In tomorrow’s designs fo-
communications and industrial control equipment,
'V\YCALEX 410 will be specified more than ever

before because of its...Low dielectric loss - High
dielectric strength - High arc resistance - Dimen-
sional stability over wide humidity and temperature
changes - Resistance to high temperatures
chanical precision - Mechanical strength - Ability to
mold metal inserts in place. If you have any insula-
tion p?oblems, our engineers will be glad to help you

2 Me—,

_in iheir solutions.

MYCAI.EX CORP. OF AMERICA

“Owners of 'MYCALE)!’ Pm‘enfs” |

Plant and Generu! Offices: Clifton, N. J. Executiva thtes 30 Rsck f Her Pluzu New York 20, K. Y.

Eé
g-_&s_ug\:r_on

TRADE MARK REG, U S PAT. OfF.

MAX.
PART NAME APPLICATION INSERTS DIMEN.
1 Bushing Motor Gererator None 1.75”
2 Insulator Electrical Instrument None 318
{3 End Seal Thermostat Shell Stainless Steel ~ 3.75
| 4 Insulator Electrical Instrument None 3.00
5 Hermetic Seal  Crystal housing Nickel and 0.88
| Copper
6 Hermefic Seal  Crystal housing Copper 1.09
7 Insulator Automobile Antenna None 1.06
8 Bushing Ignitron Steel 450
9 Stand-Off Electronics circuit Brass 0.56
Insulator )

[ 10 Panel Television Selector Switch  Silver 1.38
11 Switch Wafer  Television Selector Switch  None 2.31
12 Elbow Aircraft ignition Steel and Brass 2.75
13 lLead Transformer Monel 1.75
14 Insulator Polarizing relay None 1.09
15 Lead through -~ Oscillator Brass 4.69

block
16 Insulator Telephone Transmitter None 0.88
17 Dual Bushing 0il Burner Transformer None 3.00
18 Lead Transformer Monel 2.50
19 Actuating Bar  Telephone relay None 1.44
20 Actuating Bar  Telephone relay None 0.78
21 Spacer Radio vibrator None 0.56
22 Panel Television Selector Switch  None 1.75
23 Spacer Telephone relay None 1.00
24 Spacer Relay None 0N
25 Spacer Telephone relay None 1.00
26 Spacer Telephone relay None 1.00
27 Clamping Plate Telephone relay None 1.00
28 Electrode Level Indicator Brass 113

Mounting
29 Spacer Telephone relay None 1.00
30 Six Terminal  Transformer Monel 142

Header
31 Testjack body High Frequency Circuits  Monel 0.75
32 Clamping Plate Telephone relay None 1.00
33 Printed Gircoit  Experimental Silver 1.38

Base

il
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even to the scanning line and
fraction of that line, for critical
study or recording, with the new

DU MONT

Outputoione of the marker
oscillators used in setting
sweep speeds to known
values. This case repre-
sents 0.2 microsecond/
inch.

1.2 lines of television
signal. Horizontal
synchronizing and
blanking pulses at
each end. Video
modulation in center,

Fractional part of a line,
Horizontal synchroniz-
ing and blanking are
shown.,

Vertical synchronizing and
equalizer pulsés as seen
with 60-cycle-sweep repe-
tition rate; used for check-
ing interlace.

OTHER FEATURES...

Provisions for attaching recording
camera. Fine, clear focus over entire
length of trace.

Y-axis: Any degree of attenuation be-
tween 1:1 and 1000:1; great expan-
sion of negative polarity signal; un-
distorted deflection of at least 2“:
frequency response within 3 db. from
10 cps. to 10 mc.

X-axis: Time-base duration variable
from 1 to 15,000 microseconds. Hori-
zontal deflection of at least 4”.
SRP-A Cathode ray Tube. 12,000 voli
accelerating potential,

Time-base can correspond with any
horizontal line in either or both inter-
laced fields. Calibrating generator for
calibration of sweep-writing speeds
by signals of 10, 1, and 0.2 microsec-
ond/cycle.

Wide range of sweep-writing speeds;
continuous variation between 0.25 and
3000 microseconds/in.

Delay ranges of 100 or 1000 micro-
seconds selectable for linear time
base.

Jadication as to exact occurrence of
time-base with respect to overall tele-
vision picture.

Interval of 0.25 microsecond may be
measured {o plus/minus 0.01 micro-
second.
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Fractional part of
line near center of
line. Video modula-
tion produced by
wedge, is shown.

' DU MONT proudly announces the
new Type 280 Cathode-Ray Oscillo-
graph especially designed for tele-
vision studio and transmitter instal-
lations. Here at last is a means for
accurately determining the dura-
tion and shape of the waveform
contained in the composite tele-
vision signal, as well as the charac-
ter of the picture-signal video in
conjunction with transmitter opera-
tion, according to FCC standards
and practices.

Excellent for research on all tele-

Fractional part of
line near center of
atestpatternwhere
wedge elements
are more closely
spaced. Note loss
in amplitude of
modulation.

Trailing edge of horizontal syn-
chronizing pulse,

vision equipment. Also for study of
wide-band amplifiers. Well suited
for industrial use wherever high-
speed single iransients are studied.

Consists of four units mounted on
standard relay-rack type panels and
chasses, and installed on mobile
rack. Removable side and rear
panels. Grouped controls for easy
operation.
By virtue of its great range of ap-
phcanons Typa 280 becomes a
“must” for television studio and
research laboratory,

® Further Details on Request!

LLEN B. DU MONT LABORATORIES
ALBEEDU, NEW YORK,

CABLE ADDRESS

© ALLEN B. DU MONT LABORATORIES, INCs

Coclography

PASSAIC, N
U.S. A,

INC

Pt ﬁf‘*ﬂwwwmﬁw“’%ﬂ‘%’
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DIMENSIONS...
CURRENT RATINGS...

EFFECTIVE VOLTAGE
RATINGS...

IN THE

_ LAPP GAS-FILLED CONDENSERS

»

PREVIOUS MODEL NEW MODEL

1000 mmf, 2t Kv peak, 40 amps RMS 1000 mmf, 23 Kv peak, 70 amps RMS

The new Lapp Gas-Filled Condensers save about 30% of space
requirements as compared with previous units. Current paths are
only one-third as long, with consequent lower losses. Current
ratings, effective voltage ratings and safety factors have been in-
creased. On variable models the tuning shaft is at ground potential,
which eliminates need for special insulated tuning shafts. Punc-
ture-proof. Constant capacitance without need for ‘‘warm-up,”
Lapp Gas-Filled Condensers are a source of proved dependability
for capacitance at high voltages or high currents for radio or in-
dustrial electronic circuits. Write for bulletin No. 265.

LAPP INSULATOR COMPANY, INC., LE ROY, NEW YORK
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These general-purpose panel instruments are
particularly suitable for use in radio equipment
and industrial applications where accuracy and
quality are required and space is at a premium.
Many of the instruments have been newly styled

for better readability and for the smooth, modern
appearance that will help give your panels a well-
engineered look.

Thermocouple-type instruments, for measure-
ments of high-frequency alternating current in
radio or other electronic circuits, are available.
There is also a complete line of rectifier types
(a-f), for measuring alternating current or voltage
at high frequencies or where the source is not
sufficient to operate conventional a-c instruments,
Typical applications include television trans-
mitters, radar wave meters, testing equipment for
electronic circuits. For a full story of G-E instru-
ments, send for Bulletin GEC-227.
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TIMELY HIGHRLIGHTS
ON G-E COMPONENTS

i il

@ &6 o o o o o o

construction which makes these units
adaptable to various wiring and mount-
ing arrangements. If you have an appli-
cation problem, contact your G-E repre-

CAGED FOR PROTECTION :
sentative, or check bulletin GEA-3634B.

Suitable for wall or panel mounting,
these cage-type, enameled resistor units
employ a strong, high-heat-resisting
silicate-compound body which with-
stands sudden and extreme temperature
charges without weakening or in any

way being injured. The resistance wire
has a low temperature coefficient so that
the resistance remains nearly constant as
the temperature increases. Ample pro-
tection to the units is provided by
the perforated metal case. Each.unit is
rated at 85 watts and is available in
resistance values from 0.5 to 100,000
ohms; one to four units in a cage. For
more complete information please con-
tact your G-E representative.

NEED A “‘LOW VA"

VOLTAGE STABILIZER?

General Electric’s latest additions to
its line of automatic voltage stabilizers
are three 115-volt, 60-cycle designs in
15-, 25-, and 50-va ratings. Check the
low prices—you may nOw be able to
utilize the advantages of an automatic
voltage control for your application.
The price consideration plus the low
case height and small size will make
these units especially applicable to radio
chassis and other shallow-depth instal-
lations. Other features include totally in-
sulated design, which is necessary where
isolation is required between primary
and secondary circuits, and universal lead

ELECTRONICS — October, 1948

SOMETHING NEW IN

CIRCUIT CONTROL DEVICES

Simplify your circuit designs by re-
placing complicated and costly com-
ponents with simple, economical G-E
Thermistors. These electronic semicon-
ductors are unique in that the resistance
changes rapidly with slight variations in
temperature—electrical resistance de-
creases as temperature rises, and in-
creases as temperature falls. G-E Ther-

o~

mistors give you these five advantages:
flexible in application, small in size,
available in various shapes, indefinitely
stable, and they are economical. These
new circuit devices are especially adapt-
able as sensitive elements in flow meters,
liquid-level gages, time-delay relays,
vacuum gages, switching devices, and
modulating thermostatic circuits. Check
coupon for technical report CDM-9.

HERMETIC SEAL ELIMINATES

MOISTURE PROBLEMS

The new cast-glass bushings with their
sealed-in metal hardware can be readily
welded, soldered, or brazed directly to
the apparatus, thus eliminating gaskets
and providing 2 better seal than ever
before. The small, compact structure of
the bushings often makes it possible to

reduce the overall size and weight of the
electric apparatus. Bushings are prac-
tically unaffected by weathering, micro-
organisms, and thermal shock. Their
great mechanical strength makes them
well suited for use in airplanes, etc.,
where they are subject to continual
vibration. Available in ratings up to
8.6 kv and for currents to 1200 am-
peres. Check bulletin GEA-5093.

~ MORE SOLDERING WITH LESS POWER

G.E.’s midget soldering iron can do a
big job for you with only one-fourth the
wattage usually used. This handy 6-volt,
25-watt iron is only 8 inches long (with
14" or Y4”tips) and weighs but 1 34
ounces. It was especially designed for
close-quarter, pin-point precision solder-
ing. The “midget” offers you all these
advantages: low-cost soldering; “finger-
tip” operation; quick, continuous heat;
easy renewal; long life; low maintenance.
The iron is a real aid in manufacturing
radios, instruments, meters, electric
appliances, and many other products
requiring precision soldering. Irons and
specially designed 115/6-volt trans-
formers are available from stock. Check
bulletin GES-3488.

F--------—----_-—----ﬁ

!

4

GENERAL ELECTRIC COMPANY, Section E642-18

Apparatus Department, Schenectady, N. Y.

Please send me the following bulletins:

[1GEC-227 Instruments
' [0 GES-3488 Midge! Soldering Iron
' [JGEA-3634B Voltage Stabilizer

' Name

’

[JGEA-5093 Cast-Glass Bushings "
[JCDM-9 Thermistors '

Company

--------- /

Address

City.

|
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Er KDKA —“America’s Pioneer
Station'' — Blaw-Knox—America’s
pioneer builder of radio towers
recently furnished this 500 #t. H-40
heavy duty tower.

The location of the tower on a rise
overlooking Pitt Stadium and ad-
Jacent to buildings of the University
of Pittsburgh made it imperative
that stction engineers select a struc-
ture of sufficient built-in strength to
provide a high factor of safety in
this congested area.

The Blaw-Knox heavy duty H-40
tower, supporting an FM and tele-
vision antenna is not only cdequcte
to meet these provisions but is also
rugged enough to take care of any
reasonable changes in equipment
which might arise in the future.

BLAW-KNOX DIVISION
of Blaw-Knax Compony

2017 Farmers Bank Building
Pittsburgh 22, Pa.

Antenna
TOWERS
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All Resulting from Federal’s
New Miniature 500 MA Selenium Rectifier

YES, this mighty miniature makes big television headlines! Its hitherto unap-
proached power-handling capacity promises a virtual revolution in television de-
sign. Think of the possibilities ... a single Selenium Rectifier power supply able
to handle an AM-FM-TV combination... AC-CC television... drastic reductions
in size, weight and price of 7” and 10” sets. &
These important savings result not only from the small size of this new Federal
Miniature Selenium Rectifier, but its eliminatian of large, heavy, expensive trans-
formers and expendable rectifier

438D3428A

5 0HM CHOKE
tubes in thé power supply. What's ﬂ+ AAA _ (L > Br RF = (F
more, it can be used with smaller con- 130 VOUT __ g, AUDIO, HORIZONTAL and 120 vOLT
densers with lower voltage ratings. 438D3428A | VER SNEE B OSCIEEATOR!
Here’s the diagram of a suggested A H V. P> HIGH VOLTAGE
circuit for an AC-DC power supply + dpy:  [JISCILLATOR b_ VIDEO TUBE
for 7”7 and 10" electrostatic deflec- ~ iElso T4 = ¢
8 ES 10 MEGOHM
tion tubes. "7 1o
VTt o% 800Y Capitalize on these design ad-
o VERTICAL SWEEP vantages and the instant start-
AMPLIFIER ing, cool and efficient operation
of Federal Miniature Selenium
3 Rectifiers. For technical data,
20 MEGOHM write to Department F213.
GRD
L on
= 8-

=

Bk | Federal Telephone and Radio Corporation

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

In Canada: ~Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.

Export Distributors : Intérnatianal Standord Electric Corp. 67 Broad St., N. Y,

KEEPING FEDERAL YEARS AHEAD...is IT&T's world-wide
research and engineering organization, of which the Federal
Telecommunication Laboratories. Nutley, N_J., is a unit.
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210 manufacturers’ advertising appears

This list is indicative of the all-indusive scope of specifying, buying and reference
advertising of products which appears in the Buyers’ Guide — and is convincing
evidence of the industry-wide acceptance of the issue for its advertising valve.

Acme_ Electric Corp.

Adams and Westlake Co.
Advance Electric and Relay Co.
Aircraft-Marine Products Inc.
Alrtron

Allen Co., Inc., L. B.

Alliance Manufacturing Co.
Allled Control Co., Inc.
Alimetal Screw Products Co.
American Gas Accumulator Co.
Ameriean Lava Corporation
American Phenolic Corporation
American Platinum Works
American Television and Radio Co.
Amerioan Time Products, Inc.
American Transformer Company
Amperite Co.

Arma Corporation

Art-Lloyd Metal Products Corp.
Art Wire and Stamping Co.
Astatic Corporation

Atomic Instrument Co.

Audio Development Co.

Audio Devices, Inc.

Aviometer Div., Roanwell Corp.

Ballantine Laboratories, Inc.
Barber Labs., Alfred W.

Barker and Williamson, Inc.

Barry Corporation

Beach-Russ Company

Bead Chain Manufacturing Co
Bendix Aviation Corp., Red Bank Div.
Benwood-Linze Co.

Best Manulacturing Co., Inc.

Beta Electronics Co.

B-G Electronics, Inc

Biwax Corporation

Bliley Electric Company

Boland and Boyce Inc., Publishers
Boonton Radio Corporation

Borg Corporation, George W.

Borg Corporation. George W., Gibbs Div.
Boston Insulated Wire and Cable Co.
Bradley Laboratories, Inc.
Bradshaw Instruments Co

Brainin Co., C. S.

Brand and Co., William

British Industries Corp.

Brociner Electronics Laboratory
Brown-Bridge Mills, Inc

Browning Laboratories. Inc.

Buck Engineering Co., Inc.

Burgess Battery Company

Burnell and Company

Bussmann Mfg. Co.

Cambridge Thermionic Corp.

Cannon Electric Development Co.

Carter Motor Co.

C-B Manufacturing Co.

Cellusuede Products, Inc.

Centralab, Div. of Globe-Union, Inc.

Chatham Electronics, Inc.

Chicago Transformer, Div. of Essex
Wire Corporation

Cinaudagraph Speakers, Div. of Aireon

g. Co.
Cinch Mfg. Corp.
Clark Crystal Company
Cleveland Container Co.
Collins Audio Products Co., Inc
Communication Products Co., Inc.
Concord Radio Corporation
Continental-Diamond Fibre Co.
Cornish Wire Co., Inc.
Cramer Co., Inc., R, W,
Cross Co., H

DeCoursey Engineering Laboratory
DeMornay Budd, Inc.

Dial Light Company of America
Drake Manufacturing Co.

Driver Company, Wilbur B.
Driver-Harris Company

Eastern Air Devices Inc.

Ebert Engineering and Mfg. Co.
Edison, Inc.. Thomas A.. Instrument Div.
Eisler Engineering Co., Inc.
Eitel-McCullough, Inc.
El-Tronics Inc.

Electric Indicator Co.

Electrical Industries, Inc.
Electrical Reactance Corp.
Electricoil Transformer Co.
Electro-Seal Corporation
Electro-Tech Equipment Co., Inc.

Electronic Controls Co., of New York
Electronic Measurements Company
Electronic Transformer Co., Inc.
Elliott Manufacturing Co.
Engineering Company, The

Erie Resistor Corporation

Essex Electronics

Federal Telephone and Radio Corp.
Ferranti Electric, Inc.

Field Llectrical Instrument Co.
Fisher Radio Corporation

Ford Instrument Co., Inc.
Franklin Airloop Corp.

Franklin Fibre-Lamitex Corp.
Franklin Mfg. Corp., A. W.

Gamewell Co.

Gear Specialties

General Aniline and Film Corp.

General Cement Mfg. Co.

General Ceramics and Steatite Corp.

General Control Company

General Electric Company

General Electronics Inc

General Plate Div. of Metals and Controls
Corp.

General Radio Co.

Globe Industries, Inc.

Handy and Harman

Harnett Electric Corp.

Hassall, Inc., John

Haydon Manufacturing Co.. Inc.
Haydu Brothers

Heinemann Electric Company
Herbach and Rademan, Inc.
Hewlett-Packard Company
Hillburn Electronic Products Co,
Hunt Corporation

Illinois Condenser Co.

Indiana Steel Products Company
Industrial Timer Corp.

Insl-X Co.. Inc.

Instrument Parts Corporation
Instrument Resistors Co.
Insulation Manufacturers Corp.
Insuline Corporation of America
international Machine Works
Irvington Varnish and Insulator Co.
I-T-E Circuit Breaker Co.

J-B-T Instruments, Inc
Jennings Radio Manufacturing Co.
J. F. D. Manufacturing Co.

Kahle Engineering Co.

Karp Metal Products Co., Inc

Kay Electric Company

Keithley Instruments

Kenyon Transformer Co., Inc

Kepco Laboratories

Kester Solder Co.

Knights Co., James

Kobzy Tool Co.

Kollsman Instrument Div. of Square
D" Co

Kurman Electric Co., Inc

K-V Transformer Corp.

Lampkin Laboratories Inc.
Lapp Insulator Co., Inc.
Lavoie Laboratories

Legri S Co., Inc.

Lenkurt Electric Co.

Lord Manufacturing Co.

Machlett Laboratories, Inc.
Magnetic Core Corp.

Makepeace Co., D. E,

Masllory and Co., Inc., P. R.
Marion Electrical Instrument Co.
MB Manufacturing Co.
Measurement Engineering Ltd.
Measurements Corporation
Millen Mtg. Co., Inc., James
Mitchell-Rand Insulation Co., Inc.
Moyen, C. P.

Multicore Solders Ltd,

Mycalex Corporation of America

National Co., Inc.

National Carbon Company, Ine.
Nationa! Electronics Inc.

National Moldite Co.

National Varnished Products Corp.
National Vulcanized Fibre Co.
New York Transformer Co., Inc.
Northern Communication Mfg. Co.
Northern Radio Co., Inc.

Ohmite Mfg. Co.

Panoramic Radio Corp.

Paper Machinery and Research, Inc.

Par-Metal Produtcs Corp.

Phalo Plastics Corp.

Phillips Control Corporation

Pickering and Co., Inc.

Polarad Electronics Company

Polytechnic Research and Development
Co., Inc.

Potter Instrument Co.

Precision Paper Tube Co.

Premax Products, Div. of. Chisholm-
Ryder Co., Inc.

Presto Recording Corp,

Printloid, Inc

Production Engineering

Pyroferric Co.

Radio Corp. of America
Radio-Music Corporation
Radio Receptor Co., Inc.
Raytheon Mfg. Co.
Reeves-Hoffman Corporation
Reeves Instrument Corporation
Reeves Soundcraft Corp.
Rex Rheostat Co.

Robinette Co., W. C.

Rogan Brothers

Rome Cable Corporation

Sag Harbor Industries, Inc.

Schweitzer Inc., Peter J.

Scientific Electric Div. of "S'* Corrugated
Quenched Gap Co.

Scott, Inc., Herman Hosmer

Seeburg Corporation, J, P.

Selectar Industries, Inc,

Servo-Tek Products Co., Inc.

Sherron Electronics Company

Shure Brothers, Inc.

Shurite Meters

Sidward Mig. Co., Inc.

Sigma Instruments, Inc.

Signal Engineering and Mfg. Co.

Smuckler and Co., Inc., A. F.

Sorenson & Co., Inc.

Sound Apparatus Co.

Specialty Battery Co.

Spellman Television Co., Inc

Sperry Gyroscope Co.

Sprague Electric Company

Standard Arcturus Corp.

Standard Electrical Products Co.

Standard Pressed Steel Co.

Standard Transformer Corp.

Star Expansion Products Ce., Inc.

Stevens Manufacturing Co., Inc., Geo.

Super Electric Products Corp.

Superior Electric Co.

Superior Tube Company

Tech Laboratories, Inc.
Telechron Inc.

Telex, Inc.

Terminal Radio Corp.

Tetrad Corporation
Thermionic Engineering Corp.
Thordarson Dlv.. Maguire Industries
Titeflex, Inc.

Trans-sonics, Inc.
Transvision Inc.

Tung-Sol Lamp Works Inc.

Union Carbide and Carbon Corp.
United Condenser Corporation
United States Television Mfg. Corp.
United Transformer Co., Inc.
Universal Winding Co,

Vacuum-Electronic Engineering Co.
Varflex Corporation

Vickers, Inc.

Vulcan Electric Co.

Walker Co., George

Walter Co., Inc.. S.

Ward Leonard Eiectric Co.
Ward Products Corporation
Waterman Produtcs Co., Inc.
Western Electric Company
Westinghouse Electric Corp.
Weston Electrical Instrument Corp.
White Dental Mfg. Co., S. §
Williams and Co., C. K.
Wilson Co., H. A

Zophar Mills, Inc.
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TO SUBSCRIBERS ON THE
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BUYERS' GUIDE

The ELECTRONICS Buyers’ Guide, published an-
rually for 5 years as a part of the regular June
issue of ELECTRONICS, enters its 3rd year as an
i~dividual issue —a 13th issue included with every

Annual

BUYERS’

GUIDE

ISSUE
and

MATERIALS SECTION

subscription. Like Topsy, it grew too big and too
i=portant to be included in the regular issve of
ELECTRONICS. Therefore, every subscriber has for
the past three years received this ‘“extra’ as a
bonus issuve.

And this bonus has proved a boon to subscribers —if we can believe only half of
what _shiey tell us. Letters from all over the country, and abroad too, have literally poured
in.@e main themes have been the technical value of the Guide, its usability and the
fact ‘fhat it's 'so much of a time saver. Design engineers tell us they use it daily —keep
it theirklbows — no longer have to thumb through countless individual company cata-
jogues ~ purchasing agents use it for product sources, etc. And many large manufac-
furers* have requested copies in lots of 25 to 100 to be used by their entire engineering
staffs or in their reference libraries. Flattering? Yes, but more important to us is the fact
that i/fndicates that it dovetails in with industries’ needs.

That doesn’t mean that our editors or researchers are going to rest on their laurels.
Hardly. They look forward to and are now planning improvements and additions. You,
the subscriber, can help by making suggestions, lefting us know how you use the Guide,
what we've omitted that you find necessary in your work. Remember it's YOUR BQOK «
—and your comments and suggestions are valuable yardsticks if we are to tailor the

Guide more closely to your needs.
*Names on request

In making your 1949 advertising and promotion plans, we urge you to incdude adequate use
af the 1949 Mid-June Buyers’ Guide issue of ELECTRONICS. Remember —it is a 13th issue and should
be incduded in your 1949 budget. You can get the complete facts regarding the Guide from your
ELECTRONICS representative or write direct.

A McGRAW-HILL PUBLICATION ¢ 330 WEST 42nd STREET, NEW YORK 18, N. Y.

....A BONUS ISSUE...FREE TO ALL SUBSCRIBERS
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DRY ELECTROLYTICS
FOR TELEVISION
RECEIVERS

Solar’s new Type DY-TYV series of dry
clectrolytic capacitors assures depend-
able operation under the severest con-
ditions found in television receivers.

An especially developed Solar proc-
essing technique makes possible small
yetsturdy capacitors designed for high
temperature operation with no sacri-
fice in long life or electrical character-
istics.

Because of the remarkable film sta-
bility of Solar’s DY-TV series of elec-
trolytics, there is but an extremely
small change in power factor and leak-
age current from room temperature
to 85° C.

Type DY-TV capacitors, with their
special film formation, do not “run
away” when voltage is applied after
idling under no-voltage conditions at
85° C. These characteristics are re-
tained even after extended shelf life.

Investigate this remarkable achieve-
ment in capacitor design today! Write
today for catalog.

Solar Manufacturing Corporation
1445 Hudson Blvd., North Bergen, N. J.

- SOLAR CAPACITORS

“Quality Above All"”
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BUSINESS BRIEFS

By W. W. MacDONALD

| Seems that a taxi equipped with
' radio came upon a car wedged be-
tween railroad tracks at a grade
crossing. The cabbie called his
| dispatcher who called the tele-
phone company, who called the
railroad, who called the tower-
man, who flagged the oncoming
fast freight in the nick of time.

TV set production continues to

hold up while seasonal slump hits

other lines. Six months production
| of TV among RMA member com-
panies totalled 278,896, as against
659,313 fm-am sets, and 6,771,210
| straight-am receivers. June video
| production was 64,353 for five
[ weeks, a record high. The indus-
| try is now hoping to produce 850,-
000 units this vear, and RCA pre-
dicts 1.6 million will be produced

in 1949. Dollar volume in tele-
) vision will by then have out-

stripped income from sound-only
| sets, by a large margin.

A Correspondent wants to know
who is making a predetermined
electronic counter that will figure
out a race horse’s chances of win-
ning from his past record. This is
just one step from a predeter-
mined horse race, which, we un-
derstand, is illegal. Anyone hav-
ing such a gadget, please send us
the plans in a plain envelope.

Now that High-Band television
| stations (channels 7 through 13)
are getting on the air, there is a
flurry of surveying to determine
coverage compared with the low-
band outlets. The N. Y. Daily
News station, WPIX, on channel
11, reports 88.6 percent of set
owners interviewed get station
ok, other 11 percent cannot re-
ceive it.

Video in Hoetels is having a big
effect on the bell-boy business. A
recent survey of New York Hotels
shows that room service sales in
‘ video-equipped rooms increased

from $35 to $175 per month fol-
| lowing installation of telesets.

Question: Has room service added
crackerjack, popcorn or peanuts
to the menu? Answer: At those
prices, it’s not peanuts.

Current slump in the phonograph
business has convened many a
pow-pow in record circles. Co-
lumbia-Philco  development of
long-playing records (p 86, Sep-
tember) is one attempt to blow
life into the business, would have
more effect if whole industry
adopted the system for future re-
leases. As it is, record boys pre-
dict a big fight between LP and
standard disks.

It was only a matter of time, etc.
The roadside circuit now has the
tele-juke, a box with records and
video. A record for a nickle, or
three minutes of visual entertain-
ment. You takes your pick. For
those who want the whole ball
game, the machine will take up to
25 nickles at a crack. A side panel
gives the customer access to the
tuning control with a choice of
four stations, but experience
teaches that this little door should
be kept locked tight, with the key
in the hands of the brawniest bar-
tender.

Latest version of the electronic
rat trap (selling for $198) is set
over a rodent runway. An electric
eye picks up the intruder, causes
a pair of charged tongs to close,
then lift sideways, depositing the
lifeless body to one side. Whole
cycle takes about 24 minutes.

Technical writers with an engi-
neering background, primarily
communications, are needed by
the Signal Corps. Salaries range
from $3,727 to $5,232. Write
Chief, Signal Corps Publications
Agency, Fort Monmouth, N. J., or
call Eatontown 38, 1060, ext. 767,
S. S. Oliver.

Pulling power of “giveaway” ra-
dio programs was dramatically

proved when Fred Allen’s rating
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BUSINESS BRIEFS (continued)

fell to an all-time low in compe-
tition with “Stop The Music.”
Many broadcasters, usually
alarmed at FCC meddling with
program content, have applauded
the Commission’s recently pro-
posed action against “lotteries.”
Seems we are all in agreement on
this one.

How Many People, in which in-
dustries, could use a complete
industrial television package con-
sisting of transmitter and re-
cetver, for what specific pur-
poses, if the cost was under
$5,000? One of our readers thinks
he can build a good rig for that
price but wants to feel the water
before jumping in. Anyv comment?

New Business tied in with the 70-
group airforce is beginning to
show in electronic circles. One
concern reports new orders total-
ling $900,000 in recent weeks, all
from aircraft manufacturers, call-
ing for electronic, electrical and
mechanical gadgets.

NAB group worrying out playing-
time versus fidelity of magnetic
tapes has tentatively decided on
two standards, with tops of 7,500
and 15,000 cycles. They hope to
limit high-fidelity speed to be-
tween 15 and 22.5 inches per sec-
ond with minimum playing time of
about half hour per reel.

Ten Years Ago, we were amazed
at fact that there were then more
radio tubes in use than there were
people in the country. Today,
more than that many tubes are
sold in a year. Six months total
reported by RMA was just over
100 million bottles. About three
quarters of these were for new
sets, 20 million for replacement,
nearly 7 million for export. Gov-
ernment agencies took half a mil-
lion. These are big figures. But
radio tube sales are dwarfed by
electric bulbs. Total sales of lat-
ter in 1947: 1.6 billion.

Hangover Cure for 12-inch sur-
plus cathode-ray tubes (type
12GP7) replacing conventional
T7-inch types in television receiv-
ers (p 66, August) is to stick a

ELECTRONICS — October, 1948

piece of blue cellophane over the
sereen. The big bottle uses two
phosphors, blue for transients and
vellow for persistency. An optical
filter largely masks the latter.

Rates for television transcriptions
(movies taken off picture tube
screen suitable for rebroadcast,
see p 68, this issue) have been
issued by Paramount Pictures,
Inc. They will record a ten minute
show for $200, and sell release
prints on 85-mm film, with sound
track at $36.00 for 10 minutes in
lots of 10 or more. Rates for an
hour are $550 and $216 on the
same basis. Also available at
lower cost are 16-mm prints.

Designers Planning next year’s
radio cabinets may be interested
in west coast reports from furni-
ture buyers, indicating a strong
swing to traditional styles, includ-
ing French and American pro-

vincial. Darker finishes arve in
vogue in modern styles.
Nick Lefor (W2BIQ) says that

75 percent of the engineers em-
ploved by Airadio are amateurs,
and that 75, 20 and 10-meter 'phone
operators predominate.

Television in Great Britain is now
dwarfed by Stateside industry.
Licenses for television receivers,
required of every set owner in
England, totalled 54,850 at end of
June, and are increasing at rate of
2,350 a month. Total sets in U.S.A.
are now just over 500,000 and rate
of increase is about 60,000 a
month. All forms of broadcast set
licenses in England now exceed
11,000,000. The British are bear-
ing down on the license deal: 839
successful prosecutions for non-
licensed reception in the month of
June.

Among recent college graduates
taken on by GE are 1046 elec-
trical, mechanical and industrial
engineers, 50 chemistry gradu-
ates, 15 physicists and 250 gradu-
ates of liberal arts and business
courses. Looks like physics is still
something of a specialty, despite
big reputation physics majors got
during the war at Radiation Labo-
ratory and elsewhere.
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Better Sealing
Means Longer Life

for

MALLORY
Cardboard Tubulars

Careful pouring of end seals protects
Mallory cardboard tubulars against
impurities that cause deterioration.

{MALipRY

BRY FLEICTROLYTIC
CAPACITORS

Send for the Mallory Capac-
itor Catalog which contains
useful data on tubulars
and on other Mallory elec-
trolytic capacitors.
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ALLORY cardboard tubular capacitors come in the standard types shown
above —but their service potential is far above standard—thanks to the

extra care used in their manufacture.

In an electrolytic capacitor, quality depends largely on purity. At Mallory, con-
trolled freedom {rom contamination in handling, plus the precaution of carefully
applied inner seal and generous end seals, provide the extra measure of guality

you expect in Mallory Approved Precision Products.

Mallory cardboard tubulars are made and priced for trouble-free operation in
low cost equipment. The complete line of Mallory Capacitors includes units far every
type of service—all made to the high quality standards of Mallory Approved

Precision Products.

Buy Mallory Assured Quality At Regular Price Levels

MALLORY caracirors

(ELECTROLYTIC, OIL and WAX)

P. R. MALLORY & CO,, Inc., INDIANAPOLIS 6, INDIANA
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» BITS . . . Claude Shannon’s articles in the Bell tions. The IRE technical committee on electroacous-

System Technical Journal, explaining at length the
important new concepts on the bandwidth required to
transmit intelligence in the presence of noise, are
destined to become classics in the literature of com-
munications. While not claiming to have mistered
the subtleties of the argument at the present writing,
we do want to pass on the new word “bit”, a contrac-
tion of “binary digit” suggested by J. W. Tukey.
Binary digits, or bits, are important because pulse
circuits, whether used in pulse code modulation or in
electronic computers, are most reliable when they
operate, flip-flop fashion, with only two states, on
and off. So the discipline of such circuits is most
easily analyzed in binary notation. It turns out that
a decimal digit is 3.32 bits. Accordingly the value
of a twenty-five cent piece, being expressible in two
decimal digits, is expressible in 6.64 bits. We thought
it was two bits, but we failed to reckon with Shannon
and Tukey.

