EARTH'S
FIELD
COMPENSATOR




l-""” ' Yy A2,
L W & _nl.‘.'-u Ui
]

UTC was the largest supplier of transformer - components in World War
Il. Present JTC production is on a similar basis. llustrated below are a
few of the thousand military types in UTC 1950 production. ;
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marion
methods

MEASURE HAIRSPRING
TORQUE

A C VOLTMETER

E Marion’s Hairspring inspection method
. E permits 100% inspection and control of
1 hairspring characteristics at high pro-

AUDIO OSCILLATOR TRANSDUCER duction rates. -

d% W% marion methods

THE MARION METHOD of hairspring inspection takes advantage
of the relationship between the torque of the hairspring and its.
natural resonant frequency. Initial calibration is made with dl :
standard torsiometer and frequency is adjusted to resonate a*- \
hairspring of known torque. Hairsprings of correct torque speci-
fications resonate when held in tweezers placed against the
vibrating surface. Amplitude adjustment permits “Go-No-Go"”
Inspection to % 1% of specitied torque. With this method, inspec-
tion rates of 500 to 600 springs per hour may be achieved. This— "\ .
technique affords production torque control to close limits on a— \ \

100% basis, rather than the normal spot checking provided by \

standard torsiometers. \ N

ing them at audible frequencies may be adaptable to your own inspection =g
problems. The illustiations show how such a device may be made. The // // \
one pictured uses a Hewlett-Packard audio oscillator coupled to a trans- / /

ducer which may be a modified P. M. speaker assembly. / / /

OTHER MARION METHODS — Curnrent demands on industry by the ‘* \
mobilization program accentuate the importance of production methods. \\-\J\

NOT FOR SALE — Marion’s Method of inspecting hairsprings by vibrat- )\ \\/
e

Hairspring torque measurement by means of sound waves is only one of
a number of methods which Marion proposes to present in the hope that
some of them can help you as much as they have helped us. Marion Elec- \
trical Instrument Company, 401 Canal Street, Manchester, N. H., U. S. A. Loy

MANUFACTURERS OF MARION RUGGEDIZED PANEL INSTRUMENTS

0 marion mefers
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You can test a Quality Control Program in
geveral ways . . . Does it begin outside your plant—
with rigid specification of materials? Does it include
detailed, continuous production-line inspections?

Are these supplemented by laboratory and field-testing
of your parts and products? And finally —do you reject
on the basis of minor flaws? IRC answers “YES”

to all these yardsticks! But the real proof of our

Quality Control Program is the multitude of customers
who specify IRC resistors—year after year.

Typical products of quality control, IRC Advanced

BT Resistors meet and surpass JAN-R-11 Specifications.
In standard RTMA ranges, Advanced BT’s are
designed to operate with moderate temperature rise
and provide efficient power dissipation. Reason is

the combination of IRC’s filament-type resistance
elements with exclusive construction features.
Resistance material is permanently cured and bonded
to special glass. Leads extend into filament for

rapid heat dissipation. Molded bakelite seals element
against moisture and prevents grounding. Advanced BT’s
are available in 14, 13, 1 and 2 watt ratings. Send for
full details in 12-page technical data Bulletin B-1.

www-americanradiohistorv &



s essential

Quality control assures maximum uniformity
in IRC’s small 15/1&’" Type Q Controls.
Construction features one-piece ducl con-
tactor of special alloy —simplified single-
unit collector ri' y—molded voltage baffies
—special brass element terminals that will
not loosen when bent or soldered. Type Q
Controls have unusual durability and effi-:
ciency—adapt to a great variety of
small-space applications. Send coupon for
full details in Catalog A-4.

Where accuracy and economy are desired in high
frequency applications and circuits requiring high
stobility and close tolerance, use IRC PRECISTORS.
IRC mokes 2 sizes of PRECISTORS fo customers'
specifications, rather than to standard RTMA
values (subject, of course, to maximum and mini-
mum values for each type). You'll find PRECISTORS
excellent where carbon compositions are unsuit-
able or wire-wound precisions too expensive.
Coupon brings full particulars in Catalog 8-4.

Your supplies of standard resistors for pilot " Exacting tests and inspections control every step in the processing
runs, experimentation, or maintenance need of IKC Power Wire Wound Resistors—assure balanced per-
never get out of control. When you need formance in every characteristic. In essential electrical ond
resistors in a rush, simply phone your local IRC mechanical characteristics, these rugged wire wounds ore ideal
Distributor. We keep his shelves filled with the for heavy duty applications. Steatite forms are uniformly wound
most wanted types of standard resistors; he can with high-grade alloy wire, and coated with special heot-
give you prompt, 'round-the-corner delivery. dissipating cement. PWW's have been specified for over 14

years by leading industrial, commercial, broadcast, maritime

If you don't know his name and address just
ond aircraft users. Catalog C-2 contains full information.

ask us,

S ——— ST S S——— ST SRS TS S . Sv— N el G—

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad St., Philadelphia &, Pa.

Send me additional data on the items checked below:

Advanced BT Resistors 1 Q Controls
Deposited Carbon PRECISTORS Power Wire Wounds

Name and Address cf local IRC Distributor

NAME
TITLE
COMPANY . .

ADDRESS .

J. F. ARNDT & CO.. ADY. AGENCY




® This Raytheon Magnetron is just one of a number
using Revere Metals—and Revere know-how. Revere
and Raytheon work closely together, consulting on
such matters as the properties of copper and brass,
brazing methods, machining, suitability of merals for
glass-to-metal seals, and so on. In other words, Revere
goes much beyond merely supplying metals. Through
the Revere Technical Advisory Service our knowledge
and skill are available. They have proved invaluable to
many companies. And by the way, do not forget that
this collaboration is freely given. If you purchase
from distributors and would like to avail yourself of

6

Raytheon Magnetron, Type RK 5J26,
made by Raytheon Mannfacturing
Co., Waltham, Mass. This is a super-
high frequency, pulse-type, tunable
magnetron cavity oscillator, to oper-
ate in the 23,3 centimeter band. It
is capable of delivering 700 kilo-
watts of peak power wunder pulsed
conditions.

our assistance, simply ask your Revere Distributor.
He will be glad to put you in touch with us, without
obligation.

& % .
5075w -
REVERE /70752 -
COPPER AND BRASS INCORPORATED
Founded by &ul Revere in 1801
230 Park Avenye, New York 17, N. Y,

Mills; Baltimore, Md.; Chicago and Clinton, Ill.; Detroit, Mich.; Los Angeles
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. —
Sales Offices in Principal Cities, Distributors Everywhere.

SEE “MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY
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inject speed, dependability and
economy into your busy assembly line
with Ersin Multicore — the original
3-core solder that achieves top production,
eliminates “dry” joints and rejects,
even when ordered with lower tin content
than other solders.

It's Ersin Multicore that combines
thin wall triple core construction
with the matchless performance of
extra-active, non-corrosive Ersin Flux.

It's Ersin Multicore that wets metals
faster yet insures continuity of flux
and perfect bonding on difficult metals.

AND...

It's Ersin Muiticore, the world's \
- finest solder, that costs less because G
it gives greater coverage per pound, &

e ’ virgin metals only:

saves time and efiminates rejects. e Tl Tin:  99.75% pure
Lead: 99.97% pure
Cofi : Ersin Multicore meets
t X
Satisfied users will tell you . | AL requiremients oL
with today’s heavy schedules specify Ersin Federal Specification
Multicore Solder to do the job faster and better! QQ-S-571-b.

.
-
the only 3 core solder
made with non-corrosive,
extra-active ERSIN FLUX!
S 4

Address U. S. A, and Canadian inquiries to

MULTICORE SALES CORP.
164 Duane Street ®* New York 13, N_ Y.

Inquiries regarding other territories to

New Edition! FREE — MULTICORE SOLDERS LTD.
Valuable booklet “Modern Solders’ and & .
testing samples available on request. Mellier House, Albemarle Street * London, W. 1, England

°

e
2 R AN
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Plasticon M Capacitors

( Du Pont Polyester Film )

MANUFACTURERS
Glassmike Capacitors All Phones: AMbassador 2-3727
Plasticon Capacitors

HiVolt Power Supplies

Pulse Forming Networks ondenser roducts Company

tllinois

7517 North Clark Street » Chicago 26,

8 September, 1951 — ELECTRONICS



Used for the FIRST time

In production capacitors!

o By the world’s largest manufacturer of plastic film capacitors

o We are better equipped to handle plastic film because of our
experience . . . now using these films:

PIOSfiCOﬂ A Film: high temperature, high voltage filter coupling and
by-pass capacitors

Plasticon L Film: very high resistance, high “Q' and low dielectric
: absorption application

Plasticon T Film: similar application as Plasticon “‘L” Film, but for
extremely high temperatures

PlOSfiCOﬂ P Film: high DC resistance, low dielectric absorption for
°  service up to 85°C

PIOSHCO“ F Fl'm ultra high resistance, high voltage capacitors

o PLASTICON M CAPACITORS are available in Glassmikes and ali
metal container styles

e (haracteristics of capacitors using M FILM:
ultra high resistance at high temperatures; smaller size
for mfd. x voltage rating; low derating factor for high
temperatures; available in 100 volt rating and up.

e Due to limited quantities, no general samples are available.
Send us your specifications and samples will be made to order.

Your inquiries are invited.

MANUFACTURERS

Glassmike Capacitors All Phones: AMbassador 2-3727
Plasticon Capacitors
HiVolt Power Supplies

Pulse Forming Networks ondenser roducts Company

7577 North Clark Street » Chicago 26, Illinois
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Only a few companies in the country

have facilities equal to ours for handling development and

mass-production of special-purpose infra-red,

photo-electric and advanced thermionic devices.

Our research and production specialists
have done outstanding development work
on such specialized equipment as thyra-
trons, tri-color display tubes, projection
type P.P.I. presentation tubes, etc.

We have facilities for large-volume
metal-to-glass sealing, high-vacuum
pumping and sealing, annealing, auto-
matic washing, handling of gases, etc.

Our 125,000 square feet of sprinklered
floor space has more than a mile of

THE RAULAND CORPORATION

4245 N. KNOX AVENUVE -

flexible conveyors, large air conditioned
areas and pipe line distribution of hydro-
gen, oxygen, purified water, city water and
fuel gas. Quality control facilities and
standards equal those of pharmaceutical
or jeweled-movement manufacturers.

An ample supply of labor of better than
average quality is accustomed to working
to tenths-of-thousandths tolerances. We
invite inquiries on projects requiring far
more than ordinary ability.

CHICAGO 41, ILLINOIS

September, 1951 — ELECTRONICS



WHAT'S NEW FOR YOU

at CENTRALAB

NEW niniature switches (1%s¢” dia.)
available in multi-pole, multi-position, multi-
section (phenolic or Steatitc) units and in
combination with line switches and controls.
Check Nos. 42-156, 42-157 for technical bul-
letins (coupon next page).

NEW sub-miniature Model 11T Ampec —
a full three -stage speech amplifier of remark-
ably small dimensions—approximately 1142”
x 1344" x 140" Excellent for hearing aids,
microphone preamplifiers and similar appli-
cations. Check No. 42-130 on coupon,

NEW miniature 821 Ceramic Trimmer
has voltag> rating of 500 V.D.C.W. Can be
base mounted to chassis or terminal mounted
to coil ot terminal board. Available in 4
trimming -anges—3 to 12 and 8 to 50 mmf.
Check No EP-16 for more information.

®

PC-160
12 3 45 6789

NEW pendet . . consists of 5 capacitors
and 4 resis:ors on a single small plate with
only nine leads. Designed to couple the
diode-triode and pentode tubes in the output
stage of AC-DC sets. ‘Check No. 42-149 in
the coupon inside for Technical Bulletin,

NEW High Torque Model 1 variable re-
sistor — a truly miniature unit . . . no bigger
than a dime! Available with or without off-
on switch. These new high torque units will
hold settings under conditions of vibration
or shock. Check No. 42-158 on coupon.

NEW Eyelet-Mounted Feed-through Cer-
amic Capacitors are exceptionally small. They
meet JAN-C-20 and RTMA requirements for
humidity resistance. Capacities range from
25 to 3000 mmf. Voltage rating. 500
V.D.C.W. Check No. EP-15 in coupon,




Centralab Components

PRINTED ELECTRONIC CIRCUITS

— Are complete or partial circuils (including all in-
tegral circuit connections) consisting of pure metallic
silver and resistance materials fired to CRL’s famous
Steatite or Ceramic-X and brought out to convenient,
permanently anchored external leads. They provide
compact miniature units of widely diversified circuits
— from single resistor plates to complete speech am-
plificrs. No other modern electronic development of-

fers such tremendous time and cost saving advantages

in low-power applications. Ampec is a full 3-stage, 3-tube speech amplifier. Gives you truly
highly efficient reliable performance. Size: 114" x 114" x .340" over
tube sockets! Widely used in hearing aids, mike preamps and other
amplifier applications where small size and outstanding performance
counts. Bulletin No. 973 in coupon below.

CERAMIC CAPACITORS

Centralab ceramic capacitors give you permanence
never before achieved with old-fashioned paper or
mica condensers. Ceramics are impervious to moisture,
and have unmatched ability to withstand any tempera-
tures normally encountered in clectrical apparatus.
Ceramics make possible tremendous space say ing;
many Centralab ceramic capacitors are %th the size of
ordirmary capacitors. You can rely on Centralab ceramic
capacitors for close tolerance, high accuracy, low pow- ] ) _ _
er factors, and excellent temperature compensating High voltage ceramic capacitors. Capacitance: 5 to 500 mmf.', 5 KV
Llualities. tI? 40 lﬁV D.C. workmg: Ideal for pprtalble or mobxlg equxgment
rimarily designed for high voltage, high frequency gear. For com-
plete information, check Bulletin No. 42-102 in coupon below

SWITCHES AND CONTROLS

Look to Centralab for stundard and special purpose
switches — single or multi-section (phenolic or stea-

tite) — single or multi-pole — rotary, slide or lever
action — shorting or non-shorting contacts . . . for
AM-FM-TV as well as for medium duty power appli-
cations. In controls — it's Centralab all the way . . .

Centralab introduced composition controls to the elec-
tronic industry 25 years ago! New Model 2 Radiohms
are America’s most modern controls for TV-AM-FM.
Centralab Model 1 Radiohm is the outstanding truly
miniature unit—the standard of the hearingaid industry.

Medium Duty Power Switch for R.F. or 714 amp. 110-115 V. appli-
cation. 1, 2 or 3 poles 18 contact sections . . . up to 20 sections
per shaft. Contacts, collector rings coin silver mounted on Grade L5
Steatite,  Cat. No. 722



save time...space...weight

- YA401-C02A .

Centralab Triode Couplates save space and weight. They actually Centralab Vertical Integrators give you big savings in assembly costs,
replace 5 components normally used in audio circuits. Triode Cou- particularly in TV vertical integrator networks. One type consists
plates are complete assemblies of 3 capacitors and 2 resistors bonded of 4 resistors and 4 capacitors brought out to 3 leads . . . reducing
to a dielectric ceramic plate. Available in a variety of resistor and the formerly required 16 soldered connection to only 3! There's a
capacitor values. Bulletin No. 42-6 in coupon below. big-saving in the number of parts handled, too! Bulletin No. 42-22.

Ceramic Disc Hi-Kap Capacitors hold thick- Tubular Ceramic Capacitors — Type TCZ show no ca- Min-Kaps are very tiny capaci-
ness to a minimum. Make possible very high pacitance change over wide range of temperature. Type tors used where space is at an
capacity in extremely small size. Use in HF TCN have special ceramic body to vary capacitance extreme premium. Ask for Bul-
bypass and coupling. Bulletin No. 42-4R. according to temperature. Bulletin No. 42-18. letin No. 42-24.

- ®
Division of GLOBE-UNION INC. * Milwaukee
= === == TEAR OUT COUPON= m= == o= o
for the Bulletins you want
CENTRALAB
Division of Globe-Union Inc,
914 East Keefe Avenue, Milwaukee, Wisconsin
Yes — I would like to have the CRL bulletins, checked below, for my
technical library!
[J EP-15 [ 973 [J42-18 [42-24 [142-130 []42-157
[1EP-16 [J42-4R  [J42-19 []42-85 [142-149 []42-158
722 426  [J42-22 [J42-102 []42-156

. Name.
New high quality Model 2 Ra- Model *“1” Radiohm control — L L :
diohms are designed for lower 140 watt — plain or switch type.
noise level, longer life. Bulletin No larger than a dime, For minia- Address
No. 42-85 ture use. Bulletin No. 42-19.
City State.

____;_.___.I



Now available... Johns-Manville
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Photograph courtesy of Chicago Transformer Division,
Essex Wire Corporation.
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Above comparison shows the savings in
space and materials made possible by
the use of silicone-treated Quinterra.

Saves on Size
Saves on wejght

Raises Overfoad Limits

JOHNS-MANVILLE

Johns=-Manville
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silicone-freated

Liitoiia

TYPE 3

... a purified ASBESTOS high-temperature sheet insulation with
important advantages for electrical equipment manufacturers

Siticone-treated Quinterra Type 3
is a high grade, Class H dielectric
suitable for both interlayer and
wire-wrapped insulation. It has out-
standing moisture-resistance, high-
temperature stability, and electrical
characteristics— plus flexibility and
adequate strength. Its unique com-
bination of properties points the
way to even greater compactness
and even higher overload limits in many types of
electrical devices . .. including air-cooled, inert gas
and silicone-filled transformers.

High thermal-dielectric characteristics

Quinterra Type 3, like all treated Quinterras, is
made from a completely inorganic base sheet of
purified asbestos. The base sheet is of closed struc-
ture, has no holes, and has an inherent dielectric
strength of at least 200 VPM. The silicone-treated
base sheet maintains a dielectric strength of at least
350 VPM under continuous exposure to Class H
maximum temperature of 180°C. The silicone treat-
ment also provides high moisture resistance so the
dielectric strength remains practically constant even
under conditions of continuous high humidity.

*Quinterra is Johns-Manville’s registered trade mark
for its purified asbestos electrical insulation.

¥

Exc_g"enf physical properties

Quinterra T)‘/pe 3,is highly uniform in both texture
and thickness—an important advantage in product
design. Winding dimensions can be predicted accu-
rately and much work can be eliminated in the final
assembly. Quinterra is extremely flexible and very
resistant to cracking or crazing. Actual use has
proved that this insulation has sufficient mechanical
strength for economical application in many electri-
cal and electronic unitz.

Good laminating qualities

Like other Quinterra insulations, the new Type 3
may be successfully combined with other dielectric
materials. It may be bonded to other inorganic ma-
terials such as mica or glass cloth.

Available forms

Quinterra Type 3 is supplied in sheets, rolls or tapes.
Widths—14" to 36”"—can be cut to your specification.
Available in various thicknesses from 3 to 9 mils.

If you have a problem you believe silicone treated
Quinterra Type 3 might solve, you are invited to
consult our staff engineers. We will gladly supply
samples and additional information. Write Johns-
Manville, Box 290, New York 16, N. Y.

ELECTRONICS — September, 1951



Viscosity Data Refractive tog 1o of Dislectric Properties
Glass 1 Principol Use . . . ; E::::”;’" Density So;’.’db' Line Yolume Resmrty o Meend 207 €
Code - ol v iid bond IR I roeer | G| ton
°c o °c oc Microms) | 250°C | 350°C | 0 Const. Factor
0010 Potash Soda lead Lamp Tubing 397 428 626 970 91x10-7| 2.85 | 1.539 8.9 7.0 16% 6.6 1.1%
0080 Soda Lime Lamp Bulbs 478 510 696 | 1000 92x10-7( 247 | 1.512 6.4 5.1 R4 7.2 6.5
0120 Potash Soda Lead Lamp Tubing 400 433 630 975 89x10-.7| 3.05 | 1.560 | 10.1 8.0 a6 6.6 1.1
0280 Hard Lime General 515 547 726 — 82x10-7| 2.50 | 1.517 . — = — —
1710 Hard Lime Cooking Utensils 672 712 915 | 1200 42x10-7| 2.53 | 1.534 | 114 9.4 37 6.3 23
1990 Potash Lead Iron Sealing 334 359 496 = 127x10-7| 3.47 7.7 .04 8.3 33
3320 Borosilicate | Tungsten Sealing * 497 535 780 - 7.1 32 50 |16
6750 Opal Lighting Ware 445 47 - — —
6810 Opal Lighting Ware \ \ ) — - —
7040 | Borosilicate Kov ! 18 | 48 | .86
7050 Borosilicate \ .33 4.9 1.6
7052 Borosilicate 26 5.1 1.3
7070 Borosilicate .06 4.0 24
7251 Borosilicate — — —
7720 Borosilicate 27 4.7 13
7740 Borosilicate 6 4.6 2.1
7750 Borosilicate .20 4.6 92
7760 Borosilicate 18 4.5 79
7900 96% Silica .05 3.8 19
7900 96% Silica (Multiform) 8x10-7| 2.18 | 1.458 9.7 8.1 .05 3.8 .19
7910 96% Silica — 8x10-7| 2.18 | 1.458 | 11.2 9.2 024 3.8 .091
791 96% Silica Ultraviolet Transmission 820 910 1500 — 8x10-7| 2.18 | 1458 117 9.6 019 3.8 072
8830 Borosilicate X-Ray 475 510 715 — 48x10-7| 2.25 == 7.8 6.3 — — —
8371 Lead Potash Electrical Capacitors 357 384 527 —_ 103x10-7| 3.84 — 1A 8.8 05 8.4 42
8160 Lead Potash Dumet Sealing 399 433 627 — 91x10-7| 298 | 1.553 | 10.6 8.4 .09 71 b4
7010 Lead Free Television 411 442 650 — 88x10-7, 259 | 1.506 8.9 7.0 .22 6.5 1.43
70 | ———— Ultraviolet Transmission 517 558 804 | 1195 37x10-7| 2.26 | 1.478 8.0 6.5 —_ - —
1 9741 —_— Ultraviolet Transmission 407 442 705 —_ 39x10-7) 216 - 94 7.6 — — —
Glass has proved an important Take a fresh look at your present and projected
material for electronic equip- equipment. Glass may help improve performance

ment—in tube envelopes, special or lower costs. Then bring your idea to Corning
tubing, sealing beads, insulation  and let our engineers help choose a glass for you.

and a host of other uses. In al-  We have hundreds of glasses with widely varying
most every application the spe-  characteristics, the research and pilot plant facil-
cial electrical and physical char-  ities to develop your idea and a broad variety of

acteristics are vital to top notch performance—  production facilities to produce it. For a quick
characteristics such as well controlled dielectric  look at some properties of glasses by Corning
strength, proper loss and power factor, desired  write for Bulletin B-83 to Dept. E-9, Corning
transparency and corrosion resistance, Glass Works, Corning, New York.

CORNING GLASS WORKS, CORNING,N. Y.
ELECTRONIC SALES DEPARTMENT — ELECTRICAL PRODUCTS DIVISION

1851 . 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL - 1951
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 .FIRST t0 draw

Lightning from the Skies

Benjamin Franklin
1706-1790

This illustricus American states-
man, philosopher, writer, and scien-
tist was the first to identify lightning
with the electrical discharge from ¢
Leyden jar. His famous kite-and-key
experiment led to the invention of
the lightning rod. He also estab-
lished the law of the conservation ‘of
electrical charge, and determined
the positive and negative nature of
electricity.

S

|
4

¥
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From an original drawing made for OHMITE.

C -;_ _l _/‘Jx J = -I" 3@...FIRST in Resistors

Be Reght with
OHMITE

Ohmite offers the most complete line of wire-
wound resistors on the market today. These
Ohmite resistors have become world renowned for
their dependability . . . their ability to give unfail-

RHEOSTATS ing, long-life performance under adverse operat-
ing conditions. For extra dependability, specify
RESISTORS Ohmite resistors—overwhelmingly the first choice

of industry today.

TAP SWITCHES



OHMITE

WIRE-WOUND

RESISTORS

WIRE LEAD TYPE

These small vitreous-
enameled resistors can
e connected and sup-
ported by their own
11" tinned copper ter-
minal leads. All-welded
construction makes pos-
sible higher resistance
values. Size—5, 10, and
20 watts; resistance val-
ues—~0.4 to 2,500 ohms.

=

[

‘DIVDOHM”
ADJUSTABLE TYPE

Vitreous - enameled
type. with wind ngs ex-
pesed alorg one sice for
centact with adjustable
Iugs. U=ed for anzl re-
sistance adjustments;
far secmring odc values
quickly and as voltage
dvider=. In 10 ta 200
watts; 1 10 100,0€0 chms.

Z

N

PRECISION TYPE

These - and 1l-watt
units, of 1% or closer
tolerance, are used in
test equipment, amplifi-
ers, etc. Standard vitre-
ous-enameled units, or
pie-wound, non-induc-
tive windings, in vac-
uum-impregnated or
glass-sealed types. From
0.1 to 2,000,000 ohms.

THIN TYPE

Compact design gives thase
vicreous-enemeled ur‘ts a
Lmler watiage rating per
wrzit of space. Integral mount-
ing Jrackets cannot rotte or
Ibas2n. Spe-ial studs allow
stzcking. Urits are onkr 4"
tuck, 1” wice, and 2" te 615"
loag Tive szes, from 30 to
73 watts; resistances— i1 to

100,800 ohni=.

NON-INDUCTIVE
TPE

Fo- practically consta- t we-
sissance and impedanes in
R.F. circuits. such as -adio
traasmitters, diathermy ap-
pasams, R.F. test equipment.
dammy radie antennae Vi’
recus enamebed. Available in
sizes from 5D to 160 =at:s,
and ‘n resistances from 5 to

530 ohms.

LUG TYPE

Tais type is the most pop-
ular, lavirg w-de 1se in gen-
eral applicatiens. Vitreous-
ename ed coating Connected
by svlce-irg ox bodting leals
to tae lugs. Availible in five
standa~d c(ore siz2s —25 ‘o
200 wztts; res staace valuss

from 1 to 250,808 >hms. Spe-

cial sizes and terminal =-
rangements aleo awailable.

i

— e Ep—

‘““COREIB’* TYPE

Vitreous - enemeled
coating holds edge-
wcund, -orrugated rib-
bon winding secirely in
place. =or low resist-
ance apalications where
high wertages nmst be
diesipate I. Many resist-
ances available ia a
wile ranze of core zizes
frem 90 30 1,500 wat:s.

the TYPE YOU NEED

FROM THE MOST COMPLETE
LINE ON THE MARKET —

O

MAITIE

WRITE ON COMPANY

LETTERHEAD FCR CATALOG
y 2 ! AND ENGINEERING
g MANUAL NO. 4:

CHMITE MANUFACTURING COMPANY
48 7 Aournoy S., Chicago 44, 1l mnois



BRILLIANT INDICATOR LIGHT

Here is the Alden Pan-i-Lite,
a tiny brilllant indicator, that
gives a clear, sharp indica-
tion. Bulb is Instantaneously
replaceable. Unscrew lens and
you remove bulb—from f{ront
of panel. No digging Into or
disassembling of equipment.
Completely thought-through
design takes absolute mine-
imum of space (3%” diameter x 3” length). (Kit #1—Kit contains
1 demonstrator Pan-i-Lite.)

COMPACT INDICATING FUSEHOLDER

Here {s a rugged, well-made
indicator fuseholder that
saves valuable time in spote
ting blown fuse ... Neon bulb,
molded as an integral part of
lens, glows when fuse blows
— Instantly spatting trouble,
Fuseholder fits ideally into
standard assembly tech-
= niques — rivets, eyelets or
(Kit #2—Kit contains 2 demonstrator

8

secrews to mounting panel.
Indicator Fuseholders.)

EFFICIENT BASIC PLUG-IN CHASSIS

The Alden Basic Chassis
gives a brand new approach
to equipment construction.
‘Without spending hours of
engineering time and with-
out stocking numerous parts,
you can have plug-in unit
construction. Alden chassis
can be standard to provide
the means for the most effi-
clent circuitry layout, constructlon, and maintenance. Chassis is
open sided, front panel is detachable, back connectors allow direct
wiring, locking devices are easily operable — everything is clean-
cut and easily accessible. (Kit #3—Kit contains 1 demonstrator
Basic Chassis.)

UNIVERSAL 20-PIN PLUG-IN PACKAGES

The Alden *20" Packages
can be the answer to the
1 majority of your circuit unit-
izing requirements. These
packages give you extreme
flexibility for component
mounting, simplicity of cir-
cuitry layout, and speed of
assembly. Recognizing that
unitization needs more than
regular components “adapted’’, we developed these packages de-
signed specifically for plug-in unit construction. The packages are
being used as standard in many labs and manufacturing companies
to take care of 90% of their requirements. (Kit #£4—Kit contains
1 open and 1 shielded package and 2 mounting sockets.)

MINIATURE 7 AND 9 PIN PLUG-IN KITS

The ideal components for
making minlature and sub-
miniature circuits easily re-
placeable plug-in units. The
Alden 7 and 9 pin kits are
designed specifically for plug-
in construction. The Alden
terminal mounting system —
for laying out and wiring
circuits in the open — speeds
production over complicated, involved methods . . . units can be
assembled using standard production assembly techniques. (Kit #5
—Kit contains 1 each 7 and 9 pin miniature sockets, 1 each 7 and
9 pin miniature base, 1 each 7 and 9 pin housing, 1 eash 7 and 9
pin terminal card with 8 staked terminals.)

SAFE HIGH VOLTAGE DISCONNECT

By a special handling and
molding technique whereby
lead and body is molded as
one homogeneous unit of
low -loss Polyethylene, this
new high voltage disconnect
gives complete protection to
operator and provides a seal
around contact against dust
and moisture. The new Alden
technigque completely bonds wire, contact and insulation into one
unit and gives wide freedom to selection of insulating material for
disconnects, tube caps, special connectors, ete. (Kit #6—Kit con-
tains 2 high voltage disconnects, 2 low-loss insulated tube caps—
demonstrating new molding technique.)

ELECTRONICS — September, 1951

HERE ARE

SAMPLE KITS

OF NEW ALDEN COMPONENTS WHICH SHOW HOW YOU
CAN REALIZE TREMENDOUS SAVINGS IN MAN-HOURS
AND CRITICAL MATERIAL

You can use any Alden component and know that you
will get the best functional design, requiring the least
number of parts, operations and critical material. . . .
Your production will be faster and your equipment better
with Alden completely “thought-through” engineered
components.

REVOLUTIONARY COMPUTER COMPONENT

Here is the Static Magnetic
Memory, a revolutionary de-
vice for pulse handling and
storing that could well change
the whole picture of com-
puter design. Developed by
the Harvard Computation
Laboratory, these magnetic
binaries have unique char-
acteristics that make possible
information pick up and recording independent of mechanical
movement, a variable information handling rate up to 30,000 pulses
per second and permanent information storage without necessity
of maintaining power. (Kit #7-—Kit contains 2 SMJ units, com-
pletely interwired as a binary unit.)

PRODUCTION CAP CAPTIVE

AND TARGET SCREWS

For the greatest convenience
and accessibility to putting
together and taking apart
equipment, replace conven-
tional type screws with Alden
target and cap captive de-
signs. Slot takes coin so no
special tools necessary in
field, Arced notch and con-
cave head makes beautiful
target for assembly with production tools. Cap captive can readily
be made captive so it's ideal for holding detachable units, (Kit #8
—Kit contains 13 screws and 4 weld pilot nuts.)

MAIL THIS COUPON

ALDEN PRODUCTS
COMPANY

DEPT. E., 117 N. MAIN STREET, BROCKTON ‘64, MASS.

Please send the following Kits

KIT #1 3 Brilliant Indicator Light (Pan-i-Lite) $2.00
KIT #2 [ Compact Indicating Fuseholder 450
KIT #3 £ Efficient Basic Plug-in Chassis 40.00
XIT #4 ] Universal Alden "'20'* Plug-in Packages 10,00
KIT #5 C—— Miniature 7 and 9 Pin Plug-in Kits .75
KIT 3t6 1 Safe High Voltage Disconnect 1.25

' |
' {
! 1
1
' i
)
1 1
t ]
| [
' 1
' i
1
1 KIT #7 E——3 Revolutionary Computer Component (SMM) 10.00 :
: KIT 3t8 [ Production Cap Captive and Target Screws 3.00 .
: Prices shown are for sample kits only. For production quantities :
' send your requirements and we will quote. H
1
; i
' 1
' '
t '
' t
' |
: |
] !
' i
' 1

NAME Title
COMPANY

STREET

ary Zone STATE
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ing can fouch them!

To give your product high performance
standards, use relays that meet aviation’s highest stand-
ards. These Automatic Electric Class *
them all!

S Relays meet

small, light-weight—mount in any position in a
restricted space...save valuable room, hold down weight.

resist shock and vibration—contact operation is
dependable at vibration up to 10.5 G's.

protected from harmful conditions—operate in
“ideal” atmosphere of dry nitrogen, sealed against dust,
corrosion, atmospheric pressure changes and tampering.

versatile in application—as shown at left, Class
“S” Relays are available with solder-or socket-type ter-

minals...and with the contact arrangements yox specify.

R

Other telephone-type relays can also be supplied, with
or without hermetically sealed enclosures. Write for
circulars. Address: AUTOMATIC ELECTRIC SALES
CORPORATION, 1033 West Van Buren St., Chicago 7,
II. In Canada: Automatic Electric (Canada) Ltd,,
Toronto. Offices in principal cities.

RELAYS SWITCHES

S ELECTRIC |
AUTOMATIL N7 ELECTRIL

CHICAGO
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MORE ENGINEERS THAN Evén BEFORE
DEPEND UPON FILTRON FOR

RF \LIN'I'ERFERENCE SUPPRESSION

.

BELL HTL-3
HELICOPTER

FILTERS

CONSOLICATED VULTEE
B-36 BOMBER

pra——

FILTRON 1S SPECIFIED ON THE MAJORITY OF MODERN AIRCRAFT,
GUIDED MISSILES, SIGNAL CORPS, ORDNANCE AND NAVAL EQUIPMENT

FILTRON'S engincering staff and production facilitics are
providing bettcr — more compact — efficient filters, to meet

today’s urgent demand.

FILTRON’S enginecring division, staffed by experienced RF

Interference Suppression engincers, is
measuring, testing and filter design for
your cquipment. With more than 500
standard filter types available,
FILTRON'S engincers can choose the
right filter for your application, or
design a special filter to meet your size,
weight, mounting, voltage and current
requirements.

FILTRON'’S modcrn shielded laboratories are equipped to
measure RT Interference from 14 KC to 1000 MC, in accord-

ance with military specifications.

available for the

RF INTERFERENCE SUPPRESSION FILTERS FOR:

Motors Dynamotors
Generators Power Plants
Inverters Actuators
Electronic Gasoline
Controls Engines

And other RF Interference producing equipment

end for your copy of our NEW CATALOG on your company letterhead.

FILTRON'S production facilities are meeting all sched-
ules and delivering on time...

BECAUSE:

FILTRON’S capacitor manufacturing
division, coil winding division, metal
fabrication shop and metal stamping
departments are exclusively producing
the highest quality components for
FILTRON’S RF Interfercnce filters.

e FHEFRON co..inc.

131-05 FOWLER AVENUE, FLUSHING, LONG ISLAND, N. Y.




With this one NE W instrument
read frequency directly, avtomatically,
without calculation-in 1 second or less!

Any frequency to 10,000,000 cps displayed here the split-
second unknown is connectedt No other equipment needed,
no interpolation. (Frequency counted below, 10,168,438 cps.)

A daily work-saver for laboratory or production line!
Here are just a few time-saving uses!

* Measure exact frequency of transmitters and crystal oscillators ¢ Monitor frequency drift with precise accuracy

* Calibrate sub-audio, audio and supersonic test oscillators * Make rapid checks of crystal frequency
* Measure rpm electronically up to 600,000,000 rpm * Read total random events per unit time
* Establish frequencies for filter characteristic determination * Use as precision frequency standard

HEWLETT-PACKARD fﬁ,m INSTRUMENTS



BRIEF SPECIFICATIONS
-hp- 524A Frequency Counter

COUNTING RATE: 10 mc maximum.
PRESENTATION: 8 places, direct reading.
COUNT PERIOD: 0.001,0.01, 0.1, 1, 10 secs.

LOW FREQUENCIES: Permits low frequen-
cies to operate as time base. Duration
of one cycle is displayed in microsec-
onds.

ACCURACY: * 1 count = 2/1,000,000 per
week. (Higher accuracy external stand-
ard may be employed.)

PERIOD MEASUREMENT: Within 0.3% up to
300 cps: within 1 usec between 300
cps and 10 kec.

EXTERNAL 100 KC TIMING CIRCUIT: For
higher accuracy. Requires 1 v across
50,000 ohms shunted by 30 pufd.

INPUT VOLTAGE: 1 v peak minimum.

INPUT IMPEDANCE: Approx. 100,000 ohms,
30 putd shunt.

CONNECTORS: Standard BNC type.

POWER SOURCE: 115 v, 50/60 cps, 400
watts.

SIZE: Approx. 28" high, 213" wide, 14"
deep. Weight 115 Ibs. Shipping weight
175 Ibs.

PRICE: $2,000.00 f.o.b. factory.

Data Subject to Change Without Notice

See your -hp- field engineer or write

direct for complete details,

REVOLUTIONARY NEW
-hp- 524A FREQUENCY COUNTER

* No figures to add, no c¢alculations!

No complex equipment set-up!

Easily used by non-technical personnel!

Laboratory accuracy, 1/1,000,000 +1 count!

[ ]
[ ]
® Production-line speed, instantaneous readings!
[ ]
[ ]

Broad coverage, .01 to 10,000,000 cps!

-hp- 524A Frequency Counter sets new standards for accurate, high-speed fre-
quency measurement in the laboratory or on the production line. It counts
frequency instantly, automatically, without effort on your part. It performs all
functions of a frequency standard, interpolating system, and detector. For fre-
quency determination it eliminates expensive, hard-to-maintain harmonic ampli-
fiers, transfer oscillators, multi-vibrators, and oscilloscopes.

Two Types of Measurement

1. Direct Counting for High Fre-
quencies « The equipment counts
and displays—direct/y—unknown fre-
quencies over exact time intervals of
10, 1, 0.1, 0.01, and 0.001 seconds.
Counting and display periods are
equal and automatically cycled. The
count is displayed repetitively; or, by
merely pressing the“manual” button,
can be “held” any length of time.

2. Period Measurement for Low
Frequencies - The equipment meas-
ures the duration of one low fre-
quency cycle in microseconds. A 10
cps sample is taken to determine
this period. Periods may be displayed

New -hp- 520A

This new -hp- equipment is an aperiodic 10
mc scaler offering precise accuracy and high-
speed operation for easy measurement ot

repetitively or "held” as in frequency
counting.

Circuit Description

-bp- 524 A operates on pulse counting
techniques. The unknown is applied
through a wide-band squaring amplifier
to a fast gate controlled by a time base
generator. When the gate is open, un-
known is applied to counting circuits.
When gate is closed, counting circuits
remember and display the counted fre-
quency in cps, or the period in micro-
seconds. Time base circuits are con-
trolled by a highly stable crystal oscil-
lator with instantaneous stability of
1/1,000,000; accuracy of 2/1,000,000
per week.

High-Speed Scaler

“fast” circuits and nuclear parameters. This
equipment is built into -bp- 524A Frequen-
cy Counter, and is also available as a separate
instrument.

-hp- 520A Scaler will count period pulses
from 0 cps to 10 mc. Double-pulse resol-
ving time is 0.1 gsec. Triple-pulse resolving
time is 0.2 usec. Scaler delivers 1 output
pulse per 100 received, and displays residual
count on two panel meters. Instrument
may be used with conventional 10® pps
scalers to increase count capacity. $600.00
f.0.b. factory.

HEWLETT-PACKARD COMPANY

2322A PAGE MILL ROAD -

PALO ALTO, CALIFORNIA, U.S.A,

Export: Frazar & Hansen, Ltd., San Francisco, Los Angeles, New York

THE COMPLETE COVERAGE LINE




Our new crazeless gray enamel puts

STILL FARTHER AHEAD!

Our Blue Ribbon Resistor—designed in 1939—was
the first flat or strip resistor in the field. And now,
though there are others of similar type, the Hardwick,
Hindle Blue Ribbon still holds first place—and is still
winning "‘blue ribbons.”

Although its basic design is the same, recent im-
provements assure you the finest flat resistor made.

Our new crazeless gray enamel completely elimi-
nates the disastrous crazing which results in failure of
the resistive element due to moisture penetration from
humidity, salt and other severe atmospheric condi-
tions—thus giving greater dielectric strength.

The aluminum thru-bar, in contact with the internal
surface of the ceramic core, distributes the heat more
uniformly along its entire length—than conventional
tubular resistors.

The studs—corragionand rust resistant—are peened
to serve as mounting supports and also to permit the
stacking of two or more units when space need be
saved. And our unique method of fastening the tube
to the thru-bar prevents loosening under vibration,

As compared to the conventional tubular resistor
Blue Ribbons give you:

1. Higher wattage rating per unit space require-
ment.

2. Reduction in space behind the panel or mount-
ing surface.

3. Sturdy but simple mounting, either single or
stacked.

4. Lighter weight,

5. Lower induction.

Qur Blue Ribbons are designed for and manufactured
in accordance with JAN-R-26A specifications.

Send for our catalogue, showing these and other
Hardwick, Hindle resistors of distinction.

HARDWICK, HINDLE, INC.

Rheostats and Resistors
Subsidiary of
THE NATIONAL LOCK WASHER COMPANY

Established 1886
NEWARK 5, N. J. U.S.A.

of quality

the mark

For more than a quarter of a cenfury
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THE CINCINNATI ELECTRONICS COMPANY

announces its

SEALTRON DIVISION

for the manufacture of glass-to-metal g oz

HERMETIC SEALS

Sealtrons Toofect Sensitive Rirts

For the complefe
story on how
Sealtron Seals
profect vital electrical
assemblies against
moisture, fumes, dirt,
leakage and age,
write, wire or

phone . ..

SEAUAON
-

e
CINCINNATI ELECTRONICS COMPANY

SRR SR 3815 PACIFIC AVENUE o CINCINNATI 12, OHIO

TELEPHONE o REDWOOD 3808

ELECTRONICS — September, 1951 23
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IPE 65

IATURIZED |

IYPE 95

REPRESENTATIVES

S. J. Hutchinson, Jr.
4C1 North Brcad Street

Pliladelphia 8, Pennsylvania

Prone: Walnut 2-5369
WL S. Harmon Company

1£38 So. Lla Cienega Bivd.
Les Angeles 35, California

Pltone: Bardshaw 2.3321

IN CANADA
C. C. Meredith & Co.
St-eetsville, Ontario

DELIVERS TOP PERFORMANCE IN AN JN-
PRECEDENTED TEMPERATURE RANGE FROM
THE BITTEREST COLD IN ARCTIC REGIONS OR
EXTREME ALTITUDES TO FIERY HOT TROPIZAL
BATTLEFIELDS . . . AND IN AN UNPARALLBLED
HUMIDITY RANGE FROM COMPLETE ARIDITY
TO THE SATURATION POINT.

Highly recommended for use in jet and

1)

A

i

SOUTH AMERICA
Jose Luis Pontet
Buenos Aires, Argentina
Monfevidea, Uruguay
Rio de Janeiro, Brazil
Sao Paulo, Brazil
OTHER EXPORT
Sylvan Ginsbury

8 West 40th Street

New York 18, N. Y.

/e

CHICAGO TELEPRONE SUPPLY
%m/w/uz&'on

ELKHART « ENDIANA

MILITARY

A COMPLETE LINE OF

Neses Befere!

other planes, guided missiles, tanks, ships and

submarines, portable or mobile equipment and

all other military communications.
Manufactured from specially developed

materials, this absolutely unique variable re-

- sistor is available in miniaturized size (Type 65)

or in conventional size (Type 95) in resistance

ranges from 250 ohms to 10 megohms.

e .

&% v

\-ﬂ- :

EXCEPTIONALLY GOOD DELIVERY CYCLE

. on military orders due to enormots mass
production facilities . . . Please give complete
details on your requirements when writing or
phoning for ‘urther information.

N

. Ghecialisls in
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APPl.lCATION'_s,_,

VARIABLE RESISTORS (COMPOSITION and WIRE WOUND)

JAN Type RA 202 JAN Tepe RA =

RA =03
Z Watt [CTS Type 352) 2 Watt {CTS Type GC-252) JEN Type RA 254 or 30A AN Type RA 25F or 308

3 or 4 Wott {CTS “ype 25) 3 er 4 Wott (CTS Tyor GC 25)

R,

4

\\“

JAN-2-94, Type RY-3A
CTS5 Typs 35, 1%” Diamete” JAN-ED4, Type RY-38
Composition JAN-R-94, Type RW-2B JAN-R-94, Type Re=A CTS Type 3C 35 with Switch
CTS Type GC 45 with Switch. CTS Type 45, 15/167 Jiamekor

Comesition

Type 85 NEW High Voltage
Electro-3tatic Focusing

L AN
£ ﬁi“ Type 13-033 Rwrophene Jack
-~

5 . .‘\?_‘,

N " Type ))-034 Phene Jack

Tyse G-C.35-45 Cencenmric
Shaft Tanden




TINY MIKE

High-Voltage Ceramic
Capacitors

Tiny Mike is an original Cornell-Dubilier engineering job,

inside and out! Even the ceramic body is made by C.D, in the
newest and most modern ceramic body plant in the world. Fired
TINY MIKE

Miniature Disc
these are the most uniform and dependable ceramics ever to be Ceramic Capacitors

in electric kilns, and electronically controlled at every stage,

mass-produced. Write today for Engineering Bulletins. Dept. K-91,
Cornell-Dubilier Electric Corp., South Plainfield, N. J.

@) CorNELL-DuBILIER
e tll 09 CAPACITORS

PLANTS IN SOUTH PLAIRFIELD. N. J.: NEW BEDFORD. WORCESTER, AND
CAMBRIDGE, MASS.: PROVIDENCE, R. I.: INDIANAPOLIS. IND.: FUQUAY
SPRINGS. N. C.: AND SUBSIDIARY. THE RADIART CORP.. CLEVELAND, OHIO

SUBSIDIARY
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Famous Products by

Hypex
Projectors

I Concert

¢
E Series

VIKING

economy speakers Speechmaster

Reproducers

H-510 Coaxial
with Acoustic Lens

K-210
Coaxial

Triaxial

Type M
Reproducer
Cabinet

Extended Range Standard Series

€NCIl MANUFACTURING COMPANY

Division of the Muter Company
6601 S. LARAMIE AVENUE + CHICAGO 38, ILLINOIS

BURTON BROWNE ADVERTISING

ELECTRONICS — September, 1951 27



CARBOLOY Ainico

: MILITARY COMMUNICATIONS
b id EQUIPMENT

RADAR EQUIPMENT

METERS
AND INSTRUMENTS TANKS TELEPHONES PLANES
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ermanent Magnets

Picked for the VITAL jobs

hecause they’re quality-made
for lasting energy

HERE uniform quality is a must,
Carboloy Permanent Magnets get
the call.

Carboloy Alnico Permanent Magnets in
radar and communications equipment,
aircraft generators, instruments, meters,
motors, compasses, control equipment
and countless other essential products
have proved that Carboloy made means
quality made. The finest permanent
magnets anywhere for uniform, lasting
energy . . . every one individually
checked and re-checked to top-quality
standards by skilled personnel.

Dependable as the magnets themselves,
is our delivery promise. Once your order

is accepted and scheduled, Carboloy
magnets arrive at your plant . . . on
time, as specified.

EXPERT ENGINEERING SERVICE

Carboloy Permanent Magnets are avail-
able to meet your defense and essential
needs. And we're ready to give the same
careful attention to your magnet prob-
lems that we give to the production and
delivery of the magnets themselves.
Why not call on our engineers? Write
us today:

Carboloy Department of General Electric

Company, 11139 East 8 Mile Bivd,,
Detroit 32, Michigan.

CARBOLOY

ALNICO PERMANENT MAGNETS

“Carboloy” is the trade-mark for the products of Carboioy Department of General Electric Company

FIRST IN MAN-MADE METALS FOR BETTER PRODUCTS

ELECTRONICS — September, 1951 29



/ARCO\ INIATURE

Electronies || | MICA
CAPACITORS

SMALLER than your fingernail
BUT SKY HIGH in PERFORMANCE

Known the world over for their reliability under all operating conditions, ELLMENCO
CAPACITORS are chosen by manufacturers who want successful performance and long
life from their products.
EL-MENCO fixed mica dielectric capacitors are compact, precision made manufactured in
accordance with American military standards to meet Army and Navy JAN-C-5 Speci-
fications. All impregnated and JAN, RMA and RCM color coded. Standard specification
limits are shown below.
Moulded in low loss bakelite, tested at double the working voltage. Tests for dielectric
strength, insulation resistance, temperature co-efficient and capacitance drift, humidity
and life tests according to JAN and RCM STANDARDS. All units are wax dipped for
salt water immersion seal. Actual Size
TYPE CM_"S 9/32" x L' x 3/18".

TYPE CAP bC WKG TYPE CAP bC WKG For Television, Radic.and other
DESIGNATION MME.  VOLTAGE DESIGNATION MMF.  VOLTAGE Electronic Applications.
CM-15-C-010-M ) 500 CM-15-E-750-) 75 500 2 - 420 mmf. cap. at 500v DCA.
M3 030 M : 200 PV RER RIS 5t 200 2 S e pamal 200G
CM-15-C-050-K H 500 CM-15-E-101-) 100 200 Tempefa'ture Co-efficient %50 parts
gM-IS-g-IOO-J 10 508 g”-lS-E-l;l-J };8 288 per million per degree Cl for most
M-15-C-120-) 12 50 -15-E-121-) e altes oot d.
CM-15-C150-) 15 500 CM-15-E-1312) 130 500 g R e o Seloa o
CM-15-C-180-) 18 500 CM-15-E-151-) 150 500
CM-15-C-200-) 20 500 CM-15-E-161-) 160 500
CM-15-C-220-) 22 500 CM-15-E-181-) 180 500
CM-15-E-240-) 2 500 CM-15-E-201-) 200 500
CM-15-E-270-) 27 500 CM-15-E-221-) 220 500
CM-15-E-300-) 30 500 CM-15-E-241-) 240 500
CM-15-E-330-) 33 500 CM-15-E-251-) 250 500
CM-15-E-360-) 36 500 CM-15-E-271-) 270 500
CM-15-E-390-) 39 500 CM-15-E-301-) 300 500
CM-15-E-430-) 43 500 CM-15-E-331-) 330 500
CM-15-E-470-) 47 500 CM-15-E-361-) 360 500
CM-15-E-500-) 50 500 CM-15-E-391-) 390 500
CM-15-E-510-) 51 500 CM-15-E-431-) 430 500
CM-15-E-560-) 56 500 CM-15-E-471-) 470 300
CM-15-E-620-) 62 500 CM-15-E-501-) 500 300
CM-15-E-680-) 68 500 CM-15-E-511-) 510 300
All the above are silver mica only. Temperature Co-efficient: 50 Parts per Million per degree C.
(Chorocteristic “E'"). Stondard Tolerance: +5%. Closest Tolerance: +.5 mmfd.

al !

DON'T GET CAUGHT SHORT . . Always Have The Correct
Capacity On Hand!

THESE MINIATURES FIT INTO THE This Handy Kit consists of 46 most commonly

SMALLEST AREA CAPACITOR SIZE | Jief Fapoction o - - fve of sach kopacit

| [ {9732 x V3" x 3/16"). envelope, properly identified for permanent use.
ARCO ELECTRONICS INC. 103 LAFAYETTE ST., N. Y. 13, N. Y.
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FOR PERFORMANCE

1
As with medical instruments, the efficiency of a capacitor '

is not determined by its size or weight. The El-Menco CM-15
Capacitor, in spite of its tiny size, insures peak performance from ’f;j
b
any product in which it is installed — regardless of the severity B
b 0y
s

of operating conditions.

EL-MENCO CM-15 CAPACITOR

Pretested at double its working voltage, this
tiny capacitor must prove its ruggedness before
leaving the factory. It is tested for dielectric

strength, insulating resistance and capacity value.

WHEN YOU WANT PEAK PERFORMANCE IN YOUR
CM-15 MINIATURE CAPACITOR PRODUCT YOUR BEST ASSURANCE IS EL-MENCO
Actual Size 9/32" x 1/2" x 3/16" CAPACITORS.
For Television, Radio and other Electronic
Applications.
2 mmf.-420 mmf. cap. at 500v DCw. THE ELECTRO MOTIVE MFG. CO., Inc.
2 mmf.-525 mmf. cap. at 300v DCw. Willimantic, Connecticut
Temp. Co-efficient == 50 parts per million
per degree C for most

capacity values. MANUFACTURERS ARE INVITED

6-dot color coded. TO SEND FOR SAMPLES
) E NG D

MOLDED MICA MICA TRIMMER

CAPACITORS

FORESGN RADIO AND ELECYRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRQN'CS, INC. 103 Lafayette St., New York, N. Y.—5ole Agent for Jobbers and Distributors in U.S. ond Conoda

ELECTRONICS — September, 1951 ! 3



IMPEDANCE
MEASUREMENTS

FTL-42A IMPEDOMETER

Rapid, accurate measurement of impedance, reffection coefficient
ond standing wave ratio. Small size, convenient for field use.

50 to 500 Mc,

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

Make three readings; plot diagram and read off impedance to
=+ 5%.

$400.00.

e icTen

e TR

o~ *POng

FTL-30A SLOTTED LINE

Precise impedance measurements in the range of 60 to 1000
megacycles per second. Accuracy == 29,

1000 to 2000 Mc range covered with slightly reduced accuracy.

Coaxial line 250 centimeters long having a surge impedance of
51.0 ohms == 0.5 ohms,

$2,495.00,

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

Federal Telecommunication Laboralories. [ne.

500 Washington Avenue
Nutley 10, New Jersey
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O-SIL

CORPORATION

PLUG IN TYPE HEADERS
oc-8 13 0c-12
LGHARACTERS 3 L cuamacTERs ~{j=-040
Rs_amonn 211 qhemats g
e 7 F

a
FLASH OVER vOLTAGE 6500V. PINTORIM

6000V PIN TORIM

MULTIPLE TYPE HEADERS

1000 SERIES AVAILABLE 2000 SERIES AVAILFBLE
WITH 2 TO 10 TERMINALS WITH 2 TO 6 TERMIMALS

SHARACTERS 1 CHARACTERS  grramem
4 Soew & —f30.pm RING
7 52 Lk ~{—o040 § 32cincLe 040
: | |.> g N
—’\ /A /

FLASH OVER VOLTAGE 6500V PIN TO Rim
69500V PIN TO RIM

NEO-SIL HERMETIC SEALS
INDIVIDUAL TYPE TERMINALS

r
.

E-l €-3

. A 2
@::_' To e Cmjamnd

*  FLASHOVER

2500V VOLTAGE 5500V

TEST DATA
The result of the Electrical Testing Labcrafories
Inc., Report #330655, dated March 18, 1949, on
this material shows the following:
Volume Resistivity at 800 Volts d-¢
Room Temperature 25°C R.H. 30 pcrmn!’
Megobm-inches ohum~coentimeters
1.4 x 10° 3.5x10'"
Diclectric Constant and Dissipation Faetor
Dicleetric Dissipatinn
Constunt Factor

@ 60 cycles per second
.058

Lozy Factor.

9.22 5.32
@ 1 megacycle per second
6.17 .0455 .28
@ 50 megacycles per second
0.20

5.35 1.1

Dielectric Strength at 60 cycles
Volts per mil — 370

Durometer Average — 80 * §

T-mperature — Rated as a Class A material con-
servatively + 160° to —70° centigrade.

The Flashover Voltages indicated were taken at
a temperature of 68° Fahrenheit, and 47 % Rela-
tive Humidity,

ELECTRONICS — September, 1951

OC-8 and OC-12

“8 and 12 Pin Octal Type
Plug In Headers, molded
with NEO-SIL. are applic-
able for use on MIL require-
ments. They will withstand
thermal shocks, vibrations,
mechanical strains and ex-
cessive pressures with no
impairment to the seal or
other functional character-
istics. For use with standard

V4" SHAFT
WATERSEAL BUSHING

“Rotary Waterseal Panel
Assemblies, with GRAF-SIL
Packing Glands, have an ex-
cellent five year customer
history on gas filled pressur-
ized components. They are
available for 4" shafts and
for potentiometers and

N, Py _'_}gal'wfu,ﬂrw L) gl

[::?

»

switch bushings.”

Octal Type Sockets.”

“NEO-SIL's proven Her.netic sealing components will eliminate
rejects resulting from breakage, strains, cracks, etc. Each NEO-SIL
component is pressure checked at 25 psi — to meet military require-
ments and as applied to our units, NEO-SIL rubber will resist abusive
temperature cycling, salt water, most acids and alkalies, and with-
stgnd high pressures and vacuums.”

“In addition o the items illustrated above, NEO-SIL ofers many
other components, such as Hermetically Sealed Fuse Holders, Her-
metic Sealing Terminals, Multiple Pin Headers, Hermetica ly Sealed
Cables, Hermetically Sealed Line Cords With Plugs for Eurc pean use,
Meter Gaskets, Panel Gaskets, Adapters (U. S. to Continental), Coil
Forms, Crystal Contacts and other molded bakelite and NEO-SIL
rubber units.”

**Hermetically Sealed Fuse Holders are available for 3-AG and
4-AG fuses. These units are completely sealed from mo sture with
or without the cap or fuse inserted and are applicable for use on
vacuum or gas filled units.”

Your special problems are solicited.

NEO-NIL

CORPORATION

26 CORNELISON AVE., JERSEY CITY 4,N. J.
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[PROBLEM |

How to Conserve or Replace Nickel

in Radio Tube Parts?

(GnERAL FiaTe]

Provided the Solution with Aluminum

Clad Iron...A Composite Metal.

Europeans faced with a critical nickel shortage
during World War II, conserved large amounts
of nickel by using an aluminum clad iron as a
radio tube anode material.

With today’s increasing nickel shortages, radio
tube manufacturers are faced with a similar prob-
lem. General Plate has provided a solution by
developing techniques which enable it to provide
aluminum clad iron material for use in radio tube
applications.

No matter what your metal problem, it will pay
you to consult General Plate. Their vast experience
in cladding precious to base metals, or base to
base metal combinations can overcome your prob-
lems . . . often reduce costs as well.

General Plate Products include . . . Precious

Enlarged section of
Aluminum Clad lron

metals clad to base metals, Base metals clad to
base metals, Silver Solders, Composite contacts,
buttons and rivets, Platinum fabrication and re-
fining, Age-hardenable #720 Manganese Alloy.
Write for information.

; PERRETINN T M P R
| Have You a Composite Metal Problem?

General Plate can solve it for you
g

GENERAL PLATE

Division of Metals & Controls Corporation
39 FOREST STREET, ATTLEBORO, MASS.

Scptember, 1951 — ELECTRONICS



FOR EXPLORING YOUR
COMPANY’S FUTURE PRODUCTS

ELECTRONICS — September, 1951

@ Pioneers in ultrasonics, our company is now busy on specialized
assignments, both for the Armed Forces and for important
American business concerns. Ultrasonics is a new science with a
great future, foreshadowed in many industrial processes.

Exploration in the ultrasonics field has shown that directed
and controlled sound waves at high frequency may lead to the
fast emulsification of heretofore incompatible elements, the
inspection of goods, and improvement of pharmaceuticals. Here
at Brush is a reservoir of knowledge of piezoelectricity. Here at
Brush is the Hypersonic* equipment for carrying out experi-
ments. We can supply laboratory and pilot plant equipment . . .
consisting of electronic generator and transducer for direct focus-
ing of ultrasonic energy.

Your inquiry, directed to HYPERSONIC DIVISION, will receive
our careful attention. *Trade-Mark

Manufacturers of -

ACOUSTICAL EQUIPMENT MAGNETIC RECORDING DEVICES
RESEARCH AND INDUSTRIAL INSTRUMENTS
PIEZOELECTRIC CRYSTALS ULTRASONIC EQUIPMENT

“QUR BUSINESS IS THE FUTURE"

THE BRUSH DEVELOPMENT COMPANY
3405 Perkins Avenue, Cleveland 14, Ohio

WAAAALaeticantadiohistons~corm o -



Hitting modern targets

poses ever-new problems

Increasing emphasis on speed and mobility in modern
warfare intensifies the problem of destroying the
target. It takes it out of the reach of the manual
ability and into the realm of electronics. Working
closely with our Armed Forces since 1918 in
pioneering and developing equipment to meet these
problems, Arma is in the forefront in supplying

such precision instruments for our nation’s defense.

