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The UTC type HQ permalloy dust toroids are ideal for all audio, carrier and supersonic
applications. HQA coils have Q over 100 at 5,000 cycles... HQB coils, Q over 200 at 4,000
cycles... HQC coils, Q over 200 at 30 KC...HQD coils, Q over 200 at 60 KC.., HQE (mini-
ature) coils, Q over 120 at 10 KC. The toroid dust core provides very low hum pickup...
excellent stability with voltage change...negligible inductance change with temperature,
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etc. Precision adjusted to 19% tolerance. Hermetically sealed.

Type No.

HQA-1
HQA-2
HQA-3
HOA-4
HQA-5
HQA-6
HQA-7
HOA-8
HQA-9
HQA-10
HaA-11
HQA-12
HQA-13
HQA-14
HQA-15

Inductance
Value
5 mhy.
12.5 mhy.
20 mhy.
30 mhy.
50 mhy.
80 mhy.
125 mhy.
200 mhy.
300 mhy.
.5 hy.
.75 hy.
1.25 hy.
2. hy.
3. hy.
S. hy.

7.50
8.00
8.00
9.00
9.00
10.00
10.00
10.00
11.00
11.00
13.00
14.00

Type No.

HQA-16
HQA-17
HQA-18
HQ@B-1
Has-2
Hag-3
HQB-4
HQB-5
HQB-6
HaB-7
HaB-8
HQB-9
HQB-10
HaB-11
HaB-12

Inductance Net
Value Price
7.5 hy. $15.00
10. hy. 16.00
15. hy. 17.00
10 mhy. 16.00
30 mhy. 16.00
70 mhy. 16.00
120 mhy.| 17.00
5 hy. 17.00

1. hy. 18.00
2. hy. 19.00
3.5 hy. 20.00
7.5 hy. 21.00
12. hy. 22.00
18. hy. 23.00
25. hy. 24.00

These U.T.C. stock units take care of most
common filter applications. The interstage
filters, BMI (band pass), HMI (high
pass), and LMI (low pass), have a
nominal impedance at 10,000 ohms.
The line filters, BML (band pass), HML
(high pass), and LML (low pass),
are intended for use in 500/600 ohm circuits.
All units are shielded for low pickup
(150 mv/gauss) and are hermetically sealed.

150 VARIMCK STREET

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N_Y.,

STOCK FR

Type No.

Hac-1

Hac-2
Hac-3
Hac-4
Hac-5
Hap-1

Hap-2
Hap-3
Hap-4
HaD-5
HQE-1

HQE-2
HQE-3
HQE-4
HQE-5

Inductance
Value
1 mhy.
2.5 mhy.
5 mhy.
10 mhy.
20 mhy.
.4 mhy.
1 mhy.
2.5 mhy.
5 mhy.
15 mhy.
5 mhy.
10 mhy.
50 mhy.
100 mhy.
200  mhy.

EQUENCIES

8.00

(Number after letters is frequency)
Net Price $25.00

BM!.60 BM!-1500
BMI-100 BMI-3000
BMI-120 BM!-10000
BM!-400 HMI1-200
BM{-500 HM{-500
BMI-750 HMI-1000
BM1-1000 HM{.3000

NEW YORK 13,

N. Y.

CABLES: "'ARLAB"

LM{-200
LM!-500
LM!-1000
LM1-2000
LM|-3000
LM1-5000
LM!-10000

BML-400
BML-1000
HML-200
HML-500
LML-1000
LML-2500
LML-4000

LML-12000
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PRINTED CIRCUIT TV TUNER. .. ... ... .. ... . o Cover
Removable metallized coil strips of RCA turret contains input pi-network, m-derived bandpass filter and high-band
oscillator coils. See p 118

WHY TELEVISION RECEIVERS FAIL IN SERVICE. ... . ... ... . . . . . . . . ... ... 66
Field experience reveals 15 major reasons for service calls, many preventable at design and production stages

ENGINEERING TRENDS IN SPOT WELDER CONTROLS, by Stuart C. Rockafellow. ... ... ... .. .. .. . .. . 70
Quick-replacement features. meet automobile assembly-line requirements

TELEVISION ANTENNA DIPLEXERS, by W. H. Sayer and J. M. De Bell, Je. ... ... .. ... 74
Antenna-matching device permits feeding two or three different carriers to one transmitting antenna

TESTING TURNTABLES FOR WOW, RUMBLE AND SPEED, by R. O. Maze. .. .. .. Flrs o oo 78
Equipment requires only a standard record for direct indication of record-player characteristics