» DECIMAL . . . An old-time contributor to this
journal, Walther Richter, in a recent speech coined
a neat phrase when he said that electrical engineers
could be divided into two groups, those working on
the right side of the decimal point, and those work-
ing on the left. The communications engineer is,
very largely, a microwatt-microvolt-microampere
man. The power engineer is, in contrast, a kilowatt-
kilovolt-kiloampere character. To Mr. Richter’s apt
division, we would add the group of decimal-point
straddlers, the industrial electronic engineers who
progress from the right to the left side, taking a
microwatt impulse and bringing it to bear on a
kilowatt system. These electronic universalists are
familiar with the left and the right, and their num-
ber grows. More power (megawatts) to them.

» MKS . . . The growing acceptance of MKS units
in electronic practice is not without important excep-

tics has recently discovered that this system of units
has, apparently, never been used in the acoustical
field and has urged that this omission be rectified
forthwith. Fortunately, the conversion from the met-
ric units commonly used to MKS units is accomplished
simply in powers of ten. But, unfortunately, there
are no simple names for acoustic quantities expressed
in these units. The acoustical ohm, for example, is
translated literally into emkayess-ese as ‘‘joule per
stere per stere per second”, than which we cannot
imagine a less handy term. The committee is now
searching for suitable short-form names for MKS
acoustic units, and will recommend the same for the
forthcoming revised ASA standard terminology on
this subject. This is good work. Other committees
might well examine their fields for similar omissions.

» GEO-RESCUE . . . Some months ago we related
the story of the Bell Labs engineer who, lost on the
way to a dinner party, was “talked in” to his friend’s
house through mobile radio installed in his car. Now
comes the story of the geophysical exploration party
which, roaming over the flatlands searching for suit-
able test sites, become completely lost. Having
explained their predicament to the field office by radio,
the members of the party were instructed to explode
a charge of dynamite, which they carried for seismic
exploration, at a pre-arranged time. The blast, travel-
ing through the earth, was intercepted by a pattern
of geophones connected with the field office, while an
oscillograph recorded the times of arrival of the
shock wave at several locations. A short computa-
tion, essentially the loran problem worked backwards,
revealed the location of the lost geophysicists.
Informed by radio, the party took a bearing for home
and got there. Readers will recognize this technique
as a solid-land version of the sofar system, which
locates ships at sea by precisely the same technique
(June, 1948 issue, p 98).



FIG. 1—General view of iranscription equipment.
lengthy programs

By THOMAS T. GOLDSMITH, JR.

Director of Research

Two unils are used to provide uninterrupted recording of

TELEVISION

Allen B. DuMont Laboratories, Inc.
Passaic, New Jersey

and HARRY MILHOLLAND

Senior Engineer

OR MANY YEARS photographic
Frecording has been employed
by television engineers to preserve
a record of station operation and
outstanding programs. The staff of
A. B. DuMont Research Dept. has
been engaged in studying photo-
graphic recording for over ten
years. The early efforts used still
cameras or nonsynchronous movie
cameras which produced results
suitable for record purposes. But
the quality of such recorded pro-
grams was not sufficient for re-
broadcast because of insufficient de-
tail and contrast range, as well as
stroboscopic-flicker effects caused
by lack of synchronization.

With the coming of network tele-
vision, the need for broadcast-qual-
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ity photographic transcriptions of
television programs has emerged.
To meet this need, DuMont Labora-
tories has developed a transcription
system, with the results described
in this paper. Teletranscriptions
have already proved useful in pro-
viding delayed-broadcast network
service beyond the limits of coaxial-
cable and radio-relay circuits. For
this purpose they will undoubtedly
serve for many years, until network
connections are more widely avail-
able and less expensive than at pres-
ent. Transcriptions also serve many
other purposes, such as promotional
advertising, as aids to criticism of
program techniques and content,
and as legal records including docu-
mentation of station operation for

the records of the FCC. Similar
techniques, employing rapid devel-
opment of film, serve for theater
television.

Frame Synchronization

In setting up a teletranscription
system, the choice between 35-mm
and 16-mm film must be made.
Ideally, 35-mm film is to be pre-
ferred since it imposes no limitation
on the detail of the transeribed im-
age. In practice, however, 16-mm
film is preferable on the score of
economy, not only in the cost of film
stock, but also in the cost and main-

This article is based on a paper pre-
sented .before the New York Convention
of the S.M.P.E., October 1947.
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FIG. 2—Monitor with side panel removed to FIG. 3—Side view of the Eastman Kodak model of the camera.

show mechanical arrangement

TRANSCRIP

A rapid pull-down

mechanism moves film between frames in less than 1/120th second

IONS

Recording television images on film, directly from a cathode-ray monitor, preserves pro-
grams for rebroadcast, legal records. and network syndication. Broadcast quality is

achieved in equipment which transfers from the 30-frame rate of television to the

24-frame movie standard

tenance of the camera equipment.
Using fine-grain stock, the film can
be exposed and processed so as to
retain the full detail of the image.
Accordingly, 16-mm equipment was
adopted in the equipment described.

An early attempt to solve the
frame-synchronization problem re-
sulted in a camera which operated
at 15 frames per second, that is,
one-half the television frame rate.
The exposure time and the pull-
down time of this camera were ap-
proximately equal, so it photo-
graphed one complete television
frame and skipped the succeeding
one while the film was being pulled
down. This system produced a non-
standard film which could not be
used in standard 24-frame movie

ELECTRONICS — October, 1948

projectors. Moreover, the film could
not be used for rebroadcast at 30
frames, because of the flicker and
discontinuity of motion caused by
the missing frames.

This project was abandoned in
favor of building a camera which
would record directly at 24 frames
per second from 30-frame television
images. The process is essentially
the inverse of the projection system
used in televising standard 24-frame
film. The 24-frame film may be used
in standard 16-mm sound projectors
for nontelevision uses, or in tele-
vision projectors. The prototype
camera was constructed. When the
princip’e was proved, the prototype
was taken to the Eastman Kodak
Company, which produced a com-

mercial version of the camera.

The sound-recording aspect of
teletranscriptions was also a matter
requiring attention. Separate sound-
on-film recording facilities are em-
ployed to assure high quality of re-
production. The two film records,
one for picture and the other for
sound, are processed separately, us-
ing process techniques best suited
to each type of recording. The sight
and sound portions are combined in
a composite 24-frame film. For doc-
umentary purposes it may be satis-
factory to employ a single camera
with sound-recording facilities in-
corporated in it, the so-called single
system, but the processing must
then be a compromise between that
for best picture and that for best

69,



sound reproduction quality.
Figure 1 shows a general view
of the transcription equipment. Two
identical cameras and monitors are
used to permit uninterrupted re-
cording if the program lasts more
than one-half hour. Each camera
has reels which hold 1,200 feet of
stock, which allows about 33 min-
utes of recording. When switching
from one monitor-camera to the
other, care is taken to assure that
the average brightness of the two
monitors is closely the same. This
measurement is performed with a
photographic exposure meter held
successively in the same position
before the two screens when both
carry identical test patterns. Rec-
ords are kept of power-supply volt-
ages and beam currents in the
monitor picture tubes to assure re-
producible results from day to day.

Uniform Focus

The monitor circuits and picture
tubes have been designed with par-
ticular care to remove imperfections
that might be tolerated in a home
receiver. For example, the high-
voltage power supply has excellent
regulation to avoid changes in pic-
ture size with changes in average
brightness. The high-voltage supply
is a 25,000-volt unit conservatively
operated at 17,000 volts. The moni-
tor picture tube is a 12-inch
magnetically-focussed and deflected
unit. The area scanned is 6 by 8
inches. This small area assures uni-
form focus and a flat field. The
tubes are conventional, but are
carefully selected to have uniform
phosphors and good focus over the

FIG. 5—Typical scene as reproduced on 35-mm movie film

area scanned.

It is possible to operate the sys-
tem with negative or positive im-
ages on the monitor, but experience
has proved the positive image pref-
erable. The film image is then
a negative and the composite print
(made from the negative picture
film and sound film) is a positive.
If time is very short, the negative
film image may be transmitted with-
out making the composite positive
print, merely by reversing the po-
larity of the television camera out-
put. But the best quality has been
found to result consistently from
a composite positive print made
from a negative.

To assure that the film shall not
limit the resolution of the system,

14 4 5 6 7 8 9 10 1l l2 13 (4 15 16 1T 18 19 20
O 120 i20 i20 i20 120 (20 120 [20 i20 120 26 120 i26 120 i20 i26 i20 120 126 i26
fcon L[ 1 | | 1
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1
2 SEGH A fo -~ 35 SEC - |
L ANK
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BL ANKING
AND ODD || EVEN !
SCANNING INTERLACE - 185 sec
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ST ga SECT — -~>1
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|
PULL-DOWN }

FIG. 4—Time relationships between television signal, shutter and pull-down mecha-
nism. Accurate setting of shutter is essential to avoid overlapping or underlapping
exposures
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very-fine-grain film is used, that is,
positive stock ordinarily used for
making projection prints. DuPont
type 602A has been found highly
satisfactory. This film, speed ap-
proximately Weston 8, is slow com-
pared with negative stock and re-
versal film, but it has extremely
fine grain and wide latitude. Also,
it costs about one third as much as
faster films, and this may be a very
important factor in an extensive
recording project. The same type of
film is used for picture negative,
sound negative and composite posi-
tive. A special processing tech-
nique, is used to develop the picture
negative. Otherwise the processing
is conventional.

To assure adequate exposure us-
ing slow film, a bright monitor im-
age and fast lens are required. The
image, produced on the 6-by-8-inch
rectangle, has a highlight bright-
ness above 100 foot-lamberts. The
lens is a standard Kodak camera
lens of two-inch focal length and
maximum aperture f1.6. The lens
is operated at fixed focus of five
feet and a fixed aperture of 2. The
latter setting is not changed, since
it would change the cone of light
within the camera and would inter-
fere with the proper operation of
the shutter. If any change in the
aperture is required, neutral-den-
sity filters are placed on the lens
as required. Optical resolution of
the lens is not critical. Any good
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FIG. 6—Televised reproduction of scene shown in Fig. §

taking lens is satisfactory but pro-
jection lens are to be avoided.

Using this optical system and
film, the full horizontal resolution
of the original television image is
preserved in the film. In fact it is
possible to identify in the film im-
ages the fine-structure noise pres-
ent in the original television image.
The contrast range of the system
is likewise limited by the television
image, not the film. Using a con-
ventional photographic gray scale
of 11 steps between black and white,
the monitor has been found capable
of rendering 7 steps of gray, plus
black and white. The latitude of the
film is suflicient to cover this range
by a wide margin.

The monitor brightness and con-
trast controls are adjusted by eye
to give the most even rendition of
the grav scale, as viewed on the
film after processing. This process
matches the transfer characteristic
of the television system to the
gamma characteristic of the film.
Electrical gamma-correction cir-
cuits are also available in the equip-
ment. Particular care was taken in

the design and adjustment of the

scanning cireuits in the monitor to
preserve a high degree of linearity.
Figure 2 shows an interior view of
the monitor.

The camera employs a rapid pull-
down mechanism and a specially de-
signed shutter which exposes two
complete fields of television scan-
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ning on each frame of motion-pic-
ture dlm. An interior view of this
camera is shown in Fig. 3. The
shutter closes for exactly one-half
of a television field, and the pull-
down takes place in something less
than one fifth of the complete pull-
down-plus-exposure cycle. This
cycle ocecurs at a rate of 24 frames
per second, at a shaft speed of 1,440
revolutions per minute.

Sequence of Operation

The timing sequence and phase
relationships of the television sig-
nal, the blanking cycle of the shut-
ter, and the motion of the film dur-
ing pull-down are shown in Fig. 4.
At the top is a timing indication
expressed in intervals of 1/120 sec-
ond. This interval is a subdivision
of both the 30-frame-per-second
television-picture interval and the
24-frame-per-second film picture
interval. The next line indicates the
television blanking interval and the
useful television picture interval.
Here the television field interval of
1/60 second provides one half of
the interlaced picture, and the suc-
ceeding 1/60 second field interval
provides the other interlaced half.
Accordingly, two fields of television
scanning constitute one complete
frame of television picture in an
elapsed time of 1/30 second. On the
next line is shown the camera-shut-
ter characteristic, which must be
very carefully adjusted. On the bot-

tom line the film pull-down cycle is
illustrated.

The most critical characteristic
in the recording camera is the tim-
ing of the shutter-blanking and ex-
posure interval. The absolute inter-
valg are the most important, and if
they are appropriately adjusted the
exact phase relationship is not very
critical. As shown in Fig. 4, the
phase relationship has been so ad-
justed that one of the points for
opening (or closing) the shutter is
placed directly under the television
blanking interval. The other shut-
ter-point occurs approximately in
the middle of the television field in-
terval. If this shutter is not ad-
justed correctly, a bar, caused by
overlapping or underlapping expos-
ures, is likely to appear in the re-
corded film picture. Such a bar is
noticeable as a flicker of several
lines in the picture.

It is customary to drive a record-
ing ecamera by synchronous motor.
If the television signal and the re-
cording camera are controlled by
the same power lines, the camera
runs in exact synchronism with the
television synchronizing generator.
In many cases, however, it is neces-
sary to record programs which have
originated in a region beyond the
limits of the synchronized power
lines. On nonsynchronous power
supplies, two regions of overlap may
appear and move up or down the
picture at a rate equal to the dif-
ference frequency between the 60-
cvcle supply controlling the synch-
ronizing generator and the 60-cycle
supply driving the synchronous mo-
tor of the camera.

Many films have been recorded in
the nonsynchronous manner. To do
so successfully it is desirable that
the shutter angles be accurately ad-
justed so that the overlap bars are
eliminated. It is better to have a
slight overlap, rather than an un-
derlap, to minimize the bar effect.

To show the quality of pictures
obtainable, Fig. 5 is a blown-up
print of an original photograph
taken on 35-mm film, while Fig. 6
is a photograph of the same subject
taken from the face of a cathode-
ray tube. Very little difference exists
between these two photographs.

The motion-picture film compares
favorably with the results obtained
with a still camera.
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broadecast service.
cational frequencies.

SERRASOID

Design data for an improved four-tube phase-shift type modulator that initiates 100-
percent modulation with noise 80 db down and 0.25 percent harmonic distortion in

Low relative cost suggests potentially greater utilization of the edu-
Variations of the basic circuit open new fields of application

By J. R. DAY

Radio Engineering Labs., Inc.
Long Island City, N. Y.

HE development of a simple f-m

modulator has been one phase
of a broad program to enlarge the
technical horizons of f-m broadcast-
ing. In particular, it was aimed at
providing one solution to the prob-
lems of relay and chain broadcast-
ing. Such service requires that the
noise background and distortion be
very low in the individual links so
that the final signal may still meet
the relatively high standards re-
quired for any f-m broadcasting
system. Such chain systems have

been operated satisfactorily using
available equipment, but it cannot
be said that, in the more extensive
chains, the limiting noise rests with
the audio facilities at the origin.
This latter condition has always
been regarded as a minimum re-
quirement of a really good f-m
broadecast setup.

Careful examination of the prob-
lems in a reasonably extensive chain
yields the coneclusion that an 80 db
ratio of 100-percent modulation to
noise in the modulator would be
satisfactory. In addition, a maxi-
mum figure of 0.25-percent har-
monic distortion for 100-percent
modulation with single tones from
50 to 15,000 cycles was set as a

The first successful method of producing frequency modulation was the
phase-shift method. Despite certain shortcomings in inherent noise,
distortion at the lower modulating frequencies, and a tendency of the
center frequency to drift, it carried the burden of launching the f-m
system successfully.

® The invention of the double channel modulator, which was brought to a high
degree of perfection through the work of John Bose, eliminated these difficulties.
It, however, had the commercial disadvantage common to all frequency modulators
of requiring a large number of tubes. This disadvantage is not of much importance
in transmitters of powers above 1 kw, as the cost of the modulator then becomes
a relatively small part of the total. For transmitters of low power, however, the
modulator becomes a major item. Herein lies opportunity for great improvement.

® | have always felt that the phase-shift method of producing frequency modu-
lation would be the surviving method and thét someone some day would overcome
its greatest weakness by finding the means of increasing the initial phasg;shift
without compromising any of the requirements of distortionless noise-free f-m.

® This James R. Day has done. Not only has he done it without compromise, but
he has in fact improved performance to hitherto unattained levels.

@ The significance of this development is that by its simplicity and reliability it
has opened up all sorts of new broadcasting possibilities. One can visualize the
operation of unsupervised transmitters of a few watts power, controlled from pulpits,
schoolhouse assembly halls, and similar places, the transmitter requiring no more
attention than the common, everyday public address system.

® The invention has opened up some amusing possibilities. If, as seems likely, the
Serrasoid becomes the accepted method of producing frequency modulation, the
phrase-makers who have dubbed the phase-shift method the “indirect method”
will find themselves in an awkward situation. Some of us have lived long enough to
recall the days when the automobile was referred to as the "horseless carriage.”

—E. H. ARMSTRONG
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correlative objective. Since a prac-
tical modulator involves accessory
circuits such as an audio amplifier,
which can be expected to make some
definite though small contribution
to the numbers above, the actual
net requirements on the modulation
process are somewhat more severe
than the overall figures. It is evi-
dent that such performance will
also be of significant application in
a single f-m broadcast setup, apart
from the special question of relay-
ing.

Means of generating frequency-
modulated currents fall into two
general classes, the reactance-modu-
lated type, and the phase-shift type.
In the first, the frequency of an
oscillator is caused to vary linearly
with modulation through the agency
of a reactance tube or its equivalent,
which is an integral part of the
frequency-determining circuit. Be-
cause of the modulation and linear-
ity requirement such an oscillator
in general is not stable enough for
broadcast service. Automatic fre-
quency control is therefore em-
ployed. In the phase-shift type of
modulator the frequency of the car-
rier oscillator is not varied, and
therefore a stiff control such as a
quartz crystal can be used to secure
the desired stability, which then is
completely independent of the modu-
lation process. Modulation of the
frequency in such a system is se-
cured by varying the phase of the
frequency-stabilized wave. The fre-
quency will be deviated from its con-
trolled value only during the time
the phase is changing, and the de-
viation, other things being equal, is
proportional to the rate of change
of phase.

The Serrasoid is the latter type.
Although it is capable of broader
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Size comparison between the Serrasoid
Center rack and upper section of leit rack ar
station W2XMN-W2XEA «at Alpine, N.

application, the numbers involved
for the f-m broadcast case provide
the clearest illustrative material. As
noted above, frequency deviation is
proportional to rate of change of
phase. For sinusoidal modulation
this is simply expressed by saying
that the peak frequency deviation
is equal to the product of the peak

ELECTRONICS — October, 1948

modulator (outllned in white) and the eriginal Dual-Channel modulator at the right.

phase shift and the modulating fre-
quency. The new circuit is conserv-
atively capable of a peak phase shift
of =150 degrees, but =90 degrees
or =13 radiang is used as the basis
for 100-percent modulation at 50
cycles. For 14 radians and 50 cycles
the peak deviation therefore will be
+175 cycles. Since 100-percent modu-

e used for other -quipment. Photograph taken ai the Armstrong f-m broadcast
]. where the new modalator has been iz service lor six months

lation in f-m broadcasting is a de-
viation of =+75,000 cycles, a fre-
quency multiplication of 1,000 is
indicated. Actually, 972 is used
since it ean be factored into a con-
venient assortment of doublers and
triplers. In all that follows we shall
discuss a modulator for a frequency
of 97.2 megacycles which starts at
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a base frequency of 100 kilocycles.

Figure 1 is a schematic diagram
of the essential parts of a complete
broadcast Serrasoid. Audio ampli-
fiers and frequency multipliers have
been omitted since they are con-
ventional and employ small stand-
ard type tubes. Tube V, is a pentode
oscillator controlled by quartz erys-
tal Y. The crystal operates very
close to its series resonant fre-
quency. The net reactance of the
crystal arm may be conveniently
varied by a series capacitor for fine
frequency adjustment of about
=-0.005 percent. This erystal is oven
controlled in the broadcast case to a
net stability of -0.0002 percent,
which is also the stability of the
final carrier frequency. The oper-
ation of the oscillator is such that
plate current is drawn only during
a small part of the cycle. Negative
going pulses shown in Fig. 2A are
generated at the plate of V.. These
pulses are differentiated by C,, R,
and grid-cathode conductance of
V4 to yield still shorter pulses sev-
eral times the cutoff voltage of V...
The corresponding short positive
pulses at the plate of this latter
tube are bottom clipped (to clean
the base line) by cathode follower
V.. Resistor R. is selected so that
this tube is biased beyond cutoff
between pulses by the automatic
grid bias of C, and R,. The pulses
at the cathode of V., appear as
shown in Fig. 2B. The two halves
of V. perform the functions of a

single pentode that might have been
used in the same place, with the ad-
ditional advantage that the final
waveform is developed in a lower
impedance than is practicable with
a pentode,

Linear Sawtooth Wave

According to the numbers of the
illustrative case these pulses recur
at a rate of 100 kilocycles, that is,
corresponding points or events on
consecutive pulses are 10 microsec-
onds apart. Tube V., constitutes a
nonoscillatory sawtooth generator
timed by the pulses from V,,. The
slowly increasing portion of the
sawtooth has a slope corresponding
to the charging of C, through R, to
the relatively steady voltage at the
Junction of R, and R, This period
coincides with the time between
pulses at the grid of V., cutoff bias
having been developed on C, by
previous pulses. The quickly de-
creasing portion of the sawtooth
occurs at the time of positive pulses
on V.., when C; is discharged nearly
to cathode potential by the plate-
cathode conductance. In round num-
bers the discharge point is about 5
volts from cathode or ground po-
tential and R, and C; are adjusted
to give a rising rate of about 4 volts
per microsecond to the increasing
portion of the wave. As will be
shown the whole linearity of the
modulation process depends on the
straightness of this sawtooth wave.
In its simple form, it would have

too much exponential curvature to
be useful. This condition is cor-
rected by the bootstrap connection
comprising the cathode follower
Vis, Ry, C,, and R, The normally
constant voltage at the positive end
of R, has superimposed upon it the
rising voltage on C: so that the drop
on R, and hence the charging cur-
rent is maintained practically con-
stant. Resistor R,, as in other boot-
strap applications could be a diode
with its anode at plate supply po-
tential, but for the voltage magni-
tudes involved here the resistor is
more than adequate. The d-¢ volt-
age at the junction of R, and R, is
about +190 volts for a B+ value of
250 volts.

Pulses are Frequency-Modulated

The sawtooth wave thus devel-
oped is directly coupled to the grid
of V... This tube is cathode biased
by its plate current so that conduc-
tion begins when the sawtooth is
about half way up; the passage
from the beginning of plate current
flow to grid current consuming
about 0.25 microsecond. Because
C; is large and holds the bias con-
stant during the sawtooth period,
grid current stops the charging of
C., and the latter half of the saw-
tooth rise is clipped. The resulting
waveform is shown in Fig. 2C the
dashed line indicating the wave-
form without the direct coupling to
the grid of V... Thus, the plate cur-
rent of V,, flows only during the

PULSES OUT

250V

AUDIO INPUT

FIG. 1—The modulator proper showing the crystal oscillator, clipper, sawtooth generator and bootstrap cathode follower, and fm
pulse output tubes. The frequency multiplier stages that follow are conventional
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latter half of the sawtooth wave. If
the bias for V., is varied, the lead-
ing edge of this current pulse will
vary in time or phase, an advance
resulting from a lowering of the
biag and a retardation from an in-
crease. It is in this way that phase
modulation in the unit is accom-
plished.

Audio or program is applied at
the indicated terminals. Values of
R and C; are so proportioned that
for constant audio input amplitude
versus frequency, the resulting am-
plitude at C, is inversely propor-
tional to audio frequency over the
range upward from 50 cycles. This
circuit is included so that the peak
phase shift shall be inversely pro-
portional to modulating frequency
and the resulting frequency re-
sponse of the frequency modulation
shall be flat. The function and the
network are the familiar corrector
present in all phase-shift type fre-
quency modulators. In order that at
50 cycles the phase of the pulse
edge be shifted =14 radians, ap-
proximately 50 volts rms is required
at the input to the corrector. In the
complete modulator a two-stage am-
plifier provides the gain to raise the
standard input of =10 dbm to this
level. Since feedback is used in this
audio amplifier to provide linearity,
the effective modulation sensitivity
is also stabilized to a marked degree.
This sensitivity depends only on the
audio gain and the stability of Ry
and C,, and ordinarily is stable to
within 1 percent for the standard
ranges of temperature, line voltage,
and tube changes.

Figure 2D illustrates the wave-
form at the plate of V.., the dashed
lines showing the extreme positions
of the leading or negative going
edge during 100-percent modulation
at 50 cycles. For 100-percent modu-
lation at 100 cycles the excursion is
one half that shown, and so on. This
wave is differentiated by Cn, R,
and the grid cathode conductance of
V.s so that the latter is cut off for
a short time each cycle beginning at
the leading edge. The resulting
positive-going pulses at the plate
of V., are shown in Fig. 2E. These
pulses are frequency modulated ap-
proximately =75 cycles at 100-per-
cent modulation. They are applied
to the grid of the first of a string
of frequency multipliers. The plate
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FIG. 2—Waveforms, oscillator to output

loads of this and subsequent mul-
tipliers are resonant at the various
harmonics, and therefore, involve
only sinusoidal c-w currents. In the
broadcast version these multiplica-
tions are 3, 3, 3, 3, 2, 3, and 2, for a
total of 972 times, yielding a carrier
frequency in this illustration of 97.2
megacycles with a deviation of
—+75 kilocycles at 100-percent modu-
lation.

Circuit Design Factors

Before proceeding to a discussion
of distortion and noise in a system
of this sort several salient features
may be pointed out. First, in com-
mon with all phase-shift modula-
tors, there is no interaction what-
ever between the functions of
modulation and carrier-frequency
control, and the final stability is
exactly that of well engineered crys-
tal control. Exclusive of the fre-
quency control the modulation proc-

ess is accomplished in three stand-
ard receiving tvpe tubes operating
under cutoff to saturation or cath-
ode follower conditions. As a re-
sult the process is remarkably inde-
pendent of tube changes or aging.
There are no resonant circuits and
no reactances. Largely to eliminate
the commercial tolerances of re-
sistors and capacitors, C,, C;, Cy,
and R, are factory adjusted, and
thereafter no adjustments even of a
maintenance nature are necessary,
except after outright component
failure. Tubes V; through V, drain
about 20 milliamperes at 250 volts.

Possible Voriations

An interesting aspect of the de-
velopment of this modulator lies in
its apparent simplicity. Until cer-
tain special factors were fully ap-
preciated performance was indiffer-
ent and the simultaneous attain-
ment of low distortion and low noise
hardly seemed practical without
considerable elaboration. A good
many detailed variations from the
sample circuit shown are operative,
and some yield high performance.
But without the observance of
certain principles, design can be
surprisingly difficult. The impor-
tant rules affecting linearity and
noise are enumerated below.

Having selected the sawtooth
waveform as the basic timing or
phase-shifting mechanism, it devel-
oped that linearity could not be
preserved if it was amplified or
caused to appear as a current varia-
tion in a plate-loaded tube, no mat-
ter how attractive such a step may
have appeared at first. Other means
of straightening the sawtooth be-
side the bootstrap arrangement
shown are entirely practical pro-
vided the sawtooth waveshape as
such is not amplified. In particular,
in the modulation process the tube
performing the timing, V,,, cannot
carry currents of sawtooth shape
and still preserve linearity in the
timing process. It was found also
that the amplitude of the current
pulses in V., should be constant dur-
ing the modulation cycle. To insure
this condition the plate supply volt-
age is maintained constant by C..
The supply voltage is low, about 30
volts, giving a small cutoff voltage.

Noise arises in such a system in
the form of random variations in
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the time of occurrence of corre-
sponding events in consecutive
cycles. Such timing variations or-
dinarily are the result of super-
position of noise voltages on the
desired wave-form. The noise vol-
tages originate either in tube cur-
rent variations or as Johnson noise
In resistors. The effects of both
kinds of noise are reduced by in-
creasing the time rate of change of
voltage in the sides of the pulses,
and by maintaining low cir-
cuit impedances at certain points.
For instance, impedances controlled
by R, R., and R,, are in a position
to contribute to the residual modu-
lator noise unless maintained below
values appropriate to the pulse am-
plitudes appearing across them.
This is another way of saying that
the circuit bandwidth should be as
great as possible so that the pulse
rise-time is short. Noise originating
from uniformly distributed random
voltage variations causes frequency
modulation noise with a triangular
distribution spectrum, extending
linearly up from zero at zero modu-
lating frequency. For the band up
to 15,000 cycles the integrated noise
power from a given resistance is
approximately 44 db greater than
would be the case for a flat noise
spectrum. The 75 microsecond de-
emphasis in the f-m receiver re-
duces this effect by 13 db. The re-
duction factor is different if the
original noise is other than triangu-
lar. For instance, Johnson noise in
R, is modified in its spectrum by
C. before it can phase modulate
pulses determined by the sawtooth.
It is a straightforward matter to
show by calculation that if the lin-
earity were secured without the
bootstrap or its low-voltage equiva-
lent, that is, by making the supply
voltage very high, the noise gen-
erated by the necessary large re-
sistor would be excessive by a con-
siderable factor. Thus it comes
about that the bootstrap or its low
voltage equivalent is uniquely es-
sential to securing simultaneously
low noise and low distortion. By
similar reasoning it can be shown
that the lowest noise is obtained
when the corrector capacitor Cs, is
directly at the modulator cathode.
[f the corrector were to be located
at a lower level in the audio section,
tube and Johnson noise originating
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after it would have a 31 db handi-
cap and with practical tubes and cir-
cuit constants, this effect would be
insurmountable. The possibility of
noise phase modulation in the first
tube after V, is minimized by mak-
ing this a frequency multiplier so
that the noise deviations are mul-
tiplied by a smaller factor than
those originating in V, and earlier.

Performance

The general performance of the
Serrasoid system in the particular
case shown, and following the de-
sign rules noted can be summarized
as follows. The linearity of the
phase-shift process is readily made
to be equivalent to less than 0.1-per-
cent f-m distortion for peak phase
shifts of =185 degrees. It should
be noted that nonlinearity in the
phase-shift process results in f-m
distortion proportional to the order
of the harmonic generated. Thus
1 percent third harmonic expressed
as distortion of the phase shift is
equivalent to 3-percent distortion
measured as frequency modulation.
In the commercial f-m broadcast
modulator the distortion is largely
controlled by the included audio
amplifier, and the overall figure is
held to less than 0.25 percent for
100-percent modulation at 50 cycles.
At high frequencies where the peak
phase shift is less the distortion
falls until it is entirely accounted
for in the audio circuits. At the
upper end of the audio spectrum,
distortion owing to tuned ecircuits
in the frequency multipliers rises
slightly, but by reasonable design is
held below 0.25 percent, measured
without de-emphasis. It is much
easier to contrive that the distor-
tion be this low than it is accurately
to measure it once secured!

The f-m noise originating in the
modulator and in the band from
50 to 15,000 cycles, measured with
75-microsecond  de-emphasis is
somewhat better than 80 db below
100-percent modulation. This noise
is made up of approximately equal
contributions from the crystal oseil-
lator plate circuit and the plate cir-
cuit of V,,. It can be reduced still
farther by designing for greater
pulse bandwidth and higher tube
currents, and by the special artifices
described below. Microphonism is
no practical problem at all with non-

selected ordinary tubes. Because of
the simplicity of the circuits in-
volved shielding and isolation by
ordinary means serves to suppress
the noise effects of r-f feedback
from high-level sections of the
transmitter.

Increasing Phase Shift

There are two ways by which the
total phase shift can be increased
over the practical maximum of
+150 degrees. One of these is by
cascading, or iterated modulation.
The pulses at the plate of V., are
similar in form and amplitude to
those at the plate of V... If, instead
of coupling here to the grid of a
multiplier, these pulses are fed to
a duplicate of the circuit extending
from V., to V., inclusive, another
complete modulation process will
have been encompassed. One stage
of such cascading doubles the peak
phase shift with the same per-
centage of f-m distortion and yet
raises the f-m noise by less than 3
db. Thus the effective signal to
noise ratio is improved by at least
3 db. The price paid for this itera-
tion is two and a half additional
tubes and a doubling of the audio
power required to modulate. The
process can be extended beyond two
modulations. The other method in-
volves generating two or more inter-
laced sawtooths at submultiples of
the crystal frequency by means of a
step-counter frequency divider ; sep-
arately modulating pulses from
each of the proportionately longer
submultiple sawtooths; and re-
combining the sets of modulated
pulses. The submultiple frequency,
of course, must be more than twice
as high as the highest modulating
frequency involved.

In general, by the use of cascad-
ing and interlacing, as noted, by the
use of a modification of the scheme
employed in the Armstrong dual
channel phase shift modulator, and
by several other arrangements too
detailed to describe here, the appli-
cation of this system can be ex-
tended to cover a very wide field.