36

ARMACORPORATION

254 36th Street, Brooklyn 32, N.Y.
SUBSIDIARY OF AMERICAN BOSCH CORPORATION
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'Snow in fringe-area reception: how

can | reduce it . . . economically?”’
mee————

! ere’s a brand-new, up-to-the-minute way to cut
noise nuisance at a budget figure. It's G. E.’s great
new 6BK7—a miniature designed by General Elec-
tricto solve the very problem yox face, Mr. Designer!

This new tuner tube is low in two important
ways—noise level and cost. At a real bargain price
the 6BK 7 improves picture quality in marginal TV
areas, making friends for your set right where sales
are growing fastest.

Intended primarily for cascode service in v-h-f,
the 6BK7 also may be used as a low-noise first-
intermediate-frequency amplifier in u-h-f. Design
features include: (1) a special shield between the
triode sections, (2) high transconductance to im-
prove gain and reduce noise level.

You'll take pride in the more widely usable TV
set you can design around this pace-setting G-E
tube. Telegraph or write for Engineering Bulletin
ET-B32, just off the press! Or, if you wish, a G-E
tube engineer will be glad to call on you. Electronics
Department, Section 6, General Electric Company,
Schenectady 5, New York.

GENERALYZ ELECTRIC

ELECTRONICS — September, 1951

181-Ke

wanAL americanradiohistons.com

Typical operating conditions,
each section

Plate supply voltage 150 v
Cathode bias resistor 56 ohms
Amplification foctor 40
Plate resistance 4,700 ohms
Transconductance 8,500 micromhos
Plate current 18 ma
Noise factor, os a cascode

amplifier ot 216 mc 7 db

37
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WHAT YOU GAIN WHEN YOU BUY...

HYTRON

RECTANGULARS

» You get THE ORIGINAL. The studio-matched
rectangular tube is Hytron’s baby. Its logically
designed screen matches the 4 by 3 aspect
ratio of the studio picture. Quite naturally,
Hytron’s new rectangular is fast becoming the
most popular picture tube.

a You get UNIFORMITY. Hytron’s new picture-

tube plant is the most modern in the world.
Ic was designed especially to mass-produce
Hytron studio-matched rectangulars of uniform
dependability.

9 You get A COMPLETE LINE. Hytron offers

- you 14-, 16-, 17-, and 20-inch studio-matched
rectangulars. All the popular rectangulars
(and the popular types of round tubes too).

» You get THE QUALITY LEADERS DEMAND.
Nine out of ten leading TV set makers choose
Hytron. More and more leading service-
ADMIRAL - AIR KING + BENDIX « CROSLEY «+ EMERSON dealers pick Hytron. Because their own ex-
HALLICRAFTERS - HOFFMAN + MOTOROLA . NATIONAL perience proves Hytron studio-matched rec-
tangulars give ‘“‘amazingly clearer, sharper,

OLYMPIC + SENTINEL * SETCHELL- CARLSON * SPARTON more brilliant pictures.” Demand this same

. performance for yourself. Demand original
STROMBERG - CARLSON + TRAV-LER + WESTINGHOUSE Fytron studio-marched rectangulars.
AND OTHERS

LEADING TV SET MANUFACTURERS PICK HYTRON RECTANGULARS:

38 September, 1951 — ELECTRONICS
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NEW MINIATURE HERMETICALLY-SEALED
PRECISION RESISTORS IN LUG TYPES

Miniature hermetically-sealed  resistors |

with solder lug terminals and designed to
meet the requirements of JAN-R-93, char-
acteristic A, style RB11, have becn an-
nounced by the Shallcross Manufacturing
Company, Collingdale, Pa.

Known as Shalicross Akra-ohm type 1180,
the resistors are only 19/32” long x 3"
diumcter and are rated 0.25 watt at 250
volts. Resistance values up to 0.1, 0.3 or
0.4 megohms may be obtained depending on
the alloy wire used for the windings. Wind-
ings are non-inductive. The resistors arc
hermetically-sealed in Stcatite by a patented
Shallcross process which provides positive
immunity against the effects of humidity.
fungus and salt water immersion.

This and other Shallcross hermetically-
scaled resistor types in accordance with JAN
styles RB12A and RBI14A, as well as
twelve other JAN characteristic B styles,
are described in the new Shallcross resistor
bulletin R-3b which is available on request.

SPECIAL COILS AND CHOKES INTRODUCED
BY SHALLCROSS

A new line of coils and chokes adaptable
to “tatlor-mude” specifications has been in-
troduced by the Shallcross Manufacturing
Company. Collingdale, Pa. Types include
high Q radio-frequency chokes, progres-
sively-wound slug-tuned broadcast coils and
oscillator cotls. all of them having out-of-
the-ordinary characteristics which cannot be
matched by standard coil types.

Shallcross r-f chokes may he made up as
two scparate cotls having a  specified
coupling coeflicient. High-permeability iron
cores are sometimes used to provide greater
inductance in a small unit.

(Advertisenient)

ELECTRONICS — September, 1951

PR

... for MINIATURI-
ZATION PROGRAMS

hallcross has led
he producti‘on of

de endcb\e”c ose-
:c‘;\lje‘chce,p high-stcbnhiy. re-
sistors in miniature s'tze“s.
Standard and herme.hccly
sealed types are available.

For years, S
the way in't

ASSEMBLIES

-Shallcross .regularly produces
hundreds of special precision re-
sistor types including precision
power resistors, resistors with
axial or radial leads and multi-

unit strip resistors {illustrated) with -

either inductive or non-inductive
windings.

- SuALICROSS

SHALLCROSS MANUFACTURING COMPANY
COLLINGDALE, PA.

SHALLCROSS MATCHES YOUR |
Precision Resistor
Requirements!

ility on
.. for real dependabi
STANDARD INDUSTRIAL USES

mical standard types
ch available in numerous

lectrical adaptations.
ta Bulletin R3A.

..over AQ econo
and sizes, €@

mechcnlccl and e
Write for Shalleross Da

...for JAN
EQUIPMENT

Shallcross is in constant touch with
the latest military precision resistor
requirements. The present line in-
cludes 13 types designed for JAN
characteristic B’ and 4 types for
characteristic "'A".

" for HIGH-STABILITY
APPLICATIONS | |

X Many Shallcross Akrc-Oh.n;‘
esistors are available wif
. d tolerance to
pbility to
01% and sta i
3003%. Matlched pairs and
sc'eis are supplied to close

tolerances.




SEGMENTED
DEFLECTION
YOKE CORES

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

CERAMIC CORES
THE QUALITY STANDARDS

®

«so THE
THAT SET

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

U’ and “E”’ CORES Permgability of these Stackpole Ceramag
Coresis of theorder of 10 tol by comparison

FOR FLYBACK with conventional iron cores. They are
materially smaller, have higher resistance

TRANSFORMERS :nd operate much cooler due to the absence
of eddy current losses. Many special types
are regularly produced.

TELEVISION IMAGE

W-1-D-T-H CONTROL TYPES - -
Qﬁ; _

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

Electronic Components Division

STACKPOLE CARBON COMPANY, S§t.

September, 1951 — ELECTRONICS



New Brown wox

Amplifier. ..

Elecrnical
Cliaractercstics

¢ EQUIPMENT INPUT IM-
PEDANCE—3000 ohms.

e STABILITY (after warm-
up) —within 1.0 uv.

e DEAD ZONE (with 7650-3
motor) —0.1 uv.

e OVERALL VOLTAGE
GAIN—40 x 105

» 60 CYCLE OUTPUT CUR-
RENT—0-12 MA.

e 60 CYCLE OUTPUT
VOLTAGE —0-154.

ELECTRONICS — September, 1951

combines high gain and
sensitivity with good stability

Specially designed to reduce thermal potentials and
stray pickup, the new Brown 40X servo amplifier
incorporates an extra stage of amplification to pro-
vide increased sensitivity . . . permitting motor drive
from signals as low as 0.5 microvolts.

Pictured above is the amplifier showing the rectifier
which provides d-c filament voltage for the first
amplifier tubes. It can be used as the basic link in a
closed servo loop (where great sensitivity is required)

. . to translate electrical signals into directional
motion . . . to provide corrective action in conjunc-
tion with minute error signals . . . for null detection
. . . or for remote positioning.

For detailed information, write for a copy of Data
Sheet No. 10.20-4.

MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus-
trial Division, 4428 Wayne Ave., Philadelphia 44, Pa.

Honeywell
“Browa Qusttivnats-

41
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the OU MONT Type 304-#
rack mountable Type 304-H
*395.00

The circuit designs which have made the Type
304-H the most widely used general-purpose cathode-
ray oscillograph have been repackaged to bring you
the added convenience of rack mounting!

STANDARDIZE ON THESE WELL-KNOWN

FEATURES OF THE TYPE 304-H....

® High light output — Type 5CP-A Cathode-ray Tube oper-
ated at 3000 volts accelerating potential.

® High Sensitivity — 0.028 volt peak-to-peak per inch through
Y-axis amplifier.

® Both A-C and D-C Amplification—Y axis frequency
response from 0 to 100,000 cps, down
10%,, down 50%, at 300,000 cps.

® Stabilized Synchronization — sync-limiting circuit elim-
inates the effects of over-synchroniza-
tion.

® Linear Sweeps — Driven and Recurrent Sweeps variable
continuously from 2 to 30,000 cps. —
slower sweeps available by adding
capacitance between front-panel ter-
minals.

® Sweep Expansion —up to six times full-screen expansion
of driven or recurrent sweeps, with con-
plete positioning.

® Provision for Intensity Modulation — 15 volts peak will
blank the beam at normal intensity.

» o+ . PLUS THESE MECHANICAL
FEATURES IN THE TYPE 304-HR
e Standard 197 relay-rack pancl o Width — 19”7 e Height —
83" e Depth — 1914” e Pancl-control symmetry similar to
that of the Type 304-H e Dust cover supplied.

42

Now...

add 304-H performance
to your relay racks!

AND REMEMBER
RECORDING EQUIPMENT....

THE TYPE-296-$149.50 =

® Simplified opera- |
tion.

® High quality, coated |
f/2.8 lens. 5

® Economical use of
film.

@ Fits standard 5-inch &
cathode-ray oscillo-
graphs.

® Records writing
ratesup to 20 inches/
microsecond.

.«..FOR THRIFTY SINGLE-FRAME RECORDING

THE TYPE 297 $355.00

@ Coated /1.9 lens.

® Available with /2.8
lens ($285.00).

@ Simultaneous Binoc-
ular viewing and
recording.

® Built-in illuminated
data card.

@ Fits standard 5-inch
cathode-ray oscillo-
graphs —without
additional supports.

... FOR IMPROVED FINISHED-PRINT
RECORDING

INSTRUMENT DIVISION e ALLEN B. DU MONT LABORATORIES, INC.
1000 MAIN AVENUE, CLIFTON, N. J.
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New York Transformer Co. Insulates

with JRVINGTON No. 100 Varnish

*‘FOR EXCEPTIONAL LIFE IN SEVERE SERVICE"

For specialty transformers that meet unusual and exacting require-
ments, the electronic industry turns to New York Transformer Co.,
Inc., Alpha, N. J. And for insulation that gives outstanding perform-

ance under the toughest conditions, NYT has turned—for more than
10 years—to Irvington No. 100 Clear Baking Varnish, for use on all
its power transformers and chokes.
Here are two major reasons why NYT counts on Irvington No. 100:
MOISTURE RESISTANCE. 24-hour water immersion reduces dry di-
electric strength of 2250 vpm by only 2.2%.
HEAT RESISTANCE. Irvington No. 100 withstands ASTM heat endur-
ance test at 105° to 110°C for over 1000 hours.
You too can give your products service advantages like these—and
save time and money, because . . .
Irvington No. 100 cures fast and thoroughly, even in deep windings.
Its clarity allows quick identification of color coding or numbering—
saves time on the assembly line, reduces risk of rejects.

Get the full story today—Technical Data Sheet is yours for the asking.

00000000000000000008 0800000 C00ene

Send this convenlent coupon now Irvington Varnish & Insulator Company

6E Argyle Terrace, Irvington 11, N. J.
Irvington

Gentlemen:

Please send me your Technical Data Sheet on Irving-
ton No. 100 Clear Baking Varnish,

Name.......coiiiiiiiierce e Title.covrnnns
VARNISH & INSULATOR COMPANY Company. R —
Irvington 11, New Jersey T
Plants: El Monte, California Homilton, Ontario, Canada City Zone State
ELECTRONICS — September, 1951 43
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__ __here is_being put through pattern tests_ on the Work-

" 74 WORKSHOP ASSOCIATES

%F"im"l‘fj‘?i OwER ONE WAY (db) |

1L Jmeeame forg ane vav @ |
R cé S

!

S

i

The ship-borne sea-search radar antenna gictured

shop range. The transmitter is an 8-foot parabolic
antenna mounted on a 25-foot tower 3300 feet dis- ’
~tant. The Workshop range is one of the longest in | - —
industry, and is completely equipped for careful, | _ )
accurate pattern measurements. This range is typical e b
of Workshop’s outstanding facilities for research, )
development and ' production. [These facilities are
constantly at work for government and' industry in
the solution of difficult antenna problems. |

i
i I

Specialists in High-Frequency Antennas
135 Créscent;Rood, Needham Heights 94, Massachusetts

DIVISION OF THE GABRIEL COMPANY
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STEATITE
INSULATION

FULL-FLOATING
CONTACTS

IMULTANEOUS contact of any number of leads can be madé or broken by use

of Lapp Plug-and-Receptacle units, for panel-rack assembly or other section-
alized circuits. Insulation is Steatite, the low-loss ceramic which is non-carboniz-
ing, even when humidity, moisture or contamination sets up a leakage path. The
unit shown above provides twelve contacts, rated for operation at 2.5Kv peak
terminal-to-terminal, 1.5Kkv peak terminal-to-ground, 25 amps at 60 cps. All con-
tacts are silver-plated; terminals are tinned for soldering. Polarizing guide pins
assure positive alignment. Write for specifications of this and other available units,
or engineering recommendations for special units for your product.
Lapp Insulator Company, Ine¢., LeRoy, New York

15
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| These are

‘ Tantalytic Capacitors
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Here is one of the fastest moving developments
in recent ycars—General Electric’s new electrolytic-
type capacitors. These Tantalytic capacitors with
their small size and large capacitance per unit of
volume have excellent low temperature character-
istics, long operating life and in many cases can
replace bulky hermetically-sealed paper capacitors.
Ratings presently available for consideration range
from .02 muf up to 12 muf at 150 volts dc. Units
pictured are representative of these ratings.

Other features of G-E Tantalytic Capacitors include:
® Extremely long shelf life.

® An operating temperature range from —55°C
to +85°C.

Bk

4Muf 60VDC
.50 Muf 150V N

.25 Muf IS0V NP
.Muf 150V NP
.04 Muf |50VNP__

|

® Exceedingly low leakage currents.
® Ability to withstand severe physical shock.

® Completely sealed against contamination.

If you have large-volume applications where a
price of 3 to 5 times that of hermetically-scaled
paper capacitors is secondary to a combination of
small size and superior performance—get in touch
with us. Your letter, addressed to Capacitor Sales
Division, General Electric Company, Hudson Falls,
N. Y., or your nearest Apparatus Sales Office will
receive prompt attention.

General Electric Company, Schenectady 5, N. Y.
, 74
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There’s more to these

D
bE
| (DC POWER SUPPLYS)

than meets the eye!

MODEL 325 BB

MODEL 1000 BB

OUTPUT CURRENT (M.A.)
”
S

] 50 100 150 200 250

OUTPUT VOLTAGE — (VOLTS}

shaded section — area of “'plus value’” performance

MODEL No. 32588 36088 52088 56088 50088 100088
Qutput voltage 0-325 175-360 200-500 0-500 0-500 200-1000
Output current 0-125 Ma 0:120 Ma 0-200 Ma 0-200 Ma 0-300 Ma 0-500 Ma
Output voltage, bizs  0.150 ... R 0-150 0150 ...

Output current, bias 0-5Ma ... . B N W, 0-5 Ma 0-5 Ma rs. . Mhereen
10 mv 10 my 10 mv 10 my 10 my 20 my
Low AC voltage 63at 10amp. 63at10amp. 6.3atl0amp. 63at10amp. 63at10amp. . ...

{center tapped,
unregulated)

The Sorensen line of B-NOBATRONS is conservatively
rated. The performance specified for each unit is avail-
able under all line and load conditions within the range
of the instrument.

This leaves room for "plus values’” that should not be
overlooked! As shown in the graph at left, it is possible
under many conditions to obtain current and voltage con-
siderably in excess of the ratings. And you get- similar
premium performance from all B-NOBATRONS!

Further, the Sorensen name on any Isotronic* product is
your assurance of careful construction, finest materials,
dependable and economical operation. Write for full
information.

* lIsotronic is a trade-marked word
pertaining to the science of regvla-
tion and control of voltage, current,
power, or frequency.

DC POWER SUPPLY SPECIFICATIONS

=}

Regulation accuracy: *0.5% (*1% in 360BB and 520B8B)

Input: 105-125 voits AC, 50-60 cycles, single phase.

Models 325BB, 560BB, 50088 and 100088 are metered.

Units are normally self-contained. All can be provided with a front panel for rack mounting.

SOCENSEN

Sorensen & Company, Inc.

375 Fairfield Ave., Stamford, Connecticut

FOR THE BEST IN REGULATED LOW VOLTAGE DC SUPPLYS, INVESTIGATE SORENSEN’'S LINE OF NOBATRONS.



THOMPSON EXPANDS ITS SERVICE INTO ELECTRONICS PRODUCTION

ust Thompson

COAXIAL SWITCHES

Model No, 10567.
Single-pole four-
throw coaxial switch

COAXIAL SWITCH
i SERIAL % |

THOMPSON P&ODUCT!}, N

Sl TYPICAL PERFORMANCE
Frequency range,01010,750 Mc./Sec.
V. S. W. R, 1.5 maximum

LEVELAND 00

Insertion loss, .5 decibels or less ar
3,000 Mc./Sec.

Cross-talk, 50 decibels minimum af
3,000 Mc./Sec.

Characteristic impedance, 50 ohms
normal

Maximum RF voltage, 500 volts, RMS

Power rating, CW Maximym continy-
ous 100 watts at 3,000 Mc./Sec.

Model No. 10829, Single-pole
two-throw coaxial switch

@ Reliable R-F AND MECHANICAL PERFORMANCE under extreme WRITE for further
environmental conditions is guaranteed in types which include technical informa-
single-pole 2-throw, 3-throw, 4-throw and 6-throw; double-pole, tion and descrip-
double-throw; and Sensing Switches. Remote actuation (28 volts DC tive brochure;

or 115 volts AC) is available for all. J;‘IO’.’;I’ b"’r’;{:;";y

The Thompson Products Electronics Division has a competent prompt reply.
staff of engineers, electronic and environmental test equipment,
model shop facilities and production facilities ready to work for
you on your coaxial switch problems.

ELECTRONICS DIVISION, 2196 CLARKWOOD ROAD, CLEVELAND 3, OHIO

Thompson () Products, Inc.

MANUFACTURERS OF PRECISION AIRCRAFT PARTS AND ACCESSORIES
CLEVELAND ¢ DETROIT ¢ LOS ANGELES ¢ ST. CATHARINES, ONTARIO
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Bowl them over with a product “packaged”

in smart styling! Say farewell to misfit,
makeshift cabinets that copy-cat the other
fellow. You can afford your own exclusive
design when we “productioneer” the job for

most economical treatment. Housings built

for you alone permit features that mean
less costly final assembly. It makes no
difference how simple and thrifty or elab-
orate you want it—our faultless workman-
ship will make you proud to put your trade
mark on the product. Write for data book.

KARP METAL PRODUCTS CO., INC.

215 63rd STREET, BROOKLYN 20, NEW YORK
Specialists in Fabricating Sheet Metal for Industry

ELECTRONICS — September, 1951
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vo LTAGE C)-\ MODEL 815
REGULATEDJ'

s u p p LI Es : 0150 valts, 5 Mo.
REGULATION:

For Industrial and g\ 10 il o v

- %% for load at 150 volts.
Researfh ”Se (3_\  RIPPLE: 5 millivlhs. '

FILAMENT SUPPLY: 6.3 valts AC, 10 Amp., CT

B SUPPLY:
0-600 volts, 200 Ma.

REGULATION:

%% for both line and
load variations.
RIPPLE: 5 millivolts.

C SUPPLY:

MODEL 315

B SUPPLY: 0-300 volts, 150 Ma.
REGULATION: %% for both line
and load variations.
RIPPLE: 5 millivolts.
C SUPPLY: 0-150 volts, 5 Ma.
REGULATION: 10 millivolts for
line 105-125 volts.
%% for load at 150 volts.
RIPPLE: 5 millivolts.
FILAMENT SUPPLY: 6.3 volts AC,
5 Amp., CT.
Available with Rack Mounting

Krcorass

MODEI. 510
7 Model 510 fectures TWO COMPLETELY
<;INDEPENDENT REGULATED noWEu SU?PUES/
~ ZOUYPUT DC FOR EACH sup.gn@ (2,\
200500 wit{‘ 00 Ma
Rscum'um o

N \

L V% 'I_or ‘oth Ijn ‘nd joad v‘érmhons P
2 I‘IPPLE"5 millivolts. -

7 OUTPUT AC FOR. ety sumpLy:

I RG> 6.3 wolts, @Amp. T \1
“ The suppﬁes may be c&n@;ted £ ¢ Sseries, 1
N poro"el or bu:klng opekam;m .

' MODEL 500-R

" OUTPUT DC: 0-500 volts, 300 Ma.

REGULATION: %2% for both line
and load variations.

RIPPLE: 10 millivolts.
OUTPUT AC: 6.3 volts, 10 Amp., CT.
Model 615 is the Model 500-R plus C supply

MODEL 245
OUTPUT DC: 200-500 volts, 200 Ma.

REGULATION: %% for both line
and load variations.
RIPPLE VOLTAGE: 5 millivolts,
« OUTPUT AC: 6.3 volts, 6 Amp., CT.
Available with Rack Mounting

"r‘ Moddédoo fqamm WO INDEPENDENT
(4 . REGUIATED 'OWER SCPRLIES.
JOUTPYUT DC £OR EATH SUPPLY:
#m volis,?oo Ma. I&pumlii! 490 Ma,
gr;uuunqu
; 1%

fot bofﬁ llhr and I_bnd vomdﬁo%" A

MANUFACTURERS OF ELECTRONIC EQUIPMENT « RESEARCH + DEVELOPMENT

271 LABORATORIES, INC.

-14 41st AVENUE * FLUSHING, N. Y,
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Electronics (Experience + Knowledge)=(Achievement)”

Factors equalling significant electronics &chievement
come from long experience and constantly expanding
facilities. Our Electronics Division started ¥s record of
accomplishment many years ago. To Air Associates
is recognized as a major supplier of airbofye, marine,
and ground electronics equipment United States
and allied governments.

Designing and developing critically needed electronic

INCORPORATED
TETERBORO, NEW JER{EY

m— i N

57 AT
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speed up LOW FREQUENCY

alignment with the new

¢ KILO-SWEEP

ELIMINATE TEDIOUS
POINT-BY - POINT
METHODS

GET DIRECT OSCILLISCOPE

PRESENTATIONS WITH THIS
NEW SWEEPING OSCILLATOR

Use the new KILO-SWEEP
In the 50 KC to 2 MC frequency range. You
speed alignment of tuned amplifiers as you
obtain truly precise adjustment of both fre-
quency and band width.

FEATURES: ATTENUATORS: Separate controls for RF and
SWEEP METHOD: All Electronic mark signals.
WEEP RANGE: i ivisi

S e\E/erl:/ 0.1GnEc)50 KCto2 MC (Dial Divisions BASELINE: Zero reference line.

SWEEP WIDTH: 0 to -loo KC (Dial DiViSiOnS PR'CE: $525 F.O.B fOCfOI’y. Addifional mOrkS
every 10 KC) $20 each.

FREQUENCY MARKS: Pip type crystal posi- .
tioned at 0.5, 1.0 and 2.0 MC. Other fre- IS'le"E;e fabou? i!';e SONAl:
quencies on special order. : 5 Kgri 5'2'10"0‘;("(: wor

OUTPUT: 0.5 volt into 70 ohms. rom ° .

@am‘?“‘“"
23 Maple Avenue Phone CAldwell 6-4000

Pine Brook, New Jersey

Expert Depariment; 13 Eaot 40th Strcet.
= York 18, MY

52
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axial cable have been turned out since

~_miles of Synkote co
d in coaxial construction —

Plastoid Corporation first pioneere

and every single inch has been checked again and again for

. . . " . . HOOK UP WIRE

tensile and dielectric strength, chemical stability of insulation,

abrasion resistance of iacketing, uniformity of dimensions AIRCRAFT CABLE
‘ ’ ' TV WIRE

This inch-by-inch inspection assures you that every length of MULTI-CONDUCTOR CABLE

Synkote coaxial cable will give you all the advantages you

expect from all Synkote wire. Advantages like high dielectric

strength and low dielectric leakage Thermoplastic insulation

that's almost completely i i to water, acids, alkalies Just tell us your requirements n
s mpletely impervious arer, ids, €5 electronic wiring. We'll be glad to

oils, heat and cold. PLUS exceptionclly tough,abrasion-resistant help you select, from the compre-
hensive Synkote line, the type of

nylon jacketin
insulated conductor that best meets

g!
N 4& your needs. And. we're prepared,
%‘: on short notice, to engineer new
designs to fit your problem -and to
produce them in practically any

230 Ohm Shielded 11/U Coaxial Cable 59/U Coaxial Cable 72 Ohm Junior quuntity_
Coaxial Cable

lead In
And of course...specia

A e—

lly engineered designs for special needs!

_z q

;‘; i

............................. e ;
- g

PLASTOID CORPORATION Dept. E

42.61 24th Street, Llong Island City 1, N. Y
Gentlemen: ‘
Please send me additional i i
information on Synkot i
[ of the fallowing types yriete Coaxiel Cobie
01 a Z ZM Name

Company

42-61 24th Street, Long Island City 1, N. Y. Address

Cit
4 State

NemmTEmERATREAGYSEsAESaTEEE®
esmesnmanmsanssasanl
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CARBON CONTACT BRUSH
The insulated, stain-
less steel and beryllium
copper contact brush
carrier is riveted to the
stainless steel shaft.

SOLID MOLDED RESISTOR
The circular resistor
element(Arrow) can be
molded to provide any
resistance - rotation

curve up to 5 megohms. )

The Inside Story

of the 4

Typée J Bradleyometer

g7 B T .
AI.I.E@,I-BRI[\DI.EY
FIXED & ADJUSTABLE RADI

Sold exclusively to manufacturers / u u n l' ]vv \

54

COLLECTOR RING
The collector ring (Ar-
row} connects the ro-
tating contact brush
with center terminal.

PERMANENT CHARACTERISTICS

L]

molded into resistor element

The Bradleyometer resistor is molded as one unit
with terminals, face plate, and bushing imbedded in
the plastic body. It is not a film or paint type of resistor.
Because of its nature, the resistor can be built up to
satisfy any resistance-rotation curve. After molding,
the resistor is no longer affected by heat, cold, mois-
ture, or age.

Available for rheostat and potentiometer applica-
tions in single, dual, or triple unit assemblies.

Allen-Bradley Co.
110 W. Greenfield Ave., Milwaukee 4, Wis.

ab

RESISTORS

of radio and electronic equipment

CONTACT BRUSH CARRIER |

The carbon contact
brush (Arrow) slides on
the surface of the solid
molded resistor. Con-
tact improves with use.

WITHOUT LINE SWITCH
Type JBradley-
ometer with-
out line switch.

WITH LINE SWITCH
Type JS Brad-
leyometer has
a line switch.

ATENT A PP. FOR
ST R -
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WORKING DRAWING THAT MEANS...JUST THAT!

Like the 500-year-old invention of
movable type, the development of
today’s printed electric circuits
makes it far easier and more practi-
cal for people to communicate with
each other. Printed circuits are sim-
plifying production of hearing aids,
radio and television sets, and elec-
tronic test equipment. They have
made such articles smaller, lighter,
more reliable, easier to maintain,
and lower in cost.

A printed circuit is a working
drawing—working. A typical one is
made by simple photoengraving of
a diagram on a light-sensitized, cop-
per-clad, laminated plastic sheet.
When the unwanted copper has
been etched away, the remaining
copper becomes the permanent elec-
trical conductor, in any desired cir-
cuit configuration.

BakEeLITE Bonding Resins firmly

ELECTRONICS — September, 1951

hold the copper to the base sheet,
resisting the attack of engraving
chemicals. Later, they withstand the
heat of soldering and use. The base
sheet is a low-loss, paper-base plas-
tic laminate made with BAKELITE
Phenolic Laminating Resins.

A major benefit of printed cir-
cuits is the “miniaturization” of
equipment. Sub-miniature assem-
blies formerly raised extremely vex-
ing problems of production, per-
formance, and repair. Now printed
circuits, completed by advanced
techniques such as the “one shot”
scldering of all connections, reduce
costs to a level where replacement
is cheaper than repair.

The contribution of Bakelite en-
gineers to printed circuits is the pro-
viding of resins and plastics with
the required properties. Such prop-
erties as bond strength, resistance to

thermal shock, dielectric constant,
power factor and moisture absorp-
tion,are broadly controllable in these
BAKELITE Plastics and Resins.

Perhaps there is one that can be
fitted to your particular needs. Out-
line your problems. Call us in to con-
fer. Write Dept. CJ-47.

BAKELITE

TRADE-MARK

PHENOLIC

RESINS
- /B\
'Ilﬂlwﬂlll
BAKELITE COMPANY
A Division of

Union Carbide and Carbon Corporation
30 East 42nd Street, New York 17, N. Y.
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With our hands
full today...we've our
eye on tomorrow

Buildings . . . enclesing more than 1 acres
—all devoted to the development, pro-
duction and testing of fine small tubing.

Men and Machines. .. fabricating, inspect-
ing and finishing parts to meet the most
exacting specifications.

Here at Superior we produce
quantities of qualily parts for the
Electronics Industyy. Our research
engineers are constantly at work
to mmprove these products and to
develop new parts to do the job
better. Production-wise we're
working just as constantly to pro-
duce more and more of these
better products for you.

During the year 1950, wedoubled
our disc cathode capacity, added
over 50% to Seamless cathode
capacity. Through the same period
we almost doubled the number
of machines making Lockseam

cathodes . . . more than doubled
capacity. 1950 production of
Lockseam cathodes increased
280% over 1949. Demand kept
pace with the increase.

Plans for the future include the
installation of ncw machines and
the improvement of already good
processes so that the Electronics
Industry’s coming needs may be as
well met as its past demands.

Then as now, we at Superior will
deliver truly superior small tubing
products to do tough jobs better.
Superior Tube Company, 2500
Germantown Ave., Norristown, Pa.

Which Is The Better For Your Product ...

SEAMLESS...? The finest tubes
that can bhe made. Standard pro-
duction is .010"" to .121"" O.D.

inclusive, with wall thicknesses of

0015 to .005"". Cathodes with larger
diameters and heavier walls will be
produced to customer specification.

Or LOCKSEAM™. . . ? Produced
directly from thin nickel alloy strip
stoek, L0107’ to .100"7 O.D. in stand-
ard length range of 11.5 mm 1o
42 mm. Round, rectangular or
oval. cut to specified lengths, beaded
or plain. '

Engineering . . . laboratory equipment for
all kinds of testing, including emission
characterisiics of nickel cathode materials.

_ All analyses .010" 1o %'’ OD. 3
" Cestdin analyses 035" max. wall) Up to 1%’ O.D.

*wro. UnDERU. 5. PATS, SUPERIOR TUBE COMPANY o Electronic Products for export through Driver-Harris Company, Harrison, New Jersey * Harrison 6-4800D

56

www_americanradiohistorv com
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With the increasing number of audio filter applications
in electronic military equipment, the importance of
stability and durability under extreme service conditicns
creates many more problems in the design and manu-
facture of these networks.

A dilter, which is not really a component, but an
assembly of many components (often quite intricate)
is affected by the slightest weakness in any of these
parts. As a consequence, it has been our greatest task
to either develop or find sources of the highest quality
for materials employed in the preduction of filters. This
project has so far been very fruitful although it neces-
sarily resulted in increased material cost, much of which
has been offset by the introduction of new and more
efficient production and design mathods.

All cf this adds up to another step forward for Burnell
& Company in the production of high quality filter net-
works for the Nation's military electronic program.

ELECTRONICS — September, 1951

YONKERS 2, NEW YORK

CABLE ADDAESS “BURNELL"
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~ Torbetter products at lower cost-

SPECIFY

® MOLDS AND MACHINES
TO CLOSE TOLERANCES

© MOLDABLE WITH METAL INSERTS

® CAN BE TAPPED,
THREADED, SLOTTED

® AVAILABLE IN RODS,
SHEETS, SPECIAL SHAPES

® MOLDED IN PRACTICALLY
ANY SHAPE OR SIZE

® LOW-LOSS FROM 60 CPS
TO 24,000 MCS

(R '0... ot ..if:..?
Odsonst® °®

.“.

grades, each featuring specific characteristics

i MYCALEX glass-bonded mica insulation is

; the one highly adaptable, versatile insulating

material that combines every desirable char-
acteristic required in a modern dielectric.
Although far superior to lower cost dielectrics,

to meet particular needs. Since proper appli-
cation of the right grade of MYCALEX has
resulted in simultaneous product improve-
ment and lower cost in hundreds of instances,

5 MYCALEX offers considerable advantages it’s good business to check with MYCALEX
i over many materials costing several times as before specifying sheet, rod, fabricated or
8 much. MYCALEX is available in various molded insulation.
;
¢ JAN APPROVED CHARACTERISTICS
2 MYCALEX 410 is approved fully as Grade L-4B under MYCALEX GRADE 400 410 410X
E; Nalionc.l Militar): Establish.menl Specification JAN-1-10, POWER FACTOR, 1 MC 0.0018 0.0015 0.012
. “Insulating Moterials, Ceramic, Radio, Class L.*
DIELECTRIC CONSTANT, 1 MC 7.4 9.2 6.9
MYCALEX 400 is approved fully as Grade 1-4A under
Natianal Military Establishment Specification JAN-1-10, L0ss FACTOR, 1 MC 0.013 0.014 0.084
! “Insulating Materials, Ceramic, Radio, Class L.” DIELECTRIC STRENGTH, vo!t/mil 500 400 400
§ Write for 20-Page Catalog Todayl VOLUME RESISTIVITY, ohm/em  2x10!5 1x10!5 sxi10!/4
E A valuable compilation of engineering data and manufac- ARC RESISTANCE, seconds 300 250 250
3 turing information on electrical insul.alion that you’l! surely MAX. SAFE OPER. TEMP., °C 370 350 350
want for your technical file. Request it today—no obligatian,
WATER ABSORPTION 9, 24 hrs. NIL NIL NIL

1 SINCEI919
MYCALEX CORPORATION OF AMERICA
Owners of ‘MYCALEX' Patents and Trade-Marks
Moo il - Exscutive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Offices: CLIFTON, N.J.
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HIGH VOLTAGE CAPACITORS
WITH CHOICE OF TERMINALS

it 7] Hi-Q High Voltage Capacitors are

i L Vil sturdy, thoroughly tested units capable

I LU Im"f'i of withstanding high voltages and op-

500- n 12 500 *—: - "N.o erating at extreme humidity and raised

- 2 000 00"

— — temperatures.
| o' MIN.DEPTH *hre2 L. .
ol 1 The piercing pressure of the dielec-
DIAM,
D tric material is greatly increased by a
| meticulously exacting jacketing proce-

k375 l

dure in conjunction with a newly devel-

| oped plastic with excellent arc resistant

#8322 properties. Terminals are silvered brass
1‘_].% and integrally soldered to the silver
DA electrodes which are fired directly to

= jﬂ ~ the ceramic dielectric.
Tl These HV 500 Capacitors provide
" an excellent working parameter when
1o l used in conjunction with high voltage

5 r 500" | i .
e oo—*—; 5 @i&; horizontal output transformers

—— -

o (T ) ‘ SPECIFICATIONS
o]
} C:: D" Capacity 500 mmf + 20%
00" =777 —‘»‘1 Power Factor 2% Max
I | 20002 98" ——f |
P —_ ' Insulation Resistance 50,000 megohms
16 GA. I“'_%;
‘ — — q:_}! Working Voltage 20,000 v.D.C.
| L Flash T
. J ash Test 27,000 v.D.C.
077 | [ J

NOTE: Dash numbers after HHV 500 designate types of terminal. For example,
HYV 500-11 indicates type 1 terminal both ends; HV 500-24 indicates a type 2 and
a type 4 terminal. HV 500-66 is not shown, since it is similar to HV 500-11, except
that length of thread is only .2507, while protrusion is lengthened to .250".

JOBBERS —ADDRESS: 740 Beileville Ave., New Bedford, Mass.
*Trade Marh Reglstered U S. Patent Office

SALES OFFICES: New York, Philadelphia, PLANTS: Olean, N. Y., Franklinville, N. Y.
Detroit, Chicago, Los Angeles Jessup, Pa., Myrtle Beach, S. C.

ELECTRONICS — September, 1951 39
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\‘&E-_—-_
INSULATED

TUBULARS

designed for
MINIATURIZATION, RUGGEDIZATION

E-ie Ceramicons fulfill all the requisites pacitors are shown above. Feed-Thru's
for efficient by-passing—compact de- are supplied in values up to 2000 mmf,
sign, low inductance, and conservative Stand-Off units up to 5000 mmf{, Tubular
500 volt D. C. rating. Erie Resistor offers and Disc units up to .01 mfd. Also shown
the most complete line of ceramic by- above are two Silver Button Micas repre-
pass units available. Fach design has senting the 370 series for values up to
been thoroughly proven in domestic 1000 mmf and the 4700 series for values
and military equipment. up to 6000 mmi. Write for samples to
Sixteen popular styles in ceramic ca- meet your specific requirements.

Etectronics Diaioion

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND . . . TORONTO, CANADA
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POWERSTAT

VARIABLE

T

A COMPLETE LINE of standard manually-operated and
motor-driven POWERSTAT variable transformers are available
for 115, 230 and 460 volts, 50/60 cycles, single and three
phase service in ratings from 405 VA to 100 KVA in air-cooled,
oil-cooled and explosion-proof models. Non-catalogued assem-
blies are offered for 25, 400/800 cycles and higher frequency

operation and for requirements involving J.A.N. specifications.

SUPERIOR PERFORMANCE is inherent in every
POWERSTAT variable transformer. Each unit possesses excel-
lent regulation, high efficiency, conservative rating, zero
waveform distortion, rugged mechanical construction, smooth

control and simplified mounting.

ONE SOURCE, The Superior Electric Company can pro-
vide the answer to your variable a-c voltage problem. Superior
offers more combinations of connections and ratings for vari-
able a-c voltage control than any other manufacturer. Look

to Superior first.

e SUPERIOR ELECTRIC

BRISTOL, CONNECTICUT 3

GET THE FACTS 409 CHURCH STREET, BRISTOL, CONNECTICUT

16-page POWERSTAT SEND ME Bulletin P550 on POWERSTAT Variable Transformers.
Bulletin P550, com- NAME

plete with application TITLE

and design information, COMPANY

ratings, diagrams CO. ADDRESS

and dimensions. CITY ZONE STATE.

MANUFACTURERS OF

POWERSTAT VARIABLE TRANSFORMERS - VOLTBOX A-C POWER SUPPLIES - STABILINE AUTOMATIC VOLTAGE REGULATORS
YARICELL D-C POWER SUPPLIES - 5-WAY BINDING POSTS - POWERSTAT LIGHT DIMMING EQUIPMENT

ELECTRONICS — September, 1951 61
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RAYTHEON announces...

a complete line of

STANDARD CONTROL KNOBS

6 TYPES — 5 SIZES — MATTE OR MIRROR FINISH

Designed and Styled For High Grade
Electrical and Electronic Equipment
Save time, save money, meet your own or government
standards by choosing from this complete line of func-
tionally sound, attractively styled, injection molded
control knobs, Now available in a completely inte-
grated family of 54 items—in a choice of six basic types
and five widely used sizes. Made of tough, durable
“Tenite II"” (cellulose acetate butyrate) with anodized

aluminum inserts and dual setscrews. All types and

62

sizes available with gleaming mirror finish . . . or with
non-reflecting matte finish for military applications.

Write for complete information— Address Dept. 6460-K A.

RAYTHEON MANUFACTURING
COMPANY

September, 1951 — ELECTRONICS




RC-7 Tape Transport Mechanism

’; A-920 amplifier

the new PRESTO portable tape recorder™

The new streamlined PT-920 (the designation for the group consisting of the RC-7 mechantsm
and the A-920 amplifier) will 1ake the place of the famous PT-900,

one of the most widely used tape recorders in the world.

The tape transport RC-7 has a 3-motor drive which eliminates the

friction take-up clutch and tension adjustments. It also has fast forward and rewind speeds

and instant switching to eliminate danger of tape breakage.

“*Neodel PT-920

The A-920 amplifier is a compact unit with single microphone
input, and = pcwer output of 10 watts. An A/B switch providas
monitoring € ther from the recording anplifer ox direstly

from the tape. Connection with the RC-7 is easily r-ade witk orly twe
plugs. The original A1-900 amplifier, with three rizrcphare input.
is still avai_able, however, for use w-th the RC-7 if dssired.

Due to mechenical imp-over ents and streamlinir g, the
FT-920 actuelly costs less than the PT-800. For camplete
informaticn write direct or ccntact the >RESTO

distributor :n your community today!




How to PACK a delicate product
for SHIPMENT ANYWHERE

*SPONGEX cellular rubber
*TEXLITE® rubberized hair
4 |

This fragile high-voltage tube
is cushion packaged
for safe arrival

Photographs courtesy of High
Voltage Lngineering Corporation.

The last nail in place and this high-voltage tube is ready for shipment anywhere.
On arrival, it will do the job it was built to do. It’s packaged to take the bangs.

After analyzing its needs, this fragile tube was packed in two outstanding

cushioning materials—Spongex cellular rubber, and Texlite rubberized hair.

If breakage in transit is eating into profits, consult with our Packaging Divi-
sion. They are equipped to analyze and prescribe the requirements of,your

product for safe arrival anywhere—whether shipped by land, sea or air.

For better package Spongex products available for protective packaging
cushioning use

e TEXLITE rubberized hair and/or wool

S P(] N G EX “ e SPONGEX cellular rubber

o TEXFOAM latex foam rubber

PRODUCTS

THE SPONGE RUBBER PRODUCTS COMPANY 449 DERBY PLACE, SHELTON, CONNECTICUT
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Buy your
radar
components
“nackaged”

to save space, weight and installation costs

I'ilament and plate transformers plus charging and

RESISTOR
[TMAIN 8 FLMT. hilter reactors—in fact, any combination of electrically
BT ARiS, } _L adjacent units except pulse transformers*—can he
— “-""""’"L packaged corona-free in one hermetically sealed, oil-
CA(:A)CIT SELENIUM C‘i’pAc,-ORS filed container. You’ll save space. You’ll usually save
TORS »«W—f RFEECRTS" weight. You’ll make major savings in installation costs
}:— because of simplified mounting and fewer connections.
:_I: R0 You'll secure the high reliability typical of oil-filled

units . . . and terminals and leads are under oil to
eliminate corona.

You save the extra space and weight of

) unnecessary tank walls with this compadt [f packaged components have an application in vour
- rectifier transformer assembly. ideal for . i . o ’ 9
radar applications. work, we’d like to hear from you. These “packages
) e’

are always tailored to individual jobs, so no catalog is

MAIN TFMR. FLMT. TFMR. . g .. . [ .
’ . : available. However, proposition forms will be supplied
I ! which list the information we need to prepare a quo-
6 tation. For prompt attention, address General Electric
XL = [ (e o oS- Co.. Sec. 43-328A, 100 Woodlawn Avenue, Pitisfield,

REACTOR N
ARS8 B Massachusetts or your nearest Apparatus Sales office.

General Electric Company, Schenectady 5, New York.

*Inclusion of pulse transformer not usually practical because of effect
on capacitance.

Small, lightweight a-c to d-c power suppls
units for use with cathode-ray tubes, tele

vision camera tubes and similar jobs. Size
of 7-kv unit illustrated only 6" x 6" x 7"; \

weight 8 Ib.
401-6%
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Minimize Effects of Varying Supply Voltage
the Simple Way

|
|

. GLOBAR

~ TYPE BNR

VOLTAGE SENSITIVE

RESISTORS

g : ; T
Performance of Various CHEE R e | e Oesih
. | | Pl |
Voltage Reducers for | G e O
o 2 AR T P e s 1
Pentode Screen Supply - | st !
g 1 T 17. i Jus t
1 Divider with conventional com- 2 | + ] 7 i 1 ;
position Resistor at R_. 5 i adgpetaeiist }
2 Plain series dropping Resistor é E //

(R, omitted). & OH . .

3 Divider with GLOBAR type 4 0000~ ?

CONVENTIONAL

BNR at R_.. RESISTOR —=d 1

SCREEN VOLTAGE

@ Variation in supply voltage which im-
pairs pentode amplifier performance is
especially serious in cathode ray tube applica-
tions where the effect on sweep amplifier
output is visible. This is where the voltage
sensitive characteristics of GLOBAR type BNR
resistors prove extremely valuable. Employed
in a voltage divider as shown here, they help

100 110 120 130
PLATE VOLTAGE — PERCENT OF NORMAL

to stabilize gain of amplifiers against supply WRITE for a copy of Bulletin GR-2 which
o contains useful engineering data on GLOBAR
voltage variations. Often, they reduce screen type BNR resistors. Dept. E 87-69, GLOBAR

voltage variations by as much as one half. Division, The Carborundum Company,
oltage varia y f Niagara Falls, New York.

GLOBAR ceramic Resistors

sy CARBORUNDUM

TRADE MARK

5

“Carborundum” and "Globar” are registered trademarks which indicate manufacture by The Carborundum Company, Niagara Falls, N. Y.

87-69
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Gnom WIPAA-TU,
More Proven Performance

of the Eimac 3X1500A3
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DALLAS, TEXAS o7 -0 Faoorng 4,
ur
" 100 progycy, f

T At-smTTER—-DLLM " W. CHANNEL 8.

Slncg,,,’ Youra,

Carlos p, g

devedoomen-: made during recent years. Consistent performance,
long life, anc low cost account for its filling the key socket positions
in many important recently designed equipments.

The 3X2530A3 is a compact, air-zooled trioce. lts coaxial con- W WFAA M{W m
structien results in minimum lead inductance, excellent circuit |
isola-icn, ard convenience of use wth coaxial olate and filament W%m 3X2500#3
tank creuits. For AM service it is FCC rated for 5000 watts per
tube as a high-level modulated ampFfier. I+ has comparatively low Wﬁfo—
plate-resistaxce, high transconductance, and wil provide effective g
performance over a wide range of plate voltages at frequencies %W% W m
extending w2l into the VHF. ' ;

Re f lik Dodd of TV ] A (7000 )

ports from many engineers, like Mr. Dodd of WFAA-TV, con- ¢

firm the. oitistanding transmitter performance, simplified mainten- m OW %iee m Aw
ance, and low tube replacement cost made possible through the use &
of the Eimac 3X2500A3. Consider tbis unequallad triode for your [ W @ W
appl cations . . complete data are fme for the asking. 2

EITEL-McCULLOUGH, INC.
SAN BRUNO, CALIFORNIA *COMPLETE DATA AVAILABLE FREE

N B K043 ' o o . ovining vonen e ALMOST A YEAR AGO...
-

Follow the Leaders to

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California L)

the 3X2500A3 is another S e
Eimac contribution to electronic progress.
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N0t S0 easy

now...

The all-out war against the submarine is an
electronic war; and, thanks to significant
progress, it’s not so easy now for undersea
prowlers to maraud the sea lanes.

Techniques in combating the deadly sub-
marine have been made more effective by the
design and development of greatly improved
underwater detection equipment. We at Edo
are proud of the important role we have
played and are playing in this never-ending
task to provide our Navy with the best de-
vices possible to search for and locate enemy
submarines.

In fact, the Edo Corporation has become
a leader in the design, development, and
manufacture of many new sonar equipments
of far greater range, accuracy, and depend-
ability than previously thought possible.

WHO IS EDO?

Twenty-five years of rescarch, development, and
manufacturing experience are behind Edo’s work
in the electronic field. Founded in 1925, the com-
pany first built seaplane floats, later expanded to
the design and manufacture of marine aircraft, and
built various aircraft components in great quantity
during World War II. Now with this intimate
knowledge of marine and aviation, has been com-
bined top enginecring and manufacturing talent
in the field of electronics for the design and pro-
duction of various types of underwater detection
equipment.

For a complete picture of Edo’s first quarter of a
century send for your copy of Edo’s 25th anniver-
sary brochure by writing to the Edo Corporation,
Dept. M-9, College Point, N.Y.

I

EDO CORPORATION - COLLEGE POINT, N.Y.

o

68
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SOLDERLESS WIRING DEVICES

for the electronics industry

SPECIAL SOLDERLESS PINS, PLUGS,
CONTACTS, AND CONNECTORS

Eliminate unnecessary parts, speed production, and reduce costs by designing
with AMP'S special connectors in mind. We stock many unusual items, and can
make new ones for your particular needs. These terminals are all applied
to wire at high speed {from 2,000 to 4,000 per hour) by special AMP Auto-
matic Machines. {see below)

PRE-INSULATED DIAMOND GRIP

Trade-Mark

SOLDERLESS TERMINALS

No extra insulation sleeving necessary. One operation Installs completely
insulated, vibration-proof connection.

Plastic insulation of high dielectric properties is bonded to full-length copper
sleeve—cannot slip or be removed. Min. breakdown voltage: 2500 volts D.C.
in air at sea level. Will withstand high pressure crimp, temperatures at 350°
F. for 10 hours without damage. Wire is supported to prevent fraying of wire
Insulation and torsional stress. Color-coded in wire size ranges from #22 to
#10, Available in a variety of tongue shapes and connector styles.

U S, Patents #2,410,321, 2,379,567; 2,405,111; 2,468,169; other U. S. Patents Pending.

SOLISTRAND SOLDERLESS TERMINALS

Trade-Mark U. S. Patents Pending

Unique crimp makes this non-insulated terminal equally valuable for solid,
stranded, square, or irregular shaped wire. Brazed seam. One piece con-
struction of high conductivity pure copper, electro-tinned for corrosion
resistance. Available in a wide variety of tongue shapes and connector
styles from #22 to #4/0.

TOOLING

Whatever your production requirements, there is an AMP tool for the

WRITE FOR COMPLETE purpose. Strong, positive-action hand tools; light weight, compact pneumatic
tools; bench presses; dies; hydraulic tools; and Automatic Machines, Ter-

" 1) i i i i
WIRE SIZE'" CATALOG minals feed into AMP Automatic Machines in strip form to yield crimping

rates up to 4,000 complete terminations per hour.

98 page catalog lists
all AMP tools and terminals,
BY WIRE SIZE RANGES.

Send for your copy today!

AIRCRAFT-MARINE PRODUCTS INC.
: ELECTRONICS DIVISION
AMP Trade-Mark Reg. U. S. Pat. Off 2100 Paxton Street, Harrisburg 10, Pa,
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How to manage moods—electrically

The parts enlarged in the illustration above are a drive
gear, a shaft, and panels used in the many types of
Superior Electric Company Powerstats.

These parts have one characteristic in common. They
arc all made from Synthane, a laminated plastic.

Superior selected Synthane for its combination of prop-
erties. Synthane is dielectrically and mechanically strong,
easy to machine, and is attractive in appearance. The
panels are easily printed at a saving over engraving
cost; the gear is silent.

A Powerstat is a manager of moods. Installed in the light-
ing systems of theatres, salons, banks, and other places
of business and recreation, a Powerstat controls the inten-

sity and blending of light to help create any mood from
the spectacular to the subdued, from reverence to revelry.

Synthane is made in many grades, each particularly
desirable for some electrical, chemical or mechanical pur-
pose. Yet each grade possesses a combination of other valu-
able characteristics. Light weight, mechanical strength,
resistance to moisture, corrosion and abrasion, high di-
electric strength, low power factor, dimensional stability
under a variety of conditions, and case of fabrication are
just a few of them.

Should these properties of Synthane suggest a possible
application to you, write for more information. Synthane
Corporation, 6 River Road, Oaks, Pennsylvania.

PLASTICS WHERE PLASTICS BELONG ESYNTSTIANE:_I

ELECTRONICS — September, 1951

Manufacturers of laminated plastics
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CAPACGITORS, CAPACITOR NETWORKS

°@6Buntt0|neety0urneeds

Here are a few of many G-E capacitors availakle
to meet the needs of the industry’s designers

A-C—D-C
DUAL-RATED CAPACITORS

Because they can be used
for both a-c and d-c appli-
cations, these Pyranol®-
filled capacitors simplify
your design problemns and
reduce your inventories.
Dual-rated units are avail-
able in ratings from 236
through 660 volts a-¢c and
400 through 1500 volts
d-c. Other Pyranol-filled
units: 0.01 to 75 muf,
=100 —236 to 600 volts
a-c and 400 to 100,000 volts
d-c. More data available in
Bulletin GEC-809.

PERMAFIL CAPACITORS —These high-temperature capaciters can
be operated continuously at 125 C without derating. Capacitance
at 25 C will not change more thun —10% at —35 C or +-3% at
+125 C. Designed to meet performance requirements of JAIN-
C-25 characteristic “E” capacitors. For more detailed izformation,

ask for Bulletin GEC-811.
%

GENERAL

72

CAPACITOR PULSE
NETWORKS

Fot use where normal
( exponential ) capacitor
discharge shape is not
suitable and where defi-
nite energy content and
duration is required. Used
in guided missiles, air-
craft, and land and sea
radar. They’ll give relia-
ble performance whether
required service life is
10,000 hours or GO sec-
onds —over a temperature
rangeof —55Cto +125C.
Unit consists of capacitor
and coil sections’sealed in
single container. See Bul-
letin GEA-4996.

B e ——
- il
"
¢

LOW-VOLTAGE, HIGH-CAPACITY UN”S—Cut space requirements

in half. Yes, the new G-E 8-muf, 100-volt d-c capacitor on the
left, above, is identical in size and weight to the old 4-muf unit
on the right. The new design meets all “F” requirements of
JAN-C-25 for 100-volt units. Available in 3-, 8-, and 10-muf
capacities in Case Styles 53; and 4-muf capacity in Case Style 61.
Other ratings can be built in mass-production quantities. For
prompt attention, write, stating quantities involved, to Capacitor
Sales Division, General Electric Co., Hudson Falls, N. Y.

ELECTRIC
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G-E RELAYS
HAVE MANY ELECTRONIC
EQUIPMENT APPLICATIONS

Because they’re available in so
many forms—with up to eight poles,
and in any combination of nor-
mally open and normally closed
contacts—these CR2810-A11 relays
have many electronic-circuit appli-
cations. Tips can easily be changed
A from normally open to normally
closed, Wlthout addmonal parts, to accommodate circuit modi-
fications. They’re rated to carry 10 amps a-c. Construction
features are shown in Bulletin GEA-5154.

LeSTIRIE
l “'““@‘mu sat TR

 gopniar umiae wik

CURRENT-LIMITED HIGH-POTENTIAL TESTER
FOR GREATER SAFETY IN INSULATION TESTING

To minimize most of the hazards of high-potential testing, this
G-E insulation tester limits output current to 5 milliamperes
maximum, considerably below the “let go” level. As a result,
you can use this hi-pot tester without the usual interlocks, cages,
or safety barriers. Testing is non-destructive —flashovers cannot
burn insulation or damage equipment. Weighing only 22 lbs.,
the unit can easily be carried between test locations. Range:
0 to 3500 volts RMS. Send for Bulletin GEC-700.

f

KEEP
A STEADY
115 VOLTS
WITH THESE
STABILIZERS

Though line voltage may fluctuate anywhere between 95 to 130,
a G-E voltage stabilizer will keep input to sensitive equipment
at a steady 115 volts. By means of a special transformer circuit
these units maintain this output within -+19% for fixed, unity-
power-factor loads. Fast response restores normal voltage within
three cycles. Certain units—15, 25, and 50 va—are small enough
(2 inches high by 9 inches long) to mount on radio or electronic
instrument chassis. Other standard ratings to 5000 va are avail-
able for larger installation. Write for Bulletin GEA-3634

ELECTRONICS — September, 1951
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

® & & o o 0 068 06 00" 00 0 00 00

EQUIPMENT FOR
ELECTRONIC MANUFACTURERS

A partial list of the thousands of items in the
complete G-E line. We'll tell you about them
each month on these pages.

Components

Meters and instruments
Capacitors
Transformers
Pulse-forming networks
Delay lines

Reactors

*Thyrite
Motor-generator sets
Inductrols

Resistors

Voltage stabilizers
Fractional-hp motors
Rectifiers

Timers
Indicating lights
Control switches
Generators
Selsyns

Relays
Amplidynes
Amplistats
Termina! boards
Pushbuttons
Photovoltaic cells
Glass bushings
Dynamotors

Development and
Production Equipment

Soldering irons
Resistance welding control
Current-limited high-potential tester
Insulation testers
Vacuum-tube voltmeter
Photoelectric recorders
Demagnetizers

*Reg. Trade-Mark of General Flectric Co.

General Electric Compuny, Section A667-17
Schenectady 5, N. Y.
Please send me the following bulletins:

Indicate
) for reference only
(x) for planning and

(v

Name.
Company
Addre:-
City

() GEA-3634 Voltage stabilizers

() GEA-4996 Capacitor networks

( ) GEA-5154 CR2810-A11 Relays
immediate project () GEC-700 High-potential tester
( ) GEC-809 Dual-rated capacitors
( ) GEC-811 Permafil capacitors

.85.

State
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“when SELETRON
selenium rectifiers
are "at the controls”
for variable speed
D.C. motor operation

ABOVE: Compact speed control built
by General Radio Co., Cambridge, &
Mass. for applications requiring up
to approx. 1/15 H.P. output. Employs
Seletron miniatures.

RIGHT: Internal grinder produced by
Bryant Chucking Grinder Co., Spring-
field, V1., equipped with % H.P. D.C.
motor. Seletron power stacks, suit-
able for operation on standard A.C.
current are incorporated into design
of machine,

Seletron makes them ALL . .. Large, Medium and Small!

There is a dependable SELETRON selenium rectifier for economical con-
version of alternating current to D.C. for all requirements. SELETRON
rectifiers have proved their efficiency and adaptability through the years
in a wide range of industrial applications and electronic circuits.

Let SELETRON engineers help solve your rectification problems as they
have for so many other ranking companies. Write now! Make sure to
request a copy of our comprehensive bulletin No. 104-D-9.

ABOVE: Elevator rectification ~ 3 - = ‘
bank power supply and regenerative SELETRON DIVISION

braki i loying Sele-
won, built for Clinton Realty Co. RADIO RECEPTOR COMPANY, Inc.
&1;::59‘0, by Ther Electric & Machine Since 1922 in Radio and Electronics

Sales Dept: 251 West 19th St., New York 11, N. Y. Factory: 84 North 9th St., Brooklyn 11, N. Y.
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12 TRUARC RINGS SAVE 25% MATERIAL
...50% LABOR COSTS...50% ASSEMBLY TIME

With Waldes Truvarc

Retaining Rings, assem-
bly in hard-to.reach
places is easier, since
there are no washers
and bulky lock nuts.
Smaller shafts can be
vsed. Unit is smaller,
lighter, more efficient!

CONVENTIONAL WAY: 2 round rods were required,
milled down to D-shape, Difficulty of keeping flat surfaces in same
plane caused rejects. Two separate threading operations to accom-
modate lock nuts.

Using 12 Waldes Truarc E Retaining Rings in their
new ‘101" Vacuum Cleaner nozzle brought the
Lewyt Corporation, Brooklyn, N. Y. tremendous ma-
terial and labor savings . . . eliminated 2 milling and
12 threading operations...made possible the use
of stock extruded D-shaped rods.. . simplified main-
tenance. And with Waldes Truarc Rings unitis 15%
lighter...10% smaller overall!