HIGH-FREQUENCY OPERATION OF TRANSISTORS, by C. B. Brown . . ....... .. ... . .. . =N Op. FE .. 81
Describes 23-megacycle amplifier with gain of 8

MODULATED LIGHT DENSITOMETER, by Henry P. Kalmus and Milton Sanders. . . ....... .. ... ... . 84
Phototube. amplifier rejects 120-cps signals caused by room illumination

CLOSED-CIRCUIT INDUSTRIAL TELEVISION, by R. W. Sanders . ... . ........ ... . . . N 88
Simplified wired system for remote viewing of industrial processes

THE DIOTRON, AN AID TO RMS INSTRUMENTATION, by R. D. Campbell . . ... ... . .. ... ... ... 93
Circuit ‘uses temperature-limited diode in conjunction with d-c amplifier and feedback loop

KILOMEGACYCLE BUZZER TEST OSCILLATOR, by G. L. Davies, C. B. Pear, Jr., P. E. P. White. .. . . . ... .. . 96
Output between 3 and 11 kilomegacycles from an 800-cycle buzzer with 200 microvolts into 50 ohms

CASTING RESIN TECHNIQUES, by Jack Bayha. ... .... ... ... ... .. ... .. . . 100
Instructions for preparing, mixing, applying and curing NBS resin for potted electronic units

NINE-TOWER BROADCAST ARRAY, by C. W. Winkler and M. Brasseur. . ... . . ... .. .. .. ... . 102
Suppresses a tota! of 247 degrees of radiation and employs four phase monitors

GEIGER COUNTER FOR LECTURES, by Ronald L. dves. . .................... ... ... ... . ... ... . .. = 105
Rugged portable unit delivers 50 watts audio output for cosmic ray and radioactivity demonstrations

SYNC SEPARATOR CIRCUIT ANALYSIS, by Wi Heisersr:. s aipammaminus Vs ves sma Noad 00 sl a ol wgld & . 108
Equations are given for design and calculated values compared with measured values

ESTIMATING VHF FIELD INTENSITY (Reference Sheet), by E. A. Slusser. . .. .. ... ... . ... ... .. .. .. .. 112
Nomograph relates transmitter power, antenna height, and effect of obstructions in the path to received field strength

BUSINESS BRIEFS VEL.'ECT]RON AhT .................... 120 NEW BOOKS ... ............0.cnvuun.. 132

CROSSTALK ..... NEW PRODUCTS .................... 124 BACKTALK: brxabin at s v s AMcrgh e @l 132
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EL-MENCO CAPACITOR - CM-15
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This small-sized, high-capacity fixed mica condenset
meets and beats strict Army-Navy standards. Like all
El-Menco capacitors, the CM-15 must pass severe
tests before leaving the factory. It is tested for dielec-
tric strength at double working voltage; for insulation
resistance and capacity value. You can always depend
on the tiny CM-15 to give positive product perform-
ance under the most critical climate and operating
conditions.

MANUFACTURERS WHO MAINTAIN

il gt AL A2l REPUTATIONS for high-quality

Actual Size 9/32" x V5" x 3/16"

For Television, Radio and other Electronic electrical equipment, demand
Applications o~ o .

2—420 mmi. cap. at 500v DCw and get hlgh'._g"ﬂ'l*)'

2 — 525 mmf. cap. at 300v DCw L e

Temp. Co-efficient 50 parts per million El-Menco capacitors.
per degree C for most capacity values.
6-dot color coded. THE

ELECTRO MOTIVE MFG. CO., inc.

WILLIMANTIC CONNECTICUT £

El- E nc u grrmit;do;:g:;{for
: Catalog and Samples
MOLDED MICA ][l : MICA TRIMMER

CAPACITORS

FORELGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WiTH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.-Sole Agent for Jobbers and Distributors in U.S. and Canada
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Phonie Motors
and
Timing Devices

IN many branches of scientific work the need
arises for a motor capable of a very high
standard of constancy of speed. The frequency
of the mains electricity supply is not normally
controlied to better than one or two per cent.,
so that a mains-operated synchronous motor
may be inadequate, and centrifugal govarnors,
as used on gramophone motors, may not
provide a sufficiently precise controf. In such
cases a phonic motor driven by an alternating
current supply of high frequency stability may
be emploved. It is not perhaps  generally
realized that in their modern form such motors
may be used to give quite a large torgue, and
are able to maintain synchronism despite the
sudden imposition of relatively large inertia
loads.  Under steady-state conditions, ‘* hunt-
ing 7 is almost entirely eliminated, and the
constancy of rotational speed is almost entirely
dependent on the frequency stability of the
alternating current supply.