Commercial versions of the new
modulator have been in use for the
past six months at W2XMN-
W2XEA, Alpine, New Jersey, and
in the studio-transmitter link used
to program KSBR, Mount Diablo,
California.
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BIRD'S-EYE VIEW—From a low-flying helicopter, here is how
Electronics Park looks te a camera aimed due west and down-
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ward. All visitors are welcomed at the Reception Building (middle
foreground), where they receive a marked map of the Park

The Editors Report on
ELECTRONICS PARK

To build a combined headquarters, engineering heaven and de luxe manufacturing

plant

for its expanding electronics business, General Electric has invested heavily in a new

plant at Syracuse.

engineers,

Here, along with the physical details, is the story of the people-—the
supervisors and workers—on whom hinges the future of Electronics Park

PART I—The Park and Its People

N the rolling farmland near Syracuse, N. Y., has

arisen an industrial phenomenon, a 155-acre cam-
pus combining research, engineering and production
on a scale never before seen in the electronics busi-
ness. This is Electronics Park, the headquarters of
the Electronics Department of the General Electric
Company. Nine buildings have been completed, stocked
with machinery and equipment, and brought to operat-
ing status.

The Park is no idle experiment in bigness. When
the war ended, GE had a greatly expanded electronics
business located in 22 plants—with no headquarters

ELECTRONICS — October; 1948

plant. The company’s long experience in the lamp
business—and electronics closely parallels it in many
respects—pointed the way to a headquarters plant for
engineering, manufacturing, sales and marketing oper-
ations. And so Electronics Park may be said to be a
modernized version of Nela Park. Both have the
“campus” atmosphere, the last word in engineering’
facilities coupled with manufacturing operations and
many satellite plants in various parts of the country.

Compared to competitors’ plant facilities, the Park
undoubtedly appears to be a “luxury” operation to
many industry visitors. Contrasted to this attitude
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is the GE philosophy as expressed by Dr. W. R. G.
Baker, vice-president in charge, who explains that
management merely has provided the best possible
postwar facilities and atmosphere for its engineers,
office and production workers, and salesmen—all of
which has already resulted in improved productivity
as compared to similar GE electronics operations be-
fore the war.

The editors of ELECTRONICS undertook some months
ago to study the operations at the Park. This report
results from weeks of interviewing the engineers, the
executives and the production workers. Its purpose is
to describe features of the organization, its systems,
techniques, facilities and methods. Some of these
ingredients of creative productivity are, of course,
equally applicable to many another plant or labor atory
in the industry, and may well be adopted with profit
by others.

The genesis of the Park goes well back into GE
history. Since the early experiments of Langmuir,
Alexanderson, Hull, Dushman, White, Coolidge and
Whitney, electronic theory and practice had an impor-
tant place in the GE picture. But electronics manu-
facture never loomed large in dollar volume compared
with the company’s apparatus business, for example.
For years GE was completely out of the radio receiver
business and practically all other phases of the elec-
tronics industry with the exception of building trans-
mitters and receivers for the government and a com-
paratively small amount of industrial electronics
equipment.

This was the result of arrangements approved by the
government under the consent decree of 1932 whereby
GE voluntarily liguidated practically all its previous
activities in the field, most of which went to RCA—-
patents, products, machinery and engineers. GE went
back into receiver production in 1937 at Bridgeport,
Connecticut, squeezing into the household appliance
plant. Since then, the various divisions of the Elec-
tronics Department have been living in other peoples’
attics scattered over the eastern half of the country.

The vast expansion of electronic production brought
to GE by the war further decentralized production.
Even before the war’s end, it was clear that the scat-
tered electronic manufacturing plants could not be
brought back to Schenectady, which was already over-
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THE PARK—155 acres of upper New York State farmland were
converted into Electronics Park, headquarters of GE's Electronics

crowded with nonelectronic activities. Planning for
the Park began, in fact, as early as 1942.

Why Syracuse Was Chosen

The first big decision was to find a site that would
serve as headquarters and an engineering center for
the Electronics Department, and have a large enough
manufacturing plant to take care of practically all
business in a normal year. The four major considera-
tions in choosing a location were: (1) availability of
labor to support contemplated production; (2) avail-
ability of air, rail and highway transportation, hotels
and other community facilities; (8) reasonably central
location with respect to sources of raw materials and
markets for finished goods; (4) sufficient nearness to
the research centers of GE to permit frequent contacts.

For the NEWS STORY with facts and figures, read
PART I—The PARK ANDITSPEOPLE ... ............... pages 77-84

For the picture of ENGINEERS at work, read
PART II—The ENGINEERING ORGANIZATION ....... pages 85-94

For PRODUCTION AND MANUFACTURING IDEAS, read
PART III—The PRODUCTION TECHNIQUE ........... pages 95-100
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Department. Location is five miles northwest of heart of Syracuse
and a half-mile from Liverpool. Of the nine buildings in the Park,

Over a hundred communities were considered, some
of which met all of the above requirements. Syracuse,
however, had two plus values—a large group of em-
ployees that had operated the GE war plants at Thomp-
son Road and Wolf Street, and convenient means for
graduate study by engineers and other employees at
Svracuse University. Therefore, Syracuse was chosen.

The 200,000 population of Syracuse is large enough
and its industry sufficiently diversified so the Park’s
activities will not seriously affect the economy of the
community. The city has a record of favorable union
relations, and careful analysis shows that the Park
can take a maximum of about 6,000 workers from the
area without disrupting labor conditions in other Syra-
cuse industries.

The site was picked next—155 acres of farmland
about 5 miles northwest of the heart of town, on good
roads and. within the freight yard limits of Syracuse.
Architects were engaged and commissioned to give GE
a modern plant designed gpecifically for its electronics
business.

anstruction Problems

No job of this size could be undertaken without
running into the usual labor difficulties. For example,
the building design called for 1,800,000 bricks—pre-
senting a tremendous job to get from the area enough
bricklayers to finish the project. It was necessary, in
fact, to obtain men from surrounding cities to handle
the job.

Grading for Electronics Park was started in the
fall of 1944, but the contractor worked only a few
days before snow came. The ground was not seen
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one commands and five serve the three biggest, in which the
actual manufacturing is done

again until the end of March, 1945. Construction
started in September, 1945. In spite of difficulties of
obtaining material as well as labor, the contractor
started setting steel for the Transmitter Building in
April, 1946. One year later this building was in opera-
tion, and production was humming. By early 1948 all
main units were completed.

Units of the Park

The three largest units, the Receiver Building,
Transmitter Building and Specialty Building, are
combined engineering and sales offices and manufac-
turing plants devoted to their respective products.
The remaining six buildings provide services and staff
functions common to all activities. They include the
Administration Building, Reception Building (which
also includes an auditorium, the main hospital, em-
ployee relations offices, company store, classrooms,
and a photo laboratory), the Laboratory Building,
Service Building, Boiler House and Restaurant. Smaller
units are available for special purposes, such as a hill-
top test site for radar, and a nonmetallic building for
testing radar antennas.

Construction of this plant required 500,000 blue-
prints, and over 100 engineers worked for a full year
designing the layouts. Over 7,000 tons of steel were
used in erecting the framework of the buildings and
over 70,000 cubic yards of concrete were poured, much
of it in bitter winter weather.

All offices and factory areas are air-conditioned.
Fluorescent lighting and attractive tile floors are
used in the offices and in all the factory buildings. The
flooring in offices and labs is laid on concrete over a
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system of six-inch floor ducts. This permits obtain-
ing a new power or telephone outlet within a few
inches of a desired new location anywhere on the floor.
Partitions are the Hauserman meta] type that can be
set up, moved or removed almost overnight to accom-
modate the continually shifting office and lab require-
ments.

There are 57,000 square feet of windows in the Park.
Supplementing the natural lighting are 28,000 lighting
fixtures of the fluorescent troffer type, with 100-watt
units in the factory areas and 40-watt units in office
areas.

The roofing, except for copper flashing on the office
buildings for appearance, is of precast conerete slabs
and standard built-up tay felt and slack. A tunnel
approximately a mile and a half in length interconnects
all buildings and carries domestic water, steam, a con-
densate return and telephone lines.

At seven points in the Park there are driven grounds
tied together by a l-inch by 2-inch copper bus that
runs through the tunnel system. Less than an ohm of
resistance can be measured between any two of them.
Each steel column in each building has its own copper
conductor running to this ground system, as also do
all water mains and all of the external shields for each
shielded room.

The Boiler House has three 60,000 1b per hour oil-
fired boilers which provide heating as well as process
steam at an operating pressure of 75 Ib. At present
two 400,000-gallon fuel oil tanks are provided. Inas-
much as this huge project depends on a single 16-inch
water line from Syracuse, a 1,200,000-gallon water
reservoir will be installed to insure a continuous water
supply for production needs and fire protection.

Power is received from the Centra] New York Power
Corporation over two 115-kv lines. This voltage is
reduced to 13.8 kv at a substation in the Park, for dis-
tribution to 35 unit substations located in penthouses

DECENTRALIZED OPERATION—Organization chart showing rela-
tionship of Dr. Baker’s Electronics Department to the other eight

on factory roofs and in basements of office buildings.

Within the Park there is a total of 31 miles of track
and interconnecting switches, arranged so that incom-
ing material can be unloaded at the receiving dock in
the desired building while other freight cars are being
loaded at outgoing platforms. One GE 50-ton Diesel
electric locomotive handles traffic after receipt from
the railroad.

Because the winters in this part of the country have
low temperatures and occasional heavy snows, the
service group has 3 V-plows, 2 Snogos that pick up
and blow snow to the side of the road, a Jeep side-
walk plow, and several bulldozers. Adequate space
surrounds each building and the roads so that snow
will never have to be hauled away by trucks. Inside
the Park are over 5% miles of road, all paved with con-
crete and blacktop, plus about a mile of concrete walks
going across the lawns.

The Management Team

By mid-1948 the Park was erected, staffed and oper-
ating. The plant is there, a large investment that has
to be managed along creative, productive and profitable
lines of action. The Park, in Dr. Baker’s opinion, is
only incidentally buildings, equipment and machinery.
Primarily the Park is people—the ideas they have,
the work they do, the decisions they make.

In an outfit of this size, decisions are always poten-
tially dangerous. For example, it takes over 20,000
radio receivers of any new model merely to sample
the Receiver Division’s dealers. So the right decisions
on chassis design, cabinet styling, quantities the
market will absorb, and pricing all are extremely
important.

The big decisions are made by the management
team shown in the organization chart. The Electronics
Department is one of the nine operating departments
comprising GE, shown at the top of the diagram. Each

operating departments that constitute General Electric Company.
with divisions under his wing shown in the lower rows
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THEY RUN THE SHOW—Five engineers and a salesman, heading
the world’'s largest concentration of electronic engineering and
manufacturing facilities. Left to right: G. F. Metcalf of Specialty
Division: A. A. Brandt, General Sales Manager: V. M. Lucas of

Department is in effect a separate business, independ-
ent in its engineering, manufacturing and sales, headed
by a general manager who in most instances is a vice-
president of GE. The departments are assigned budgets
at the beginning of the year by the head office, and
are responsible only for returning the budget, with
a profit at the end of the year.

The Electronics Department management is divided
into two teams, the staff divisions (advisory) and the
operating divisions. The staff functions, shown in
the third row of the diagram, include services com-
mon to all operations, and are largely nontechnical.
For example, E. H. Vogel, manager of marketing on
the staff, represents the vice-president and advises
the operating divisions on such matters as general
departmental and divisional sales policies, product
planning and pricing, merchandising plans and pro-
grams, advertising for all products, and market
research.

Similarly, the other staff divisions advise the oper-
ating divisions on all important decisions, and are
brought into operation as their particular services and
experience are needed.

The technical staff unit is the Electronics Labora-
tory, whose function lies midway between the pure
research work carried on in Schenectady and the oper-
ating laboratories concerned with development spe-
cifically for production. Its job is te develop ideas
from the pure research stage to the advanced develop-
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Government Division; vice-president W. R. G. Baker; C. A. Priest
of Transmitter Division; L j. Kaar of Receiver Division. Not pic-
tured is J. M. Lang of Tube Divisions. located in Schenectady
rather than in the Park

ment stage, and it serves all the operating divisions.

The operating divisions at the bottom of the chart
are, like the company’s big departments, virtually inde-
pendent businesses, working from a budget and return-
ing it with a profit. Each division has its corps of engi-
neers and production men, its own engineering labs and
manufacturing plants, its own sales people. The heads
of the divisions are thus primarily business men with
broad management responsibilities. Like Dr. Baker,
most of these men came up through the technical ranks
of the company.

Operating Divisions

Largest of all the operating divisions is the Receiver
Division, with close to 5,000 employees and about 1.5
million square feet of space. About half of these
employees and 400,000 square feet of this floor space
are in the Receiver Building in the Park, and the
vemainder is in satellite plants outside the park. This
Division makes all kinds of radios and television sets
en masse as its principal function and also supplies
components, like loudspeakers, to other manufacturers.

Whereas many of its competitors procure the bulk
of their engineering from the license laboratories to
keep this expense at a minimum, the Receiver Division
has preferred to stay in the engineering business and
work to achieve the higher volume level required for
the break-even point in order to absorb engineering
costs. Since seasoned engineering organizations can-
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OUTPUT—Examples of many of the products made in the Park.
In quantities ranging from one of a kind to hundreds of thousands,
they fill freight cars and trailer trucks that leave the Park destined

not bhe created overnight, the existence of a receiver
engineering organization is important insurance for
the future. Furthermore, GE derives a great deal of
prestige, as well as some material gain, through intro-
duction of engineering advances even though these are
available immediately to competitors through cross-
license agreements.

The receiver engineer must often work toward two
entirely opposite goals at the same time. On the one
hand, he tries to design a set so there are one or
more subassemblies that can be put together sepa-
rately out in the open, where the work is much easier
than deep inside a crowded chassis, On the other hand,
a subassembly involves extra expense for producing
the separate chassis and for combining it with the
main chassis, hence the ultimate goal is to get rid of
separate units. The head end of a television receiver
is an excellent example of a legitimate and economical
subassembly because it involves assembling a dozen
sets of tuned circuits positioned arcund a selector
switch, followed by alignment of each tuned cireuit.

The Transmitter Division, whose chief function is
to build big electronisms, comes next with about 2,500
employees, 90,000 square feet of floor space for offices
and development laboratories, and a manufacturing
floor equal to 210,000 square feet. The Transmitter
Division divides its allegiance approximately equally
between government and commereial customers. This
was the first of the manufacturing buildings in the
Park to go into production.
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for distributors and customers throughout the nation. Products
like large international broadcast transmitters and shortwave
receivers are delivered to Infernational G.E. Co. for export

Although deadlines, economic factors, and the matter
of eve appeal plague engineers in the Transmitter
Building, commercialism is not nearly so evident as
in receiver engineering. The work of the transmitter
engineer is more diversified. There are about 192
graduate engineers in this division, of which 126 are
in the engineering groups, 37 in factory inspection
and test groups, and 29 in field engineering.

The Specialty Division, with some 500 employees
and over 100,000 square feet of space, makes special
electronic items. Measurement equipment for the new
field of nucleonics is now one of the items receiving
high priority. The Specialty Building is in the center
of the Park.

Finally there is the Government Division, which
utilizes about 50,000 square feet of space throughout
the Transmitter and Specialty Buildings, and, in addi-
tion, about 200,000 square feet in the Thompson road
plant in Syracuse. It has every possibility of expand-
ing as government contracts are received for elec-
tronic equipments needed by our armed forces. Most
of this business involves radar and other highly com-
plex electronic equipment; in line with tradition, GE
accepts many tough engineering jobs from govern-
ment agencies.

At the beginning of World War I GE was doing
government electronic business and has been in it
ever since. The Government Division is strictly a
quality business in every sense of the word, since the
best is none too good for our armed forces. Govern-
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THINGS AHEAD

IDEAS, some well along in development,
the products of tomorrow:

that may become
Low cost, simplified television receivers

Color television, electronically on a single picture tube

Portable {-m receiver

Radio remote control unit for appliances and for models
Printed radio receiver, untouched by human hands
Simplified superregenerative f-m receiver circuit
High-frequency heater for thawing frozen foods in homes

.
H
H
H
H
:
Metal television picture tube :
H
H
H
H
Microwave 60-second electronic range for restaurants and :

homes a
Electronic equipment for guiding and controlling missiles H

and rockets :

Pocket-size atomic radiation detectors with alarm

All-electronic aerial superhighways for air navigation and
traffic control

Magnetic learn-tc-read unit that pronounces words printed
on keys which move pickup head to different parts of
magnetized paper disc

Advanced radar navigators for airplanes and ships

Super-powered broadcast transmitters
Facsimile equipment for police, industry

H
H
H
H
Higher-powered television transmitters E
:
Personalized two-way radio sets H

H

:

ment equipment is built to customer’s specifications;
there are no standard lines. The customer here always
wants something new—rarely if ever is a product
reordered, because by that time either the require-
ments have changed or there have been improvements
in the design.

Government engineering occupies the entire second
floor of the Specialty Building, with another wing
downstairs for its executives. When a design is finished

EECEIVER BUILDING LAYOUTDesign engineers work upstairs,
with production supervisors and the sales staff under them in the

and ready for production, some of the engineers move
over to the Transmitter Building with it to see that
production snags get ironed out promptly.

The General Sales Division management headquar-
ters are in the Administration Building at the Park.
It is responsible for the sale of the department’s com-
mercial produets and for operation of the field sales
organization in nine districts throughout the country,
employing about 110 people. The manager of the
division is also responsible for establishing adequate
methods and channels of distribution, including dis-
tributor appointments and cancellations; for deter-
mining and administering commission plans for dis-
trict managers and representatives; for the prepara-
tion of orders received and sales billed quotas for the
distriets and distributors; and for sales training pro-
grams for district representatives. He also shares with
the product divisions the responsibility for product
planning and pricing; merchandising plans and pro-
grams; production releases and scheduling.

Headquarters for the Tube Divisions of the Elec-
tronics Department are in Schenectady where one of
the 5 tube factories of the divisions is also located.
Original plans called for moving the divisions to the
Park, in a separate building. The lack of labor avail-
able in Syracuse for all electronics manufacturing,
and the cost of the move were heavy factors against it.
Another factor was the close relationship between the
industrial and power electronics tube work and the
company’s industrial machinery made or designed at
Schenectady and sold through the Apparatus Depart-
ment. These divisions make a large variety of indus-
trial, transmitting, receiving and cathode-ray tubes in
many satellite plants.

Plans for Expansion

The Electronics Department’s policy is definitely to
limit the Park operations to a payroll of roughly 6,000

front of the building. All moving-conveyor assembly lines for
radio and television receivers are in 55,000 sq ft center section

&R GooDwIN
. MGR.
~TRAIN WELL s AUTO ENG.
AUTO ENG. T
= LB . TELEVISION ENG.
P 7 et
sreec | PICKUP ASSEMBLY J ‘—1 o e ‘D s 3
WELL STORAGE | PLATING ROOM _’ ' g LhB~ : E
N sTEEL | T e e = \ *U #] o, £
STORAGE:! || SPEAKER ASSEMBLY COIL ASSEMBLY a0 VR | eesio 3
\ | PUNCH PRESS  w.0.R00M, i 2 a7« il}= g
AT : sgg_rlioso FIRST AID  qecy ser € Mo O L 2
R | Lagy | a Fa -
}Bﬂ PFF'CES 3 /OFFICES a gj ME B '
01632 OFFICES OMPONENTS EWE A E By 2z
SCALE IN FT = — = L =3 FﬁH‘JFj-—E o
‘ ¥ S iEEEd IR 'l
INSTRUMENT |I | I-F AND R F ALIGNMENT 88 . - “STOCK | 4+
AND FINAL TEST *ll 100’ (SETASSEMS sty 8! L H:'RSEECEP i 3
ND FINAL ——,«—'zjf s S = e, - 3
8 TELEVISION LINES —4  R2T 8] W T pEeee l 25
4 RADIO LINES | 10 TELEVISION LINES FEEbER gl [ ”DRAFTING‘] X
I 4 RADIO LINES “AREA N DS | ] L% A '-Jg
5 : ¥ == L— | Room EIlL a —_lhemspnm %
_ —ir M~
SHORT ORDER SHOP prOD. {5~ | ~TUBE STORAGE E Roo
R ANALYSIS-~ 7 b Fr | _Jeowno \
__TOOL CRIB—{* - oMM = LAB- i
A --TEST EQUIP. STORES oA Y z [ 3 23
TRUCK 1| L EECH e 14.' ] =« = -3 d l Haov oev e
: A ] - 7 [HUMIDITY =
J== sHipPING STORAGE ROOM | | -] S STOCK ROOM  ©= A0¥y 2 rUt ROOM =
: ] / 2
; | : o o DEV. [ 8
—— el Oy : . LAB
e 1 e ] 4
, = gl ]| Eﬁfﬂ 0L,
TRAIN WELL- -~ TRAIN WELL .~ Ak LJ. KAAR-" WiNG LF SHOFSTALL
TRUCK WELL-~ GiiSIon~ LISTENING. / VEWING 51yision
MANAGER STORAGE ENGINEER
FIRST FLOOR PLAN SECOND FLOOR PLAN

ELECTRONICS — October, 1948 83



N
| J.A_ BARRATT, C.A, PRIEST
MANAGER OF MFG. __ MANAGER TRANS. DIV J.J FARRELL,DIVISION ENGINEER
a ACCOUNT. } | T rEELT
' ot ITF{ E_T T E_LLIPEZET onarmine
01632 TRAIN AND TRUCK | -—--'I' A ples| F*
WELL 4y 7 3
SCALE IN FT ) COMMERCIAL < L | TELE.
B T v : Enr SERVICE | ¢ eifiad
TOOL GRIND - s s ARV g 13 | = covr
FRAME | ¥ To0L ft smecoen  HfLagl < B aTu
aa s _F smppmc “T ROOMS T gg PLANNING 1 om%ss GOVT. LAB H Taovr
| saLv - = 1E51 - ! COMPONENTS —EH
ALY: i == 1 NTS 4 RADIO COMMUN-
g " FLOOR ASSEMBLY AND TEST AREA B Tl LAB - :
[F; FUFF mooro. |, F-M 8 A-M-FACSIMILE - TELEVISION-CARRIER CURRENTl [T 1] } CATION, LA
ELECTRONIC REATERS-BROADCAST-CABLES-GOVT, | 5] | e 1
—-l AT EQUIPMENT-ELECTRONIC NAVIGATOR | 175 H . PAYROLL AVIATION LAB I Cﬁgg'EENRT
o5 ! SHOP e 480’ “ 1 - (EXEORD) C[j o vy
o |-
og | "mmmmmnnmnnmmnmrrrrrnmnmnmmm[ T AT ATl ey _‘nmrrnm'm] MARINE LAB - MODEL SHOP
L BENCH ASSEMBLY AREA- 67 BENCHES (EXPORT) 17 AND STOCK
C— [l MISC, MAGH- COIL WINDING-SERVO ASSEMBLY- NAVIGATOR B e
! POLICE-TELEVISION-CARRIER CURRENT & BROADCAST-TAxI - BLUEPRINT v
=5 MODEL SHOP | ||CAB RADIO-PERSONAL PLANE RADIO-MISC. GOV a DEPT GOVT. LAB
3o |, MANUFACTURING i . (TRANSMITTERS) TELEVISION
@ - LAB
) |L (i b 0 a0 00 oot S 010 uu.VJ.llLI.u.lluUulL - SEoRoCAST .

Hoce LH |5 e
RECENING PREC o aTing Dsuop STOGK ROOM ‘ AUDIO FACILITIES - — L7 L
ml LAB

A
., A
w
FIRST FLOOR PLAN AEEHODSE SECOND FLOOR PLAN
TRAIN AND TRUCK
WELL

TRANSMITTER BUILDING LAYOUT—Engineers for the Transmitier
Division are upstairs here, with supervisory and preduction plan-

employees, and to operate satellite plants for produec-
tion beyond this point. For example, the Department
has satellite plants in Buffalo, Clyde, Utica and Schenec-
tady, N. Y., in Wabash, Indiana, in Owensboro, Ky., in
Tell City and Huntingburg, Indiana, and in Irvington,
N. J. These plants have, in all, 9,000 other employees
and produce products like tubes, receivers and cabinets.

Expansion of the department’s television receiver
business this year has resulted in a plan to make
all television receivers at the Park. By the year’s end
practically all radio receiver manufacture will be out
of the Park in satellite plants and the entire Receiver
Building manufacturing floor will be devoted to tele-
vision. Since television receivers still need the atten-

ning offices for Transmitier under them in front of building. All
assembly work is done either on the 67 benches or on the floor

tion of development engineers to keep things running,
production in the Park will benefit from the close
proximity of the television engineering and manu-
facturing groups.

The overall limitation placed on the Park’s size by
the availability of labor is an important advantage.
The satellite plan of manufacture has an element of
flexibility that would be missing in a larger concentra-
tion of facilities. Whenever more space is needed now,
either temporarily or permanently, additional plants
are acquired in cities having the required labor. Lines
in heavy production, in which the engineering phases
are essentially completed, get moved first to these out-
side plants.

SPECIALTY BUILDING LAYOUT—Specialty’s engineers are down- Division offices and labs occupy the entire second floor. The
stairs, just off the manufacturing floor, because Government Spec'alty Division factory is essentially a big job shop
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PART II—The Engineering Organization

TWO SIDES OF A WALL—When a Receiver Division engineer
becomes suspiciqus of a loudspeaker, he can bring it fo this lab
and run off a complete response curve in a few minutes, The
loudspeaker is mounted in an opening in a wall between the

NGINEERING is one of the keystones of the
structure of Electronics Park. The manpower
devoted to engineering is a high proportion of the
total working force. The manhours devoted to engi-
neering, in development and production, are propor-
tionately high, and engineering costs follow suit. Add
to this the fact that in no other industry is the utility
and cost of the end-products more closely tied to the
technical skill of the men who design and make them.
1t is not strange, therefore, that a major pertion of
the effort in planning the Park went into providing
the best engineering facilities available, But facil-
ities have to be operated, so the story of the engi-
neering organization starts with the men. How are

ELECTRONICS — October, 1948

measurement room, facing the micro-
phone. A motor drive sweeps an audio signal generator gradually
from 50 cycles to 20,000 cycles, while ap inking pen traces on
graph paper the amplified output of the microphone

soundproof room and the

they recruited and trained, how assigned to jobs,
inspired to top effort? What are their pet gripes?
These questions answered, it is pertinent to inquire
what they have to work with, and what problems they
wrestle with. In that order, then, let us consider the
engineering organization of Electronics Park.

Recruiting and Training Men

Except in unusual cases the newly graduated engi-
neering student has never faced the basic engineering
challenge: with data not known to be sufficient, and
with a time schedule not known to be adequate, he
must design equipment for some new application
without losing sight of the basic requirements of cost,
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ENGINEERS IN CLOVER—Favorite site for field tests of communica-
tion equipment is lawn surrounding the lake in the Park, giving

efficiency, and dependability. GE has come to regard
this aspect of an engineer’s training as its own respon-
sibility. Each year it absorbs into its laboratories,
offices, and factories hundreds of young graduates
from all parts of the country and from all types of
colleges.

Channelizing such widely divergent backgrounds
into occupations best suited for euch calls for a flexi-
ble training program at all levels of aptitude and
specialization. The best-known aspect of this is the
Test Program. With few exceptions, most GE engi-
neers select their specialized field via this medium.

Finding a Niche

For a period of from one to two vears each newly-
graduated student engineer is assigned to many of
the major departments. His responsibility is to test
the products manufactured by those departments, and
during the course of this work he observes the prob-
lems and methods that are peculiar to each activity.
The average assignment period is three months. By
the end of his test period he can select with some
confidence the kind of work that offers greatest inter-
est and opportunity to him. The majority of engineers
at the Park are graduates of the Test Program. This
system provides the Electronics Department with a
continuing influx of young men with new ideas.

Electronics Park is, of course, one of the major
steps for Test Program engineers. In addition, the
Park has its own Test Program wherein graduates
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direct line-of-sight path to transmitting antenna atop Transmitter
Building in background

are transferred from building to building within the
Park at approximately three-month intervals. This
program is for those who have definitely chosen
electronics as their life work.

Evening schedules of classes are provided at Syra-
cuse University for engineers desiring to study
toward their Master’s and Doctor’s degrees. These
courses have been approved for benefits under the
GI Bill. For other engineers, GE pays approximately
two-thirds of their tuition if they complete their
course satisfactorily. For those who do not, GE pays
a third of the tuition. Courses are conducted at Elec-
tronics Park as well as in Syracuse University class-
rooms, and the thesis can be accomplished in any
of the labs in the Park. At the present time, over 100
engineers at the Park are studying for advanced engi-
neering degrees.

Another source for Electronics Department engi-
neers is in Schenectady, where some thirty to fifty
test engineers are selected throughout the company
for an intensive course on engineering analytics. The
course is a startling experience for every man who
takes it. For four hours he is subject to intensive
lectures by specialists called in from design sections
or research laboratories. He is busy taking notes, for
he knows that most of the material cannot be found
in textbooks, and he likewise knows that the material
might provide a clue to his weekly problem assign-
ment—a clue which might reduce the 20 to 30 hours
normally required for solution to 10 hours.
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THEY RUN THE ENGINEERS—Reporting directly to division man-
agers and responsible for ‘the engineering of the Park’s present
and future products are these four division engineers and the
manager of the Laboratory. Seated, left to right: J. J. Farrel of

Transmitter; L. R. Fink of Electronics Laboratory: W. J. Morlock ot
Specialty. Standing: E. F. Herzog of Government; N. F. Shofstall
of Receiver. Not shown is O. W. Pike of the Tube Divisions. Sec-
tion engineers report directly to their division engineers

Only about half of those
who complete the first year

ENGINEERS IN THE PARK

those of a physicist, in-
variably ends up as a re-

of this advanced engineer- search engineer in the
ing training will continue Design and Development Engineers...... 553 Laboratory. He has few
with it. The elimination Engineers in Sales, Manufacturing, Etc.... 80 cost responsibilities, sel-
is carried out in a spirit of - dom a delivery date to
mutual agreement; some Total EDGIneers. .. .......oeeeievnnss 633 think of and delves only
have found the going too into the laws of nature.

stiff, while others have Total Employees at Park................ 6.200 The fellow who likes to

taken up permanent jobs in

work with his hands may

a GE division where addi-
tional training of this nature is not essential.

Types of Engineers

There are at least seven distinetly different cate-
gories in which the graduate of the Test Program
or the engineering newcomer can end up: Research,
advanced development, product design, manufactur-
ing supervision, field engineering, sales engineering
and commercial engineering. Each calls for its own
particular combination of aptitudes, personality
traits, and engineering knowledge. Furthermore, the
duties of each vary greatly with the divisions—Trans-
mitter, Specialty, Tube, Receiver, Government, Labora-
tory or Sales.

The chap whose interest is chiefly in the highly
theoretical aspects of a problem, almost approaching

ELECTRONICS — October, 1948

end up as a product design
engineer. In this category are most of the engineers
in the Park. They take an idea and a blank piece of
paper and produce working models and blueprints for
production. They have to consider costs, eye appeal,
delivery dates, and a multitude of related practical
factors. A product design engineer, also known as a
development engineer, is assigned to develop a partic-
ular product for which there is an order or a possible
market, and he sticks to that job until a finished work-
ing sample is produced—or rather works on it when-
ever he gets a chance, because there is always a fire
to be put out somewhere in connection with production
of things he previously designed.
The organizing type of engineer is likely to end
up as a manufacturing supervisor or section engineer
because he likes to work with people. A factory train-
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WINDOWLESS HEAVEN—Shielded room inside one of the Receiver
Division laboratories, with desk lamps lor delicate tests when

ing course is conducted for the express purpose of
developing men interested in both engineering and
production.

Combine an interest in people with good engineering
know-how, plus a love for change and travel, and you
have the making of a field engineer. Combine a liking
of people with a dislike for the slide-rule engineering of
his college days, and you have a sales engineer, simul-
taneously looked up to and down at by his fellow engi-
neers. He can be as much as 75 percent engineer and
still be a topnotch salesman because of the market
nature of the product he sells.

Add diplomatic qualities and market analysis to an
ability to look ahead and you have the commercial
engineer, who provides liaison between engineering,
sales and advertising and is broadly responsible for
consumer acceptance of a product. He is a main source
of ideas for new products becausz he is continually
in touch with customers’ needs. Part of his work
involves writing the specifications he considers desir-
able for a new product, and later making sure that
the final product is good enough to merit customer
acceptiance.

The engineer is encouraged and aided in obtaining
professional recognition and prestige by membership
and committee participation in engineering organiza-
tions, by delivering talks and papers before engineering
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overhead fluorescents prove too noisy. All laboratories are air-
conditioned, hence lack of windows here is no hardship

and other groups, and by writing articles and books.

The secret of getting top-level engineering produc-
tivity lies in morale, particularly in the inspiration
which can be passed to and from the engineer and
his immediate supervisor. Throughout the engineer-
ing organization at the Park, there are generally no
more than 12 engineers, and often as few as 5, under
each supervisor. This makes for rapid two-way com-
munication of ideas, discussion of gripes, and cor-
rection of difficulties.

Morale-Building Technigues

Each supervisor is aided in working with his group
by reference to a nine-point job program developed
from a company-wide survey of employees. If pro-
ductivity lags, the fault can usually be found in the
fact that the company has not considered one or
more of the nine elements inherent in a good job:
Compensation, working conditions, supervision, job
security, respect for basic human dignity, promotion
practice, information on management aims, belief in
the individual job’s importance, and satisfaction in
a job well done. Inevitably, GE loses some engineers
to other firms. Such moves are seldom discouraged
by the management, and as a result GE can claim te

" have trained the best engineers of many a competitor.