Redesign with Truarc Rings and you too will cut
costs. Wherever you use machined shoulders, bolts,

SEND FOR NEW Buumusq

WALDES

RETAINING RINGS

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

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MGRE OF THE FOLLOWING
U.S. PATENTS: 2 302.947: 2.382.940: 2.416.8052: 2.420.921: 2.428 34 2,439,707 2,441,846: 2 455.165;
2.483.380: 2.483.38); 2.407.802° 2.487.803: 2.491.306. 2.509.081 AND OTKER PATENTS PENDING.

ELECTRONICS — September, 1951

TRUARC WAY :Truarc Rings allowed Lewyt Corporation to
use two stock D-shape rods. No milling of shoulders. Simple screw
machine operation cuts grooves for Truarc E-Rings, threads one end.
Greater accuracy, fewer rejects.

snap rings, cotter pins, there's a Waldes Truarc Re-
taining Ring designed to do a better job of holding
parts together.

Waldes Truarc Rings are precision-engineered...
quick and easy to assemble and disassemble. Always
circular to give a never-failing grip. They can be used
over and over again.

Find out what Truarc Rings can do for you. Send
your blueprints to Waldes Truarc engineers for in-
dividual attention, without obligation.

WAL ameLicanradiohistons.com.

_---——----——--——----'
Waldes Kohinoor,.Inc., 47-16 Austel Place e093 |}
Long Island City 1, N. Y. 1
Please send Bulletins 6, 7 and 8—giving engineering i
specifications for all types of Waldes Truarc Rings. 1
| 1
| Name l
i i
' Title '
| c |
| ompany. 1
! Business Address l
i i
] City Zone_.. State. i
' 678
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PYRAMID ELECTRIC COMPANY
1445 Hudson Boulevard
North Bergen, N. J., U.S. A

TELEGRAMS: WUX North Bergen, N.J.
CABLE ADDRESS: Pyromiduse

76

TINY TYPE 85LPT

| TUBULAR
PAPER
CAPACITORS

Fit anywhere!

Suitable for

85°C. operation!

CAPACITANCE RANGE:
0001 TO .5 MFD.

VOLTAGE RANGE:
200 TO 600 V., INCLUSIVE

Sturdily built in phenolic-
impregnated tubes. Ends
are plastic-sealed.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
Throughout the U,S.A. and Canada

PYRAMID

BUSINESS BRIEFS

By W. W. MacDONALD

First Station License issued by
the FCC for the new Disaster Com-
munications Service went to
KMAA2, covering the use of one
fixed station, ten portable and four
mobile units based on Police De-
partment headquarters in Santa
Cruz, California. Second license
was issued to KOAAZ2, covering
one fixed station, 19 portable and
28 mobile units to be used for
Maricopa County civil defense
under the direction of Paul A.
Hodges of Phoenix, Arizona.

DCS uses the band 1,750 to 1,800
ke, covered by Part 20 of the Com-
mission’s rules and regulations.
The service was established
March 21, 1951 to provide radio
communications during disaster
or emergency periods such as
floods, hurricanes, earthquakes
and armed attack. Both govern-
ment and nongovernment appli-
cants, including amateurs, are
eligible for licenses if the pro-
posed service is part of a recog-
nized local or regional disaster
communications plan.

Four Companies active in the
field have sold about 200 industrial
television installations in the past
two years with, according to our
best estimate, some of the installa-
tions utilizing several cameras.

Industrial television equipment
in use is probably worth some-
where in the neighborhood of one
million dollars.

Britain is at present exporiing
radio, television and other elec-
tronic equipment at the rate of
nearly 18 million pounds sterling
per vear. British radar, for ex-
ample, is being installed on about
one commercial ship per day.

Educational Institutions inter-
ested in using television to further
their various ends and aims
would, for the most part, prefer
to cooperate with commercially
owned stations rather than to
operate their own. This, at any

rate, is the opinion of Allen B.
DuMont Labs following a survey
covering 158 colleges and publie-
school systems in 46 states.

Some 41 percent said they in-
tended to apply for noncom-
mercial television station licenses
if and when these became avail-
able on the ultra high frequencies.
The others said they would use
commercial facilities.

Atomic Energy Projects in the
U. S. employ 90,500 people at this
writing. Of these, 5,500 work for
the government and the remain-
ing 85,000 for prime contractors
and subcontractors, according to
Gordon Dean, chairman of the
AEC.

Conservation of Materials (p 84,
April) is further advanced by the
development of electronic-equip-
ment transformer types using 25
percent less copper and silicon
steel than conventional types. Ny-
lon insulation on the wire and
asbestos material between layers
permits safe operation 25-degrees
centigrade above normal, and is ok
with Underwriters.

Philco, Chicago Transformer,
Essex Wire and du Pont cooper-
ated in the design.

We've Often Wondered how
trouble-free large-scale electronic
computers are. Here are some
facts about the National Bureau
of Standards’ 800-tube SEAC:

The computer was scheduled to
work 24 hours a day, 7 days a week
during October, November and
December 1950. In general, of
each week’s 168 hours 16 were
reserved for preventive mainte-
nance and 76 hours were allocated
1o engineering development and
testing of new computer equip-

ment. The remaining 76 hours
were devoted to solution of
problems.

For the entire three months, 76
percent of the total time assigned
to problem solution was “good”
time. Week by week during the
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SYLVANIA PLUGS THE 16,000 MC GAP

with the new 1N78
Silicon Crystal Mixer

Sylvania adds another to the world’s widest
Silicon Crystal Mixer line —the 1N78 for
16,000 mc, one of the newest SHF bands. This
new diode is the latest product of Sylvania’s
continuing exploration into frequency con-
version in microwave regions.

Better and better performance at existing
frequency bands and new designs for tomor-
row’s frequencies are both to be expected of
Sylvania’s advanced research and long experi-
ence in Silicon Diode technology.

Sylvania also makes Silicon Crystal Video
Detectors for use as microwave detectors in
receivers of non-heterodyne type. Other Syl-
vania products engineered for radar and SHF
receivers include magnetrons, TR tubes, ATR
tubes and hydrogen thyratrons.
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Sylvania Silicon Mixer Diodés
Type Construction | .o Design
quency (Approx.)

1N25 Cartridge 1000 mc.

1N21B Cartridge 3000 mc.

1N23B Cartridge 10,000 mc.

1N78 Coaxial 16,000 mc.

1N26 Coaxial 24,000 mc.

IN53 ceetidl Above 30,000 mc.
Miniature '

“Microwave Crystal Rectifiers,”
including the new 1N78 charac-
teristics and ratings.

Company —

Street—

e
—_—
—_—
S
—

Write for this 16-page book,. f

SYIVANIAZ ELECTRIC &

0
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AD ° o“ﬁss
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ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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BARRYMOUNTS FOR ASSURED ‘CONTROL OF SHOCK AND VIBRATION

NEW ALL-METL
BARRYMOUNTS

for Unusual Airborne
Applications

These new Barrymounts provide the
aircraft and electronic engineer with
a vibration isolator designed to meet
the unusual temperature and envi-
ronmental conditions encountered in
high-altitude, high-speed flight. Em-
ploying no organic materials, these
mountings are not subject to tem-
perature influences that may affect
the performance of other mountings.

ALL-METL Barrymounts offer a
wide load range with uniform per-
formance. They have a mnatural fre-
quency of about 7% cycles per second,
with low horizontal stiffness for maxi-
mum isolation of horizontal vibration.
Transmissibility at resonance is only
41,. There is no snubber contact nor
resonance carry-over when ALL-
METL Barrymounts are vibrated at
government-specified amplitudes.

These mountings are designed espe-
cially for wunusual military condi-
tions. They meet the vibration re-
quirement of JAN-C-172A, MIL-E-
5272 (USAF), and MIL-T-5422
(BuAer). For details of sizes, ranges,
and construction of unit mounts and
bases using ALL-METL Barry-
mounts, see catalog 509.

FREE CATALOGS

® 502 - Air-damped Barrymounts for
aircraft service; also mounting
bases and instrument mountings.

® 509 — ALL-METL Barrymounts and
mounting bases for unusual air-
borne applications.

® 504 — Shock mounts and vibra-
tion isolators for marine, mobile,
and industrial uses.

® 607 — How to cut maintenance
costs by using Barrymounts with
punch presses.

“RUGGEDIZED”
BARRYMOUNTS AND
MOUNTING BASES

Now Avdailable to Meet Shock
Requirements of AN-E-19

Barry vibration isolators and
mounting bases are now available
n “ruggedized” construction, to with-
stand the severe shocks of arrested
landings in aircraft carrier service
and of crash landings. These units
are tested to meet the shock-test re-
quirements of Specification AN-E-19,
for the equipment sizes listed in
JAN-C-172A.

e

k ‘

‘““Ruggedized” Barrymounts are
available in both the air-damped type
and the ALL-METL type. Air-
damped Type 7T70R covers load ranges
between % 1b. and 9 lbs. Air-dampea
Type 780R covers load ranges be-
tween 4 lbs. and 35 lbs. ALL-METL
Type 6600R covers load ranges be-
tween 4 1bs. and 35 lbs. Type M-112K
covers ranges between 2.and 10 lbs.

“Ruggedized” mounting bases,
equipped with Barrymounts of the
above types, are available in stand-
ard JAN sizes (JAN-C-172A) and
in special sizes to meet customers’
requirements. A conspicuous advan-
tage of these “ruggedized” Barry
bases is the gain in strength of the
base framework itself — beyond JAN
requirements — achieved with very
little increase in weight for loads
up to 60 lbs. by design modification
of standard JAN bases. For greater
Joads, the “ruggedized” Barry bases
are of stainless steel instead of
aluminum. Write for data sheet.

See our advertisement in Electromic Buyer's Guide pages 240-241

707 PLEASANT ST.,

Rochester
Minneapolis.

Philadeiphia
5%, Lavis -

New York
Chicago -

THE BARRY CORP.

WATER’I'OWN 12, MASSA(HUSETTS

SALES REPRESENTATIVES IN
Washington
s-«m.

Clevelond  Dayton
kot Angaies  Dalles. .

Detroit
Torante

BUSINESS BRIEFS (continued)

period the reliability trend moved
irregularly upward, with the
figure reaching a high of 96 percent
for the last week.

TV Head-End Tuners sold to
set manufacturers in 1950 were
valued at $66,000,000, according to
our best estimate.

Jet Airplanes flying over Day-
ton, Ohio, emit a high-pitched
whining sound, some of which ap-
pears to be up in the ultrasonic
region. The sound opens the doors
of some local garages equipped
with electronic actuators operated
by ultrasonic whistles in cars.

Marconi Wireless, of England,
appears to have something in its
500-watt broadcast transmitters
designed for unattended operation
at sites remote from studios. When
a fault develops they turn them-
selves off. Still more important, if
several units are used in parallel,
units that go sour are turned off
but the others continue to fune-
tion, providing continuous service
at reduced power.

Orders for ten 2-kw models
(four paralleled 500-watters) have
been received from Italy. Sweden
has ordered seven 2-kw combina-
tions.

Certificates of Necessity permit-
ting five-year amortization of the
cost of new facilities, for tax pur-
poses, where such new facilities
are used in whole or in part for
the performance of contracts im-
portant to the mobilization pro-
gram, have been issued to many
firms in our field.

Here is a list of the ones about
which we have heard to date:

Ce
Eligible fied
$87,010 759,
control panels, testers 5,000 85

Company Product

Advaace Electric. . . relays
Aermotive Equip. ..

American Lava.. ... resistor cores 712,140 S0
Arma............. computers 173,718 80
Blaw-Knox...... . radio-radar towers 50,900 95
Chatham Electronics tubes 23,276 80
C.P.Clare........ relays 545.000 75
Collins. . .......... radar 903,268 80
Driver-Harris. .. ... wire 759,051 70
Allen B. DuMont... electronic equipment 27,625 75
Electronic Assoc. ... electronic inst. 8,709 85
Electrons, Inc. ... tubes 35,000 85
General Electric. . .. electronic equip. 15,693,000 75
General Insulated.. . wire 17,085 75
coils 57,825 75

tubes 76,694 80

.. electronic research 14,205 85

wire 368,700 80

... tubes 3,333,000 75

s ... tubes 4,088,390 75
Lavoie............ electronic equipment 47,780 85
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bes
Minneapolis-Honeywell aircraftcontrols 2, 316 618 75
Natl Elec Machine electronic equipment 158,364 80

New York Trans.... transformers 50,000 75
Okonite-Callender... wire 80,140 75
Polytechnic Research testing 108,842 85
Progress........... welding equip..... 14,214 100
Radm Receptor. . ... electronic equipment 455,000 70
Raytheon.......... tubes 2,727,720 70-80
Reflectone training devices 7,882 90
Resistance Products resistors 25 110 80
> S o X e - wire insulation 00,000 75
Rome Cable . cable 799.100 75
Sangamo mica capacltors 348,307 75
P.J Schweitzer. ... paper, insulation 457,168 50
J. P. Seeburg....... radio-radar 127,239 85
Steel Producta. ..... antenna system 1,714, 052 75
Stewart-Warner. .. . eiectronic equip. 1 075 75
Svlvania. . ... tubes 7 018..07 70-85
Technicraft. .. .... eiectronic components 76.006 75
.... radio-ignition 289,085 S0
... servo motors 137,285 90
. tubes 60.600 90
wire 108,864 75
testing 11,828 75
tu 2,445,833 80
Western Elec. Inst.. course ndicators 556,193 80
Westinghouse. . . ... tubes 2,010,000 75
eston. ... ........ course indicator 1,500,000 80
Wickes. ........... electronic equip. 230,977 75

An Equation appearing in a re-
cent issue of the Journal of the
Acoustical Society of America
would be 18 #-inches long if run on
one line. It appears to be the gen-
eral expression for “eigenfunc-
tions.”

We thought we had trouble!

Advertising Eagle-Eye Dept.,
Editorial Div.: A condenser may be
a capacitor to us but it is stil a
condenser to at least six copy-
writers. . . Wildlife currently
popular with illustrators includes
the bear, the duck, the elephant and
the penguin. . . . . The word spall-
ing is not a mistake in spelling but
means ‘“‘chip or splinter”. . . . .
Bakelite’s customers (not us!) still
occasionally spell it with a lower-

e “b”. . ... An asterisk placed
up near an ad’s headline should, we
respectfully submit, always come
home to roost somewhere farther
along in the copy. . . . .A manufac-
turer in our field is located on
Pratt Oval.

Dutch Government has declined
to grant a subsidy for television
broadcasting in the Netherlands,
apparently owing to the coun-
try’s need to conserve cash at
this time. Indefinitely postponed,
therefore, is the plan of Philips
Incandescent Lamp Works to con-
vert its experimental tv programs
into a commercial service.

Intriguing Names Department:
Better Monkey Grip Company, Dal-
las, Texas.—from one of our own
field-staff reports.
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SERIES 4

SPDT GENERAL PUR-
POSE SENSITIVE D.C.
RELAY. Inexpensive balanced ormature for
vibration resistance on aircraft at 50 milliwatt
adjustment. Sensitive enough for V-T aoperated
relay circvits; can be set to operate down to
10 milliwatts. Precision adjustments for pull-on
and drop-out. 2 amp. nominal contact rating.
Coil resistance up to 14,000 ohms.

ENNTRETNNE Y TSN BB eS|

SERIES 41

SPDT  SENSITIVE  RELAY
A.C..D.C. — KEYING. Unus.
val characteristics at fow
cost. Some D. C. sensitivity as Series 4 but less
flexibility of adjustment. Available with long
life and bounce-free contacts, it is suited to high

speed counting and keying. Mechanical life ex-
ceeds 10 operations. Good for plate circuits
needing moderate precision and vibrotion im-
munity. Contact ratings up to 5 amps. Coil
resistance to 14,000 ohms. A. C. sensitivity ex-
ceeds 0.1 V. A. at 60 cps. Serviceable on fre-
quencies from 16-400 ¢cps.

SR S I YN S E N R e E .

SERIES 7

SPDT SENSITIVE HIGH SPEED
POLARIZED RELAY. Single or
multiple windings up to 14,000
ohms (single). Bolanced arma-
ture. Nominal contact rating 2
For repeating telegrophic signals at

amps,
speedsup to 250 WPM. Small in size ond weight.
Hermeticolly sealed. Mechanical life exceeds
10° operations. FORMS X, Y ond Z (see Type &
above) available in Series 7. Sensitivities fram
less than 1 to 10 milliwatts depending on form
Form X is useful as the de-
tecting element in positioning bridge circuits,

and requirements,

VARIETY OF
ENCLOSURES

In oddition to the open
styles shown, SIGMA
Reloys are available
with dust-proof or her-
metically-sealed en-
closures. Mast types

are available for
either plug-in ar
permanent solder-

lug cannections,

Write for fully descriptive catolog.

SIGMA INSTRUMENTS, INC., 62 Pearl

SERIES S

SPDT VERY SENSITIVE
D.C. RELAY. Balanced
armature and magnetic efficiency resist air-

craft vibration on inputs as low as 5 milliwaiis.
Withstands 500g shock without damage. Pre-
cision adjustments. 2 amp. nominal contact rat-
ing. Coil resistance up to 16,000 ohms. Special
odaptations: Built-in rectifier, two-coil differen-
tial operation, constant voltage temperature
compensation.

B ORE O M D U 00 B8 50 B9 0 50 M OB I I PR B

SERIES 6

MULTICIRCUIT  POL.
ARIZED  SENSITIVE
RELAY. Singie or
double [differential)
windings. Resistance
up to 25000 ohms
total. Contacts up to
4PDT, 5 amp. nomi-
nal rating. Balanced ormature for strong vibra-
tion resistance, FORM X — Three Position or
Null Seeking. For automatic positioning or 2-
Way process control. Sensitivity {depending on
contact complexity) from 10 to 100 milliwatts.
FORM Y — Biased {Spring Return). Use as an
ordinary sensitive relay if o complex contact
combination is needed. Responds only to one
polarity. Combines function of pllot reloy ond
contactor. Sensitivity same as Form X. FORM Z
— Llatching {permanent magnetic). Replaces
mechonica! latch electrical reset relays, where
longer life and greater vibrafion resistance is
required. Sensitivity from 100 to 250 miltiwatts.

B2 5 e 58 oY O oW U P S5 BW fR e 2N e

SERIES
22

Miniaturized double-pole double-throw Direct
Current Sensitive (45 milliwatt) relay. 2-omp
contact rating, ¢ails vp to 12,000 ohms. Her-
metic seal enclosure only, 1 inch square mount-
ing space. Speciolly designed far highly stable
ond precise operating adjustments, extreme im-
munity to vibration ond to thermal ond mechan-
ical shock. Will operate under 50 g's sustained
acceleration if operating and releasing mar-
gins ore increased,

Street, So. Braintree, Boston 85, Mass.
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MALLORY
VIBRATORS

Mallory Vibrators are based on
exclusive design and manufactur-
ing methods that assure long,
trouble-free service. Send the de-
tails of your application. Get
Mallory’s recommendation on the
Vibrator or Vibrapack* power
supply best suited to your needs.

oy,

Malllory Engineering Experience

Solves Design Problem. ..

Saves Customer Money

Mallory contributes more than a fine product to the solution of
a customer’s problem. With the product comes the intelligent
application of experienced engineering knowledge that cuis
costs and eliminates delays.

For example, a large electrical manufacturer, designing a new
automobile radio, was unable to match certain elements in the
circuit. This company turned to Mallory for advice. The prob-
lem was solved quickly ... with a redesigned transformer, a
timing condenser and a Mallory Vibrator. Tests showed ex-
cellent results, and a great saving to the customer in engi-
neering time.

That’s value beyond specification!

Mallory electronic know-how is at your disposal. What Mallory
has done for others can be done for you.

Vibrators and Vibrapack™ Power Supplies

MALLORY

P. R. MALLORY & CO.,

Inc., INDIANAPOLIS 6, INDIANA

SERVING INDUSTRY WITH

Electromechanical Products

Resistors Sicitches
TV Tuners Vibrators
Electrochemical Products
Capacitors Rectifiers

Mercury Dry Butteries

Metallurgical Products

Contacts Special Metals
Welding Materials

*Reg. U.S. Pat. Of.
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» CHESS . . . The ability of the
new digital computer at the Uni-
versity of Manchester to play
chess has been investigated at
some length, and progress has been
made in programming the machine
for this purpose. Matters have
gone so far, in fact, that a “trans-
atlantic challenge chess match”
between Manchester and Princeton
University is In prospect, as soon
as the new computer in Princeton
is ready. If this hoped-for event
comes off, we hope the moves are
sent from one side of the ocean
to the other in the clear, so ordi-
nary mortals can kibitz. Should
Princeton or Manchester make an
obvious misplay, there will be a
very great satisfaction in the de-
tection thereof. The Manchester
machine has 3,500 tubes, 12 c-r
storage tubes, 100,000 soldered
joints, 6 miles of wire and a power
consumption of 27 kilowatts. It
can also be beaten, regularly, by
any human chess player in the
master class, many of whom live
largely on corn flakes, correspond-
ing to not more than 100 watts,
with no soldered connections what-
ever.

» CREATIVITY . .. At what age
does a research worker perform
his most creative work? This al-
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CROSS

TALK

most unanswerable question has
an important bearing on the ad-
ministration of development and
research programs, the wellspring
of our business. Everyone has
heard the complaint of the execu-
tive engineer, who, enmeshed in
paper work, longs for the old
days when he was active in the lab.
Since the engineer-turned-adminis-
trater seems to be getting younger
every day, it is a fair question
whether a lot of technical cre-
ativity is being poured down the
drain by ill-considered promotions
out of the lab and into the office.
Shorty Engstrom, who as head of
research at RCA’s Princeton Lab-
oratories knows whereof he speaks,
told the Second Annual Confer-
ence on Industrial Research that
the most revolutionary creative
thoughts come to few research
workers during their first decade
of work. Rather, “the best original
and creative work comes before
the close of the second decade...”
If this situation is true through-
out our industry, it is certain that
the answers to many of our most
urgent research problems have
been lost, traded in on a two-car
garage. And, just as certainly, the
trouble is the too-great disparity
between the pay-scales for straight
research work and administrative

.SEPTEMBER, 1951

work. A little more birdseed for
the goose might do wonders in the
production of golden eggs.

» FFOG . . . Returning to these
shores last month aboard the S. S.
America, we had the interesting ex-
perience of traveling three days
through heavy fog, all at full speed
ahead. When the mast head could
be seen through the murk, there
was the radar antenna writhing
about, making it all possible. The
Coast Guard tells us that the mas-
ter of a vessel, if he wishes to be
held blameless in a collision, must
maintain such speed as to be able
to stop within one half the distance
of clear visibility ahead. This rule
is much honored in the breach in
mid-Atlantic; but even at that,
without radar we would almost cer-
tainly have been a day late enter-
ing port. The America carries 1,095
passengers and the food is very
good, worth at least seven dollars
a day at wholesale prices, or a sav-
ing to the U. S. Lines of some $7,-
665 per day in food alone, thanks
to radar. Not to mention certain
intangibles, like being scared out
of your wits, in among the fishing
dories. As it was, we entered the
berth just 10 minutes late, just like
the airplanes. And nicely rested,
thank you!
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Operator’'s position shows modified radar receiver and radio-
telephone set used for communication between planes

e R

Close-up view of receiving antenna installation. Klystron at
right rotates with antenna: only 30-mc i-f is piped to receiver

Siting Microwave Antennas

Two machines, one with transmitter and one with receiver, hover over proposed locations

for microwave relay stations and determine optimum heights for antennas. System is also

suggested for relaying secret military messages under combat conditions

HE ABILITY of helicopters to
hover has led to their use in
determining optimum locations for
microwave relay antennas. In the
system illustrated in the photo-
graphs, two helicopters are used,
each hovering over the desired loca-
tion at various heights. One ma-
chine carries a microwave trans-
mitter which radiates horizontally
towards the second in a 30-degree
beam. The other carries receiving
equipment whose antenna beam-
width is 8 degrees. The received
signal is observed visually on a
small cathode-ray tube and aurally
in headphones. The visual indica-
tion permits determination of rela-
tive field strength and estimation of
Fresnel patterns. The aural signal
enables the pilot to maintain proper
heading.
Communication between the par-
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By B. [. McCAFFREY

Project Engineer
PSC Applied Research
Toronto, Canada

ticipating helicopters is provided
by a separate radio-telephone sys-
tem. Quite often ground relay sta-
tions are used with the communieca-
tions circuit to ensure consistent
communication during tests.

Airborne Antennas

In helicopter flying, maximum
efficiency while hovering is accom-
plished by heading the aircraft into
the wind. In order to take ad-
vantage of this characteristic, it is
necessary to provide 360-degree
rotation of the .antennas. The
ability to rotate the antennas poses
somewhat of a problem in aerody-
namics and balancing, but this is

wwWw.americanradiohistorv com

solved by having two antennas
available on each helicopter. Each
antenna provides slightly greater
than 180 degrees of rotation. The
choice of radiator depends on the
wind direction at the time of oper-
ation. The installation on the re-
ceiving helicopter is illustrated in
the photographs.

Tentative sites having been
chosen, it is often possible to supply
a photograph of each location. Upon
these, lines may be drawn between
recognizable features to assist the
pilot in choosing his heading. In
the absence of photographs, maps
or compass headings may be used.
The pilot climbs to an altitude
which will ensure adequate clear-
ance, adjusts for a predetermined
bearing, and by radio contact makes
final settings to pick up the micro-
wave signal. Both helicopters then
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Airborne helicopter, showing location of receiving parabola on side. A similar
antenna on the other side of the plane permits 360-degree azimuth coverage

By Helicopter

proceed to descend slowly until a
grazing point is reached.

If a good profile is available one
grazing point reading is sufficient,
for only a check is needed. Lacking
an elevation profile it is necessary
to shift helicopter positions a num-
ber of times and by intersection to
determine the location and relative
height of the highest obstruection.

Experiments have shown that the
signal-cutoff point is quite definite
just as the beam falls below the
grazing point. To take readings
over any site takes only a few
minutes.

Determining Height

The height of the helicopter at
any instant may be read on a sur-
vey-type portable barometric alti-
meter. The aircraft is lowered to
the ground, where the altimeter is
set at zero. Thereafter heights
may be read directly. Accuracy can
be +5 feet if a good instrument is
used.

Where the area is covered by
trees, the tree heights must be de-

ELECTRONICS — September, 1951

termined. Again this can be done
photographically, or the operator
can land in a convenient clearing
and trek back to make measure-

ments from the ground. A plumb
line might also be dropped, but this
should be of a light material (fish-
line) in case it should foul the
rotors.

Choice of Frequency

At first thought it might seem
wise to use the frequency of the
proposed link when making tests.
Experience with the system has
proved, however, that this is not
necessary. In practice, a frequency
of 9,375 me (3.2 cm) is used. This
choice was determined by several
factors.

It was necessary to produce
equipment in as short a time as
possible. Microwave equipment for
the link had to be installed within
10 months. It was not then in full
production, and the quantity for the
order had to be determined. Com-
ponents for 3.2 cm were available
on short notice, and the 3.2-cm gear
could be smaller and lighter for the
same antenna patterns.

Receiving Equipment

The block diagram shows the
complete system. The microwave
receiving equipment is a typical
radar superhet circuit using a para-
bolic antenna, 723 A/B klystron
local oscillator, 1N23A crystal
mixer, a 30-mc i-f amplifier and one

stage of video.
The receiving antenna is a 16-

RECEIVING TRANSMITTING
HELICOPTER HELICOPTER
30MC MOOULATOR
I-F AMP HORN M
PARABOLIC ANTENNA
ANTENNA |
VIDEO CRYSTAL 2442 BLOCKING
AMP MIXER MAGNE TRON OSCILLATOR
° ]
8 180° VERTICAL I
8° VERTICAL  30° HORIZONTAL
8° HORIZONTAL PIPPER
1000 CPS KLYSTRON CRYSTAL
FILTER-AMP 723 A/B DETECTOR |
l I 1,000 CPS
R-C
\ L 0SCILLATOR
AUDIO H-F ' H-F AUDIO
MIXER [T | RECEIVER RECEIVER MIXER
| I
H-F H-F
TRANSMITTER] ITRANSMITTER
PILOT = OPERATOR PILOT = OPERATOR

Block diagram of complete microwave antenna siting system. Helicopters are
equipped with auxiliary two-way radio to facilitate maneuvering

waw. americanradiohistorvy. com
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inch parabola driven by a double
dipole. The radiation pattern has
a main lobe of 8 degrees in both
horizontal and vertical planes. A
small angle is required here, of
course, since sharp cutoff of signal
must occur when any obstruction
appears in the line between air-
craft. The close-up photograph of
the receiving antenna shows the
location of the klystron at the an-
tenna. The simple method of tun-
ing reflex klystrons by variation of
reflector voltage makes this possible
and obviates the need for wave-
guide to carry the received energy
into the cockpit. The mixer is con-
tained in the box directly below the
klystron so that only the 30-mc i-f
signals need be carried by cable to
the operator’s position. A small
amount of preamplification is used
to improve the signal-to-noise ratio
and to provide matching to the out-
put coax.

Tuning is performed at the oper-
ator’s position by varying the kly-
stron reflector voltage. Only slight
adjustments are needed during the
first few minutes required for
equipment warm-up.

The receiver output pulses are
observed on the two-inch crt shown.
Since the relative amplitudes of
signals are the important detail, no
sweep is provided and the pattern
appears merely as a bright vertical

Microwave horn
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antenna and transmitter,

line. By concentrating the pattern
into a single line, the picture is
bright and more easily visible.
Satisfactory deflection of the trace
is realized at the extreme range
since the video output runs as high
as 100 volts.

Since it is the pilot’s duty to de-
cide on the best heading for the air-
craft the control for the antenna
has been located within his reach.
The best azimuth for the antenna is
chosen by adjusting for peak signal
as heard in his headphones. To ob-
tain sufficient energy to drive head-
phones from a source of 0.25-micro-
second pulses and at the same time
eliminate spurious noise, output
from the video stage is passed
through a 1,000-cycle filter-ampli-
fier.

For convenience in operating, the
resulting 1,000-cycle sine waves are
mixed with the communication sig-
nals before reaching the earphones.
Both pilot and operator are then
familiar at all times with the condi-
tions and a minimum of talking
back and forth inside the helicopter
is necessary.

Transmitter

The microwave transmitter is a
small 2J42 magnetron delivering
7.5 kw peak power to a horn an-
tenna. The radiation pattern of
the horn is 30 deg hovizontally and

Transmitter box contains magnetron,
modulator and power supply

Klystron-mixer assembly removed from

back of receiving antenna. Crystal

mixer is located under knurled cap at
top of waveguide near klystron

180 deg vertically. It was not con-
sidered advisable to restrict the
transmitted signal to too tight a
beam since some difficulty was ex-
pected to be met in the field when
aligning receiving and transmitting
antenna at extreme range. The
pilot of the transmitter helicopter
does not have a signal on which to
tune for maximum as does the pilot
in the receiver ship and must rely
on a rough compass bearing to
assist him in directing the beam
towards the listening operator. On
the other hand a reasonably tight
beam is required to prevent reflec-
tions from off-course surfaces from
reaching the receiving site.

Military Application

1t is interesting to note that the
system described here may be
adapted to military field communi-
cations problems, especially where
enemy jamming is a hazard. When-
ever messages are to be handled
quickly, all the advantages of the
telephone for direct communication
may be realized by simply arrang-
ing via ground stations to have a
pair of helicopters proceed aloft.
Either f-m, a-m or pulsed-time
modulation could be employed to
carry confidential conversations re-
liably between ground units of a
swiftly moving army which has no
time to set up wire lines. By using
very tight beams with the smallest
possible side lobes, interception as
well as jamming by the enemy
would be eliminated.

September, 1951 — ELECTRONICS



Test patierns and program images (405 lines, 144 fields) transmitted over CBS monitor circuit, left to right: 10-mc circuit, 4-me circuit

without crispening, and 4-mc¢ with crispening

CRISPENING CIRCUIT

for COLOR TV

Designed by CBS engineers for field-sequential color

television, the “crispening” technique sharpens the

vertical edges of extended objects by combining the

video waveform and its derivative, modified in non-

linear fashion. Circuit for receivers uses two tubes

and two crystal diodes

URING THE FCC HEARINGS on
D color television, Dr. Peter C.
Goldmark described in general
terms a new circuit, known as the
“crispening” circuit, which had
been designed for use with the
field-sequential system of color tele-
vision. In connection with the in-
auguration of color television serv-
ice last June, details of the crispen-
ing circuit were released for the
information of those interested in
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the design of color television trans-
mission circuits and receivers.
The new circuit is intended to
improve the apparent resolution of
a television image by increasing the
rapidity of response of the video
transmission cireuit, that is, by
decreasing the time-of-rise of the
leading and trailing edges of long
pulse waveforms passing through
the system. Such leading and trail-
ing edges are produced when the
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FIG. 1—Curves illustrate the action of
the crispening circuit. Curve G shows
“crispened” response
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FIG. 2—Block diagram of crispening circuit (A) and details of spike producer (B)

scanning spot at the camera passes
across a boundary between a dark
and light area, as for example the
vertical edge of any extended ob-
ject. By decreasing the time of
rise at the output of the crispening
circuit, relative to that at the input,
the corresponding edges in the
reproduced image may be made to
appear more sharply defined.

The usual method of increasing
the sharpness of television images
is to make the fullest possible use
of the available video bandwidth,
by the use of peaking circuits in
video amplifiers, video preemphasis,
and correction of aperture distor-
tion. All of these techniques are
used in field-sequential color tv but,
because of the comparatively high
picture-repetition rate (2.4 times
that of the black-and-white sys-
tem), the resolution available, even
when full use is made of the band,
is limited.

The crispening circuit is a tech-
nique for improving the resolution,
by sharpening the edges of ex-
tended objects, without increasing
the bandwidth. The improvement is
roughly equivalent to that which
would be obtained by doubling the
bandwidth. However, the improve-
ment is confined to the edges of
extended objects; no improvement
is obtained in resolving small ob-
jects, of a size corresponding to
the maximum video frequency actu-
ally transmitted, and this limitation
also applies to adjacent small ob-
jects, such as fine vertical lines
which appear in test charts and
fabrics.

Crispening Principle

The basic principle of the crisp-
ening circuit is shown in Fig. 1.
Curve A shows an idealized step-re-
sponse video waveform, arising
from scanning across the edge of
an object. The time of rise, ¢,, cor-
responds to the upper limit of the
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video band passed by the transmis-
sion system between camera and
picture tube. If this wave is passed
through an ideal differentiating
circuit series capacitor and shunt
resistor), the wave shown at B
may be produced. This is the de-
rivative of the original waveform.

The derivative wave may be mod-
ified in various ways, such as the
single slope right-triangular wave
C or the isosceles-triangular wave
in D. If the derivative or one of
its modified forms is then added
to the original waveform, the re-
sultant waves E, F, and G appear,
all of which have leading edges
steeper than that of the original.
Form E does not have the desired
shape. Form F is theoretically pos-
sible, but requires highly compli-
cated circuitry. The combination of
A and D shown as wave G repre-
sents the practical operation of the
crispening circuit. The mbdified

derivative D is known as the
“spike”, and the resultant wave-
form G can be made to have a time
of rise approximately half that of
the initial wave A.

Figure 2 illustrates the circuit
which produces the desired result.
The input wave is passed along two
paths, a main signal path contain-
ing an adjustable delay network,
and a spike-producing path. The
latter consists of a differentiator
which produces the waveform of
Fig. 1B, and a spike producer
which modifies the derivative to the
form of Fig. 1D. The spike is then
amplified and combined with the
delayed main signal in an additive
mixing amplifier, producing the re-
sult of Fig. 1G.

Details of the spike producer ap-
pear iu Fig. 2B. The differentiated
signal, arising in a low-impedance
source, is passed to two germanium
crystal diodes which present op-
posite polarities to the signal. The
two polarities are required to per-
mit handling both negative-going
and positive-going transitions. The
spike appears across resistor R., its
amplitude and duration depending
on this resistance as well as the
values R and C in the diode paths.
Since the spike has edges which are
sharper than that of the main sig-
nal, the amplified signal which fol-
lows the spike producer must have
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FIG. 3—Crispening circuit designed for use in color-tv receivers.

The video wave-

form is applied to the picture tube grid, the spike to its cathode
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a correspondingly wide bandwidth,
as must the mixing amplifier in
which it is combined with the main
signal.

Practical Circuits

The circuit details are not so
simple as the foregoing description
might indicate, largely because it
is necessary to avoid overshoots in
the resultant waveform. This can
occur if the spike is wider than the
original transition. The diodes re-
duce the effective width of the
spike by introducing a nonlinear
(approximately square-law) trans-
fer characteristic. But the correct
result then occurs only for one
amplitude of the spike. Correct
spike width over a range of ampli-
tudes can be achieved by feeding
the diodes from a low-impedance
source and using an R-C load cir-
cuit of proper time constant with
each diode.

A practical crispening circuit
suitable for domestic field-sequen-
tial television receivers is shown in
Fig. 3. The elements above the cen-
terline are conventional. The crisp-
ener, below, consists first of a
triode differentiator. The required
low-impedance output of this stage
is provided by the step-down trans-
former. This feeds the double-diode
spike-producer, like that shown in

Fig. 2E. Then follows a three-stage
wideband video amplifier (typically,
flat within 1 db to 8 me). The am-
plified spike is then fed to the
cathode of the picture tube, in the
proper polarity to combine with
the main signal applied to the grid
of the picture tube. The control in
the cathode of the differentiator
serves to control the amplitude of
the spike. If the delay in the main
signal path does not match that in
the spike-producing path, the com-
pensation circuit of the video out-
put stage may be transformed into
a filter having the required delay.

A more elaborate circuit, shown
in Fig. 4, is intended for use at the
end of coaxial cable network cir-
cuit, having a nominal upper cutoff
of 2.75 me. It operates between
75-ohm terminations, 1.4 volt peak-
to-peak, at input and output (no
net gain). The principal differences
between this ecircuit and the re-
ceiver-type unit are provision of
adjustable delay in the main signal
path, and an extra stage (V, 6AH6)
preceding the triode differentiator.
This stage, operating in conjunc-
tion with three additional ger-
manium diodes and a voltage-regu-
lator tube, serves as a clipper to
remove the synchronizing signals
from the composite waveform be-
fore production of the spikes. The

TV T4I2ATT

FIG. 4—More elaborate form of circuit intended for coaxial cable circuits and else-
where in the chain between color camera and transmitter
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clipping level is set by the contyol
in the cathode of this stage.
Figure 5 shows typical results
achieved with the crispening circuit
in the form of oscillograms of video
signals with and without benefit of
the crispening action. At the top
are shown negative-going and posi-
tive-going unit steps of high ampli-
tude. It will be noted that the
crispened waveforms have times of
rise or fall about twice as rapid as

o e

FIG. 5—Oscillograms showing increased

steepness of isolated transitions (posi-

tive and negative) due to crispening
technique

the initial wave, and that a slightly
higher degree of overshoot occurs
in the crispened cases. Below is
shown a similar case with some-
what smaller amplitude. In this
case the overshoot is not prominent.
Finally, at the center of Fig. 5 are
shown pulse waveforms, the equiva-
lent of positive and negative unit
steps in rapid succession. It will be
noted that the crispening action is
successful even with pulses of this
type, provided only that the leading
and trailing edges do not follow so
closely that the initial waveform
has no flat top.

The accompanying photographs
of test patterns and images show
the comparative effect of a wide-
band (10-mc) transmission system
and the crispening circuit with
4-mc transmission, both compared
with images (in the center in each
case) transmitted over a 4-mc path
without ecrispening.

Further details on the theory and
practice of this circuit are to ap-
pear in a paper by Dr. Goldmark
and John M. Hollywood, scheduled
to appear in the October or Novem-
ber, 1951 issue of the Proceedings
of the IRE.—D.G.F.

87



How to Produce GOOD

Detailed qualifications to serve as a practical guide for finding the Mr. X who will head

the technical manual crew, and breakdown of his program for producing a technical

manual that goes beyond minimum requirements of military specifications.

Project

engineers shouldn’t do the heavy writing; their knowledge is a handicap

HERE ARE many ways to prepare

technical manuals for military
electronic equipment. One has only
to solicit the opinions of men and
organizations that have success-
fully done such work to realize how
many different methods have been
used. Some methods are diametric-
ally opposed, others differ in detail;
few are similar. The end produect
has similarly exhibited a wide vari-
ance in quality.

The ideas to be presented here
constitute an organized production
procedure with specific methods,
goals and responsibility, and include
the elements essential to a good
finished product. Producing tech-
nical manuals is a matter of grave
importance and must not be allowed
to follow haphazard methods.

It is assumed that the organiza-
tion of the technical manual depart-
ment will resemble that outlined in
an earlier article, “How To Set Up

An Instruction Manual Depart-
ment,”” ELECTRONICS, June 1951,
p 100. In that article, a Mr. X was

identified as the man charged with
the responsibility of producing the
manual and of doing the heavy
writing. His qualifications and
personal duties were touched upon
only lightly. Since he is the central
force, those factors are most im-
portant and will be described in
more detail here. The purpose of
this second article is to clarify the
picture of the type of man needed
and how he functions.

Qualifications of Mr. X

In selecting the man to act as
manager, supervisor, group leader
or engineer in charge of the tech-
nical manual crew, bear in mind
that he should have only the re-
sponsibility of producing manuals.
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The technical ability of Mr. X
should be on a plane with that of
a project engineer. In other words,
he should be a man capable of doing
engineering and design work on the
type of equipment involved. He
could, in fact, be obtained from the
engineering  department. The
things to look for are ability to ex-
press himself well, a better-than-
average ability to absorb technical
information, a natural flare for
drafting and the reputation for
maintaining neat, clear and infor-
mative engineering notes.

The man you select should have
some writing experience, or at least
show a decided interest in writing.
The personnel section may be able
to devise some form of test to in-
vestigate that point, requiring, for
example, that he describe on paper
how to build some simple object or
give a detailed description of some
common articlee. Much ecan be
learned from a test of this sort if
it is administered properly.

It is essential that Mr. X be cap-
able of drafting, at least in its
simpler forms. He must be able to
do layout work, freehand mechani-
cal and electrical sketches and be
able to interpret all forms of draw-
ings intelligently. Without these
qualities he will be at a loss to do
his technical manual job since the
illustration of the book is as im-
portant as the writing. If he has
artistic talent, he is even better
qualified because he can do a better
job of expressing art requirements,
can make suggestions in the form
of sketches, and can approve intelli-
gently the art work prepared for
the manual.

It is desirable that Mr. X have
some technical experience princi-
pally in the field of service or repair

work. This will place him in a
better position to appreciate the
kind of technical information
needed by men in the field. In lieu
of this, active radio amateur experi-
ence is excellent. The average
amateur makes radio his hobby be-
cause of a natural interest, and in
the pursuit of that hobby learns to
build, repair, test and improvise.

In reviewing the qualifications,
they may seem a unique combina-
tion not to be expected in more than
a very few men. Almost every pro-
fessional man, however, has talents
or interests which extend bevond
his profession. A recheck of the
requirements will show that a part
of them are to be expected in a good
engineer; the balance explains why
all engineers cannot be technical
manual producers.

Why Not a Project Engineer?

When Mr. X is assigned to pro-
duce a technical manual for a given
piece of equipment, it is generally
true that his knowledge of it is at
best only cursory. Often he knows
nothing more than its formal name
and model number. This situation
is commonly interpreted as undesir-
able and is used as the justification
to assign the writing job to project
engineers.

As a matter of fact, the situation
is not undesirable, but rather repre-
sents a distinet advantage. Mr. X
is completely free of experiences
connected with the metamorphosis
of the equipment and is primarily
interested only in its final form. If
he has the engineering qualifica-
tions mentioned earlier, he can
learn every essential fact related to
it. That very process is the one
he must duplicate in his manual.
He cannot help but record, mentally
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INSTRUCTION MANUALS

By EUGENE ANTHONY

Product Service Manager
General Electric Supply Corp.
New York, N. Y.

at least, the individual steps in his
investigation which, in logical
sequence, provided him with a full
understanding of the functions and
physical characteristics of the
equipment. He knows what phases
proved confusing and which idea
clicked into place at the right time.

The value of this relationship is
pointed up by one of the common
shortcomings of text prepared by
project engineers. Most often, the
facts prove confusing and do not
pull together until an advanced
stage of the material is reached.
Then, many check-back references
are needed to fit the pieces together.
The reason is, no doubt, that it is
rather difficult for a project engi-
neer to assume the position of a
person totally ignorant of the equip-
ment. The project engineer already
has an intimate knowledge of the
equipment, and this is invariably a
serious handicap in organizing and
writing a clear and logical step-by-
step presentation for a manual
reader who knows little or nothing
about the equipment.

Through his role as producer of
the technical manual, Mr. X can
retain his “I don’t know it until
you show me” attitude. Every dia-
gram he inspects benefits from this
point of view.

Mr. X’s Program

Upon being assigned to a specific
piece of equipment, one of Mr. X’s
first acts will be to determine which
instruction book specifications are
called for in the contract. If he is
not already familiar with them, he
will study them carefully to deter-
mine what the minimum require-
ments are. This will probably take
a day or two, during which time he
may make pencil notes in the speci-
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The complete over-all schematic diagram of the equipment is the most important part
of an instruction manual, and as such deserves the undivided attention of the most

skilled manual man.

fication book and/or separate notes
on cards or slips of paper. He will
start thinking in terms of which
assistants can do what job.

His next step will be to get his
assistants into productive motion.
It is not within the scope of this
article to describe those duties, but
they include such items as:

(a) Collecting drawings related
fo the equipment
Photography up to the fin-
ished product
(¢) Stock drawings (such as
socket voltages and tube lay-
outs)

Preparation of stock tables
and procedures

(e) Compiling parts list
(f) Actual service test
{proving-out data)
Preparing waveform draw-
ings

(h) Cabling drawings

(i) Installation drawings

The above will keep several as-
sistants productively and continu-

(b)

(d)

work

(2)

This is a job for Mr. X himself

ously employed in preparing mate-
rial for the end product. During
that time, Mr. X may assist them
with suggestions and criticism and
direct their work in other ways.
He may, for example, set aside one
hour per day to check the progress
of his assistants.

Having dispatched his assistants,
Mr. X can settle down to his heavy
work. This can divide into four
distinct phases. In presenting these
below, a representative type of
equipment is assumed in order to
make possible a rough estimate of
time required for each phase. The
actual time required will obviously
vary with the equipment under con-
gideration. In the assumed case,
for a highly complex electronic sys-
tem such as a complete loran sta-
tion, Mr. X might break down his
schedule to these phases:

(a) Complete-story drawings —

6 weeks
(1) Overall schematic — 3
weeks total time producing
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pencil sketch for draftsman

(2) Block diagrams — 3
weeks

(b) Technical writing—5 weeks

(¢) Coordinating the work of

others to final manuscript—

10 weeks

(d) Preparation for printing lay-
out and final details—4
weeks

It might be well to note that,
toward the end of this project, and
principally during the last 4 to 5
weeks, Mr. X can start laying the
groundwork for his next project.

The Over-All Schematic

It may seem that excessive time
(8 weeks) is assigned to the com-
plete circuit drawing, but that is
not true. Undoubtedly, the most
important part of the manual is the
complete schematic. Any mainte-
nance man would save that one page
if he were forced to decide on one.
From his point of view, the manual
is written around that drawing. A
most serious mistake is to treat the
schematic as one of many routine
drawings. It should be given the
weight it actually attains in the
eyes of the ultimate manual user.

Mr. X should have a large draw-
ing board in his office to do this
work, together with all necessary
drafting equipment. He should
then proceed to make one single
schematic circuit diagram of the
entire equipment. This requires
the combining of all individual
drawings originally prepared by the
engineers.

It might be well to comment, par-
enthetically, on the probable reac-
tion to the idea of Mr. X doing this
job. Why not a draftsman?

The answer is that the drawing,
as explained earlier, is the most
important single item in the man-
ual. As such, it should be given the
most skilled and responsible atten-
tion available. In addition, it
serves a second important purpose;
the very process of preparing a
complete comprehensive drawing is
an education in itself. The several
weeks spent doing the job provide
Mr. X with the groundwork for the
future work on the manual.

The first stage in preparing the
drawing is the freehand sketching
of a single schematic of the entire
equipment. The finished drawing is
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If forced to choose just one page from
a manual, the military maintenance
man will invariably take the complete
schematic. This diagram generally re-
quires at least two personal redrawings
by Mr. X to present the pertinent elec-
trical data as clearly as possible

generally a most disappointing,
dirty and confusing job. It may
even be in sections which have been
taped together in an arrangement
that has possibilities.

Having completed this first
sketch, most major improvements
in layout become evident. The ob-
ject, of course, is to produce a draw-
ing based on electrical continuity
rather than physical location of
components. As an example, Fig.
1 illustrates one basic idea in sim-
plifying circuit tracing. In this
case the components involved are
physically located in three differ-
ent units and are connected through
terminal boards and cables. In re-
arranging for the over-all sche-
matie, the electrical data is retained
relative to terminals, while sym-
bol numbers convey the informa-
tion relative to their physical loca-
tion.

As a further example toward
simplification, all parallel or series
resistors may be shown as single
resistors bearing the numbers of
the individual resistors and show-
ing total resistance. Thus, a string
of three 5,000-ohm resistors bear-
ing symbol numbers R301, R316
and R317 can be shown as a single
resistor with the number R301,
16-17 and a value of 15K.

At this point Mr. X has a fair
idea of the probable size of the
drawing and can decide on an aspect
ratio which suits the drawing and
conforms with the specification. It
is most important to decide now up-

on that ratio because full utilization
of the area will produce the most
efficient use of the space, permit-
ting the least crowding.

A second full drawing is made,
again freehand, this time relocating
components and rerunning leads so
as to give a most direct schematic
which is easily traced. Cross-overs
are avoided where possible; circuits
are kept in logical step-by-step or-
der. For clarity, double-section
tubes are split apart since this al-
most always produces a clearer
drawing.

The drawing may reach its final
sequence in this stage or may be
resketched several more times; in
any event the object is to come up
with a clear free-hand layout, neatly
spaced and with ample room for let-
tered data. This layout is then ex-
panded in content by the identifi-
cation of all significant feed wires,
connectors, tube functions, control
and adjuster titles, and similar
data. This information is developed
through discussion with the project
engineers. By this time, Mr. X has
a fairly good speaking acquaintance
with the circuit. As an example to-
ward helping the maintenance man,
all control labelling is made to con-
form with actual panel engraving.
The engineers may have their own
pet titles on their drawings; unless
these are changed, confusion results
and the opportunity is missed to
make things clearer.

Once this stage is completed, the
rough sketch can be given to a pro-
fessional draftsman to make a neat
mechanical drawing. It should con-
form to standards provided for
drafting by Mr., X. This includes
such items as tube circle diameters
and the physical sizes of coils, re-
sistors, capacitors and other parts.

Lettering the Schematic

Mr. X will probably choose to in-
spect progress of the drawing from
time to time. It is best to have it
completed without Ilettering. A
print is then made and given to Mr.
X for checking and lettering. The
two are a natural combination. It
is best for Mr. X to do the lettering
because poor lettering layout can
destroy an otherwise good drawing.
He can easily letter the drawing
freehand, using different colored
pencils for different lettering sizes
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(three sizes will probably be used).
By lettering about the same size as
the lettering guide specified, Mr. X
will establish the appearance of the
finished product. He may choose
one size of lettering for symbol
numbers, for example, and a smaller
size for electrical values.

It is, of course, most important
to have all electrical values shown
for all components. Nothing is
more annoying than studying a
schematic diagram without know-
ing the values of components and
the type numbers of tubes.

When the drawing is fully
checked, the final layout looks good,
and all helpful data is shown, it is
given to a tracer to be done in ink.
Here, line weights, lettering guide
sizes, and other detailed specifica-
tions must be firmly established be-
fore work is undertaken.

Should last-minute changes be
made in the equipment which inter-
fere with the clean character of the
finished ink drawing, it is wisest to
have a photolitho tracing made, ob-
literating the affected area on the
photolitho negative. The result is
the equivalent of an ink tracing
with certain areas missing. The
new information can then be re-
drawn neatly.

Block Diagrams

Two block diagrams, at least,
should be made by Mr. X, whether
or not called for in the specifica-
tions. The first should be a unit-
function diagram with boxes to
represent each individual electrical
function or tube stage. Like the
schematic, this drawing may well
be very large and may require many
days of layout work followed by
careful selection of wording. The
boxes are interconnected by flow
lines. Where helpful, electrical
waveforms should be shown to con-
vey additional useful information.

The first layout will probably be
awkward and complex, but can be
improved by the patient application
of discreet changes until the mini-
mum of cross-overs and fold-backs
are obtained with the most logical
succession of blocks.

Since this drawing will form a
basis of some important text, Mr.
X will probably choose to number
each block so that references can be
made later without difficulty.
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A second block diagram, similar
to the first, should also be prepared
for trouble-shooting work. It forms
a basis for signal tracing. This dia-
gram is strictly a stage-by-stage
diagram, the prime identification of
blocks being the symbol numbers of
the tubes. At each point where sig-
nals appear, space should be left
for an oscillogram. One of Mr. X’s
assistants will, in the meantime, be
collecting drawings of oscillograms
with full identification as to test
point, amplitude, sweep conditions
and other pertinent data.

The oscillograms may be omitted
until the final ink stage, with circles
being used in their place. In the
final tracing, the forms can be
added, together with all necessary
data relative to them.

Having completed these draw-
ings, Mr. X will be rather well ac-
quainted with the functions of the
equipment and will be well prepared
to start his manuseript.

Writing

Mr. X can write the descriptive
material covering equipment pur-
pose, theory of operation and actual
operation. The block diagram will
prove most helpful here and will
speed things along.

There is little that can be said
relative to this phase of the work
since it consists principally of day-
to-day plugging. The technique
used will depend upon Mr. X. He
will probably require large numbers
of small line illustrations in this
portion of the book. There will be
many consultations with engineer-
ing during this phase of the work.

The applicable specifications will
probably state clearly the type of
contents for each section or chapter.
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FIG. 1-—Example of how a portion of an
ordinary schematic is simplified for the
complete schematic

There are, however, some helpful
suggestions relative to the theory-
of-operation section which experi-
ence has shown to be worthwhile.

It is generally more than a mod-
est challenge to prepare a workable
format for the theory of operation.
This stems from the fact that two
kinds of information are required
and the two sometimes are per-
mitted to become confused.

First, only cursory information is
required. This provides informa-
tion relative to the operation of
the equipment from the standpoint
of over-all stage functions. A saw-
tooth generator, for example, is de-
seribed in terms of synchronizing
triggers, developed waveform and
application rather than in terms of
how the sawtooth is generated.

Second, specific circuit data is re-
quired without regard, necessarily,
to the external purpose. In the
above example, the operation of the
generator, as a generator, is ex-
plained.

To cover both requirements
smoothly, the entire equipment can
first be described functionally, us-
ing only the block diagram as a ref-
erence. Then, as a second part of the
chapter, the circuits can be de-
scribed without more than passing
reference to their function in the
entire equipment. In this way,
there is a clean break and a reader
can choose the section which satis-
fies his needs and training. The job
of writing is also simplified tre-
mendously.

Final Coordination

After completion of the above
phase, Mr. X is in a position to
start coordinating the material sup-
plied to him by his assistant. This
will, no doubt require much rewrit-
ing and reorganization to produce
a final complete manuscript. With
the major diagrams and major
writing work properly done, how-
ever, final coordination is largely
routine editing of text and modifi-
cation of diagrams to conform to
design changes during development
and production of the equipment.
With the type of manual writing
organization described here, there
is no last-minute rushing and yet
the final product far exceeds the
minimum specifications of the mili-
tary user.
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CRAWLER DETECTS

Complete flaw detector setup in shop. showing puller motor just below end of gun barrel crawler almost completely inside barrel. and
electronic control rack with recorder on top

Crawler unit of automatic crack detector is pulled through barrel by chain. Motor at center drives rotating pickup that scans barrel
as crawler moves ihrough, and also drives Polaroid in photoelectric control system. Four sets of rollers are pushed outward by springs
to hold crawler in center despite irrequlariiies

. . 5 5 s i “ : < 1

Example of record obtained, showing cracks in a two-foot length of gun barrel
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GUN-BARREL CRACKS

After gun barrel or other ferromagnetic tube to be inspected is circularly magnetized,

inside surface is magnetically scanned by pickup coil that rotates around crawler.

Photo-

tube arrangement on crawler keeps recorder in step with pickup drive motor

Physicist
Watertown Arsenal
(Now with Transducer Corp., Boston)

By F.D. KODIS and R. SHAW

Development Engineer

Graydon Smith Products Corp.
Boston,

Mass.

HE current application of steel
tubes to functions where fail-
ure is a hazard as well as a loss to
military or industrial operations
has increased the need for a non-
destructive production inspection
tool for locating cracks in tubes.
In the present solution, based on
the induction method, the ferro-
magnetic tube is magnetized in a
circular manner by passing a cur-
rent through the tube bore. The
resulting circular magnetic field is
distorted by any magnetic inho-
mogeneity in the tube, as shown in
Fig. 1, so that the flaw is detectable
by a search coil. The search coil,
in the form of a magnetic record-
ing head, is passed close to the bore
surface at a uniform speed. The
high definition of the magnetic
recording head permits separation
of cracks close together.
The complete automatic crack de-
tector system is shown in Fig. 2.
The signal from the magnetic re-

The statements and opinions expressed
are those of the authors, and do not neces-
sarily represent the views of the Ordnance
Department.

cording pickup head is amplified to
a power level sufficient to be pre-
sented on a facsimile-type recorder.
The basic mechanism of the re-
corder consists of two electrodes,
one in the form of a helix mounted
on a drum and the other a
straight bar. The recording me-
dium, which is an electrosensitive
paper, passes between the two elec-
trodes. The helix pitch is equal to
the width of the recording medium.
For one revolution of the helix
drum under the straight electrode,
the intersection of the two elec-
trodes travels across the width of
the paper. Now, if the detector is
revolving about the bore circumfer-
ence of the tube at the same speed
as the helix drum is traveling, the
width of the record represents the
tube circumference.

As the detector passes longitudi-
nally down the tube, simultaneous
paper feed causes the length of the
record to represent the length of
the tube. Thus each point on the
record represents a point on the
tube bore in a map-like manner.
To obtain this pattern, synchronism

of the motions of the recorder and
detector must be maintained.

Inspection Specifications

The mechanical specifications re-
quired the inspection of tubes with
2.3 inch to 8.3 inch inside diameter
and up to 200 inches long, with 100
percent of the tube inspected auto-
matically in a single operation. Ro-
tational speed of the pickup head
was selectable at either 1,800 or 900
rpm, and the lengthwise feed was
18, 36 or 72 inches per minute. The
pickup head was required to run
between 0.005 and 0.015 inch from
the wall of the tube, automatically
taking care of taper, out of round-
ness, roughness and crookedness of
the tube. The lengthwise position
of the pickup head in the tube had
to be known within & inch.

One of the major problems to be
solved was the provision of a means
for maintaining the specified =+2-
degree angular relationship be-
tween the pickup head and the re-
corder. It was considered imprac-
tical to use a rod or tube to keep the
frame of the crawler vertical while
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ROTATING POLAROID

HEL (X
RECORDER| MG ToR
¥
SIGNAL

"

+{ PICK- |—
] PSX motor

4
INSPECTION’
UNIT
(CRAWLER)

—%] I___L_IW_

AMPLIFIER

240
282 [ PHasE FREQ
3 DISCRIM- [~ MULT

INATOR | A| X4

il P

REACTANCE
TUBE 0SC
60 CPS

FIXED POLAROID 3
‘240 CPS

] 360tps

OWER AMP

FIG. 1—Method of magnetizing gun barrel
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FIG. 2—Units of automatic crack detector for inspecting inside surfaces of tubes
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going the length of the tube to be
inspected, as this would have re-
quired a rod at least 200 inches
long and would have used up an
excessive amount of floor space for
inspection.