A precision quartz crystal controiled fre-
quency of 100 ks may attain a_frequency
stability of the order of one part in 108, This
frequency is then divided clectronically  to
1,000 ¢/s5 by means of regenerative dividers or
locked multivibrators. In order to facititate
comparisons with time signals, or to use the
frequency standard as a clock. it Is necessary
to derive a still lower frequency —-preferably
one cycle per second.  Electronic division in
the range 1,000 10 1 cvele pet second, with high
phase stability, is ditticult. and the simplest and
most reliable method is to drive a phonic
motor from the 1,000 ¢/s source, and to fit
mechanical comtacts to suitably geared driven
shafts. An added advantage is that by cm-
~ .ploying further gearing., more widely spaced
signals may be obtained, Thus signals spaced at
mtervals of one sidereal second. or any other
specitied interval. may be obtained from an
oscillator with a fundamental frequency of
100 kilocycles per mean time second. By means
of a simple mechanical device, conirolied
changes in phase of the timing of the contacts
are also possible.

MOTOR TORQUE

i) iy

Designed for use at frequencies from 50 c/s - 2000 ¢/s,
Phonic Morors of this type form the nucleus around which
are built the timing duvices itlustratee on this page.

The Timing Device Type D-199-A provides #n Inpuise of
/10 second duration once every second, when the motor
is supplied with power at a frequency of 1300 c/s.

. The Timing Device Type 0-193-A provides in impuke of
10 second duratlon 61 times per minute and, o addition,
an impulse of } second duration once per minute. A
worm and wheel adjustment allows phasung correction.

TECK I

MUIRHEAD & Co Ltp.

PRECISION ELECTRICAL INSTRUMENT MAKERS

BECKENHAM-KENT-ENGLAND

Telegrams and Cables: MUIRHEADS ELMERS-END

(ine Yo
{

" ON OUR
MAILING LIST

- Jor
- TECHIQUE

A JOURNAL OF INSTRUMENT ENGINEERING

| EF.N.OT
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NO\
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or adequate supplies of resistors in an ever-widening
; market, depend on IRC logistics. Already the
largest manufacturer of resistors in the world, IRC has
increased its output tremendously to meet your
requirements. And in addition, IRC capacity is now
being supplemented by licensees in Canada and
Denmark—while English, Australian and Italian
licensees provide resistors for other world markets
formerly supplied from the United States. IRC
availability extends even to your urgent, small-order
requirements for standard resistors. Through our
Industrial Service Plan, your IRC Distributor can

supply these promptly from full stocks
. of the most popular types and sizes,

Stock-piling of advanced BT’s

has been proved practical by IRC's study of resistor-use
potterns. A recently completed three-year profile shows
that BO% of the BT resistors used in TV aond radio
equipment include only 30 values. This holds true despite
design changes and shifts in the industry's emphasis on
sets. And these facts prove that you can now simplify
purchasing, stocking and expediting practices by placing
long-term orders covering your basic, recurring needs for
BT's. Engineered to meet JAN-R-11 specifications for fixed
composition resistors, IRC BT's have established their
superiority in all important characteristics. Bulletin B-1
brings you full details of IRC BT's, and a copy of our
study is yours for the asking.



The right Resistors. ..

for precision applications often require a combina-
tion of characteristics. IRC Deposited Carbon PRECISTORS com-
bine accuracy and economy in:—Circuits in which the characteristics of
carbon composition resistors are unsuitable and wire-wound resistors
too expensive — Metering and voltage divider circuits requiring high sta-
bility and close tolerance of the resistance valves — High-frequency
applications. The two sizes of IRC PRECISTORS are manufac-
tured to customers' specifications. rather than to standard RMA
values {subject, of course, to minimum and maximum values
for each type). For complete
. cata on characteristics and
values, mail coupon
for Bulletin B-4,

Dependable source of small-size controls...

IRC meets your requirements with the new %'’ Type Q. Mechanization
of production and testing assures increased supplies of these miniature
controls. And elimination of hand operations provides complete uni-
formity of construction and performance. New IRC Type Q Controls
are rugged and compact. Resistance element is the best IRC has
ever produced. Increased arc of rotation permits the same
resistance ratios used in larger IRC Controls. IRC Type Q's are
characterized by low noise level, negligible changes in resis-
tance even after long exposure to humidity, unusual
durability and efficiency, and adaptability te

a wide variety of small-space applications.

Bulletin A-1 gives full information.