Beyond the salary question, the gripes are scattered
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FAMILIAR BREADBOARD—A pause jor meditation cften pays
during the breadboard stage of developing a new electronic
product. Here is the true old fashioned breadboard, using wood-
screws to hold the parts on the wood base

gy
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ROOM FOR RADAR—Noametallic structure nearing completion at
back of Park, lor testing huge radar antenna arrays regardless of

outdoor weather conditions. Even sprinkler system inside is
removable for sensifive tests
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HOT BOX—Here receivers and componenis can be tested or
operated for hours at temperatures up to 150 F and humidities
up to 100 percens, to simulate ambient conditions encountered in
any part of world where electronic equipment is used

Y

l{

REFINED BREADBOARD A communication engineer in the Elec-
tronics Laboratory likes hls breadboard circuits to be up in the air,
accessible from both sides and supported by a relay rack. Other
engineers fasten panels to small wood blocks
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MEASURING THROUGH LUCITE—Test program engineer check-
ing television monitor unit by inserting prods through holes

over dangerous high.voltage terminals. Transmitter test section
has now been in operation over a year without an accident

and to a large extent self-contradictory. One engi-
neer goes so far as to measure with a recording ther-
mometer the temperature of his air-conditioned office
and to complain when it deviates beyond narrow limits,
while another engineer objects that he cannot open
the windows, sealed for the air-conditioning, to smell
the clover on the Park grounds.

Regular meetings of all engineers in each division
are held for discussions of any matter concerning the
men and their relation to the company. Engineers
interviewed say that these meetings are remarkable
for their lack of double talk; an unpopular answer to
a question is never evaded. Topics of discussion include
salaries, employee benefits and services, the budget,
profit and loss figures, plans for new products, and
the competitive position of the Electronics Department
with respect to the entire industry.

Engineering Facilities

The facilities for the engineering staff are of two
types: an office and adjoining small laboratory where
each engineer spends most of his working time, and
specialized laboratories and a library.

The basic engineering office houses four to six men,
and is approximately 12 by 23 feet in size. Adjoining
it is a laboratory about 23 feet square, for the per-
sonal use of the men inhabiting the office. An elabo-
rate system of conduits permits electric power of
various voltages and frequencies to be brought out at
each lab, as well as air under pressure, vacuum lines
and specialized test signals, including video signals
produced by the central video generator in the receiver
plant.

The equipment in each lab depends on the particu-
lar problem at hand. In receiver development, signal
generators, vacuum-tube voltmeters, Q-meters, and

90

HELP-YOURSELF STOCKROOM—For engineers who like to pick
and choose. this Transmitter lab stockroom ranks tops in popu-
larity. Cabinets have numbered drawers, and samples of parts
are mounted on boards having corresponding drawer numbers

oscilloscopes are to be found in nearly every lab, and
more specialized equipment is available wherever
needed. Each engineer is encouraged to requisition
test equipment whenever and wherever it will fill a
need.

Many of the specialized facilities are located in the
Laboratory Building. These include the Park library,
a model shop staffed with skilled mechanics and wire-
men, a small chemical laboratory for testing materials,
a plating laboratory, painting laboratory, welding
laboratory, metallurgical laboratory and photographic
darkrooms.

Most of the development laboratories, particularly
those devoted to receiver development, have individual
shielded rooms within which may be found electrical
quiet, so elusive near manufacturing plants. Special-
ized antenna erecting and testing facilities are also
available in profusion. On top of the Receiver and
Transmitter Buildings’ roofs are a number of 30-foot
steel poles mounted on gear-and-crank mechanisms
which permit a single man to raise or lower them. A
special nonmetallic building 60 feet high, for testing
radar antennas without interference from metal ob-
Jjects, is located in one corner of the Park. This con-
tains a steel monorail crane support and a sprinkler
system, but these may be temporarily removed. Radar
and similar line-of-sight transmitters may be tested in
the clear at a site on top of a nearby hill.

One objection many engineers have to working in a
large organization is the tendency toward excessive
standardization of equipment and methods. The Park
management has attempted to avoid this pitfall, as
witness the case of the lab henches. Five distinetly
different styles of lab bench are in use, one for each
of the four divisions and one for the laboratory. One
design could have been imposed by the management,
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SWITCHES TO ORDER—Instead of ordering specially made sam-
ples of complicated wafer switches and waiting weeks for ship-
ment. engineers in one Receiver lab assemble their own at this
cabinet, which contains all necessary parts

but the engineers couldn’t get together on one design
so Dr. Baker approved them all. Receiver benches are
eight feet long, while Specialty benches are five feet
long with drawers underneath at the night. The
Receiver boys are quick to point out that the Specialty
drawers are usually blocked by a soldering iron cord.

Six to twelve engineers share the same stenographer,
an arrangement made possible by the fact that few
of the engineers dictate correspondence and reports,
preferring to write them out longhand for retyping.
The stenographer is her own boss, an arrangement
that avoids conflicting directions and leads to a dis-
play of tact on the part of the engineers.

Getting a Project Started

Ideas for new or improved products come from
many sources. Perhaps the most valuable are those
relayed from the consumer to the engineering staff
via the commercial, fleld and sales engineering forces.
Three noteworthy engineering developments of the
Electronics Department, the self-contained antenna in
standard radio sets, the variable-reluctance pickup
and the high-brightness television picture tube, all
started with suggestions from customers. Not infre-
quently the engineers themselves come up with an idea
for a new product, but usually the engineer thinks in
terms of improvements rather than innovations.

Whatever the source, the idea for a new or im-
proved product is channelled initially to the commer-
cial engineers and the sales department. This custom
ig a reflection of Dr. Baker’s settled policy of develop-
ing only products that can be sold at a profit. The
commercial and sales groups, aided by the staff’s
marketing manager, study the suggestion, calculate
its ultimate selling price, then judge whether the
market will take it at that price. If the answer is
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PLAYING WITH PLUMBING—Typical workbench scene in Gov-
ernment Division lab assigned to microwave development
problems. Jumpers can be inserted in power panel at rear to
feed any desired type of power to any particular bench

favorable, the idea achieves the status of an engineer-
ing project involving analysis, circuit design and
breadboard-building to see whether the idea can be
reduced to practice.

The projects thus approved go on a waiting list,
from which they are removed in a priority rotation
established by the division manager and his project
committee. One of the divisions keeps track of avail-
able project engineers on a wall chart which shows the
week-to-week progress of current work and thus gives
some advance prediction of availability of engineers.

Often the work may be assigned to a project team,
since it is not always possible to get the required com-
bination of leadership, cost consciousness, engineer-
ing talent and originality in a single individual.

When the project engineer gets the project, with it
goes a definite time schedule and cost budget. He is
responsible to his supervisor for putting the project
through within these established time and money
limits, or else he must do a sales job to get more of
each. The project engineer then requests other engi-
neers to assist him in the work, and he’s off to the races.

The first duty of a project engineer is to query the
Laboratory in the Park to see if any new ideas are
at hand or in the offing that can be applied to the
job at hand. The Research Laboratory at Schenectady
is also approached for this purpose, as is everyone
else in the Park who may have thoughts or ideas to
contribute! All this is routine, made compulsory to
insure that the development team starts where others
left off, rather than from scratch. Commercial engi-
neers in that particular activity are asked what com-
petitors are doing. Competitive products may even
be purchased and dissected as a prelude to creative
development work.

With all the facts at hand, actual design starts. Mak-
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ROOFTOP PANORAMA-—Radio communication test point on Transmitter Building roof. with land-line telephone “just in case”

FOR TELEVISION RELAYING—Parabolic reflector for microwave
television relaying, ventilated to catch less wind. Engineer holds
waveguide terminus that bounces signals back to reflector
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ing it work comes first, and here each engineer has
his own preferred type of breadboard. Some like to
work on a flat metal panel supported by wood blocks.
Some like their panels to be vertical, mounted on relay
racks. Some simply let the parts flop around on the
workbench for the early hook-ups, so changes can be
made more readily. The higher the frequency, how-
ever, the more nearly must the breadboard version
approach the final precisely machined layout.

Engineers having specialized knowledge and expe-
rience with components, cabinet design, mechanical
design, theoretical principles and mathematical pro-
cedures are always available to help the engineer who
is in charge of a project. In the component parts sec-
tions of the divisions are other specialists, thoroughly
familiar with all parts available from other GE depart-
ments and from outside manufacturers.

Technical assistants perform the many routine time-
consuming tests associated with dévelopment work.
These are in no sense flunkies, however; each engineer
is expected to clean up his own workbench, put away
his own tools and instruments and run his own errands.

Sometimes the engineer builds in finished model-
shop form the product that he designed. This is
authorized on small rush jobs where there isn’t time
available to train others, or where the quantity needed
is so small that it wouldn’t pay to train others.

Transition to Production
As the project proceeds, there comes a time when

the development engineer has to quit shelling corn, and
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pass on whatever he’s got to the next team in line.
Separating the engineer from his brain child often
requires real ingenuity on the part of the supervisor.
No one can predict in advance how long it will take a
particular engineer to develop an unknown new prod-
uct to the stage where it is ready for production. Early
estimates must be revised frequently as work pro-
gresses, and each revision makes the engine-r less
respectful of deadlines.

An engineer’s goal is perfection. Krowing this, and
knowing that perfection is never achieved, the wise
supervisor works close enough with his men to know
when the product is good enough, then takes it away
by one means or another. It is rumored that one super-
visor actually stole the finished sample while the engi-
neer was out to lunch, and turned it over to produec-
tion minus last-minute finishing touches.

The philosophy of the supervisor is to encourage
his engineers to make and discover enough mistakes
fast enough so that they can all be cleared up before
production starts. Allowing an engineer to scratch
his head earefully for an extra seven months during
development is expensive, yet gives no insurance what-
soever against production troubles. Engineers are
helped in this activity by an industrial design section
which is primarily responsible for final appearance
of the product, but also contributes to initial design
innovations before the bugs are ironed out. Responsi-
ble to the manager of marketing, this section makes

plastic pre-production models of portable radios and
clay transmitter models, for instance. The hope and
dream of the supervisor is that all early design bugs
be little ones, such as are caused by tolerance clashes
or mechanical misfits.

With electronic manufacturing back to its highly
competitive pre-war status, quality of performance is
no longer enough to insure sales. Overall appearance
and styling must likewise be top-notch in the eyes of
the customer, whether the product be a receiver, a
transmitter, a tube tester, or even a tube. Today no
design is permitted to leave a design section in the
Park until it has been made up in model form from
wood or plaster.

Even in the professional field of precision instru-
ments, the engineer is faced with the problem of build-
ing a unit which will work and at the same time be
commercially attractive. In time an engineer acquires
this ability—a “must” to satisfv the commercial peo-
ple and his designer’s instinct.

Field Engineering Procedures

Whereas the Receiver Division sends out service
manuals to take care of its troubles in the field, the
Tyansmitter Division sends out a service man instead
an engineer who applies on the job those final touches
that design engineers would like to do themselves.
Field engineering achieves its greatest importance in
the Transmitter Division, where each customer iz fol-

EVOLUTION OF A RADIO RECEIVER

The development engineer here was
asked to produce a table model set
that would outperform competitive
models. With a close deadline, the logi-
cal approach was to put in extra tubes
and parts whenever in doubt. The re-
sulting chassis, at extreme left, worked
beautifully and was put into produc-
tion, but manufacturing costs were out
of this world because the chassis was
flush level full of parts.

The engineer was kept on the job.
One by one he removed bypass capaci-
tors and isolation resistors, measuring
effect on performance each time. At
regular intervals a costreduction com-
mittee met to evaluate accumulated
savings. By the time the engineer had
half-emptied the chassis, the committee
authorized launching of a new model
(center chassis), and the assembly line
was reprocessed for it.

Still costs were too high, so the proj-
ect was continued. Soon the version at
the right, stripped down almost to the
bare chassis, will go into production
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lowed up and served directly by the factory personnel.

The field engineer by necessity has a degree in elec-
trical engineering, plus at least a vear in the test course.
His job is to supervise the installation of GE trans-
mitters and other equipment, as well as to take care
of troubles that develop in the field. Thus, a high
degree of tact and diplomacy is required.

Knowing the field engineer’s aversion to red tape,
GE requires reports only once a week. Longhand
reports in pencil are okay, with no copies. When these
reports come in, they are typed up and copies are
routed to all interested persons. They may suggest
design improvements and point out defects just as
would a supercritical customer. The tough job at
headquarters is to determine who or what is at fault—
engineering, production, the tubes in the product, or
the customer.

Responsibiljties of the Laboratory

Between the fundamental work of the Research
Laboratory at Schenectady and the applied develop-
ment of the Division engineers lies the field of activity
of the Electronics Laboratory. Here programs of
advanced development or applied research are gen-
erated in all lines of the Department’s activities,
working about three years ahead of production.

PATENT LOG BOOK—Each engineer has one, in which circuits,
ideas for new products, mathematical developments, and inven-
tizns are jotted down for possible use by patent depariment. Each

.
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The Laboratory was started during the war vears,
and much of its effort is still concentrated on develop-
ment programs for the military. It is growing at a
rate determined by its ability to recruit and absorb
men with the peculiar qualifications for advanced
development. The present staff consists of approxi-
mately 80 people, of whom about 40 hold engineering
degrees. The remainder are laboratory assistants,
model shop mechanics, and the necessary clerical help.
In addition, there is continuing rotation of from 6 to
12 assigned people from the company’s training pro-
grams. While most of them move on to new three-
month assignments elsewhere in the Department or
in the company, all are candidates for replacement in
the Laboratory.

The responsibility of development engineers in the
Laboratory Building is to think first of the future
and to take calculated risks in reducing research to
practice as fast as possible, for the advancement of
the electronic art and for the overall profit of the
Department’s operations. It is not expected that
everything tried will work, nor is it expected that
everything which works will get into production. All
that is expected of the Laboratory is a continued out-
put of ideas, ready for the next stage of development
by the operating divisions.

patent application is gocd for a $25 bonus. Tcp man patentwise

at the Park is Bob Dome. with 52 to his credit. Patent logs are
examined regularly by men assigned to patent department liaison
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TELE COMING ‘ROUND THE BEND—Chassis for 10-inch table
model is two-thirds completed as it romes around this endless
link-chain conveyor. Special jig on conveyor, fitting into holes

INAL producti~n- blueprints are converted into

finished products in the Receiver, Transmitter
and Specialty Buildings. The differences in manufac-
turing techniques in these three buildings are directly
related to the type of product manufactured. A girl
on a receiver line may do her assigned work in 30
seconds, whereas a girl at a benrch in the Transmitter
Building may work for days on the same unit.

In discussing production at the Park, certain defini-
tions are necessary. Preduction means getting ready
for manufacturing—doing everything except putting
together the product. It is primarily moving of mate-
rials so they will be at the right places at the right
time. The receiving room and the stock room are
in charge of the Production Supervisor. Manufactur-
ing is making things. Production starts long before
manufscture and goes on concurrently with manufac-
ture. Inspection is mechanical, involving checking of
such things as dimensians, finishes and tolerances.
Test is both electrical and mechanical, involving check-
ing of electrical values or electrical performance char-
acteristics of individual eomponents and both physical
and electrical specifications of the finished products.
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PART 111—The Production Technique

punched in chassis for the purpose, permits setting chassis at
various angles and furning it over whenever necessary as it
moves down the line

All four of these elements, integrated throughout all
buildings, are the Park’s manufacturing technique.

Broad decisions as to which division will make a
particular product or line of products are made gen-
erally by the vice-president in consultation with the
interested division managers and their staffs. Within
each division, committees headed by the manager and
containing members of commercial, sales and engi-
neering sections meet weekly to determine the future
of a product. One purpose of these meetings is to
schedule future production so as to keep labor require-
ments as nearly uniform as possible and within the
allocated labor quota for the division. One rigidly
enforced rule is that every promise of delivery of a
design or a production quota must be confirmed in
writing if initially made verbally. Enough differences
of opinion rise in the normal course of events without
having arguments over who promised what.

Incentive Pay

In all Divisions, as many assembly workers as pos-
sible are employed on a basis whereby they can earn
extra pay for extra output. During the period when
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MASS PRODUCTION—General view of manufacturing floor of
Receiver Building, with television receiver assembly _lines in
foreground. By Christmas every line here will be making tele

they are training for a particular assembly operation,
‘they receive a guaranteed hourly rate. Their earning
climbs gradually as they acquire proficiency in doing
their assigned work. On operations involving team-
work of many emplovees, group incentive pay is used.

CUTTING RECEIVER ASSEMBLY COSTS

Steady introduction of manufacturing
shortcuts, like welding of resistor leads
and ground straps to chassis, does not
offset increased howly rates for labor.

Automatic receiver-building machines
based on printing and spraying tech-
niques are under investigation, but the
high initial investment required is a major
problem.

Simplifying and cleaning up circuit de-
sign is therefore the most fruitful avenue
of cost reduction.

Standardization on higher-rating com-
ponents permits high-volume purchasing
savings that often actually reduce cost.
Thus, half-watt resistors are the smallest
used in receivers, and 600-volt paper
capacitors are standard except for cath-
ode and avc circuits
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sets, and ordinary receiver production will be transferred to out-
lying satellite plants. Fluorescent lamps directly over each line
and ceiling fluorescents provide 50 foot-candles at working level

Prices for incentive work are set either by time
studies, by tables, or by comparison. All three methods
take into consideration the native and acquired skill
and knowledge of the employees, the amount of past
training and education required, and the effort
required in applying the skills on the job. The perfect
system for measuring the relative amount of mental
and physical effort required on various jobs has not
yet been devised; perhaps it will never be, but the
manufacturing staff is constantly working toward that
end.

There is no attempt to lure labor from other manu-
facturers in Syracuse by offering higher wages.
Eecords show scores of cases where workers left for
higher wages only to come back a few weeks later to
the clean working conditions, good lighting, air-con-
ditioned comfort, and straightforward management at
the Park.

Inspection of Parts

Inspectors in all divisions are on hourly pay to
insure careful work, and many of them are engineer-
ing graduates. Inspection is based on modern tech-
niques of statistical quality control sampling. As an
example, if an incoming shipment contains 100 units
the inspector will test 20 and pass all if there are no
rejects. If there is one reject he tests 40 more, and
passes the remainder if these 40 are all good. If he
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finds more than one reject in the first 60, however, he
either makes a 100-percent test or rejects the entire
lot, depending on how badly the parts are needed.

Vendors who sell parts to the Park are rated every
month on the quality of their product. Since the goal
in the purchasing department is to have as many
reliable vendors as possible on tap, for protection
against shutdowns in any one vendor’s plant, the pur-
chasing staff will usually send representatives to the
vendor’s plant for a detailed look into the situation
before black-balling.

Receiver Division Problems

The job of the Receiver Division is to manufacture
radio and television receivers of uniformly high qual-
ity, according to schedules and at or below standard
cost. After a receiver sample is delivered by Engi-
neering, the Planning Section writes a detailed
“process” (schedule of operations) and sets up the
necessary physical facilities on the floor to care for
the production of a given model. This process is based
upon standard times and upon time studies made by
the Wage Rate group. Concurrently Production takes
over the vendors which have been established by the
Purchasing group, schedules them and expedites mate-
rial deliveries to meet the line schedules. As each
given model progresses it is the responsibility of the
Test and Inspection group to obtain, in conjunction
with Planning, the necessary test and inspection facili-
ties to care for the model adequately.

THEY FUN PRODUCTION-—Managers of manufacturing, left to
right: Harold Miller of Specialty, A. R. Goodwin of Receiver, and
J. A. Barratt of Transmitter. W. B. Gillen, not shown, has cor-
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respond'ng Tube Divis'ons job at Schenectady.
tion schedules, keeping costs down, keeping quality up and keep-
ing workers satisfied are just a few of their responsibilities

Before all the service divisions have completed their
work, pre-production samples are built according to
process insofar as possible and delivered to Engineer-
ing. Within two or three weeks thereafter a pilot run
of 50 receivers is manufactured, using all the produc-
tion facilities which will finally carry the processes,
to check the equipment, allow training time for work-
ing leaders, and provide Test and Inspection Section
with finished receivers for training purposes. This per-
mits doing on a planned basis what is sometimes done
on an unplanned basis at considerable extra cost.

After the pilot run, the line is manned. It becomes
the responsibility of the Manufacturing Group to train
new operators and to bring the line up to speed. Each
line ig provided with an organization chart showing
the number of operators processed for the line, plus
a line buildup schedule showing how many sets should
be produced each hour during the period when the
line is coming up to schedule. This training schedule
is the result of considerable research; it is based on a
formula which has been empirically derived to take
into account such factors as the time-cycle, skill of
workers, and rate of production desired.

Each line is divided into groups of ten to fourteen
operators in charge of a working leader. These work-
ing leaders do the majority of training on the line.
Absenteeism is cared for by training two or more girls
to do the same job, enabling breaches in the line to be
filled effectively.

Every attempt is made to allow nothing but quality

7
o
-
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Meeting produc-
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IT WORKS—Adjusting horizontal and vertical linearity controls of

new table-model television receiver., using video signal and

400-cycle tone obtained from central signal source through coaxial
lines. Picture tube is inserted only for alignment and test here, as
sets are shipved without the tube

products to leave the assembly line. This is done by
check and repair and repeated inspection both in and
after the line. Receivers which are in difficulty are
analyzed as rapidly as possible and sent to the repair
group for modification. The controlling factor in the
speed of all lines is quality. A line must stay below
10 percent rejections, and speed is held down until
that quality level is realized. It has been found, how-
ever, that running a line below half speed does not
accomplish a great deal in the way of training; the
training is principally for speed, and not simply for
memorizing a relatively simple operation.

Inspection cannot in itself insure quality because
there is still the possibility of human error in the
inspectors and final test men. Therefore, sampling
inspection techniques are employed in the shipping
room, where sealed cartons are actually opened and
sets are tested again. This final inspector has the
authority to shut down the entire production line
until the trouble has been corrected if he discovers
defective sets ready for shipment. Of course, he must
be pretty sure of his ground when he shuts down a line
because this makes many people above him unhappy.

Getting a television line started, as many manufac-
turers have learned, is more involved than ordinary
radio production. To obtain large-scale manufacture
for example, one line at the Park was re-processed
four times, resulting in many new work assignments
and redistribution of operators’ positions. The final
setup, however, employing three moving conveyor lines
in series was soon producing 400 sets a day.

Transmitter Division Production

In contrast to the Receiver Division which deals in
mass production for orders frequently running to
hundreds of thousands of units, the Transmitter Divi-
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WELDING REPLACES SOLDERING—With electronically controlled
resistance welding, this operator is able to weld 15 grounding
ribbons and one resistor lead to the chassis of a television set
during the two-minute time cycle, A snap-action switch built into
the welding electrode applies current automatically

sion rarely has an order for over a hundred units.
Furthermore, some of these units sell to the customer
for well over $500,000 each. The transmitter manu-
facturing organization employs about 2,000 workers
and has approximately 20 workers under each super-
visor,

The two main types of products are radar units,
communication transmitters and special electronic
items for Government use, and a wide variety of prod-
ucts for commercial use, including broadcast equip-
ment (a-m, f-m, television), communication equip-
ment such as taxicab, police, aircraft and marine sets,
carrier current communication and controls, electronic
navigators, -electronic heaters, and facsimile equip-
ment.

Most of the component items required in the Trans-
mitter Building are specially designed and must be
made or procured in small quantities. The production
section has the responsibility of procuring all items
called for on the material lists furnished by the
Engineering Section.

On items to be manufactured in the shop, the Plan-
ning Section works out each individual step in pro-
ducing the item and sets a price for producing the
item. From this, the price allowed each employee per
piece for each step is set and vouchers are made up
for use by the employees as pay vouchers. At the
same time, raw materials needed are accumulated in
the stock room after careful incoming inspection test.

The foremian in charge of assembly of a unit now
has on hand the needed raw material, the components
purchased outside, and the pay vouchers covering
manufacture of components and assembly work. He
starts one or two people on the smallest assembly,
gradually building up his group to the required size
for the order on hand. Finished subassemblies are
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ELECTRONICS DOES IT—Thyratron-tube control for drive motor
of endless conveyor on television line (above head of man, with
cover removed). Speed control knob is alongside. Crossover cons
veyor in foreground brings sets from end of first line (off picture at
lower right) to start of second line

inspected and tested, and assembly of the complete
unit is started. When finished, the Test Section pro-
ceeds to operate, adjust and test the unit in accordance
with instructions issued by the Engineering Section.
Most of the test work is done by Test Course engi-
neers, working closely with supervisors. After satis-
factory completion of tests, the manufacturing group
gets a last chance for final mechanical inspection and
touchup of the finish before the unit is shipped.

The test power house in the Transmitter Building
provides a variety of voltages and frequencies, and
these can be fed through a well-planned cable system
to any test setup on the factory floor. Three tempera-
ture chambers are available for operating tests at
extremes of cold, heat and humidity, as required for
most government equipment and for some commercial
equipment. Vibration and tilt tables that can dupli-
cate the roll and pitch of a battleship, the vibration
of an airplane engine, or the bouncing of a jeep over
rough country are available for testing commercial as
well as military equipments under simulated field oper-
ations. Shielded rooms permit measuring sensitivity
and noise right on the factory floor. Dual lighting
systems are provided in these rooms; fluorescent lights
are normally used, but for delicate tests incandescent
lamps can be turned on.

To insure maximum protection to the operator while
conducting tests on live circuits, interlocked test cages,
safety shields, a central grounding system, and many
other safety devices are used. The success of these
safety measures is indicated by the transmitter test
section’s record for 14 months of work—534,250 man-
hours without a single lost-time accident among the
employees.

Even the huge broadcast and shortwave transmitters
are produced on an individual piecework basis com-
puted according to the number of screws, wire, and
parts each man installs. Workers with two distinct
kinds of aptitude are used here. The true mechanic,
who likes to mount things precisely and make them
line up, is called an assembler and is used to do all
of the mechanical assembly of a transmitter. The
electrician type, on the other hand, likes to hook things
up according to circuit diagrams; he is called a wire-

SCOREBOARDS FOR MISTAKES

Before each worker on every mov-
ing production line is a score card.
Whenever an inspector or supervisor
discovers a mistake, she goes right
over to the worker responsible for
that particular operation, and makes
a mark on her score card. The
psychology of this silent rebuke has
been carefully analyzed; compara-
tive tests made with and without the
score cards show the system to be
highly effective in keeping down re-
jects. A master scoreboard is kept
for each line, in view of all workers,
so they can see their hourly output
and total rejections at a glance
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man and follows the assembler to complete the job.

The Specialty Division is essentially a big job shop,
where the setup of a mechanical machine like a drill
press or milling machine is changed as often as 20
times a day. It uses few mass-production techniques;
Jjust as soon as a product develops enough sales volume
to become interesting to another operating division,
it may be snatched away from Specialty. Here the
men usually work from samples rather than detailed
drawings.

The goal is to get the time cycle for a particular
operation down to a minimum. In the Specialty Divi-
sion this can be anywhere from 3 minutes to 40 hours,
in contrast to the Receiver Division’s average cycle
of less than a minute. The number of workers assigned
to a particular order depends on daily production
requirements as well as on the size of the order. So
flexible is production planning here that a rush job
can be got out practically overnight if need be.

Small orders, up to the limit of 25 units, are pro-
duced in Specialty’s model shop, just off the produc-
tion floor, where everybody is paid on an hourly basis.

The secret of efficient production in Specialty’s
model shop is elimination of the paper work asso-
ciated with planning of production and setting of
piecework rates. An engineer develops a new product
and turns it over to a wire man. He in turn wires up
and builds a production sample, then teaches girls to

o
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ORGAN-TYPE CONSOLE—For small production runs in Transmitter
Building, long time cycles are most economical. Here one operator
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make the rest of the run. All planning is done in the
head of the wireman, with the girls memorizing their
duties and using the production sample as their guide.
With runs under 25, it costs more to break down the
Job on paper into individual assignments than the
job is worth.

Conclusion

These, then, are the men and the facilities of
Electronics Park. On them lies the responsibility and
the challenge to substantiate Dr. Baker’s theory that
one can have the excellent accommodations of the Park
and still meet competition. So far, the theory has
stood the test of performance.

An article of this detailed nature, covering such in-
tangibles as how engineers think, would have been
impossible without the cooperation of a large number
of people. A complete list of the names of those who
contributed so freely of their time, their ideas and
their data would fill this page, hence only a few can
be mentioned. Appreciation is expressed to Dr. W. R.
G. Baker for making this article possible; to E. L.
Robinson for making preliminary arrangements; to
Andy Tobin for scheduling the interviews and serving
as guide during the entire period; to George Burns
of Schenectady for photography; and to practically
everyone in the organization chart of the Park for
their help.—J. M.

does practically the entire job of assembling personal aircraft
radios. working from a sample and eye-level instruction sheets

October, 1948 — ELECTRONICS



YOLIS FUL BCALE
» -

/ - %

(@)

&9

Controls and switches on panel

Peak-to-Peak Voltmeter

Pulses and transients of short duration are measured by an instrument having extremely

Chassis of electronic portion of the wids-range volimeter for measuring narrow pulses

high input impedance. Pulse-stretching circuits are used and an amplifier feedback

arrangement provides substantially zero-impedance output

By F. H. SHEPARD, .

Consulting Engineer
Summit, New Jersey

N THE DESIGN of electronic a-c
I voltmeters and ammeters, a de-
sirable trend has been toward de-
velopment of average or rms-read-
ing instruments in order that the
measurements may more accurately
indicate actual power regardless of
frequency or waveform.

There is also an increasing de-
mand for instruments yielding
peak or peak-to-peal- indication of
repetitive waveforms. This re-
quirement is a more particular one
in the instance where the average
value over one cycle is negligibly
small, as in the case of television
synchronizing pulses, and in a
wide variety of timing and con-
trolling operations. Here, the en-
ergy level as represented by rms
values may be unimportant, and the
maximum (or minimum) excursion
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and

of the wave is the dimension to be
measured together with wave
shape and timing information.

In the design of electronic equip-
ment such as high quality ampli-
fiers, modulators, transmitters and
recorders, it is the peak values of
signal that extend beyond the linear
range and cause undesirable tran-
sients, distortion and intermodula-
tion. If the transients are of short
duration, they are not measured by
rms meters.

Measurement of the absolute in-
dication of narrow voltage pulses
imposes a rather difficult require-
ment on available materials and
techniques. The voltmeter, to
justify the term, must fully re-
spond to the pulse without consum-
ing it. The difficulty becomes im-
mediately apparent when the usual

EDMUND OSTERLAND

Ballantine Laboratories, Inc.
poonton, New Jersey

diode peak-reading voltmeter is
connected to a source of pulses of
2 microseconds width which are re-
peated say 10 times per second.
Since the storage capacity in the
diode circuit must be great enough
to keep the output ripple small, the
total energy continually dissipated
by the diode load resistor must be
supplied in less than 2 microsec-
onds.

For example, if the peak 2-micro-
second pulse voltage being meas-
ured is 10 volts, the energy in a
1-megohm diode load resistor will
be 1 x 10 watt. This continuous
power must be supplied in a small
percentage of the time (0.002 per-
cent). To supply this continuous
diode load power, the source being
measured must supply an instanta-
neous power of 5 watts. Since this
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is a rather high power level, neither
the source being measured nor the
diode of the voltmeter will handle it
and the reading will be in error.

As the pulse width or the repeti-
tion rate is further diminished,
the error is greater still. The effect
is also more pronounced when the
peak voltage being measured is
below about 5 volts since then the
curvature of the diode character-
istic makes the diode impedance
abnormally high and still further
limits its peak power-handling ca-
pability. The combined effects de-
scribed limit the best conventional
diode peak voltmeter to measure-
ments above a few volts and having
a duty cycle not less than 0.1 per-
cent,.

The modern cathode-ray oscillo-
graph yields both voltage and
wave shape indications and with
proper amplification and intensified
trace formation, this instrument
can identify practically any recur-
rent wave to the user when suitably
calibrated. However, the combina-
tion of a stable electronic circuit
and a precision meter will afford
indications that can be made reli-
able within one or two percent
whereas an accepted reading error
of 5 percent accompanies the oscil-
lograph indication. The latter fig-
ure may easily rise to 10 percent
when the factors of calibration
source error and its associated read-
ing error are taken into account.

The basic design of the peak-
reading voltmeter under considera-
tion is the amplifier-rectifier type
such as has been popular for a-c
measurements in the past decade.
Each portion of the present instru-
ment, however, demands a new ap-
proach to secure the desired re-
sponse to steep wavefronts and
narrow peaks.

Rectifier

The circuit employed to increase
the rectified energy available for
driving the output meter is illus-
trated in Fig. 1. The input wave
encounters a typical diode rectifier
in the first stage. Capacitor C, is,
however, smaller and higher in im-
pedance than is usual, permitting
the grid of triode T. to rise to the
peak value of a sharp spike without
rounding it off. This diode and ca-
pacitor combination functions as
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2 pulse stretcher, the output volt-
age being depicted in Fig. 1, along
with the graphical representation
of voltages in the other stages. The
time scale shown is an approximate
one but serves to indicate the ef-
fective increase in energy.

Since the impedance of the volt-
age source at the grid of T, is rela-
tively high, T, is used as an im-
pedance step-down repeater ampli-
fier to drive a second conventional

diode rectifier T, with the relatively
long-duration (stretched) pulse ta
charge its output load capacitor C..
Since the signal pulse has been ap-
preciably lengthened, the duty cycle
of diode T, has been improved con-
siderably and no difficulty is had
charging C, to the full peak value
of the signal voltage. Triode T, re-
peats this d-c¢ voltage into a low-
impedance measuring meter.
Capacitor C.,, together with R.,

B+

100,000

5 wSEC LA L

Bl R I D &

ed b L

. 0.005
SEG

FIG. 1—Circuit and waveforms of

pulse stretchers and impedance step-down repeaters

47,000
22,000

¢ B+

22,000
62,000

200,000

470,000

FIG. 2—In the preamplifier cirfuit, theé use of feedback permits the amplifier to have

substantially zero

output impedance
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determines the time constant of the
meter circuit and at the same time,
the low-frequency limit of opera-
tion. With the component values
shown, this circuit responds uni-
formly to pulses of the same peak
level when the pulse width varies
from a maximum (square wave) to
a minimum of less than 2 microsec-
onds at 20 pps.

To adapt this rectifier cireuit to
the widest variety of applications,
an amplifier preceding it is a neces-
sity. The amplifier designed for
this purpose provides wide input
voltage range coverage with simple
switching, uniformly high input
impedance and low output imped-
ance, adequate output voltage
swing and high stability.