Crawler Design

The method employed used a
servo system to drive a synchronous
motor in the crawler. Mounted on
a shaft revolving at the same speed
as the pickup head is a rotating
Polaroid with focused light source
shining through it axially down the
tube. At the end of the tube is a
stationary Polaroid with a photo-
tube and amplifier. As one Polar-
oid is fixed and one related directly
to the position of the pickup head
in the crawler, the sine-wave output
of the phototube amplifier, due to
the rotation of the Polaroid, is re-
lated to pickup head speed by fre-
quency and to pickup position by
phase angle.

3—Circuit of amplifier and clipper used between phototube and discriminator

The phototube output is compared
in an electronic discriminator with
the 60-cycle line frequency, as
shown in Fig. 2, and the error sig-
nal obtained is used to control the
frequency and phase angle of the
voltage driving the synchronous
motor which rotates the pickup
head in the crawler.,

The problem of variation of in-
side diameter of the tube is solved
by centering the motor in the tube
by four sets of three rollers. The
three rollers in a set are linked to-
gether as in a three-jaw lathe
chuck, and spring-loaded outward
with a common spring so that the
shaft of the motor always coincides
with the axis of the tube bore. The
pickup head itself is held against
the wall of the tube by centrifugal
force and the spacing of the head
from the wall is determined by two
rollers mounted on the pickup head.
The crawler unit is provided with
two interchangeable jack shafts,

one for a pickup head speed of 900
rpm and one for a speed of 1,800
rpm.

The crawler assembly is pulled
through the tubing by a length of
stainless steel chain. This chain is
driven by a motor with appropriate
change gears to obtain the different
feeds, and the longitudinal position
of the pickup head in the tube is
read directly to the nearest tenth of
an inch by a counter mounted on
the chain puller assembly. The
stainless steel chain is required to
prevent possible magnetic writing
on the tube surface, as could be
caused by ferromagnetic materials
touching the magnetized tube.

Paper Drive

The recorder is an adaptation of
a standard Alden 4-inch helix fac-
simile recorder using Alfax type A
electrosensitive paper. The two
helix speeds of 1,800 and 900 rpm
are obtained by the use of a two-
speed hysteresis-type synchronous
motor with a direct drive to the
helix. The paper drive of 0.01 inch
per helix revolution is obtained
from a separate motor drive and
change gears. After the record
is made, the paper, which is trans-
lucent, comes forward over a 12-
inch-long table made of translucent
plastic with a light behind it so
that any recording on the back side
of the paper can be observed. The
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recording of a-c signals is believed
to be a novel application of this
type of recorder. The completed
record is stored on an automatic
paper take-up reel.

To avoid cutting the paper when
the helix is running but the paper
is stationary, the top electrode is
automatically lowered by a solenoid
only when the feed is turned on.
This enables the operator to stop
the translation of the crawler down
the tube and stop the paper feed
without turning off the helix motor
and losing synchronism.

Servo System

The sine-wave output of the
phototube is amplified and clipped
with the circuit of Fig. 3 to provide
a square wave of constant ampli-
tude, independent of light source
intensity over a range ratio of 50
to 1. Clipping is accomplished with
a 6BN6 gated-beam tube. The
square-wave output is then fed to
the phase diseriminator in the main
motor control unit, shown in Fig. 4.

Reference voltage for control of
the crawler motor is taken from the
60-cycle line which operates the
synchronous helix drive motor. A
high-voltage 60-cycle signal from
the same source is clipped by neon
bulbs to provide accurate locking
pulses for a 240-cycle multivibrator.
This 240-cycle signal is used as
reference voltage in a clamping dis-

which
angle.

rotated.
the closed-loop servo-control, the
synchronous relation is maintained
at constant phase angle essentially
independent of motor load.

The helix of the recorder
driven by a hysteresis synchronous
motor running at constant load,
in constant phase

criminator; when fed with the con-
stant-amplitude signal from the
phototube unit, it gives a d-c output
proportional to the phase difference
of the two voltages. This d-c signal
is applied to the reactance control
tube of a 360-cycle oscillator, such
that frequency is decreased when
the motor shaft angle leads the
reference and is increased when it
lags the reference.

The output of the oscillator is
fed to a phase splitter which gives
three-phase output, then through a
power amplifier to the motor in the
crawler, which operates on 140-volt,
360-cycle, three-phase current. The
controller thus corrects input to the
synchronous motor in the crawler
so that the rotating shaft, related
to the fixed Polaroid or ground, is
synchronous with the 60-cycle line
frequency. This relation holds even
though the frame of the motor is

Additionally, because of

results

is

The two motors, both re-

lated directly to the same 60-cycle
line, are thus related to each other.
As the pickup head is driven from
the crawler motor, the pickup and

helix rotate in synchronism with
very small relative deviation.

The a-c signal amplifier circuit
of Fig. 5 uses push-pull input bal-
anced to ground, which in this type
of amplifier results in a very low
noise level. Hum cancellations of
better than 10,000 to 1 were ob-
tained. The amplifier has essen-
tially flat frequency response well
beyond the required recording band
and is corrected for phase shift to
avoid distortion of the recorded
wave pattern on the paper. The
voltage gain is such that approxi-
mately 10 millivolts input produced
full output power of 60 watts peak.
Under these conditions, the smallest
significant variations of magnetic
field in the tube record satisfactor-
ily.

To avoid burning the paper with
large input signals, a clipping cir-
cuit with a calibrated dial is pro-
vided. A ten-turn potentiometer is
used for a precision attenuator, and
short time stability of amplification
is obtained through the use of volt-
age feedback loops and regulated
power supplies.
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used between magnetic pickup and recorder
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Comparison photographs show improvement in picture quality realized by dot arresting. Transmission bandwidth is 3.5 mc

Dot Arresting Improves

Interlaced dot-frequency signals are applied to pair of arresting coils and picture tube grid.

Special circuit shifts phase between these signals to remove dot structure from large areas

and leave dots in regions of fine detail where they are needed

METHOD of receiving televi-

sion signals employing dot in-
terlace without using a separate
synchronous detector will be de-
scribed. Instead, the picture tube
is used to detect the signal. This
technique may be called dot arrest-
ing or deflection sampling. It will
also be shown that deflection sam-
pling may be used without intro-
ducing excess dot texture.

In a standard television system
with transmission bandwidth & me,
the unit step response is essentially
complete within 30 microseconds.
During this time, the line-scan pro-
ceeds by a distance s, which, for
balanced resolution, equals the in-
terline spacing. Since all of this
inter-dot space has been swept,
smaller detail than s cannot be
resolved.

Now, suppose the receiver dot
were arrested at the instant when
a unit step change of light has to be
transmitted. Note that this timing
condition implies dot-synchroniza-
tion between terminals, such as the
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application of the same scanning
motion in the transmitter. If the
dot rest period lasts 3b micro-
seconds, the electrical transient is
completed “on the spot”, and the
signal level at the end of the rest
is a sample of the local light value.

If the dot were now suddenly
moved along the line, by a distance
8, it will reach its new position on
schedule, but it has left behind
some interdot space, not covered by
signal information. This clear
space is filled, at a later scan of the
same line, by a new set of arrested
dots. Since each set has sampled as
many picture elements as one
standard line-scan, the horizontal
resolution is doubled.

Arrestor Field

The start-stop motion just de-
scribed is produced by adding, to
the line deflection, a weak, oscilla-
tory component called the arrestor
field, whose amplitude is only a
fraction of one percent of the fields
commonly used for sweep, and

whose frequency is somewhat lower
than twice the bandwidth of trans-
mission. In the monochrome tests
reported below, we used an arrestor
frequency of 7.44 megacycles, which
183 X5 X 7 X9 =945 times the
half-line frequency. With present
standards, (H = 63 usec line blank-
ing ratio 16 percent, aspect ratio 4
to 3) a horizontal definition of
580 lines may be expected, (580 —
2 X § X63 x 0.84 x 7.44), as com-
pared to the 320 lines normally re-
solved by a 4-mc channel. This has
been fully confirmed by practical
tests, as shown in the accompany-
ing photographs.

From the foregoing, it appears
that dot arresting is related to dot-
interlace techniques, previously
published in this journal’. It can
be used to receive dot-interlaced
signals and, also, to generate them,
both in monochrome and in color.
At closer inspection, however, dot
arresting seems to have some points
to recommend it, both as a refine-
ment of, and as a simplification of

September, 1951 — ELECTRONICS



Electronic enlargement in 16-inch tube of portion of test patterns shown in lower lefthand corner of full patterns on page 96

TV Picture Quality

By KURT SCHLESINGER

Motorola Inc.
Chicago, Ill.

the technique of dot-interlaced
television. These points are, gain
in light output, simplified receiver
circuits, and ability to delete dots
from large areas.

The light gain is due to the
temporary standstill of the dots.
The receiver equipment is simpli-
fied by obviating a separate syn-
chronous detector and extra-wide-
band amplifiers. The selective dot
coverage is made possible by using
simultaneous beam-intensity modu-
lation in the kinescope to aid dot-
arresting, or to wipe it out.

Figure 1 shows the general lay-
out of two receivers for high-
definition monochrome using dot
interlace. Figure 1A shows a con-
ventional receiver using a synchron-
ous detector, also called a resampler.
Figure 1B shows the comparative
setup for a receiver using deflection
sampling. It will be seen that, in
the latter case, a standard television
receiver may be used without any
alterations other than the addition
of the synchronized oscillator and

ELECTRONICS — September, 1951

|
| _ 223 -~ )
L_lgr-r|1-F|2NO RE - VIDEO AMP —6T' /

DET SAMPLER ' 7 MC WIDE

DOT- FREQ
OSCILLATOR[
(A)
L STANDARD TV RECEIVER ARRESTER COIL
e — T ! gz
y
f-e | ¢ | 2N0 | viDEO AMP £ o
DET 4 MC WIDE J‘. W /
1 DOT-FREQ |

(B) OSCILLATOR

FIG. 1— Dot-arresting receivers. System at A uses conventional sampling, while B
shows dellection sampling system

FIG. 2—Anastigmatic deflection yoke and dot arrestor coil assembly
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an arrestor coil. In the conventional
method of reception, special ampli-
fying means have to be added to
the receiver, in order to accom-
modate the signal which, after the
resampler, has a bandwidth of 7 me.

Figure 2 shows the type of ar-
restor coil used in the experiments.
This is a printed circuit on a paper
base, so that it can be slipped be-
tween the standard deflection yoke
and the glass neck of the tube. Both
the deflection yoke shown, as well as
the arrestor coil, are designed for
minimum deflection defocusing. To
this end, both windings have pole
slots of 17 deg, leaving about 1/5 of
the perimeter unwound. It has been
shown in a previous paper® that this
makes the yoke most nearly
anastigmatic. The arrestor coil
has one microhenry inductance and
requires 3 ampere-turns in opera-
tion.

Figures of Merit

While frequency and amplitude
of the arrestor field are known, the
optimum waveform is still unde-
termined. Suppose we could gen-
erate sawtooth waves with low re-
trace percentage at 7.5 me. This is
made practical, to some extent, by
adding harmonics of the dot fre-
quency to the arrestor current in
controlled proportions. If the re-
trace time is decreased, the rest
period increases. Evidently, this
would help to boost the light output.
But, would it also improve the ren-
dition of fine detail, or rather, de-
grade it?

To answer these questions, a
simple analysis was performed, as
shown in Fig. 3, with results pre-
sented in Fig. 4. The arrested posi-
tions of a square dot a are shown
with their spacing s along the line z.
The time-motion graph is shown by
curves 1 and 2 for the leading and
lagging edge of the dot. This
start-stop motion is caused by the
superposition of the arrestor field
(curve 3) to the standard sweep
(curve 4).

Subtracting 1 from 2 yields the
dot-transit time, or the time needed
by the dot to scan its own width.
This dot-transit time is shown at 5
and 6 as a function of space and
time, respectively. Curve 6 is ob-
tained by projecting 5 back into the
time domain using curve 1. From
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Talbot’s Law

i+
B = const. f1dt 1
11

it follows, that the visual bright-
ness B of an unmodulated beam (I
= const.) is proportional, at any
one point, to the dot transit time 6§
at that point.

Let 6,.. and 6, be the longest
transit times of dot arresting and
of standard sweep, respectively.
There will then be a gain in light
if 8,..x is greater than 6, This ratio,
the brightness merit

BM = Bmax/Bo = emax/eo (2)
may be read right off the transit-
time diagram curve 6. In the
case of start-stop scanning, for
instance, as shown in Fig. 3, the
brightness merit becomes

BM=p%<N (3)

where p is the dot rest cycle and N
is the dot spacing in dot diameters,
also called the dot index. The light
gain thus increases with, but is al-
ways smaller than, the dot index.
(In Fig. 3: N = 3, BM = 24).

The ability of deflection sampling
to handle fine detail may be formu-
lated as follows: Suppose the light
output B, of dot arresting is known
as a function of time (for instance,
curve 6 in Fig. 3). We may then
consider it as an optical carrier at
the arrestor frequency Q:

B, = ap % a; cos Ot 4)
where @, and a, are the average, and
the first Fourier coefficient, respec-
tively, of the light output function
B,. The signs alternate for two
successive scans of the same line,

This brightness pattern B, is it-
self modulated by the picture signal
8 =14 cos ant &= cos(Q — we)t (5)
Here, o, and o, are video frequency
components of the subject matter,
originally inside and outside of the
transmission band. The higher fre-
quency o, has been folded back in
the transmitter by a synchronous
sampler at the frequency O and
passes through the system as an
interlaced frequency Q — w..
The process of deflection-samp-
ling in the kinescope is then de-
scribed by the product

B><S=ao|:1:t% coth] X
0

[1 + cos wit == cos (@ — wa)t] (6)

This reconstructs fine and coarse
detail at the respective contrast of
a.cos (w,t) and 2a.e08(w;t). The
contrast ratio

SM = a;/2a, )]
seems to be a suitable figure of
merit for dot arresting in handling
fine detail. Quite generally, this
sampling merit SM is found by
making a Fourler analysis of the
curve presenting screen brightness
B, as a function of time. In the
particular case of Fig. 8, where B,
is a pulse-wave of p percent duty
cycle (curve 6) and where the inter-
dot-light is blanked out, the samp-
ling merit (Eq. 7) becomes

SM = (sin =p)/=p (8)

The results of this analysis are
shown graphically in Fig. 4. This
shows the figures for brightness
and resolution of deflection samp-
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ling for various values of the field
retrace percentage d and dot index
N. It is seen that, unfortunately,
these two figures have opposite
trends, so that as we gain in bright-
ness, we are losing in resolution.
The gain in brightness occurs as
the dot arresting cycle d is length-
ened, but, at the same time, the
light duty cycle p also increases,
which causes the sampling merit
to drop off sharply. Experimental
tests with sawtooth arresting have
borne this out; we gained light, but
lost definition.

It appears, therefore, that the use
of sawtooth waves for dot arresting
is justified only if brightness is the
prime consideration. The sampling
action then has to be done by a
separate detector. Such an appli-
cation is of some interest in color
work.

On the other hand, if dot-arrest-
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FIG. 5—Considerable improvement in
brighiness can be realized as shown
here for sine wave arresting
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Table I—Brightness and Sampling Merit of Sine Wave
Arresting and Gating

Fine Delail

Type of Rendition
Operation

|N=2 N=4 N=6 N= "-N 4 N=6 N=2 N=4 N=6

Relative Light Outpu!

{) Peak Briqh[n(’ss 4veraqp Brightness

Sine Arresting |

No Modulation 1 0.24| 0.34’ 0.0/ 1.5 2.2 28 103
I

Ju. 22

1.44

1l

No Arresting

Cosine Modulation ‘ 0.33 0.15 0.47] 0.83 0.95 0.96 0.50 0.50 0.50
Sine Arresting | ' I
Cosine Modulation || 0.46 0.58 0.62 1.0 1.7 2.3 | 0.53 0.72 0.94
Sine Arresting ’i ‘ II
Square Wave Blanking|| 0.66, 0.72| 0.73// 1.5 | 2.2 | 2.8 || 0.68 0.86 1.08

ing is to do the complete job of
video-multiplex reception, including
resampling, long rest periods are
ruled out, since the high-frequency
loss passes through the 6-db point
for a triangular wave (d = 50 per-
cent; Fig, 4B). The use of sine
waves, with their simple circuitry,
is then clearly indicated as a good
comptomise between brightness and
resolution.

Sine Wave Arresting

Figure 5 shows the light distri-
bution as a function of time, if a
sine wave is used in the arrestor
coil. The phase is counted from the
zero passage of the arrestor-cur-
rent. The peaks of light are still
above standard, and they increase
with the dot index, but they are
notably smaller than with sawtooth
arresting. For interdot blanking,
a cosine wave may be used, as
shown in the simple circuit of Fig.
6A. If it is desired to utilize the
very peak of light output, which oc-
curs about 135 deg ahead of zero-
field, the double-tuned circuit of
Fig. 6B may be preferred. This
yields about 25 percent more light
than the simpler circuit.

Table I shows the figures of
merit for sine-wave arresting, with
and without blanking. Apparently,
sine arresting without any beam
modulation is falling short of the
goal. The same is true for the case
that the beam is gated at the dot
frequency, but that dot arresting is
not employed. It is evident, how-
ever, that if sine arresting is used
in combination with a suitable
modulation of the beam, relatively
high figures of merit are obtained.

Even better figures occur if the
grid is overdriven so that we ap-
proach more closely the case of
square-wave gating. The resolu-
tion figures thus obtained range be-
tween 0.5 and 0.7 for low and high
dot indexes, respectively. This cor-
responds to a high-frequency loss
ranging from 4 to 6 db. To correct
for this, the transmitter may have
to use h-f emphasis of the same
order.

The brightness-merit of sine ar-
resting is also shown in Table I.
With a dot-index of 2, there is no
gain in light output over standard
scan, and with N = 4, the gain is
only 1.7 to 1. Higher values are
available, however, with higher dot
indexes or for square-wave gating
on the grid. These gains in peak
brightness are a privilege of de-
flection sampling and are not avail-
able with beam intensity sampling
alone. Note also, that this gain in
light comes without defocusing,
since the beam current is not
affected.

Practical Test Set-up

With a receiver layout as shown
in Fig. 1B, the signal from a con-
ventional video-amplifier (4 me
wide) was fed into the kinescope
cathode. The arrestor coil (Fig. 2)
and tube-grid were connected and
fed as shown in Fig. 6A.

In the transmitter, a standard
monoscope was used, and its output
was fed to the grids of two triodes,
while the sampling frequency was
injected into their cathodes, both in
push-pull fashion. The combined
plate output from this twin-balance
modulation is of the single-sideband
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type, with carrier and video input
suppressed. By unbalancing the
tubes, a controlled amount of un-
sampled video is admitted to the
4-mc filter in the output. The com-
bined signal then has video in-
formation from zero to 7 mc in a
frequency interlaced package, 4 me
wide, with controlled emphasis on
the high end of the original video
spectrum.

The photographs at the begin-
ning of this article show the ap-
pearance of a monoscope test pat-
tern on a 16-inch tube, after passing
through a 4-mec channel, with and
without dot arresting. It is evi-
dent that the expected improve-
ment in horizontal resolution has
been obtained. This is so in both
the center of the picture and in the
corners, as illustrated by the photo-
graph taken from the screen of a
tube of the same size (16-inch), but
with both sweep amplitudes ex-
ploded to about three times
normal size. Since this is not an
optical enlargement, but actually
an electronic magnifieation, and
since the same type of tube is used,
this picture is representative for
work with a higher dot index. As
a result, the dot brightness in-
creased sufficiently to offset the loss
of light caused by tripling the scan-
ning speed. In fact, no change of
photographic exposure was neces-
sary when taking this picture. It
was felt that these tests clearly
established the practicality of dot
arresting for the reception of
sampled signals.

Selective Dot Coverage

In all preceding considerations,
as well as in the photos shown, dot

arresting was applied continuously
so that the dot texture covers all of
the picture. Recent developments
of video multiplexing have made it
desirable to conceal dot texture as
much as possible, since it may be
objectionable to the public. With
deflection sampling, the question
arises: Is a deletion of the dots at
all possible? A study in this direc-
tion was undertaken and a tech-
nique of dot wiping was developed.
It was found to be practical to con-
fine the dot structure, caused by dot
arresting, to areas of fine detail.
The wipe-circuits developed for this
purpose are simple enough for com-
mercial applications.

Suppose dot arresting is applied
to a beam carrying synchronous in-
tensity modulation:

I, = Tlm (1 4 mcos (=4 ¢)] (9

and assume that the phase ¢ be-
tween kine-grid voltage and ar-
restor coil voltage is adjustable.
The relative brightness distribu-
tion along the line then follows
from inserting Eq. 9 into Talbot’s
Law.

1 t+ 6,
B:/B, = o SIdt (1a)
o4

Performing the integration yields
Eq. 10.

1 ]
B8 = 1[5
[/ .
+m(—0——- 1) cos ¢ — m sin ¢
0

sin 268

2 . 0
Qe+ —-
%, sin ( + 5 )] )
2
expression is simplified, con-

X

This

siderably, in three typical cases.
(A) No grid modulation (N =
0), dot arresting only:

B/B, = 6/6, (2a)
(B) In-phase modulation: ¢ = 0

B/By = 6,/6, — —

m ,
14+ m (1

(C) Out-of-phase modulation:

-0 430+

Equation 2a is the light distribu-
tion B, as shown in Fig. 5. Equa-
tion 11 informs that a connection
of the grid to the arrestor coil, as
shown in Fig. 6 will leave this light
distribution essentially unchanged;
but that the curve, as a whole, is
shifted toward black until the inter-
dot luminance disappears (for M
= 1). This improves the sampling
merit (Eq. 7), since the area a,
under the curve decreases, while the
Fourier coefficient a, does not
change. Since dots appear, this is
called the “etch” mode of operation.

Equation 12 indicates that the
dots will be wiped out, although the
jump-scan continues, if the grid
modulation is inverted and com-
plete (M = 1). The screen will
then exhibit one-half of the refer-
ence brightness and the picture
resolution will decrease to normal.
In a practical circuit (Fig. 6), this
theory may be confirmed by throw-
ing the switch, as shown, from the
ETCH to the WIPE position.

We now proceed to perform this
transposition electronically. A block
diagram of the equipment is shown
in Fig. 7. The circuit is set up to
perform wiping as a steady-state
condition with the grid connected to
a minus cosine voltage, while a sine-

(12)
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VIDEO | LINE |~ VIDEO |
| stace | ASEC STAGE !
l = i 0-35MC
| | .
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FIG. 7—Setup for dynamic dot ogresting and wiping
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FIG. 9—Dynamic etching and wiping of arrested dots showing selective dot coverage, Dotted areas have been brightened up electron-.

wave current passes through the
arrestor coil continuously. It is de-
sired, then, to have the grid voltage
reverse its phase whenever fine de-
tail appears in the picture. What is
needed, therefore, is a sensing cir-
cuit for fine picture-detail, whose
output overrules the wiping wave
by an opposing wave when needed.

This device is known as a trans-
ponder unit. It generates the dot
frequency with fixed amplitude and
phase for all signal frequencies
above, but not below, 0.5 megacycle.
To take care of the delay in the
transponder, the video signal is sent
through a delay line before reach-
ing the picture tube.

A simple transponder circuit for
selective dot coverage is shown in
Fig. 8 This is, actually, a double-
modulator, which turns out the
sampling frequency F, if, and only
if, signal frequency f, falls into a
predetermined range.

Figure 8A shows the received
video spectrum. The shaded por-
tion from 0 to 0.5 me, leaves the
transponder inactive. In V., the
signal frequency f, beats with the
sampling frequency F. The result-
ing lower sideband of F' is then sent
through a bandpass filter, which
cuts off at 7 me. The cut-off is
shown shaded in Fig, 8B.

To recover the sampling fre-
quency F, a second process of mod-
ulation is performed in V.. Here,
the signal frequency f,, after pass-
ing through a simple delay equa-
lizer, beats with the sideband F —
f, which emerges from the band-
pass filter (Fig. 8C). The result is
the sampling frequency (Fig. 8D).

The three photographs shown in
Fig. 9, illustrate the process. At
left, the picture signal has been
cut off and only the selective dot
coverage is shown. The dot pat-
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ically tc facilitate photographic reproduction

tern, as laid down by the trans-
ponder unit, has been brightened
up, in order to facilitate photo-
graphic recording. In normal oper-
ation, the background in the dotted
areas is no more bright than in the
large areas.

It can be seen that dots are laid
down only at such areas where high
definition is called for, whereas
large areas without detail are free
from dots,

In the center, video signal has
been added as a faint modulation,
but no video-delay is provided. It
can be seen that the transponder
unit reacts with a delay of about 1
microsecond. Parts of the video
signal are, therefore, 1 microsecond
ahead of time and fall into an area
that has been wiped clear of dots.
These signals cannot build up to
full detail because they do not have
the benefit of deflection sampling.

In the right-hand pattern, the
video signal has been sent through
a suitable delay line. The picture is
now coincident with areas that have
been prepared by etching in the dot
structure. In this case, full defini-
tion is obtained. These photo-
graphs serve to show that it is pos-
sible to use deflection sampling
without introducing objectionable
dot texture in large areas.

Other Applications

The application of dot arresting
to the pick-up camera is entirely
feasible. Tests have been made to
cperate a monoscope that way, and
they were generally successful. De-
flection-sampling in the transmitter
seems to promise some improve-
ment of the signal-to-noise ratio, to
a degree corresponding to the
values of brightness gain listed
above. Another attractive feature
seems to be the simplification of

circuitry, since the use, without
change, of a standard camera amp-
lifier appears possible.

It appears that the technique may
be applied to color reception, mainly
along two lines: (1) as a method of
sampling, and (2) as a way to im-
wrove light output.

If dot arresting were to be used
for resampling, it becomes neces-
sary to apply it to each of the three
scanning beams separately in a 3-
phase fashion. This may be done
by electrostatic or by electromag-
netic means, and presents no partic-
ular problems in the dichroic type
of color receiver. In a tri-color
tube, however, some additional ele-
ments for dot-deflection may be re-
quired within the tube to perform
dot arresting. The external circuit,
on the other hand, may then be re-
duced by three tubes, now used as
synchronous detectors.

Concerning the potential bright-
ness gain through dot arresting, it
should be borne in mind that the dot
index in the color application is
twice as high as for monochrome,
due to the slower sampling rate’,

The author wishes to thank D. E.
Noble, Vice President in Charge of
Research, for his interest in the
subject and for his permission to
publish this paper. He is further
indebted to his associates, V. Grazi-
ano and G. Hoffman, for their con-
tributions and assistance, as well as
to J. Grigg and G. Costello, for con-
tinued efforts and cooperation in
building the equipment for the
tests.
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Front panel has only jack for phone
monitor, gain control, and on-off switch

Top view of receiver chassis shows conventional layout on standard rack panel. Crystal

at left has fundamental frequency of one-third dif{erence of carrier and I-{

1ote Pickup Broadcast

Crystal-controlled 26-mc receiver can be used by inexperienced personnel to receive

remote broadcasts from scenes of emergencies, sporting events, and other on-the-spot
affairs. Extreme simplicity insures reliability and ease of operation and servicing

OME ENGINEERS at the smaller

broadcast stations do not ap-
preciate the advantages of adding
relay broadcast equipment to their
station facilities. Such equipment
provides a means for direct broad-
cast from any point where wire
lines are not available, and is par-
ticularly adapted to on-the-spot cov-
erage of fires, floods, parades, or
certain sports such as golf.

The equipment does not have to
be complicated or expensive. Trans-
mitters are commercially available
but there are no receivers on the
market specifically designed to re-
ceive 26-mc relay broadecast signals.
General coverage communications
receivers are not satisfactory un-
less they are operated by experi-
enced personnel. Unfortunately,
broadecast control operators are not
always trained in communications
techniques so it is desirable to have
as simple a receiver at the control
position as possible. It should not
drift off the signal or be subject to
misadjustment.

Two such receivers are in opera-
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tion at WINR. One is in a shielded
portable carrying case for use at
the end of a wire line near the point
of origin of any broadcast and is
provided with a v-u meter for use
in setting levels. Since a wire line
is used only when the special event
is some distance from the studios,
another receiver was permanently
mounted in a rack in the control
room. The two receivers are almost
identical and the rack unit will be
described.

The receiver was designed with
simplicity in mind. This meant
crystal control and the elimination
of unnecessary panel controls. The
photograph shows only an on-off
switch and volume control on the
front panel. When the receiver is
turned on, it is always tuned on the
center of the relay channel and it
will not drift off either in the

www americanradiohistorv com

process of heating up or by oper-
ator error.

The local oscillator uses an inex-
pensive 8,500-kc crystal and triples
to the low side of the incoming sig-
nal to avoid image-frequency inter-
ference with the 27-mc amateur
and diathermy band. The exact
oscillator frequency is, of course,
dependent on the operating channel
assigned by the FCC and can be
found by taking % of the frequency
470 ke on the low side of the signal.

Noise Silencer

Ignition interference in the 26-
mc region makes a limiter a virtual
necessity. After trying several
noise-silencer circuits, the one
shown in the diagram was used.

It is well to note that a high-
vacuum rectifier makes a better
noise-silencer diode than the popu-
lar germanium diode due to its
practically infinite back resistance.
As a practical example, IN34 diode
caused nearly 30-percent distortion
when used in this circuit as com-
pared to 1 percent when using the
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Transmitling equipment for remote broadcasts is available at reasonable cost.
Receiver deccribed fills need for comparion receiving equipment

Recelver

6H6. Since this distortion is ap-
parent mostly at the higher modu-
lation percentages, if the 1N34 is
used, the relay transmitter can not
be fully modulated without loss of
quality.

When using the 6H6 diode some
care must be taken to avoid heater
hum. It was necessary to bias the

fllament winding center tap posi-
tive a few volts and bypass it to
ground. This also materially re-
duces the hum level in the audio
amplifier stages.

The audio section uses two pen-
todes in a low-distortion inverse-
feedback circuit. Even more feed-
back can be employed by reducing

the value of the 5-meg resistor in
the feedback loop. This reduces
the overall audio gain and might be
considered if the gain seems exces-
sive. There is no practical advan-
tage, as far as distortion is
concerned, since the distortion con-
tributed by the audio stages is only
1.75 percent.

Alignment Procedure

Alignment is best accomplished
if the relay transmitter is tone
modulated and used as a signal
source. If it is not well shielded,
it should be moved some distance
from the receiver to avoid overload.
A crystal of the proper frequency
is inserted in the crystal socket and
oscillation checked by measuring
the grid voltage of the tripler stage.
It should be — 15 v as measured by
a vtvm. The i-f transformers are
then aligned to the correct fre-
quency by using a standard signal
generator.

The relay transmitter is turned
on, modulated, and the signal is
tuned in by varying the tuning of
the i-f transformer trimmers. The
i-f tuning is the only tuning adjust-
ment that will compensate for a
crystal slightly off-frequency so the
final i-f adjustment will be some
frequency around 470 kec. After the
relay signal is located, all the i-f
and r-f trimmers are peaked.

26.11 TO 470 KC 6SK7 470KC 6H6 ¥47,000--,
2647 MC . . r
1 . 3
L . F £ 38005k 2§
L et aé E—Z & o E’ BT mrl3s | 8
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S E 7 3 :_DO'OI og:0d ) :l. _1_ @
7 : YE 38 Ss I° 04
30uuf- XL - 1 =
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Complete schematic of 26-mc crystal-controlled receiver
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Transmitter with case removed showing the cavity and modulator

Photograph of the pulse modulator

Miniature RADAR

Azimuth, range and identification of a pilotless plane equipped with radar beacon can be

determined. Beacon transmits reply automatically when interrogated. Technique pro-

vides range extension for a radar using passive reflection

VAILABLE SPACE in small pilot-

less aircraft dictated the need
for a radar transponder beacon
with packages of extremely small
size which could be tucked away in
fuselage corners or even in wing
sections.

Several existing beacons of con-
ventional size set a high standard
of fleld performance and reliabil-
ity. This fact, in addition to con-
templated application to close-in
tracking problems where variations
in response time may represent an
appreciable source of error, left no
room for compromise of perform-
ance standards.
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The design to be described was
evolved In several model stages
during which field experience was
accumulated and applied in over-
coming early weak points. For ex-
ample, 6K4 subminiature tubes
were replaced with more rugged
types such as the 5703. The minia-
ture radar beacon represents a
thoroughly  reliable operational
equipment typical of what can be
accomplished with modern minia-

wwWw americanradiohistorv com

turization techniques without com-
promise of reliability and perform-
ance specifications.

General Description

The purpose of the radar beacon
is to transmit automatically a reply
from an aircraft to various radar
signals and thereby extend the
radar range over that obtainable
with passive reflection alone. The
interrogating source 1is able to
identify as well as determine the
azimuth and the range of the
beacon-equipped aireraft.

In addition to the power supply,
which varies in detail according to
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FIG. 1—Maijor units of the miniature radar beacon. Shown from left to right are the transmitter, receiver and tuned cavity and detector

TRANSPONDER BEACON

the individual application, the bea-
con consists of three units; the re-
ceiver tuned-filter cavity, the video
receiver and the pulse transmitter.
The total volume of the three units
is 83 cubic in. and the weight
slightly under 4 lb. Figure 1 is a
photograph of the three units,
The filter cavity is a 3-wave-
length couaxial cavity tunable from
2,700 to 2,900 mec. Temperature
compensation is obtained by mak-
ing the outer shell of brass and the
center rod of Invar. Adjustment
of the threaded inner rod is made
through an opening in one end.
An antenna input connector as-
sembly contains an input coupling
loop. The output connector assem-
bly contains a coupling loop and a
mounting for a 1N21B crystal. A
i-wavelength choke removes r-f
voltage from the video cable. By
mounting the crystal as an integral
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part of the cavity, a saving in vol-
ume resulted compared with ar-
rangements such as the separate
tunable crystal mount generally
emploved. The overall dimensions
of the cavity are 4! by 1¢ by 33 in.
and its weight i1s 0.6 Ib.

Frequency Drift

Frequency drift of the cavity
does not exceed 4 mc¢ over a tem-
perature range of 100 C. However,
when low ambient temperature is
anticipated, it is desirab'e to mount
the cavitv adjacent to the video re-
ceiver so that heat conducted from
the veceiver will maintain a satis-
factory minimum crystal tempera-
ture to avoid loss of sensitivity and
increased noise.

The cavity has a bandwidth of
10.5 mc maintained in production
to a tolerance of = 1.5 mc. Inser-
tion loss does not exceed 1.5 db.

The design objectives of the
video receiver were to achieve In as
small a package as possible reason-
ably high sensitivity, small time-
delay variation and stability with
respect to voltage supply changes.
For general use it was desired that
the receiver be fully responsive to
interrogating pulses of 1.0 psec or
longer. A video bandwidth of 200
ke is used to obtain this response.
To lessen electron tube microphon-
ism, the receiver response is atten-
uated below 15 ke. Figure 2 shows
the frequency-response character-
istics of the video stages.

Figure 3 is a schematic diagram
of the video receiver. It contains
three gain stages using a triode
input and two pentode stages. The
circuit receives a negative pulse
from the output of the crvstal. The
first interstage coupling utilizes a
large time constant to prevent
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over-shoot on large input signals
when the second grid is driven posi-
tive. The second interstage
coupling utilizes a short time con-
stant, since a negative-going pulse
exists at this point. The short time
constant provides the desired low-
frequency attenuation.

Output from the third amplifier
stage is applied to the grid of a
gate tube whose bias is controlled
by a potentiometer divider from
the plate supply. This adjustment
is normally set to clip out input
circuit noise and thereby establish
a receiver threshold level slightly
higher than the-input-circuit noise
level. The minimum receiver sensi-
tivity is 73 db below 1 watt.

Output from the gate tube is ap-
plied to a pulse amplifier and then
to a clipper stage. These two stages
sharpen the leading edge of low-
input signal pulses, minimizing
the variation of time delay over
wide ranges of input signal levels.

The last two stages of the re-
ceiver consist of a blocking oscil-
lator and driver with cathode in-
put-and-output coupling. The pulse
transformer used is designed to
provide a 2-usec pulse across a
100-ohm output resistance. The use
of a two-tube circuit insures mini-
mum delay in starting of the block-
ing oscillator. At 70 db below
1-watt r-f input the receiver delay
is 0.9 usec.

The receiver exhibits good sta-
bility of sensitivity and time delay
with respect to supply-voltage
variation. Figure 4 shows the vari-
ation of receiver time delay with
respect to supply voltages and in-
put signal.

To achieve minimum size and to
obtain hermetic sealing, the re-
ceiver is cast in Paraplex P-13

resin. The tubes and other compon-
ents are supported by a phenolic
base. The tubes are coated with
Melcoat I, a resilient spongy mate-
rial, to provide thermal shock iso-
lation between envelopes and resin.
A metal header on one end of the
plate supports a coaxial video-input
connector, a miniature connector
for power input and pulse output,
and a locking-type potentiometer
for adjusting the threshold level.

After potting, the receiver is
placed in a sheet-metal container
painted black for better heat dissi-
pation. The maximum internal hot-
spot temperature measured on a
tube envelope does not exceed 150C
at an ambient of 65C. The receiver
is capable of operation for long
periods of time at ambient temper-
atures of at least 75C.

The dimensions of the receiver,
including connectors, are 5§ by 2%
by 1% inches. The weight is 1.2 Ib.

The Transmitter

The 2C40 lighthouse tube in the
transmitter, while not designed
specifically for pulsed application,
has been widely used in both c-w
and pulsed circuits at these fre-
quencies. Very reliable performance
has been experienced, providing it
is plate pulsed with at least 1,200
volts.

In this radar beacon, the 2C40
tube is operated in a conventional
re-entrant cavity. The outer case is
brass and the inner conductor con-
sists of .a beryllium copper-spring
finger section for contacting the
plate cap of the tube and an Invar
section for temperature compensa-
tion. Tuning of the cavity over the
frequency range of 2,700 to 2,900
mc is accomplished by moving the
plate-choke plunger fingers with

an external gear train and tuning
rod. Power is taken out of the cav-
ity by a capacitance probe adjust-
able from the exterior of the cav-
ity. The average peak power output
is 180 watts.

The cavity is temperature com-
pensated for average tubes. With
tube selection, frequency drift may
be maintained to limits of =2 mec
over an ambient range of 100 C.
Without selection, frequency drift
seldom exceeds = 5 me.

The schematic diagram of the
pulse modulator is shown in Fig.
5. It consists of a resonant charg-
ing system with a pulse-forming
line and a thyratron discharge
tube. The plate of the r-f oscillator
presents an impedance of approxi-
mately 1,500 ohms to the modulator
output.

Impedance of the pulse-forming
line was first calculated for a value
of 15 ohms and then adjusted ex-
perimentally to give optimum
power output and spectrum con-
figuration. The output transformer
has a turns ratio of 10. The three
line capacifors in conjunction with
the charging choke have a resonant
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FIG. 3—Schematic diagram of the beacon receiver

September, 1951 — ELECTRONICS



MODULATOR UNIT

4

_‘Ig
5
|

|

5704

_ _ __|J\GRID AND GRID
CYLINDER

—

A GROUND
B 6.3V
C 63V
D-30vV
E+150V
F GROUND

H INPUT

|
I
I
I
|
I
|
I
| 2C40
I
I
|
I
:
|
I
I
N

FIG. 5—Schematic diagram of the transmitter

frequency of approximately 1,000
cycles. Tube type 5704 is a sub-
miniature type used as a hold-off
diode. With a modulator plate
supply of 150 volts, the line charges
to a peak value of approximately
280 volts and the hold-off diode
maintains this value until the next
triggering pulse occurs.

Trigger Pulse

The triggering pulse from the
receiver is applied to the grid of the
thyratron through a 10-to-1 step-up
transformer. This allows for a
low-impedance coaxial cable con-
nection of the receiver output to
the transmitter input.

A bias supply holds the thyratron
in a nonconducting state until the
application of the trigger pulse.
The transmitter will respond to in-
terrogation pulses at any repetition
rate up to 2,000 per second. Pro-
tection of the transmitter from
overinterrogation is accomplished
through the use of an overload re-
lay in the plate circuit of the modu-
lator. The relay is connected in
buzzer fashion so that it continues
to close the circuit until the over-
interrogation ceases.

The transmitter r-f output spec-
trum is shown in Fig. 6. The nom-
inal output pulse width is 0.65
usec giving a spectrum width of
approximately 3 mec. The ratio of
the major lobe to the highest minor
lobe is 11 db.
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The internal delay of the trans-
mitter is approximately 0.1 usec so
that the over-all beacon internal
delay is 1 usec.

The modulator components are
mounted on a metal chassis and
with the exception of the thyratron
and overload relay are potted in
Melpak IV-M casting resin. The
high voltage lead is brought out the
side of the modulator block for
connection to the plate end of the
r-f cavity.

The modulator and cavity are
mounted in a rectangular metal
box. The power and trigger input
is made through a 7-pin miniature
connector on the end of the case.
The cavity is tuned from the same
end by means of a screw-driver
adjustment. Supply leads are by-
passed by a set of capacitors in the
bottom of the case. The r-f output
connector is on the side of the case.
The dimensions of the transmitter
are 73 by 3% by 1§ in. and the
weight is 2% lb.

The complete beacon requires a
plate supply of 150 v at 12 ma
when operating at a pulse repeti-
tion rate of 800. A negative bias
supply of 22.5 to 30 v at 3 ma and
a heater supply of 6 v at 3 amp
are required. The high-voltage
plate supply may be obtained from
a vibrator, dynamotor or batteries.
One installation, requiring only 30
minutes of operating time, utilizes
hearing-aid type batteries. In this

FIG. 6-—Photo of transmitted spectrum

case, two battery packs, each the
size of the video receiver, supply
plate power and a Willard type-
NT6 storage batterv supplies the 3
amp required for the heaters.

The small volume requirements
prohibited the use of shock or vi-
bration isolators. Potting of the
receiver in resilient casting resin
aided in reducing microphonism.
All units of the equipment may be
mounted directly to a surface of
the aircraft. The equipment will
perform as intended under condi-
tions of at least 10g vibration in
any plane and will withstand at
least 50g shock in any direction.

The equipment will operate satis-
factorily in ambient temperatures
ranging from — 40 to + 75 C and
at altitudes up to 60,000 feet. The
types of antenna employed vary
with individual applications. Quar-
ter-wave stubs are frequently used.

Coding

Coding circuits have not been in-
corporated in order to keep the size
of the equipment to an absolute
minimum. The addition of code-
recognition circuits in the receiver
and code-generating circuits in the
transmitter is possible with some
modification.

This equipment is based upon an
original Naval Research ILabora-
tory design by C. R. Ahern to
whom full credit for the basic work
is acknowledged.
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Improving PROGRAM

Use of delay limiter described prevents sideband splatter on crowded a-m broadcast

channels effectively and economically. Fringe area reception is improved, overmodula-

tion peaks are reduced in number and total modulation energy is greater

ERTAIN BROADCAST peak-limit-
C ing amplifiers are often unsat-
isfactory on the present crowded
and competitive a-m broadcast
channels where sideband splatter
has to be prevented to avoid inter-
ference with nearby adjacent-chan-
nel stations and maximum program
level is imperative for effective
coverage.

As far as coverage is concerned,
it would be possible simply to ad-
just the limiter output to the 100-
percent modulation point and to in-
crease the input to get a high aver-
age modulation. Most listeners
The author was formerly assistant pro-

fessor of electrical engineering at Worces-
ter Polytechnic Institute, Worcester, Mass,

By DONALD W. HOWE, Jr.

Consulting Engineer
Station WARE
Ware, Mass.

would never notice the distortion.
In this case, the transmitter would
be overmodulated for several peuks
of each loud beat of music. Even
some of the new limiters are sub-
ject to this criticism since they
avoid transient distortion known as
“plop” or “thump” by using an at-
tack time of 50 to 100 milliseconds.
This practice gives rise to radia-
tions on several adjacent channels
with serious consequences.

The device to be described is the
result of efforts to improve the op-
eration of the limiter in use at
WARE, rather than incur the
greater expense of a limiter that
would meet our requirements.

B+

100,000[100,000

0,01 TRIP

00< 02

VEG

TUNEO
TO SQUARE

KEYED
SINE-WAVE
OUTPUT

The goal set was the fulfillment
of the requirements set forth by
Maxwell'; essentially zero attack
time to prevent even occasional
overmodulation, flat output level
characteristie, and elimination of
transients. Any one requirement
may be obtained easily at the ex-
pense of the others.

The delay limiter was developed
to enable the standard limiter to
provide zero attack time with the
least possible detriment to the sec-
ond two requirements. Flat output
level and elimination of transients
may be secured by proper adjust-
ment and balance of a good stand-
ard limiter.

WAVE FREQ- =
UENCY

FIG. 2—Delayed standard signal and accelerating pulse. Upper wave
is the type produced by the circuit of Fig. 1

FIG. 1—Circuit to produce increase in amplitude of output sine
wave as it goes through zero
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LIMITER PERFORMANCE

Audio and monitor rack with standard limiter

at top. Delay limiter is in the bottom panel

To study the dynamic perform-
ance, a standard signal is desirable.
The circuit shown in Fig. 1 pro-
vides a sine wave whose amplitude
can be increased by a known amount
on an impulse from an oscillograph
switch, the increase occurring
where the wave crosses the zero
axis. The upper wave in Fig. 2
shows the type of signal produced.

The need for such an electronic
switch is shown by the initial tran-
sient in Fig. 3. The entire wave-
form is the response of the limiter
as it was received from the factory
to a sudden 6-db increase above
limiting threshold in a 360-cycle
wave. Aside from the mechanical
switching difficulties are the defects
of the limiter itself: 3.7-db over-
shoot, about 20-milliseconds attack
time and a control ratio (increase
in input over increase in output)
of 5.5. Such operation cannot pro-
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Chassis layout of complete delay limiter. Delay line coils can be seen project-
ing through the chassis

Panel of complete delay limiter shewing single control. Linear compression

scale is obtained by using expanded meter scale

vide much increase in program level
without serious overmodulation
splatter on other stations.

Circuit Development

If tke input signal to the limiter
were fed through a delay line and
the control bias were obtained from
a separate amplifier fed from the
input to the delay line, the limiter
should be able to anticipate peaks.
This simple idea is likely to result
in overcontrol and was discarded
in favor of the pulse method to be
described, which simply speeds up
the action of the regular limiter.

Consider a limiter having the
general type of circuit shown in
Fig. 4. Voltage divider R,-R. pro-
vides a diode bias so that the lim-
iter gain will be constant up to
the limiting point at which the
diodes conduct, producing a gain
control bias for the control tube or

WWAL ameticantadiohistons.com

tubes V.. In general, the larger this
diode bias is in comparison to the
control tube bias, the greater will
be the control ratio or the flatter
will be the output level character-
istic.

The diodes operate on peaks and
because a finite time always is re-
quired to charge C,, one or more
peaks get through the limiter be-
fore gain reduction is complete,
as shown in Fig. 3. If the diode
delay bias could be reduced mo-
mentarily just prior to the peak of
a too large signal wave, the diodes
could rectify on the increasing
slope of the large signal and would
have C, charged to a sufficient de-
gree to anticipate the peak without
resorting to a clipping action.
This reduction in bias is accom-
plished by a pulse circuit, as shown
in Fig. 6.

A block diagram of the whole
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FIG. 3—Performance of a factory-adjusted standard peak limiter to a sudden 6-db
increase above threshold.

device, Fig. 5, will perhaps best
explain its operation. The heart of
the ecircuit is the 0.25-millisec-
ond delay line, representing with
lumped constants, a distortionless
telephone line. The number of ele-
ments determine the cut-off fre-
quency, about 27,000 cycles here.

To make up for the delay line
losses, an additional stage was
added and this provided an oppor-
tunity to provide compression to
aid the peak limiting. The bias am-
plifier, fed from the cathode of the
6L7, supplies the age bias and a
monitoring output, as well as sup-
plying undelayed signal to operate
the pulse-forming circuit shown in
Fig. 6.

In the pulse-forming circuit, the
IN56 and its R-C load provide a
voltage for the grid of one-half a
6SNT7, which follows the envelope
of the signal at least on the in-
creasing side. For any steady sig-
nal level the 6SN7 is at or near cut-
off by virtue of its high bias resis-
tor. On any sudden increase in
signal, however, the tube will con-
duct until the 0.5-4f cathode capaci-
tor is charged, dragging down the
diode bias of the standard limiter
before the peak of the delayed sig-
nal reaches the output of the
limiter. No attempt was made to
use full-wave rectification but po-
larities were carefully chosen so
that this speed up acts on the nega-
tive modulation peaks. A few peaks
above 100-percent positive modu-
lation cause no harm. As additional
insurance against negative over-
modulation, an adjustable clipper
is used which does not operate on
any steady-state signal but only
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before the 61.7 gain is automatically
reduced. Even then the tops of
high peaks are not really clipped
but only rounded.

Three time constants are used
to provide correet operation with
all types of program material
First, the standard peak limiter has
essentially zero attack time, and
its release time is usually set about
0.25 second. Second, the 6L7 agec
has an attack time of approxi-
mately one second, controlled by the
0.25-pf capacitor and its 2-meg-
ohm charging resistor. Recovery
time is twice as long. Third, when
a high level continues for several
seconds, the 4-uf -capacitor be-
comes charged, preventing full-gain
recovery for ten or fifteen seconds.

Adjustment and Operation

Figure 7 shows the complete dia-
gram of the added unit used. The
adjustment of the input signal level,
input to bias amplifier controlled by
R, age voltage controlled by R. and
the bias on the pulse amplifier con-
trolled by R, are somewhat inter-
related and must be adjusted with
care. It was found that the highest
signal received, —20 db, would al-
low a compression of 12 db with
no more than 2-percent distortion.
The meter in the cathode circuit
of the 6L7 provides a measure of
compression once calibrated.

Flatness of age characteristic is
controlled by R.. A high setting of
R, requires a high setting of the
input voltage from R,. Since a com-
pression action rather than a limit-
ing action is wanted here, R. should
be set low enough to give a gradual
gain reduction. Finally R, may be
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FIG. 4—Zeneral type of standard limiter
circuit for adapting to delay limiter
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FIG. 5—Block diagram of delay limiter
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FIG. 6—Pulse-forming circuit used in
delay limiter

set so that the pulse tube is com-
pletely nonconducting except for
sudden increases in program level,
An oscilloscope on the diode bias
of the standard limiter is useful.

A desirable form of pulse is
shown in Fig. 2 in relation to a
suddenly increased 500-cycle signal
out of the delay line. The single
panel control shown in the photo-
graph is the input to the bias ampli-
fier R.. This control in practice pro-
vides an adjustment of the aver-
age compression carried and is set
to zero when making over-all noise
and distortion measurements.

The oscillogram, Fig. 2, shows
that the pulse starts only a few
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degrees after the signal goes
through zero in a direction such
as to produce negative modulation.
If the polarity of the standard sig-
nal were reversed, making the first
large peak in such a direction as to
produce negative modulation, the
pulse would start only a few de-
grees after the previous zero. In
this case, the pulse reaches its peak
of 32 volts about 30 degrees or 0.17
millisecond before the peak of the
input signal to the limiter. The
bias on the limiter diodes is then
decreased from its normal 75 volts
to 48 volts.

If the bias voltage during a pulse
is z volts, limiting action will start
when the instantaneous value of the
input signal is z/75 of the normal
peak threshold value and should be
complete by the time the first peak
is reached. Successive pulses after
the first are unnecessary and per-
haps undesirable since they reduce
the steady-state output below the
normal value. The oscillogram is
not long enough to show the com-
plete disappearance of these pulses
when the slow age has reduced the
gain of the input 6L7.

Performance

The unit has been used in con-
junction with a Raytheon limiter
amplifier and listener response has
been gratifying. In many fringe
areas where the measured field
strengths of other stations are
2 or 3 times the strength of WARE,

we have been reported as the loud-
est signal on the band. This is
probably due not so much to the
fact that the output of the limiter
can be set 3 or 4 db higher without
overmodulation as it is due to the
reduction of dynamic range by the
compressor. Since the service area
of a class II, III or IV station is
protected from interfering co-
channel signals only in excess of
—26 db (20 to 1 field strengths),
there is not much point in pre-
serving a dynamic range of more
than 20 db. The time constant of
the automatic gain control of the
6L7 input stage serves to bring
the weaker portions of a program
out of the mud and in general leads
to greater listener satisfaction.

A more scientific test was made
with a ten-minute taped program.
It was played through once using
the standard limiter alone and
again using the complete equip-
ment. Thirty overmodulation peaks
as indicated by the modulation
monitor flashing lamp were ob-
served in the former case, and only
three using the delay line limiter.
Furthermore, the total modulation
energy as indicated by a thermal
integrating wattmeter, was 53 per-
cent greater than for the standard
limiter. In both cases the limiter
amplifier was operated with 5-db
maximum limiting and when the
delay limiter was used its average
compression was 6 db in addition.

A simultaneous oscillogram of

— . 15 [inNas 00
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DIODES BiAS
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FIG. 7—Schematic diagram of delay limiter
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output signal and pulse voltage
when the unit was operated on pro-
gram with more than 10 db peak
limiting is interesting, as shown
in Fig. 8 Note that practically
none of the negative signal peaks
exceed the 100-percent modulation
line but that many peaks extend
above the 100-percent positive mo-
dulation line. Since the limiter ac-
tion is designed to anticipate nega-
tive modulation peaks only, positive
overshoot mav be expected. Proper
choice of input signal polarity when
positive and negative peaks are un-
equal may result in considerable in-
crease in volume level.

Further Development

Oscillograms taken with the
standard test signal were some-
what disappointing in that they
showed an overshoot for a small
fraction of a cycle. Increased de-
lay may be necessary here or per-
haps the pulse circuit should be fed

FIG. 8—Program performance of delay
limiter showing accelerating pulses for
10 to 15-db limiting

from a cathode follower to avoid
output transformer phase shifts.

To prevent a transient rattle in
the limiter, it is essential that the
gain-controlled tubes be balanced
for small and large signals as well
as for static current. Individual
cathode and screen adjustment to-
gether with means for detecting
dynamic balance are being installed.

A useful addition would be some
means of selecting the polarity of
the incoming signal such that the
larger peak would always give posi-
tive modulation.’
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MULTIPLEXING

How resonant cavities can be employed to give good isolation between channels, no signal

loss, sufficient band pass, simple tuning and no interference in receiver circuit. Disad-

vantages of other possible methods are discussed

INCE THE CONCLUSION of World

War II, progress has been
made on multiplexing and duplex-
ing equipments in connection with
utilizing the microwave spectrum
for communications. The informa-
tion presented in this paper was
obtained as a result of experimental
work to determine the best method
of combining simultaneously sev-
eral modulated r-f signals in a
single microwave transmission line
for communication purposes.

Several possible methods of com-
bining with a frequency-sharing
principle are as follows: use of the
hybrid T, directional couplers, line
stretchers, tunable stubs, multiple-
feed antennas, band-pass or band-
reject cavities and various special
devices for setting up and control-
ling standing waves.

Use of hybrid T and directional
couplers was disregarded because
the incident energy splits up into
two parts and normally results in
an undesirable 3-db loss per coupler
or T unless auxiliary equipment is
used to recombine the divided en-
ergy in the proper phase.

The first attempt at double com-
bining was to use a line stretcher.

Figure 1A shows a simple sche-
matic diagram of the laboratory
setup. Varying the length of the
line stretcher has an effect on both
the power output and the crosstalk
between channels. Since tuning
both klystrons for maximum power
output results in a minimum of
crosstalk, this is the proper condi-
tion to achieve.

The overall results indicate a
crosstalk ratio of 47.5 db which
represents a higher degree of cross-
talk than can be tolerated. Also,
there was evidence of klystron fre-
quency pulling so the method was
disregarded.

Figure 1B shows a triple com-
biner using line stretchers. When
attempting to combine three or
more generators by this method,
each generator with its line
stretcher must cause a high im-
pedance to appear at the T junction
to the other signals. Therefore, a
match can no longer be obtained by
adjusting the line stretcher over a
small range because the line
stretcher must be long enough to
accumulate enough wavelengths to
reject two or more frequencies.
Because the combiners had to be so

OSCILLOSCOPE
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FIG. 1—Double combiner using one line stretcher (A) and triple combiner using line
stretchers (B)
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large in size and were extremely
difficult to tune, they were finally
disregarded.

Stub Tuners

The next series of tests was per-
formed with stubs using a special
double combiner built for the
purpose, see Fig. 2A. Here each
stub must reject one frequency and
pass one frequency for proper oper-
ation. Lengths of the stubs are

Ly = (2ny — 1) Na/4 = 2myNgp/4

Ly = (2na — 2) Np/4 = 2meNga/4
Each of these equations has two
unknowns and a simple solution for
n and m could be found graphically
or by trial and error. For a three-
stub tuner, each stub must reject
two and pass one frequency and the
solution for L becomes increasingly
difficult.

It was found best to tune the
klystron plunger for maximum out-
put from the klystron and leave it
there while the stubs were adjusted
and the other dimensions changed
as desired.

If the distance between the gen-
erators and the T junection is
varied, tuning of the stub is
affected. However, for certain spac-
ings of the klystrons to the T junc-
tion, the stubs had practically no
effect and preliminary indications
were that the generators were oper-
ating properly.

The real reason for disregarding
stub tuning is that an excessive
number of stubs is required
for even a reasonable number of
channels. The formula relating the
number of channels to the number
of stubs required is

m—1)n=Fk
where n is the number of channels
and k is the number of stubs re-
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FIG. 2—Combiner using tunable stubs for two channels (A) and fixed-tuned double
combiner with notched T (B)

quired. Thus, for six channels, 30
stubs are required.

After stubs were eliminated
from consideration, line stretchers
were reconsidered except that now
the conventional types of line
stretchers were replaced with
waveguide spacers.

A waveguide spacer is a flat
piece of metal of any given thick-
ness whose outer dimensions per-
mit it to be screwed between
waveguide flanges and whose inner
dimensions are the same as the
waveguide. In effect it is a small
transformer at' short wavelengths.

Advantages of using spacers are
that they can always be constructed
short in length and their mechani-
cal and electrical length is easily
measured. Disadvantages are that
they cannot be adjusted as easily
and continuously as most conven-
tional-type line stretchers which
means that many spacers of differ-
ent lengths should be kept on hand
at all times if they are to be used.

Fixed-Tuned Combiners

Using the waveguide spacers and
conventional starting sections
(pieces of waveguide that hold the
generator and start the energy
down the waveguide), several fixed-
tuned combiners were developed.
The final version of the double com-
biner is shown in Fig. 2B. The
lower frequency channel, in this
case 8,300 mc, is the channel that
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always has the largest amount of
crosstalk.

The crosstalk on both klystrons
can be better than 60 db down if
the klystrons are spaced 200 mc
apart. If they are spaced closer
than 200 mec, then a loss in power
between two and three db will also
decrease the crosstalk to the indi-
cated value.

A triple combiner was developed
next using the same principles. It
worked satisfactorily and all cross-
talk readings were better than 68
db below the signal level. It must
be kept in mind, however, that the
double and triple combiners de-
scribed depend on a frequency sepa-
ration of 200 mc to keep the cross-
talk down to 68 db.

It is still not known what kind of
impedance the complete combiner
would present to an incoming sig-
nal when this combiner is used as
part of a duplexer. If the incoming
signal were close in frequency to
one or all of the transmitter fre-
quencies, it is likely that the weak
received signal would be lost in the
transmitter plumbing.

Multiple-feed antennas, one an-
tenna for transmitted signals and
one for received signals, were dis-
regarded because the coupling be-
tween the two antennas would be
excessive. Undesired transmitted
signals would get into the receiver
circuit at an excessively high signal
level and cause crosstalk.

By WILLIAM L. FIRESTONE

Microwave Engineering
Motorola, Inc.
Chicago, I,

Many experiments were run us-
ing every kind of cavity from a
cylindrical tunable resonant cavity
of high Q to rectangular semitun-
able resonant cavities of low Q. At
all times, the spacing of the kly-
stron to the cavity was kept in
mind and the waveguide spacing
between channels properly adjusted.
Many different klystrons had to be
used in any given setup to prove
that any arbitrary klystron would
work properly in any position or
have sufficient power output and
f-m modulation capabilities without
excessive frequency pulling.

Resonant Cavities

Band-pass and band-reject cav-
ities™*® are in reality filters. They
are called cavities because at micro-
wave frequencies the filters take
the form of partially enclosed sec-
tions of hollow waveguide.