¢ Insulated Composition Resistors ¢ Low
Wattage Wire Wounds ® Controls
® Rheostats ® Voltage Dividers ©
Precisions ® Deposited Carbon
Precistors ® High Frequency and High
Voltage Resistors ® Insulated Chokes

INTERNATIONKAL

NAME,
RESISTANCE COMPANY —
401 N. Broad St i Iphi 3
0 road Streot, Philadelphia 8, Pa COMPANY
In Canada: Intornational Resistance Co., Lid., Toronto, Licenseo
ADDRESS
QY.

me comb

Modern mass
production equipment. ...

plus exclusive manufacturing techniques, make
IRC Insulated Chokes relatively inexpensive
— and offer considerable savings over
ordinary types. Available in two sizes, IRC
chokes are insulated in molded phenolic
housings for full protection against
high humidity, abrasion, damage dur-
ing assembly, and danger of shorting
to chassis. "Q" improves with rise in
frequency and is sufficiently high for
broad-band tuning in FM and TV re-

gions. Resistance is low enough to

permit use as filament chokes

for moderately high power

tubes. Coupon brings you

tull information in

Builetin H-1.

INTERNATIONAL RESISTANCE CO.
403 N. BROAD ST., PHILADELPHIA 8, PA

Power Resistors ® Voltmelter Multipliers Please sen

e information on the items checked below:

STATE

A ABNNY a_ma -



3 TYPES OF VICKERS Sramnsdard

MAGNETIC AMPLIFIERS

...designed to give you better control —at lower cost

Whatever your specific control oper-
ation needs in power . . . performance
. and economy . . . you'll find a
Vickers Standard Magnetic Amplifier
that is tailored to give your control
requirements these benefits:

® NO MAINTENANCE
® HIGH PERFORMANCE

® RUGGED CONSTRUCTION
No Moving Parts

e NO WARM-UP TIME

® A-C OR D-C CONTROL
A-C or D-C Output

® RESPONDS TO SUM OR
DIFFERENCE OF SEVERAL SIGNALS

® ALLOWS ELECTRICAL ISOLATION
BETWEEN CIRCUITS

TYPICAL APPLICATIONS

Servo Mechanisms ¢ Line-to-line Voltage
Regulators ¢ Hydraulic Transmission
Controls ¢ A-C and D-C Generator Volt-
age Regulators ® Speed and Frequency
Regulators ¢ Lamp and Furnace Controls
Temperature Regulators
Time Delay Devices

HIGH PERFORMANCE

For 60 cps power sources —
28 styles — maximum output
powers from milliwatts to
108 watts.

For 400 cps power sources —
20 styles — maximum output
powers from 30 watts to 385
watts.

HIGH GAIN

For 60 cps power sources —
22 styles — maximum output
powers from 1, watt to 1200
watts.

HIGH POWER

For 60 cps power sources —
20 styles — maximum output
powers from G5 watts to
3660 watts.

NOW AVAILABLE

BULLETIN 20-A, which lists
condensed characteristics of
the complete line of Vickers
Standard Magnetic  Ampli-
fiers. Write for your copy
today! Please make requeston
your letterhead.

VICKERS ELECTRIC DIVISION

July, 1950 — ELECTRONICS
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Federal Telecommunication Laboralories,/rc.

500 Washington Avenue Nutley 10, New Jersey
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Above, Model CS, smallest condenser, aiv space .009".
Below, Model B, largest, air space .013". Rotor
shafts, shown in top illustration, are Revere Free-
Cutting. Brass, plates aluminum. Made by The
American Steel Package Co., Defiance, Dbio, an im-
portant supplier to the electronics industry.

HERE are several examples of the fact that Revere Free-
Cutting Brass is really good. These rotor shafts for
variable condensers are cut on automatic machines at 3600
r.p.m. Circular tools are used to cut the concentric slots
which are .050” deep. Only one cut has to be taken. Approx-
imately 425 pieces are produced per hour on a G-second
cycle. The American Steel Package Company, Defiance,
Ohio, produces a number of different condenser models,
with air spacing ranging from .009” up t0.042". The slots in
the shaft of Revere Free-Cutting Brass are all of the same
width, regardless of air spacing, namely .014” plus or minus
,0002”. It takes good machines, good tools, good men, and
good metal to work that closely. A report from a Revere
Technical Advisor who had collaborated with the company
states: “Customer is outstanding in his praise of Revere
Rod.” ... If you have a problem in the machining of brass,
why not give Revere an opportunity to work with you? The
Revere Technical Advisory Service is at your command.

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

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

July, 1950 — ELECTRONICS




YOU ASKED FOR IT...