The amplifier is required to pro-
duce a linear output versus input
relationship over a 10 to 1 ampli-
tude range to satisfy the decade
switching feature (the indicating
meter is of the logarithmic scale
type calibrated from 1 to 10).
Furthermore, the low-voltage limit
must exceed several volts to avoid
encountering the curved portion of
the diode characteristic. Finally,
the stability must be such as to in-
troduce negligible errors when
factors of line voltage variation
and tube changes are considered.

The present design yields a peak-
to-peak voltage swing of 9 to 90
volts and the sensitivity of the
meter circuit is adjusted so that
these figures correspond to mini-
mum and maximum scale deflection
respectively. The incorporation of
about 25 db negative voltage feed-
back insures amplifier stability
equivalent to the attenuator and
output ‘indicating meter tolerances
(= 1 percent).

Design of Amplifier

Initial experiments with the rec-
tifier section showed that the signal
voltage source impedance to the
rectifier must be kept low if opti-
mum peak response is to be had.

This factor demands the applica-
tion of an amplifier ahead of the
rectifier section even if only as an
impedance transformer. It further
requires the amplifier to have an
output impedance of about 100
ohms if C, is to charge up to the
peak value of a 1-usec pulse in 0.01
usec (or 1 percent of this pulse in-
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terval). The latter figures do not in-
clude the forward resistance of the
diode or inductance of wiring and
circuit elements.

The requirement of low driving
impedance has been met by a
method which has received rela-
tively little attention. By its use,
the apparent output impedance of
the amplifier may be reduced to
zero (or may be made negative if
desired to compensate for positive
resistance in the diode).

Figure 2 shows the basic ampli-
fier circuit. Negative feedback
from the plate of output tube T.
to the cathode of the first amplifier
stage T, causes output load varia-
tions to be reflected through the
nominally high impedance of T.
into the amplifier circuit. In this
way, the cathode current at the
output stage is effectively modu-
lated by output load variations.

If the output load is low, the out-
put current and cathode current of
T, will be increased. The increased
cathode current of 7. results in an
increased positive feedback voltage
from the cathode of 7. to the
cathode of T, This acts to effec-
tively increase the output current.
The reverse of the above is true
when the output load impedance is
high. The proper amount of posi-
tive feedback as shown enables the
amplifier to have substantially zero
output impedance within the out-
put current limits of T..

The principle employed in reduc-
ing the output impedance of the
amplifier had been suggested some
years ago™® and had also seen prac-
tical application in loudspeaker
amplifiers where excellent damping
of cone resonances was observed'.
A typical voltage versus frequency
characteristic for a sine-wave input

is shown in Fig. 3.

Second Amplifier

Additional gain is obtained by a
two-stage preamplifier similar to
that shown in Fig. 2 but omitting
the positive feedback feature. The
use of two separate, independent,
cascaded amplifiers of two stages
each permits use of an attenuator
between the units.

The range switch includes a sec-
tion which is interposed between
the units and provides 10:1 step-
down from maximum gain. By
employing this arrangement as the
first step of the attenuator, any
slight noise or hum appearing in
the input tube is thus reduced 20 db
on all ranges but the first. The
other ranges are accommodated by
attenuation in the input to the
amplifier. With the proper choice
of compensated resistor elements,
this has been found to be a most
reliable method of range multipli-
cation.

In the final version of the volt-
meter, a full-wave meter rectifier
cireuit is used so that peak to peak
values are indicated by the meter.
This is believed to be of greater in-
terest in the majority of cases than
half-wave operation where polarity
of only one sign would be regis-
tered. The instrument shown
covers a range of 0.001 volt to 1,000
volts peak to peak or 0.00035 to 355
volts in terms of rms values of a
sine wave.
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Saturable Reactors

By FRANK G. LOGAN

Vice President and General Manager
Vickers Electric Division, Vickers, Inec.
Saint Louis, Missouri

EFORE launching into a discus-
B sion of the subject, it is de-
sirab'e to distinguish between sat-
urable reactors and magnetic
amplifiers. Without attempting to
formulate definitions of these es-
tablished terms it is, nevertheless,
desirable to review some of the
accepted differences recognized by
workers in this field. It is imprac-
tical, even artificial, to distinguish
between these devices on the basis
of construction, function, or ecir-
cuitry. To delineate the areas cov-
ered by the two terms on the basis
of common usage is futile because
they are used interchangeably, the
older term, saturable reactor, be-
ing the more widely recognized.

A clear means of demarcation
seems to be that every magnetic
amplifier includes, as an essential
component, a ferromagnetic device
with adjustable inductance. Com-
monly, the amplifier is supplied with
power from an alternating current
source so that this ferromagnetic
device can be a saturable reactor, or
transductor as it is termed in
Europe. From this viewpoint, a
saturable reactor is a part of a
magnetic amplifier. This viewpoint
is not essential, but if followed con-
sistently could avert ambiguity.

Saturable Reactors

Several simple saturable reactor
arrangements are shown in Fig. 1.
The one in Fig. 1A can be made by
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connecting a pair of conventional
two-winding transformers. The a-c
or power windings may be connect-
ed in series ol in parallel. The d-c or
control windings are wound and con-
nected with respect to the a-c wind-
ings that no net voltage of the fun-
damental power frequency appears
across the control circuit terminals.
The arrangements shown in Fig. 1B
and 1C are quite similar in control
characteristics to that at Fig. 1A.
There are, however, slight differ-
ences involving transients and leak-
age reactances. Many variations of
this basic circuit are possible, but
all have similar performance cha-
racteristics. The manner of opera-
tion of the simple saturable reactor
has been amply discussed in the lite-
rature and need not be reviewed nor
enlarged upon here. The self-satu-
rating type of reactor is of greater
interest and, although it has been
discussed in the literature, a brief
explanation of Fig. 2 will show the
essential features of its operation.

The circuit of Fig. 2A serves to
demonstrate the operation of self
saturation. While the circuit itself
is of little practical value, it is the
simplest self-saturating type of re-
actor circuit, and its oscillograms
showing the effect of control pre-
magnetization apply almost exactly
to practical circuits. The circuit con-
sists of a saturable reactor, a recti-
fier, a load and an a-c source all in
series. The reactor has an auxili-
ary winding which is supplied with
control current from a high-impe-
dance source. The oscillograms in
Fig. 2B show the load and supply
voltages as functions of time and

indicate the manner in which the
load voltage can be adjusted by
means of the control premagnetiza-
tion. (The resemblance of this type
of control to thyratron control is
obvious.) Corresponding magnetic
conditions in the core are shown in
the lower oscillograms (Fig. 2C),
which illustrate the effect of the
control current on the minimum or
initial flux density B, and also
upon the undirectional pulsating
load current. Adjustment over the
range of control shown in the dia-
gram (Fig. 2D) is effective in
changing the output in a 100-ohm
load from 1.5 milliamperes to 150
ma. It should be noted that the
maximum flux density at the mini-
mum cutrent or cut-off condition
(Fig. 2E) is so adjusted that the
hysteresis loop is symmetrical and
shows a total excursion of flux den-
sity of just less than twice the satu-
ration flux density of the material.

There is a rather sharp increase
of the load current as the core flux
density reaches saturation. Because
of this action the circuit yields to
analysis on the basis of sharp firing.
Such analyses have been made and
give calculated waveforms and
transfer curves that are in fair
agreement with measurements.

As previously mentioned, the sin-
gle reactor is of little practical value
unless provision is made for mini-
mizing the fundamental component
of current induced into the control

This article, submitted June 20, 1948, is
based on the paper presented by the
author at the Symposium on magnetic
materials sponsored by the Naval Ord-
nance Laboratory and held in Washington,
D. C., June 15, 1948.
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and Magnetic Amplifiers

Use of saturable reactors as components of magnetic amplifiers is described. The author

discusses effects on performance of core material and assembly, and points out importance

of reproducibility of core materials and rectifier properties. Applications are described

winding. This may be done by in-
serting a high impedance in the con-
trol circuit or by connecting two
reactors or arranging several wind-
ings in such a way that the induced
current is minimized. The last al-
ternative is illustrated by the cir-
cuits of Fig. 1D and 1E. The cir-
cuit of Fig. 1D is called a doubler;
it gives alternating-voltage output.
The circuit of Fig. 1E is called a
full-wave circuit; its output is d-c.

Effect of Core Material

The contrast between the sensi-
tivity of the simple saturable reac-
tor circuit and that of the self-satu-
rating tvpe may be seen in Fig.
3A. The transfer curves shown in
this diagram were taken for two
sets of reactors of approximately
the same mean flux path, one con-
structed with standard E-I silicon
steel laminations and the other with
gapless medium-nickel iron alloy
(Allegheny Ludlum 4750) ring la-
minations. In each case, data is
shown for both the simple reactor
circuit and the self-saturating type.

Two important differences are
evident: (1) the increased sensitiv-
ity of the self-saturating ecircuit
and (2) the improvement of per-
formance obtainable with the bet-
ter steel. With silicon steel, the self-
saturating circuit is five times more
sensitive than the simple reactor,
while with the 4750 nickel steel gap-
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less core, the self-saturating circuit
for wh ch data is shown is about 50
times more sensitive than the sim-
pler circuit using the same core.
Furthermore, in this same circuit,
the 4750 iron has an advantage of
40 times in sensitivity over silicon
iron. This makes evident the supe-
riority of the better steel. Of course,
the data are not strictly comparable
because of the difference in geome-
try of the cores, but the curves
shown may be taken as representa-
tive of conditions obtained in two
types of cores which do have ap-
proximaitely the same mean magne-
tic path length. The peak ampere-
turns of the load current is over
1,000 times the control ampere-
turns for saturation for the self-
saturating circuit with nickel-steel
core, while the ratio in the case of
the same circuit with the air-gap
silicon steel core is approximately
five for the particular set of data
shown in Fig. 3A.

Similar contrasts of the sensitiv-
ity of the self-saturating circuit for
other core materials, such as Per-
malloy, Permenorm 5000-Z and Su-
permalloy show increases in sensi-
tivity over 4750 of the order of 2.5
times for the Permalloy and about
25 times for Permenorm.

The single-phase doubler and full-
wave circuits may be arranged for
polyphase operation. Several such
circuits are shown in Fig. 1F, 1G,

and 1H. The first (Fig. 1F) is a
simple 3-phase Y-connection with
the control windings arranged so
that no voltage component of fun-
damental frequency appears at the
control circuit terminals. Other cir-
cuits shown include (Fig. 1G) the
3-phase full-wave circuit and (Fig.
1H) the 6-phase circuit with inter-
phase transformer. The polyphase
circuits are commonly used for
larger power outputs, particularly
where fast response and optimum
utilization of reactor structure are
important. The latter condition de-
velops in virtue of the fact that the
several polyphase circuits have dif-
ferent internal impedances when
made with identical reactors, per-
mitting the load impedance, which
may be fixed by external considera-
tion, to be matched more closely.

Magnetic Amplifiers

Because the change in load cur-
rent can be greater than the change
in control current that produced it,
saturable reactors can be used as
amplifiers. To improve their per-
formance, feedback is commonly
used, particularly in the simple cir-
cuits that do not employ self-satu-
ration. Usually the load current is
rectified in a full-wave bridge and
introduced in a special feedback
winding on the reactor structure in
such a manner as to aid the control
current ampere-turns. Two single-

105



phase feedback circuits are shown
at Fig. 1I and 1J. As in the simple
reactor circuits, the main windings
may be connected in series or in
parallel, and the load may be placed
in either the a-c or d-c circuit.

Transfer curves of a reactor with
adjustable feedback are shown in
Fig. 3B. The effect of increasing
the positive feedback factor is
shown by the increased slope of the
transfer characteristic. Of course,
this increase in sensitivity with
positive feedback is obtained at the
expense of the speed of response of
the reactor circuit and the stability
of the system in which the reactor
is used. Negative feedback results
in an extended range of linearity
of the transfer curve.

In both cases, window space is
occupied by the feedback winding,
so that the reactor structure must
be derated by an amount which in-
creases with the degree of feedback.
As an example, in order to provide
100-percent feedback, (feedback
turns equal to main turns), a simple
reactor would have to be derated by
50 percent. For simple reactors
without self-saturation, the use of
feedback permits convenient adjust-
ment of sensitivity in the range be-
tween that of the simple reactor and
that of the self-saturating type and
even beyond. The characteristics of
the rectifiers are not critical.

The use of large amounts of posi-
tive feedback results in a trigger
action that is apparent in the +2
curve of Fig. 3B. This trigger ac-
tion can be exploited to advantage,
as in the use of reactor circuits to
give relay action which is quite sen-
sitive and capable of high speed,
shock-proof operation.

The performance of a magnetic
amplifier system, particularly one

of the self-saturating type, depends
on the properties of the components
which are used. The possibilities of
the various circuit arrangements
have been explored and the limita-
tions on performance are known.
In the self-saturating circuit, per-
formance depends as much on the

characteristics of the rectifier as it

does on the properties of the magne-
tic core material. In discussing the
performance of magnetic amplifier
circuits, I shall mention the effect
of both rectifier and core material
characteristics and I shall attempt
to do so upon two different levels:
(1) what is now commercially feas-
ible with normal manufacturing and
quality-control techniques and (2)
what seems to be the ultimate in
performance of the best of present
materials on a laboratory basis.

The principal performance char-
acteristics of magnetic amplifiers
include power gain, power output,
speed of response, and weight per
unit output. Other factors which
may be of interest are shock resist-
ance, ambient temperature limits,
stability and linearity.

For optimum performance, the
magnetic core material should have
the following characteristics: (1)
high saturation induction for low
pounds per watt, (2) high differen-
tial permeability in the second and
third quadrants of the hysteresis
loop for maximum sensitivity, (3)
high resistivity and ability to be
made in thin laminations for low
eddy-current shielding to give fast
response, and (4) stability of mag-
netic characteristics under chang-
ing temperature and mechanical
strain and shock conditions.

To be suitable for use in the com-
mercial manufacture of reactors for
magnetic amplifier circuits, the core
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FIG. 2—Action of presaturation can be visualized from a reactor having control

and power windings (A). Different values of control current produce different

intervals during which voltage appears across load (B) because they shift oper-
ating position on the hysteresis curve (C) giving response shown at (D)
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material should have other charac-
teristics in addition to those re-
quired for optimum performance.
In the first place, it is of the utmost
importance that the magnetic core
material have properties which are
reproducible  between  different
batches and are the same for all the
material in each batch. This is the
single most important requirement
for high-permeability core material
for magnetic amplifiers.

Core Assembly

Considerable handling is involved
in stacking laminations and in plac-
ing a winding upon the stacked core,
therefore, it is desirable that the
core materials be reasonably free
from adverse effects resulting from
moderate mechanical stresses. It
does not seem feasible at present to
consider the use of toroidally-
shaped tape cores for low-level am-
plifiers (0.1 to 10 watts output) and
there is no method presently avail-
able, to my knowledge at least, of
obtaining satisfactory stacking fac-
tors with unit cores that are assem-
bled before annealing and are used
just as they come from the oven.

It is also necessary that the lami-
nations have adequate interlamina-
tion resistance, which may be
developed in stacks made of lamina-
tions with commercially available
film coatings of the oxide type. Pres-
ent practice consists of insulating
the laminations before assembly
with clear lacquer or impregnating
the core after assembly with a wax.

The structure of magnetic ampli-
fier cores has been a matter of dis-
cussion for some time. Perform-
ancewise, there are only minor
differences between the core-type
reactor arrangement, the three-
legged reactor, and the four-legged
reactor. For laminated, gapless
cores, the simple arrangement using
core-type reactors seems most prac-
tical. The limits on performance of
circuits using reactors of this kind,
particularly those made with high
permeability core materials, are
fairly well known, and the effects
of core and copper geometry upon
the various performance factors are
understood in a general way. While
the question of core and copper
geometry for optimum performance
remains an open one, rather definite
conclusions may be - eventually
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reached following a critical study
of the problem. Early work along
these lines indicates the feasibility
of such a study.

Development work has been done
on the basis of somewhat more lim-
ited objectives. A time constant of
1 cycle on a power supply period
basis for the transient response of
practical amplifiers is the present
limit, while power gain, which is
affected by the desired time con-
stant, may be approximately one or
two thousand if quick response is
not desired. The watts per pound
figure may be taken as approxi-
mately thirty for low-level 400-cycle
reactor circuits. With rectifiers,
mounting brackets and resistors in-
cluded in an amplifier assembly, the
watts per pound may become ten or
fifteen for low-level, 400-cycle units.
If these three factors are the only
ones of importance, that is if cost
and space are not involved, it seems
quite feasible to reach rather defi-
nite conclusions concerning opti-
mum core geometry. If, on the other
hand, space is also important and
high gain may be sacrificed, the rec-
tifiers would be of different design,
as would the optimum core shape.

Reproducible Core Material

The importance of the reproduci-
bility of magnetic characteristics of
the core material for magnetic am-
plifiers is shown by Fig. 3C. This
graph shows measured magnetiza-
tion curves of several samples of
high permeability core materials,
all of approximately eighty-percent
nickel. The solid lines represent the
catalog information given by the
manufacturer as the average and
extremes of the normal magnetiza-
tion curve. The dashed-line curves
show several measured curves for
cyclic magnetization and indicate
that the extremes given by manu-
facturer are not at all pessimistic.
A range of maximum reversible per-
meability of 85,000 to 25,000 it seen
to exist in the measured curves,
which were taken for representa-
tive samples. A range of maximum
normal permeability of 300,000 to
60,000, or 5:1, is shown in the data.

The sensitivity of a magnetic
amplifier circuit using reactors
made with Hymu 80 or Mumetal,
materials similar to that of Fig. 3C,
depends on the slope of the upper
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branch of the hysteresis loop, parti-
cularly in the region of zero mag-
netic flux density and the coercive
force value of magnetic intensity.
The slope of this portion of the hys-
teresis loop is dependent to a large
extent upon the maximum value of
the normal permeability. Changes
of normal permeability in the ratio
of 5 to 1 result in changes of mag-
netic amplifier sensitivity of ap-
proximately the same ratio. This
condition is intolerable from the
standpoint of large-scale manufac-
ture of magnetic amplifier systems
with fixed or published characteris-
tics. Variations of this kind and
magnitude are not amenable of
compensation by other than labora-
tory methods which are often too
costly for this type of product.

I think it safe to state that those
who are interested in the manufac-
ture of magnetic amplifier compo-
nents and systems would be
gratified if means were found to
manufacture a core material with
characteristics reproducible to plus
or minus ten or even twenty per-
cent, even if this were done at the
expense of radically reduced values
of maximum permeability and in-
creased cost. As a matter of fact, I
feel that this would be a more valu-
able contribution to the art than
the development of core materials
of even greater permeability than
those presently available.

Characteristics of Rectifiers

The performance of the rectifiers
used in saturable reactor systems,
particularly those employing the
self-saturation feature, affects the
characteristics of the circuit. The
question of rectifier performance is
one which parallels in importance
that of the magnetic properties of
the core materials. Explicit charac-
teristics desired of rectifiers for
magnetic amplifier applications are:
(1) sturdiness and (2) low forward
combined with high back resistance.

Sturdiness, seliability and long
life are essential because magnetic
amplifier applications often involve
conditions of high-intensity shock
and require operation without re-
placement of parts or servicing for
10,000 hours or more. Because none
of the components, except possibly
the rectifier, are difficult of manu-
facture to meet these requirements,
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the use of dry-disc rectifiers rather
than electronic units is usually in-
dicated. At any rate, they are in
common use in magnetic amplifier
circuits.

Low forward resistance and high
inverse resistance are desirable for
obtaining maximum sensitivity con-
sistent with the properties of the
magnetic core material. Low for-
ward resistance results in an in-
crease of output for a given control
signal. The lower back current re-
sulting from the use of high inverse
resistance rectifiers results in less
demagnetization output for a given
control current.

Figure 3D shows the characteris-
tics of two small, commercial recti-
fiers. The rectification ratios are
seen to lie between 1,000 and 2,000,
while the forward-versus back-cur-
rent ratios are 50 and 65. It is
desirable for magnetic amplifier cir-
cuits that the current ratio be raised
to 500 to 1,000. Such a ratio is not
considered unobtainable for special-
purpose units by rectifier manufac-
turers. Commercial requirements
in the field of dry-disc rectifier units
have been so unlike those for the
special units discussed, that there
has been little development work
aimed at the special characteristics
required of rectifiers for reactor cir-
caits. No doubt such improvement
in rectifiers can be made without an
overiy extended development pro-
gram.

Rather large changes of operat-
ing temperature should not be re-
flected in equivalent changes of
electrical characteristics of the
rectifiers, particularly the inverse
resistance, nor should the rectifier
characteristics change radically
over the period of their useful life.
Rectifiers should have the maximum
inverse voltage rating consistent
with a high value of forward-versus
back-current ratio so that they are
light in weight and give optimum
amplifier sensitivity. They should
not change when unused or should
recover rapidly from nonuse such
as shelf storage or equipment idle-
ness. Like core materials, rectifiers
for magnetic amplifiers should have
reproducible characteristics as com-
mercially available units with pub-
lished resistance characteristics.
This requirement is particularly
true of the low-level units, espe-
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cially sensitive types, but is not of
great consequence at higher power
levels, present published rating data
being sufficient.

Applications of Magnetic Amplifiers

Just as the saturable reactor is
a basic component of the magnetic
amplifier, so the magnetic amplifier
can be used as a basic subassembly
in various equipments. The charac-
teristics of the amplifier will be de-
termined by the equipment with
which it is to be used, and the am-
plifier will have to be designed ac-
cordingly.

One of the commonest applica-
tions of saturable reactors is for
line voltage regulation in which the
self-adjusting property of the reac-
tor is used in place of a manually
adjusted tap on a transformer to
compensate for input voltage or load
current changes. The next step in
complexity beyond a single satur-
able reactor is to substitute a sepa-
rately controlled reactor (Fig. 4A).
Line-to-line voltage regulation is
obtained by an autotransformer a
portion of which is a presaturated
reactor controlled by a magnetic am-
plifier operating from voltage
changes across the output. A
bleeder reactor prevents the regu-
lator from losing control at no load.

Automatic battery chargers have
long used magnetic amplifiers, es-
pecially in Europe. In this applica-
tion the requirement is to maintain
constant charging voltage and to
limit the current (at the beginning
of the charging cycle) to a safe
value. A doubler circuit (Fig. 1D)
and a full-wave rectifier can be com-
bined to perform this function (Fig.
4B). Variations in output voltage
and input current (coupled to the
magnetic amplifier through a trans-
former) operate the control wind-
ing.

Another popular application is in
theatre lighting control (Fig. 4C).
A low-power control circuit, excited
from the power line, produces the
direct current to govern a magnetic
amplifier of the full-wave type
(Fig. 1E), which is also excited
from the power line. The output of
the amplifier in turn regulates the
saturation of the main reactor in
series with the lamp bank. Because
the primary control circuit and the
magnetic amplifier are both excited
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from the same power line, effects
of fluctuations in supply voltage can
be counter-acted to some extent.
The line voltage has to be about 10
percent higher than the rated oper-
ating voltage of the lamp bank to
allow for the drop in the main re-
actor.

The functions of voltage regula-
tion and rectification can be com-
bined in a single unit. A 3-phase
unit, suitable for such applications
as controlling the speed of a large
d-¢ motor, (Fig. 4D), obtains the
fixed reference voltage through a
constant voltage transformer across
one of the power phases. This volt-
age is rectified and the current so
obtained is used to control three
full-wave magnetic amplifier oper-
ating from a 3-phase transformer
and interphase transformer (com-
pare with the single-phase circuit
of Fig. 1E). To increase the sen-
sitivity of the system, positive feed-
back is used, and to improve tran-
sient response, damping windings
in series with a capacitance are
added. The output voltage (motor
speed) can be controlled by the po-
tentiometer in the constant-voltage
cirecuit.

Some applications require that
the output be stabilized against
several possible variations. The bat-
tery charger (Fig. 4B) is one ex-
ample of this case. The welding rec-
tifier (Fig. 4E) is another example.
The output current must be stabil
ized against changes in output load
(current and voltage) and line volt-
age. The 3-phase doubler circuit
has three control windings. One
winding is excited by rectified 3-
phase voltage from the supply line,
the second is excited by current pro-
portional to the load current, and
the third by current proportional to
the load voltage. All of these con-
trol currents pass through a com-
mon potentiometer by which the
welding current can be set. A po-
tentiometer across the output fur-
ther provides adjustment of the
voltage-proportional control current
for no-load reference. Four sets of
rectifiers are required: the self-ex-
citation rectifiers of the doublers,
the power rectifiers in the output,
and the two sets of rectifiers (for
input voltage and output current)
for the control windings. A single
rectifier suffices for the output volt-

age control circuit because it s al-
ready across the power rectifiers
(but a rectifier is necessary to pro-
vide high impedance to induced re-
verse currents). A block diagram
(Fig. 4F) shows the nature of the
feedback paths of this system.

The foregoing systems have oper-
ated at 60 cps. Fast response is not
required of them and it is most
convenient to excite all elements of
the system from the same supply.
However, if fast response is neces-
sary, a higher operating frequency
should be used because then, for the
same impedance, the inductances of
the windings can be less, which re-
duces the time constant of the sys-
tem. In general, equivalent mag-
netic amplifiers operating at differ-
ent frequencies can respond in the
same number of cycles, thus the
higher frequency unit has the
faster response.

A fast-acting servo amplifier can
be operated from a 400-cps. source
(Fig. 4G). A 2-phase system is fre-
quently used with a 2-phase induc-
tion motor, although a 3-phase sys-
tem would be similar. Doublers in
push-pull with each other produce
a null so that the system has a qui-
escent point between forward and
reverse motor drive. The control
windings are excited by electronic
tubes; the rheostats in the cathodes
permit balancing the amplifier at
the required null, or varying the
null. Primary control of the ampli-
fier is, as usual, through the grids
of the tubes.

An audio amplifier (Fig. 4H) il-
lustrates the use of high-frequency
excitation to obtain fast response.
Essentially each of the two stages
is a carrier-type amplifier. Two
pairs of doublers, connected in push-
pull to reduce even harmonic distor-
tion as well as to provide symmet-
rical operation, are excited from a
10,800-cps source (180th harmonic
of 60 cps). These two stages are
connected by an interstage trans-
former. Pairs of full-wave rectifiers
are used before the interstage and
output transformers. A single-but-
ton carbon microphone feeds the 5-
milliwatt input transformer to de-
velop full power in the 5-ohm 6.5-
watt voice coil of the loudspeaker.
The operating points of the reac-
tors of each stage are set by a bias
battery and biasing resistors.
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Television Synchronizing

Horizontal and vertical driving pulses,
synchronizing signal, all within FCC and RMA specifications,
test signals can be mixed with blanking

the composite blanking signal and the composite

are produced. Linearity

for testing picture monitors and receivers;

simultaneous cathode-ray monitoring of all frequencies is provided

THE instrument to be described
provides the means for insur-
ing synchronism between the scan-
ning of a picture at the receiver
and the scanning of a subject at
the transmitter. Features are pro-
vided that are not usually found in
a synchronizing generator which
are specific aids in television station
operation and maintenance.

The generator meets the RMA
recommendations for the standard
signal, that is, the horizontal and
vertical driving pulses, the com-
posite blanking signal and the com-
posite synchronizing signal.

Linearity test signals are pro-
vided at 900 cycles and at 157.5 ke
mixed with blanking by means of a
switch for use in testing scanning

linearity of picture monitors and
television receivers. These produce
15 horizontal bars and 10 vertical
bars on a raster permitting a rapid
check of sweep linearity. In addi-
tion, the 157.5-ke test signal serves
as an accurate 10 percent H (6.35
wsec), electronic marker for use
with an ordinary oscillograph in the
precise setting of pulse widths and
front porch.

The leading edges of the equaliz-
ing pulses are also the leading edges
of horizontal and vertical synchron-
izing pulses, thus insuring perfect
interlacing.

Two 3-inch cathode-ray tubes
permit simultaneous monitoring
(without switching) of all fre-
quencies in the synchronizing gen-
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FIG. 1—Interrelation of units forming the sync generator
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erator. Thus, frequency counts may
be checked or adjusted without the
use of an external oscilloscope.

A crystal oscillator at 157.5 ke or
a highly stable self-excited oscil-
lator at 157.5 ke may be selected by
a switch for the master oscillator.
The self-excited oscillator is used in
synchronizing the generator, by
means of the provided lock-in cir-
cuit to the 60-cycle power line or to
a remotely generated synchronizing
signal.

Negative feedback is used in
many of the circuits to minimize
the effect of changes in tube char-
acteristics and variations between
tubes. A double-regulated supply is
used having an internal impedance
of less than 0.15 ohm.

Circuit Breakdown

The generator consists of the fol-
lowing units:

1. Timing generator

2. Blanking-driving unit

3. Syne shaping unit

4. Regulated low-voltage supply

5. High voltage supply for the
cathode-ray monitors

6. Power control panel containing
switches and fuses.

Figure 1 is a block diagram show-
ing the interrelation of the units in
the development of the standard
signals. Accurately timed signals at
157.5 ke, 31,500 cycles, 15,750 cycles,
900 cycles and 60 cycles are de-
veloped in the timing generator for
use in the other units.

The blanking unit utilizes the 60-
cycle signal and the 15,750-cycle
signal in the development of verti-
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Signal Generator

By A. J. BARACKET

Head of Television Video Development Section
Television Transmitter Division
Allen B. DuMont Laboratories, Inc.
Clifton, New Jersey

cal driving and horizontal driving
pulses and in the development of the
composite blanking signal. It also
uses the 157.5-ke signal and the 900-
cycle pulses in the development of
the composite linearity test signal
which becomes available mixed with
blanking.

The sync shaping unit utilizes the
31,500-cycle pulses and the 15,750-
cycle pulses with suitable delays
(for accurate synthesis of the hori-
zontal and vertical sync pulses) in
a specially designed delay line con-
tained in the blanking-driving unit
for the formation of the high-fre-
quency components of the composite
synchronizing signal. The 60-cycle
pulse from the timing generator is
used undelayed in the development
of the low-frequency component of
the composite synchronizing signal.

To meet the severe requirements
of the RMA-recommended syn-
chronizing signal generator signals,
there must be precise time relation-
ship among the pulses developed by
the timing generator. This may be
obtained by starting at a high fre-
quency and by suitable frequency
division deriving the lower fre-
quency pulses. An alternate method
is to begin with the lowest fre-
quency and obtain the higher
frequency signals by suitable fre-
quency multiplication. In the tim-
ing generator shown in Fig. 2, the
former method is used because it
may be effected by simpler circuits.

In the circuit diagram of Fig. 2,
the two basic oscillators are the
6ACT crystal oscillator and the 78
master oscillator, both operating at
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157.5 ke. The 6SN7 blocking oscil-
lator frequency dividers are used to
derive the lower frequencies re-
quired. The first division is by 5
to 31.5 ke, the equalizing pulse fre-
quency. From 31.5 kc there is one
division by two to 15,750 cycles, the
horizontal rate, and another divi-
sion by seven to 4,500 cycles. The
frequency of 4,500 cycles is divided
by five to 900 cycles, one of the
linearity test signal frequencies.
Division of 900 cycles is done by
five to 180 cycles which is in turn
divided by three to 60 cycles, the
field repetition rate. Sawtooth wave
forms at 60 cycles and at 900 cycles
are fed respectively to the deflecting
plates of the low-frequency and the
high-frequency cathode-ray moni-
tors, to serve as time bases for the
presentation of the count-down fre-
quencies on the monitor screens.

Frequency Indicators

Figure 3 shows the presentation
on the screens of the cathode-ray
tubes. The left-hand screen is that
of the high-frequency monitor
whose horizontal time base is 900
cycles. The dots represent the
master oscillator or crystal oscil-
lator frequency 157.5 kc. There are
five dots along each line or step in
the wvertical ““ladder” indicating a
division from 157.5 k¢ to 31,500
cycles.

The bright dots on the high-fre-
quency monitor correspond to the
15,750-cycle horizontal repetition
rate. There are seven steps in each
of the ladders, indicating a fre-
quency division from 31,500 cycles

Complete synchronizing signal generator

to 4,500 cycles; in other words each
ladder represents 4,500 cycles. The
presence of five ladders for each
cycle of the time base points to a
frequency division from 4,500 cycles
to the time base frequency of 900
cycles.

On the right-hand or low-fre-
quency monitor, the ladder steps
represent 900 cycles. Since there
are five of them to each ladder, the
indication is frequency division
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FIG. 2—Timing generator circuits of the Du Mont TA107 A/B sync generator

from 900 cycles to 180 cycles. The
three ladders per cycle of the time
base indicate a frequency division
from 180 cycles to 60 cycles.

The blanked out section in the
middle of the low-frequency scan
being derived from the power line
further confirms the time base of 60
cycles and indicates synchronism
with the line. When the generator
1s not locked to the 60-cycle power
line, the blanked out section moves
across the time base. This presen-
tation has been found highly useful
in the analysis at a glance of syn-
chronizing generator failures due
to improper timing.

The type of blocking oscillator
frequency divider circuit used is the
cathode - tuned - circuit - stabilized
type, Fig. 4. Firing of the blocking
oscillator results in a surge of cur-
rent through the cathode circuit
which is normally tuned to a fre-
quency half that of the trigger repe-
tition rate. This results in a ring-
ing of the tuned circuit due to its Q.
The cathode voltage wave form is
that of a damped sine wave lasting
for 24 cycles (for a 5 to 1 count
down) before the blocking oscillator
fires again. The grid to ground and

12

the grid to cathode voltage wave-
forms are shown in the diagram of
Fig. 4. As indicated, discrimina-
tion is very good against all trigger
pulses other than the one producing
proper count down.