The ideal rejection filter would
reflect perfectly within a certain
band and pass perfectly outside of
this band. Series-resonant circuits
placed at quarter-wave intervals
along the waveguide, properly dis-

FILTER TO
REJECT f,
FILTER TO
REJECT f,

TRANSMITTER
TRANSM!TTER

(A)
TRANSMITTER FILTER TO FILTER TO
f; REJECT f, REVECT f3
TRANSMTTER | _| FILTERTO | | FILTER TO
i REVECT f, [~] REJECT f,
TRANSMITTER FILTER TO FILTER TO
A REJECTf, [ | REJECT T,

(8)

FIG. 3—Block diagrams of combiners
using band-reject filters; (A) two chan-
nels, (B) three channels
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tributed in impedance and all tuned
close to the center frequency of the
channel to be rejected, accomplish
this end.

The ideal band-pass filter would
pass perfectly within a certain
band and reject perfectly outside of
this band.** This can be done by
using two resonant irises separated
approximately by a half wave-
length. The irises form a resonant
cavity and are coupled to the next
pair of resonant irises by a quarter
wavelength.

Any number of pairs of irises
could be cascaded to give the
proper band-pass characteristics al-
though the higher the Q of the in-
dividual cavities, and the greater
the number of them, the greater
would be the insertion loss. This
is true because as the Q is in-
creased in waveguide cavities, the
coupling is automatically decreased,
thereby increasing the insertion
loss. Also, insertion losses are addi-
tive for series cavities.

Figure 3A shows a block dia-
gram of a combiner using band-re-
ject filters for two channels. If
each filter has a high enough rejec-
tion to the unwanted signal and a
low enough insertion loss to its own
transmitter signal, the solution of
the combiner is easily obtained.

Figure 3B shows a block diagram
of a combiner using band-reject
filters for three channels. Six filt-
ers are now required. If the fre-
quencies are spaced in some for-
tuitous manner, it may be possible
to reject several frequencies with a
single rejection cavity having the
proper rejection range.

Assuming no special simplifica-
tions are made in respect to fre-
quency allocation and that each
cavity is designed to do a single
job as indicated, the number of re-
jection-type cavities or filters re-
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quired is indicated in Table I.

The table shows that the number
of cavities required to combine sev-
eral channels becomes excessive.
The number of stubs required is
the same as the number of filters
required for a given number of
channels, which is to be expected
since each stub and each rejection
cavity have the same purpose,
namely to pass one frequency and
reject another. Their manner of
accomplishing this purpose is
different.

From Fig. 3B, it can be seen that
if frequency f, is lower than all
other frequencies, the two filters in
its channel could be combined into
one low-pass filter and thereby re-
jeet fy and f;,. Similarly, if f, were
higher in frequency than all other
frequencies, then it would be pos-
sible to replace the two filters in
the f, channel by one high-pass
filter and thereby reject f, and f..
It is important to note that using
this procedure would simplify the
number of filters only in the high-
est and lowest frequency channels
and could not reduce the number of
filters in all other channels.

The final system that was woerked
out as being the best for multiplex-
ing with a high degree of isolation
between channels and without ex-
cessive signal loss is very similar
to that proposed by A. J. Fox ex-
cept that all of the details and di-
mensions of a practical system have
been determined.

Final System

In the final version of the system,
three transmitters and three re-
ceiver channels were all connected
to the main line. Figure 4A shows
the physical arrangement of cavi-
ties in a less complex system utiliz-
ing three transmitters and only one
receiver. Figure 4B is a schematic
diagram of the simpler system.

The receiver channels consist of
three cavities »,/4 coupled. Each
section has a Q of 150. This com-
bination results in a band-pass
characteristic which is sufficiently
wide and also permits the received
signal to go through with less than
two db of loss. It also sufficiently
attenuates the transmitter signals
so as to permit no interference
effects in the receiver circuit.

The transmitter channels have
single waveguide cavities with a Q
of 100. This value of Q is sufficient
to keep other signals out to such
an extent that the cross modulation
is 68 db below the signal level in
the given channel. The cavities
cause only one-db loss of transmit-
ter power.

Each transmitter and receiver
channel, except the end transmitter,
is spaced electrically an odd number
of quarter wavelengths (at its own

18310 MC 8,395-MC
. (— 839 me RECEIVER
PROBE —.T. —Lr | ‘ 8,140-MC
/ i A i TO TRANSMITTER
! —!——'— l OSCILLOSCOPE
| 18480 M| | . .
Jl L1 _8480MC 8,480-MC
N
[ R TG e ; TRANSMITTER
| 8,395-MC
, L L ! l _le,395 e ey
AL ke 'L2'+L3" l e GENERATOR
———  L*1716IN
(A) Pl L, Coetzsan (8) 8:310-MC
__l_ - L"é%?,? I TRANSMITTER
R-F —gisome [4B38N
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FIG. 4—Physical arrangement of cavities in a multiplexing system using three
transmitters and one receiver (A) and schematic diagram of this system (B)
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wavelength) from the end trans-
mijtter channel which acts as a stub
for all other channels.

The 8,310-mc transmitter is
spaced electrically from the 8,480-
me cavity by 3%,./4, where },, is the
wavelength at 8,310 mc, see Fig.
4A. This spacing is shown on the
diagram as L., By comparing
L, to 3, it can be seen that L. is in
reality 0.6 wavelength but 270 elec-
trical degrees. The mechanical di-
mensioning is not identical with
the electrical dimension because
the 8,480-mc cavity presents some
reactance at 8,310 me at point A in
Fig. 4A.

Considering that the Q of the
cavities is only 100 and that the
8,480-mc klystron presents a cer-
tain impedance, it would not be ex-
pected that the klystron would
present zero reactance at point A4,
the necessary condition for spacing
each channel an odd number of
wavelengths from the end channel.

The 8,140-mc channel is spaced
5)./4 electrical wavelengths from
the end channel and the 8,395-me
channel is spaced 93,./4 electrical
wavelengths from the end channel,
The %, 4 and 7/4 wavelength points
were not used because of physical
limitations.

Reflections from the transmitter

Table I—Number of Channels
Versus Number of Filters

Number of Number of
Channels Filters
To Be Combined Required
2 2
3 6
4 12
5 20

cavities were of such a nature as to
cause a minimum of frequency pull-
ing of the transmitter klystrons.

The system using three trans-
mitters and three receivers per
main waveguide line has been used
successfully for many months in
a complete microwave link. One
of the advantages of the system is
its simplicity of tuning. Once it is
properly built and aligned there is
nothing further to adjust except
the klystron frequenecy.
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Since different systems of multi-
plexing were tested in develop-
mental work over a period of years,
many different kinds of laboratory
setups were required. A typical
laboratory setup for a triple com-
biner is shown in Fig. 5.

If a simpler version of combining
were desired, such as a combiner
with only one transmitter and one
receiver, it would be possible to
eliminate the band-pass cavity asso-
ciated with the transmitter by
proper spacing of all elements.
This simplified system is now in
actual field use.

Contemporary Work

Engineers of one research labor-
atory propose a band-pass filter to
limit transmitter output spectrum.
Use of the band-pass filter also
makes the problem of antenna
duplexing somewhat simpler.

Antenna duplexing using band-
rejection filters only has been pro-
posed but the number of rejection
filters needed to protect the receiver
mixer crystal completely from
burnout and to prevent saturation
of the receiver first grid may be
impractical. Use of a band-pass
filter in the transmitter output cir-
cuit together with the previously
suggested band-rejection filter in
the receiver line would give the re-
quired isolation with a minimum of
filter elements. This plan makes
possible antenna duplexing, smaller
frequency separation between
transmitter and receiver and lim-
ited transmitter spectrum output.
Figure 6 shows a block diagram of
such an arrangement.

There are different requirements
for the multiplexer just described
and the combiner or multiplexer de-
veloped here. First, in the above
system there is no need to combine
several transmitters at once be-
cause position-modulated pulses are
used to send several pieces of in-
formation over the same channel.
The combiner developed here uses
frequency-modulated c-w oscillators
and, normally, several channels
wouid be required for carrying dif-
ferent types of signals.

Second, band-pass filters are used
only to conserve the use of the r-f
spectrum whereas band-pass filters
have been suggested herein not only
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FIG. 5—Setup for a triple combiner
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for that purpose but also in order
to isolate each channel from the
next. Last, from previous discus-
sion the conclusion reached would
be to use a multiplexer consisting
completely of tuned resonant band-
pass cavities.

Duplex System

A duplex system of communieca-
tions for microwaves, built and ex-
plained by R. V. Pound, is a system
in which a single microwave oscil-
lator is used as both transmitter
and beating oscillator.® The oscil-
lator is stabilized at the frequency
of a high-Q cavity and frequency
modulated about this frequency. If
one-half the power is lost when the
oscillator is used as a transmitter
and one-half is lost when the sys-
tem is used as a receiver, then for
communication between any two
stations a total of six db is lost. A
block diagram of the duplex com-
munication station is shown in
Fig. 7.

There are several factors that
simplify the building of such a sys-
tem, including the following: only
voice modulation is used instead of
video, only one channel is used at
any one time so there are no prob-
lems of combining or crosstalk be-
tween channels and a total moduyla-
tion bandwidth of only ten ke is
used. There is a loss of six db per
channel which is excessive for the
development discussed.

Because of the different type of
modulation used and the bandwidth
required, the system deseribed by
Pound is not too concerned with the
f-m linearity of the modulated oscil-
lator. This factor can not be
ignored in a more complicated sys-
tem. Much a-m and f-m distortion
can be tolerated in a system requir-
ing only intelligible voice to be
transmitted.

Nonreflecting Branching Filter

A nonreflecting branching filter
for microwaves has been designed
by W. D. Lewis and L. C. Tillot-
son.>® The circuit consists of two
hybrid junetions, two identical
channel reflection filters tuned to
the dropped channel and two quart-
er-wavelength sections of line. The
hybrid cireuit is shown in Fig. 8.

The circuit in Fig. 9 as shown
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FIG. 10—Multiple separator using res-
onant cavities

could be called a separator insofar
as it separates many signals from
each other. If at each point of ex-
traction of a signal the procedure
was reversed and a signal was in-
serted, the result would be a com-
biner which should function with-
out excessive losses.

Discrimination against other
channels and image responses was
measured at 20 db or more. To im-
prove crosstalk discrimination it
would be necessary to place auxil-
iary filters in the branch arms
which would increase the insertion
loss slightly.

Measured insertion loss of the
system varied from 0.5 to 1.0 db.
This insertion loss was measured
between the input line and various
output lines with the lowest inser-

tion loss occurring in the lowest
frequency channel.

The requirement for -crosstalk
developed in the system by the
author is 68 db or more, making the
amount of selectivity of the system
just described inadequate.

Multiple Separation

A multiple separator has been
considered in which channel filters
are connected across a transmission
line or waveguide in such a way
that power in each signal is di-
verted to appropriate branches with
negligible loss.” A diagram of a
multiple separator developed by
A. J. Fox is shown in Fig. 10.

Several important facts are miss-
ing from the discussion of this
system, namely; the center fre-
quency and frequency separation
between channels, the amount of
crosstalk between channels, the in-
sertion loss and frequency band
pass of the waveguide cavities and
the nature of the spacing between
the mixers and the cavities. The
author has used the cavities only as
a separator and does not indicate
their possibility for use as a com-
biner or in a duplexer.

Several microwave relay systems
have been discussed by various
authors but in most instances only
one r-f earrier was used and, con-
sequently, the problems of combin-
ing, separating or of crosstalk be-
tween channels do not occur.*’
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Photograph shows instrument for indicating and recording outputs from twelve 500-ohm resistance strain gages

Strain-Testing
Railroad Bridges

Dynamic strains in bridge floorbeam hangers are detected by twelve resistance gages.

Indication is made on two rows of six 2BP11 cathode-ray tubes which are viewed by

two 35-mm moving-film recording cameras. Response is essentially uniform over a

frequency range of zero to 50,000 cps

N STUDIES of railroad-bridge

floorbeam-hanger failures an
instrument was required for inves-
tigating the possibility that passage
of trains caused high stresses with
frequencies as high-as 50,000 cycles
per second which were responsible
for failure of the member by
fatigue. The 12-channel cathode-
ray strain oscillograph shown in
the photograph was designed and
constructed for this investigation
and for similar studies in strue-
tural engineering. It has been used
for the measurement of dynamic
strains in a railroad bridge near
Parsons, Kansas, on a project con-
ducted by Purdue University for
the Association of American Rail-
roads.

The arrangement of a strain sig-
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By A. D. M. LEWIS

Instructor in Structural Engineering
Purdue University
West Lafayette, Indiana

nal channel is shown in Fig. 1.
Strains are detected by means of
500-ohm resistance strain gages

__STRAIN
GAGE

\
N
STRAIN
A
CALIBRATION
S

D-C
AMPLIFIER

STRAIN GAGE S
BRIDGE &
GAGE s
POWER 8
SUPPLY

FIG. 1—Setup for one channel in 12
channel strain gage oscillograph

and are indicated by 2BPI11
cathode-ray tubes. The cathode-
ray tube spot deflections are re-
corded by 35-mm moving film cam-
eras. These cameras are capable of
operation at film speeds of 2 to 70
feet per second. Two cameras are
used and six tubes are recorded by
each camera. Reference lines are
produced by argon glow lamps
which are mounted on the panel
between the cathode-ray tubes.
These lamps are located behind
shields in which there is a circular
opening drilled by a No. 35 drill.
A reference line adjacent to each
trace is desirable because an analy-
sis of the record made by a particu-
lar tube involves measurements
which extend over only a small
portion of the film width. Since the
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reference line is fixed in relation
to the cathode-ray tubes, any move-
ment of the cameras relative to the
cathode-ray tubes or any lateral
motion of the film as it passes
through the camera has negligible
effect on the accuracy of the results
obtained. The reference lines are
also made to serve as time scales by
blanking the argon lamps at regu-
lar intervals of 1 and 10 milli-
seconds. Viewing of the film and
measurement of strains may be ac-
complished readily by means of a
microfilm reader such as found in
most large public libraries,

D-C Amplifier Unit

Plug-in d-¢ amplifiers with es-
sentially uniform response over the
frequency range of zero to 50,000
cycles per second are used for amp-
lification of the strain gage signals.
Other amplifiers may be substituted
for use with suitable transducers
for the measurement of quantities
other than strain. For example,
this equipment has been used for
recording the vibration displace-
ments of bridge members by means
of linear variable differential trans-

three direct-coupled, push-pull tri-
ode stages as shown in Fig. 2. In-
phase feedback' is applied to the
cathode of the first stage from the
cathode of the last stage and
gives the amplifier a number of de-
sirable characteristics for strain
gage work: (1) drift caused by
power supply voltage changes is
small, (2) either single-ended or
push-pull input may be used, (3)
almost perfect phase inversion is
obtained; so push-pull output desir-
able for cathode-ray tube deflection
is obtained from single-ended input,
and (4) relatively large changes
in d-c level of the input stage grids
do not disturb operation of the
amplifier.

The feedback potentiometer ad-
justs the bias of the first stage to
the proper operating point. With
suitable plate and bias supply volt-
ages, setting of the bias voltage on
the first stage also sets remaining
stages at their respective operating
points. A fixed series resistor
prevents the connection of the ca-
thodes of V, directly to the negative
150-volt supply with the probable
result of excessive grid and plate

formers. currents and tube damage. The
Each d-c amplifier unit contains high-frequency response is im-
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FIG., 2—Direct-coupled push-pull amplifier provides 10.000

gain
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Curve showing frequency response of
direct-coupled amplifier shown in Fig. 2
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FIG. 4—Indicator circuit is shown con-
nected to a typical bridge

proved by the addition of neutral-
izing capacitors. The first stage is
not neutralized because the react-
ance of the input capacitances is
large compared to the 500-ohm
resistance of the strain gage.

The voltage gain of the amplifier
is approximately 10,000. A typical
drift check after a forty-five minute
warmup shows a random drift of
approximately plus or minus 0.1
millivolt d-c, referred to the grids,
in a period of one minute which is
the maximum recording period
available with the present cameras.
During the period of an hour the
drift is in one direction and ap-
proximately one millivolt d-c. The
deflection sensitivity of the cathode-
ray tube and amplifier is approxi-
mately 6 millivolts d-c per inch of
deflection.

Bridge Circuits

The strain gage bridge circuit is
shown in Fig. 4. Gage current is
supplied by a negative 100-volt reg-
ulated supply. A negative voltage
is used because the voltage drop
across the strain gages permits a
larger cathode-to-plate drop across
the first d-c amplifier stage than
would be possible with a positive
gage supply. Since no means is
provided for changing the gain of
the d-c amplifiers, sensitivity is con-
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Side view of a typical direct-coupled amplifier with flat response from zero to
50,000 cps

trolled by varying the gage current
from approximately 4 to 20 milli-
amperes by means of rheostat R..
Bridge balance is accomplished by
adjustment of R,.

For each channel a calibration
signal equivalent to a given strain
is obtained by connecting a resistor
of known value, the calibration re-
sistor, in parallel with GAGE 1. This
causes a simulated change in re-
sistance of the gage equivalent to
that which would result from the
strain given by the formula

R,
E=E —
F (R, + R,)

where ¢ is unit strain, R, is the
gage resistance in ohms, F' is the
gage factor, and R, is the value of
the calibration resistor in ohms.

The calibration resistor may be
connected in parallel with GAGE 1
by either of two means: through
SW, or through SW., SW, and mer-
cury relay RE., Switch SW, con-
nects a calibration resistor across a
gage in each of the twelve channels
simultaneously. At the beginning
of a photographic record this switch
is closed instantaneously, and a
cathode-ray-tube spot displacement
which represents a known strain is
recorded as shown in Fig. 3 for
each of the twelve channels.

The mercury relay, which is oper-
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ated at line frequency, connects the
calibration resistor in parallel with
the gage on alternate half cycles
and produces a square wave calibra-
tion signal at the input of an ampli-
fier selected by SW, A sine wave
can also be applied to the input of
the amplifiers for checking opera-
tion. The amplitude of this sine
wave signal is controlled by potenti-
ometer R..

A fourth switch selects either a
60-cps signal from a 6.3-volt
filament transformer or a signal
from an external audio-frequency
oscillator. The calibration resistor
in series with GAGE 1 acts as a volt-
age divider to provide a signal of
suitable amplitude at the amplifier
input. TFor any usable values of
the calibration resistor and a sinu-
soidal audio input voltage of 7.07
volts rms, the maximum peak volt-
age obtainable across GAGE 1 will
equal or exceed the amplitude of the
square-wave calibration signal if
the gage current is less than 20
milliamperes.

Cathode-Ray Tube Circuits

The deflection plates of each
cathode ray tube are connected di-
rectly to the output plates of the
corresponding d-c amplifier, The
accelerating anode of the cathode-
ray tube is connected to the positive

waww americanradiohistory com

230-volt plate supply, and the
cathode is operated at negative 700
volts. Individual focus and intens-
ity controls are provided for each
of the 12 cathode-ray tubes. A
single potentiometer is used to ad-
just the intensity of all 12 channels
simultaneously.

A conventional sawtooth gener-
ator and a phase-inverter amplifier
are used to provide a sweep for
viewing recurrent waveforms such
as the square-wave calibration
signal.

Power Supplies

All d-c power supplies with the
exception of the cathode-ray-tube
high-voltage supply incorporate ad-
justable electronic voltage regula-
tors. These supplies were built as
independent units so they can be
used for the operation of equipment
other than this particular 12-chan-
nel oscillograph or as experimental
power supplies in the laboratory.
The outputs of all the electronic
voltage regulators have peak-to-
peak ripple amplitudes of less than
10 millivolts.

The gage power supply furnishes
negative 100 volts at 480 milliam-
peres. Six parallel 6B4G tubes are
used as the regulator because of the
high current requirements. Either
side of this power supply may be
grounded by means of a reversing
switeh so positive output may be
obtained for other applications. The
output voltage is variable from ap-
proximately 90 to 170 volts.

The amplifier power-supply unit
contains a negative bias supply and
6L6G regulator tube, a positive
supply and two 6B4G regulator
tubes for supplying two different
plate voltages to the d-c amplifiers,
and a negative 700-volt supply for
the cathode-ray tubes. The nega-
tive bias supply is adjustable from
approximately 125 to 300 volts and
the positive supplies are adjustable
from approximately 150 to 300
volts.

The author acknowledges with
thanks the guidance and assistance
of J. M. Cage, L. T. Wyly, and A. C.
Todd of the Purdue University staff
in the design and assembly of this
instrument.
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FIG. 2—Basis of the electronic chronoscope (left) and waveforms (right) that show
transition from actual pulse, through charging circuit to clock impulse

Wide-Range Electronic
Chronoscope

Duration of single or repetitive pulses in the range from 10 microseconds to 1 minute is

directly indicated on a high-speed clock. This noncounter instrument measures short

intervals with a linear charging circuit that effectively scales up pulse length

ANY counter and noncounter

type instruments have been
previously reported for the meas-
urement of short time intervals.
However, these are in general lim-
ited to maximum interval measure-
ments of less than a few seconds.
This limitation is particularly true
of the noncounter instruments,
which are also characterized by
their inability to select and to
measure the duration of a single
pulse from a group or repetitive
train of pulses, This characteristic
seriously limits the use of the non-
counter instrument in any applica-
tion where pulse durations must be
continuously monitored without re-
ducing or varying the recurrence
frequency to facilitate the measure-
ment, Examples of this sort can be
found in experimental psychologi-
cal laboratories where various types
of stimuli are often generated elec-
tronically., The rapidity with which
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the experimenter may vary the con-
ditions is limited by his ability to
adjust the equipment while moni-
toring pulse durations and recur-
rence frequencies as the stimuli are
presented to the subject.

Where no suitable chronoscope is
available, conventional oscillogra-
phy can be satisfactorily employed
for pulse lengths below 40 or 50
milliseconds. Above this range
some other technique should be em-
ployed for accurate measurement
since the recurrence frequency of
such a pulse is so low that the
counting of markers or cycles of a
timing wave becomes extremely la-
borious. The problem of measuring

these longer pulse durations has in
the past been solved in this labora-
tory by turning on a high-speed
clock for the duration of the pulse.
A combination of this method and
standard oscillograph techniques
has been reasonably satisfactory for
most repetitive pulse measure-
ments. The desire for a single unit
led to the development of the in-
strument to be described.

Low-Speed Chronoscope

The basis of a low-speed chrono-
scope is the high-speed clock system
previously mentioned. The model
S-1 clock, manufactured by Stand-
ard Electric Time Co., has two hands
that are driven by a synchronous
motor operating at power-line fre-
quency. One hand rotates at 1 rps,
and the other is a sweep-second
hand that rotates at 1 rpm. The
drive shaft for these hands is cou-
pled to the synchronous motor
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ELECTRONIC CHRONOSCOPE |
ANTEIE 1O SOOPRATIIE AESUARCK

E pet NOPES URIVERSITY

Complete rack-mounted chronoscope used to measure length of electrical pulse stimuli in experimental psychology laboratory

through a friction clutch. Normally,
the hands are prevented from ro-
tating by an electromagnetically
operated brake, the friction clutch
being allowed to slip. When the
brake solenoid is energized, the
brake is released, allowing the
hands to rotate freely.

The functional block diagram of
an electronic circuit designed for
this application is shown in Fig. 1.
The rectangular input pulse whose
duration is to be measured is
shaped into two positive-going trig-
ger voltages; one coincides with the
leading edge of the input waveform,
and the other with the trailing
edge. These two voltages are em-
ployed to cycle and recycle a bi-
stable multivibrator whose output
rectangle has constant amplitude
despite variations in the amplitude
of the input voltage. This output
rectangle is used to gate the clock
through a buffer amplifier circuit.

A constant error is present in
this system owing to the inability
of restoring springs to reapply the
brake as rapidly as it was removed

ELECTRONICS — September, 1951

by the solenoid. Correction for this
error (between eight and twelve
milliseconds for various spring ad-
justments) will allow the measure-
ment of rectangle durations from
20 or 30 milliseconds up to one min-
ute or more, with an accuracy lim-
ited primarily by the stability of
the power-line frequency.

High-Speed Chronoscope

The adapter circuit shown in
block form in Fig. 2 extends the
measurement range into the micro-
second region. It consists of a ca-
pacitor charged during the input-
pulse interval, and a monostable or
gate circuit to generate a rectangle
having a duration proportional to
the potential to which the capacitor
is charged at the end of the pulse
interval. By designing the mono-
stable circuit to give rectangle dur-
ations falling within the measure-
ment range of the low-speed chron-
oscope circuits, the shorter pulse
durations are read directly from the
clock after applying the proper pro-
portionality factor.

The block diagram shows this
system (Fig. 2) in which letters
(A) through (D) indicate wave-
forms.

The input waveform (A) is the
pulse whose duration is to be meas-
ured. The output of the linear
charging circuit (B) is a ramp
function whose instantaneous value
is ¢ = Kt in which K is a constant
of the charging circuit. If the
monostable circuit is triggered with
a transient voltage (C) derived
from the trailing edge of the input
pulse, then the duration of the out-
put rectangle (D) will be given as
¥ = K'’Kt. The relationship be-
tween the clock reading and the
actual pulse duration is thus de-
termined by K and K’. Since the
generated rectangle duration is to
be proportional to the input voltage,
K’ is a fixed constant and it is only
necessary to vary K to change
ranges. A suitable choice for K’
is one that gives ¢’ the value of one
second for the maximum value of e
on any range. This would produce
one complete rotation of the high-
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speed clock hand, or full-scale de-
flection for any of the chosen
ranges. For example, a choice of
1/200 second per volt for K’ and
2 X 10° volts per second for K
would give one complete rotation or
full-scale indication for a one-milli-
second input pulse. The range
switch could therefore be marked
with the appropriate scale factor,
X 1/1,000, The clock dial is cali-
brated in hundredths of a second so
that on this range, pulse durations
could be read to within ten micro-
seconds. Three such scales, X
1/1,000, X 1/100 and X 1/10 would
cover the range from ten micro-
seconds to 100 milliseconds, and a
fourth scale would connect the pulse
directly to the clock gating circuit
as previously described. This range
position would be labeled X 1, and
would allow intervals up to one
minute to be indicated, and con-
siderably more if the rotations of
the 1-rpm hand are counted.

Design Considerations

The limitation on this type of
operation is found in the mono-
stable circuit or rectangle gener-
ator. In addition to producing a
rectangle whose duration is directly
proportional to the value of an in-
put control voltage, this circuit
must be capable of responding prop-
erly to the instantaneous value of
the input voltage. The circuit
should also possess a high degree
of linearity and excellent stability.

A suitable circuit is found in the
externally gated plate-to-grid feed-
back amplifier, or Miller inte-
grator®, The circuit diagram of
the basic rectangle generator em-
ploying the Miller integrator is
shown in Fig. 8. Consider first the
condition in which the input volt-
age, e, is nonvarying and has the

|
|

|
e-:Kt
i

|
X

oz~

t

FIG. 3—Basic rectangle generator em-
ploying Miller integrator
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value E. The suppressor grid of
Vs is normally biased beyond plate-
current cutoff, and the control grid
is held at or near zero bias by the
positive grid-return voltage V. The
screen is therefore drawing virtu-
ally all of the tube space current.
The potential to which C is charged,
E, will thus be approximately
equal to the input voltage E. If the
suppressor grid is brought abruptly
to zero bias, plate-current flow will
commence, thus reducing the screen
current and allowing the screen
voltage to rise abruptly. The flow
of plate current reduces the plate
potential, thereby opening the con-
nection to the input voltage through
the diode. The remaining circuit
then becomes a simple plate-to-grid
feedback amplifier that functions
to discharge C at a rate i, = V/R,.
The voltage across C decreases lin-
early, the plate potential following,
until it passes the knee of the plate
characteristic curve. At this time
the screen is again drawing the
major portion of the space current,
thereby producing the trailing edge
of the generated rectangle. The
duration of this rectangle ¢’ is ap-
proximately given as t' = R,C E/V
so that the value of K’ for this cir-
cuit is K’ =~ R,C/V.

Under dynamic conditions, the
input voltage will not be constant,
but will be a relatively high-speed
ramp function. The suppressor
gate voltage is to be applied at some
instant during the ramp function.
If the cycle duration of the gated
integrator is to be a linear function
of the instantaneous value of the
ramp function, the potential across
C must follow the ramp function
input with negligible time lag until
the gate is applied. The cathode
follower V, must therefore charge
C at the required rate through the
grid conduction resistance of V..
It has been determined that requis-
ite accuracy of the ramp function
is obtained by employing a tube of
high g, for V, and placing a diode
in parallel with the grid of V..

Feedback Circuit

Since the dynamic input to the
rectangle generator is to be a posi-
tive ramp function, it is necessary
to employ a positive-feedback lin-
ear sweep circuit®. This circuit can
be designed to produce the required

output amplitude. with excellent
linearity and stability.

The diagram of an instrument
based upon these considerations is
shown in Fig. 4. The instrument is
designed to measure the time spac-
ing between positive trigger volt-
ages that represent the leading and
trailing edges of the input pulse;
these are labeled start and stop
triggers, respectively. Their de-
rivation from the input voltage
pulse will be described later.

Circuit Description

The rectangle generator circuit
is nearly identical to the basic cir-
cuit shown in Fig. 3. Three ranges
have been provided in the linear
charging circuit by capacitors*C,,
C, and C, The values of these
capacitors in conjunction with the
multiplier constant K’ of the
rectangle generator have been
chosen to provide a full scale indi-
cation of the clock for pulse input
duration of 1, 10 and 100 milli-
seconds respectively. Full-scale in-
dication of the clock refers to one
rotation of the high-speed hand.
Adjustment of the factor K’ on each
range is provided by the potentio-
meters R, R, and R,. These com-
pensate for initial deviations on
C., C, and C, from their nominal
values. The second triode section
in the cathode follower V, and the
diode V.; connected from the grid
of V. to ground improve accuracy.

The two bistable multivibrators,
V. and V, and associated com-
ponents have been introduced to
provide the switching of the meas-
uring circuits in the proper time
sequence. In these circuits the tri-
ode section V., and V., serve as
trigger injection amplifiers, and are
turned on momentarily by the in-
put trigger voltages.

Circuit Operation

First consider the circuit opera-
tion in the three low-range posi-
tions of the range selector switch,
S.. When the reset switch, S,, is
thrown to the RESET position, B, is
shorted, thus turning V., off and
Vs on. The negative drop in the
plate circuit of Vi, is coupled to the
plate of V., through the diode V,,
thereby turning tube section V.
on and Vs off.
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FIG. 4—Complete

The grid of V. is connected to the
plate of V. through R, and its
cathode is returned to a tap on R..
Thus, for all positions of this tap
in the reset condition, the grid-re-
turn voltage of V. is positive. The
grid bias of V., is therefore approx-
imately zero for all tap positions of
R, and as a result, the drop across
this tube is nearly zero. The output
of the linear charging circuit in the
reset condition can therefore be
controlled by R, the zero adjust-
ment previously described. The
Miller integrator is also disabled in
this position of the reset switch by
the switch section S,., and the high
negative bias on the suppressor
grid of V, produced by the conduc-
tion of V.

When the reset switch is thrown
to the OPERATE position, the circuit
conditions are unchanged until the
first start trigger derived from the
leading edge of the input pulse
arrives. At this time, V., is turned
on, cutting off V., and allowing the
ramp function to commence. The
second input, stop trigger, which is
derived from the pulse trailing edge
will turn on V., thereby removing
the bias on the suppressor grid of
V. allowing the Miller integrator
to function as previously described.
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chronoscope circuit showing terminals for start and stop triggers that are supplied from circuits in Fig. §
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FIG. 5—Circuit diagram showing generation of start and stop triggers from input
pulse, These signals are fed to circuits in Fig. 4

The output voltage of this cir-
cuit is applied to the clock tube V,,
which operates the brake solenoid
for the duration of the rectangle t.
It should be noted that if the reset
switch is opened after the leading
edge of the pulse and before the
trailing edge, the circuit will wait
for the next leading edge input
since V, will prevent the bistable
multivibrator V,, from being cycled
until after V, has first been cycled.
The ramp function is not termi-
nated by the second input trigger,

but is allowed to continue to the
saturation point of V,. The Miller
integrator in the meantime has
completed its cycle of operation,
and in doing so, has placed itself in
a condition in which additional in-
put triggers will have no effect
until the reset switch has been
operated.

When the reset switch is again
thrown to the RESET position, the
suppressor grid of V, is biased be-
yond plate-current cutoff, and V.
is turned on as before. The cathode
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voltage of V., cannot fall immedi-
ately, however, since C, must re-
charge to its initial potential. The
resultant negative-going output of
the charging circuit as C, recharges
would be applied to the control grid
of V, were it not for S,.. Its funec-
tion then is to prevent the cutoff
of space current in V, during the
recharging process and the result-
ant undesirable deflection of the
clock hands. Automatic operation
of the reset switch can be easily
obtained by substituting for S, the
contacts of a relay that can be
closed at the conclusion of the
chronoscope operating cycle and
reopened after a preset interval of
tz. This delay time, £z, can be made
sufficiently long to allow the reset-
ting process to be complete so that
the circuit will automatically select
a pulse and monitor its duration at
a rate determined by the sum of
time, ¢/, and the resetting time, t,.
Such operation can be accomplished
by a number of simple delay cir-
cuits.

In the fourth range position, or
the X 1 position, V., and the con-
trol grid of V., are connected to the
plate of Vi Thus, the first pulse
will turn off V,;, and the second will
turn it back on. The clock may
therefore be read directly for time
intervals up to one minute, and of
course indefinitely if the rotations
of the 1-rpm hand are counted
either visually, or by electrical
means,

Figure 5 shows the pulse-to-trig-
ger conversion circuit, which is re-
quired when pulse inputs are to be
used. Tube V, is seen as a simple
cathode-coupled clipper circuit in
which the plate current of V., is
reduced by a positive input or in-
creased by a negative input, C,
holding the grid of V., at fixed
potential during sudden changes.
If the leading edge of the input
pulse is of greater amplitude than
the potential required to cut Vi,
off, this section will be disconnected,
allowing C. to charge through R,
and the impedance of the “start”
trigger input circuit of the chrono-
scope proper. A positive trigger is
thus generated in time coincidence
with the leading edge of the input
pulse. Likewise, on the trailing
edge, the plate current of V., will
be increased over its quiescent
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value, thereby producing a negative
trigger pulse. This voltage is in-
verted by V. to give the second
positive input to the chronoscope
proper.

In a recent model of this equip-
ment these inputs have been ob-
tained directly from the plates of
Vs and V., and injected directly
into the multivibrators V. and V,
through crystal diodes.

Calibration

The zero adjustment for the
three low ranges is accomplished by
first triggering the second bistable
multivibrator only, and adjusting
R, until no deflection of the clock
hands occurs. Accurately calibrated
input pulses having durations of 1,
10 and 100 milliseconds are then ap-
plied to the circuit, and the adjust-
ments R, B, and R, made to give
the proper full-scale reading on
each of these ranges.

Accuracy

The overall accuracy that can be
obtained with the chronoscope is
limited mainly by the stability of
the power-line frequency, since the
clock is driven from this voltage
source. Variations in power-line
frequencies are normally held to
within = 0.1 eps in metropolitan
areas, and seldom exceed = 0.3 cps
in any area for a longer time than
a few seconds. Under such extreme
conditions, the clock accuracy would
still be within = 0.5 percent of its
indicated reading.

The linearity of the scale calibra-
tion on all ranges, except the lowest,
is better than 0.2 percent. On the
lowest range, there may be a devia-
tion from a linear scale calibration
of —1 percent at 1/10 of full scale,
or at the 100-microsecond reading.
At 1/20 of full scale on this range,
or 50 microseconds, the deviation
from linearity is approximately
—9 percent. However, in terms
of the full-scale calibration on this
range, the chronoscope can be read
to within 1 percent of full scale, or
one scale division down to ten
microseconds.

No data is yet available on the
long-time stability of the equip-
ment. This will, of course, be lim-
ited mainly by the stability of the
timing components R, C., C, C,
R, C. and the grid return circuit

of Vs all in Fig. 4. These com-
ponents have been carefully chosen
to reduce the drift resulting from
temperature variations or from
component aging. Normal tube
aging and tube replacement will not
require a change in calibration ad-
justments since variations in the
tube parameters of both the Miller
integrator and the linear sweep
generator have a negligible effect
upon the gain of these circuits.
Regulated power supplies are not
required since K’ and K will charge
proportionally, but in opposite di-
rections, when the plate-supply
voltage varies. The charging cur-
rent for C,, C; or C, is directly pro-
portional to E,,, and therefore K is
directly proportional to K., Thus,
if the linear charging circuit and
the rectangle generator are both
supplied from the same direct-cur-
rent supply, the chronoscope indica-
tion will be unaffected by supply-
voltage variations. This statement
is of course based on the assumption
that the unregulated supply volt-
age, E,, will not vary materially
during the operating cycle either
from line-voltage surges or trans-
ient loads. Since the clock buffer
amplifier tube V, does present a
high transient load during the oper-
ating cycle, it is desirable to obtain
the plate voltage for this circuit
from a separate supply source if
unregulated supplies are used.
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Utility Video Amplifier

Extended frequency response and double-ended low-impedance output to drive a 75-chm

line and monitor are achieved by use of two feedback pairs in cascade. Wide range of

useful applications on program lines is indicated

INPUT
———{ JI2AT7 p— LI2AT7 P
| FEEDBACK
ADJUST
ABLE
L | LINE
P
6AHE |—, 5687 U T
FEEDBACK MONITOR
CIRCUIT OUTPUT

FIG. 1-—Arrangement of stages in the
amplifier

By E. C. KLUENDER

Broadcast Engineering Section
Commercial Equipment Division
General Electric Company
Syracuse, N. Y.

SE OF FEEDBACK results in some
U inherent advantages that sug-
gests its incorporation in a utility
video amplifier. Feedback assists
not only in achieving exceptional
amplitude linearity and in extend-
ing the high and low frequency
responses, but also creates a low-
impedance source that lends itself
well to driving a 75-ohm line.

Figure 1 shows a simple block
diagram illustrating how feedback
is employed in an amplifier com-
posed of two feedback pairs in cas-
cade. Overall amplifier gain is con-
trolled by varying the amount of
feedback in the first pair. Coupling
between the pairs is by means of a
large capacitor which results in
negligible phase shift for all fre-
quencies concerned.

A schematic diagram is shown in
Fig. 2. Two video jacks permit the
input to be bridged or terminated.
Termination is obtained by insert-
ing a 75-ohm termination plug in
one of the input jacks. The input
capacitance of the amplifier is 20
upf. Voltage-type degeneration is
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fed from the second stage back to
the cathode of the first stage, and is
adjustable by means of B,. The low
d-c potential existing at the output
of the first coupled pair permits the
use of a low-voltage, high-capaci-
tance electrolytic capacitor to
couple to the second pair,

The circuit for the second pair is
identical with the first, except for
components. A very high perveance
is obtzined in the output stage by
connecting the plates of a 5687 in
parallel.

The feedback circuit includes an
adjustable capacitor C,, which pro-
vides & frequency compensator use-
ful in adjusting overall amplifier
response. A negative 5-volt source
is used for grid bias purposes and
for bucking out the d-c in the out-
put circuit.

Output Circuit

Point A (Fig. 2) owing to volt-
age feedback is a very low imped-
ance driving point (sometimes re-
ferred to as a zero-impedance
point). Due to the reduction in
forward gain as frequency is in-
creased, the impedance of point 4
will rise. The net impedance values

are plotted in Fig. 3, while curves
A of Fig. 4 and 5 show the resistive
and reactive components of this im-
pedance for C, set to maximum
capacity.

These curves suggest the use of a
series element whose impedance de-
creases with frequency for feeding
a line. Such an element is obtained
by using C,, R, and R.; in the com-
bination shown in Fig. 2. Making
both R and C adjustable results in
a flexible arrangement which has
the capability of compensating for
the change of impedance of point A.

Figure 6 shows a family of
curves for typical settings of R.
and C,;. The wide range of adjust-
ment is quite evident.

The B curves of Fig. 6 are also
plotted on Fig. 4 and 5 where they
are added to the curves of imped-
ance at point A. The net resistive
component of output impedance is
shown as curve C of Fig. 4; the net
reactive component of output im-
pedance is shown as curve C of Fig.
5. Note how effectively B com-
pensates for A in each case.

Actual measurements of output
impedance for a utility video am-
plifier are given in Fig. 7 where

Rack assembly of three utility amplifiers and power supply
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FIG. 2—Complete circuit of one utility amplifier. The low-impedance driving point
is designated A, at the right of tube 5687

they are plotted with a greatly ex-
panded scale. This typical curve
shows only =1 ohm variation out
to 11 me. The resulting well-
matched source impedance such as
this is required for obtaining uni-
form transmission over coaxial
cables without reflections. It also
represents a close approach to the
ideal driving circuit for telephone
lines whose impedance varies
widely over the transmission band
but which are equalized for uni-
form response from a 75-ohm
source.

The recommendations of a Joint
Committee of TV Broadcasters and
Manufacturers for Coordination of
Video Levels are easily met by the
amplifier. This committee’s recom-
mendation on Standard Termina-
tion Impedances is as follows: “It
is recommended that the standard
termination impedance for both the
sending and receiving ends of a
line connected for single-ended
operation, shall have a value of 75
ohms plus or minus 5 percent.
These figures will apply over the
television frequency band below 6
mc but.not down to d-c.”

Monitor . Provisions

The ideal place to monitor an
amplifier feeding a line is, of
course, across the output of the
amplifier. Most amplifiers in use
at present cannot drive the double
termination resulting from con-
necting low-impedance monitoring
lines across their outputs, and this
leads to the incorporation of isola-
tion amplifiers.

Use of isolation amplifiers brings
about the possibility of a monitor
picture not in accordance with
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what the line is receiving, both in
level and quality. The answer lies
in using a line amplifier capable of
feeding two lines without introduec-
ing a series element capable of
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FIG. 3—Plot of point A impedance
characteristics
failure or extraneous signals.

Furthermore, it is desirable that
the monitor output have sufficient
isolation from the line output to
give a true indication of amplifier
performance, regardless of changes
in line impedance.

The desirable monitor feed char-
acteristics outlined above are
achieved by the output circuit em-
ployed in this video amplifier. The
monitor is fed from point A of Fig.
2, the low-impedance driving point.
Resistors Rx, Rx and R, form a
divider for obtaining the required
monitor ratios.

For a 1:1 monitoring ratio, the
resistors are connected as shown in
Fig. 2. For a 2:5 monitor ratio Rx
is removed; for a 1:5 monitor ratio,
the jumper across R. is also re-
moved. No capacitor is employed
across these divider resistors in the
fashion that C, is used for the line
feed, since bandwidth adequate for

FIG. 4—Resistive components of output
impedance

monitoring is obtained without its
use.

Isolation . Characteristics

For a monitoring ratio of 1 to 1
(equal outputs) the attenuation be-
tween the line and the monitor feed
is given in Fig. 8. These attenua-
tion figures are obtained by feeding
a signal in at the line output jack
and measuring the resultant volt-
age appearing at the terminated
monitor output. The shunting im-
pedance effect obtained due to volt-
age feedback at point 4 is evident.

Table I—Impedance
Characteristics at Point A

Cu Set to Maximum
Frequency
in Mc z VZ |
1 343 4
3 5 + j11 12
5 10 +j18 21
7 14 4+j21 25
9 20 4 j25 32
11 26 4 j27 37
13 33 +j29 44
15 40 + j27 48
Cue Set to Minimum
1 3 4j5 6
3 4 +j13 14
5 8 + 22 23
7 14 +j29 32
10 28 +j38 47
15 57 +j26 62
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FIG. 5—Reactive components of output
impedance

A 60-cycle hum component appear-
ing on the line output terminal due
to ground currents in long coaxial
runs would be attenuated by about
34 db; this point is off the curve
of Fig. 8& The hum component, as
well as other extraneous signals
will therefore not appear on the
monitor, but rather, the monitor
will give a true indication of what
the amplifier is feeding to the line.

Figure 9 shows the frequency
response of the amplifier connected
for a monitor signal equal to the
line signal, and operating at unity
gain. Two 1.4-volt signals are ob-
tained; the frequency response of
the monitor signal is also shown.

The maximum gain available
with the connection described above
is 2.5. As an optional connection,
the 1,500-ohm resistor may be
removed giving less negative feed-
back to the final pair. Such a con-
nection may be used when a greater
gain (4 maximum) is desired,
Under these conditions the monitor
will operate at a 1:5 or 2:5 ratic
rather than unity, and signals up
to 2 volts may be obtained.

Applications

Figure 10A shows the amplifier
feeding a telephone line. The driv-
ing impedance illustrated in Fig. 7
is the characteristic especially in-
teresting in this application, also
the ability to monitor the outgoing
line directly is shown in Fig. 10.

Figure 10B illustrates the ability
of feeding two 75-ohm lines from a
single amplifier. Three amplifiers
are shown feeding six house-moni-
toring circuits, The use of the
amplifier as a buffer is shown in
Fig. 10C and 10D.
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A method of obtaining a choice
of signals for monitoring without
double terminating a program line
ig illustrated in Fig. 10E. Only a
slight loss of program level (ap-
proximately 1 db) is experienced.

Figure 10F shows a simple
method of mixing video and synec to
cbtain a composite video picture.
The amplifier gain controls permit
an accurate adjustment of percent-
age sync and output video level.
The method illustrated may also be
used to mix two video signals. If a
common video signal is fed to the
input of the two amplifiers, a 4/3
normal gain and 4/3 normal signal
output may be obtained.
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FIG. 10—Typical applications of the video utility amplifier
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Audio Amplifier Damping

The meaning and measurement of the damping factor in audio amplifiers are shown, using

the Williamson circuit as an example. By means of feedback the amplifier output

impedance can be controlled so as to damp out oscillations generated in the load

By ROBERT M. MITCHELL

Circuit Applications Engineer
United Transformer Co.
New York, N. Y.

THE growing interest in tran-
sient response of electroacous-
tical systems necessitates increased
attention to the means of control-
ling amplifier output impedance.
However, a more convenient con-
cept is the damping factor, D,
which is defined as the ratio of the
load impedance, R, to the effective
generator impedance, Z,. It will be
shown how the damping factor can
be controlled through the use of
feedback.

If an impedance-matching device,
such as a transformer, is placed be-
tween the two impedances, the ratio
is that obtained with both imped-
ances referred to the same side of
the transformer as shown in Fig. 1.
Except where stated otherwise, the
output impedance and load imped-
ance are assumed to be resistive.

The term damping factor has
been applied to this ratio because it
is indicative of the effectiveness of
the generator in damping oscilla-
fions generated by the load. Since
it is expressed as a ratio, it will be
the same for any output tap on a
transformer and is therefore a
more convenient characteristic to
use than the effective output im-
pedance itself.

The output impedance of an
amplifier will be considered to be
the ratio of voltage E to current i
obtained when the input is short
circuited and the voltage FE is
applied to the output terminals as
shown in Fig. 2.

The damping factor may be var-
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ied by changing either R, or Z..
Since it is usually desired to obtain
a given power output from a given
tube, it is not practical to change
the load impedance. A method that
will change the effective output im-
pedance of the amplifier, but will
leave the load unchanged is to apply
feedback so that the output stage is
included in the loop.

Damping by Feedback

Figure 3 shows a basic one-stage
feedback diagram, with polarities
not indicated to make the diagram
general. It will be noted that this
is the so-called voltage type of feed-
back. If the polarities are such as
to make BE oppose ¢, (assuming
the latter no longer zero) the feed-
back is negative. IFor this condition

Z L g
‘ o i E{EHRI
R_AR R R PR
0=7," 7, D= 7,7 Zgnt” Zq

FIG. 1—Damping factor ratio is that
with both impedances referred to same
side of transformer

i
et ) i
e | Mk kG0 [HE g -~Z

E=iZg

=E -
Zo g

FIG. 2—Conditions under which ampli-
fier output impedance equals E/i

B is considered negative, and the
resultant output impedance is less
than that without feedback. If the
feedback is positive the output im-
pedance is increased. It may be
shown that negative-current feed-
back increases the output imped-
ance, while positive-current feed-
back reduces it.

It is important that the definition
of the original output impedance be
clearly understood. If the output
impedance without feedback is the
plate resistance alone (as in Fig. 3)
then this output impedance is
changed by the factor 1/ (1 — Bu),
which is not the same factor by
which the gain of the stage is
changed. If the output impedance
without feedback is the plate resist-
ance of the tube in parallel with the
load resistance, then the output im-
pedance is changed by the factor
1/ (1 — BK), where K is the stage
gain, when feedback is applied. This
is the same factor by which the
gain is changed. Such a condition
would be encountered seldom, if
ever, in a loudspeaker output stage,
but might arise in connection with
an R-C shunt-fed transformer
stage. This difference in definition
may lead to misunderstanding when
different source texts of feedback
amplifier design are consulted, un-
less the distinctions are clearly
understood beforehand. In this
article, the discussion is confined
to the output stage, with the output
impedance without feedback being
defined as the plate resistance of
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Amplifier for which circuit diagram is shown undergoing measurement using the method indicated in Fig. 7

the output tube in every case.
Most practical amplifier circuits
generally comprise more. than one
stage. In a multistage amplifier it
is-usually preferable to enclose more
than the final stage in the feedback
loop, cince this, among other things,
avoids the requirement of large
driving voltages for the final stage.
For these conditions the feedback
diagram is as shown in Fig. 4.

Multistage Feedback Effects

The results are almost identical
to those of Fig. 3, with the excep-
tion that the gain K of the inter-
vening stages appears in the factor
to increase the effects of the feed-
back for a given » and B.

The final equation shown in Fig.
4 is that generally found in text-
books for output impedance of mul-
tistage feedback amplifiers. In this
form it is not particularly conven-
ient to use for calculation, since it
requires a knowledge of the gain of
the intervening stages.

A simpler, and more convenient
equation may be derived as follows.

ELECTRONICS — September, 1951

The damping factor without feed-
back is

_ e B
D, = Z,
The damping factor with feed-
back is

Ry B

_ S . S .
Dy Z, rp/{1 — BKuy) @
= D, (1 — BKuy)
The gain of the final stage is
_ R
Ky = ps Ri4r,

Solving for u,

o (147

5 ()

Substituting in Eq. 2
Dy =D, [1 — BKK, (1 + %)] ®)

The amount by which the gain is
reduced is
1 —-BKK;=1- 8K,
where K, is total gain
That is, if 1 — BK, = 2, the gain
is reduced by 2. Letting this gain

)

il

WAL americancadiohistonicom—

reduction factor — F, we have
D.f = Da[F_ (1 "'F) (I/Do)]
Dy=F(D,+1)—1 (1)
Note that in this final form it is

AAA

W
€, € “EKGC'\E 9

AEo——

-7,

Ein=€yg+ BE
exg= - BE
Mexg=-uBE, E-BuE= 17

£ . Zq -
ni:%)lzo

FIG. 3—Output impedance without feed-

back is represented by plate resistance
alone in fiqure above and in text

—
€in eKs, K Exy eAfXC"S?; <2
BEO"L—‘ X _{"Kef )

€in= BE + kg,

exs~~BE

Exgf= Kexc,:'KﬂE
E-pKBE =1 Zg

E_ Z

i I?TigK_){f:ZO (0]

F{G. 4—Conventional concept leading

to Eq. 1 above is based on premises

illustrated. Equation 4 (see text) is more
convenient form
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GAIN REDUCTION FACTOR (F)

--‘TRIODES

DAMPING FACTOR (D)

FIG. 5—Curves show changes in damping factor with feedback for typical beam-
power and power-triode tubes. Note superiority of triodes

not necessary to know the actual
gain of any of the stages, or the
feedback ratio, but only the gain
reduction and the original damping
factor.

For example, it is desired to com-
pute the damping factor obtained in
a push-pull 6L6 amplifier when 20 db
of negative voltage feedback is
employed.

F =10

R; = 5,000

rp (two tubes) = 45,000

D, = 5,000/45,000

D, =10(0.111 +1) —1=10.11

For a push-pull 2A3 amplifier
with the same load and the same
gain-reduction factor

rp (2 tubes) = 1,600

D, = 5,000/1,600 = 3.12

D;=10(3.124 1) —1 =402 _

These results show the tremen-
dous changes in output impedance
produced by feedback, especially
for beam-power tubes. Without
feedback the damping factor of the
triode amplifier is some 27 times
that of the beam-power tubes. With
the same amount of feedback ap-
plied to each, the damping factor of
the triodes is approximately 4 times
that of the beam-power tubes. Or
looking at it from another point of
view, the same amount of feedback
produces a 13-fold change for the
triodes, but a 90-fold change for the
beam power tubes.

Equation 4 has been used to ob-
tain the graph of Fig. 5. In this
graph the two curves show changes
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in damping factor with feedback
for typical beam-power tubes and
typical power triodes. From this it
may be seen that approximately 12
db of feedback is required to make
the damping factor of a beam-power
tube equal to that of a triode with-
out feedback. It is also evident
that the same amount of feedback
will always give a greater damping
factor in a triode amplifier than in
a beam-power amplifier, since the
original damping factor of the tri-
ode amplifier is greater.

These curves may be used in
several ways, although Eq. 4 is so
simple that it may be used almost
as readily, especially if the follow-
ing simplifications are made,

The initial damping factor for
most beam-power tubes is approxi-
mately 0.1, while it is approximately
3 for most triodes. Using these
values the following approximate
equations, quite suitable for design
purposes, are obtained:

For beam power tubes

Dy=F—1 (4B)
For triodes
Dy =4F — 1 (4C)

Both these equations are reason-
ably accurate when F is equal to or
greater than 2 (6-db feedback). For
less feedback, Eq. 4 should be used
for beam power tubes, while Eq. 4C
is still applicable for triodes.

Similar relations may be derived
for current feedback, but since this

o o —
&) % [ & Rl% %R
l o Y
(B)RATEB LOAD
egme

%

{A)NO LOAD
€y =€
oc 1+4o

Ry
€r=€qc
RIFZ,
Soc _R“’_Zo.n |+$
"Re

_em
D=&xc—en

FIG. 6—Method of niéusuring dumpihq
factor by means of no-load and rated-
load output voliage shown in bottom

equation
<_i.__
€i,=0 ~ I e'F 798
Y A
R(
E=i(R|+Zg)=¢eq+ez
e R
€ 172,

FIG. 7—Simplified method of obtaining

damping factor by measurement across

sories resistor equal to secondary wind-
ing

FEEDBACK
FROM SECONDARY

FEEDBACK
FROM PRIMARY

EFFECTIVE
Lp SECONDARY
TERMIT\KJALS

Y

2 I

EQUIVALENT CIRCUIT OF OUTPUT TRANSFORMER
REDUCED TO UNITY TURNS RATIO

R,=PRI WINDING R L1 =PRI LEAKAGE IND
Rp=SEC WINDING R Ly =SEC LEAKAGE IND

FIG. 8-—Limits of the damping factor
with feedback obtained from one of two
points. See text for discussion

-

2 |

AAA

T A
in & »nen,éz?
ol to

12
Nis

FIG. 9—Effective internal impedance of
intermediate stage is reduced by feed-
back taken from succeeding stage

type is relatively little used over
the output stage, they will not be
derived here.

Measurement

The measurement of the damping
factor is generally done indirectly,
that is, it is usually the practice to
measure output voltages under dif-
fering load conditions, and to calcu-
late the damping factor from the
results. However, it is equally easy,
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and often more accurate, to meas-
ure it by other methods, which are
also deseribed below,

The first method often consists of
measuring the output voltage with
no load and with rated load, and
then calculating D as shown in Fig.
6. This method is satisfactory for
amplifiers with low values of D,
such as pentode or beam-power
amplifiers with little or no feedback.
When the internal impedance is low,
as in highly degenerative ampli-
fiers, however, there is very little
difference between e, and eye. Since
the difference of these two terms
appears in the denominator, it is
possible, when they are almost
equal, for an error of a few percent
in either of these terms to produce
an error of several hundred percent
in the answer.

A more accurate procedure is to
use a low-impedance-type a-c
bridge. I'or such measurements the
signal-input terminals of the ampli-
fier are short-circuited, the output
terminals are connected to the un-
known impedance terminals of the
bridge, and the bridge balanced as
in normal measurements.

An even simpler method, and one
quite accurate for damping factors
as high as 50 or more is shown in
Fig. 7. The input terminals of the
amplifier are short-circuited and the
output terminals are connected to
a generator E in series with a re-

factor is then equal to the ratio of
the voltage drops across R, and
across the secondary winding re-
spectively. The generator E may
conveniently be the 6.3-volt filament
winding of a power transformer. In
a highly degenerative amplifier al-
most all the voltage drop will be
across R,; consequently, it must be
fairly high power rating.

When V£ is 6.3 v a rating of 10
watts will be adequate for almost
all situations.

Two points of interest concern-
ing damping factor may be pointed
out in passing. First, it can be
seen from Fig. 8 that when the
feedback is taken from the primary
of the output transformer (ter-
minals 1 and 2), the damping factor
approaches R,/R, as a limit, where
R, is the total winding resistance
of the transformer referred to the
same side to which R, is referred.
When the feedback is taken from
the secondary terminals (3 and 4),
however, this limit does not exist,
and D can theoretically approach
infinity.

Internal Impedance

Second, it is demonstrated below
by reference to Fig. 9 that the
effective internal impedance of a
stage inside the feedback loop is
also reduced by negative feedback
taken from a succeeding stage.

E+ meker =14,

E+ p (— pews) =17,

E+wm(— B8 K E) =12,

E Z, _

T T T—gm K "2

This shows, for example, that
overall feedback from the final
stage of a class-B modulator will
reduce the output impedance of the
driver stage as well, thereby con-
tributing to reduced distortion by
virtue of this action as well as
by its normal distortion-reducing
action,

Practical Applications

Although feedback can increase
the initial damping factor to a high
degree, the values realized in prac-
tice are somewhat less than theory
indicates. The large damping fae-
tors that can be achieved in practical
design, however, are well exempli-
fied in the 20-watt wide-range, feed-
back amplifier shown in Fig. 10.
This is the commercial type W-20
Williamson amplifier, in which 20
db of negative feedback is taken
over four stages and the output
transformer. The damping factor
of this amplifier without feedback,
measured by the method of Fig. 7,
is 2 at 50 eycles (a common value of
resonant frequency for high-quality
low-frequency type loudspeakers).
When 20 db of negative feedback is
applied the damping factor is in-
creased to 27, which is only slightly

sistance R,, which is the rated value ein = Bep - exc less than the theoretical value of 29
of the secondary winding of the exc1= — Peg based upon the initial measured
output transformer. The damping w = Ko B value of D,.
: 400v
(o]
Q
& LS60A
N
— *
O
8% =8
005 ['470,000
LA /’ l
INPUT
l o t—
§§ 0.05
~.
<

=

#*MATCHED RESISTORS

AN

1,700 X SQUARE ROOT OF VOICE COIL IMPEDANCE ™

FIG. 10—Circuit diagram of the UTC W-20 Williamson feedback amplifier with damping factor of 27
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Network Design Charts

Time-saving universal T, pi and L network design charts covering all normally

encountered phase shifts and transformation ratios. Scale multiplying factors are

eliminated by normalizing the input and output impedances being matched

By T. U. FOLEY

Broadecast Engineering Section
RCA Victor Division
Camden, N. J.

HE PROBLEM of matching
Tarbitrary impedances to a
given transmission-line imped-
ance is common throughout the
radio industry. The accompany-
ing charts permit simultaneous
solution of matching reactance
limits over a range of both phase
shift and load resistance. To
make the plots universal, it was
necessary to normalize to a one-
ohm or one-mho transmission
line, If the practical line is other
than one ohm, it will be neces-
sary to normalize R. so that
R., = R./R,. Using this value of
R.,, enter the chart along this
line to the appropriate value of
phase shift and interpolate be-
tween plotted values of loci, ob-
taining Z,., Z., and Z,, in turn on
the three charts. To obtain Z,,
Z, and Z, simply multiply Z..,
Z., and Z, by actual line imped-
ance.

T T
e

T

Frample 2. Assume a 7 net-
work is required to mateh a 35-
ohm load to a 50-ohm transmis-
sion line with a phase shift of
80 degrees.