MODEL TR —New deluxe rim drive, 2 pole
phonomotor for 78, 33% and 45 R.P.M. records.
Ingenious turret-type speed change mechanism
results in unsurpassed performance and depend-
ability. Uses standard narrow flange turntable.

General Industries’ /f/ew Deluxe
3-SPEED PHONOMOTOR

Now . .. in answer to the tremendous demand for a manual version of the
popular GI turret model 3-speed record changer motor, General Industries
presents the new Model TR. Truly the last word in compact 3-speed phono-
motors, the Model TR is designed for use in the finest phonographs and
radio-combinations.

In addition to the Model TR, General Industries will continue to offer the
ever-popular Model TS, 3-speed neoprene belt-driven model for both
manual and record-changer use.

Today, as always, General Industries leads the field with the only complete
line of phonomotors for every record-playing requirement. Write, wire or
phone for the latest General Industries catalog containing specifications
and description of the full GI Smooth Power lineup.

The GENERAL INDUSTRIES Co.

DEPARTMENT B ¢ ELYRIA, OHIO

ELECTRONICS — July, 1950 9



The New M'.-ZC39A*. o0

Proving once again that

.. makes The ?Wm

1. Design of cathode lead for positive adjustment and
control of transconductance; limits are 20,000-23,000
umhos or only 25% of permissible specified range.

2. High tempcrature ceramic in hot cathode end elim-
inates danger of gas evolution from glass at high tem-
peratures. Assures better protection under overload
conditions.

3. Uniquely processcd mesh grid assures greater fre-
quency stability with variation in grid dissipation.

4. Gold over silver plating to maintain optimum sur-
face conductivity even in corrosive atmospheres.

5. Machlett’s high vacuum processing for good cath-
ode activation and freedom from gasiness.

6. Stronger glass-metal seals. Less breakage inserting
and removing tubes.

“ Conforms with recently issued JAN specifications.

ML-2C39A 4 " GENERAL CHARACTERISTICS
Electrical
Cathode: Coated Unipotential
Heater Yoltage . .................. 6.3 volts

Heater Current 1.0 amperes

Amplification Factor (Average)......... 100

Direct Interelectrode Capacitances {Average)
Grid Platews o555 ook B3 B B d L8 Sdwe 1.95 uufd.
Grid Cathode . ................... 6.50 pufd.
Plate Cathode .................... 0.035 pufd.

Transconductance
(ib = 70 ma., Ep = 600 v.) (Average). 23,000 umhos

Radio Frequency Power Amplifier
Class-C FM Telephony or Telegraphy
(key-down conditions, 1 tube)

Maximum Ratings

D-C Plate Voltage . ..............., 1000 max. volts
D-C Cathode Current .. ............ 125 max. ma.

D-C Grid Yoltage . ................ —150 max. volts
Peak Positive R-F Grid Voltage. ... ... 30 max. volts
Peak Negative R-F Grid Voltage. .. .. —400 max. volts
Plate Dissipation .................. 100 max. watts

Grid Dissipation .................. 2 mox. watts

For assistance on your specific problem, write to Machlett Laboratories

10

or contact your local Graybar office.

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE

ML-381 FOR PULSED APPLICATIONS
Maximum Ratings (Tentative)

RIRPLOK g e d ) 5 b o0 T o 19 T R 3500 volts

ip,peak ...... ... i 4.5 amps

iy POk v s s e s b el a e A AT . ad s 2.0 amps

Fpe 1O¥€ EommEadheviHEninlnn svEEEmEeds ] 30 MA

lg, OYe ..o i ite sy oy S50 EMEE. .. 15 MA

T, pulse length caiusssmiasmansib e Hse 5 sec.

duty .o e =m0 [ 1% b
B . e T e enions v s o e oot T e B 5.5 volts &= 5%

In all other respecis the ML-381 is electrically and
mechanically interchangeable with the 2C39A.

?ooéﬁﬂ&@de‘gﬂmn

Long experience in the development and manufac-
ture of the 2C39A electron tube has given Machlett
Laboratorics a comprehensive understanding of the
operating problems encountered in a wide variety of
applications of this tube type.