In the design of the timing cir-
cuits, extreme care was taken to
minimize any possibility of fre-
quency modulation of the timing
pulses. Considerable attention was
paid to the chassis layout especially

FIG. 3—Presentation of count:down

with respect to keeping high level
pulse points away from the afe cir-
cuit. The blocking oscillator grids
are returned to +250 volts giving
a steep capacitor voltage discharge
waveform and consequently improv-
ing freedom from jitter.

The source of B voltage is a
double-regulated power supply with
an output impedance of less than
0.15 ohm. This eliminates the pos-
sibility of extraneous signals modu-

-

frequencies on cathode-ray monitors
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lating the blucking oscillator grid
base, a common source of frequency
modulation.

The 157.5-ke and 900-cycle out-
puts of the timing generator are fed
directly to the blanking unit for use
in the production of a linearity
test signal mixed with blanking.
The 60-cycle pulse output of the tim-
ing generator is routed to the blank-
ing-driving unit and the sync shap-
ing unit for use in the generation
of RMA driving pulses, and the low-
frequency components of RMA
blanking and sync pulses.

To conform to the strict require-
ments of the RMA recommended
synchronizing signal, it is good de-
sign practice to use the same signal
for the formation of the leading
edges of all of the pulses which
make up the synchronizing signal.
In the synchronizing signal genera-
tor under discussion, the leading
edges of the equalizing pulses are
used to form-the leading edges of
the horizontal and the vertical syn-
chronizing pulses. This is done by
adding a horizontal component and
a vertical component, both of which
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P 1E
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TRIGGER
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Ji | R | N
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FREQUENCY DIVIDER

;

FIG. 4—Cathode-stabilized blocking oscillator frequency divider

have been delayed a precise time by
a lumped LC delay line in the blank-
ing unit, to the equalizing pulses
and clipping the result as indicated
in Fig. 5.

Two separate delay lines are used,
one for the 31,500-cycle signal and
the other for the 15,750-cycle
gignal. Each line consists of 70
= sections with a total delay of 10
percent of the horizontal period
or approximately 6.3 microseconds.
Provisions are made for tapping
connections in any one of the sec-
tions in both lines. This permits
very accurate shaping of the syne
pulses as well as very precise set-
ting of the front porch. Multivi-
brator stability is in part a function
of the trigger pulse rise time. To
maintain as short a rise time as
practical in the delayed 15,750 and
31,500-cycle trigger pulses, the de-
lay line is designed for a frequency
band of over three megacycles. Fig-
ure 6 shows the schematic of a
single section of the delay line.

Equalizing Pulses

The equalizing pulses shown as
G in Fig. 5 are generated directly
by multivibrator V, in the sync
shaping unit, block diagram of
Fig. 5. They are amplified and
limited by V; and mixed with the
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other synchronizing signal com-
ponents in the plate circuits of Vi,
Ve and V..

Horizontol Pulses

Figure 5 is a timing diagram in-
dicating the synthesis of the com-
posite synchronizing signal from its
various components. The horizontal
pulses are formed by adding de-
layed 15.750-cycle pulses to the
equalizing pulses, amplifying, limit-
ing and keying-out undesired 31,-
500-cycle pulses. The result before
final clipping is shown at U of
Fig. 5.

Tube V, in Fig. 5 is the hori-
zontal pulse multivibrator whose
output (O in Fig. 5) is permitted to
clear through V, only during the
horizontal pulse interval.

The 15,750 cycle pulses (@ in Fig.
5) are then amplified and limited in
V. and mixed in the common plate
circuit of V,, and V, with the verti-
cal and equalizing pulse components
of the composite synchronizing
signal.

The first and last sections of U

L= 100pH
C. | c
2 soﬂ)‘F:I: S0pp Frg
T 2% 1,000 =
fe® 3.2 MC

FIG. 6—Single pi section of delay line

in Fig. 5 show the horizontal com-
ponent of the mixed signal at V..
The raised portion of this compo-
nent indicates the overlap between
the equalizing pulse and the delayed
horizontal pulse. This is later
clipped off in limiters V, and V,, as
shown in the first and last sections
of Vin Fig. 5.

The keying out of the horizontal
pulses during the equalizing pulse
interval is accomplished by the
gating of keyer tube V. by pulse P
in Fig. 5 derived from the equaliz-
ing pulse interval multivibrator V,
through amplifier V,. The elimina-
tion of unwanted equalizing pulses
is obtained by first pushing them
down into a region lower than that
of the desired horizontal pulses by
means of 15,750-cycle pulses shown
as T in Fig. 5 and later removing
them by clipping. Waveform T is
derived from the alternate equaliz-
ing pulse keying multivibrator V,
through keying tube V, and ampli-
fier-limiter V. The pushed down
equalizing pulse is shown in the
first and last sections of U in Fig. 5.

The elimination of alternate equal-
izing pulses must not take place
during the equalizing pulse interval.
For this reason keying tube V. by
means of the equalizing interval
pulse P permits the alternate equal-
izing pulse keying signal S to be
applied only during the horizontal
pulse interval. The output of V.
is T in Fig. 5. The duration of the
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FIG. 7—Functions of stages in the blanking-driving unit
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horizontal pulses in the output
signal V is 8 percent of H (40
—1 percent).

Vertical Pulses

The vertical pulses in the com-
posite synchronizing signal con-
sists of a group of six at a 31,500-
cycle rate. The group repeats itself
once each seanning field, see center
section of V in Fig. 5. The dura-
tion of each pulse is 43 percent of
H where H is the line period and
the group must appear during the
vertical blanking interval between
the first and second group of six
equalizing pulses.

The timing of the vertical pulse
interval is determined by the trail-
ing edge of a pulse, J-in Fig. 5,
three lines wide from the 60-cycle
vertical pulse centering multivibra-
tor V... The vertical pulses are gen-
erated at a 31,500-cycle rate in the
vertical pulse multivibrator V..
These are shown at I in Fig. 5. One
of its pulses, upon coincidence with
the trailing edge of the vertical
centering pulse K, is permitted by
keyer tube V, to trigger the verti-
cal pulse interval 60-cycle multivi-
brator V., whose pulse width is
normally set equal to three hori-
zontal lines or the interval required
by six vertical pulses at the 31,500-
cycle rate.

Waveform L in Fig. 5 is the out-
put of V.. The vertical pulse inter-
val gate, in turn, permits the verti-
cal pulses to be amplified by keyer
tube V., only during the vertical
pulse interval. The result is M in
Fig. 5. In turn, the six vertical
pulses during the vertical pulse in-
terval are amplified and limited by
tube V; and appear in the common
plate circuit of V,, V, and V... Thus,
into a common plate load are fed
the horizontal pulses during the
horizontal pulse interval from tube
V., the equalizing pulses during the
equalizing pulse interval from tube
V.. and the six vertical pulses dur-
ing the vertical pulse interval from
tube V.. The mixed signal, U, is am-
plified and limited by V, and V,, and
appears at the cathode and plate of
output tube V,, as a positive and
negative composite synchronizing
signal. Figure 5 shows the final
syne output signal at V.

The block diagram of the blank-
ing-driving unit is shown in Fig. 7.
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The 15,750-cycle pulses trigger the
horizontal blanking multivibrator
V. whose output is fed into blank-
ing mixer V. The 60-cycle pulses
trigger the vertical blanking multi-
vibrator V, whose output is fed to
the grid of the second triode of
blanking mixer V,. In the blanking
position of the linearity test switch,
the mixed vertical and horizontal
blanking signals are limited and
amplified in tube V.. and applied to
the grid of blanking output tube
V.. At the cathode and plate of out-
put tube V,, appear respectively the
positive and negative composite
blanking signals.

The 157.5-ke signal derived from
the timing generator is amplified
and shaped in V, and mixed in V.,
with the 900-cycle pulse derived
from multivibrator V,. In the
blanking and linearity bars posi-
tion of the linearity test switch,
these are inserted into the blank-
ing signal in the common plate load
of blanking mixer V, and linearity
mixer V.. The mixed blanking and
linearity test pulses are clipped in
limiter V., and applied to the grid
of output tube V.. In this position
of the switeh the output signals at
J. and J., consist of the composite
blanking signal mixed with vertical
and horizontal linearity signals. In
the linea) ity bars position of the se-
lector switch only linearity test
signals are permitted to appear at

GRK

684G

684G

RECTIFIERS

VOLTAGE

ANTI-SURGE CONTROL

N T
RIEFERENCE

e

|
|

FIG. 9—Block diagram of low-voltage power supply

the blanking signal output jacks.
Figure 8 shows a test pattern gen-
erated by an iconoscope film chain
driven by the sync generator. The
linearity test switch is in the blank-
ing and linearity bars position.
The horizontal driving pulses
originate in the 15,750-cycle multi-
vibrator V, and are directly applied
to the grid of the horizontal drive
output tube V.. They appear as
positive and negative horizontal
driving signals respectively at J,
and J,. In a similar manner the ver-
tical driving pulses originate in the
60-cycle multivibrator V.; the out-
put is applied directly to the grid
of vertical output tube V. Vertical

i

FIG. 8—Camera chain output picture signal with the linearity test switch of sync
generator set at blanking and linearity bars for adjustiment of monitor sweep linearity
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driving pulses appear in positive
and negative polarity at jacks J.
and J.. At Y and Z of Fig. 5 are
shown the waveforms of the hori-
zontal and vertical driving pulses
produced by the circuits.

Power Supplies

The high-voltage supply is used
to provide the accelerating potential
for the cathode-ray tube monitors in
the timing generator.

A double-regulated low-voltage
supply is used to provide 250 volts
and 350 volts for the three signal
units. This supply has an output im-
pedance of less than 0.15 ohm at
1,000 cycles. The change from no
load to full load at 400 milliamperes
results in a change of only 0.1 volt
at the output. A block diagram of
the low-voltage supply is shown in
Fig. 9. Transients from the ordinary
power supply filter circuit are elimi-
nated by use of an “electronic
choke” in the form of a first regu-
lator for the 350 volts ahead of the
final regulator for the 250 volts.

A number of these synchronizing
generators have been in operation
during the past two years with ex-
cellent results.
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Single-Sideband
CRYSTAL FILTERS

X-cut crystals are used in multiple-section filters for the upper and lower sidebands and the

carrier frequency. The carrier filter has a passband 16 cycles wide between 3-db points and
the sideband filters are flat within 0.6 db for nearly 6 kilocycles

NE PROBLEM involved in the de-
O velopment of an improved type
of radio receiver for twin-channel,
single-sideband reception was the
design and construction of three
crystal filters.

These were used to separate the
carrier from the sidebands of an
amplitude-modulated wave train at
an intermediate frequency of 100
ke and to isolate each of the two
sidebands.

Specifications called for a car-
rier filter less than 25 cycles wide
at points whose response was 3 db
down from maximum, and 175 cy-
cles wide at points 50 db down, with
a maximum attenuation of over 70
db available.

Since both speech and musical
programs were to be received with
high fidelity, each sideband (chan-
nel) filter was specified to have a
passband 6 ke wide, flat within
=+0.5 db except at the edges where a
2-db drop from maximum response
could be tolerated. These edges
were taken to be 100 cycles and 6 ke
respectively from the intermediate
carrier frequency of 100 ke.

A maximum relative attenuation
of at least 85 db was desired at all
frequencies separated by more than
4 ke from the passband midfre-
quency. This would provide for a
40-db attenuation of adjacent-chan-
nel signals of equal strength in ad-
dition to a possible unfavorable se-
lective fading differential of 45 db
between the two channels.

A piezoelectric erystal such as
quartz acts electrically® like the LC
circuit shown in Fig. 1. For a range
near the resonant and antiresonant
frequencies of this electrically
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equivalent circuit, the crystal pre-
sents a reactance whose variation
is shown by the full-line graph of
Fig. 4. Suppose that two crystals
are so cut that the resonant fre-
quency of one coincides with the
antiresonant frequency of the other.
The reactances of both crystals are
then as depicted by the full-line
and dashed-line graphs of Fig. 4.

Theory

If these crystals be connected in
a bridge circuit similar to Fig. 6,
or its equivalent lattice, Fig. 2, we
have the structure of a simple nar-
row bandpass filter. The dashed-
lines in Fig. 2 indicate lattice arms
of the same type as those actually
shown. In Fig. 6, the dashed-lines
indicate that XX are the two halves
of a single crystal having divided
plating. Likewise for YY.

The bridge circuit of Fig. 6 is
that of a pure reactance bridge.
This will be perfectly balanced
when the reactance between points
1 and 2 of the circuit is equal to
that between 1 and 4 and of the
same sign. The same is true for the
reactance between 2 and 8 and that
between 3 and ‘4. There are two
frequencies at which this will oc-
cur. On Fig. 4, these are desig-
nated feo,, and f c0,, for the attenu-
ation (theoretically) reaches an
infinite value at these frequencies.
Actually, the attenuation will

merely rise to a maximum value,
called an attenuation peak, at each
of the two frequencies of balance
as shown in Fig. 5. As the fre-
quency of an input signal is in-
creased from foo,, toward f,, the
attenuation will continuously de-
crease until it (theoretically)
reaches zero at f,, the series-res-
onant frequency of one of the pairs
of crystals.

For frequencies between f, and
f» the reactances of the two pairs
of bridge arms are at each point of
opposite sign. Hence, signals whose
frequencies lie within this ‘range
will pass through the filter (theo-
retically) with no attenuation. Ac-
tually some attenuation is experi-
enced in this range, the amount
depending on the Q factor of the
crystals and associated circuit ele-
ments. For this reason, character-
istics of the filters developed in this
work are shown as relative attenu-
ation versus frequency rather than
actual attenuation. The region be-
tween f, and f,, as shown in Fig. 5,
is the passband of the filter.

In practice, capacitors C, are
placed in parallel with input and
output terminals of the filter.
Others, Cs, of much smaller capaci-
tance, are connected from input to
output as bridging capacitors.

The parallel capacitors adjust the
separation between resonant and
antiresonant frequencies of the
bridge arms and hence control the
width of the passband. The bridg-
ing capacitors change the shapes of
the reactance graphs of the bridge
arms somewhat, thereby changing
the frequencies at which the two
reactance curves cross where of like
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Table I—Effect of Temperature on Attenuation Characteristic

db Frequency (ke) of Difference Frequency (kc) of Difference
Down Lower Side cps Upper Side cps
2 93.92 93.93 +10 99.890  99.868 —22
6 100.060 100.035 —-25
10 93.58 93.62 +10 100.152 100.127 —25
20 93.41 93.44 +30 100.300 100.278 —22
30 93.29 93.35 +60 100,105 100.360 —45
40 93.16 93.21 +50 100.505 100. 180 —25
Average +38 Average —-27
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sign. Adjustment of the bridging
capacitors, therefore, controls the
frequencies of the attenuation
peaks of Fig. 5.

The resonant and antiresonant
frequencies of a quartz crystal are
separated by only about 0.4 percent
of resonant frequency (for X-cut
crystal). Since, as seen in Fig. 4,
the passband is only double this
amount, some other circuit element
must be introduced if wide pass-
bands are desired. Such an element
may be an inductance placed in se-
ries or in parallel with each crystal
of the circuit. These two types of
connection result in filters having
low image impedance and high
image impedance, respectively.

To avoid stray couplings in the
channel filters herein described, a
reasonably low image impedance
was chosen. This choice called for
a coil to be connected in series with

ELECTRONICS — October, 1948

each crystal of the filter circuit.
The widening of the filter passband
by the use of coils is due to the
fact that their addition produces a
large increase in the separation of
resonant and antiresonant frequen-
cies of the bridge arms and fur-
thermore extends the upper edge
of the passband considerably be-
yond the higher of the two antire-
sonant frequencies of the bridge
circuit, Fig. 9 and 10.

For the passband region, the
image impedance of the filter is
a pure resistance whose value
changes from near zero at the pass-
band edges to a maximum midway
between them. Terminating re-
sistances considerably lower than
the midband impedance are used
in the filters actually built to
secure® a better average impedance
match over the whole passband.

If all the coils used in the wide-

band filter are wound to have equal
resistances, or if supplementary
resistors are inserted to make all
arms of the equivalent bridge cir-
cuit have equal resistances, it is
possible’ to consider these resist-
ances as being brought outside the
bridge circuit proper and incorpo-
rated in the terminating resistors.
This leaves the bridge as a pure
reactance bridge. Under this con-
dition neither the sharpness of the
cutoff at the passband edges, nor
the steepness of the attenuation
characteristic of the filter is im-
paired by the resistances of the
coils inserted in the filter lattice.
Mason® has given mathematical
formulas from which the values of
the circuit components of a filter
section can be computed after cer-
tain constants have been chosen.
These are (1) the frequencies of
the edges of the passband, (2) the

nuz



frequencies of the peaks of infinite
attenuation, and (3) the midband
image impedance of the desired
filter. The formulas refer to the
electrical equivalents of the crystal
filter lattice as shown in Fig. 3
and 8.

A sample 6-kc filter calculation
using the wideband filter formulas,
resulted in the following wvalues.
Chosen

Zy = 2,000 ohms

fa 99.50 ke; /B = 106.70 ke

for= 98.70 ke; [0, = 107 50 ke;

Jois= @

[l

Having obtained the values of
the equivalent electrical compo-
nents of a crystal filter section, the
next step is to transfer the com-
puted series resonant frequencies
f- and f, of the crystals to actual
dimensions of the quartz crystals
themselves. Equations for accom-
plishing this depend upon the type
of crystal cut decided upon.”?

Calculated

Lo =Ly =44 22 mh

Co = 52 84 puf; Oy = 54 .88 puf

Ly =20.73h; Cy = 0.1206 uuf; f» =
100.70 ke

Ly = 18.53h; C; =0 1234 puf: fy =
105 28 ke

The —18.5-deg X-cut crystal had
previously been generally used as
a filter crystal due both to its high
Q and freedom from the trouble-
some face shear mode of oscillation.
However, this cut has quite a large
temperature coefficient of over 20
parts per million per degree centi-
grade.

The +5-deg X-cut crystal with
a width-to-length ratio of 0.35 has
a temperature coefficient of only
about 4 parts per million per degree
centigrade.* Moreover, it is easily
cut from the mother quartz (in-
volving rotation only about the X or
electrical axis). It has the disad-
vantage of having a relatively large
coupling to the face shear mode
when wide crystals are used.

Because of the two advantages
mentioned, the 4-5-deg X-cut crys-
tal was chosen for the present filter

construction. A single-section
channel filter was found to have a
spurious resonance due to the

coupling to the shear mode.  The
response occurred at a frequency
approximately 116 percent of the
passband midfrequency and re-
duced the attenuation to within 11
db of that of the passband itself.
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FIG. 12—A double-seclion 6-kc-channel crystal filter.

Capacitors C, permit fine

adjustment of passband widith, C. fine adjusiment of attenuation peaks, L are
passband widening coils, R, are terminating resistors, R, are interstage impedance-
matching resistors and Y are +5-deg X-cut crystals

When a filter of four sections was
tested, however, no observable indi-
cation of any secondary response
at all was present. This is evident
in the graphs of Fig. 14 and Fig. 15
where the attenuation is 87 db or
greater for all frequencies more
than 1.2 ke (1.1 percent) higher

. " i%ﬁ ;

than the upper edge of the pass-
band. This desirable result was
due to the slight differences . in
crystal frequencies for the four
filter sections resulting from the
choice of different peaks of maxi-
mum attenuation for each section.

By the use of equations given by

Top and bottom views of two-section 6-kec bandpass crystal filter chassis
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FIG. 13—A double-section 20-cycle crystal filter.

Capacitors C, control passband

width, R, are terminating resistors, R, and R, are interstage impedance-matching

resistors and X are -+-5-deg X-cut crystals.

These components are shown in the

illustrations on this page

Atwood * we find for the +5-deg
X-cut erystal that f = 110.5/y" ke.

This equation is strictly accurate
for only very narrow crystals, of
which 9’ is the length. The crystals
were designed to have a width/
length ratio of about 0.35 in
order to secure the +5-deg X-cut

crystal minimum temperature co-
efficient of 4 parts per million per
degree centigrade previously men-
tioned. As X-cut crystals of larger
and larger widths are used, the
crystal  frequency constant de-
creases somewhat from that of a
very narrow crystal.” For a width

Top and bottom views of two-section 20-cycle filter chassis for 100-kc carrier
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length ratio of 0.35 the decrease is
1.8 percent. Hence the equation is
modified for the crystals used in the
present project to
f = 108.5/y" ke

A preliminary study of the effect
of interelectrode and stray capaci-
tances together with midband fre-
quency and bandwidth require-
ments for the 6-kc bandpass filters
dictated the use of very thin crys-
tals. Having chosen a minimum
feasible thickness and a width/
length ratio of around 0.35 the
equivalent motional capacitance of
a sample crystal was found by
measurement of its static capac-
itance together with its resonant
and antiresonant frequencies. Sub-
stitution of this value for C. or C,
in Mason’s equations determined
the image impedance Z, of the
filter. This value of Z, was, there-
fore, used in calculating all the
electrical components of the 6-kc
bandpass filters.

Construction of Channel Filters

To obtain the sharp cutoff and
laree attenuation required by the
specifications, a filter of four sec-
tions was built for each of the 6-kc
c¢hannel  filters. Two shielding
cans were used as containers for
each complete filter, each can con-
taining two filter sections. After
the filter was mounted, dry air was
passed through the can which was
then hermetically sealed.

Each single-filter section consists
of two crystals with divided plat-
ing, two coils in shielding cans, each
equipped with adjustable powdered-
iron cores, two small, fixed, molded-
mica capacitors and a tiny bridging
capacitor. The latter is formed by
two short lengths of bus bar
mounted about l-inch apart on the
bottom of the Bakelite crystal
mounting base.

The circuit of each double-section
filter is shown in Fig. 12. Resistor
R., shunted between the intercon-
nection of each two sections and the
chassis, together with the resist-
ances of the input and output coils,
provides a T pad to serve for inter-
stage impedance matching. Ex-
ternal terminations were used with
each double section filter.

Each series coil is a universal-
wound coil on a 3}-inch-diameter
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FIG. 14—Attenuation characteristic of a

four-section crystal channel filter for
94-39.9 kc
Isolantite form. The coil is

equipped with an adjustable pow-
dered-iron core, and in ‘use is
mounted in the shielding can.

Construction of Carrier Filter

The narrow-band filter for the
100-ke intermediate-frequency car-
rier was much simpler in design
and construction than the channel
filters described above,

Calculated values of the motional
capacitance together with the
chosen theoretical passband width
of 40 cycles, and the chosen fre-
quencies of the attenuation peaks,
determined the value of image im-
pedance.

Here, again, as for the 6-kec chan-
nel filters, terminating resistors of
smaller size than the image im-
pedance were used to give a better
impedance match throughout the
passband. Figure 13 is a schematic
diagram of the wiring of this
double-section narrow-band filter.

Each single section consists
merely of two divided-plating crys-
tals, two small mica capacitors and
the terminating resistors. The
three resistors (at the center of the
under-chassis view) constitute a
pi-type attenuation pad of about 7
db between the two sections. Input
and output terminating resistors
are mounted externally to the shield
can.

Results and Conclusions

Each of the two complete four-
section 6-ke channel filters had an
insertion loss within the passband
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FIG. 15—Attenuation characteristic of a
four-section crystal channel filter for
100.1-106 kc

itself of about 24 db. To compen-
sate for this loss, the filter was fed
from and into vacuum-tube circuits.
The tube supplying the signal to
the input of the filter was a 6J5
used in a cathode-follower circuit
for easy impedance matching. The
output of the filter was fed to a
6SKT7 pentode amplifer. The result
was a gain within the passband of
1.5 db measured from input to
cathode follower to output of the
pentode amplifier. The same type
of tube-circuit arrangement was
used with the carrier filter.

The attenuation characteristics
of the lower and upper channel
four-section crystal filters are
shown in Fig. 14 and 15. The
average characteristics are as
follows: :

Width of passband between
points 2 db down, 5.94 kec; 2-db
point adjacent to carrier, 184 cycles
from carrier, passband flat within
+0.6 db over a bandwidth of 5.73
kc; bandwidth at 85 db down, 8.10
ke; attenuation greater than 87 db
for all frequencies separated more
than 4.17 ke from the passband
midfrequency. Tests of the 6-ke
channel filters at 25C and 50C re-
spectively show a slight narrowing
of the passband with rise in tem-
perature averaging about two-and-
one-half cycles per centigrade de-
gree of temperature change. This
is shown in Table I.

In Fig. 16 are shown two pass-
band and attenuation character-
istics of the double-section carrier
filter. These were measured re-

FIG. 16—Attenuationdrequency charac-
teristic and effect of temperature change
on the 100-kc 2-section carrier filter

spectively at 25C and 50C. A rise
of temperature is observed to cause
the characteristic as a whole to
shift to slightly lower frequencies.
The shift averages only 0.44 cycles
per deg. The bandwidth of the
filter characteristic measured at
room temperature is 16 cycles at a
relative attenuation of 8 db, 22
cycles at 6 db, 86 cycles at 50 db and
180 cycles at 78 db. The latter at-
tenuation is maintained for all
frequencies outside the 180-cycle
band mentioned.
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Tele Service Areas

By JOHN H. BATTISON

Allocations Engineer
American Broadcasting Co., Inc.
New York, N. Y.

HE accompanying charts, based upon FCC
Tassumptions and data, provide a quick
approximation of television service areas for the
5,000 uv per meter (solid line) and 500 wvV per
meter (dashed line) contours. Receiving an-
tenna height is assumed to be 30 feet above aver-
age terrain.

To determine the distance from a channel 2
20-kw transmitter 2,000 feet above average ter-
rain to the 5,000 wv per meter contour, enter the
appropriate chart at the left and follow the
effective radiated power line across to its junc-
tion with the solid curve for 2,000 feet. Then
read off the distance in miles (29 miles, in this
case) from the scale at the top of the graph.
The 500 wv contour from a similar transmitter
would be found at 60 miles, using the dashed line
for height and the lower scale of miles.

Power and antenna height necessary for
desired coverage can also be determined from
the charts.
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Meet MALLORY Midgetrol

The First All New Variable Resistor in Years

[\omn

150

LOW NOISE LEVEL—both mechanically and electrically—stays
quiet, too, even after tens of thousands of cycles.

HIGHER STANDARDIZATION—faster delivery schedules—thanks
to new design.

NEW TERMINALS—you can bend or twist terminals without break-
ing them,

NEW TERMINAL LOCATION—farther away from mounting sur-

face—eliminates need for extra insulation.

These are

the FEATURES

ADAPTABLE TO TELEVISION—voltage characteristics make it
adaptable for television receivers as well as radio sets and all
applications requiring variable resistors.

SAVES SPACE—can be specified where a larger control ordinarily
would be needed.

LIGHT—ideal for portable radio applications.

FLAT SHAFT—for standardization and uniformity in production—
adaptable to any type knob now used.

NEW SWITCH—specially designed to give long, trouble-free life.

This quiet, smooth working control is the first really new
design ‘in years—and behind it are years and years of
Mallory experience and diversified manufacturing facilities
in métallurgy and electronics. You can specify the Midgetrol
with complete confidence. Write today for Technical Infor-

mation Bulletin and Specification Sheet.

PR MALLORY & CO.Inc. CAPACITORS ., . CONTROLS . . , VIBRATORS . ..
SWITCHES . . . RESISTORS , . . RECTIFIERS . . .
VIBRAPACK* POWER SUPPLIES . .. FILTERS

*Reg. U.S. Pat. OF.

APPROVED PRECISION PRODUCTS

P. R. MALLORY & CO,, Inc., INDIANAPOLIS 6, INDIANA
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TUBES AT WORK

Including

INDUSTRIAL CONTROL

Edited by VIN ZELUFF

Airborne Magnetometer

RPM Counter ...................

. Airborne Magnetometer

MEASUREMENTS accurate to one
part in 50,000 of the earth’s mag-
netic field are made with the air-
borne magnetometer developed by
the Gulf Research and Development
Co. engineers and geologists and
recently demonstrated at Westches-
ter County airport. The instru-
ment is currently being used in
prospecting for oil and mineral de-
posits. The odds of finding oil have
been improved from approximately
16:1 to 5:1 by the use of such re-
connaissance tools as airborne mag-
netometers, gravimeters and seis-
mographs. Novel magnetic and
circuit techniques are used in the
magnetometer to obtain its high
sensitivity.

Operating Principle

Geologists have used the corre-
lation between the magnetic field of

the earth at its surface and the
underground rock formations for
many years. For these measure-
ments on the ground, a delicately
balanced instrument was used, but
to survey large or rugged areas
took a great deal of time and effort.

Several difficulties arise if a con-
ventional magnetometer is used in
an aircraft. Accelerations of the in-
strument must be counteracted.
This requirement limits the design
to one having no moving parts. Be-
cause of the speed of motion, the
instrument must be automatically
recording; an operator could not
take readings fast enough in a
plane flying at 120 mph. The mag-
netic fluctuations to be measured
are so slight that they could be
masked by unbalanced magnets and
currents, so the instrument must
be suspended a considerable dis-

In flight, the magnetometer operator at the right makes notations on the magnetic record
of information provided by the semsing unit. At left, an operator checks the shoran
pulses while the flight director corrects the course flown and advises the pilot
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FIG. 1—Magnetometer head depends for
its action on the change in inductance as
the core becomes saturated (A). The pulses
produced by the head are converted to
direct current and combined to give a
signal proportional to the magetic field

tance from the mother plane.

To meet these requirements, a
sensing element of the flux-gate
type was developed, and by 1941
had been perfected sufficiently for
airborne use. During the war the
instrument was used for locating
submerged submarines, for which
application it needed to be sensitive
only to short, intense discontinui-
ties in magnetic field. It has been
further refined to give an absolute
indication and to hold its calibra-
tion. '

Basically the sensing element
consists of two thin cores of
highly permeable alloy on which are
wound two separate coils as shown
in Fig. 1A. The sensitivity of the
element is obtained by exciting
these identical coils with alternat-
ing current (1,000 cps).

As long as the impedances pre-
sented by both coils are equal, the
voltages across the two primaries
will be equal, whether the cores are
saturated or not, because both cores
will become saturated simultane-
ously, although with opposite polar-
ities. However, if the element is
placed in a fixed magnetic field, the
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TUNE IN THE
ELECTRICAL
INSULATION

HEADQUARTERS | f

Because your IMC engineer represents not just one, but
most of the recognized leading manufacturers of electrical in-
sulation—each specializing in his own particular product— his
experience in the insulation field
is more complete. As a specialist

PRODUCTS LIST: Macallen Mica Products
—Vartex Yamished Cloths and Tapes—Varslot
Combination Slot Insulation —Fiberglas Elec-
trical Insulation—Manning Insulating Papers and
Presshoarcs—Dow
Corning Silirones—

] ; ] . ) . Dieflex VYarnished
in electrical msu‘latlfm, he afnd : Tubin g: X S;:um'_
the IMC organization behind ed 5leevings—Na-
him are qualified to . . . . tional Hard Rore and

Fishpaper—Pkenolite

1. Assist you in the selection of MANUFACTURERS CORPORATION Bolcelire 2 abmacel

the best insulating materials
for the job. *CHICAGO 6 g\«f{.

565 W. Washington

Adhesive Tapas—As-
A rcLevelanD 14 beilos Wovan Tapes
B JZ31Esuperior and Skeevings—In-

N Y
RS H o Boulevard oo I aat= ) Ave., N E.
2. Familiarize you with their | = 1_’ e 5 ~ menco Cotton Tapes,
proper application. 312 East Wisconsin W:fdﬁhf\o“ 1315 M;,::.,., Home Webbings, and
B venue Building Sleevings —Fedigree
3. SuggeSt ways to eliminate DETROIT 2: 15 Lawrence Avenwe Insulafi?'l Vurnisghes
waste. *local Stocks Availabie — Wed ggi LR ram

Representatives im:

4. Increase your production. MINNEAPOLIS 3: 1208 Hormon Place PECRIAS: 101 Heinz Court Wcod Wedges.
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Sensing element of the airborne magnetom-

eter and the gimbal mounting for position-

ing the unit parallel to the earth’s magnetic
field

two cores will become magnetically
biased so that one will enter satu-
ration in the direction of the ex-
ternal field before the other enters
saturation in the opposite direc-
tion. Thus there will be a moment
when the two coils do not present
equal impedances.

A short voltage pulse will occur
across a secondary winding (or its

electrical equivalent) because of

the phase shift of the moment of
passing the knees of the magneti-
zation curves of the two cores. For
small external fields, the amplitude
of this pulse is proportional to the
field strength (The Gulf Airborne
Magnetometer, R. D. Wyckoff, Geo-
physics, p 182, April, 1948).

Auxiliary Clreuits

To use such an element in an air-
plane requires several auxiliary cir-
cuits. Figure 1B shows the detector
circuit with which the pulses are
picked off the sensing element by a
differential transformer and con-
verted to direct current by cathode
followers. By design of the sensing
circuit and coupling transformer,
sufficient voltage is obtained at the
input to the differential cathode-
follower circuit so that no subse-
quent amplification is necessary.

Because of the permeability of
the cores of the magnetometer
head, the unit is saturated by rela-
tively weak fields. To prevent sat-

uration and also to provide a range
(continued on p 140)
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THE FRONT COVER

LECTRONIC EQUIPMENT mounted in the nose of this P80 jet
E fighter permits the operation of all flight controls by radio
from the ground during takeoff and landing and within easy radar
range of the field. On longer flights control may be taken over by
a mother plane.

Principal use planned for this drone is the conducting of tests
considered too hazardous for a pilot to undertake, such as power
dives requiring pullout at speeds no human can withstand. Tests of
this nature are scheduled to take place at Muroc Air Force Base
in California in the near future.

Space normally occupied by the engine in conventional ships con-
tains, in this case, about three times as much equipment as that
visible in the accompanying photograph. It includes an f-m trans-
mitter and receiver, telemetering and television equipment.