(a) Zo = 50, By = 35, 8 = 80°

b)) G =1/50 = 0.02G. = 1/35 =
0.0286 G2, = 0.0286/0.02 = 1.43

(¢) Enter chart Y, at G, = 1.43 and
follow to 8 = 80°

(d) Read Y,n» = +1.03

(e) Yo =30.02(+41.03)
70.02060rZ, = 1/Y,
ohms

(f) Similarly, on chart ¥, find Y,, =
0.96

(]

+
—Jj48.5

(g) Y, =370.02(+0.96) = +;0.0192
orZ, =1/Y, = — 752.1 ohms

(h) Similarly, on chart Y, find Y., = —
1.22

(1) Ye=370.02(—1.22) = — j0.0244,
orZ,=1/Y. = 4+ j41 ohms

FExample 3. Assume an L net-

work is required to match a 12.5-
ohm load to a 50-ohm transmis-

Y
-G,
'Fb
=

ston line. (Note that in the case
of an L network, we cannot
specify both phase shift and load
resistance since when one is
specified the other is fixed.)

(a) Z, = 50 R = 12.5

(b) ka, = 12.5/50 = 0.25

(e) (If R, isless than 1, enter chart Zi;
if Re, is greater than 1, enter
chart Z»)

(d) Enter chart Z; at R» = 0.25 and
follow to locus of zero reactance

(¢) Read B = 60°, Z; = 0

(f) Enter chart Z» at R. = 0.25 and
follow to g8 = 60°

(g) Read Zop, = +0.43

(h) Zo = 550 (+ 0.43) = 4-j21.50hms

(i) Similarly, find Zs, = — 0.58

(j) Z; = 750 (— 0.58) = — j 29 ohms

All of the above illustrations
have assumed lagging networks.
Reversing the sign of each react-
ance arm changes from lagging
network to leading network.

To extend the technique to
cover a range of phase shifts
over a range of load resistances,
the principles of the preceding
illustrations pertain. In this

case, however, the point plot be-
(continued on page 134)

. _ A f=—-13 =1 L i g 77T A
Eava.mple 1. Assume a T net ] '%/:Azﬁ/ 5// / H \' \\ \\\\\
work is required to match a 35- 40 o Y o o 8 L7 / / / / \\ \
ohm load to a 50-ohm transmis- 50 s | T T AL, / \
. . . . — T Tos T — 1A AN '//! \
sion line with a phase shift of 60.______.-———---— L 1 a—: S s A/ /] l
80 degrees. i s s g g ]
(a; Z, = 50 Rz = 35 8= 80° 80,_——_—//:’A’::§°2‘% /::{;(IQAV/X;{ // / /
(b) Ren = 35/50 = 0.7 —T"" =T Lt L~To.8 # )
(&) Enter chart Z, at B = 0.7 and  sof—r— i e L] 1./10_/«/ v/ ,/ /
follow to 8 = 80° — T T e A / /
d) Read Z), = 4+ 0.67 100" = o 7 4
( ) I, et L A7 AN A \ / 74
@2 =550 X (+0.60) = +588.5 | [T — e /./// b
ohms _’_;/ L1 A = =3 H
(f) Similarly, on chart Z, find Z,, 120° — T /}/ aPas ef A A
=40.725 ::_,.::_,,—a: = A /ﬁ,:'/q,-l q,f’/ /’/ A
(&) 23 =5 50 (+ 0.725) = +j36.25  wofF—— i = 11,04
ohms e maN, s e s e e
(h) Similarly, on chart Z; find Zs. o= - T — T " "Z. oR
" == b . ISO'—_"—_ '—: I I/H/ "‘)“ ot % n Il LYo
@) fiu:sj 50(— 0.85) =.—j42.5 ool 002 005 o ‘o;sz on ngf 10 2 5 10
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For printed circuit application con-
tact tails solder direct to sub
panel circuit. Hi Tension con-
tacts hold tube in horizon-

tal position.

PATENT PENDING

STANDARD IN COMMERCIAL
USE...SERVE MILITARY NEEDS

(Enlarged twice)

The CINCH sub-miniature socket insures positive elec-

trical contact, holds tubes securely in place, permits easy

Designed for sub panel con
ventional wiring—Socket re
tained in insulation by twist
ing tails.

maintenance and replacement, yields maximum insulation
resistance and minimum high frequency loss,
and provides manufacturers of radio receivers

and hearing aids a labor saving chassis in-

stallation which serves terminal board
functions while permitting designers ’:3
to obtain maximum space afforded

by the standard flat base tubes.

Vertical tube mount-
ing type — made in
5, 6 and 7 prong.

Consult CINCH

\\ CINCH MANUFACTURING CORPORATION \

1026 South Homan Ave., Chicago 24, lllmo:s

Subsidiory of United-Carr Fastener
Corporation, Caombridge, Mass

0.
»%a
s* '

Available at
leading
electronic
jobbers—
everywhere.



Network Design Charts (continued from page 132)
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comes a rectangle about the de-
sign center. A rectangular
template can be made on trans-
parent material to permit evalu-
ation over a range of =10 de-
grees from design-center phase
shift. Simultaneously, it would
cover a 2 to 1 load resistance
variation. Other rectangles can
be made easily to cover any
range of phase shift and load
resistance variation.

Example 4. Since the range
technique is essentially the same
as the point technique, a single
illustration will suffice: Assume
a T network is required to match
a 35-ohm nominal resistance to
a 50-ohm transmission line over
a resistance range of 2 to 1 cen-
tered on 35 ohms and over a
phase shift range of 70° to 90°.
Following the technique of Ex-
ample 1, center the rectangle at

0.2 0.
—R, OR G,—

!
i /// 30RY,
1.0 L

s 10

R.=0.7 and § = 80° on chart Z,.
Read limits of Z, = +0.39 —
1.0. Then

Zy =50 (+0.39— 4 1.0)
= +3719.5— + j 50 ohms
Appendix

Referring to Fig. 1 and 2,
equations for reactance arms of
T and = networks are:

Rl cos 6 - \/Rl Rz

& =g sin B M
z, = — j a0 iin‘ﬁ\/m @)
=3 \s“;—f— ®)
Fa= +9 -chfglgz_im\/%l—-ﬁ 4)
o=t o e ®
Z. = +j VR Ry sin 8 (6

These equations may be nor-
malized in terms of R, by substi-
tuting

R, = Ro/Ry, leaving

7 o A N - EOSE: _\/_Rz"

AT R, = J sin B (7)

S, 4 __.Rgnco_s§~4\/l?g

2 R J sin 8 ®

L7 VI,

Zan = R~ 7 sinp )
Z . R, sin 8

Zan= 5 = e — (10
R ! Ry, c0s B — Ram (10)
VA . R, sin B

L= - = - 11

K R, T cos B — VR, ()
g Z . .
Zow = - =+ YRy, sin 8 (12)
1

Equations 10, 11 and 12 can be
put on an admittance basis as
follows:

1 ,{62,. cosﬁ—m\/'la
Zan 77 Resin B

o1 1
Gon cos B J Gon

=_D

Glg,. sin 8
f
cos B — VG
13
sin 8 (13)
v 1 ,»_-0055_‘,\/&3
b =77 Ry, sinB
ng (!Oiﬁ - \/;Gzn

sin 3 (14)

1 ] 1
Zien Y R?n sin B
VG,

7 sin B8 (15)

Comparing Eq. 13, 14 and 15
with Eq. 7, 8 and 9, it is seen
that the equations for a = net-
work on an admittance basis are
identical to the equations for a
T network on an impedance
basis. Solving for R., in Eq. 7,
8 and 9 gives

Ry, = (£, sin B + cos () (16)
(1N 1-2Z,sin2p)\
Rop = 2 cos B ) an

Ry = (— Z3, sin B)* (18)

Equations 16, 17 and 18 were
used to calculate points on
curves Z,, Z, and Z, by holding
Z’s fixed for each locus, ranging
5 over 30° to 150° and solving
for R...
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When you specify Mallory Capac-
itors for television receivers or
other equipment where heat is a
problem, you can be sure they will
stand the test. Mallory FP Capac-
itors are designed to give long,
trouble-free performance at 85°C.
—naturally they give even longer
service al mnormal temperatures.
In addition, Mallory FP Capacitors
are famous for their long shelf life.
Write for your copy of the FP
Capacitor Engineering Data Folder.

Mallory

Precision Production
pays off again

in “shelf-life” demonstration

When a large radio and television manufacturer found
it necessary to fall back on a supply of two-year-old
capacitors, they found that every one of the Mallory
Capacitors was ready for immediale use — without
re-working of any kind. Because of the scrupulously
careful manufacturing methods pioneered by Mallory,
they were completely free of corrosion.

Mallory Capacitors have consistently set new high
standards of dependability which far exceed normal

specifications.

That’s service beyond expectations !
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P. R. MALLORY & CO., Inc., INDIANAPOLIS 6,

T RERE T R S R SERVING INDUSTRY WITH
. : Eleciromechanical Products
P.R. MALLR CO. “ c.} Resistors Switches
‘ - g TV Tuners Vibrators

Electrochemical Products
Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
Welding Materials

INDIANA
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Problems in Mobile TV

By EpwiN B. Pores
Television Field Engineer

National Broadcasting Co.
New York, New York

BROADCASTING of television pro-
grams from remote locations is no
longer novel but a commonplace oc-
currence. The project under con-
sideration was one of a sustaining
educational series over WNBT,
called “Treasures of New York™.
The program was scheduled as a tv
sightseeing trip of the New York
skyline.

Transmission of a 7,000-mc sig-
nal from a ship moving at 18 knots
posed several technical problems
unique in themselves. The objec-
tive of this article is to impress

RCA BUILDING

’

STA
OF LIBERT

FIG. 1—Map showing path of ship for
tv program
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FIG. 2—An attempt to load a generator

aboard the ship using an improvised

wide gangway. A dock crane actually
placed unit aboard, as tide shifted

upon tv engineers the feasibility of
this project under extreme weather
conditions. Microwave relay trans-
mission was performed without hu-
man line-of-sight while the vessel
was under way by manual tracking
of both antennas.

A short preliminary field survey
was made of the existing facilities,
namely a 185-foot excursion boat.
Unavailability of alternating cur-
rent required the loading aboard of
a 10-kva mobile gasolinz-engine-
type generator whose frequency
stability will be discussed later in
this article.

Preparation

The projected itinerary was
charted on a map with special care
taken to determine if the micro-
wave receiver located atop the RCA
Building would be in the ‘“‘shadow”

- CONTROL
UNITS AND
WER

PO
TO  SUPPLIES  CAMERA
CAMERA SWITCHING

NO. | UNIT &
LINE AMP

MASTER
MONITOR

TO
CAMERA
NO. 2

WITH
SUPERSYNC
POWER
UPPLY 19
o RO

c
_|SYNC GENERATOR _ AND
SSL%ECR \ GENERATOR

T0
CAMERA

NO. 3

SYNC DRIVING * A
AND BLANKING

J
PULSE | PULSE

PULSES \
(TO CAMERAS) SHAPER FORMER

FIG. 3—Eimnlilied block diagram of
equipment tsed, Cameras were located
cn second deck forward, the microwave
transmit.er and antenna on ifop deck,
cro and generator on fantail and rest
of equipment in the main deck cabin

ol any tall buildings as the vessel
sailed down the Hudson River.

Figure 1 shows the first obstacle
encountered, the New York Port
Authority Building. At the time of
the survey it was determined that
the microwave signal would not be
available as the ship passed through
the area of this building and stand-
by pictures were made ready. Dur-
ing one hour of actual program, the
survey was corroborated by the loss
of three minutes of air time due to
the Port Authority Building and
two minutes due to the docking of
a large freigliter which of course
could not have been planned for.
The audio facilities necessary were
twofold, consisting of a radio pro-
gram circuit and a two-way radio
cue circuit. The latter system was
to enable the microwave transmit-
ter engineer aboard the boat to be
in continuous communication with
the microwave receiver engineers
atop the RCA Building.

Equipment Installation

The major loading problem en-
countered was the hoisting of the
power plant. The 10-kva gasoline-
engine-driven generator weighed
approximately 2,300 pounds. It was
planned to have a wide gangway
built of timber and at low tide the
rail of the ship would have been
level with the dock. It can be seen
from Fig. 2 that in the process of
building the gangway, the tide had
already shifted and the plan had to
be abandoned. A small dock-type
crane was then hired and within a
few minutes the power plant was
safely aboard ship. The author
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Build more quality into
your TV sets with Kester
“Resin-Five” Core Solder

MADE ONLY FROM NEWLY MINED
GRADE A TIN AND VIRGIN LEAD

Kester... Standard for the TV and Radia Fields

ELECTRONICS — September, 1951

KESTER

SOLDER

TV—the nation’s fastest growing
business demands the nation’s num-
ber 1 solder. Kester "Resin-Five"
Core Solder, formulated especially
for TV, will out perform any solder
of the rosin-core type. It easily
solders such metals as brass, zinc,
nickel-plate, copper, and ferrous
alloys.

“"Resin-Five' flux is more active
and stable than any other rosin-
type flux. Yet it is absolutely non-
corrosive and non-conductive.

FREE TECHNICAL MANUAL—Send for Your Copy
of —SOLDER and Soldering Technique.

Kester Solder Company
4204 Wrightwood Avenue ¢ Chicago 39, lllinois
Newark, New Jersey ¢ Brantford, Canada
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THE FRONT COVER
b THE cover picture this month and the accompanying

photograph show a Sylvania engineer measuring
spherical aberration of an electrostatic lens inside a
special coil. The measurements are taken to insure
perfect axial alignment of the beam in the tube. Since
the greatest source of error in producing a perfect
alignment is the earth’s magnetic field, the special coil
was constructed to produce a uniform magnetic field
equal to and opposite in direction to the earth’s field.

The structure is entirely of wood and contains no
iron. It is oriented exactly along the earth’s field and
was calculated to produce a field uniform to 1 part in
500 over a volume enclosed by a cylinder 20 in. in
diameter and 30 in. long. The axis of the cylinder is
the axis of the coil.

To explore the field a special tube was made which
operated at 500 v, with approximately 25 c¢cm from
cathode to screen. Under these conditions the total
deflection produced is 4.15 ¢m per gauss. The tube was
moved around inside the coil and the deflection
recorded at various positions. Deflection was neg-
ligible except at the extreme edges of the coil, indicat-
ing that the net field is zero almost all over the region
within the coil. All controls and supplies are outside
the coil and adjustments are made with a long wooden
rod sharpened to a screwdriver blade at one end which

fits slots milled into the various control knobs.

wishes to advise tv field engineers
to avail themselves of a crane im-
mediately for mobile installations
of this nature as longshoremen save
precious engineering time.

All electronic equipment was then
brought aboard the ship and in-
stalled to form a tv station afloat.
The diagram (Fig. 3) of the video
components enables one to see a
simplified cabling picture which is
quite standard in tv field programs.

E,IG. 4—An adjustment being made on

the throttle of power generator. Oscillo-

scope is located to the left of the oper-
ator but is obscured
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However, in this particular instal-
lation, it was important that a
stable 60-cycle power source be de-
rived from a gasoline-engine-tvpe
generator.

Almost constant 60 cycles was
obtained in a unique fashion. An
oscilloscope powered by the gener-
ator was switched to LINE FRE-
QUENCY and the composite picture
with supersync was fed to the ver-
tical plates. The electronic sync
generator used to produce all the
various synchronizing pulses was
placed in CRYSTAL position. There-
fore, the stability of the composite
picture voltage was a function of a
crystal-oscillator output. This volt-
age was then used as a reference to
compare with the power generator
voltage. Any change in power-unit
frequency manifested itself by
movement of the composite voltage
picture on the oscilloscope. At the
indication of such changes, the
operator adjusted the engine throt-
tle (Fig. 4) to maintain almost
constant 60 cps. A reactance-type
frequency meter proved that the
power source could maintain its

www americanradiohistorv com

FIG. 5—Program audio position show-
ing portable ampliliers and monitoring
equipment

frequency output within -+ one-
tenth cycle.

The audio facilities shown in
the photographs utilized standard
a-m and tv equipment to provide all
sound and communication chan-
nels. It should be noted that the
amplifiers, transmitters and vre-
ceivers employed are of a general
type familiar to all radio engineers,
hence no special equipment was

(Continued on p 156)
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- Hermetically-sealed

CUP CERAMIC CAPACITORS
for Precision tuned
Circuits

I op-notch capacitance

stability, high Q, and excellent retrace character-
istics are only part of the story on Sprague-Herlec
Cup Ceramic Capacitors.

In addition, they are small,
hermetically - sealed, and easy to mount securely
against the effects of vibration and shock. Their
extreme stability and compactness make them un-
excelled for rigid frequency control applications
and as reference capacitance standards in either
laboratories or electronic circuits. Low self-
inductance likewise makes them valuable in v-h-f
bypass applications.

With Sprague-Herlec metal cup
ceramic capacitors in precision circuits, it is often pos-
sible to control the capacitance tolerance within + 1%
and the temperature coefficient tolerance within + 10
parts per million!

For complets details write for Enginsering Bulletin 603 to either Sprague or Herlec

HERLEC CORPORATION

422 N. 5th Street, Milwaukee, Wisconsin; A wholly-owned subsidiary of the

SPRAGUE ELECTRIC COMPANY

North Adams, Massachusetts
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Oscillograph Field Plotter

By CHARLES SUSSKIND
AND A. R. PERRINS

Dunham Laboratory
Yale University
New Haven, Conn.

SEVERAL METHODS of displaying
field patterns of radiation from va-
rious microwave configurations
have been proposed. An approxi-
mate representation is obtained
with the help of ripple tanks and
similar devices, but the analogy is
an imperfect one. A more exact pic-
ture is obtained by systematically
sweeping the field with a small
probe and recording the intensity of
the intercepted radiation. If a sec-
ond signal, taken directly from the
source via a constant-length path
(such as a flexible coaxial cable),
is mixed with the signal intercepted
by the probe, a plot of the phase
fronts is obtained instead. With ap-
propriate modifications, the device
can be used for sound waves as well
as for microwaves.

The problem of recording the in-
formation has been met in the past
by amplifying the signal picked up
by the probe and feeding it to a re-

PROBE CRT
:i AMPLIFIER ZC)
i
]
i Oy X7
Hi
DETECTOR
N
FIG. 1—Simple circuit of oscillograph
field plotter
140

cording pen which moves over a
metal table covered with current-
sensitive paper,' or by attaching to
the probe a small lamp whose bril-
liance is controlled by the amplified
probe signal, and photographing the
light variations (as the lamp scans
the field) by means of a time ex-
posure.” In each case, the recording
device must be rigidly attached to
the probe to insure proper correla-
tion, giving rise to the possibility
of distorting the recorded pattern
by the presence of auxiliary equip-
ment. In addition, the metal-table
method necessitates either a com-
paratively large record or the em-
ployment of a pantograph, and the
photographic technique can be ap-
plied successfully only inside a com-
pletely darkened room.

Oscillograph Technique

An alternate recording method
consists in correlating the position
of the probe with the position of
the spot on the screen of a cathode-
ray tube by means of the potentio-
meter arrangement shown in Fig. 1.
The resistors shown are actually
two lengths of resistance wire
mounted at right angles and con-
nected to the horizontal and verti-
cal plates of the oscilloscope so as
to form voltage dividers. The mod-
ulated signal intercepted by the
probe is rectified, amplified, and
used to control the intensity of the
spot on the screen (z-axis modula-
tion). The probe is caused to scan

@ rectangular area mechanically
through an arrangement utilizing
two electric motors, and the pat-
tern swept out by the spot on the
crt screen is recorded photo-
graphically with a time exposure.
This technique combines the ad-
vantages of the two methods men-
tioned above: a record of conven-
ient size is obtained, and total
darkness is unnecessary. The
equipment can be easily rendered
portable and taken outdoors.
Figure 2 is the intensity radia-

FIG. 2—Intensity radiation pattern of a
3.-cm microwave horn

tion pattern of a 3-cm microwave
horn. The record was made with
a preliminary model of the oscillo-
graph field plotter constructed at
the Dunham Laboratory of Elec-
trical Engineering, Yale Univer-
sity.

The method described above was
developed in the course of an in-
vestigation sponsored by the U. S.
Air Force under Contract No. AF
19 (122)-270.

REFERENCES

(1) H. Iams, Phase-Front Plotter for
Centimeter Waves, RCA Review 8, p 270,

1947
(2) W. E. Kock and F. K, Harvey, A

Photographic Method for Displaying Space
Patterns (Abstract), J. Acous. Soc. Am.
23, p 149 Jan. 1951.

University of Chicago
Synchrocyclotron

BELIEVED to be the most powerful
atom smasher in the world, the pic-
tured synchrocyclotron will be used
as an experimental tool to aid in
the investigation of high-energy

September, 1951 — ELECTRONICS



Frequency Range
146 me to 176 mc

FREQUENCY MC
3 ¢

MICROVOLTS ¢
(93 7]
o ']!‘,'7 T

2 4 LY

PANEL A

PANEL B

Mobile communications receivers in the 148 to 174 mc
range have high sensitivity and rigid selectivity speci-
fications. The receivers must not drift nor suffer detun-
ing from variations in signal level. To be certain that
these important requirements are met, laboratories and
manufacturers must have a test instrument with capa-
bilities at least an order better than receiver require-
ments.

The Type 206-A FM Signal Generator meets these
needs. Output frequency is adjusted by a mechanism
with a fast and vernier drive which is marked in 1.0,
0.1, and 0.01 mc divisions (see panel A). The dial
mechanism position can be changed with respect to the
tuning condenser shaft by a lock mechanism to cali-
brate any single point. Tuning in discrete steps for
selectivity measurements may be carried out rapidly
by a switched electronic tuner (see panel B). Very fine
tuning corrections can be made by an additional elec-
tronic vernier. Drift of oscillator output with time is
very low and variation in output frequency with at-
tenuator setting negligible. A wide range of output
levels is available (see panel A). The instrument is
characterized by low microphonism and low leakage.

ADIO
ot lton €

BOONTO

BOONTON-N-J- U-S-A:

Wras=1aTE=T8 111N FaTAVAT Al ) o s oo e S —

SPECIFICATIONS (Type 206-A)

FREQUENCY RANGE: 146 mc to 176 mc in ane range.

FREQUENCY CONTROLS: Main dial marked in 1 mc divisions.
Vernier {mechanical) marked in 0.1 and 0.01 mc divisions.
AF Switch: == 60 ke in small diserete increments.

Fine Tune: Continvous electronic funing over = 10 ke range.
FREQUENCY ACCURACY: = 0.2% after warmup.

FREQUENCY STABILITY: With femperature variations: = 0.001% per degrea
centigrade.

With line voltage variation: = 0.002%, for == 10% line variation.

RF OUTPUT VOLTAGE: 0.1 to 200,000 microvolts into a 53 ohm load.
RF ATTENUATOR ACCURACY: Approximately = IO%:

RF OUTPUT IMPEDENCE: 53 ohms resistive looking into panel connector.

FREQUENCY MODULATION: Frequercy deviation ranges {(continuously vari-
able) 2-10, 0-25, 0-100 and 0-250 ke.

Frequency deviation accuracy: Can be calibrated to +=5% by internal

standard.
FM DISTORTION: Less than 2% at 100 kc and less than 10% at 250 ke deviation*

MODULATING SOURCES: Internal AF oscillator at 400 and 1000 cps.
External AF oscillator may be vsed.

Output from internal AF oscillafor available for synchronizing or othev
purposes,

POWER SUPPLY: Pravides electronically regulated fllament and B voltages.

Write for complete information




New high-power synchrocyclotron installed at University of Chicago will be used
in experiments with high-energy particles

beams on living tissue and other
projects other than for purposes of
war. The relative size of the parts
is emphasized by comparison to the
engineer standing atop the magnet.

The $2,500,000 machine has accel-
erated protons to an energy of 450-

million electron volts. The vacuum
chamber between the poles of the
magnet is made of stainless steel.
Its chamber is 19 feet square and
two feet thick. It requires only 40
minutes to create a vacuum of
2x 10 atmospheres.

Auxiliary Current Alters Transitor Characteristics

By J. G. SkaLNik, H. J. REicH, J. E. GiesoN and T. FLYNN

Dunham Laboratory of Electrical
Engineering
Yale University
New Haven, Connecticut

IN THE COURSE of an investigation
covering the use of transistors in
trigger circuits, the authors have
found that under certain conditions
the characteristiecs of transistor
amplifiers may be improved by the
introduction of an auxiliary direct
current between an extra probe,
located near the collector, and the
base. The physical arrangement is
shown in Fig. 1.
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The effect of the auxiliary cur-
rent I, on the current gain of a
transistor has been reported else-
where." The corresponding effect
on the voltage amplification of a
grounded-base amplifier is similar
and is illustrated in Fig. 2. If the
direction of I, is reversed from that
shown in Fig. 1, the voltage ampli-
fication will decrease in all cases.
The curves were all taken at 10 ke

but with different emitter-collector
spacings. The collector was formed
and held constant in position and
the emitter was moved to change
the spacing. The germanium was
n-type. Examination of Fig. 2
shows that decided improvement is
obtained when the spacing is large,
but that the improvement is neg-
ligible when the spacing is more
nearly normal. The improvement
never appears to be large enough
to cause the amplification to be
greater than that for the transistor
with normal spacing.

In an effort to gain an under-
standing of the mechanism of the
improvement, the constants of the
equivalent circuit for a transistor,
shown in Fig. 3, were measured.
The method of determining these
from the slopes of the d-c¢ static
characteristics has been described
in the literature.” No major change
in 7, r. and 7, was found as a funec-
tion of I, both ». and r. decreasing
slightly as I, is increased. This de-
crease was never found to be more
than about ten percent even for

(Continued on p 228)
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FIG. 1—Physical arrangement of transi-
tor and auxiliary probe
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FIG. 2—Improvement in voltage am-

plification as a function of the auxiliary

current. The various curves are for
different emitter-collector spacings

September, 1951 — ELECTRONICS



AN approved (3303-1)

ELECTRONIC AND
COMMUNICATION RELAYS

@ Hundreds of thousands of R-B-M telephone type AN approved (3304-1)
relays saw Government service in World War II. Now
most of these relays are available in hermetically
sealed enclosures designed to meet AN specifications.

R-B-M hermetically sealed telephone type relays
are available in contact forms up to and including 4-
pole,double throw, 3 ampere, 28 Volis D.C. construction.
Also 10 ampere rating up to and including 2-pole

double throw at 28 Volts D.C. All relays available with
approved AN plug connector, or solder connections.

2n9¢2¢em/ What is YOUR hermetically sealed relay re-
quirement? R-B-M is developing new and smaller relays to
meet Armed Services requirements. Perhaps one of these
will solve your problems. Write giving complete relay spec-
ifications, application, quantity and AN specifications ap-

plying. Address Dept. F-9,

st

‘-I",-i.B 2
. ‘ ;

<

Laagiiiis B
e

R-B-M Production and En-
gineering facilities in two
plants, located in different
states, (over a quarter
million square feet), can
assist you in the develop-
ment and production of
special electro-magnetic
devices for Armed Serv-
ices application.

%
m\ﬂ

R-B-M DIVISION ESSEX WIRE CORP.

ogansport, Indianqg

MANUAL AND MAGNETIC ELECTRIC CONTROLS —FOR AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE
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NEW PROD UCTS

Edited by WILLIAM P. O'BRIEN

New and Improved Test and Control Instruments Are Available

. . . Latest Tubes, Components and Allied Products Are Covered

. . . Manufacturers’ Literature Is Reviewed

Metal Detection Equipment

RaDpio Corp. OF AMERICA, Camden,
N. J. The Guardsman Series metal
detection equipment will inspect
meat, bakery products, candy, plas-
tics, paper, rubber, tobacco, tex-
tiles, explosives and many other
nonmetallic substances for minute
tramp metal particles. Shown above
to the left is the small round aper-
ture type detection head, and to the
right the rectangular type head
that will inspect products passing
through on a conveyor belt at rates
of from 10 ft to 1,000 ft per minute.
The control unit is shown in the
center. Power requirement is 115-
volts, 50 or 60-cvcle, 70 watts.

Ultrasonic Flaw Detector

BRANSON INSTRUMENTS, INC., 430
Fairfield Ave., Stamford, Conn. The
Audigage flaw detector illustrated
was developed originally for testing
railroad rail in track but can also
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be used to test certain other steel
and aluminum parts with uniform
cross sections. Ultrasonic reso-
nance is employed to generate a
tone in the operator’s headphones.
A perfect rail causes resonance at a
frequency reflected in a 1,000-cps
tone; the presence of a crack or
other flaw is revealed by a distinct
change in the pitch of the audible
signal. The instrument is turned
on by a snap-action switch in the
handle; all other controls are set
prior to testing. The X-cut quartz
crystal  transducer is swivel-
mounted and remains in contact
with the rail despite accidental tilt
of the handle. Power is supplied
by batteries contained in the instru-
ment case.

Gaussmeter

DyNa LaBs, INc.,, 132 Lafayette
St., New York 13, N. Y., has avail-
able the D-79 gaussmeter that reads
the magnitude and direction of the
flux density in an air gap as small
as 0.025 in. thick and 0.01 sq in.
The flux value is obtained as a
steady reading on a d-c meter
movement as long as the probe is
held in the magnetic field. The
probe is ideal for plotting magnetic
leakage fields, since it is entirely

nonmagnetic and does not disturb
the field. This allows in six ranges
an accuracy of 23 percent from 10
gauss for both a-c and d-c magnetic
fields.

Preheat Tube Tester

PENNSYLVANIA TESTING LABORA-
TORY, Doylestown, Pa. Type 218
test set will provide for simultane-
ously preheating 10 tubes of one
type with all voltages applied as re-
quired before final testing. The
equipment comprises 3 variable and
regulated d-c power supplies for
plate, sereen and grid voltages, an
a-c filament supply and two sets of
load lamps. A patching panel will
connect any voltage, load or ground
circuit to any specified pin on either
octal, loctal, small seven or medium
nine-pin tubes.
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Power Tube

GENERAL ELECTRIC Co0., Schenec-

tady, N. Y. Designed for use as a
grounded-grid Class-B r-f amplifier
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rurse Tvee MAGNETRONS

Tunable or fixed frequency — 1,000 to 125,000 megacycles — power range from a
few watts to several megawatts.

~ CW MAGNETRONS

Fixed frequency, tunable and frequency modulated tunable — 1,000 to
10,000 megacycles—power range from'a few watts to several kilowatts.

KLYSTRONS

Integral and extemal ‘cavity, low power —
frequency range, 500 to 50,000 megacycles

IGH VACUUM RECTIFIER
& HARD GLASS TUBES

Pulse modulation tubes and high vacuum rectifier tubes for microwave radar
purposes — transmitting tubes for amateur and commercial use.

For detailed information, get in touch with

.RAYTHEON MANUFACTURING COMPANY

Power Tube Division WALTHAM 54, MASS.

Excellerce en Ebeclriondcs
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and class-C r-f amplifier and oscil-
lator, the type GL-6039 tube has a
water-cooled anode, a cathode with
a thoriated-tungsten filament and is
capable of dissipating 7 kw. A pair
of the tubes is capable of 10 kw out-
put in tv service and 25 kw in f-m.
The tube features low lead induct-
ance, large terminal-contact areas
and silver-plated metal parts that
reduce r-f losses. Neutralization is
unnecessary in a properly designed
circuit and the problem of filament
starting is simplified since special
precautions to limit the filament
starting eircuit are not required.

Multifrequency Standard

AMERICAN TIME DPRODUCTS INC,
580 Fifth Ave.,, New York 19, N. Y.
Type 2509-2 multifrequency stand-
ard provides audio frequencies that
are commonly used in meteorolog-
ical work. It is useful in checking
speeds, tachometers, scope syne and
the like. Input power is 45 wutts
at 115 v, 50 to 500 cycles. Output

frequencies are 10, 20, 40, 60, 80,

100, 120, 140, 160, 180 and 190 cps.

Accuracy is =+0.05 percent from
40 to +70 C.

Microwave Attenuator

PoLARAD ELECTRONICs Corp., 100
Metropolitan Ave., Brooklyn 11,
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N. Y., announces the mode! SIJ ex-
ternal broad-band microwave atten-
uator. It operates on the principle
of a waveguide beyond cutoff and
provides a range of attenuation in
excess of 140 db. The attenuator is
designed to cover the frequency
range from 4 to 12 kme, and has a
50-ohm impedance.

Mobile and Aircraft Tube

GENERAL ELECTRIC C0., Schenec-
tadv, N. Y. Type 6005 miniature
beam-power amplifier for medium-
power audio-frequency service is
designed mainly for mobile and
aircraft applications where shock
and vibration are encountered.
It is designed to withstand peak
impact acceleration up to 600
g and vibrational accelerations up
to 2.5 g. Maximum ratings include:
plate dissipation, 12 watts; screen
dissipation, 2 watts. Under typical
operating conditions the power out-
put is 4.5 watts.

TV Picture Monitor

IFEDERAL  TELECOMMUNICATION
LABORATORIES, INC., Nutley, N. J.
has developed the FTL-84A tv pic-
ture monitor that will permit a

television station to monitor video
signals with full assurance that the
monitor is not cutting into the pic-
ture signal resolution. It is espe-
cially useful in the laboratory and

production testing of tv video
amplifiers. The resolving power
has been designed for operation

well bevond the specified 600 hori-
zontal lines minimum. Picture size
is 14 inches. Deflection circuits
have been designed for stable oper-
ation and are independent of the
separately driven pulse high-volt-
age supply. The high-voltage sup-
ply provides 16 kv.

Tiny Precision Resistors
INTERNATIONAL RESISTANCE Co.,
401 N. Broad St., Philadelphia 8,
Pa. Type WW-10 subminiature pre-
cision registors measure 3% in. in
body length and > in. in diameter.
Available resistances range from
10 ohms to 0.160 megohm, and tol-
erance is == 1.0 percent. The units
have a rating of 0.15 watt at 85 C
ambient temperature, and a maxi-
mum temperature coefficient of
0.0025 percent per deg C from 20 C
to 100 C. Maximum voltage is
150 v.

Delay Line

TEL-INSTRUMENT Co., INC., 50 Pat-
erson Ave., East Rutherford, N. J.,
announces availability of the type

1477-A delay line. This lumped-
(Continued on p 277)
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Here’s the

RECORD-MAKING COMBINATION

Today’s trend to high fidelity phonograph reproduction demands
higher quality than ever before — in both the original sound record-
ings and the masters from which pressings are made. And the
country’s leading manufacturers of fine phonograph records have
found that Audiotape and Audiodiscs are the ideal combination
for meeting these exacting requirements.

Master Audiodiscs — the choice of record-makers for more than a
decade —are now used for the wast majority of all phonograph
records produced in this country. That’s because their outstanding
performance is a matter of record — known throughout the industry
for consistent uniform quality, freedom from humidity effects, and
exceptionally low surface noise at all diameters.

Although magnetic recording is relatively new in the record-mak-
ing field, Audiotape is already widely used for recording the original
sound. Here, too, its preference is the result of proved performance.
For professional recordists know that they can always depend on
Audiotape for the finest in magnetic recording — with unequalled
uniformity and minimum distortion at maximum output.

that brings fine music to mallions

. ..and you get the same
unsurpassed performance when you
use Audiotape and Audiodiscs

in your recording work

There’s nothing special about the Audio products
used by the phonograph record industry. Except
for size, Master Audiodiscs are exactly the same
as the Red Label Audiodiscs used anywhere else
— with the same superior lacquer, applied by the
same precision coating process and meeting the
same exacting standards of flawless perfection.
And the Audiotape used in record making is
identical to that which is available for general
use by all sound recordists.

1f it’s quality you want, Audiediscs and Audio-
tape speak for themselves. Remember, too, that
Audiotape, in both 1250 and 2500 foot
reels, is guaranteed splice-free!

AUDIO DEVICES, Inc.

444 Madison Avenue, New York 22, N.Y.

Export Dept.: 13 East 40th St., New York 16, N. Y, Cables **ARLAB"
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NEWS OF THE INDUSTRY

Edited by WILLIAM P. Q'BRIEN

Radio Fall Meeting

THE Annual Radio Fall Meeting
will be held at the King Edward
Hotel, Toronto, Canada, Oct. 29-31,
1951. Following is the scheduled
technical program:

Monday, Oct. 29

9:30 A.DM.—General Session (W.
R. G. Baker, presiding)

Noise in Television Receivers, by
S. J. H. Carew of Stromberg Carl-
son Co. Ltd.

Suppression of Local Oscillator
Radiation in Television Receivers,
by John Van Duyne of Allen B.
DuMont Laboratories, Inc.

Report of the RTMA DMaterial
Bureau, by L. M. Clement of Cros-
ley Division, Aveo Mfg. Corp.

2:00 P. M.—Symposium on Relia-
bility of Tubes and Circuits (J. R.
Steen, presiding)

Tuesday, Oct. 30
9:00 A.M.—Symposium on Color

Television (D. B. Smith, presiding)
2:00 P. M.—Television Session (D.
D. Israel, presiding)

A New Miniature Triode for
UHF TV Tuners, by K. E. Loof-
bourrow and C. M. Morris of RCA.

Measurement of Television Gam-
ma or Amplitude Linearity, by
W. K. Squires of Sylvania Electric
Products Ine.

A UHF Television Converter, by
H. R. Hesse of Allen B. DuMont
Laboratories, Inc.

6:45 P.M.—Annual Fall Meeting
Dinner.

Report on the CCIR Meeting,
Geneva, 1951, by Donald G. Fink
of ELECTRONICS.

Wednesday, Oct. 31

9:00 A.M.—Symposium-—The Re-
ceiver as a Link in the Audio Chain
(F. H. Slaymaker, presiding)

2:00 P. M.—Television Session (F.
H. R. Pounsett, presiding)

NEW MOBILE COMMUNICATIONS CD CENTER

Radio equipment being built by General Electric for installation in a trailer to be
used by civil defense ofticials as the hub of an emergency communications system
in Onondaga County, N. Y. The mobile center will have standby transmitting and
receiving equipment which will enable CD authorities to operate the radio systems
of county and city departments, public utilities and private companies now operat-

ing over 400 radio-equipped cars and trucks.

Neal F. Harmon (left), G-E civil

defense coordinator at Syracuse, discusses system with Harvey S. Smith, Onondaga
County civil defense director
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Phase Linearity in TV Receiv-
ers, by H. Kiehne and S. Mazur of
Emerson Radio and Phonograph
Corp.

The Chromatron—An Electron-
ically Registered Tri-Color Cathode
Ray Tube, by Robert Dressler of
Chromatic Television Laboratories
Inc.

Pencil Triode for Pulsed-Oscil-
lator and Power-Amplifier Service.
by John W. Busby of RCA.

NPA Orders for
Broadcasters and Hams

NPA HAS prepared the draft of an
order permitting broadcast and tele-
vision stations to apply ratings for
required new equipment where con-
struction permits have been granted
by the Federal Communications
Commission. If NPA can show that
the use of such equipment is de-
fense-supporting, approval may
open the way to construection of
new television stations.

Another order drafted by NPA
with the support of the military
would allow amateur radio oper-
ators to rate their purchase orders
for electronic equipment and com-
ponents. .Encouragement for ama-
teurs to join organized civil defense
networks has been given by allow-
ing such operators to rate orders to
a higher dollar value than nonpar-
ticipants. This provision reflects
Defense Department policy of keep-
ing amateurs on the air in the event
of a national military emergency.

Harbor Radar Tests

FIELD trials of a harbor radar sys-
tem built by Raytheon for the port
of Le Havre, France, have been run
recently under sponsorship of the
Port of Boston Authority.

The radar transmitter-receiver
station occupies a hilltop on Deer
Island commanding a view both of
the harbor and to seaward. Typical
ppi scope patterns received there
are relayed by mierowave link to
Port Authority headquarters in
South Boston, some 12 miles dis-
tant, where they are displayed.
Operators at the control point com-
municate ship positions by vhf
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If you’ll pardon the pun, we at Delco
Radio don’t bear the slightest resem-
blance to brother Bruin.

We haven’t been hibernatin’ . . . not by
a long shot!

The fact is we’ve been too busy for words
... and have been ever since those critical
days of World War II when we pro-
duced tons and tons of radio and elec-
tronic equipment for the armed forces.

You know those fine resonant radios in

hibernatin’ 7

Cadillacs and Buicks and other GM cars?
They’re our products. Last year we pro-
duced nearly 2,000,000 radios for cars,
trucks and other vehicles ... many more
than any other builder in the business.

You see, we’ve really been busy . . . busy
getting additional experience . . . busy
acquiring greater facilities . . . busy find-
ing new ways to increase production
efficiency. And, today, we can truthfully
say that we’re better prepared than ever
to serve our country. Just say the word.
We’re ready to go!

elco Radio

DIVISION, GENERAL MOTORS CORPORATION
KOKOMO, INDIANA

ELECTRONICS — September, 1951
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radio to the pilots who are bringiny
them in.

Chief feature of the radar equip-
ment is the five-ton, 8-rpm cylindri-
cal paraboloid antenna illustrated.
built to withstand winds of hurri-
cane force when heavily loaded with
ice. A power gain of 10,000 is ob-
tained by virtue of its 41-foot phys-
ical width. The resultant beam has

Radar scanner for port of Le Havre,
France, undergoing tests on Deer Island
in Boston Harbor. Constructed entirely
of aluminum, including waveguide. the
assembly weighs five tons

a vertical width of 10 degrees and
a horizontal width of only 0.7
degree.

A feature of the receiving equip-
ment is the display of three previ-

Avuc. 28-SEpT. 8: Eighteenth
British National Radio Show,
Earls Court, London, Eng-
land.

SEPT. 10-13: Annual Electronic
Parts Distributors’ Conven-
tion and Show, Cleveland
Auditorium, Cleveland, Ohio.

SEPT. 10-14: Sixth National In-
strument Conference and Ex-
hibit, sponsored by Instru-
ment Society of America, Sam
Houston Coliseum, Houston,
Texas.

Oct. 2-4: Twenty-Eighth An-
nual Session of the Communi-
cations Section of the Associ-
ation of American Railroads,
Chateau Frontenae, Quebec,
Canada.

Oct. 4-6: Fourth Conference on
Gaseous Electronics, General
Electric Research Laboratory,
Schenectady, N. Y.

Ocrt. 8-10: Joint Meeting of the
U.S.A. National Committee of
URSI and the IRE Profes-
sional Group on Antennas
and Propagation, Cornell Uni-

MEETINGS

versity, Ithaca, N. Y.

OcT. 8-10: AIEE Conference on
Aireraft Equipment, Holly-
wood Roosevelt Hotel, T.os
Angeles, Calif.

Oct. 22-24: 1951 National Elee-
tronics Conference, Edge-
water Beach Hotel, Chicago.

OcT. 22-26: AIEE Fall General
Meeting, Hotel Cleveland,
Cleveland, Ohio.

OcT. 29-31: Radio Fall Meeting,
sponsored by IRE and
RTMA, King Edward Hotel,
Toronto, Ontario, Canada.

Nov. 1-3: Third Annual Con-
vention and Audio Fair Exhi-
bition of the Audio Engineer-
ing Society, Hotel New
Yorker, New York City.

Nov. 12-15: NEMA Convention,
Haddon Hall, Atlantic City,
N.J.

MARCH 3-6: 1952 IRE National
Convention, Waldorf-Astoria
Hotel and Grand Central Pal-
ace, New York, N.Y.

ously chosen sections of the harbor
on three auxiliary ppi scopes. Con-
centration on areas of interest re-
sults in an expanded scale so that
details not easily recognized on the
main scope can be picked out on one
of the offset presentations.

A 10-em radar transmitter opei-

CROSS-COUNTRY TELEVISION

GEBREER £ X/STING NETWORK

IN SERVICE
BB o7 peR 30,195

%\ Baltimore
LV!a:hing'on
Richmond

Map charts the existing video network (solid black lines) and new link-up (dotted

line) that will inaugurate television’s transcontinental coverage on Sept. 30. The

basic link will be over the American Telephone and Telegraph’s $40,000,000

microwave radio-relay system between New York and San Francisco. Calif.,
presently in operation as far as Omaha, Neb.
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ates on a center frequency of 3,070
me with peak power of 15 kw. The
rate is 850 pps and pulse length can
be made either 0.2 or 0.6 micro-
second. Range resolution is 50
yards and bearing resolution 0.7
degree.

The microwave repeater cireuit
employs standard television relay
equipment with special transmitter
input and receiver output devices.
Frequency of operation during the
tests was on 1,970 mc using 50
watts output.

Assignments in the region of 160
me have been made available by
FCC for communications between
pilot boats or incoming ships and
the control points so that the pilot-
ing information can be made imme-
diately available.

The radar equipment has been
provided with Raymark circuits so
that ships carrying suitable equip-
ment may be positively identified
on the indicator scopes.

AEC Releases More Patents

DESCRIPTIONS of 15 patents owned
by the U.S. Government and held
by the Atomic Energy Commission

(Continued on page 300)
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THESE LIFE LINES OF AMERICA...
use long life dependable Sylvania Tubes

Progressive railroads everywhere are now
using Sylvania radio tubes for multiple com-
munications systems.

In engine-caboose-signal-tower networks,
where clear tone and unfailing dependability
are of utmost importance, Sylvania tubes are
winningincreased acceptance. These tubes are
designed, built and tested to take more than
their share of vibration and rough treatment.

Also, their clarity and freedom from inter-
nal noises make them ideal for critical trans-
portation applications . . . in trains, buses,
police cars, taxi cabs.

The Sylvania quality tube line is a complete

line. Made in miniature and standard sizes.
Also low-drain battery tubes for efficient,
compact portable sets.

Get new listings

Call your distributor for new listings and
full information. If he cannot serve all your
needs immediately, please be patient. Re-
member, the tube situation is still tight and
your distributor is doing his best to deal
fairly with all his customers. For further in-
formation address: Sylvania Electric Prod-
ucts Inc., Dept. R-1109  Emporium, Pa.
Sylvania representatives are located in all
foreign countries. Names on request.

<2 SYLVANIA*»

RADIO TUBES; TELEWISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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THE 34100 SERIES
R F CHOKES

Many have copied, few have equalled, and
none have surpassed the g-nuine original
design Millen Designed for Application series
of midget RF Chokes, The more popular
styles naw in constant production are illus-
trated herewith. Special styles and variafions
to meet unusuval requiremants quickly fur-
nished on high priority.

General Specifications: 2.5 mH, 250 mA for
types 34100, 34101, 34102, 34103, 34104,

and 1 mH, 300 mA for types 34105, 34106,
34107, 34108, 34109.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

Y

!
l

NEW BOOKS

High-Frequency
Measurements
By AucusT HUND. McGraw-Hill Book
Co., Inc., New York, 1951, 2nd edition,
676 pages, $10.00.
THERE is very little in book form on
the subject covered by the title
“High-Frequency Measurements”
despite the importance of such
measurements to communication
engineers and physicists. Unfor-
tunately, this second edition does
little to alleviate the situation.
The first edition was the only
effort in its field when it appeared
in 1933. Since then the radio art
has changed radically. It is only
to be expected that the tremendous
growth in the art should necessitate

RELEASED THIS MONTH

Basic Electron Tubes: D. V. Geppert:
McGraw-Hill; $5.00.

Electronics; J. Millman and 8. Seely:
McGraw-Hill; 2nd edition; $7.25.

The Earth’s Magnetism; S. Chap-
man; Methuen’s Monograph;
Wiley: $1.50.

The High Pressure Mercury Vapour
Discharge; W. Elenbaas; Intersci-
ence Publishers; $4.00.

i a new edition that would, as the

author states in his preface, “bring
the book up to date with advances
made during the last eighteen
vears.” We might expect that
fundamental advances of the past
decade would be reflected in the
new edition, such as: (1) extend-
ing the useful frequency range of
signal sources from tens of mega-
cycles to thousands of megacycles,
(2) shortening information inter-
vals from fractions of milliseconds
to fractions of microseconds, and
(8) operating at signal levels close
to the noise level.

Is Book a Complete Revision?

The author states in his preface
that “In the second edition, methods
are described which cover the entire
useful radio-frequency band of
present-day applications. This re-
quired a complete revision of the

text.” The publisher’s cover flap
(continued on page 310)

Important

SAVINGS

to VOLUME users
of small parts

thanks to
MULTI-SWAGE

If you need small tubular metal parts
like these in large VOLUME, Bead
Chain’s MULTI-SWAGE Process can
mean important savings to you.

Much Cheaper Than Solid Pins

Many prominent users of solid pins for
electronic and mechanical purposes
have cut costs by switching to Multi-
Swaged twbular pins . . . without sacri-
ficing strength or accuracy.

Typical Applications—
As terminals, contacts, bearing pins,
stop pias, male-female connections, etc.,
in a wide variety of products such as
Business Machines, Ventilator Louvres,
Toys, Radio and Television Apparatus,
Terminal-boards, Electric Shavers,
Phonograph Pickups, etc.

Send part (up to 4" dia. and to 115*
length) and your specs for a quotation
or write for DATA BULLETIN.

®

ve BEAD CHAIN ® mrc. co.

88 Mountain Grove 5t., Bridgeport 5, Conn.
(E 0.5.0.010.9.0.0 610.0.0.0.0.0:0.0.0.0.0.0.0.0.0.6]

Manufacturers of BEAD CHAIN — the kinkless
chain of o thousond uses, for pull and retain-
ing chains and other industrial uses; plumbing,
electrical, jewelry, fishing tackle and novelty
products.
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permits smaller cable in
RCA Victor TV receiver;

flame-resistance increases
safety

This high-voltage DC lead wirc insulated with DuPont
“Rulan”* flame-retardant plastic is a space-saver in
RCA Victor television receivers. The high dielectric
strength of “‘Rulan” permits a thinner insulating jacket
for the cable. The jacket on a 10,000-volt lead is thin
as a soda straw!

insulated with

“RULAN"

VOLTAGE
POWER

The insulation efficiency of “Rulan’’ is shown by its
high resistance to corona in these TV leads. The dielec-
tric constant is 2.7 and the power factor is 0.002—
both constant over a wide range of frequencies. “Rulan’’
is non-tracking. And —important for safety —‘“Rulan”’
is flame-resistant and will not support combustion.

You’ll be seeing more and more of this tough, flex-

Sketch shows high-voliage wire insulated with ible insulating plastic. “Rulan’ can be used with no
“Rulan® connected to kinescope in RCA Victor sacrifice of efficiency at temperatures as low as -76° F.
receiver. Extruded insulation of “Rulan® is only and has very low Water-absorption (only 002% by

45 mils thick for 10 kv, 67 mils for 20 kv, and
93 mils for 40 kv.

A.S.T.M. test). Excellent for neon sign cable, high-
voltage hook-up wire, multi-conductor cable, signal

Wire manufactured by control wire, high-voltage street-lighting cable, and
Anaconda Wire & Cable Company,

New York, N.Y.

many other applications where a flame-resistant in-
sulation is needed.

Because ‘“‘Rulan’ contains no plasticizer, it is useful
' in non-migrating jackets. It can be extruded onto wire
l at high speeds and can be injection-molded.

Demand for Du Pont ‘“Rulan” currently exceeds
supply. However, we suggest you investigate the ver-
satile properties of ““‘Rulan” for future application. For
more information write:

BETTER THINGS FOR BETTER LIVING '
... THROUGH CHEMISTRY

POIYChemichs E. I. du Pont de Nemours & Co. (Inc.),

DEPA R-Y,hrlﬂ-i NT ' 1 Polychemicals Dept., District Offices:

- 350 Fifth Avenue, New York 1, New York
7 S. Dearborn St., Chicago 3, lllinois

845 E. 60th St., Los Angeles 1, California

*TRADE-MARK

PLASTICS » CHEMICALS
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il Bowser High Altitude Test
1 Chambers furnish complete yet
compact facilities for the test-
é"k;' ing of aircraft instruments and

equipment at any and all alti-
tudes. Included in the chamber
are provisions for testing under
wide conditions of temperature
{iitf ranging from +200°F, to
| l'li —150°F., as well as relative
i humidity from 20% to 95%.
'! | Bowser Test Units produce con-
|
I
J‘
| laboratory sizes to lorge prefobri-
1 cated .walk—in rooms. Our Engineering
14 staft is always reody for consulto-
‘ 1 tion. Toke odvantage of Bowser’s

{ long vninterrupted experience, the
broadest in its field.

ditions within the limits called
for in all Government environ-
mental testing specifications.

of testing facilities including Sand
and Dust, Explosion, High ond Low
Temperature, Fungus, etc. Units are

I

III Bowser makes the only complete line

il

Il available from small selt-contained
H{]

t
Hi

TODAY

‘ i AL
BB/ cHECK AND M P ey
BOWSER TECH. REFRIG., Terryville, Conn.
Send information on test equipment checked:

[0 High Temperature [J Fungus Resistance
[0 Low Temperature [J] Rain and Sunshine
[ Temperature Shock [J] Sond and Dust

O Humidity [ Immersion

(3 Altitude [J Explosion Proof
3 Walk-1In Rooms [0 Vapor Tight
Name. Pos._
Compony_ -
Street 0
City. Zone____State_

BOWSER

TECHNICAL REFRIGERATION

DIVISION BOWSER INC.
TERRYVILLE © CONN.
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‘ This depariment is oper-
ated as an open forum
where our readers may
discnss problems of the
cleetronies industry or
comment articles

ELECTRONICS

‘ has published.

upon

‘ which

Searcity of Engineers?

DEAR SIRS:
| IN TIIE Business Briefs department
. of IELECTRONICS for the past few
months, I have read how industries
are gorging themselves on techni-
cal people in hopes of getting gov-
ernment contracts. I have also
noticed the many advertisements
for electronics people, which make
the present situation look like a
pell-mell recruiting campaign. That
is not a healthy situnation in any
industry.

You no doubt know of the large
numbers of such people being ab-
sorbed by the Air Force and other
services through the “Tech Rep”
(technical representative or field
engineer) program. Large num-
bers of radio and electronics men
are being supplied on contract by
Phileo, RCA, Gilfillan and others to
the services. In my particular or-
ganization we have an actual need
for about one-tenth the number
that has been furnished. And still
theyv keep coming!

In the meantime, the services are
grabbing at their reserves for the
same type of people, who might
better serve the interests of the
country at the factory or laboratory
where they worked as civilians.

It works out this way: the re-
servist electronic or radio person
sits at a desk doing administrative
work to some extent, or next to
nothing for there is little to do,
while hordes of expensive civilian
‘“tech reps” dabble at building little
items of equipment—in short, wast-
ing time,

I can see nothing but lasting
damage to the whole electronies in-

I (Continued on page 323)

Use
SILVER _
GRAPHALLOY

For extraordinary
electrical performance

: THE SUPREME BRUSH
{| AND CONTACT MATERIAL

tor BRUSHES

* for high current
density

* minimum wear
* low contact drop
* low electrical noise

s self-lubrication

for
CONTACTS

» for low resistance

* non-welding
character

.
Grophailoy it o spsciol

silver-impregnated graphite

f
Accumulated design experience counts —

GRAPHITE METALLIZING

CORPORATION

1055 NEPPERHAN AENUE, YONKERS 3, NEW YORK
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«cuarp-a-seair CONTROLS »)

Guardian engineering developments

of hermetically sealed containers for Airborne-or Portuble EqUipment

specifically designed for aircraft.

Put jet action into your electrical control design!
Consult Guardian where many controls, seemingly
“Special” in nature, can be produced from more than
35,000 standard Guardian parts. Consider the sensa-
tional “Guard-a-Seal” units—developed specifically
for aircraft and portable equipment —sealed in alumi-
num. Designed to incorporate heavier frames, larger
contacts, higher capacity, yet qualified under all AN
weight requirements because the weight is in the
relay—not the can!

AN-3324.1 D.C, Series 595 D.C. Series 610 A.C.—615 D.C. Series 695 D.C.
ALSO MINIATURE AND SUB-MINIATURE CONTROLS—WRITE

GUARDIAN (@ ELECTRIC

1625-K W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLEYE LINE OF RELAYS SERVING AMERICAN INDUSTRY

ELECTRONICS — September, 1951 155

waany amaricanradinhicstary cam




TUBES AT WORK

| (continued from page 138)

PREPAREDNESS
PRODUCTION

| FIG. 6—View of radio facilities show-
ing one of the transmitters and some
of the line amplifiers

CONNECTORS—CABLE

. : built expressly for this program.
Amphenol has always cooperated with govern-

: e - The a-m cue transmitter was lo-
ment and civilian engineers in every phase of by cated atop the Empire State Build-
electronic endeavor involving research and de- ' N ing and not the RCA Building due

velopment of cable and connectors. As a result— Y. - # | to the juxtaposition of the receiver

; and transmitter cue-channel fre-
Amphenol has been the leader in the development quencies and the probability of re-

and perfection of electrical connectors and low 47 . sultant feedback. The radio priv-
loss cable for power, signal and control circuits in i tte line provided the microwave and
aircraft and electronic equipment. [l S video engineers afloat and ashore a
continuous communications path
without which the project would
not have been possible. The only
: mnodifications made to the program-
RF cubles i sound-channel transmitter and re-
‘| ceiver was to broaden the audio
Remote Control Cable w bandwidth over the communica-
4 tions-type bandwidth encountered
in the equipment. This is standard
A-N Connectors practice in the broadcasting of re-
mote programs.

Always Specify Amphenol for quality in:

Submersion-Proof Connectors

Problems Encountered

Heavy Duty Power Plugs

The transmission of microwaves

. T from moving objects such as ships
Rudio Connectors i and planes has been made possible

through the use of electronic tech-
100 Contact Connectors

Quick Disconnect Connectors
Cable Connectors
Power Plugs

Rack & Panel Connectors

Miniature Connectors
Sealed Relay Plugs

nr Conneﬂors FIG. 7—S8ide view ot 6.962.5-mc trans-

mitter showing 15-40x telescope used

Heavy Duty Radio Connectors for visual sighting
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high vacuum
research
and engineering

High Vacuum
helps this mechanical brain
think clearly

HIS little nest of relays is a “brain”™ which evaluates incoming impulses and
issues orders to a mechanism that may be vital in a paper mill, 2 food pro-
cessing plant, or an intercontinental homber.

It took a grear many human brain-hours to work out its intricate, compact
mechanism. But a few fungus spores drifting in from a warm, humid atmosphere, a
lictle duse, acid fumes, even rapid air pressure variations—any of these might undo
the ingenuity that conceived it.

For securtty against these intruders, the relay manufaccurer, C. P, Clare and Com-
pany, turned to the service offered by the Electro-Seal Corporation, Des Plaines,
Illinois. Within a few minures after Electro-Seal puts a DPi diffusion pump to work,
all traces of moisture and 99.999 per cent of the air have been removed from the
sealed assembly. Then a Consolidated Leak Detector is connecied to the system and
a jet of helium is played over the unit to check for leaks. (This instrument, which
embodies another DPi high vacuum diffusion pump, can sound an alarm for a leak
so small that a chimbleful of air would take 30 years to get through

Finally, Electro-Seal backfills with purified inert gas and sends the relay off to a
long, useful life and duties for which an unsealed relay might be totally unfitted—
demonstrating again how effectively DPi puts high vacuum at industry’s service in a
relatively new field, as we've been doing for years in the electron tube mdustery.

Perhaps we can help you. too. To find out, write to Distillation Products Indus-
¢ries, Yacuum Equipment Departiment, 727 Ridge Road West, Rochester 3, N. Y.
(Division of Eastman Kodak Company).

Also . .. vitamins A and E...distilled monoglycerides . .. more than 3400 Eastman Organic Chemicals for science and induitry

waany americantadiohistons.com -



How do you put
Into a potentiometer?...

... At Fairchild we do it by careful design plus scrupulous attention to every phase
of manufacture from the selection of raw materials to the precision machining of
all mechanical components. Every mechanical part that affects the potentiometer’s
accuracy is made in our own plant. The result? Let’s find out by examining one

of our new 746 units for precision.

PRECISION in the Shaft The shaft is cen-

terless-ground from stainless steel to a tolerance of
+.0000, —.0002 in. which, together with the preci-
sion-bored bearings, results in radial shaft play of
less than .0009 in. These accuracies are essential to
the utilization of the full precision of the windings
and associated gearing.

PRECISION in the hOUSing. Precision-

machined out of solid aluminum bar stock, every
housing is perfectly cylindrical —and stays that way
—resulting in better accuracy of potentiometer out-
put. This construction also results in perfect fit and
alignment between housings to permit ganging of
up to 20 units on a single shaft without any eccen-
tricity of the center cups even though only two bear-
ings are used for the entire gang.