July, 1950 — ELECTRONICS
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ADVENTURES IN ELECTRONIC DESIGN

(&

\\ THE BEST CHEFS IN THE WORLD g ARE MEN.

o g

S$t) e
Each one of these renowned /<y ? chefs has his pet
TR

dishes for which he is famous. In makmg up these dishes,

from Shish Kabob ° W{EF‘«& to Crepes Suzettes, @

these chefs carefully select -:‘:'w 'g each ingredient and carefully blend them in
. NSRS C 2 Eh
exact proportions @ to 1mpart the distinct ﬂavor sfvf,kﬁ“j body and texture that

"i\ —

make these dishes lamorous cod eatin ™ :_pna % And ceramic capacitors are
g g g. P

just like foods that are good eating. 4 7 For example Centralab
b

has actually experimented ﬁ@f i‘ with over 20,000 different ceramic compounds

and ﬁ Z ﬂ}‘ discarded all but 250 of them. With these 250, they’ve developed a

wide varlety of formulas (/ or recipes. Each one makes a ceramic capacitor of
B

distinct electrical & and physical propertles ( That’s why CRL

ceramic capacitors are better — »ff%;;)f the exact ceramic formula to meet exact
electr1ca1 and physical needs is individually compounded to meet them. CRL 1

has spent hundreds of thousands of laboratory and manufacturing

P
7 .
hours ... over the past 20 years L\\% to perfect its ceramic parts. New experiments

(23 | D )

‘ﬁg with new ingredients are constantly going on. So as each chef ‘1‘*‘_“ has his

A = - ‘a‘." 3 T 4:'

3 own secrets of food success — so Centralab engineers '\V/ ,"‘_ develop the perfect
L\ T

ceramic body f‘ }  to solve each of your capacitor problems.
W
L
Cenab—DEVEI.OPMENTS THAT HELP YOU B
®

Division of GLOBE-UNION INC., Milwaukee




The Most Permanent-

e
at™* .
erﬂ““cs

RESULTS prove Certralab Hi-Vo-Kaps Best for TV

" £s, CRL Ceramic H gh Voltage Capacitors — the kind that
high veltage requirements of TV need (10-20-30 KV 500
mmf capacity) — have become the accepted standard for the TV
industry. This is no acrident! For these units were specifically
des.gned for the TV job. Behind them stands more years of en-
gineering know-how—more extensive production know-how than
offered by any similar wnits. If you have high voltage capacitor
problems it will pay you to call in CENTRALAB — to in-
vestigate CRL Hi-Vo-Keps today.




Centralab offers the widest line of ceramic capacitors in the entire in-
dustry — By-pass, Coupling, Temperature Compensating — tubulars,
discs, plates. Remember — it's ceramics for longest life under high
humidity and high temperature conditions.

Printed Electronic Circuits — the pinnacle of their development —
Centralab Ampec. ... 3 full audio stages of a speech amplifier — all
components complete in one miniature unit — 114" x 114" x .340"

over tube sockets,

MICS

Type Capacitors

Top — tubular trimmers especially designed for TV tuners. Bottom —
ceramic trimmer-capacitors — with unusually stable characteristics. Sta-
bility due to optically grownd uniformly flat surfaces. Rotor and stator
plates of metallic silver — fired to ceramic rotor and stator bodies.

Looking for savings? Ar left — Vertical Integrator — widely used in

TV vertical integrator circuits — vastly reduces assembly costs. As right
a CRL Pentode Couplate — easily replaces screen, grid and plate

resistors ; screen by-pass, plate r.f. by-pass and coupling capacitors.
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Choose From

Centralab Printed Electronic Circuits

973 — AMPEC — three-tube P. E. C. amplifier.

42-6 — COUPLATE P. E. C. interstage coupling plate.
42-22 — VERT CAL INTEGRATOR — for TV application.
42-24 — CERAMIC PLATE COMPONENTS for use in low-

power miniature electronic equipment.
~ MobpiL 2 COUPLATE for small or portable set

applications.
999 — PENTODE COUPLATE — specialized P. E. C. coupling
plate.
FiLre= — Printed Electronic Circuit filter.

42-27

42-9

Centralab Capacitors

BC TuBULAR Hi-Kaps — capacitors for use where

temperature compensation is unimportant.

42-4R — BC Dasc Hi-Kaps—miniature ceramic BC capacitors.

42-10 — H1-Va-Kaps — high voltage capacitors for TV appli-
cation

42-59 — CERAMIC TUBULAR TRIMMERS
and VHF application.

695 — CERAMIC TrRIMMERS — CRL trimmer catalog.

Look to CENTRALAB in 1950!

42-3

designed for TV

This List!

981 — H1-Vo-KAPs —— capacitors for TV application. For
jobbers.
42-18 — TC CAPACITORS — temperature compensating capaci-
tors.
814 — CAPACITORS — high-voltage capacitors.
975 — FT H1-Kaps — feed-thru capacitors.