A television camera monitors an instrument panel set up in the
forward portion of the nose. The panel contains the attitude gyro,
airspeed indicator, altimeter, tachometer, magnetic compass, accel-
erometer, elevator trim tab position, correlating counter, dive flap
down light and fire warning light.

Four motion picture cameras in the plane are started and stopped
by remote control. One is in the cockpit to photograph the regular
instrument panel, one alongside the television camera in the nose
and two mounted in the fuselage to photograph either wing tip.

The correlating counter on the instrument panel in the nose is
used, along with pips entered at intervals directly on movie film in
each camera, to correlate all movies with the plane’s actions at a
given moment and also with a fifth camera photographing the tele-
vision receiver screen in the truck. By use of television, the plane
can be flown by remote control from inside the truck, except for
take-off and landing.

Pictured testing the electronic equipment is civilian radio-control
engineer Richard W. Hill, of the instrumentation section of the
Flight Test Division at Air Materiel Command headquarters,
Wright-Patterson Air Force Base, Ohio. U. S. Air Force photo by
CWO Stephen P. Mongelluzzo.
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Pick the rpower you need

take the performance for granted

Ample power capacity for the

great majority of applicanons;-
plus peak performance. Frequ;:es
cy range 65 to 10,800 clyc“ ir;
Coverage angle 60°. 10%4

diameter, 3%4" deep. Enclosure

space 214, cubic feet.

30 WATTS

728B

Ideal for use wherever extra
high power is needed. Frequen-
cy response GO to 10,000 cycles.
Coverage angle 50° 12 11/32”
in diameter, 3 25/32" deep. 3
cubic feet of enclosure space.

THESE THREE direct radiators will meet practically
all your requirements—in broadcast stations, wired
music, program distribution and sound systems, high-
quality home radios and record players. Pick the ones
you need on the basis of power requirements. You’'ll
find superior quality of reproduction in all of them.

Get the full story of this Western Electric line from

your local Graybar Btoadcast Representative—or write
Graybar Electric Company, 420 Lexington Avenue,

New York 17, N. Y.

DISTRIBUTORS: IN TBE U S. A. —
Graybar Electric Company.
IN CANADA AND NEWFOUNDLAND—
Northern Electric Company, Ltd.
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Edited by FRANK ROCKETT
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Magnetié; Field Patterns Shown by Electron Microscope

EXTENSION of the experimental
method adapted at the National
Bureau of Standards for visually
studying magnetic fields provides a
powerful means for investigating
space-charge fields, fields produced
by contact potentials, configurations
inside waveguides, and the micro-
structure of metals. The method,
developed by L. L. Marton, is the
electronoptical analogy of the Sch-
lieren effect in optics. By it, static
magnetic and electric fields can be
examined without the disturbing
effects of probes; it is being used
to measure the magnetization of
wire used for sound recording and
for storing data to be used by elec-
tronic computers.

Dark-Field Image

Figure 1A shows an image pro-
duced by the modified electron mi-
croscope used in the quantitative
study of magnetic fields. The elec-
tronoptical arrangement by which
this image is produced is shown in
Fig. 1B. Electrons from source A
are normally brought to a focus by
lens C at point D. However, if
there is a disturbing field at B such

as a magnetized wire, it will distort
the electron trajectories so that a
dark image of the obstruction will
be formed on screen E placed in the
conjugate plane. The lens will also
bring to focus on this plane an
image of the disturbing field. A
stop intercepts the undisturbed
electrons focused at D. The dark-
field image at E is made visible by
a fluorescent screen or is recorded
as a micrograph. Figure 1C is an
approximate picturization of the
action involved.

Figure 2 shows the image pro-
duced when a presaturated thin
laminar steel sample with a feather
edge is placed in the electron micro-
scope between the source and the
lens. The objective lens was slightly
misaligned in making this picture
to bring one edge of the objective
parallel to the observed edge. In this
way the direct rays were inter-
cepted by the objective aperture,
only the electrons scattered at the
edge of the specimen reaching the
final image plane to form the
image. The faint pattern at right
angles to the edge of the bright
line, visible wherever the line is in-

(B)
S;S%I;FEON /o ,~MAGNETIZED WIRE
5 [ BRIGHT 1MAGE OF

1
MAGNETIC FIELD '\
A80UT WIRE DE-  °
FLECTS ELECTRONS '\

A}

FIELD OF MAGNETIC DARK IMAGE

LENS FOCUSES ) OF WIRE
ELECTRONS ]

FLUORESCENT
©) SCREEN

FIG. 1—(A) Opposite polarities of adjacent
magnetized regions on both sides of a wire
deflect electrons of microscope to produce
bright semicircles on a fluorescent viewing
screen. The optical system (B) intercepts di-
rect rays unaffected by field of wire as
shown by solid lines: dashed lines show
how field of wire is focused on screen by
same lens. An approximate perspective
drawing (C) shows paths of deflected elec-
trons. This electron analogy of the optical
Schlieren effect adds another type of ob-
ject, namely fields. that can be observed in
electron microscopes

terrupted, is assumed to be due to
the fringe field of ferromagnetic
domains or of grain boundaries. In
this way a visual representation of
fringe fields from the small
domains of spontaneous magnetiza-
tion in ferromagnetic materials is

FIG. 2—Micrograph made with modified electron microscope of the fringe field along the edge of a steel sheet indicates that
magnetic domains or grain boundarles are a few microns apart (magnification about 50,000 diameters)
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Radio frequency circuit design often requires the ac-
curate measurement of Q, inductance, and capacitance
values. For this application, the 160-A Q-Meter has
become the universal choice of radio and electronic
engineers throughout the country.

Each component part and assembly used in the manu-
facture of this instrument is designed with the utmost
care and exaciness. Circuit tolerances are held to values
attainable only in custom built instruments.

Consider, for example, the Q tuning capacitor as-
sembly of the 160-A Q-Meter, specially manufactured
for maximum range, low loss, and minimum residual
inductance. The ultimate design of this unit was reached
only after months of intensive engineering research to
produce the finest in performance, quality, and work-
manship.

This is but one of the many desirable features of the
160-A Q-Meter which contribute to its outstanding ac-
curacy and dependability.

Be sure to include the 160-A Q-Meter in your new
equipment plans for 1948.

Write for Catalog “E"

BOONTON “RADIO

7
)( ’l‘({ Ll '/(’
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160-A Q-METER
50 KC. to 75 MC.

Shown above is the Q tuning capacitator assembly of the 160-A
Q-Meter. Note the following design features of this unit—features
which insure reliable, trouble-free operation.

A. Parallel connection of dual rotor and stator assemblies minimizes
internal inductance and resistance.

B. Spring silver fingers contact both sides of silver disc to provide
low series resistance.

C. Three point pyrex ball stator suspension reduces losses and permits
accurate stator alignment.

D. Four point panel mounting designed to produce maximum structural
rigidity and capacitance stability.

E. Precision-cut brass spur gears and stainless steel shafts, mounted
in oversize bearings, assure long, trouble-free service.

F. Common stator mounting for main and vernier stator plates reduces
loss and internal series resistance of vernier capacitor section.

G. Positive shaft stop protects main rotor assembly and gears against
mechanical overload.

SPECIFICATIONS

Oscillator Frequency Range: 50 ke. to 75 me. in 8 ranges.
Oscillator Frequency Accuracy: =1%, 50 ke.—50 me.

*=3%, 50 me.—75 me.
Q Measurement Range: Directly calibrated in Q, 20-250. *“Mul-
tiply—Q—By'" Meter calibrated at intervals from x1 to x2, and also
at x2.5, extending Q range to 625.
Q Measurement Accuracy: Approximately 5% for direct reading
measurement, for frequencies up to 30 me. Accuracy less at higher
frequencies.
Capacitance Calibration Range: Main capacitor section 30-450 mmf,
accuracy 1% or 1 mmf whichever is greater. Vernier capacitor
section +3 mmf, zero,—3 mmf, calibrated in 0.1 mmf steps. Ac-
curacy =0.1 mmf.
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obtained from which the field dis-
tribution and domain sizes can be
computed.

The Eriscope Camera Tube

By Boyp FrANCE

McGraw-Hill World News
Paris, France

HIGH RESOLUTION AND SENSITIVITY
are obtained in the French tele-
vision camera tube called the eri-
scope. Like the image orthicon,
this tube separates the functions of
forming and scanning the image.
Comparative tests of the eriscope
and the image orthicon conducted
at the Zurich Polytechnical School

Like image orthicon, formation of electrical
image and scanning are separate operation
in eriscope; signal is amplified externally

indicated that the eriscope had the
greater resolution; it produced
sharper images with greater tonal
range and haltfone definition and
less spotting. All tubes now com-
ing from the production line of the
Society Radio Industrie de France
have a definition of 800 lines, some
are capable of 1,000 lines. All these
tubes being made currently are for
the state television company. The
tests also showed that the image
orthicon is the more sensitive. For
picking up outdoor scenes with the
eriscope, 100 lux is sufficient. Under
artifical light it is necessary to in-
crease the illumination to 500 lux
because the tube is less sensitive to
red than to blue light.

Forming and Scanning the Image

By separating the functions of
converting light images into elec-
trical ones and of scanning the elec-
trical images, the elements of the
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camera tube can be designed inde-
pendently for maximum efficiency.
The transparent photosensitive
cathode, whose position is shown in
the accompanying diagram, is an
alloy of cesium and antimony. The
optical image is formed on the in-
terior surface of this cathode thus
emitting electrons in proportion to
the incident photons. These elec-
trons are accelerated by an anode
at 500 volts above the photocathode,
the two electrodes forming a di-
vergent lens for the electrons. A
magnetic focusing coil gives the
electrons a trajectory such as that
shown in the diagram.

In this way the optical image has
been converted into an electrical
image, which in turn has been
focused on the scanning target at
the far end of the tube. The target
is a semiconductor made of a sheet
of mica coated thinly with metallic
cesium. The electrons from the
photocathode form an electrical
image on this target corresponding
to the optical image. The target is
then scanned by a beam of electrons
from an electron gun in the arm of
the tube. This beam is magnetic-
ally focused to a spot whose size
determines the resolution of the
tube, and is magnetically scanned

ACCELERATING

RETURN BEAM
ANODE Y| ]

- : 190 MM
s &
= .
oByECT .7 J A &
PHOTO- e y ‘MICA WITH

O e /g .| CESIUM
SENSITIVE P \ \ COATING

CATHO 4 !
PE eLectron |\ 1

MAGNETIC GUN |\ 'SCANNING BEAM
FOCUSING  FOCUSING 'DEFLECTING COIL
corL o

Because image target has no mosaic, reso-
lution is only limited theoretically by focus
of scanning beam

over the image on the target.
With a beam 0.10 millimeter in
diameter it is possible to obtain
a definition of 400 lines using an
80 square millimeter target. Higher
resolutions are obtained by finer
focusing.

The beam is charged to the same
potential as the target. As it
reaches the target, electrons are de-
flected from it in proportion to the
surface charge of the target. These

deflected electrons are picked up by
an anode on the surface of the tube
producing the output signal, which
is amplified externally. The unde-
flected portion of the beam momen-
tarily erases the target image.

The Miller F-M Circuit and

Its Use in Railroad Radios

By P. L. BARGELLINI
Florence, Italy

THE INCREASING DEVELOPMENT of
communication systems using fre-
quency or phase modulation has
stimulated the invention of several
forms of modulators. In practical
use these modulators suffer from
poor carrier stability or great com-
plexity in their stabilizing circuits,
and limited ranges of linearity. Be-
cause of inadequacies in the react-
ance-tube modulators being used in
experiments with railroad radio-
phones, especially: microphonics in
the reactance tube, another type of
frequency modulation circuit was
devised.

Miller-E ffect Modulator

Important properties of a fre-
quency modulator are: (1) iner-
tialess linear frequency controlling
element, (2) simple production and
injection of voltage for stabilizing
carrier frequency, and (3) stability
in the presence of mechanical
vibration. Requirement (1) calls
for an electronic modulating ele-
ment of considerable simplicity.
(The reactance tube suffers from
the fact that it can never be a pure
reactance, always having some
residual resistance.) Requirement
(2) is more simply satisfied if the
frequency modulation is produced
directly rather than indirectly as in
some systems. A triode more ade-
quately fills requirement (3) than
a multigrid tube.

The means taken to meet these
requirements is shown in Fig. 1A.
By it, a pure reactance can be in-
jected into the oscillatory circuit.
The quadrature current is simply
obtained from the grid-cathode
space current of a triode that is
excited by the controlled resonant
L-C circuit and that has a purely
resistive load. Analysis of the cir-

(continued on p 186)
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Special
silver layer
gives low-loss
high conductivity
electrode
surfaces

Special
ceramic body
gives low losses
under R.F.
load

Tag electrode
soldered to outside
silver layer gives

aven current
distribution

Glazed sheds
give ample
flash-over path
in all conditions
of humidity

Heavy
rod with double
spider mounting gives

Aero-dynamic
shape gives improved
ceoling, particularly

with forced
draught

connection to
inside silver
layer

UNITED INSULATOR CO.
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-Leosae LAPACITORS

Designs registered U.S.A., U.K. and other territories.

for R F MHeaters

and Transmitters

U.1.C. of England, pioneers in the manufacture of
Ceramic Transmitter Capacitors, are foremost
in the application of aerodynamic principles to

capacitor design. The new aerodynamic shape

of U.I.C.

cooling in still air.

“ Hi-Load > Capacitors gives optimum
With forced draught their
high R.F. ratings can be multiplied. All three
types of mounting assist cooling and cater for a
variety of applications, such as single stand-off

tag fitting, parallel and series banking for very

TAG large powers, and lead-through types for
MOUNTING
T:,:,TE anode by-pass.
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NEW PRODUCTS

Edited by A. A. McKENZIE

New equipment, components, tubes, testing appa-

ratus and products closely allied to the electronies

field. A review of catalogs, handbooks, technical

bulletins and other manufacturers’ literature

Polystyrene Capacitors

SoLAR MFG. Corp., 1445 Hudson
Blvd., North Bergen, N. J., now
has available a complete line of
polystyrene-film dielectric capaci-
tors. Typical applications include

timing and integrating circuit ca-
pacitors,

r-f padding capacitors

and coupling capacitors in ex-
tremely high-gain amplifiers. Com-
plete list of standard ratings is
given in catalog bulletin SPD-600.

Klystrons

RADIO CORP. OF AMERICA, Harrison,
N. J. First of a line of Klystron
tubes for use in microwave relay

equipment are types 2K26 and
2K25. These tubes can be used both
for transmission and reception,
serving as local oscillator in the
latter service.

Conical Antenna

TELREX INC., 26 Neptune Highway,
Asbury Park, N. J. Model 4XTV an-
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tenna gives conical performance
without the bulk of solid spinnings.
It features gain, bandwidth and
resolution.

Impedance Meters

SPERRY GYROSCOPE Co., Great Neck,
N. Y., announces a series of nine
instruments for determining im-
pedance by measuring standing
wave ratios and node positions in
microwave

transmission  lines.

They can also measure relative
power, attenuation and wavelength
in the line. Accuracy is 2 percent

for 650 to 40,000 mc. Catalog sheets
are available.

Molded Transformer Cores

STACKPOLE CARBON Co., St. Mary’s
Pa. Cores are available for hori-
zontal deflection and flyback trans-
formers. Two standard types

are available. Type 10034 is a
large rectangular unit with sliding
hub designed for universal use with
any television tube. A smaller spool
type 10748 is recommended for
tubes smaller than 10 inches where
space is at a premium.

F-M Tape Recorder

AMPEX ELECTRIC CORP., 125 How-
ard Ave.,, San Carlos, Calif. De-

signed expressly for f-m broadcast
service, the new Ampex tape re-
corder has a response within plus
or minus 1 db between 30 and 15,-
000 cycles as well as other features
designed for Broadcast facility.
Tape speed is 30 inches per second
and the unit has a time capacity of
35 minutes.

Keyboard Oscillator

WEINSCHEL ENGINEERING C0., Dept.
E, 123 William St., New York 7,
N. Y. This stable oscillator with
low distortion is of the resistance-
tuned type using negative feed-
back. Pushbuttons on the panel pro-
vide frequency variation. The unit
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Type No.

Remorks

HEATER CATHDDE Types

CK5702 /CK605CX
CK5703 /CK6@8CX
CK5704 /CK06BX
CK5744/CK619CX
CK624CX

FILAMENTY Typ:s
2€31-32
2E35-36
2E41-42
2G21.22

RKé&1

CK502AX
CK503AX
CK505AX
CK506AX
CK510AX

CKS12A%
CK522AX
CK523AX
CK524AX
CK525A%
CK526AX
CK527 AX
CK529AX
CKSSTAXA
CK553AXA
CK5672
CKS5676/CKS56 A%
CK5677 /CK568A>
CK5678/CK569A>
CK5697 /CK572A%

CK571 A%

K ® RK

®

Characteristics of 6AKS
Triode UHF Oscillator, % watts at 500 Me
Diode, equivalent to one-half 6ALS

Triods High my.

Characteristics of 6A56

RF Pentode for pocket radio

Output Pentode for pocket radio
Diode Pentode for Pocket radio
Triede Heplode for pocket radio

Gos Triode, Exp. Radio Controi
Output Pentode

Output Pentode

Voltage Amp. Pent,

Outpu! Pentod's

Double Space Charge Tetrode Ampiifier

Low micraphonic voltage amplifier
Output Pentode 20 ma. fitament
Output Pentode

Ovutput Pentode

Output Pentode

Output Pentode

Output Pentode 15 mo filament
Shielded Ovutput Pentode

Diode Pentode

RF Pentode

Output Pentode

Triode, UHF Oscillator for radio use
Triode, UHF Oscillator for radio use
RF Pentode

Electrometer Triode Max. 9rid current
S5x1013 amps,

10 mo. filament electrometer rube,
19=2x10-13 gps,

Maximum
Oiameter
Inches

0.400
0.400
0.315
0.400
0.400

0.309x0.400
0.293x0.390
0.290x0.390
0.300x0. 400

0.550
0.285x0.385
0.285x0.385
0.285x0.385
0.28520.385
0.285<0.410

0.28520.385
0.285,0.385
0.285x0.385
0.285x0.385
0.285x3.385
©0.285x),385
0.285x0.385
3.290x0.390
J.300x0. 400
0.300xC.400
©.285x0.385
©.300x0. 400
C.300x0.400
C.300x0.400

C.285x0.410

0.285x0.410

SPECIAL TUBE SECTION
e T £ TUBES + MICROWAVE TUBES
RECEIVING TUBZS * SUBMINIATURE TUBES * SPECIAL PJRPOSE ]
RADIO 2
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Maximum
Length
Inches

)
.5
.5
1.5
.5

.56

Filament
O Heater
Voits Ma.
6.3 200
6.3 200
6.3 150
6.3 200
6.3 200
1.25 50
1.25 30
1.25 30
1.25 50
1.4 50
1.25 30
1.25 30
0.625 30
1.25 50
0.625 50
0.625 20
1.25 20
1.25 30
1.25 30
1.25 20
1.25 20
1.25 15
1.25 20
1425 30
1.25 50
1.25 50
1.25 120
1.25 60
1.25 50
0.625 20
1.25 10

‘ Y
RAYTHEON MANUFACTURING COMPAN

Mutval
Conduyct-
ance
Umhos
5000
5000

4000
3200

500
385
375

75
conv. cond,

550
550
38t

1501
both units

37t
450
30
300
325
400
225
275
235
550
625
1600
650
1100

1.5¢

1.6t

Characteristics of Representative RAYTHEON Subminiature Tebes

Pow er

Output

MY

1.2

6.0
9.5

25.0

1.2
2.5
2,2
2.2
3.75
0.75
1.2

60.0

Voltage Gain {times)

TYPICAL OPERATING CONDITIONS

Plate
Voits Ma.
120 7.5
120 9.0
150ac 9.0
250 4.0
120 5.2
22.5 0.4
22.5 0.27
22.5 0.35
22.5 .20
45.0 1.5
45.0 0.6
45.0 0.8
22.5 0.125
45.0 1.25
45.0 0.06
22,5 0.125
22.5 0.30
22.5 0.30
15.0 0.45
22.5 0.25
22.5 0.45
22.5 0.10
15.0 0.20
22.5 0.17
22.5 0.42
87.5 2.75
135.0 4.0
135.0 1.9
67.5 1.8
12 0.22
10.5 0.20

Screen
Volts Ma.
120 2.5
120 3.5
22.5 0.3
22.5 0.07
22.5 0.12
22.5 0.3)

Special Circyit

45.0
45.0
22.5
45.0

67.5

0.15
0.25
0.04
0.4¢

0.04
0.08
0.075
0.125
0.06
0.12
0.025
0.05
0.043
0.13
1.0

Grid
Volts
-2.0
=-2.0

=2.0
-2.0
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can be used as a signal source for
distortion or bridge measurements,
and alsc as an interpolation oscil-
lator. Frequency range is from 1
cycle to 100 ke.

Capacitance Bridge

GENERAL Raplo Co., 275 Massachu-
setts Ave., Cambridge 39, Mass.
Type 1611-A capacitance test bridge
measures over the range 1 uuf to
10,000 pf. Accuracy of =+ (1 per-
cent 4+ I wpf). Dissipation factor
range is 0 to 60 percent. Frequency

of the test voltage is 60 cycles. A
feature of the bridge is the zero-
compensating circuit that balances
out the initial capacitance and dis-
sipation factor at zero setting of
the dials.

Variable Waveform
Generalor

CENTRO RESEARCH LABORATORIES,
Briarcliff, N. Y. The variable wave-
form generator is an audio genera-
tor whose output waveform is built
up by addition of a fundamental
wave and four sequential harmon-
ics. The harmonics are precisely
synchronized and variable over 360

134
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degrees. Level of the fundamental
and of each of the harmonies is in-
dependently variable,

Rodent Control

LFC Corp., 65 Broad St., Rochester
4, N. Y. The Guard consists of a
metal case housing a framework
that supports electronic unit, motor
for driving the electrocuting arms,
mirrors for the light system, and
other eomponents. In action, the
unit is placed over a rat run and is
actuated by breaking of a light
beam by a passing animal. It is

B

P
i

£

gently squeezed, electrocuted, and
ejected to the side. Total death
cycle is about 2% minutes.

Visual Alignment Generator

PHiLco Corp., Philadelphia, Pa.,
Model 7008 is a new visual align-
ment generator equipped with erys-
tal-diode high-frequency probe for
use in examining the response curve
of individual stages and the 4.5 mec
video trap. It can also be used to
obtain correct termination of r-f
transmission lines or measure
standing wave ratio.

Portable Tape Recorder

WEBSTER ELECTRIC Co., Racine, Wis-
consin. The Ekotape recorder and
reproducer uses magnetic tape with
a fast forward speed and fast re-

wind. It is equipped with an 8-inch
speaker and an oversize motor with
high inertia flywheel. Motor drive
and capstan operate continuously
so that tape starts and stops instan-
taneously.

Electronic Thermostat

SPENCER-KENNEDY LABs., INC., 10
Follen St., Cambridge, Mass. Model
400A bridge-controlled thyratron
thermostat is designed for use with
furnaces, molds, chemical baths,
ovens, and similar devices. Two
types of control are possible, by
means of a resistance thermometer,

ETEE R Y

or by change of resistance of the
heater winding itself. Tempera-
tures from 20 to 1,200 C can be
maintained to an accuracy of plus
or minus 0.1 C when a resistance
thermometer is used.

Projection System

Rapio Corp. OF AMERICA, Camden,
N. J. Model TLS-86 is a reflective
optical projection system employ-
ing an all-electronic tuning system.

M e ey 2

e e
e S '

Life-size pictures for large audi-
ences are then projected either on
a reflective-surfaced opaque screen
or on a translucent sereen.

Television Signals

TELEQUIP RADIO Co., 1901 South
Washtenaw Ave., Chicago 8, Ill. A
combination sync generator, mono-

(Continued on p 206)
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PRICES .o AUDIODISCS

A Statement On Our Phruce Policy

As of September 1st, aluminum prices are
again increased. This means higher cost for the
principal raw material used in the manufacture
of AUDIODISCS. In fact, the cost of the
aluminum base has always been the main item
in the cost of production. Thus, any increase in
aluminum prices is of major importance.

But beyond the cost of raw materials and
labor there is a basic factor which determines the
cost of manufacturing professional recording
discs. This factor is the extent to which the
particular process of manufacture enables the
producer to turn out a large proportion of first
quality discs. There are several methods of
production used. None of these will give anything
like a 1009, yield. It is, however, obvious that
as the percentage of yield increases there is a
resulting drop in the average cost of aluminum,
lacquer and labor.

Fortunately, our patented, precision-machine
process—now used for over a decade and con-
tinuously improved—gives a more consistent
yield of high quality discs than any method of
production now used. And we have tested every
other process in use.

So our position with respect to the present
increase in aluminum prices is this:

1. We are not increasing prices of AUDIODISCS
as of September 1st.

2. We shall make every effort to absorb this new
aluminum price raise and thus continue our
prices at the present level. Our calculations
indicate that with some improved efficiency,
now under way, and continued large volume
production, we shall be successful in this hold-
the-price effort.

Audiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S.A.R.L., Paris.

ELECTRONICS — October, 1948

Audio Devices, Inc., 444 Madison Ave., N.Y.C.

ExrorT DEPT: ROCKE INTERNATIONAL, 13 EAsT 40TH STREET, NEW YORK 16, N. Y.
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NEWS OF THE INDUSTRY F.

Edited by JOHN MARKUS

Australia’s rural radiophone; course

in automatic control; radio net for

India planned; radio license increase

West Coast IRE Convention

THE PROGRAM of technical sessions
of the IRE West Coast Convention
to be held September 80 to October
2, 1948, at the Hotel Biltmore, Los
Angeles, Calif., has been announced
as follows:

Thursday, Sept. 30

00 P.M. to 4:45 P.M.—Chairman—
Bernard Walley of RCA Victor, Los
Angeles:

A Low Cost Program Switching System,
by I. Gifford and A. Chesney of
Langevin.

Antenna Input Systems for Television
Receivers, by D. E. Foster of Hazeltine
Research, Inec., California,

Operation of AM Broadcast Transmit-
ters into Sharply Tuned Antenna Systems,
by W. H. Doherty of Bell Telephone Lab-
oratories, Whippany, N. J.

1:15 P.M. to 4:45 P.M.—Chairman—A. R.
Willson of Boeing Aircraft Company,
Seattle:

The Outlook for Electronic Computers,
by J. L. Barnes of the University of Cali-
fornia at Los Angeles.

Input and Output Equipment for Elec-
tronic Computers, by C. H. Page of the
Bureau of Standards.

Electronic Techniques Applied to Ana-
log Methods of Computation, by D. G.
McCann, C. H. Wilts, and B. M. Locanthi.

Design and Use of the Reevac, a Gen-
eral Purpose Electronic Digital Computer ;
by Dr. Herbert Zagor of Reeves Instru-
ment Corporation, New York City.

§:00 P.M. to 10:30 P.M.—Audio Sym-
posium — Chairman — E. S, Naschke,

Chairman Sacramento Section IRE.

Friday, Oct. 1

00 AM., to 11:40 A M.—Chairman—
ORA. Steele, Chairman Portland Section
IRE:

A New Type of Direct Reading R. F.

©0

Final details for West Coast IRE Conven-
tion are discussed by L. W. Howard (left)
president of Triad Transformer and West
Coast Electronics Manufacturers president,
Robert L. Sink (standing) of Consolidated

Engineering, and Convention chairman
Loyd Sigmon, chief engineer at KMPC

Phase Meter for Low Level Signals, by
M. K. Goldstein of Naval Research Lab-
oratory.

The Determination of the Shunt Re-
sistance of Cavity Resonators by Means
of an Electrical Network Analyzer, by
F. W. Schott and K. R. Spangenberg of
Stanford University .

A Method of Obtaining the Product of
Two Voltages, by M.A.H. El-Said. Paper
presented by D. E. Sinclair of General
Radio.

Propagation Measurements at High
Radio Frequencies over Flat Desert Ter-
rain, by J. P. Day and L. C. Trolese of
Naval Electronics Laboratory.

2:30 P.M. to 5:15 P.M.—Chaix-man.—L. E.
Reukema of University of California,

RMA

Erncst Scaeing

Ray H. Manson E. A&, Nicholass

H. C. Bontig

H.C. Mattes  Thos. A. Whitc  Ray F. Spareow

K. ) Hotteman Herdert W. Cloug S. lasull, Je,

o ok o e £ 5 o
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3. 1 Kahn
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A. Blumcnkrantz  John W. Geaig
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G. M. Gardner
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R. E Carison
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W.J. Barkley
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Lestie F. Muter
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W.R. G Bsker
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Max F. Balcom
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THE [lloto “"HANDIE-TALKIE’ UNIT IS

g

| SMALLER, LIGHTER,
BECAUSE...

'I;m Motorola “Handie-Talkie” unit has a range
in excess of tico miles. Yet it weighs less than ten
pounds; overall dimensions are only 107 by
1255” by 313"

An important factor in the smallness and
lightness of this cfficient unit is the use of two
Sylvania Germanium Diodes in the receiver
discriminator circuit. These diodes not only
eliminate extra tubes, but, by reducing current
drain, permit the use of smaller, lighter hatter-
ies. Motorola’s own estimate of the difference il
tubes were used instead: 10% increase in size,
15 to 20% in weight!

Perhaps vou too, like Motorola and many
others, can simplify the design of vour equip-
ment —or improve its performance —through
the use of Sylvania Germanium Diodes. Start
vour planning by getting our literature.

A

o ————————————ha - o wmn e -y
; ; i Sylvania Electric Products Inc. |
: 1 Electronics Division, Dept. E-1010 |
| 500 Fifth Avenue, New York 18, N. Y. 1
i Gentlemen: i
| Please send me your literature on Germanium Diodes and 1
] Duo-diodes, including the new series of Engineering News |
i Letters showing their applications in television circuits. 1
s / i I am also interested in receiving literature covering applica- 1
i tions of your other products in the field of (check one):
i [ Cemmunications [1 Radar and Microwaves |
I ] Radioactivity [ Industrial Electronics =
( ] Name I
| Position I
1  Company 1
ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES; PHOTOLAMPS; | S Add |
FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS I treet ress I
i City.. Zone # ... State.... I

ELECTRONICS — October, 1948
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Berkeley, Chairman San Francisco Sec-
tion IRE:

Signal to Noise Ratios of Linear De-
tectors, by R. H. Del.ano of Hughes Air-
craft Co.

A Mass Spectrometer Designed for In-
dustrial Use, by C. E. Berry, R. L. Sink,
and Carl Spaulding of Consolidated Engi-
neering Corp.

Problems in the Design of Mégawatt
Output Klystrons for Pulsed Operation,
by Marvin Choderow and E. L. Ginzton of
Stanford University.

Application of Microwave Spectroscopy
to Determination of Interatomic Distances
in Molecules, by D. K. Coles of Westing-
house Research Laboratory.

Saturday, Oct. 2
9:00 AM. to 12:00 Noon—Chalrman—

C. N. Tirrell, Naval Electronics Labora-

tory, San Diego; Chairman San Diego

Section IRE:

Systems Engineering Aspects in Mili-
tary Communications, by W. S. Marks of
U Signal Corps Laboratories, Fort
Monmouth,

The V.H.F. Omnidirectional Range, by
C.A.A, Radio Development Division rep-
resentative, R. E. McCormack.

Design of a Radar Set for Commercial

Airlines, by F. G. Suffield, consulting engi-
neer,

Design of Antennas for Optimum Di-
rectivity, by T. T. Taylor of Hughes Air-
craft Co.

Band Width Reduction in Communica-

%ion Systems, by W. G. Tuller of Melpar,
ne,

Television for Australia

TELEVISION ISN’T QUITE Down Under
vet. The Commonwealth Postmas-
ter General has invited bids for two
experimental television transmit-
ters, one each for Sydney and Mel-
bourne. These would bring a third
of Australia’s population within
line of sight.

A home television set with a 9-
inch screen could be produced by
Philips’ Australian branch plant in
about a year for $325, a spokesman
of the company stated. But before
the sets can be built, the govern-
ment must promulgate transmission
standards.

There is every indication that
both television and f-m are to be a
state monopoly; a-m radio is not
completely nationalized yet, and a
large number of commercial sta-
tions remain in operation.

Short-Wave System
for East Africa

CONSTRUCTION WORK has begun on
the first of 48 Marconi shortwave
transmitters to be installed in East
Africa to provide ground-to-air

(Continued on p 258)
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MEETINGS

SEPT. 27-29: FM Association
Second Annual Convention,
Sheraton Hotel, Chicago, Ill.

SEPT. 27-OCT. 1: Third National
Plastics Exposition, Grand
Central Palace, New York.

SEPT. 30-OCT. 2: Pacific Elec-
tronic Exhibition and IRE
west coast Annual Conven-
tion, Biltmore Hotel, Los An-
geles, Calif.

Ocr. 4-7: 53rd annual meeting
of International Municipal
Signal Assn., Ine., Hotel
Statler, Buffalo, N. Y.

Ocr. 5-7: AIEE Middle-Eastern
gistrict Meeting, Washington,
. C.

Ocr. 7-9: Second joint meeting,
URSI and IRE, National Bu-
reau of Standards, Washing-
ton, D. C.

Oct. 12-16: Fifth National
Chemical Exposition, Coli-
seum, Chicago, Ill.

Ocr. 18-22: AIEE Midwest Fall
General Meeting, Hotel
Schroeder, Milwaukee, Wis-
consin.

OcT. 23-29: Annual convention,
American Society for Metals,
Benjamin Franklin Hotel,
Philadelphia.

Ocr. 25-28: Annual Fall meet-
ing of the Institute of Metals,
Division American Institute

of Mining and Metallurgical
Engineers, Hotel Adelphia,
Philadelphia.

Ocr. 25-29: National Metal Ex-
position, Commercial Museum
and Convention Hall, Phila.

Ocr. 25-29: Annual Convention,
American Welding Society,
Bellevue-Stratford Hotel,
Philadelphia.