PRECISION in the mounting plate. an

critical surfaces of the mounting plate are accurately
machined at one setting to insure a shaft-to-mount-
ing surface squareness within .001 in./inch and con-
centricity of shaft to pilot bushing within .001 in.
FIR. Such precision is essential in order to eliminate
backlash or binding in the precision gearing used
to drive these potentiometers.

PRECISION in the windings. The windings

of all Fairchild precision potentiometers are cus-
tom-made by an exclusive technique on machines
designed and built by Fairchild expressly for the
purpose. Guaranteed accuracy of linear windings in
this potentiometer is 0.5% ; non-linear, 1.0%. High-
er accuracies available in other types. Guaranteed
service life—1,000,000 cycles.

Do your requirements call for this kind of pre-
cision? If you have a special problem, Fairchild
Potentiometer Sample Laboratory engineers are
always available to help you. For complete data,
write, stating your requirements, to Fairchild
Camera and Instrument Corporation, 88-06 Van
Wyck Boulevard, Jamaica 1, N. Y. Dept. 140-1711.

—JLairRcHILD

Pf'ECISIOIV POTENTIOMETERS
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FEATURING SHAKEPROOF LOCK WASHERS WITH TAPERED-TWISTED TEETH!




L0S GATOSEBRAND TUBES

lll--n-.é-

uu--...‘.:""'.a
»

ATLANTA S5, GEORGIA KANSAS CITY 8, MISSOURI
J. M. Cartwright & Son F. C. Somers & Co.
1145 Peachtree Street N. E. 18th and Grand Avenue
Phone: HEmlock 6161 Phone: JAckson 0791
BOSTON 9, MASSACHUSETTS LOS ANGELES 64, CALIFORNIA
Harold A. Chamberlin W. Bert Knight Co.
31 Milk Street 10373 W. Pico Blvd.
Phone: HUbbard 2.7022 Phone: BRadshaw 2.5647
DALLAS 1, TEXAS MEMPHIS 4, TENNESSEE
J. Y. Schoonmaker Co. J. M. Cartwright & Son
2011 Cedar Springs 1336 Madison Avenue
Phone: STerling 3335 Phone: 2-1914
DETROIT 24, MICHIGAN NEW YORK 7, NEW YORK
Fred ]. Stevens Perry Saftler Associates
18324 Mack Avenue 53 Park Place
Phone: TUxedo 1.2277 Phone: REctor 2-5334
FORT WAYNE 2, INDIANA PITTSBURGH 19, PENNSYLVANIA
Southern Sales Co. Tanner & Covert
1135 Lincoln Tower 600 Grant Street
Phone: ANthony 5278 Phone: COurt 0131
HADDONFIELD, NEW JERSEY PORTLAND 4, OREGON
Ray T. Schottenberg Dale G. Weber
152 Merion Avenue 234 Sherlock Building
Phone: 9.6347 Phone: ATwater 5403

WASHINGTON 16, D. C.
J. Fred Whitehead
5403 Massachusetts Ave. N. W.
Phone: Wlsconsin 9176

Long-lived Los Gatos Brand tubes are setting new perfor-
mance records in transmitting, rectilying, and industrial
applications. Check with your Los Gatos representative.

LEWIS & KAUFMAN, INC. (ape

LOS GATOS CALIFORNIA \momm/
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TUBES AT WORK (continued)

niques 1o automatically track the
transmitting and receiving anten-
nas. This would be impractical as
far as the tv broadcaster is con-
cerned due chiefly to the cost of
equipment and manpower required.
Hence, simplicity was the keynote
in modifying and adapting the ex-
isting RCA tv microwave-relay
equipment. The two antenna re-
flectors were drilled and fitted with
telescopes of 15 to 40 power magni-
fication. The plan was to sight vis-
ually between the boat transmitter
and the RCA Building roof receiver,
see Fig. 7 and 8. A 20-inch reflec-
tor was used aboard the ship to give

FIG. 8—Microwave receiver antenna.
Note the use of a telescope sighted
through four-foot parabolic reflector and
sand bag for balance while tracking

a broad antenna pattern while the
receiver employed a four-foot para-
bola, sandbag counterbalanced to
facilitate panning.

On the day of the program, fog
obscured operations and so the
well-laid plans of the field survey
had to be abandoned in favor of
radio line-of-sight only. The eight-
deg beam width of the transmitter
antenna scanned the receiver an-
tenna area without visual sight
until radio contact was indicated by
an oscilloscope and field strength
meter connected to the receiver, A
third engineer located at the re-
ceiver control unit relayed instruc-
tions to the men operating the
transmitting and receiving anten-
nas.

As the ship got underway the re-
ceiver control engineer continu-

September, 1951 — ELECTRONICS



)

5 [easons why /[N
you can rely on g,

Annealing Ovan—-Max. Oper-

ating Temp. oggox. 2000°F,

%k i Can hand e pa-ts weighting
1 - i from 45 Ibs. t5 45 tons.

in your
electrically "ﬁ:mm
heated .
products

(Photographs courtesy of
General Electric Company)

Nichrome alloys, meticulously developed over a period of 40 years,
meet the need for resistor materials that can parform with exceptional
suitability at high temperatures. Their high resistivity and resistance

to oxidation at high temperatures dictate tteir choice for heating - -
elements in a host of different products. Forced-Conveciion Type
Unit Air Heater.

Nichrome and Nichrome V are custom built—produced to rigid specifi-
cations determined by conditions of application and in-use factors.
Consequently, absolute uniformity is assured from order to order.

Nichrome and Nichrome V undergo only negligible changes even
when required to meet unusually exacting service demands. Thus
delivery of full-rated power is assured thruout a long life of trouble-
free operation.

Nichrome and Nichrome V afford flexibility of choice, permitting |
heating elements to be designed economically, with close regard to o -
service requirements. For example: Nichrome is ideal for heating L ) -

devices, such as cord-connected domestic appliances, operating up to
1700°F.; Nichrome V for electric furnaces, ovens, etc., operating at
temperatures in excess of 1700°. .

Edgewise-wound rsesistor—typical
of large industtia’ applications,

e

Nichrome and Nichrome V are available in different forms—wire,
ribbon, strip, sheet and rod. Such variety offers outstanding aid to \
S

3333

designer, engineer, and manufacturer.

The different examples of products shown here indicate the wide range of

application for Nichrome and Nichrome V. For improved performance and i
longer life in your products, remember these peerless Driver-Harris electrical [
e

alloys and consult with us. Although the present emergency is making unprece-
dented demands upon the resources of the Driver-Harris Company, we shall be
glad to make recommendations based upon your specific needs, and serve you
to the best of our ability.

L S R

Waffle Iron and Sandwich Grill
—one of many B.E. appliances.

Nichrome and Nichrome V are manufactured only by

Dyriver-Harris COm[mny

HARRISON, NEW JERSEY
BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco
Manufactured and sold in Canada by The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada

®T.M. REG. U 8. PAT. OFF.
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“Pve tried them all... and ‘Scorcw’
Sound Recording Tape is tops with me!”

Says Jim Beloungy, Chief Engineer,
WCCO, Minneapolis-St. Paul

CHECK THESE NEW CONSTRUCTION FEATURES
OF ""SCOTCH” SOUND RECORDING TAPE!

Used by all major networks and for master
recording by major record companies.

Absolute uniformity in and between reels.
No re-setting of output levels between reels.

Thinner construction means unequaled re-
sistance to temperatureand humidity changes.

By absorbing moisture uniformly on both
sides, “SCOTCH"” Sound Recording Tape
does not curl or cup, always lies flat on re-
cording head.

Special new manufacturing techniques reduce
distortion level! and eliminate surface irreg-
ularities that cause high frequency drop-out.

Exclusive lubricating process reduces friction
and flutter, increases life of tape. Cuts wear
on machine heads and guides.

Greater output at 1% distortion than tapes
of previous constructions.

< < < <<

OVERALL FREQUENCY RESPONSE CURVE
NEW CONSTRUCTION VS, PREVIOUS CONSTRUCTION
60
Optimum bias for previous type construction. Input constont
© approx. 20 DB below | % distortion. Speed—15"/ sec.
a
z 55 55
fos NEW CONSTRUCTION
=] 52.5
€ | erevious consmuction | \
2 50 50
(¢} \ I
s 475
- |
5 45 45
w
«
1KC SKC  10KC 15KC 20KC
| ;
4
050 100 1000 5000 10000 1500C 20000
FREQUENCY IN CYCLES PER SECOND

CHART SHOWS HOW new manufacturing improvements
have increased overall sensitivity of “SCOTCH” Sound
Recording Tape. Continuous laboratory and factory re-
search keeps this tape ahead of the field.

-

| otTcH

BRAND .

Madein U.S.A. b[vi MINNESOTA MINING & MFG. CO., St. Paul 6, Minn., also makers of “Scotch” Brand Pressure-sensitive Tapes, ‘“Underseal’ Rubberized

Coating, “'Scotch

162

te” Reflective Sheeting, “Safety-Walk” Non-slip Surfacing, “3M” Abrasives, “3M’’ Adhesives. General Export: Minn. Mining & Mfg. Co.,/
International Division, 270 Park Avenue, New York 17, N. Y. In Canada: Minn. Mining & Mfg. of Canada, Ltd., London, Canada.
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TRANSFORMER LEADS

Lo ST andd st o

NATVAR Varnished Tubing

Natvar Products @ ‘ag a™ re
Varnished cambric—straight eut and blas \“a‘et . T“\)‘ i n\\v \oca
Varnished cable tape o
Varnished canvas
Varnished duck
Varnished siik

Varnished special rayoen

Varnished Fibergias cloth
Silicone coated Fiberglas
Varnished papers

Slot insulation

Varnished tubings and sleevings

Varnished identification markers ' I\ @/ V A I ,/,b T
Croreted viet b e e A /\T Ro;t,':,’;'giliAL Ni;}j: R:iwfyI?JD IZR;/’O UCE: : !s('

Extruded vinyl identification markers
201 RANDOLPH AVENUE * WOODBRIDGE, NEW JERSEY
Ask for Catalog No. 21 :
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NEW
OSCILLATORS

009 to 520,000 cps.

1

-~ MODEL
((42&—:15*

4 Rt

.35 to 521000 cps’

Audio and Sub-Audio ranges.
tion.
Fast AVG act Price $290.00

MODEL

400-A
.009 to 1,100 cps.

True sine wave osqillator ci_rount.
No tuning or switching transients.

Price $350.00 EACH MODEL FEATURES o
. d square waves, simultaneously. @ Goo i :

: B?Thnz‘neic? dbqover the entire frequency range. @ Low dn;f:;’

ii?)n: Gleszl than 1%. @ Accurate calibration, better than £=2%:-

ic di i i i trol. @ Sine
i ‘thmic dial with vernier tuning con
@ Single scale Lo eak to peak. @ Low Hum and d-c com-

amplitude

Output, 30 volts p :
V‘g:;:t IuesF: than 0.1% of output at any level. .fchbrson:zﬂ
rogoriﬂgmic output level control. @ Input power, A5 watts. @

1 ” /4
size, overall 12" x 7" x 87,

164

MODEL

430-A

colibrcﬁon, +1.5
rithmic dial. @ C'q%;
AVC action, ® Small

£ o

B g S
.018 to 22,000 cps.

@ Both sine and square waves, simultaneously. @ Excellent ampli-
tude constancy, =+0.25 db over the entire frequency range.
@ Extremely low distortion, less than 0.25% at any frequency.
@ Fast recovery from transients. ® Accurate calibration +1.5%.
@ Single scale logarithmic dial. @ Calibrated output attenuator
switch. @ Constant impedance “T" pad output control. @ Vernier
tuning control. ® Price $950.00

All KROHN-HITE Instruments are fully guaranteed
for one year against defective materials and workmanship.

KROHN-HITE INSTRUMENT
(eriyeary

580 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASS.,

TUBES AT WORK {continued)

FIG. 9—The microwave transmitter con-
trol unit

ously transmitted the receiver field-
strength indications over the radio
and wire private lines to the ship
I and RCA roof. The microwave
transmitter engineer then rapidly
| oriented his antenna in the plane of
| maximum receiver signal while the
| receiving antenna was tracked at a
slightly slower rate. This pro-
cedure might be thought of being
analogous to the GCA system em-
ployed by the airlines to “talk
down” weather-bound aircraft. The
transmitter control unit engineer
shown in Fig. 9 maintained the mi-
crowave transmitter aboard ship on
frequency.

The video output of the three
cameras used was connected to the
control room set up in a cabin. As
mentioned previously, Fig. 3 shows
the block diagram of the video com-
ponents. The switching and video
engineers seen in the cabin, Fig. 10,
controlled the video levels of the
cameras and upon the orders of the
program director sent the appro-
priate camera output with syn-

FIG. 10—Control room showing switch-
ing unit, camera control units and mas-
ter monitor
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Developed especially
for application

in aircraft controls -

the Holtzer-Cabot 0810
sub-miniature DC servo motor

Avion Servo-dyne amplifier

Holtzer-Cabot’s RBDS-0810 sub-miniature DC servo
motor was designed and engineered especially for service in
highly sensitive aircraft controls and instruments.

A typical application of this special motor is its use with
the Avion Servo-dyne amplifier. The sub-miniature combina-
tion of amplifier and motor reduces the size and weight of

remote positioning systems in airborne computers and in-
struments indicating flight conditions.

The model 0810 performs efficiently at altitudes ranging
from sea level to 40,000 feet, in temperalures varying from

—65° F. to +160° F. and in relative humidity up to 100%.
It is a 4-pole motor, measuring only 134" in diameter and
2946’ over bearing hubs and weighs but 8% ounces.
Operating on a normal field current of 6 milliamperes,
the motor’s armature is scparately and conlinuously excited
from a DC source of 24.3 to 29.7 volts. The field assembly
consists of two independent high impedance windings, and
this assembly is hermetically sealed.
The RBDS-0810 motor provides practically noiseless,
variable-speed, reversible operation. It has a very low inertia
rotating element for fast response, and delivers a maximum
of 1/500 horsepower.

This achievement in small-motor efficiency is further evi-
dence of Holtzer-Cabot’s ability to develop and produce fine
precision motors for exacting applications.

Specialized engineering skill combined with 75 yecars’
manufacturing experience enable Holtzer-Cabot to build
motors to the most demanding specifications.

For additional information write for Bulletin 0810.

HOLTZER-CABOT

DIVISION OF NATIONAL PNEUMATIC CO.. INC.

BOSTON 18, MASSACHUSETTS

“ Manufacturers of fine electrical apparatus since 1875
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For precision and dependability look to Kollsman

KOLLSMAN INSTRUMENT CORPORATION

Elmhurst, New York . - Glendale, California

166
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. use Artos Machines to cut and
strip millions of feet of wire each
year in the manufacturing of their

ARTOS AUTOMATIC
MACHINES

world-renowned business machines.

Speed Wire Measuring, Cutting & Stripping at
International Business Machines Corporation

Here is how IBM use Artos automatic machines to speed up
production of their products.

ATING -Ummj Uses an Artos Machine to cut

No. 16, 18 and 20 bare copper wire into lengths ranging from
I to 42 inches for stringing various shape and size of parts
for plating operations. About 160,000 wires per month are
cut on this application.

[ COIL COVERING DEPARTMENT | (Jses two Artos Machines

for cutting and stripping No. 18, 20 and 24 lead wires for
magnet coils ranging in lengths from 1-7/16 0 5 inches.
These two machines run full time and their production is
supplemented by partial production of a third machine in

another location to produce the required 1,695,000 lead wires
per month.

| COIL ASSEMBLY DEPARTMENT | {ses one Artos Machine to

cut spaghetti insulation tubing to various length from 1-1,
to 16 inches for a total requirement of 382,000 pieces per
month. This machine is also used to cut plastic oil tubing to
various lengths used in the lubricating system of IBM
machines.

[[COUNTER ASSEMBLY DEPARTMENT | (5. one Artos wire

cutting and stripping machine to cut and strip 28 wires for
each counter plate varying from 1-34 to 8-3; inches in Iength
for a total production of approximately 328,000 pieces per
month.

In addition to the above applications at Plant 1, Endicott, New York, Artos Machines
are also used at Plant 2, in Poughkeepsie and the Canadian Plant in Toronto, as well as
by some IBM sub-contractors on control panel plugwire manufacturing.

Youwll probably find an ARTOS AUTOMATIC to match vour wire cutting needs exactly.
Write or wire for details.

IBM Electronic Calculating Punch

One of the many great IBM machines, this
general purpose electronic digital computing
machine is helping solve some of the most
difficult calculating problems in science, en-
gineering, business and government.

ARTOS

ENGINEERING CO.

2743 S. TWENTY-EIGHTH STREET, MILWAUKEE 46, WIS.
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s NEWCOMB'S FREE SPRING GUIDE

.....

*Which is the least expensive type of loop?” “How cam Hydrogen
embrittiement be avoided?” “What is the best platiag finish and
why?"" "Which material is best for impact loading—corrasion resis- -
tance—elevated temperature?”

Now, designers and purchasers can find the answers to these and
 many other spring questions! “How to reduce spring costs” is the
handiest reference guide ever assembled. This 8-page illustrated
booklet contains up-to:date hints for spring economy, including
authoritative information related 1o spring design, mcterials, finishes,

« purchasing data, etc. Send for your free booklet NS 500 today!

Ever since 1865, leading manufaciurers: have recognized NEW.
COMB’s ability to produce precision springs at low cost. With the
addition of a new, completely equipped plant in Bridgeport, Conn.,
our expanded facilities result in quick delivery and better service
.to our customers.

NEWCOMSB invites you to discuss your spring requirements. Write
to either plant. You will get personalized service.

Sm(l Onder, Department

NEWCOMB maintains a Small Order Department in each of its 2
plants for experimental and short runs. Each plant complete in itself,

using skilled personnel with specially designed equipment for quick

delivery on your small orders,

THE NEWCOMB_ SPRING CORPORATION

3907 SEVENTH AVENUE, BROOKLYN 32, N. Y.
227 CHERRY STREET, BRIDGEPORT, CONN.

NEWCOMB

precision engineered springs
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TUBES AT WORK

(continucd)

FIG. 11—One of three cameras set up
on second deck of ship

chronizing pulses to the relay
transmitter.

One of the video cameras as
shown in Fig. 11 on the deck of the
vessel was focused on John Kieran,
the program commentator, as he
described the panorama of the New
York skyline. The two other cam-
eras with long-focal-length lens
complements were then ordered to
locate objects and landmarks under
the direction of the switching engi-
neer through the program direc-
tor’s orders as outlined above.

To the electronics engineer not
in the field of mobile tv operations,
the fucilities required for the pro-
gram described above might seem
cumbersome. However, with the
few exceptions of power generator,
radio program and private-line
facilities and constant tracking of
antennas, the equipment is stand-
ard RCA field-television parapher-
nalia. The problems overcome by
the NBC field engineering group in
providing a tv program from a
moving ship should serve as a spur
to other mobile tv units to essay
programs of a less orthodox nature
in the public interest.

The author wishes to express his
appreciation for the assistance af-
forded him by E. Costello. assistant
field supervisor, C. Snell, tv field
supervisor and M. Jacobson, a-m
field supervisor.

Ultrasonic Cleaning Device

AN ULTRASONIC cleaning device has
been developed by General Electric
to clean tiny openings in electric
shaver heads.

The ultrasonic generator used
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*BH Non-I‘raying Fiberglas Slecvings are made by an exclusive Bentley,

Temperature 92. Humidity—don't men-
tion it! One of those breathless nights
when everybody who can, goes to the
movies to get cool. A first-run picture—
a full house—the best in months. Then

. the new air conditioning system
“gave up.” Cool-—warm—hot—stifling.
1,400 people packed into a “sweat-box,”
growing hotter by the minute. But they
didn’t stay long-—and may think twice
before they come again. Result, one very
unhappy manager—especially when he
finds out that the equipment manufac-
turer tried to save pennies with inferior
electrical insulation.

Electrical insulation guards the life of
your product—play safe—use BH
Fiberglas* Sleevings.

Take BH Special Treated Fiberglas
Sleeving, for instance. Here is an unsat-
urated sleeving with heat resistance up
to 1200° F that is permanently flexible,
permanently rounded, and permanently

ELECTRONICS — September, 1951

non-raveling through a patented
Bentley, Harris process.

Easy to handle, BH Special Treated
speeds production. Because crossing
strands are permanently crimped it may
be cut in short lengths without securing
the ends. All corosive, volatile materials
have been removed, making BH Special
Treated odorless in service and unaf-
fected by heat or age.

BH Special Treated Fiberglas Sleev-
ing is one of a family of electrical
insulations, each designed to meet
particular conditions in service. Give us
a few facts about your requirements—
product, temperature, voltages —we
will gladly furnish samples for testing

purposes.
Address Dept. E-9

Bentley, Harris Manufacturing Co.
Conshohocken, Pa.

“ . ..the best house in months.”

Harris process (U. S. Pat No. 2393530). “Fiberglas’’ is Rez. TM of Owens-Corninu Fiberglas Corp.
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What | D C | Power Equipments do
You Need for Military End-Use?

You can meet your
requirements with —

o
e powe 1ary groung
9ine starters

Groung
Automqy;
° Fihe,.e; ::‘:, Manually.cq

SELENIUM
RECTIFIERS

Manvufactured to Military Specifications
...to provide ANY DC OUTPUT!

WHEREVER your government specifications call for conver-
sion of AC to DC—be sure to give the job to a Federal Selenium
Rectifier Equipment . . . compact, rugged, completely self-
contained ... ready to connect to AC ... ready to deliver de-
pendable DC power!

Today, Federal Equipments are serving in a wide range of

applications . .. from aircraft to submarines . . . from special
subminiature to heavy-duty power equipment ... operating Heavy-duty Federal FTR 3414-AS
quietly, efficiently, reliably. All are powered by Federal sele- Selenium Rectifier Ground Aircraft

nium rectifiers . . . famous for long life and trouble-free service Power Supply

... without expendable parts that require frequent replacement.

MAIL your specifications to Federal today! Get the benefit
of Federal’s years of experience in selenium rectifier de-
sign and production. Remember, Federal is the pioneer com-
pany—the first to introduce selenium rectifiers to American
industry. For quick service, write Dept. E-713

America’s Oldest and Largest FIR 3146.8S FTR 3141-C5-03

. . Ai ft Pow Clip-in Volt
Manufacturer of Selenium Rectifiers “eopply ‘Regulator

“,DE_E'(\ / 77 . (V o
. Federal Telephone and Radio (orporation

—_— 0'? >
“Fone b %% SELENIUM-INTELIN DIVISION, 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY
oy

In Canada:  Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors: International Standard Electric Corp., 67 Broad 5t., N.Y.
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& ’ oz @
A scrap of paper that led to a o 3 Md -F M
Class A product improvement. Let us < m

prove that these savings are possible
in your plant, too.
WRITE: Belden Manufacturing Co. N )
4625 West Van Buren Street
Chicago 44, Illinois

w I R E M A K E R F O R I N D U S T R Y
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i N S Rl e S
- —

G GUARANTEED
ACCURACY
1 part in 100,000
(.001%)

Uses

Time bases, rate indicators, clock systems, chronographs,
geo-physical prospecting, control devices and for running
small synchronous meotors.

Type 212
TERMINATION 3ealure:s

Front .and Rear
CONSTRUCTION
Standard 83" x 19" Panel

Bimetallic, temperature-compensated fork, no heating or
heat-up time is required.
Fork is hermetically sealed, no barometric effects on

HOUSING frequency. ’
8%" x 19" x 8" Metal Cabinet Precision type, non-ageing, low coeflicient resistors used
WEIGHT where advantageous.

Non-linear negative feedback for constant amplitude
control.

No multi-vibrators used.

Synchronous clock simplifies checking with time signal.

&ea’/icah’on:s

Accuracy—1 part in 100,000 (.0019%).
Temperature coefficient—1 part in 1,000,000 per degree
centigrade (or better).

25 pounds

SR A A

Outputs—
S Wy S 1. 60 cycles, sine wave, 0-110 volts at 0 to 10 watts
American Time Products, Inc., (adjustable).
580 Fifth Ave., New York 19, N. Y. 2. 120 cycle pulses, 30 volts negative.
Gentlemen: 3. 240 cycle pulses, 30 volts positive and negative. Pulse

Please send descriptive folder, No. 212 duration, 100 micro-seconds.

product of
Name..

— ~ AMERICAN TIME PRODUCTS

Address..........cuiiiiie
b 580 Fifth Avenue IN C . New York 19, N. Y.
Operating under patents of the Western Electric Company
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TUBES AT WORK (continued

with the instrument converts elec-
trical energy into sound energy at a
frequency just below the broadcast
hand. The sound energy is then
transmitted through a cleaning
solvent through which the shaver
heads, mounted on a moving chain,
are conveyed. As the parts pass
through the activated field, grease,
oil, metal shavings and lapping com-
pound are removed.

The machine’s generator supplies
high-frequency voltage to a quariz
crvstal. The crystal vibrates at its
resonant frequency and generates
sound waves in the liquid in con-
tact with its upper face. The waves
then pass through a thin diaphragm
into the cleaning solvent wherve the
cleaning action takes place.

Distortion Measurementl
Device

By PaurL W, KLipscH

Nlipseh and Associules
Haope, Arkansas

ALL DISTORTION-MEASUREMENT de-
vices depend on the following ele-
ments: a signal to be measured, a
means of removing the fundamental
of the signal and a measuring or
indicating device to reveal the resi-
due or distortion. In this simple
form one has essentially a harmonic
analyzer.

If a plurality of signals are
added for intermodulation measure-
ment, the same busic principle holds
with a further means for canceling
out the several input signals and
examining the resulting output
components. These components con-
tain not only the harmonic distor-
tion but also the intermodulation
products.

For only occasional measure-
ments of distortion, it is rarely
feasible to spend upwards of $1,000
for the equipment required. How-
ever, given a cathode-ray oscillo-
graph, an oscillator, a few items
from the usual accumulation around
any electronics laboratory and a
few hours time, a fair tool can be
made up that will give the essentiul
information.

Circuit Arrangement

In Fig. 1 is illustrated an ar-
rangement suitable for determining
the harmonic distortion in a single-

ELECTRONICS — September, 19517

Complete
Inspection
of Complex
Parts

in One
Operation

Before investing in specialized gaging equipment that
checks only a single item—perhaps even a single dimension
of a single item—it’s wise to investigate the Kodak Contour
Projector. Very often you’ll find that for a much smaller out-
lay it gives you faster, more accurate inspection, not on just
one part now, but on a great many precision parts you may
come up against later.

On a uniformly bright 14-inch screen requiring no hoods
or curtains, the operator merely compares a magnified
image with an overlaid tolerance outline which serves as a
gage. One such “chart-gage” and work-holding fixture are
all you need for complete inspection of a part, large or small,
simple or complex. To switch to a different job, just insert a
different chart and fixture. Little or nothing wears out. Little
experience or training is required.

In the Model 3, the projector body, work stage, and lamp
house come apart to accommodate big fixtures for heavy
parts. Accessories provide vertical projection and examina-
tion of features that can't be silhouetted, even deep recesses.

For full information or to arrange a demonstration, write
to Eastman Kodak Company, Industrial Optical Sales Divi-
sion, Rochester 4, N. Y.

the KODAK CONTOUR PROJECTOR, model 3

} $1290. List price, F.O.B. Rochester, N. Y., } -
from ENGINEERS SPECIALTIES, Buffalo 9, N. Y.,

magnification lenses and accessories extra. / ((ﬂ

Price subject to change without notice.
TRADE-MmARK



ADVERTISERS
in the

1951-1952

GUIDE

1951-1952

ELECTRONICS
BUYERS’
GUIDE

YOUR BOOK

with the
ORANGE and

BLACK cover

The 650-page 1951-1952 ELECTRONICS BUYERS GUIDE is now in the hands of every
ELECTRONICS’ subscriber. Sent as a bonus issue of ELECTRONICS through the cooperation of over
2,000 manufacturers of electronic and allied products, it is a valuable working tool that will be kept at the
elbow of every ELECTRONICS' subscriber and reader throughout the year.

Use it . . . refer to it constantly. Mention ELECTRONICS BUYERS' GUIDE when you write
to the manufacturers listed in the directory section and when you purchase products advertised in
it, Such evidence of use will insure continued manufacturer cooperation in making this annual your
most comprebensive source of buying information.

The products and services of 475 companies are advertised in this 13th issue of ELECTRONICS. In
the directory section, more than 2,000 manufacturers are listed under 1,400 product classifications. 2,500 trade
names are listed, and the names and addresses of 850 distributors of electronic products are arranged
alphabetically by states. It also supplies a 36-page cumulative index to articles published in ELECTRONICS
from April 1930 to December 1939.

The 1951-1952 ELECTRONICS BUYERS' GUIDE had the largest print order, and has more total
pages, more pages of advertising, and more individual companies’ advertising in it than any issue of
ELECTRONICS published since the first in April 1930.

A publication’s value to an industry is measured by the service it renders to subscribers and readers.
When we can mail to every one of our over 30,000 paid subscribers—as a separate, 13th issue—a valuable
working tool such as the 1951-1952 BUYERS’ GUIDE, we feel we are rendering a valuable service to
our subscribers, advertisers, and industry.

The 1952-1953 ELECTRONICS BUYERS' GUIDE will be published Mid-June 1952.

i

12 REGULAR ISSUES ANNUAL BUYERS' GUIDE

A McGrow-Hill Publication * 330 West 42nd St., New York 18, N.Y.

supplying latest tech- supplying all basic prod-

nical information, de- uct source and tech-

sign and product news nical specifying data
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Abalon Precision Mfg. Corp.
Accurate Paper Tube Co.
Ace Engineering & Machine Co., Inc, .
Acme Electric Corporation
Acme Electronics, Inc.
Advance Electric & Relay Co.
Advance Electronics Co.
Aerolite Electronic Hardware Corp.
Aerovox Corporation
Air Associates, Incorporated
Air Marine Motors, Inc.
Aircraft-Marine Products, Inc.
Aircraft Radio Corporation
Airdesign, Inc.
Airpax Products Company
Airtron, Inc.
Alden Products Company
Allen Manutacturing Company
Allied Control Co., Inc.
Allied Radio Corp.
Allison Radar Corporation
American Brass Company
American Chronoscope Corporation
American Electroneering Corporation
American Electronics
American Gas Accumulator Company
American Lava Company
American Molded Products Co.
American Phenolic Corporation
American Platinum Works, The
American Television & Radio Co.
American Time Products, Inc.
Amperite Co,, Inc.
Anchor Metal Company
Ansonia Electrical Company
Antara Products Div. of
General Dyestuft Corporation
Art-Lloyd Metal Products Corp.
Art Wire & Stamping Co.
Astron Corporation
Atlantic India Rubber works, Inc.
Atomic Instrument Company
Audio Devices, Inc.
Ballantine Lahorateries, Inc.
Barker & Williamson, Inc.
Barry Corp.
Bart Laboratories Co., Inc.
Bead Chain Mfg. Co.
Beam Instruments Corporation
Belock Instrument Corporation
Bendix Aviation Corporation
Eclipse-Pioneer Division
Red Bank Division
Bentley, Harris Mfg. Co.
Beta Electric Corp.
Bird & Co., Inc., Richard H.
Bird Electronic Corporation
Bishop Manufacturing Corporation
Biwax Corporation
Blake & Johnson Company
Bliley Electric Company
Bogue Electric Manufacturing Company
Bond Electronics Corp.
Boonton Radio Corporation
Borg Corporation, Geo. W.
Borthig Co., Inc., George C.
Bowser, inc.
Bracke-Sieb X Ray Company, Inc.
Bradley Lahoratories, Inc.
Brainin Co., C. S.
Brand and Company, Inc., William
Branson Instruments, Inc.
Breeze Corporations, Inc.
British Electronic Group
Browning Labaeratories, Inc.
Brush Development Co.
Buchanan Eiectricai Products Corp.
Buck Engineering Co., Inc.
Burgess Battery Company
Burnell & Company
Bussmann Mfg. Co.
C.G.S. Laboratories, Inc.
Caddell-Burns Mfg. Co.
Calidyne Co.
Cambridge Thermionic Corporation
Carboloy Department of General
Electric Company
Carter Motor Co.
Centralab Division of Globe-Unijon, Inc.
Centronics Co.
Chatham Electronics, Inc.
Chester Cable Corp.
Chicago Condenser Corporation
Chicago Telephone Supply Corporation
Chicago Transformer, Div. of
Essex Wire Corp.
Churchill Corp.
Ciha Company, Inc.
Cima Corp.
Cinch Manufacturing Corp.
Cinema Engineering Company
Ciwation Products Co.
Clark Crystal Company
Clarostat Mfg. Co., Inc.
Cieveland Container Company
Cohan-Epner Co., Inc.
Cohn Corp., Sigmund
Coilcraft Incorporated
Coil Winding Equipment Co.
Coltmbia Wire & Supply Company
Comar Electric Company
Communication Accessories Company
Communication Measurements
Laboratory, Inc.
Conn, Ltd,, C. G.
Continental-Diamond Fibre Company
Continental Electric Co.
Cornell-Dubilier Electric Corp.
Corning Glass Works
Cornish Wire Co., inc.
Craft Manutfacturing Co.
Cramer Co., Inc., R. W.
Crosley Laboratories, Inc.
Cross Co., H
Crowley & Company, Inc., Henry L.
Crucible Steel Company of America
Curtis Development & Mfg. Co.
Dage Electric Company

Dalis, Inc., H. L.

Daniels, Inc., C. R,

Dano Electric Co.

Daven Co.

DeCoursey Engineering Laboratory

Dee Electric Company

DeJur Amsco Corporation

Dial Light Company of America

Dietz Design and Manufacturing Company

Dollar Company, Robert
Communications Equipment Div.
Heintz and Kaufman Division

Briver-Harris Company

Driver Company, Wilbur B.

Dumont Electric Corp.

Duotone Company, Inc.

Ebert Electronics Corp.

Eby, Inc., Hugh H.

Edin Company, Inc.

Edison Incorporated, Thomas A.,
Instrument Division

Eisler Engineering Co., Inc.

Electra Mfg. Company

Electric Indicator Co.

Electric Soldering Iron Co., Inc.

Electrical Industries, Inc.

Electrical Reactance Corp.

Electro Development Corp.

Electro Products Laboratories

Electro-Seal Corporation

Electro-Tec Corporation

Electro-Voice, Inc.

Electronic Coils, Inc.

Electronic Designs, Inc.

Electronic Engineering Associates, Ltd.

Electronic Instrument Co., Inc.

Electronic Measurements Company

Electronic Mechanics, Inc.

Electronic Transtormer Company, Inc.

Electronic Tube Corporation

Electrons Incorporated

El-Tronics, Inc.

Emeloid Co., Inc.

Emerson & Cuming Co.

Engineering Co.

Erie Resistor Corp.

Fairchild Camera and Instrument
Corporation

Falstrom Company

Fast & Co., John E.

Federal Manufacturing & Engineering
Corporation

Federal Screw Products, Inc.

Federal Telecommunication
Lahoratories, inc.

Federa! Telephone and Radio Corporation

Federated Purchaser, inc.

Ferranti Electric, Inc.

Flock Process Company, Inc.

Franklin Airloop Corporation

Franklin Mfg. Corp., A. W.

Freed Transformer Co., Inc.

Fugle-Miller Lahoratories

Gamewell Company

General Ceramics and Steatite Corp.

General Chemical Division, Allied
Chemical & Dye Corporation

General Electric Company

General Electronics, Inc.

General Precision Labcratory, Inc.

General Radio Company

Glaser Lead Co., Inc.

Glaser-Steers Corporation

G-M Laboratories, inc.

Gramer Transformer Corp.

Grant Pulley & Hardware Co.

Graphite Metallizing Corporation

Gray Research and Development Co., Inc.

Grayhill

Green Instrument Co.

Grieve-Hendry Co., Inc.

Guardian Electric Mfg. Co.

Hansell, Inc., U.

Harnett Electric Corperation

Harrison Radio Corporation

Harvey Radio Company Inc.

Haydon Company, A. W.

Haydon Manufacturing Co., Inc.

Haydu Brothers

Heath Company

Heiland Research Corporation

Heinemann Electric Company

Heinze Electric Co.

Heldor Manutfacturing Company

Helipot Corporation

Heminway & Bartlett Mfg. Co.

Heppner Mig. Co.

Hermasea! Company, Inc.

Hermetic Seal Products Co.

Hewlett-Packard Company

Heyman Manufacturing Co.

Hickok Electrical Instrument Co.

Highland Engineering Co.

Hillburn Electronic Preducts

Hi-Test Chemical Corporation

Hobson Bros.

Houlihan Company, T. J.

Hudson Wire Company

Hunt Corporation

Hycon Mfg. Co.

Ilinois Condenser Co.

Improved Seamless Wire Company

Indiana Steel Products Company

Inductograph Products, Inc.

Industrial Control Company

Industrial Electronics, Incorporated

Industrial Hardware Manufacturing Co., Inc.

Insl-X Company, Inc.

Instrument Resistors Co.

Instrument Specialties Co., Inc.

International Instruments incorporated

International Resistance Company

Irvington Varnish & Insulator Co.

J-B-T Instruments, Inc.

JFD Manufacturing Co., Inc.

Jeffers Electronics Inc.

Jelliff Manufacturing Corporation, C. 0.

Jennings Radio Manufacturing Company

Johnson Co., E. F.

Johnson & Hoffman, Inc.

Jones Div., Howard B., Cinch Mfg. Corp.

Jones Electronics Company, M. C.

Kahle Engineering Co.

Karp Metal Products Co., Inc.

Kay Electric Company

Keithley Instruments

Keller Products, Inc.

Kellogg Switchhoard and Supply Company

Kenyon Transformer Co., Inc.

Kepco Laboratories, Inc.

Kester Solder Company

Keystone Carbon Company

Kings Electronics

King Laboratories, Inc.

Kings Microwave Co., Inc,

Kinney Manufacturing Company

Knights Company, James

Kobzy Tool Co.

Kollsman Instrument Corporation

Krohn-Hite Instrument Company

Kulka Electric Mfg. Co., inc.

Kurman Electric Co., Inc.

Lambda Electronics Corporation

Lampkin Laboratories, Inc.

Langevin Manufacturing Corporation

LaPointe-Plascomold Corporation

Lavoie Laboratories, Inc.

Lee Mechanical Laboratories, Div. of Lee
Spring Company, Inc.

Leland Inc., G. H.

Lenkurt Electric Co.

Lenz Electric Manufacturing Co.

Lewis Spring & Manufacturing Co.

Liston-Folb Instrument Co., Inc.

Littelfuse, Inc.

Lojack Precision Corp.

Lord Manufacturing Company

Louthan Manufacturing Company

Lukko Sales Corporation

Lundey Associates

Lust, Henry B. .

Mcintosh Engineering Laboratories, Inc.

MB Manufacturing Company, Inc.

Machlett Laboratories, Inc.

Magnecord, Inc.

Magnetic Amplifiers, Inc.

Magnetic Core Corp.

Magnetics, tnc.

Makepeace Company, D. E.

Malico Tool & Manufacturing Company

Marconi Instruments, Ltd.

Marion Electrical Instrument Company

Markem Machine Company

Measurements Corporation

Mepco, Inc.

Mercoid Corporation

Metal Textile Corporation

Metals & Controls Corp., General Plate Div.

Methode Manufacturing Corp.

Micamold Radio Corporation

Mico Instrument Co.

Micro-Circuits Co.

Mid-west Coil & Transformer Co.

Miles Reproducer Co., inc.

Millivac Instrument Corp.

Milo Radio & Electronics Corp.

Miniature Precision Bearings, Inc.

Minneapolis-Honeywell Regulator Co.,
Industrial Division

Mitchell Industries, Inc.

Mitchell-Rand Insulation Co., Inc.

Model Rectifier Corp.

Modelectric Products Corp.

Molding Corporation of America

Muckle Manufacturing Co.

Multicore Solders, Ltd.

Multi-Metal Co.

Mycalex Corporation of America

Mycalex Tube Socket Corp.

National Capacitor Company

National Carbon Company a Div. of
Union Carbide & Carbon Corp.

National Company, Inc.

National Electronics, Inc.

National Moldite Company

National Union Radio Corp.

National Varnished Products Corp.

National Vulcanized Fibre Company

Neo-Sil Corporation

Newark Electric Company

New Hampshire Ball Bearings, Inc.

New Hermes, Inc.

New York Transformer Co. Inc.

Ney Company, J. M.

Norrman Laboratories, Ernst

Northern Radio Company, Inc.

Chmite Mfg. Co.

Ghmweve Company

Glympic Metal Products Company, Inc.

Opad-Green Company

Grthon Corp.

Oster Manufacturing Co., John

Pan American Trade Development Corp.

Panoramic Radio Products, Inc.

Paramount Paper Tube Corp.

Patent Button Co. of Tennessee, Inc.

Patton-MacGuyer Company

Pennsylvania Testing Laboratory

Perfection Electric Co.

Permoflux Corporation

Phalo Plastics Corporation

Philamon Laboratories

Phillips Control Corporation

Pickering & Co., Inc.

Pix Manufacturing Co., Inc.

Planet Manufacturing Corporation

Plastoid Corporation

Polarad Electronics Corp.

Polytechnic Research & Development
Company, Inc.

Potter & Brumfield

Potter Instrument Company, Inc.

Precise Measurements Company

Precision Metal Products Co. of Malden

Precision Paper Tube Co.

Precision Rectifier Corp.

Presto Recording Corporation

Product Development Company, Inc.

Pyroferric Co.

Quaker City Gear Works

Radio Cores, Inc.

Radio Corporation of America

Radio Materials Corporation

Radio Receptor Company, Inc.

Radio Shack Corporation

Rahm Instruments, Inc.

Raytheon Manufacfuring Company
Power Tube Division
Special Tube Section

Reeves-Hoffman Corporation

Reeves Instrument Corporation

Reeves Soundcraft Corporation

Republic Foil & Metal Mills Incorporated

Resistance Products Co.

Richardson-Allen Corporation

Richardson Company

Roanwell Corporation

Robinson Aviation, Inc.

Robinson Incorporated, Edward E.

Rogan Brothers

Rohden Manufacturing Co.

Rome Cable Corporation

Rotron Mfg. Co.

Rush Wire Stripper Division, Eraser
Company, Inc.

Russell & Stoll Co., Inc,

Samuel & Co., Inc., J. A

Sanborn Company

Scientific Electric Div. of “‘S’" Corrugated
Quenched Gap Co.

Servo Corporation of America

Servomechanisms, Inc.

Servo-Tek Products Co.

Sessions Clock Co.

Timer Division
Tyniswitch Division

Set Screw & Mfg. Co.

Shallcross Manutacturing Co.

Shaw Insulator Co.

Sherman Mfg. Co., H. B.

Sherron Electronics Co.

Shure Brothers, Inc.

Shurite Meters

Sigma Instruments, Inc.

Signal Engineering & Mfg. Co.

Sola Electric Co.

Sorensen and Company inc.

Specialty Battery Company

Speer Resistor Corp.

Speliman Television Co., Inc.

Spencer-Kennedy Laboratories, inc.

Sperry Gyroscope Company

Stackpole Carbon Company

Stainless, Inc.

Standard Coil Products Co., Inc.

Standard Crystal Company

Standard Electric Time Co.

Standard Transformer Corporation

Staver Company Incorporated

Steiner-lves Company

Stevens Arnold Incorporated

Stevens Manufacturing Company, inc.

Stewart Mfg. Corp., F. W.

Stupakoff Ceramic and Manufacturing Co.

Sun Radio & Electronics Co., inc.

Superior Electric Co.

Superior Tube Company

Switchcraft, Inc.

Sylvania Electric Products, Inc.
Electronics Division
Radio_Division

Syncor Products Co.

Taylor Tubes, Inc.

Technical Appliance Corp.

Technicraft Laboratories Incorporated

Telechron, inc.

Teletronics Laboratory, Inc.

Telex, Electric-Acoustic Division

Tel-0-Tube Corporation of America

Tel-Rad Mfg. Co., Inc.

Tenney Engineering, Inc.

Tensolite Insulated Wire Co., Inc.

Terminal Radio Corporation

Thomas & Skinner Steel Products Co.

Thompson Products, Inc.

Thor Ceramics, Inc.

Times Facsimile Corporation

Titeflex, Inc.

Trad Television Corp.

Transicoil Corporation

Truscon Steel Company

Tung-Sol Lamp Works, Inc.

Turner Company, The

Unimax Switch Div. of the Maxson
Corporation, W. L.

Union Electric Products Co.

United Condenser Corp.

United Electronics

United Manufacturing & Service Co.

United States Electronics Corporation

United States Gasket Co.

United States Testing Company, Inc.

United Transtormer Co.

Universal Manutacturing Company, Inc.

University Loudspeakers, tncorporated

Vector Electronic Company

Vectron, inc.

Victoreen Instrument Co.

Victory Engineering Corporation

Volkert Metal Stampings Inc., John

Vulcan Electric Company

Walker Company, George

Waitham Horological Corporation

Ward Leonard Electric Co.

Waterman Products Co., Inc.

Wehster Spring Corporation

Westinghouse Electric Corporation

Weston Electrical Instrument Corporation

White Dental Mfg. Company, S. S.

Wilder Mfg. Co., Inc.

Wilkor Products Inc.

Winchester Electronics Incorporated

Workshop Associates, Inc.

York Co., Inc., Otto H.

Zophar Mills, Inc.
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TUBES AT WORK (continued)

SECONDARY
BALANCE
A

A
AL IBRAT
MeasTRE | BRATE

FIG. 1-—Wien bridge arrangement for

distortion measurement. Arrangement

permits both input and output to be

grounded and includes calibration
means

frequency signal. It is presumed
the oscillator is substantially free
of distortion otherwise the oscil-
lator distortion must be determined
separately. The Wien bridge is
adjusted to eliminate the funda-
mental and the residue is indicated
on a cathode-ray oscilloscope, pref-
erably with a two-stage vertical
amplifier.

The bridge may be constructed
from a pair of ganged volume con-
trols but due to slack in the shaft it
would be better to use a pair of
ganged controls with accurate
tracking. Passable results were
obtained from a pair of carbon
volume controls but a lot of head-
aches disappeared when a pair of
precision resistors were substi-
tuted.

The particular values of bridge
elements were chosen for measur-
ing outputs of low-impedance audio
amplifiers at about a 16-ohm level.
The bridge as shown will impose
negligible load under such circum-
stances. The variable elements are
of such value that wire-wound units
are feasible.

The output transformer super-
poses its own distortion but this
occurs after the fundamental has
been eliminated and the added dis-
tortion is of low order. If the
transformer has excessive leakage
inductance it will attenuate the
higher distortion components. To
detect high-order distortion at high
frequencies the transformer should
be a good one.

In detecting harmonic distortion,
the residue after balance will con-
tain all distortion components. The
shape of the curve, the sharpness of
any kinks and so forth, will indi-

| cate the presence of high-order dis-

September, 1951 — ELECTRONICS
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YY) 'he WV'77A

J

I

For all regular |
measurements |
and specialized |
measurements I
as illustrated. :
|

MEASURES DC VOLTS . . . such
as oscillator grid bias. One-
megohm resistor in probe pre-
vents circuit loading.

MEASURES AC VOLTS . .. such
as signal voltuage on plate of
af tube.

MEASURES RESISTANCE . . .
such as leakage in coupling
capacitor up t3 1000 megohms.

DIRECT

DIRECT PROBE

Check these
important
features...

7 Accurate laboratory calibration.

Meter electronically protected
against burn-out.

v Metal case shielding . . . extra
stability in rf fields.

v Sturdy 200-microampere meter
movement,

v Carbon-film 1% multiplier re-
sistors . . . dependability plus.

vV Zero-center scale . . . for dis-

criminator alignment.

|
I
I
I
I
I
I
I
I
T
|
|
|
|
|
|
|
I
I
|
|
|
I
|
|
|
|
|
I
v Frequency response flat from |
30 cps to approximately 3 Mc. |
v High ac input resistance for !
greater accuracy. I

|

|

|

|

|

I

|

]

|

|

I

|

|

|

I

|

|

i

v Constantdcinput resistance. . .
11 megohms on all scales.

v Negative feedback circuits for
greater over-all stability.

v Ohms cable always positive . . .
for quick leakage measure-
ments of electrolytic capacitors.

v Polarity reverse switch . . .
eliminates cable switching.

v £3% over-all accuracy on +dc
scales, and + 5% on acand —dc
scales.

Available from your
RCA Test Equipment
Distributor

ELECTRONICS — September, 1951
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Just one probe cable and
one slip-on probe handle all
measurements.

An all-electronic ac-operated vacuum-tube volt-ohmmeter by RCA

ONLY $47.50.

Includes DC probe, AC direct probe and cable, ground lead, and alligator clip.

The RCA WV-77A VoltOhmyst* provides
the extra features you have tried to find in an
inexpensive VIVM. Using the famous Volt-
Ohmystelectronic bridge circuit, 200-micro-
ampere meter movement, and carbon-film
multiplier resistors, the WV-77A incorpo-
rates features you would expect to find onlyin
more expensive instruments. Sturdily built. ..
calibrated against laboratory standards . . .
and backed by a 12-month warranty . . . the
WYV-77A has the durability, versatility, and
accuracy to please discriminating customers
such as service technicians, engineers, ama-
teurs, and military personnel.

As a DC Voltmeter it measures dc from
0.05 volt to 1200 volts in five ranges. Uses
1-megohm resistor in isolating probe; probe
has less than 2-uuf input capacitance. Has
11-megohm input;useful for measuring high-
resistance circuits such as oscillator, dis-
criminator, and avc.

As an AC Voltmeter it measures ac from
0.1 volt to 1200 volts rms in five ranges.

TEST EQUIPMENT

Uses high-impedance diode tube as signal
rectifier. Frequency range is more than ade-
quate for measurement of power line, audio,
and ultra-sonic frequencies.

As a wide-range Ohmmeter the WV.77A
measures resistance irom 0.2 ohm to 1
billion ohms in five ranges. Requires only
1.5-volt battery as burn-out protection in
measuring such low-power elements as
battery-type tube filaments.

The all-new RCA WV.77A VoltOhmyst
comes completely equipped with probes and
cables as illustrated. For complete details, see
your RCA Test Equipment Distributor today
... or write to RCA, Commercial Engineer-
ing, Section 42 IX, Harrison, N. J.

Accessories Available on Order

The WG-289 High-Voltage Probe and WG-
206 Multiplier Resistor extend the dc range
of the WV-77A to 50,000 volts.

The WG-264 Crystal-Diode Probe extends
frequency range of the WV-77A to 250Mc.

*Reg. U.S. at. Off,

RADIO CORPORATION of AMERICA

HARRISON. N. J.
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Hicrophonet
BY TURNER
””A [IT}/ that speaks for itself

in every sound application

The Aristocrat Model 50D

The world’s finest dynamic. For TV, FM, AM.
Recording, public address and broadcast. Lab-
oratory calibrated. No closely associated auxi-
liary equipment required.

Response: 50 - 15,800 c.ps. flat within & 2% db.
Level: 56 db below 1 volt/dyne/sq.cm. at high
impedance.

The “Competitor”’ Model 60X

A new low priced crystal desk and
hand microphone for economical re-
cording and sound systems, amateurs,
dictation machines.

Response: 70 - 7000 c.ps.

Level: 52 db below 1 volt/dyne/sq.cm.

The Dependable 33X-33D

A general purpose microphone that
offers high quality performance at
medium cost.

Model 33X Crystal
Response: 50 - 9000 c.p.s.
Level: 52 db below 1 volt/dyne/
sq.cm.

Model 33D Dynamic
Response: 30 - 9000 c.p.s.
Level: 54 db below 1 volt/dyne/
sq.cm. at high impedance.

The Professional Model U9S Dynamic

A rugged reliable microphone. 4 im-
pedances at your fingertips. A smooth
performer at all impedances and fre-
quencies.

Response: 40 - 9000 c.p.s.
Level: 52 db below 1 volt/dyne/sq.cm.
at high impedance.

i TURNER company

905 "17th Street N.E..  Cedar Rapids, lowa

In Canada:
Canadian Marconi Company, Toronto, Ontario and Branches

Export:

Ad. Auriema, Inc., 89 Broad Street, New York 4, N.Y.

Crystals licensed under patents of the Brush Development Company
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The Bobbin Type Coils shown
below are part of a complex air-
craft instrument assembly. No
larger than your little fingernail,
these tiny coils are mounted on a
common core and activate three
indicator needles within the same
dial. Extreme assembly care and
microscopic inspection, at Coto,
assure perfect operation under
adverse flying conditions.

When you need electrical coils,
why not take advantage of 34
years of experience, engineering
competence, and modern produc-
tion facilities. Coto coils are built
for you, to your specifications.

COTO-COIL GO.n. 42>

COIL SPECIALISTS SINCE 1917
65 PAVILION AVE
PROVIDENCE 5. RI
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If i’s a tough potentiometer problem, bring it to Hehpo'

—for Helipot has facilities and know-how unequelled in the industry for mass-producing
precision potentiometers with advanced operating and electrical features.

This recently-developed ‘Model J’ Helipot, for example, combines severa! revolutionary od-
vancements never before available in the potentiometer field. ..

Precise Mechanical Concentricity

Modern servo mechanisms and computer
hook-ups require high mechanical precision
to insure uniform accuracy when connected
to servo motors through close-tolerance gears
and couplings.

In the “Model J,” close concentricity
between mounting surface and shaft is as-
sured by a unique mounting arrangement.
The unit can be aligned on either of two
wide-base flange registers and secured with
three screws from the front of the panel...
or it can be secured with adjustable clamps
from the rear of the panel to permit angular
phasing. Or if preferred, it can be equipped
with the conventional single-hole bushing
type of mounting.

In addition to accurate mounting align-
ment, exact rotational alignment is assured
by the long-life, precision-type ball bearings
upon which the shaft rotates. Precise initial
alignment coupled with negligible wear
mean high sustained accuracy.

High Electrical Accuracy

Helipot products have long been noted
for their unusually high electrical accuracy
and the “Model J” embodies the latest ad-
vancements of Helipot engineering in this
field.

For example, tap connections are made
by a new Helipot welding technique whereby

ELECTRONICS — September, 1951

the tap is connected to only ONE turn of
the resistance winding. This unique process
eliminates “shorted section” problems!

High linearity is also assured by Heli-
pot’s advanced production methods. Stand-
ard “Model J” linearity accuracies are guar-
anteed within +0.5%. On special order, ac-
curacies to *0.15% (capacities of 5000
ohms and up) have been obtained.

Ball Bearing Construction

The shaft of each “Model J” is care-
fully mounted on precision-type ball bear-
ings that not only assure sustained rota-
tional accuracy, but also provide the con-
stant low-torque operation so essential for
servo and computer applications. Starting
torque is only % of an inch-ounce (.25 in.-
0z.) —running torque, of course, is even less.

Independent Phasing

When using the “Model J” in ganged
multiple assemblies, each section can be
independently phased electrically or me-
chanically —even after installation on the
panel —by means of hidden internal clamps
controlled from outside the housing. Phas-
ing is simple, quick, accurate!

Mass-Production Economies

In addition to its many other unique
features, Helipot engineers have developed
unusual techniques that permit mass-produc-
tion economies in manufacturing the “Model
J”. Actual price depends upon the number
of taps required, special features, etc. ...
but with all its unique features, you will
find the “Model J” very moderate in cost.®

Wide Choice of Designs

The “Model J” Helipot is available in
a wide selection of standard resistance
ranges—50, 100, 1,000, 5,000, 10,000, 20,000,
30,000 and 50,000 ohms...in single- or
double-shaft designs . . . with choice of many
special features to meet virtually any re-
quirement within its operating field.

*Write for Bulletin 107 which gives complete data and
price information on the versatile “Model J” Helipotl

THE HEIi 0" CORPORATION

South Pasadena 2, California
Field Offices: Boston, New York, Philadelphia, Rochester, Cleveland, Detroit, Chicago, St. Louis,
Los Angeles and Fort Myers, Florida. Export Agents: Fratham Co., New York 18, New York

waany amaricanradinhictans cam
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KINDUSTRIAL ELECTRONIC WHOLESALERS

Dl oters EAST, EXPERT
s

s

\BEekman 3-2980

15_TRUNK LINES
ZNo~Waitingl —

200 ‘GQEENWICH/STREET
NEW YORK 7, N. Y.
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MILOLECTRO, NcY.
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RADIO-ELECTRONIC PARTS &

CTION

ON YOUR INQUIRIES und ORDERS!

TREMENDOUS INVENTORY!

MILO's stock of radio-electronic parts, tubes and
equipment is enormous! If you have been searching
far and wide for some elusive, urgently-needed
materials, you are practically sure to find it here at
MILO—for MILO stocks everything! Consolhidate
your purchases with a single, dependable source of
supply such as ours and save yourself invaluable
time, money and effort.

LARGE TECHNICAL STAFF

— ENABLES MILO TO OFFER
“PERSONAL SERVICE’’ to EACH ACCOUNT

One of the many reasons for MILO's efficient service
to customers is that we assign a highly specialized
sales engineer to each account. Thus, each inquiry
or order from your firm is cleared through this staff
member who becomes personally familiar with your
firm's requirements.

NATIONALLY
STAN DAR D ADVERTISED BRAN DS
MILO stocks the complete lines of products of over
200 of America's leading electronic equipment
manufacturers. No matter what your need, MILO
has it!—or can obtain it with surprising speed.

WHOLESALE PRICES

—~ Same as ’'Direct-Factory’’ Prices

- (in most instances)

MILO serves the needs of countless hundreds of
industrial firms throughout the nation, plus research
laboratories, schools, colleges, government agencies,
broadcast stations, public utilities, railroads, tele-
phone and telegraph companies. airlines, oil and gas
refineries, textile mills. plastic mfrs, etc. Your firm,
too, will receive the lowest prevailing wholesale
prices.

FAST, SAME-DAY SHIPMENT

Our staff is geared to render fast, efficient service,
orders generally being shipped within hours of
receipt. MILO ships everywhere—via railway ex-
press, parcel post, air express, motor freight, railroad
or ocean steamer, Try our service when you are next
pressed for time.

FREE MILO CATALOG!

Write today on your company letterhead
for your free copy of our massive buying
guide—an invaluable aid in your purchas-
ing. Over 1000 pages crammed full with
information on the industry’s leading A,
products, completely illustrated. includ-

ing prices and technical specifications. 47

Address Dept. SE. «
g

\Y

TUBES and EQUIPMENT

‘for ALL INDUSTRIAL APPLICATIONS!
' —~PRODUCTION + RESEARCH « DEVELOPMENT

PROCESSING.and CONTROL

MILO RADIO

& ELECTRONICS CORP.
200 GREENWICH STREET, NEW YORK 7, N. Y.

TUBES AT WORK (continued)

tortion and the amplitude of the
lowest-order harmonic can be meas-
ured or estimated.

Without any additions except
that of a second oscillator, the de-
vice ean be used to indicate modula-
tion distortion. The bridge is bal-
anced for one of the frequencies,
say the lower, and the envelope of
the other frequency examined. A
sausage-like pattern indicates the
presence of intermodulation and a
little calculation will serve to de-
termine the magnitude in appro-
priate units.

In available components, even
precision elements will not track
perfectly but mistracking of the
rariable elements may be compen-
sated for by the variable resistor in
the nonreactive arms of the bridge.
It has been possible to get a balance
of sufficient accuracy to measure
0.3-percent distortion to an ac-
curacy of the order of 5 percent.

The Wien bridge attenuates not
only the fundamental (to null) but
also attenuates the distortion com-
ponents to some extent. If consid-
erable precision of the numerical
value of distortion is desired it
would be necessary to calculate the
attenuation of the bridge for one or
more of the residue frequencies.
Thus, if distortion figures are to be
compared with those obtained by
other methods of measurement,
some corrections may be applicable.
If, however, the results are to be
comparative and the device de-
sceribed is the only method to be
used, one can get a very accurate
relative figure of merit without any
corrections.