Centralab Switches
953 — S1.IDE SwITCH — applies to AM and FM switching
circuits.
970 — LEVER SwITCH — shows indexing combinations
995 — ROTARY SWITCH — schematic application diagrams.
722 — SwitcH CATALOG — facts on CRL’S complete line of
switches.

Centralab Controls
42-19 — MODEL "1 RADIOHM world’s smallest commer-
cially produced control.
Centralab Ceramics

967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS.
720 — CERAMIC CATALOG — CRL steatite, ceramic products.

First in component research that means lower costs for the electronic

industry. If vou're planning new equiipment, let Centralab’s sales and engineering service work with you. For
complete infecrmation on all CRL products, get in touch with your Centralab Representative. Or write direct.

CENTRALAB

Division of Globe-Union Inc.

900 East Keefe Avenue, Milwaukee, Wisconsin

Yes—I would like to have the CRL bulletins, checked below, for my technical libraryl
] 973
0 426
[ 42-22 [] 999

Name.

Address.

City

[] 4224 [ 429 (] 4210 [] 981 [Je7s (0 722
[ 42-27 [0 423 [ 4259 [0 4238 [J 953 [ 4219
[] 42-4R [] 695 [] 814 1970 [] 967
1995 [1720
State

. TEAR OUT COUPON

l <«———— for the Bulletins you want

1 Centsal:

Division of GLOBE-UNION INC. - Milwaukee
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SPECIFYF?(I’?I HF CABLES

Communications Industrial Electronics

to get the cable that is
Precisely Rz’g/ot for your application

IT PAYS TO SPECIFY FEDERAL... 4 I ¥
here is no need to compromise when you specify Federal cable.

@ America’s most complete selection Federal is your assurance of obtaining precisely the cable you re-
of solid dielectric cable types. quire—whether it is one of the scores of Army-Navy approved types

@ Quality and performance proved or one of the exclusive Federal-developed special purpose cables.
by years of outstanding operation. Nor is there any compromise with quality and dependability

@ Competitively priced . . . prompt when you insist on Federal. Millions of feet of Federal cable, serv-
delivery—most types available ing in countless applications, are continuing proof of Federal’s
for shipment from stock. superiority.

Does Your New Design Require Unusual Cable Characteristics?

These three types are typical of the special purpose cables developed by Federal
to meet specific requirements and manufactured exclusively by Federal:

Characteristic Capacitance
Federdlibos TYPE Impedance — Ohms mmf/foot
Shielded, balanced,
KT-107 twisted pair (Twinax) 72 22
Ultra-low-capacitance
K-109 coaxial ceble 160 ) 8.3
K-113 Low impedance coaxial cable 34 39

For data on other Federal special types, as well as specifications on Federal’s complete line of JAN-
Approved cables, write today for your free copy of Federal’s Cable Data Bocklet. Address Department D-313.

Federal Pelephone and Radio Corporation

>,
@ SELENIUM and INTELIN DIVISION, 190 Kingsland Road, Clifton, New Jersey
In Conoda: Federal Electric Manufacturing Company, Ltd., Montredl, P. Q.

Expor? Distriburors; International Standard Electric Corp., 67 Broad $1., N. Y.

ELECTRONICS — July, 1950 15



Y at NO EXTRA COST

M’RAGLAS TUB’NGS ONd SLEEV’NGS, woven of ﬂberglqs

yarn, provide the ultimate protection against overloading, ex-
treme high or low temperatures, moisture, corrosive acids,
fumes, vapors, oils, general dust and dirt. .. they won't rot,
have high tensile and dielectric strength and great flexibility
... and they cost no more than cotton sleevings and tubings.

S S
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TRIPI.E STRENGTH

== e is ’éspe-c:a"y flexible, resists rough
femperafure apphcahons whére ﬂtelednc sfren@f’!‘ss g handimg and has a dielectric rahnggfo 2500 volts

e

ngHOfoGC'Of ! ' a3l SR e o T i : Mai i”ﬁ
e v -~ A é Qe ol R 5 el
Fv - — i 33 g o) Ly A L LR lMPREGN_ATEP is the superior grade, has a - d:elednc {
SR POUSLE SATURED is similar fo Sfandard but  rating beyond 7000 volts, is h:gh gloss, non-hydroscopic, and
with a dielectric 'hng __upgjo 1500 volts ~ unequalled for long life under most severe conditions . 1
e P—— !
i MIRAGLAS BRAIDED SLEEVINGS, of continuous filament Take note of the name MIRAGLAS = |
s . 2 . . . 1
. fiberglas yarn, are available untreated or impregnated to « it Sfanderiorthe wlttnuta iy fber= % i
= prevent ends from fraying, in two average wall thicknesses: glas electrical insulations . . . TAPES, |
008" and .006” with inside diameters from 1/16" to 1/2" LUBINGS: SLEEVING'S, CORRS.Jchoitis: B
S _ Gl)’ . ° . o ETC. Write today for details and char- %‘& |
in 1/16” increments (there is no 7/16” I.D. sleeving). acteristics. £