Ocr. 25-29: 64th semiannual
convention, Society of Motion
Picture Engineers, Hotel
Statler, Washington, D. C.

Ocrt. 27-28: Annual Convention,
Society for Non-Destructive
Testing, Hotel Adelphia, Phil-
adelphia.

Nov. 4-6: National Electronics
Conference, Edgewater Beach
Hotel, Chicago.

Nov. 8-10: Twentieth Rochester
Fall Meeting of members of
IRE and RMA Engineering
Dept., Sheraton Hotel, Roch-
ester, N. Y.

Nov. 29-Dec. 1: Conference on
electronic instrumentation in
nucleonics and medicine, spon-
sored by IRE and AIEE, En-
gineering Societies Building,
New York City.

Nov. 29-Dec. 4: 18th National
Exposition of Power and Me-
chanical Engineering, Grand
Central Palace, New York.

PLASTIC BOMBPROOF FOR VIDEO

e

This 7 x 8-ft slab of Plexiglas was recently installed by the Cadillac Plastic Co. of
Detroit at Briggs Stadium in that city as a protection for television equipment. The
Ya-inch sheet will offset the impact of a 9-ounce ball travelling at over 100 miles per
hour, according to researchers at Rohm & Haas Co., Philadelphia, makers of Plexiglas
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Full Frequency Range

30 to 15,000 Cycles, provides uni-
form response over this entire band with
* 1/ db up to 10 watts of audio power,

. within £ 1 db over 10 watts. Standard
RMA impedances. Hum balancing coil =
structures and nickel alloy shielding. _——
Included are Input, Output, Driver, and
Modulation Transformers; Modulation
Reactors. Sealed in Steel construction,
stud mounting, with pin-type terminals.

Public Address Range

50 to 10,000 Cycles, frequency re-
sponse within = 15 db up to 10 watts
of power, within = 1db over 10 watts,
throughout this range. Secondary im-
pedances match 600 and 150-ohm lines,
16, 8 and 4-ohm reproducing systems.
Listed are Driver and Output Trans-
formers. Sealed in Steel construction,
flange mounting, with solder lugs or
wire leads.

Communications Range

200 to 3,500 Cycles, affords response
with variations not exceeding = 1 db
over the range of voice frequencies. For
use with 600 or 150-ohm lines. Input,
Output, Driver and Modulation Trans-
formers offered. Sealed in Steel con-
struction, flange mounting, with wire
leads or solder lugs.

3501 ADDISON STREET . CHICAGO 18, H.LINOIS

e T o e A S RSN e S 5
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ELECTRIC
CONTROLS
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WARD LEONARD

ELECTRIC COMPANY

is expensive

Unigue design and spring suspension prevent
it in this Ward Leonard Relay

The generous wipe imparted to the con-
tacts of Ward Leonard Heavy Duty (105)
Relay by its unique design and spring
suspension, results in freedom from con-
tact “‘freezing” or welding.

This mighty midget will perform motor
starting functions ordinarily assigned to
larger relays. :

Ward Leonard relays are "“Result-En-
gineered”. By modifying a basic design,
Ward Leonard can give you the results of
a special . . . for the price of a standard.

Write for Relay Catalog. Ward Leonard Elec-
tric Co.,, 31 South St.,, Mount Vernon, N. Y.
Otlices in principal cities of U. S. and Canada.

RESISTORS « RHEQSTATS « RELAYS . CONTROL DEVICES
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TUBES AT WORK

(continued from p 126)

control, a direct current is fed to
an auxiliary coil on the head to
buck out a portion of the earth’s
field. Thus the magnetometer is

AMBIENT FIELD |COMPENSATING STEPPING

BUCKING NETWORK | | SWITCH
GURRENT 1

1,000-GPS REGORDER
OSCILLATOR
2 To-c
2 :
¥ | puLses | oFFerenTiaL | | FILTER,
DETEGTOR C-F

FIG. 2—Block diagram shows how pulses

from sensing element are converted into

direct current and fed to the recorder, and

how a balancing current is obtained to

restrict the range over with the head must
operate

called upon only to measure the
small unbalanced field. This buck-
ing ‘current is obtained automati-
cally by a stepping switch actuated
by the recording galvanometer as
it reaches the end of its scale,
shown in Fig. 2.

It is necessary that the sensing
element be always oriented parallel
to the earth’s field for the record-
ings to have significance. This posi-
tioning is accomplished by a pair of
orienting servos driving gimbals
that are at right angles to each
other. The sensing element is
mounted on these gimbals.

Two auxiliary sensing elements
can be used to detect the orienta-
tion of the earth’s field. If the out-
put from one of these auxiliary
units is zero, it must necessarily be
perpendicular to the earth’s field.
Thus these units are mounted mu-
tually perpendicular to the sensing
unit. The servo motors drive the
auxiliary units to the positions at
which their outputs vanish, thus
placing the sensing unit parallel to
the field. To avoid difficulties from
the aircraft’s magnetic field, the
sensing element and its associated
orienting mechanism are housed in
a bomb-shaped “bird” that is low-
ered by its connecting cable to
about 65 feet from the plane. The
measuring and controlling circuits
and recorder are carried in the
cabin.

Reconnaissance Technique

Airborne magnetometers are cal-
ibrated at the laboratory and sent
out to the field to be used in locat-
ing areas that can be expected to
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Have the facts at
your fingerhps .
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With this compact folder, you
can obtain information on TAMCO
products readily. When you want
approximate physical properties,
a chemical analysis, or commercial
applications of specific products—
clear concise charts provide them
at a glance. That's why you will
want this helpful booklet whether
you are interested in TAM ceramic,
chemical or metallurgical prod-
ucts. Address your request to our
New York City office.

More detailed information on
Titanium or Zirconium products is
available also upon request. These
data have been compiled to ‘meet
the demand for authentic informa-
tion on these products from the
source most closely identified with
their development. It may prove
advantageous to discuss certain
problems and applications with
our sales engineers.

* When you write for your ref-
erence folder, let us know if
our Field Engineering can be of
assistance at this time.

Rexistered U. 8. Pat. O

TAM and TAMCO are registered trademarks.

TITANIUM ALLOY MANUFACTURING COMPANY

 Executive and Sales Offices: 111 BROADWAY, NEW YORK,N.Y.  General Offices and Works: NIAGARA FALLS, N. Y.

& > .

&
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YOU NEED |

= AGASTAT

AGASTAT relay is an important in-
strument in electronic circuits requir-
ing timie delay . . . from .1 second to 5 or
more minutes.

Instantaneously recycling, reliable and effi-
cient. Available in standard types and with
special mounting and terminal arrangements.
Mounting and contact information, type de-
scription, etc. on request. Address Agastat

Division.
—_— A' G 'A:
AMERICAN GAS ACCUMULATOR COMPANY

1027 NEWARK AVENUE o ELIZABETH 3, NEW JERSEY
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RADIO
MANUFACTURERS:

Take Advantage of

SAMS’ EXPERT

SERVICE DATA

PREPARATION
FACILITIES

If you are interested in effecting
significant economies in the
preparation and printing of your
service data manuals, you will
want to follow the lead of other
major manufacturers. More and
more manufacturers of radio
receivers, record changers, re-
corders and similar equipment,
are turning to us for the prepara-
tion and publication of service
manuals and literature. Our lab-
oratories prepare complete,
accurate, logical service data,
relieving your service and en-
gineering divisions of all burden-
some details. Specimens of
current work prepared for major
manufacturers are available on
request. Inquiries invited.

*

Address Your Inquiries

fo

Howard W. Sams & Co., Inc.
Indianapolis 7, Indiana

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

WALDES TRUARC RETAINING RINGS wRE PROTECTED BY U. S. PATS, 2,302;948; 2,026,454; 2,416,852 AND OTHER PATS. PEND.

-, TRUARL

- Truarc saves 5 minutes, 9 cents in materials

per unit without re-design of electric sanders
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OLD WAY

Special 4" cap screw and Y4-28 fibre-insert
nut holds idler arm and pulley assembly on
Model A3 “Take-About” Sander, Porter-
Cable Machine Company.

NEW WAY

Simple V4 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.

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-

 WALDES

~

|

REG, U. $. PAT, OFF,

RETAINING RINGS
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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,

N MG“‘M‘.I------—-------------

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

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

Nams

Title

Company.

Business Addreas

Zone. State.

City
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| SHURE"900MG”

Gives Maximum Reproduction
Micro-Groove Record Fidelity

The Shure “900MG” Pickup is an ideal instru-
ment for tracking on the new micro-groove
records. It tracks at 7 grams ... has a needle
force of 9 grams as added safety factor . . . uses
a special offset osmium-tipped needle with a
point radius of only .001”. . . and has an output
of 1 volt! The Shure lever system has been
adapted in the development of this new pickup
—providing a high needle compliance. Listen to
it—you will be thrilled with the results!

Model "900MG” Code: RUZUZ List Price: $12.50

Shure Patents Issued and Pending. Licensed under the Patents of the Brush Development Co.
L AR AR S e s SRR e L e s

SHURE BROTHERS, Inc.

Microphones and Acoustic Devices
3 W. HURON ST., CHICAGO 10, ILL. = CABLE ADDRESS: SHUREMICRO

TUBES AT WORK (continued)

contain oil-bearing strata. A flight
crew surveys a region by flying a
grid pattern consisting of flights
about 75 miles long and a mile or
so apart. The pilot flies the plane
back and forth along such a grid,
keeping accurately on course by
means of two transportable shoran
stations. The flight director aboard
the craft constantly checks the
shoran indications so that later, in
plotting the measurements on a
map, they can be accurately located.
To further correlate the plane’s
position with ground position, a
continuous strip film picture of the
terrain is made so that land marks
can be readily identified. The
shoran indications, strip film and
magnetometer recordings are all
correlated by recording identical se-
rial numbers at each position at
regular intervals.

Later the measurements are
transferred to maps thus forming
magnetic profiles of the district. On
the assumption that the magnetic
fluctuations that have been ob-
served are caused by changes in the
depth of the igneous bed (or base-
ment) rock, the geologist predicts
in what places domed formations
likely to contain oil will be found.
Of course other magnetic disturb-
ances might have produced the ob-
served contours. The know-how of
geologists consists in recognizing
the characteristics of the different
factors that influence the slight
local field contours.

Once a region has been located
that appears a likely prospecting
area, seismographic parties make
detailed examinations to verify the
inferences. These two techniques,
magnetometer and seismograph
surveying, relying heavily on elec-
tronics, are proving extremely val-
uable in the race to find oil as fast
as it is being consumed.

RPM Counter

TURBINE components for new jet
engines are whirled at close to
100,000 rpm and in temperature
of 1,750 degrees F at Boeing Air-
plane Co. propulsion laboratory in
proving jet engines under develop-
ment,

An electronic rpm counter meas-
ures the speed of the wheel as it
spins. One end of the spinning

October, 1948 — ELECTRONICS




— there’s an AMERTRAN

for every electronic application

PERHAPS yvour transformer problem
calls for design and development. Maybe
you require large transformers in small
quantities. Or possibly you’d like to ob-
tain the benefits of mass production and
need transformers in large quantities.

No matter what your transformer re-
quirements, you will find AmerTran
engineers can solve them—efficiently and

economically.

Liquid Immersed Plate Trarsformers—AmerTran oil

and Abestol immersed, for indoor and outdoor service— o
precise overvoltage protection by means of bushing In almost half a century of specializa-
mounted sphere gaps. tion, we have acquired a ‘“know-how”

and “can do”’ which are unsurpassed in

«w" Dry.Type Transmitter the transformer industry. Typical appli-
Components—Economical self- . .

cooled transformers and reactors cations of this baCkground are the trans-
—for more efficient rectifier formers shown on this page.

operation.

Our experience is ready and waiting to
go to work on your transformer problem.

Call in AmerTran today to tell you how
Hermetically Sealed Trans-
formers—Highly resistant to mois-
ture, shock, pressure and tempera-
ture variation. Either liquid-im-
mersed or compound filled.

we can give you the transformers you
need . . . when you need them . . . at
prices made possible only by real manu-
facturing efficiency

AMERICAN TRANSFORMER COMPANY
178 EMMET STREET « NEWARK 5, N. J.

Transtat Type TH for .3 10 20 K VA—Manvally op-
erated a.c. voltage regulator providing arcless, stepless
control. Brush track on coil periphery where it may be ‘

banded to insure trouble-free operation under exacting T, L W b
conditions of service MANUFACTURING SINCE 1901 AT NEWARK, N. J.

Pioneer Manufacturers af Transformers, Readors and H
Rectifiers for Electronics and Power Trahsmission RA
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Over 20 years of fabricating experience

[, e e i
s :

- |
o PLASTIC FABRICATING o

BAKELITE AND FIBRE FABRICATED PARTS
PUNCHING. DRILLING, MILLING, AND ENGRAVING

© BAKELITE SHEETS, RODS, TUBES e

Mail Us Your Prints or Samples for Quotations

ELECTRICAL INSULATION CO., INC.

12 VESTRY ST.

NEW YORK 13, N. Y.

METAL EQUIPMENT

ADAPTABLE FOR EVERY REQUIREMENT

Par-Metal Equipment offers many features, including func-
tional streamlined design, rugged construction, beautiful
finish . . . plus ADAPTABIL'TY. Efiminate need for special
made-to-order units on many’ jobs. :

=1\

~ — T
3 e b R i

i £

Engineers and manufacturers will
effect economies with Par-Meta!
Products, which are available for
every type of job from a small
receiver to a deluxe broadcast

F transmitter.

¥

Oy . .
- Professional techniques and years
- of specialization are reflected in

the high quality of Par-Metal. . .

- GABINETS « CHASSIS:
PANELS « RACKS

2

b UWhrite for (Catalog .
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Galvanometer available

separately i7 desired
\

hile designed pri-

PERMANENT marily for use in
Records the Sanborn direct-
. writing electrocardio-
graph (the Viso-Card-

NO INK

ietre) this assembly (or
¢ the galvanometer

RECTILINEAR alone, if desired) has

- sufficient potential val-

Writing ue for varied industrial

¢ applications towarrant

RUGGED this announcement of

Construction availability for non-
with medical uses.

The complete unit il-
lustrated comprises
the galvanometer and
writing arm, with as-
sociated paper drive
(No.572M —500). The
galvanometer and
writing arm are available as a separate unit {No.
572M —300). Recording styli available in two
types; fine line writing approximately 1/3 mm;
wide line writing approximately 1 mm. Record-
ing paper can be furnished in 200 ft rolls, 6 cm
wide (No. 572-737-P3).

| EXTREMELY HIGH
torque movement
(200,000 dyne cms

] for 1 c¢cm deflection
| S—

TABLE OF CONSTANTS
Sensitivity 10 ma/1 em.

Coil resistance -. . . 3,000 ohms, center tapped for
push-pull operation.

Critical damping resistance 500 ohms.
Undamped fundamental frequency . 45 cycles/sec.
Stylus heater requires from external source . 1.25 volts,

3.5 amps, AC or DC

Maximum undistorted deflection
from center

2.5 cm. each way

Marker requires from external source 1.25 volts, at
1.5 amps, AC or DC
Paper speed 25 mm/sec.

Chart ruling | mm intervaols

In the development stage are other Sanborn
“medical recording” instruments which have ap-
parent industrial applications. These include an
Elcctromanometer for direct measurement of
pressures’’, and several modecls of multi-channel
(2 to 6) recorders, both direct recording and
photographic.

For complete information write, giving
details of proposed application to

INDUSTRIAL DIVISION

SANBORN COMPANY

39 Osborn St.
Cambridge 39, Massachusetts

October, 1948 — ELECTRONICS



ates one of 18 separate
as you select the range.

Ranges

20,000 O~ms per Volt D.C, 1,000 Ohms per
Volt AL,

Volts, A.C.: 2.5, 10, 50, 22, 1000, 5000
Volis, D.C.: 2.5, 10, 50, 3€0, 1000, 5000
Milliamoeres, D.C.: 19, 10, 500
Microampzres, D.C.: 100

Amperes, D.C.: 10

Output: 2.5, 10, 50, 250, W00

Ohms: 3-2000 (12 ochms ca1ter), 0-200,000 (1200
ohms center), 0-20 mecohms (120,000 ohms
center]

Size: 1254 x 108" x 533"

Weight: & |bs. 9 oz.

Price, comnplete with te:t leads and 28-Page
Operatar’s Manual........ - ... $69.85

High voltage probe (25,000 volts)

for TV, radar, x-rasr and other high
voltage tes's, ofzo available.

Ask your Jobber, or write for
e complete descriptive literature

INSTFUMENTS THAT STAY ACCURATE

e
Yy

i pel S

B

|
1
1

A separate scale
for every range—
avtomatically!

Large 5% merer 20,000
with 18 sepcrate, onps pER ¥OLT RC-
full length scales! 4 CoMHON
o, OuUTPY e -
.:-‘v 200

S > -

& -

"

AGO.ILL-

qy SMESON aecreic 30 1
TS
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‘ TUBES AT WORK (continued)

| Spin pit for testing turbine parts. Speed is

measured by an electronic rpm counter.

The mercury flash lamp held by the Boeing

| engineer permits photographs at 0.2-micro-
second exposure

_ turbine shaft is divided into two

GB ! _ sections, half black, half white. A
m’“ ong 25 phototube, focused on the shaft,
Y20 i sends a current impulse to record-
o | ing instruments each time the black
;';551: ‘ portion passes its scanner. Timed
i and checked electrically, the speed
| is controlled within one-half of one

percent accuracy.

The spinning is done in pits made
up of layers of steel plate, with
maple blocks on the inside. The
steel shells test turbine components.
Power for the tests is derived from
compressed air, driving a small
turbine which, through a shaft, is
attached to the test article. A
hoist supports the heavy weight of
the cap plate, air turbine and acces-

| sories. The entire assembly is low-
ered into the pit, clamped in place
| and the air evacuated.

One pit has built-in heating coils
of nichrome steel wire imbedded in
clay holders to maintain constant
temperatures of up to 1,750 deg F.
Automatic controls keep tempera-
ture to preset levels and also record
the whole test. Highspeed rotation
and extremely high temperatures
combine to prove each new develop-
ment in turbine parts before in-
corporation in an actual engine.

High-speed photographs, made
with an ordinary 8x 10 view cam-
era, enable engineers to study test
wheels as they break. A small
mercury lamp is the light source
for the one five-millionths of a
second flash. The tripper con-

Lo
2,065
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product

IS MORE SALEABLE WITH

Reg. U.S. Pat. Off.

You may build the best appliance of its
kind on the market — but if it sets up
local radio interference—you’ll have tough
sledding against today’s keen competition.
Your customers are demanding radio
noise-free performance in the electrical
equipment they buy.

The answer, of course, is to equip your
products with C-D Quietones. Why
Quietones? First, because they're the best-
engineered noise filters — second, because
they guard your product’s reputation by

ELECTRONICS — October, 1948

giving long trouble-free service — third,
because they're designed and built to meet
manufacturers’ specific needs — efficiently
and economically.

Speced up sales — build prestige — boost
profits with C.D Quietones. Your inqui-
ries are invited. Cornell-Dubilier Electric
Corporation, Dept. K-10, South Plainfield,
New Jersey. Other Jarge plants in New
Bedford, Brookline and Worcester, Mass.,
and Providence, Rhode Island.

MICA

e DYKANOL

ELECTROLYTIC



The Shape and |
Snze YOU need!

PARAMOUNT
wouno PAPER TUBES

All Sizes In
Square and Rectangular Tubes

Leading manufacturers rely on the quality
and exactness of PARAMOUNT paper
tubes for coil forms and other uses. Here
you bave the advantage of long, specialized
experience in producing the exact shapes
and sizes for a great many applications.
Hi-Dielectric, Hi-Strength. Kraft, Fish
Paper, Red Rope, or any combination.
Wound on automatic machines. Toler-
ances plus or minus .002”. Made to your
specifications or engineered for YOU.

—————Sa—ﬁ—“ﬁ“_“‘—ﬁﬁ-—‘~

I

{ PARAMOUNT PAPER TUBE CORP.

616 LAFAYETTE ST., FORT WAYNE 2, IND. }

. Manufacturers of Paper Tubing for the Electrical Industry / \
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New . .. Improved

ATTENUATORS

by TECH LABS

“New Times—New Modes”, says old proverb. These new
attenuators were born to meet new war-created demands.
They represent a new medium frame size: Type 800 (21,”
dia.) and a larger size: Type 900 (3" dia.). The Type 800
is supplied as potentiometer, rheostat, ladder and T-pad up
to 20 steps. The larger size Type 900 is similarly furnished

ACTUAL SIZE

CARBY

MANUFACTURERS OF PRECISION

EYELETS and MULTIPLE
PLUNGER PRESS PRODUCTS

The Carby Manufacturing Company, spe-
cialists in small diameter and long draw,
through years of experience, engineering
““know-how’" and excellent production facil-
ities, can accurately produce to the most
rigid requirements every electronic require-
ment for

GROMMETS
EYELETS
SOLDERLESS LUGS
TERMINALS
FERRULES

EYELETS: Eyelets can be produced with
square, hexangular or round barrels with
heads to match or in any wanted com-
bination

METALS: Available metals in .006 to .032
AWG. Accurately fabricated on eyelet ma-
chines or by plunger press to meet any
requirements in . , .

ALUMINUM COPPER
BRASS STEEL
NICKEL-SILVER
DELIVERY: Prompt delivery is a specialty
of Carby. Our production facilities, mod-
ernly managed, is at your command to

meet any reasonable requirement.

STANDARD OR MADE TO SPECS . . .
Many standard shapes in stock but we spe-
cialize in fabricating special needs. Send
in your blueprints for prices, deliveries,
and engineering advice.

e s 0 0 0 .

with up to 45 steps. Write for new bulletin,

Manufacturers of Precision Electrical Resistance Instruments

337 CENTRAL AVE. » JERSEY CITY 7 N.J.

150

'CARBY MFG. CO., INC.

62 COTTAGE PLACE
WATERBURY 5, CONNECTICUT
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... for permanent automotive lead-ins

Efficiency —combining low loss and low capacity for high fidelity
transmission with minimum attenuation and signal distortion

Flexibility —new ease of handling, installing and maintaining

Shielding —for freedom from interference

Permanent Conductor Set — for electrical and mechanical
stability

Spring Action — Eliminates necessity for providing slack in con-
ductor when connecting terminals. Minimizes conductor break-
age at the terminals.

PATENT PENDING.

Check those important electrical and mechanical advantages. \
Check the exclusive Federal design. Here at last is a combination of low
capacity and high impedance ... buggy whip flexibility with a conductor \
that soaks up vibration and won’t break away from terminals.

Federal’s new Intelin K-109 Crimped Type Coax has everything for
rugged service. It is also recommended for aircraft and marine antenna
lead-ins. .. for inter-stage audio connections in general

radio and electronic equipment.

Perhaps you see other uses for K-109. For full technical information
and prices, write to Department D-613.

it | \R Federal Jelephone and Radio Corporation

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

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors: Internationa! Stondard Electric Corp. 67 Broad S1., N.Y.

research and engineering organization, of which the Federa
Telecommunication Laboratories, Nutley, N. J., is a unit.

KEEPING FEDERAL YEARS AHEAD...is IT&T's world-widt)
1

.

e S “~
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WTAD-FM did. That’s why they selected Andrew 6Y%"
coaxial transmission line. In spite of the 800 ft. long
run, including a 750 ft. run up the tower, the overall
efficiency is 90%!

Not only is this 64" line the most efficient standard
RMA line used in broadcasting, but it offers the addi-
tional advantage of very high power handling capac-
ity. It will handle up to 166,000 watts at 100 MC with
unity standing wave ratio, allowing a wide margin for
future power expansion.

Fabricated by Andrew in twenty foot lengths with
connector flanges brazed to the ends, sections can be
easily bolted together with only a couple of small
wrenches. Flanges are fitted with gaskets so that a
completely solderless, gas-tight installation results.

Still another advantage to buying Andrew equip-
ment is that Andrew engineers are available to prop-
erly install it. NO OTHER TRANSMISSION LINE
MANUFACTURER OFFERS YOU THIS COM-
PLETE INSTALLATION SERVICE!

Here’s what Mr. Leo W. Born, Technical Director

of WTAD-FM, writes about Andrew installation
service: — .
“You will be interested to know that the installa-
tion of the Andrew coaxial line made by your
organization has been giving us trouble-free per-
formance of bigh efficiency in the daily operation
of WTAD-FM.

Knowing the great difficulties involved in the
installation of such a large line on a 750 foot
tower over a period of such inclement weather
conditions, 1 feel that the excellent operation of
the line is indeed a tribute to the men of your
company who were on the job. Such performance
is not accidental and we congratulate you on a
tough job well done.”

This again emphasizes Andrew’s unique qualifica-
\ tions: —Unsurpassed equipment and complete en-
| gineering service.
wee) WANT THE MOST EFFICIENT ANTENNA EQUIPMENT FOR
YOUR STATION? WANT EXPERIENCED ENGINEERS TO

INSTALL 1T? WRITE ANDREW TODAY!

The 750 ft. high tower of /p~
WTAD-FM, Quincy, illinois {3
— one of America's finest
FM Stations—showing 63"
copper coaxial transmission
line manufactured and

installed by Andrew,

/{/

CORPORATION

TRANSMISSION LINES
ANTENNA EQUIPMENT

363 EAST 75TH STREET, CHICAGO 19 . EASTERN OFFICE: 421 SEVENTH AVENUE, NEW YORK CITY
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TUBES AT WORK (continued)

sists of double concentric copper
screens which line the test pit. At
burst, the pieces of the test wheel
crash into the screens, pushing
them into contact and completing
the flash circuit. By this tech-
nique, any portion of the wheel
which breaks loose under such pun-
ishment immediately takes its own
picture and establishes the point of
failure.

The spin pits test the turbine
wheels for the effects of weight and
tensile strength of the materials;
for rim-loading by their blades;
profile, or cross-sectional shape;
design of the shaft holes in their
hubs.

Metal Picture Tube

A sixteen-inch cathode-ray tube
having a metal shell is being made
available to receiver manufacturers.

The envelope of the new tube
consists of a cone of spun chrome
steel alloy. A glass neck houses the
electron gun assembly to permit
customary mounting and operation
of the focusing and deflection coils.
The glass neck flares outward to a
diameter of about four inches and
meets the metal cone in a butt joint.
Sealing the metal, which has the
same coefficient of expansion as the
glass, is accomplished with the aid
of induction heating,

The glass front of the picture
tube is drawn glass, polished on
both sides, and this too is sealed
to the metal cone with induec-
tion heating. The curvature of the
glass face is such that nearly

New metal-shell picture tube

October, 1948 — ELECTRONICS



ONE-PIECE NYLON SUPPORT NUT

simplifies coil assembly. .. speeds

quare shank of nylon nut, anldodlas ahe

unit but consisting of four separate prong-
shaped legs, is inserted in square hole of
supporting plate. Since nylon itself is an
insulator, the nut does not require a grom-
met. And Du Pont nylon remains stable at
temperatures ranging from — 60°F. to 200°F.

L

“tuning slug (A) and screw (B) are rotated
impressing thread shape of screw into nylon
shank. Prong-shaped legs of shank flare out-
ward, securing nut to plate. Nylon develops
torque on screw thread to hold slug in ad-
justed position, despite vibration and vari-
ations in plate thickness and size of hole.

CAN NYLON HELP YOU MAKE A BETTER PRODUCT ?

Here’s a new, all-nylon coil support
for radio and television sets. It does
the same job that once required a

~ complex assembly of 3 to 5 parts . . .
yet it consists of only one molded
nylon nut! The result—reduced parts
inventory, quicker assembly, faster
production.

In developing this new product,
the manufacturer found all the de-
sired properties in Du Pont nylon.
Its light weight, strength in thin sec-
tions, resiliency, stability and insu-
lating properties permit a new,
multi-purpose design. And nylon’s
unique workability assures efficient,
economical molding of the intricately
shaped unit. It’s one more case where
an electrical manufacturer makes a
better product with Du Pont nylon.

ELECTRONICS — October, 1948

This Du Pont plastic can be
molded or extruded. When designing
electrical parts or wires, don’t over-
look its remarkable properties. Write

CHECK THESE 7 BASIC FEATURES
OF NYLON FOR ELECTRICAL USES

Good flexibility

High tensile strength
Extreme toughness
Abrasion resistance
Resistance to permanent set
Chemical resistance

Ability to be molded or extruded

N UL bd NN~

up production

Coil form fits snugly i, nylon nut . . . firmly
gripped externally by six thin, flexible “fin-
gers” on the inside wall of the support nut.
The hollow tube is held securely in place by
pressure of the nylon “‘fingers,” although
wall thieknesses of the tube may often vary
as much as 1/32 of an inch.

for free booklet, “65 Success Stories
of Product Improvement.” Filled
with helpful facts. Just address:
E. I. du Pont de Nemours & Co.
(Inc.), Plastics Department, Room
1410, Arlington, N. J.

e
REG . s 5. AT OFF.

Plasrics

BETTER THINGS FOR BETTER LIVING
-THROUGH CHEMISTRY
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PRECISION POTENTIOMETERS

Toroidal and Sinusoidal I

For use in computing and analyz-
ing devices; generation of low fre-
quency saw tooth and sine waves;
controls for radio and radar equip-
ment; position indicators; serve-
mechanisms; electro medical in-
struments, measuring devices—tele-
metering; gun fire control where
360° rotation, high precision and
low noise levels are essential.

The type RL14MS sinusoidal po-
tentiometer is illustrated. It is
wound to a total resistance of
35,400 ohms and provides two volt-
ages proportional to the sine and
cosine ‘of the shaft angle. It will
generate a sine wave true within
—+.6%. Overall dimensions are
43” diameter x 4 11/32 long plus
shaft extension !” diameter x 3
11" long. |

Tracing cloth
that defies
time

Write for Bulletin F-68

THE GAMEWELL COMPANY 5%

Newton Upper Falls 64, Massachusetts

FABRICATED SHEETV
METAL PRODUCTS

to your specifications . . .

® The renown of Imperial as the finest in
Tracing Cloth goes back well over half a
century. Draftsmen all over the world prefer
it for the uniformity of its high transparency
and ink-taking surface and the superb quality
of its cloth foundation.

Imperial takes erasures readily, without
damage. It gives sharp contrasting prints of
even the finest lines. Drawings made on
Imperial over fifty years ago are still as
good as ever, neither brittle nor opaque.

If you like a duller surface, for clear, hard
pencil lines, try Imperial Pencil Tracing Cloth,
It is good for ink as well.

IMPERIAL
TRACING
CLOTH

gy;‘&““%

COMPLETE facilities under one roof
for quantity mass production—inclu-
ing welding, baking and finishing.
Whistler and Wiedermann equipment
for short runs. Tool and die engineer-

ing and designing.

Quality chassis, me-

Substantial sheet steel inventories tal cabinets, instru-

permit speed, service and cooperation. ment housings, ‘
Large assortment of stock and special panels, boxes, metal
dies for the radio and electronic field. .
parts and stampings
Production and engineering under the —Frah et {
personal direction of Mr, E. B. Gunz- " .
stainless steel or in

burg, president—who has had 34 t
any metal or any
years' experience in sheet metal fab-

gauge. Close toler-
rication,

ances guaranteed.

Send your blueprints and requests for prompt attention and quotations.

ART-LLOYD METAL PRODUCTS CORP. | SOLD BY LEADING STATIONERY AND DRAW-

ING MATERIAL DEALERS EVERYWHERE.
2973 Cropsey Ave, Brooklyn 14, N. Y,
Telephone: ESplanade 3-2400
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TUBES AT WORK (continued)

150 sq in. image area is provided.

The 16-inch tube has a deflection
angle of 53 degrees and, for critical
resolution, deflection coils designed
for this angle are recommended.
However, coils designed for conven-
tional tubes having a deflection
angle of 50 degrees have been found
to provide good resolution. Oper-
ating voltage of the second anode is
recommended at about 10 kv al-
though the tube is tested at 15 kv.

The potential of the steel shell is
also 10 kv and it is planned to make
available an insulating sleeve. A
Tenite coating on the sleeve and an
Aquadag layer might then be used
to form a filter capacitor for the
high-voltage power supply as is
conventional practice with the
10BP4 and 10FP4. (ELECTRONICS,
p 186, April 1948).

The metal tube is manufactured
by Tel-O-Tube Corp. of America, at
Paterson, N. J. and is used in a
table model receiver of Starrett
Television Corp. of New York.

Amplitude Selective
Amplifier

By CHARLES E. LowE
Fenton, Michigan

IN THE development of a servo-
system for operation of a drag cup
motor in response to the output
signal of a magnetic bridge, it was
found that the use of an amplitude-
selective amplifier overcame many
irritating and vexing problems.

Slight modification in normal re-
sistance-coupled amplifier perform-
ance enables such amplitude dis-
crimination to be obtained with
few additional parts. Although in
ordinary amplifier usage such a
condition is known as bad transient
response, in this application it acted
as a cure-all with no ill effects.

‘The output signal of the mag-
netic bridge contained much second
harmonic of.the motor operating
frequency throughout the near-
balance condition of the bridge and
through the null point of the oper-
ating signal. This unwanted har-
monic content tended to mask the
null point as it decreased the sens-
ing efficiency of the overall system
at the critical time of balance indi-
cation. At the same time, the non-
linear operation of the bridge mag-
netic elements combined with the
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Telechron H-4 Synchrancus Motor.

Terminal-shaft saeads 3 to 6 rph.

Telechron H-5 Synch-ronous Motor.
Terminal-shaft speeds 1 to & rph.

Give your timers extra life
with Telechron motors

There’s longer service in any time
switch or timer powered with an H-4
or H-5 Telechron synchronous elec-
tric motor. Efficient, dependable lu-
brication is assured by a special
terminal-shaft bearing incorporating
an oil gland that extends motor life.

These dependable, self-starting
motors are designed for general-pur-
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