High Fidelity

As this device was built to evalu-
ate audio equipment in the so-called
high-fidelity class, a word about
measurements of such equipment is
in order. Most amplitiers will show
fairly low distortion at 400 cycles.
The good amplifier is distinguished
from the mediocre or poor ampli-
fier by harmonic tests at many fre-
quencies and particularly at ex-
tremely low frequencies. As the
low C of the pipe organ (C.) is 32.7
cycles and this should normally be
considered as part of the desired
spectrum and as power from the C,
Bourdon pipe is very large, distor-
tion at and below that frequency

September, 1951 — ELECTRONICS



Large as our 1951 production gains have been, they have
not enabled us to keep pace with the unprecedented de-
mand for AlSiMag Custom Made Technical Ceramics. But
if you will be patient with us just a little longer we should
soon be able to meet almost any requirements and any
reasonable delivery date, Complete new plants and pro-

Production of AlSiMag Tech-
nical Ceramics during 1951 has i
been greatly increased by:

a. Installation of new rotary
presses and new large high
speed automatic presses and
auxiliary equipment.

b. The development of mul-
tiple impression dies which pro-
duce many pieces at each
stroke of the press.

¢. The perfection of sintered
carbide dies made in Ameri-
can Lava Corporation’s die
shop, which result in far long-
er ruins with less ““down’’ time
for die replacement or repair.

d. The design and production
of exclusive special purpose
machinery for specific require-
ments of our industry.

e. Bringing into full production
a complete new plant.

@

duction facilities should be available near the time you
read this advertisement. ® This has been planned so care-
fully and training programs have been under way so long
that we feel confident the increased production will be fully
up to our highest standards and maintain our reputation
for delivery on specification and at the promised time

@&@Uﬁﬂ&]@@) AMERICAN LAVA CORPORATION

5SO0OTH
OFFICES: METROPOLITAN AREA: 671 Brood St., Nework, N_ §,,
PHILADELPHIA, 1649 North B8road St., Stevenson 4.2
NEW ENGLAND, 1374 Massochusetts Ave., Combridge, Mas:., K

YEAR o

CERAMIC LEADERSHIP
CHATTANOOGA 5, TENNESSEE

Mitchell 2-8159 ¢« CHICAGO, 228 North LaSalle St., Central 6-1721
¢ LOS ANGELES, 232 South Hill St Mutual 9076
rkland 7-4498 =« ST, LOUIS, 1123 Washingtan Ave., Garfield 4959




DUMONT |

DID IT...with
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Will give amazingly effective

performance at high tem-

peratures. Has high insulation

N resistance and low power
factor for use where space is |
important. ‘
DUMONT
METAL TUBES & CANS CaPACiIES

HAS A COMPL ETE HERMETICALLY SEALED UP TO 10 MFD
STANDARD LINE \ . o
FOR USE FROM POWER FACTOR voLTAGES
—65° to 150°C 0001 U 10 40000V
* WITHOUT DERATING -2 —
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* WITHOUT INCREASE IN SIZE
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To get the best in your products write
DUMONT into your specifications.

cC O R P

308 DYCKMAN ST. NEW YORK 34, N. Y.
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ENGINEERS
DESIGNERS
PHYSICISTS

HE Aerophysics & Atomic Energy
Research Division of North Ameri-

can Aviation, Inc. offers unparalleled
opportunities in Research, Development.
Design and Test work in the fields of
Long Range Guided Missiles, Automatic
Flight and Fire Control Equipment and
Atomic Energy. Well-qualified engi-
neers, designers and physicists urgently

needed for all phases of work in

Supersonic Aerodynamics,
Preliminary Design & Analysis,
Electronics,
Electro-Mechanmical Devices,
Instrumentation,
Flight Test,
Navigation Equipment,
Controls,

Servos,

Rocket Motors,
Propulsion Systems,
Thermodynamics,
Airframe Design,

Stress & Structures.

Salaries Commensurate with
training & experience.
Excellent working conditions.
Finest facilities and equipment,
Outstanding opportunities

for advancement.

Write now — Give complele resume of

education, background and experience

PERSONNEL DEPT.
AEROPHYSICS & ATOMIC ENERGY
RESEARCH DIVISION

NORTH AMERICAN AVIATION

INC.
12214 LAKEWOOD BLVD.
DOWNEY, CALIFORNIA
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PEAK

IN
POWER
VERSATILITY
QUALITY
PERFORMANCE

A Quality Relay

HERE ARE THE FACTS AND FIGURES:
The new Allied PK Relay is de-

CONTACTS: 10 amp, S'Ondﬂl'd. 24 VO"S DC, ”5 signed to offcr Versa(i“(y in a
lsvolts AC ) power relay where quality and
amp. contacts available. low cost are factors. Besides sta-
SENSITIVITY:C.C: 4 pole 1.5 watts bility in operation its reliability
2 pole .7 watts allows a range in applications
AC.: ;po:e g;ol' amperes from high quality instruments to
pole 2.5 volt amperes vending machines. The PKU relay
Can also be furnished in 6 pole AC will . comtlvrwiih” bideewiees:
and DC up to 4000 Obhms, Py 4
Laboratories requirements and can
COIL: T5> 115 volts D.C., 230 volts A.C. also be supplied hermetically

NOMINAL HEAT RISE: D C. 30°C above room ambient sealed.
A C. 45°C above room ambient Bulletin PK gives complete

MAX. INPUT FOR 85° RISE: D.C. 5 watis details. Send for your copy
A.C. 11 volt amperes today.

MOUNTING: Bcse or end mounting Be sudrc to scméfo(; your copy l(:f
. Allied’s Relay Guide. It gives the

WEIGHT: 4.5 0z. 4 P.D.T. engineering data for 27 Allied
WEIGHT HERMETICALLY SEALED: 7.7 oz. relays in a concise tabular form

D'MENS'ONS: Open Re|°y_2|/“" ]I/’“, 24 for easy rcfercnce.
Sealed Relay—2'4", 1'2", 2%,"
Overall Mounting Flange—3')
Center to Center Mounting Holes—2'")4"

Al

ALLIED CONTROL COMPANY, INC. 2:ASTEND AVENUE, NEW YORK 2], N.Y.
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for Uninterrupted Communications
across OCEANS and

CONTINENTS....

dependable

ANDREW Rhombic Antenna Equipment

For

Whether your problem is uninterrupted communication half-
way around the world . . . or only 100 miles . . . ANDREW
offers you (1) a world-wide reputation of reliability and (2)
the convenience of obtaining all necessary equipment from
one dependable source.

® Receiver Coupling Unit efficiently distributes the output of one antenna
among as many as 10 receivers. Interaction between receivers is held to neg-
ligible levels. Power gain is approximately unity (O db} over the entire range
of operation. A 4-channel unit is also available.

e Rhombic Receiving Antenna Kit contains in one ‘'package’* everything you
need for an antenna except poles.

e Transmitting antennas available on special order.

® Rhombic Antenna Coupling Transformer is a broad band, low loss unit
which matches the balanced impedance of the rhombic to the unbalanced im-
pedance of a coaxial line.

e Transmitting Rhombic Tuning Units for single or multiple frequencies are
available on special order.

Rapid, Frequent Changes in
COAXIAL CIRCUITS...

e (a) Coaxial Patch Panel has 24 jacks. Fits 19" relay rack. Facilitates
switching coaxial circuits.

e (b) ANDREW Coaxial Jacks and Plugs are simple to install. No soldering
through a window. Just remove one screw, slide the sections apart and
solder.

Write for further
information TODAY —

)

“.- CORPORATION
CHICAGO 19

63 EAST 75th STREET

WORLD'S LARGEST ANTENNA EQUIPMENT SPECIALISTS

TRANSMISSION LINES FOR AM-FM-TV - ANTENNAS - DIRECTIONAL ANTENNA EQUIPMENT

184

ANTENNA TUNING UNITS - TOWER LIGRTING EQUIPMENT

TUBES AT WORK (continued)

should be determined. Sometimes
wind noise will produce subsonic
amplitudes that will cause serious
audible intermodulation distortion.
It appears that distortion measure-
ments should be made down to fre-
quencies where the response is
down 10 db or more. It is at low
frequencies where the exciting cur-
rent of an output transformer
creates maximum distortion which
will in turn cross modulate higher

frequencies.
Not intended to compete with the
distortion analyzers which are

marvels of speed, accuracy and con-
venience, the present offering is
suggested as a low-cost device for
use where occasional distortion data
must be obtained but where the
investment in more elaborate equip-
ment is of questionable justifica-
tion. The device is capable of yield-
ing valuable information and has
the advantage that the results are
pictorial rather than merely numer-
ical. Qualitative indications of
small magnitudes of high-order dis-
tortion are evident even in the pres-
ence of large quantities of low-
order distortion. As it is becoming
apparent that a few hundredths of
a percent of high-order distortion
is more irritating than several per-
cent of low-order distortion, the
pictorial representation of the dis-

| tortion residue may be considerably

more valuable than a mere numer-
ical value representing total distor-
tion.

Operation

The signal to be measured is con-
nected to the IN terminals and a
cathode-ray oscilloscope, prefer-
ably with two-stage vertical ampli-
fier, is connected to OUT terminals.

The bridge is balanced by rotat-
ing the main dial while watching
the screen. When a minimum is
obtained, the secondary balance is
adjusted for a further minimum.
With a little practice both controls
are operated simultaneously to ob-
tain final null of the fundamental.
The residue is observed, then the
calibration switch is thrown to
CALIBRATE position and the cali-
brated attenuator is rotated until
the fundamental is about the same
size on the screen as the residue
was at the fundamental null. The
number of db plus a calculated or
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Q
another New @FD@@ SPEED CONTROL

VARAS SPEED CONTROL
WPYT U5 VOLIS @0~

0<HS VOLTS 0-C 34
e
4 AMPS

MOURTING MUST PERMIY
EE CIRCULATION OF
IROUGH BOTTOM
INET

| T ol P 1A

S0 Cwie BREARER

FOR FREE TURNING OF
MOTOR ik STOP POSITION
OPEN FIELD SWITCH

REVERSE

W ”
Qg &

FORWARD

MOTOR SWITCH

Selenium Rectifier « Compact Construction s~ Moderate Price

This new and improved VARIAC Speed Control Features:

Selenium Rectifier — no waiting for vacuum
tube to warm up — not necessary to ‘idle’
rectifier for iustant starting — much less
heat — practically indefinite life under ordi-
nary operating conditions — at least 15,000
hours rectifier life for continuous duly in am-
bient temperature of 40 deg. C.

Standard1/3 HP Compound or Shunt Wound Motors
— etther can be used — no derating required

Instant Starting — Extra- Fast Stopping — dy-
namic braking — reverse and dynamic brak-
ing require no auxiliary equipment — single
“FORWARD","“STOP" and ““REVERSE”
switch conveniently located on control box

Continuously-Variable Speed Range down 10 zero,
at constant lorque

Negligible Torque Pulsation — armature current
praciically ripple free

Excellent Regulation — essentially that of the
motor itself

Quick Starting Under Heavy Loads — very large
short-time overload capacity — time-delay
magnelic circuit breaker protects motor and
control from damage from stalls

Micro-Switches can be wused as limit
devices — not necessary Lo break the
d-c armalure current

Rugged and Compact Construction — all
control equipment and circuils in
cne small, rugged box — easily in-
stalled by any shop electrician — es-
sentiaily maintenance free — box
and control readily mounted on ma-
chine to be controlled — plug-jack
connections simplify wiring — unit
may be removed from box withoul
disturbing wiring

GENERAL RADIG Company

275 Massachusetts Avenue, Cambridge 39, Mass.

) West Strect NEW YORK 6

ELECTRONICS — September, 1951

8208 Michigan Ate. CHICAGO §

1000 N. Seward St LOS ANGELES 38

Type 1700 - B Yariac Speed Conlrol, 105~ 125 v,
60 cycles. $165.00

Type BC46AB23 G. E. 1/3 hp semi-enclosed
1750 rpm motor, 115 v, dc, for use with Type
1700-B VARIAC Control . ....... .. 4579

The Type 1700-B VARIAC Speed Con-
trol mounted on toroidial winding ma-
chine. Note compactness, acceagibility
of sp%ed-control knob and motor control
switch.
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We talk your Language
when it comes to making

HOUSINGS !

SINC]L the beginning of the last war, we’ve success-
fully supplied cabinets, control assemblies, chassis and
similar equipment to many of the nation’s major defense
manufacturers. So there’s no wasted motion when we talk
over your sub-contract requirements—we talk your
language! If we can build the equipment you need, our
engineers know how to translate blue prints into deliveries in
the minimum time and with minimum attention on your part.
And of course we pride ourselves in quality of work above
a1l else. ® Complete information on our facilities and
capacity is yours for the asking.

CALL, WRITE OR WIRE US Tooay !

CORRY-JAMESTOWN MFG. CORP.

CORRY, PENNSYLVANIA

T et %%ste@%e o it
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Regulated Power Supply

Superior Specifications
MODEL 100 A

0 to 4325 v.d.c. 200 ma.
Regulation within 0.2 volts at
any setting.

Continuously variable.

Hum less than 2 mv.

0 to —150 v. d.c. for bias.
2—6.3 v. a.c., 3 amps. each.
Metered output.

Rack type panel, with cabinet.
$325.00 f.ob. Los Angeles.
IMMEDIATE DELIVERY.

For information send for

Bulletin E-100A

Universal Electronics Co.

2012 S. Sepulveda Bivd.
Los Angeles 25, Calif.

1 ] 1) OO0 X xox 2T e

0 Wizardry in
:g WIRE FORMS

g Small diameter wire formed

N in any shape you need!

~

N
|

\VAVA /—

\

>
~
g
>
~
S

(“-._ = . I

IMMEDIATE CAPACITY
FOR DEFENSE
SUB-CONTRACTS

STRAIGHTENING & CUTTING
Perfect straight lengths to 12 ft.
L0015 to .125 diameter
WIRE FORMS
.0015 to .080 diameter

SMALL METAL STAMPINGS
10025 1o .035 thickness
.062 10 3 inches wide

*

Specializing in Production of Parts
forElectronic and Cathode Ray Tubes

Write for 1lustrated Folder
Send Blueprints or Samples for Estimate

ART WIRE & STAMPING CO.
227 High Street Newark 2, N. J.
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JPECTRA 7

A
TYPE 850 SERIES

| UNIVERSAL
SPECTRUM ANALYZERS

For X-band or S-band— with
interchangeable r-f sections

¥ ACCURATE R-F PULSE ANALYSIS There’s no excuse .for guess-work
© PADAR SYSTEM OSCILLATOR in r-f pulse anglysm. PRD’s new spectrum
ADJUSTMENT .f'malyzers prc:iwde t}}e rqost L}p—ttf)—date means
® or accurate determination of microwave
DETERMINATION OF MAGNETRON . .
PULLING AND AFC OPERATION spectra. The su}'xple mter.change .of demountable
° r-f panels permits operation at either S- or
WEAK SIGNAL DETECTION X-band ... or at other bands as additional
® PRECISE FREQUENCY MEASUREMENT r-f sections become available.
&
STANDING WAVE MEASUREMENT BY . . . .
Of particular importance is the versatile
HETERODYNE METHODS arrangement of the microwave components,
S N ) making possible the independent use of the
ional | Electromics Conterenoimeat af, Booth 14, No- variable attenuator, frequency meter,
23 and 24, or write for copy of the latest PRD Catalog

Zaddress Department E14 mixer, and local oscillator for a variety
of bench measurements.

/,

1/141,/”/:11

202 TiILLARY ST.,, BROOKLYN I, NEW YORK
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for

MILLIMICROSECOND
PULSE
OBSERVATION...

TYPE 517

o 007 ysec risetime

o .01 usec/ecm to 20 ysec/cm
sweep rates

J Sweep triggered by
observed signal

¥ 24 kv accelerating potential
¥ Metallized CRT
¢ .1 v/em sensitivity

The Tektronix Type 517 Cathode Ray Oscilloscope has been
developed specifically to facilitate the observation and measurement of
short duration pulses. Every effort has been made to provide a highly
accurate, stable instrument of extreme utility and versatility in the field
of short duration time measurement.

Faithful representation of phenomena is made possible to an extent
not heretofore readily available, by the 2% displacement error of the
sweep and the .007 usec risetime of the distributed type vertical amplifier.
The 24 kv acceleration potential permits observation and photographic
recording of single sweeps at the fastest sweep rate. The combination of
distributed type trigger amplifier and signal delay line permits the ready
observation of random pulses. External pulse operated equipment can be
operated at its proper repetition rate by utilizing the trigger rate gener-
ator included in the unit. Facilities for accurate time and amplitude
measurement are included.

To insure the stability and accuracy of calibration and operation, all
AC and DC voltages in the indicator unit are regulated against load
changes and line variations of ==10%. Exhaustive testing of the com-
pleted instruments, both by Tektronix and other organizations, has proven
the reliability of these typical Tektronix specifications and features.

The Type 500 Scopemobile is included os a standard accessory.

Type 517 Oscilloscope $3500.00 f.0.b. Portland, Oregon.

For further informotion on the Type 517 and other
Tektronix products, please do not hesitate to contact us.

TEKTRONIX, INC.

Sunset Highway and Barnes Road, Portland 7, Oregon
P. O. Box 831 e« Cables: Tektronix o ATwater 6357
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TUBES AT WORK (continucd)
estimated correction for pattern
size difference is added to give the
ratio of the harmonic residue to
the fundamental.

In addition to obtaining a numer-
ical ratio between the residue and
fundamental, the cathode-ray pic-
ture will reveal the presence and
order of magnitude of any high-
order distortion components. For
example a fine whisker-like trans-
ient at some part of the cycle might
contain mere thousandths of a per-
cent of distortion but be more irri-
tating to a listener than a measured
several percent of second or third
harmonic.

Tube Selection for Heating
Equipment

By H. J. DaiLEy and C. H. SCULLIN

Electronics Engineering Department
Westinghouse Electric Corp.
Bloomfield, N. J.

ONE OF THE MAJOR PROBLEMS con-
{fronting the designers of induction
and dielectric heating equipment is
the selection of the electronic tube
best suited for a particular applica-
tion. It is the purpose of this paper
to outline guides for aiding in this
problem. Although most r-f heat-
ers contain both rectifier and oscil-
lator tubes, only the latter will be
discussed here.

Techniques used in the design of
equipment for radio-frequency heat-
ing have been a natural outgrowth

Onsz ol the oscillator tubes used in a
S-kw 450-cycle r4 induction heating
generator
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Across
fhe country

— In less
than a minufe!

Some day soon, a jet plane will leave
New York at 9 AM. ...

And be in California—at 9 A M.!

So fast are modern jets, they come close
to following the sun in its flight across the
continent. Speed? Yes. But in manufac-
ture, the story is different!

The all-precision jet engine takes al-

ELECTRONICS ~— September, 1951

most foxr times as much machining as
World War II aircraft. It’s long work —
but defense deadlines are short!

To speed up jet assembly lines, the
plane-makers have learned amazing pro-
duction tricks. And they’ve learned an
amazing traffic trick, too.

When ordering and shipping parts, the
makers of the world’s fastest planes use
the world’s fastest service— Air Express!

Whether your business is jets or jewelry,
here are the unique advantages you can
enjoy with regular use of Air Express:

IT'S FASTEST — Air Express gives the
fastest, most complete door-to-door pick
up and delivery service in all cities and
principal towns, @t no extra cost.

IT'S MORE CONVENIENT —One call to
Air Express Division of the Railway
Express Agency arranges everything.

v

L
i8
£=2°

Eaan

3

IT'S DEPENDABLE — Air Express pro-
vides one-carrier responsibility all the way
and gets a receipt upon delivery.

IT’S PROFITABLE—Air Express expands
profit-making opportunities in distribu-
tion and merchandising.

For more facts call Air Express Division
of Railway Express Agency.

@A LHPRLSS

GETS THERE FIRST
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ELECTRONIC INSTRUMENTATION

fox LABORATORY o» PRODUCTION LINE!

DECIMAL COUNTING UNIT, MODEL 700 is a direct reading electronic
counter capable of operating at speeds up to 30,000 counts per second.
Digits from 0 to 9 are presented on illuminated front panel. Electrical
reset to zero. Plug-in octal mounting for easy interchangeability. The
counter operates on input pulse of 100 volt neg. with 2 microsec. max.
rise time. OQutput will drive following unit in cascade. Dimensions
134" x 5" x 514", Wt. 12 0z. Other models to a million counts per second.

ELECTRONIC COUNTER, MODEL 10 was developed to meet the
need for a rugged industrial counter operating at speeds up
to 6000 counts per minute. Total count is displayed on the
Decimal Counting Unit and the mechanical register to a maxi-
mum capacity of 9,999,999, Unit may be operated from closing
contacts, photocell, or any means that will supply a positive
potential of at least 3 volts. All circuitry moisture and fungus
proofed. Unit is available in a variety of vapor-proof and
explosion-proof housings to meet individual requirements.
Dimensions 614" x 7V4” x 614", Weight approximately 6 Ibs.

PRESET COUNTER consists of a series of scale-of-10
electronic counting units each in parallel with a 10-
position push-button switch. This instrument accepts
counts in the conventional manner at rates up to
10,000 cps. Any number from 0 to maximum capa-
city may be preset merely by depressing appropriate
push-button in each column. Upon reaching the pre-
set count, the unit supplies an output pulse to drive
a register, close a gate, divert a production line or perform any other desired function.
It then resets to 0 and recycles automatically. Available in any desired capacity.

e e AT
.gi’

e
. =

EVENTS PER UNIT TIME METER, MODEL 554 will
automatically count and display the number of events
that occur during a precise one second interval at
rates up to 100,000 events per second. Accuracy is
one event. Will operate either manually or auto-
matically to count any mechanical, electrical, or
optical occurrences, regularly or randomly spaced,
that can be converted into changing voltages. Instru-
ment counts for one second and displays the results
on illuminated five-digit panel. Will recycle continuously on automatic operation.
Convenient test switch permits 2 second self-check of entire unit. Dimensions 203/4”
x 1014” x 15”. Weight approximately 68 lbs.

TIME INTERVAL METER, MODEL 510 provides a
direct reading of elapsed time between any two
events in the range of 0.000010 to 1.00000 sec-
onds. Accuracy is = 10 microseconds. Any oc-
currences that can be translated into changing
voltages may be so timed. Timing may be started
and stopped by independent voltages, the polar-
ity of which may be selected by means of toggle
switches. Sensitivity control permits selection of
the amplitude of start or stop voltages at optimum level for elimination of interfer-
ence. Dimensions 2034” x 1015” x 15”. Weight approximately 58 lbs.

SINGLE/DOUBLE PULSE GENERATOR MODEL 903 is a
general purpose laboratory instrument that supplies
either single or paired pulses individually variable in
amplitude, width and polarity. Pulse spacing is contin-
uously variable from 0 to 10 microseconds, pulse width
from 0.10 to 1.6 microseconds and pulse amplitude
from 200 volts maximum negative and 50 volts maxi-
mum positive for 1000 ohm load, and 10 volts maxi-
mum negative and 50 volts maximum positive for 50
ohm load. Single or double pulses are available through separate panel connectors.
Repetition rate internally controlled 1 to 1000 cps. Push-button control single cycle.
External signal control for any rate up to 1000 cps.

These are basic descriptions of representative standard instruments.
A variety of modifications, both standard and special, are available
to meet specific requirements. For complete details write Dep’t. E.

2200 WRIGHT AVE. * RICHMOND, CALIF.
A NATIONAL ORGANIZATION

/'///f ,
for W

CANVAS & LEATHER PRODUCTS

BAGS and CASES
BG BAGS
CW BAGS
RADIO EQUIPMENT
ELECTRONIC EQUIPMENT
RADAR EQUIPMENT
TOOL ROLLS

C. R. DANIELS, INC.

75 West St., New York 6, N. Y.
549 W. Randolph St., Chicago 6, IlI.

&

STHY ON THE A/R

WHEN POWER FAILS...with
an ONAN Eleciric Plant

190

Model 10EL, TOKW A.C.

When storms, floods, or fires interrupt
electricity and force you off the air, you
lose listeners and income. Guard against
loss, assure vital public service during
emergencics by installing an Onan Electric
Plant. Onan Standby Electric plants serve
many network and private stations. Auto-
matic models to 35,000 watts.

PORTABLE ELECTRICPLANTS
FOR MOBILE RADIO USES
Supply A.C. power for
broadcasting at scene  of
eyents. Light in weight.
Can be carried by hand or
in trunk of car. A.C.
models: 400 to 3,000 watts.

White for FREE Folden
g D. W. ONAN & SONS INC.
LI 7024 University Avenue

Maidieddbl )iinncapolis 14, Minnesota
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“CARRIER SYSTEM” telephony is economical,
because many voices use the same pair of
wires. But the extra equipment needed formerly
limited it to the longer distances.

Now Bell Laboratories have developed new
short-haul carrier, economical down to 25
miles, sending 12 conversations on two pairs
of wires in a cable.

Keys to the new system are new circuits,
miniature tubes, pocket-size wave filters and
Permalloy “wedding ring” transformer cores
that will barely slip over a man’s finger. New

BELL TELEPHONE LABORATORIES

WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES

New type N Repeaier installation. Engineer
shows ease of servicing—a spare unit can be
plugged in with little or no interruption to
service when repairs are needed.

manufacturing processes were developed in
co-operation with the Western Electric Com-
pany. Components are pressed into a plastic
mounting strip with heat, a score at a time,
instead of being mounted separately.

With this new carrier system more service
can be provided without laying more cables.
Tons of copper and lead can be conserved for
other uses. It’s another example of how science
takes a practical turn at Bell Telephone Lab-
oratories, to improve service and to keep its
cost down.

waany americanradiohistaory com




SESSIONS OFFERS

BIG ADVANTAGES

... over any other Switch Timer

I. Lowest cost with

absolute dependability
2.Most distinctive beauty

More and more designers looking for extra
value and sales-building new product
beauty, find a welcome answer in Sessions
Radio and TV Switch Timers.

Sessions movements feature a compact,
demountable, self-starting motor which
operates at low, subsynchronous speed
. .. has fewer moving parts. The result is
lower cost, plus longer, more accurate ser-
vice, without annoving buzz of high speed
gears. One exclusive feature is the Sessions
automatic switch shut-off, available in all
models. In the lowesl priced timer this
feature can also bc used as a “lullaby”
feature to automatically shut off your
radio aflter you have gone to sleep. Dis-
tinctive styling to your specifications gives

192

your product greater beauty. You can
select the hand and dial styling you prefer
fromn a variety of stock models, or Sessions
engineers will work with you to develop
special styling for your own application.
Quiet-acting switch, rated at 10-15 amps.
(UL approved) turns on silently and posi-
tively. All movements tested and guaran-
teed for one year.

Discover for yourself, as many leading
manufacturers have already done, that
with Sessions Switch Timers, you can
increase your product’s value and cut
manufacturing cost at the same time.
Write for complete details. The Sessions
Clock Company, Timer Div., Dept. 49,

Forestville, Connecticut.

WWWeamericanradiohistorvy-com

TUBES AT WORK (continued)

of the radio broadcasting field.
While there is much common
ground between the two applica-
tions, there are many factors in-
herent in the heating field which
give rise to problems not usually
troublesome in broadcasting. A
comparison of some of these
problems is given in Table 1.

The induction and Dielectric
Heating Apparatus Section of
NEMA has assembled “Suggested
Standards for Future Design” for
electron tubes to be used for induc-
tion and dielectric heating. These
suggested tube design standards
have been converted to the view-
point of equipment designers to aid
in selecting the tube best suited for
an application. Purchasers of r-f
heating equipment may wish to use
these suggestions as criteria when
purchasing equipment in order to
minimize maintenance problems.

Recommendations

Tubes for induction and dielec-
tric heating should be chosen ac-
cording to the following recommen-
dations. The tube used should be
capable of a plate output power of
at least 40 percent in excess of
nominal set output. This excess

Table [ —Comparison Factors for
Broadcast and Heating Tubes

Broadeast Heating
Tube Load Constant Varies widely
resistance both as to
resistance and
reactance
Ambient Air Varies Varies widely,
Temp. moderately often high
Air Cooling Usually clean air Air supply often
supply heavily laden
with dust or lint
Water Cooling  Usually cleanand Often beavily

constant pressure contaminated
and with wide
pressure

variations
Supply Voltage Carefully Often varies
controlled widely
Operating Constant Varies widely
Frequency with load
Instrumentation Good Must be held to
minimum
Maintenance Usually good Varies widely,
often rather poor
Grid Excitation  Usually sinusoid- Often contains
Waveform al except for high harmonics
intentional
modulation
Surge Currents  Usually limited  Usually limited
by modulation only by reactance

transformer and  of high voltage
choke and by fil- transformer
ter choke

Anode Constant except  Varies wilely
Dissipation for intentional with load
modulation
R-F Grid and Constant except ~ Varies widely
Plate Voltage for desired with load
modulation
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GILFILLAN OFFERS...

e excellent financial opportunity. Because Gilfillan jobs
require top specialists, most jobs fall into higher pay
categories.

e secure, long-term careers with a progressive 40-year-old
company.

e outstanding engineering opportunity, ranging from major
systems design to detailed circuit design.

e advancement in both pay and responsibility according
to ability.

ELECTRONIC ENGINEERS

Having design experience in one or more of the following:

General radar and computing systems
Servo mechanisms Indicator systems
Radar transmitter modulators and high voltage
power supply systems

Wide band IF amplifiers and receivers
General pulse circuits

MICRO-WAVE ENGINEERS... Having design experience
in transmission line components, micro-wave antennas and

feeds.

PHYSICISTS. .. Having practical experience in analysis of
radar and radar control systems.

ELECTRONICS — September, 1951

PERMANENT CAREERS

ELECTRONIC DESIGN ENGINEERS
AND PHYSICISTS

with GILFILLAN

o the company that developed and produced GCA, the world-famous

Radar cquipment for landing aircraft in bad weather

e the company that pioneered devclopment of GCA radar equipment
for the USAF, the CAA, thc USN and the USMC

FOR

IN LOS ANGELES

DEGREE NOT ESSENTIAL. Applicants must be capable of
assumning responsibility for design engineering.

ADEQUATE MOVING ALLOWANCE...for family and
furniture. Your family will enjoy living in Southern Cali-
fornia. Wonderful climate the year around. Adequate hous-
ing, unexcelled educational facilities.

Interviews can be arranged at convenient cities
WRITE OR CONTACT MR. HOMER TASKER,

Chief Enginecr, Gilfillan Brothers, Dept. E
1815 Venice Blvd., Los Angeles 6, Calif.

ALL REPLIES STRICTLY CONFIDENTIAL

ZGilfillan

T
'v LOS ANGELES, CALIFORNIA

GCA
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A BETTER ENGRAVER
- AT LOWER
COsT

The 2 and
3-Dimensional

MICo

STEP-UP
Soldering Operations
on your

Production Line

Fills the long-felt need for a portable, inex-
pensive and depeadably accurate machine for
making small dies. molds, templates, etc. Ex-
tremely simple to operate.
Note These Superior Features
® Engraves 2 or 3 dimensions.
¢ Pantograph permits 4 reduction ratios.
® Micrometric depth control graduated in
thousandths of an inch.
® Entire spindle assembly removable to fa-
cilitate cutter grinding.
® Rugged cast iron construction with exclu-
sive adjustments for insuring quick, accu-
rate setting,
Send for complete specifications and attractive

price list.
MICO INSTRUMENT CO.
76E Trowbridge Street Cambridge, Mass.

S YU need ©

QUALITY

LECTRON OSCILLATOR

ROSIN CORE SIE
SOI-DE R : MODEL M-2

]
Every month, production on TV, radio, and electronic equipment is pushed to IS YOUR ANSWER

greater volume. To help mect this increased demand, engineers and production '
chiefs, from coast to coast, are specifying and insisting upon GLASER

The unique SIE oscil-

LECTRON ROSIN CORE SOLDER. They agrece, GLASER LECTRON is the lator circuit which has
best* activated rosin core solder for speeding soldering operations. no lower limit to its
Made with an exclusive activated rosin flux, GLASER LECTRON ROSIN . possible frequency of

CORE SOLDER is more efficient and faster than plain rosin core solder. Bonds
copper and brass and other metals perfectly and permanently—yet is non-corro-
sive and non-conductive.

oscillation is responsible
for the excellent low
frequency performance

*Satisfied users of Glaser Lectron Rosin Core Solder report gains .
ot 159, or better in soldering speed on their production lines. of the Model M_2 and
other SIE oscillators.

GLASER PLASTIC ROSIN CORE SOLDER Write today for complete

Both Glaser Lectron Rosin Core and Glaser Plastic Rosin Core Solders specuflccmons.

u‘relmudde I‘I,f virgiln tin and lead and perfect flux. Available in any
tin-lead alloy and wire gauge.
Write our Engineering Department for assistance , SOUTHWESTER"
on any of your soldering or flux problems. W‘% ‘ I"DUSTRIAL
Thel 2=
GLASER LEAD CO. INC. 7 ELECTRONICS CO.

21-31 WYCKOFF AVENUE, BROOKLYN 27, N. Y. 2831 Post Oak Rd. Mouston 19, Texas

l 434 Seventh Ave, East—Calgory,
Alberta, Canada

RENDERING DEPENDABLE SERVICE TO AMERICAN INDUSTRIES SINCE 1922
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This compact completely self-contained motor
generator set operates from commercial 60 cycle
power to furnish up to 5 KW of 400 cycle power
for use in testing 400 cycle radio and aircraft
equipment as well as operation of high speed
machine tools, etc. The unit is complete with
starting equipment and automatic voltage

regulator to maintain the output voltage constant

HOW BOGUE SERVES

VOLTAGE—
REGULATED BY
BOGUE MAGNETIC AMPLIFIER

over varying loads. It can be supplied with
either single phase or three phase 60 cycle motor
and either single or three phase 400 cycle gener-
ator. The output wave form is extremely pure,
the total harmonic content of the three phase
design being approximately 1%. In order to
move the unit from one location to another

casters are supplied as standard equipment.

INDUSTRY

Bogue Electric specializes in producing electrical equipment required for special applications such as pure
400 cycle power . . . less than 1% harmonics; low ripple dc generators for precision testing of electronic

equipment; magnetic amplifiers for reliable, constant speed and voltage control. Bogue electronic engineers
have solved hundreds of confidential problems. They are always available to talk over your specialized
control or power problems, too!

BOGUE ELECTRIC
MANUFACTURING COMPANY & %,

Where Precision Coordinated Design...Counts! uef‘é
50 IOWA AVENUE . PATERSON 3, NEW JERSEY 6 §
—————————————————————————————————————————————— , é,
MAGNETIC AMPLIFIERS +« MAGNETIC CONTROLLERS + AC & DC MOTORS ,’/'///[ MU“\“\’
AC & DC GENERATORS ¢ VOLTAGE & SPEED REGULATORS ¢ SWITCHBOARDS
ELECTRONICS — September, 1951 195
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« « [ SERVICEMEN, AMATEURS,
TECHNICIANS SELECT =

HAmerican Beauty

SOLDERING IRONS
for

TOP SOLDERING
PERFORMANCE!

Outstanding performance coupled with
durability of construction make Ameri-
can Beauty electric soldering irons the
choice of discriminating usersin all fields

TEMPERATURE REGULATING STAND

Providing heat-regulation for all sizes
of electric soldering irans, this stand
is adjustable for all heats up to full
working-temperature. Assures longer
life of iron and tip.

For descriptive catalog pages wrile Dept. $-23

AMERICAN ELECTRICAL HEATER CO.

DETROIT 2, MICH.

TUBES AT WORK (continued)

Inside rear view of the induction heat-
ing generator

power capability usually permits
the tube to supply the required
power output plus circuit losses
under widely varying load condi-
tions without exceeding tube rat-
ings, particularly plate input and
plate dissipation.

The tube should be capable of a
plate efficiency of 65 percent or
more. This requirement indicates
the minimum plate efficiency to be
expected when the set is delivering
rated output. From the first two
requirements the tube used should
be capable of a minimum power in-

| put of 215 percent of nominal rated

set output.

Tubes used should be capable of
delivering the desired set output at
not less than 65 percent efficiency
and at values of d-c grid current
and voltage not in excess of one-
third the maximum ratings. All
other conditions to be within rat-
ings. This requirement will usually
permit the equipment to operate
within maximum tube ratings when
operated partially or wholly with-
out load as may happen in practice.

A water-cooled tube should be
capable of operating in an ambient
air temperature up to 70 C. The
temperature within the tube en-
closure is usually above room
temperature, therefore this require-
ment reduces the possibility of tube
failure from overheating due to a
high ambient temperature.

When water cooled, the cooling

September, 1951 — ELECTRONICS



“R. B. A.”

HEAVY DUTY SWITCH BODY

6|l

COSMALITE
TUBES INSULATE
BODY BOLTS

ELECTRONICS — September, 1951

A

Phenolic
Tubing
is used in heavy
duty switches.

In their popular “R.B.A."“ Heavy Duty Industrial Switch
The Trumbull Electrical Manufacturing Co.
uses Cosmalite Tubing to insulate its body bolts.

The combined electrical and physical properties of CLEVELITE* and
COSMALITE* are essential wherever strength, low moisture absorption,
high dielectric strength, low loss and good machineability are of prime
importance!

DEPENDABLE - ECONOMICAL - LONG LASTING . . . Why Pay More?
Made in diameters, wall thicknesses and lengths to meet special or
new adaptations . . . in various grades to meet the most exacting needs.
Your inquiry will receive immediate attention.

* Trade Marks

%CLEVELAND CONTAINER 4/

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N.J.
ABRASIVE DIVISION ot Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario

REPRESENTATIVES

NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, N.J.
NEW ENGLAND B S PETTIGREW & CO. 10 N. MAIN ST., WEST HARTFORD, CONN_ |
CHICAGO AREA  PLASTIC TUBING SALES. 5215 N. RAVENSWOOD AVE., CHICAGO

197
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Standard
RADIO INTERFERENCE
and FIELD INTENSITY

Measuring Equipment
Complete rquenty Coverage - 14 ke to 1000 mc /

yLF!

14ke to 250ke
Commercial Equivalent of
AN/URM.6.
Very low frequencies.

150kc to 25mc

BN Commercial Equivalent of AN/PRM-1.

%\ Self-contained batteries. A.C.
fophonol

il:éﬂons frequencies,

15mc to 400mc
Commercial Equivalent of
15-587/U.
Frequency range includes
FM and TV Bands.

375mc to 1000me
Commercial Equivalent of
AN/URM-17.

Frequency range includes Citizens
Band and UHF color TV Band.

These instruments comply with fest equi}
such radio interference speciﬂcations as

STODDART AIRCRAFT RADIO CO.
b644-A SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA
Hillside 9294

198

supply
Includes standard broadcast
»band, radio range, WWV, and ¢commun-

| VHF Antennas

for Civil Defense
|For 100 to 250 Megacycles

f Il
|

With amateur mobile in CD limited to
28 mc. upwards, local emergency co-
ordinators now plan extensive use of
the 6, 2 and 1% meter bands.
| Mobile operations at these frequencies
are working out surprisingly well, too,
with excellent coverage using rela-
| tively low mobile power. Recognizing
the need for inexpensive VHF an
tennas, Premax offers two new cartoy
designs. One requires only a single %~
hole for mounting and the other util-
i izes a suction cup mounting, requir-
| ing no holes, yet being always avail-
able for service.

See your distributor or write for Catalog

PREMAX PRODUCTS

DLVISION CHISHOLM-RYDER CO., INC

5101 Highland Ave. Niagara Falls, N. Y.

z /
7 Brade-mork

M.5.C. |

{Mass Spectrometer Chetked}ﬁ‘;.
; )
RARE GASES

HELIUM + NEON
v\ARGON . KRYPTON - XENON

- Linpe Rare Goses are mass spectrom-
_ eter checked to assure you gases of
known purity and uniformly high
quality. Avoilable in commercial-size

cylinders and glass bulbs.. - ‘z&.

Linog, the world's lorgest producer o&
gases derived from the otmosphere,
canmeet your individuol needs of pur-

ity...volume ...mixture...containers...

LINDE AIR PRODUCTS COMPANY

A DIVISION OF UNION CARBIDE
AND CARBON CORPORATION

30 East 42nd Streot (I8 New York 17, N. Y.
s i In Cancda:
‘ . Dominion Oxygen Company, Limited, Toronto
G

. The term “'Linde’ is o registered trade- modwg

ni Union Carbide and Carbon Corporation

‘st& iy S o W
CE L it
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.. - We'll take

Good ideas for electronic circuitry sometimes run afoul
of connector problems. Maybe existing connector units
won’t hold air pressure gradients, won'’t stand the heat,
aren’t rugged enough for the job. Or maybe it’s a ques-
tion of altitude, or under-water application. But if you
can sketch the circuit, we’ll take it from there. We’ve
engineered so many special connectors, solved so many
“impossible” problems, that whatever the requirements
are, we can usually provide the answer.

WRITE TODAY for specific information, or send us your

sketches. We'll forward recommendations promptly.

BREEZF
Special CONNECTORS

BREEZE CORPORATIONS, INC.
41 South Sixth Street Newark, New Jersey

Lightweight actuators for
any requirement.

Flexible conduit and ig-
nition assemblies,

Job enginéered, welded-
diaphragm bellows.

e,
N

)
[

Aero-Seal vibration-
proof hose clamps,

Removable pins in Breeze connectors speed solder-
ing, save time, trouble. Pins snap back into block.

ELECTRONICS — September, 1951
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FREE! WRITE TODAY

OVER 15,000 PRODUCTS!
LOWEST NET PRICES

Z a designer %
é an engineer %
g a purchasing agent Z
Z an experimenter g
% a manufacturer é y
lF YOU ARE é a technician % n
% an instructor é
é a serviceman Z
Z a broadcaster é
é a radio amateur é
é a custom builder %
%. 4

THORDARSON
WHERE CAN | GET
RUSH ORDERS
FILLED ACCURATELY?

FOR YOUR GIANT 1952
RADIO SHACK CATALOG
ALL NEW! 192 PAGES!

OHMITE o
WHAT CAN | USE FOR e
’f‘q, AN XYZ TRANSFORMER?

eeld 'l'hls CATALOG

&A
N 15, %
\,\gO & % v“é ﬁ%
S Aoy A
s b’b OX /[(EN y
€, VICTOREEN = \C « | =]
%4 SERTY w A T
A
usEco < 2 - = K/ A N e ¢, ELECTRONS INC.
w2 - K & Decye, 6 or
\7\{\"- W C R e \IEC‘
oW Ny W WHAT'S NEW IN My
sup,, M A Meson,  AMpren,
Ses e JAN COMPONENTS? 4y, oL
kY p‘( ‘(/,o: Fr, N/NG
A (1) e MER @
R g py, BEOEN A ae0 AT Y OAK Ripge
& PSON "4 o
»‘ﬂ ERIE N A, ute o\%\ WATERMAN
GET THE ANSWER Ol & A \_gcw*\c
HERE g™ R4 Ot
H. D. JONEs CORNELL-DUBILIER 010 WP NGO

® COMPLETE-“Academy to ZCphyr"— presenting all the “blue-chip”
lines of instruments, components, apparatus, tools, kits, books; for

all electronic and electrical development,
amateurs, and hi-fi sound.

production,

radio, TV,

® DETAILED — gives pictures and full descriptions of over 15,000
items — with more technical data than ever before offered in a

catalog of this kind.

® UP-TO-THE-MINUTE — includes latest information on radiation

instruments, radar, miniature and subminiature equipment.

® TIME and MONEY SAVER — gives you a single, low-cost depend-

able, rapid, mail-order source for all your requirements,

® BACKED UP — by the largest stocks, strongest capitalization, largest
plant most suppliers, greatest number of “blue chip” lines, lowest

prices, and best delivery service anywhere in the East.

TODAY

FREE! THIS COUPON

Radio Shack Corp. Dept EL

167 Washington St., Boston 8, Moss.

Please send me your FREE 192-page catalog
Issue date Sept. 1, 1951

I am a
NAME
ST. ond NO.
cny

MAIL

ZONE...... STATE...... ......
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CORPORATION

RADIO SHACK

167 Washington $t1., Boston 8, Mass.

TUBES AT WORK (continued)

water rate required should be as
low as possible for a given dissipa-
tion rating. This requirement is
an economic advantage and also
helps insure adequate cooling at
low water pressures. The plate
dissipation required should be at-
tainable at water pressures con-
siderably below those normally
encountered.

Forced-air-cooled tubes should be
capable of operating at full input
power with incoming air at a temp-
erature as high as 45 C and an
outgoing air temperature not in
excess of 100 C except where the
latter temperature could not en-
danger other components. High
room temperatures occasionally en-
countered make the 45 C tempera-
ture highly desirable. An outgoing
temperature in excess of 100 C may
overheat other components if dis-
charged within the equipment. In
some cases it may be desirable to
discharge the heated air outside the
equipment.

Tubes used for induction and di-
electric heating should have a fila-
ment power requirement as low as
possible consistent with a filament
life expectancy of at least 5,600
hours for tubes used in equipment
having output ratings of 5 kilo-
watts or more.

The expected filament life of pure
tungsten filaments may be calcu-
lated with a fair accuracy. The
most economical use of tubes in
dollars per hour of life usually oc-

Power amplifier tube used in an am
broadcast transmitter
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MORE FOR YOUR MONEY

o BENDIX SGINFLEX

ELECTRICAL CONNECTORS

e Pressure Tight

e Radio Quiet

» Single-piece Inserts
e Vibration-proof

« Light Weight

e High Insulation
Resistance

e Easy Assembly
and Disassembly

e Fewer Parts than
any other Connector

* No additional
solder required

ELECTRONICS — September, 1951

MOISTURE PROOF

The imporiance of a completely moisture-
proof electrical connector can scarcely be
exaggerated. But in addition to this impor-
tant characteristic, there are a host of other
exclusive features that make Bendix Scinflex
connectors outstanding for dependable per-
formance. For example, the use of Scinflex
dielectric material, an exclusive Bendix
development of outstanding stability, in-
creases resistance to flash over and creepage.
In temperature extremes, from —67°F. to
+275°F. performance is remarkable. Dielec-
tric strength is never less than 300 volts per
mil. If you want more for your money in
electrical connectors, be sure to specify Bendix
Scinflex. Our sales department will be glad
to furnish complete information on request.

wiww americanradiohistorvy.com _

SHELL
High strength aluminum alloy
. . . High resistance to corro-
sion . . . with surface finish.

CONTACTS
High current capacity ... Low
voltage drop.
SCINFLEX ONE-PIECE INSERT

High dielectric strength . . .
High insulation resistance.
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WEBSTER ELECTRIC one of the original
manufacturers of crystal cartridges

FOR OVER 20 YEARS

a complete line of cartridges

Engineered to meet your requirements

Webster Electric has been making cartridges for years and
years ... starting way back when cartridges were nearly as
big as baseballs. The line of cartridges has constantly changed
and improved to meet current requirements. Each vear has
brought improvements until cartridges are now available in
thumb-nail size and versatile enough to meet the requirements
of 78, 33Y5 and 45 RPM.

Webster Electric has the experienced engineers, manufacturing
know-how and long-range experience to make cartridges to
meet all of the industry’s requirements,

When you need a new cartridge submit your proklem to
Webster Electric. When your record players or changers are
equipped with Webster Electric cartridges, you can be assured
of the best in dependable performance.

Webster Electric Company, Racine, Wis., Established 1909

WEBSTER W ELECTRIC

"Where Quality is a Responsibility and Fair Dealing an Obligation”

202

RACINE o WISCONSIN
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GREEN 1.7/
ENGRAVER\ /
_Proved Profitable™=

Machine Tool, Radio, Electrical
and Instrument Mfrs., Sales Pro-
motion and Advertising.

:cm. erugged, convenient—and inexpensive. The
Green Engraver is tops for low-cost performance
—zips out precision work on metal, plastics or
wood . « o cuts four lines of letters from 3/64"
‘o 1” on curved or flat surfaces . . . operates
by tracing . . . makes anyone an expert . . .
engraves panels, name plates, scales, dials,
nolds, lenses and instruments, (Also widely
1sed for routing, profiling and three dimen-
siongl modeling.) Eleciric etching attachment
available.

Special attachments and engineering service avail-
able for production work.

FREE—Fact-packed folder, Send for yours, today

GREEN INSTRUMENT COMPANY

363 PUTNAM AVENUE
| &“EEN CAMBRIDGE, MASS.

SOLVE YOUR
WIRING
PROBLEMS

In almost endless variety of
colors, sizes and specifications to
your order, Runzel products will
assist you in your wiring problems,

Shielded wire and cords . . .
popular hook-up and lead-in wire

. speaker cords and all types of
insulated wire products.

Geared for fast production . .
Centrully located . . . our facilities

\ for service are unexcelled

CORD & WIRE CO.
RUNZEL 4723 Montrose Avenue
Chicago 41, lilinois
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T

FOR A KING

.

THE “ROYAL TASTER”

Prudently, kings of old em-
ployed the ‘‘taste-it-first’’
method to test the presence of
lethal power in bulk food and
drink.Wary but wise, you’dsay...

VERTICAL BLOCKING
OSCILLATING TRANSFORMER
HERMETICALLY SEALED

BUILT TO MIL-T-27

PLATE TRANSFORMER SHOWN
(1o r) WITH POWER, FILAMENT,
CHOKE, DRIVER, FILAMENT AND
SMALLER PLATE TRANSFORMERS
ALL BUILT TO MIL-T-27 SPECIFICA-

TIONS. HERMETICALLY SEALED
SEND YOUR
ISOLATION-STEP-UP

STEP-DOWN B/P

TRANSFORMERS T R A N S F 0 R M E R SPECIFICATIONS
c O R o R
K N. PULAS OAD -

INDINGS
W P A T 1 O N
X CHICAGO 39, ILLINOIS

One good Turn—or a Million

FILAMENT
AUDIO
TRANSFORMERS
L

FILTER REACTORS
L

2732- IR
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First Aid For “Idea-Men”

C.T.C.’s handy new ceramic coil kit
helps you design electronic equipment
around standard components . &

Design engineers, laboratory techni-
cians, experimenters! . . Here’s a brand
new, conveniently packaged ceramic coil
form kit, especially developed to spark
ideas in the design of your electronic
equipment and for the development of

prototypes and pilot models.

C.T.C.’s new Coil Kit contains 15 ce-
ramic coil forms — 3 each of 5 different
types of C.T.C.s standard, mass-pro-
duced coil form components for quick,
handy use.

COIL FORM TYPES INCLUDED IN KIT
The 15 coil forms vary in winding di-
ameters from 3/16’/to 1/2"/, and in over-

all mounted heights from 19/32"" to
111/16". Each is made of grade L-5 sili-
cone impregnated ceramic, meeting
specifications of JAN-I-10, and provided
with a powdered iron slug for high, me-
dium and low frequency operation. As
alternates to the iron slugs, extra slugs of

silver-plated brass are included.

All nccessary hardware is furnished.
Mectal parts are non-ferrous and electro-
plated to meet military specifications.
Also supplied is a handy chart identifying
slug types by color code and part num-
bers, and giving approximate frequency
ranges and permeabilitics.

results.

SPECIAL CONSULTING SERVICE

C.T.C.s experienced component engineers are at your service — without cost —
to help you sccure exactly the right components. When standard parts are unsuitable
they will design special units, working closely with you for economical, satisfactory

Call on the C.T.C. Consulting Service any time. Just write to Cambridge
Thermionic Corporation, 437 Concord Avenue, Cambridge 38, Massachusetts.

custom or standard...the guaranteed components

P
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‘ TUBES AT WORK

(continued)

' PR

the a-m

cubicle of
broadcast transmitter

Power amplifier

curs when the total cost of fila-
ment heating power used is some-
what greater than the cost of a
new tube. The selection of 5,000
hours is an approximate minimum
for total filament power cost as
compared with tube cost and cost of
interruption of service for tube
replacement purposes.

The tube used should be capable
of withstanding an internal flash-
over surge current for 1/6 second.
In general, tube currents should not
exceed 20 times the operating d-c
plate current.

The tube used should be capable
of withstanding 150 percent of max-
imum rated plate voltage when the
control grid is biased to cut off.

The tube used should have suffi-
ciently stable characteristics to
maintain the operating plate cur-
rent of an individual tube within
10 percent of any given set of oper-
ating conditions within the rating
of the tube.

The most common type of tube
operation in r-f heaters is as an un-
modulated class-C oscillator. Some
tubes have been operated as self-
rectifying oscillators with 60 cycles
used as a plate supply. However,
one survey made of this type of
operation indicates that it costs
about 40 percent more per kilowatt
hour of r-f power than operation
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| _that keeps pace with the growth of the electronic industry

| ~that meets fully the performance requirements of all
radio and tv set manufacturers

~that safeguards dealer service work TU N G-s OI_

RADID, TV TUBES, -DIAL LAMPS

TUNG-SOL LAMP WORKS INC.. Newark 4, N. ). Sales Offices: Atlanta - Chicago - Dallas - Denver . Detroit - Los Angeles - Newark
ad

e
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JUST PLAIN
RUGGED

... yet an
instrument of
highest QUALITY
. . . PRECISION

OLLOW THE
PARADE
TO THE 7ex

lon

DbrneZizalty Senlod

. ACCURACY

The Burlington
designed and is manufactured to
specifications for sealed instruments.

® Steel case with heavy copper-cadmium plate and black

finish.

Double strength clear glass.
Black satin onodized aluminum bezel.

ture conditions.

® D’'Arsonval permanent magnet type movement for DC appli-

cations.
Designed to enhance panel appearance.

"Hermetically Sealed” Instrument was
conform to JAN

Excellent shielding due to case material and construction.

Glass to metal seal under controlled humidity and tempera-

Available in 1V2" square, 212" and 312" round case types.
¢ Guaranteed for one year against workmanship and materials.

BURLINGTON INSTRUMENT

Best Buy Burlington

COMPANY

DEPT. F-91, BURLINGTON, IOWA

QUALITY MINIATURES -
the space-saving solution
to size reduction p-oblems — save

50% to 75% in capacitor space—self-healing
properties eliminate capacitor service problems

~ excellent RF characteristics — the “last word” in vltra-
compact, miniature capacitor design—available in standard,

WRITE FOR

CATALOG AC-2
H)E W

QuAaLITY

JAN and spezial case styles.

ASTRON RF Interference
filters with “METALITE" -
is the onswer to your
RF Interference
suppression problems

STRON corroraTION

255 Grant Avenue

Maonufocturers
CAPACITORS

East Newark. New Jersey

FIXED AND FILTERS

If You’re Interested
in Yourself—We're
Interested in YOU!

You may think this an unusual attitude for
an employer to take, but the fact is, “self-
interest” is often overlooked and even con-
sidered undesirable by some employers.

But here at Honeywell, we believe self.
interest is healthy for our employees and for
this company. And we back up our belief
not only with money, security and the usual
“fringe benefits,” but also by giving people
satisfying, challenging work and opportunity
for advancement NOW — not tomorrow or
next year.

Consider the self-interested engineer. He
wants always to use the latest in electronic
and engineering techniques. He wants to
work at his full creative capacity. He wants
to show more than just a fraction of his
actual potential. Because he knows that in
this kind of position lies his best opportu-
nity to further his career.

So—here at Honeywell—we take great care
to put a self-interested engineer in his proper
field —research, development or design. We
let him loose in basic research. Or we give
him meaty problems in electronics and
electro-mechanical devices. We let him tear
into gyro, servo-mechanism, relay, heat trans-
fer, electrical contact phenomena or aero-
elasticity. In other words—we give him the
work he wants and needs to do.

Yes, Honeywell goes for self-interested
engineers. We want them when we find
them and we keep them when we get them,

If this kind of thinking appeals to you,
the chances are you’ll be mighty valuable
to yourself and to us by working at
Honeywell. Why not start right now to
do something about it? Depending on
the location you prefer, write to H. D.
Elverum, Personnel Department EL-2,
Minneapolis 8, Minn. or W. Reiterman,
Personnel Department EL-2, Philadelphia
44, Pa., giving your qualifications and
experience. Your letter will be held in
the strictest confidence, of course.

Honeywell -
Tt i Coatrls-
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w. /' v Die Cast Aluminum Jackets Complete assemblies with

Permendur, steel or alumi-

: num b S i t d
» Sand Cast Aluminum Jackets - pum bases. inserts and
v Celastic Covers |

netized and stabilized as
required.

e

—

/> THE ARNOLD ENGINEERING (JoMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION

;
t
[ | General Office & Plant: Marengo, lilinois " f
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DOES WORK OF
25 RESISTORS

saves work—and cost—
of hooking them up

It used to take 25 conventional resistors, 1134 x 1Y in.,
spaced on 2% in. centers, to keep the power company
happy.

Ward Leonard worked out the problem with a single
Edgeohm resistor, 19 in. long —saving all that space,
weight, mounting and wiring.

Here’s the application: a 40-kw radio transmitter, oper-
ating from a 50 kva transformer, made by a large trans-
mitter manufacturer. Problem: limiting inrush current to
avoid a severe voltage drop (objected to by the power
company) and a strain on the line contactor.

This single Edgeohm unit is rated for continuous duty at
2200 warts, and when used for a 15-second interval, will
dissipate 6400 watts!

Another example of Ward Leonard "Result Engineer-
ing”, providing the desired result at a saving! wWARD
LEONARD ELECTRIC CO., 31 South Street, Mount Vernon,
N. Y. Offices in principal cities of U. S. and Canada.

WARD LEONARD
ELECTRIC COMPANY

R wule- B rgpintened Conitioty Simee 1872

RESISTORS + RHEQOSTAIS - RELAYS . CONTROL DEVICES

www americanradiohistorv com

TUBES AT WORK (continued)

with a d-c power supply.

There is another phase in the ap-
plication of tubes to r-f heating
which is being studied. Where
tubes are not operated continuously
and the time on is short, it is pos-
sible to increase tube ratings to the
point where average dissipations
will be no greater than for continu-
ous service. This requires a maxi-
mum limit on the length of time for
averaging, Considerable work must
be done on any given tube type to
determine accurately its maximum
safe possibilities in this type of
application.

Refrigeration for Amplifiers

REFRIGERATION of the main ampli-
fier room of Lockheed Aircraft’s
large public address system has ex-
tended life of both tubes and elec-
trolytic capacitors. Where temper-
atures formerly went up to 130 F,
two refrigerating units now main-
tain the air at about 70 F.
Refrigeration was decided upon
when figures showed that the 68 50-
watt amplifiers in the room re-
quired new 6L6’s and 5Z3’s every
six weeks to three months. With
the room cooled, only about 25 per-
cent of the tubes are replaced each
year. Electrolytic capacitors had a
life expectancy of one to three
months before refrigeration and
now last two years on the average.
Two small refrigeration units
originally used for food preserva-

FIG. I-—Cooling radiators used to re-

frigerate the main amplifier room of a

public address system are shown sus-
pended from the ceiling
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Everyone Can Counf on

EEDER-ROOT

/W/(C: In every arm of the service, high up in the D-O’s . . . and you are
/‘7/ /K - today, Veeder-Root Counters in need of some phase of Countrol
\\ are performing countless con- ... then let’s talk it over.

fidential missions “by the numbers”
.. bringing raid and discomfort to VEEDER-ROOT INCORPORATED

the enemy. “The Name That Counts”
. s HARTFORD 2, CONN. « GREENVILLE, S. C.
N().W lf you, tOO, h?ve a milit S Montreal, Canada + Dundee, Scotland
mission in manufacturing that counts Offices and agents in principal cities

VEEDE R~ R O O T|[tloluNTERIS]) -« g n
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SIMPLE DESIGN
INEXPENSIVE

AVAILABLE

SN

AN

%. A, |
00070070 7k

15 YEARS' DEPENDABLE
PERFORMANCE
SOME TYPICAL APPLICATIONS

Small Electric Motors
Aircraft Instruments

Scales & Weighing Devices
Thickness Gauges

Rollers 3

Flow Controllers { i

Pressure Gauges Smallest of 98 different types
Gyros and sizes-shown to scale,

Vibration Pickups
Indicating Thermometers &
Similar Instruments

Pilot Trainers

45 West 45th St.
Write ¢ f tal No. 7.
o o T aedan® New York 19, N. Y.

miniature and instrument ball bearings.

You can specify LOUTHAN low-loss Steatite
products with complete confidence in the high

quality and dimensional accuracy of the parts. Made
I e to exacting standards, Louthan Steatite insulations
have the mechanical and electrical characteristics

Applications

needed for electronics applications and other elec-
trical service. They are formed to meet your needs
and made to close tolerances. Surfaces are smooth,
hard, clean and non-absorbent.

Write for Catalog 49-E, describing Louthan
Insulations.

for ELECTRONIC

THE LOUTHAN MANUFACTURING COMPANY

A Subsidiary of Harbison-Walker Refractories C