A PARTIAL LIST OF M-R PROGUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AND TWINES - CABLE FILLING AND POTHEAD COMPOUNDS + FRIGTION TAPE AND SPLICE - TRANSFORMER COm.
POUNDS - FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE : VARNISHED CAMBRIC-CLOTH AND
TAPE - MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND
SLEEVINGS - IMPREGHATED VARNISH TUBING - INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

16 July, 1950 — ELECTRONICS



Gives You Proper Focus
Under o Wider Range
of Conditions

With the I-T-E Adjustable Shunt PM-
EM Focus Coil you can adjust PM strength
over a wide range, compensating for most tube
and set variations. This feature virtually elim-
inates assembly line rejects caused by out-of-
tolerance PM strength. Flexibility of the
adjustable shunt makes it possible for you to
use one focus coil design to focus several types
and sizes of tubes.

Design features greatly reduce magnetic inter-
ference with ion magnet on new short neck
tubes. Among the many other advantages of
I-T-E Adjustable Shunt PM-EM Focus Coils
is their low operating temperature — gained
through lower focus current requirements.
I-T-E Adjustable Shunt PM-EM Focus Coils
retain proper focusing over a wide range of line

voltage variations.

I-T-E makes Adjustable Shunt PM-EM Focus
Coils for use with 10”, 12", 14”, 16” and 19"
picture tubes. They are available in a variety
of standard or special mountings, and any
special mounting can be furnished upon request.
Information needed to manufacture: Type of
tube; second anode voltage; focusing current
desired; special considerations for mountings
and leads.

I-T-E’s design engineers will be glad to work
with you on your applications or require-
ments — consult them without obligation. For
complete information of I-T-E Adjustable
Shunt PM-EM Focus Coils — or any other
I-T-E wire-wound products — write, wire, or
call, specifying your needs.

FOCUS COILS

RESISTOR DIVISION, I-T-E CIRCUIT BREAKER COMPANY

19th & Hamilton Streets, Philadelphia 30, Pa.

I-T-E Wire-Wound Products:

ELECTRONICS — July, 1950
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CIRCUTROL UNITS: rotary electro-
magnetic devices for use as control
components in electronic circuits
and related equipment. Single and
polyphase rotor and stator
windings are available in several
frame sizes. Deviation from sine
accuracy of resolver shown is
+0.3% of maximum output.

l  INDUCTION MOTORS: miniature
2-phase motors of the squirrel cage
type. Designed specifically to

GEARED MOTOR-DRIVEN
INDUCTION GENERATORS:

Small 2-phase servo motor in provide fast response to applied
combination with a compact gear-reducer control signals and maximum
and a low residual induction generator. torque at zero r.p.m. Unit shown
Motor has high torque/inertia ratio weighs 6.1 oz. and has stalled
and develops maximum torque at stall. torque of 2.5 oz. in

Gear-reducer permits a maximum torque
output of 25 oz. in, and is available

: . YNCHRONOUS DIFFERENTIAL UNITS:
in ratios from 5:1 to 75,000:1, g ° >

electro-mechanical error detectors with
mechanical output for use in position or
speed contro! servo systems. These torque-
producing half-speed synchroscopes are
composed of two variable frequency
synchronous motors and a smoothly
operating system of differential gearing.

N, — N,
*1_2E‘: Torque up to 1.0 oz. in.

SYNCHRONOUS MOTORS:
for instrumentation and other
applications where variable
loads must be kept in exact
synchronism with a constant
or variable frequency source.
Synchronous power ourput
up to 1/100 H.P.

Output: Speed

TELETORQUE UNITS: precision
synchros for transmitting
angular movements to remote

points. Accurate within *1°
May be actuated by mechanisms
that produce only 4 gm. cm,
(.056 oz. in.) of torque.

With the recent addition of new units to Kollsman's already widely diversified line, the
electronics engineer will find the solution to an even greater variety of instrumentation and
control problems. These lightweight, compact units offer the high degree of accuracy
and positive action essential in dealing with exact quantities. They are the product of
Kollsman's long experience in precision instrumentation and aircraft control — and of con-
siderable work done in this field by Kollsman for special naval and military application. Most
units are available at various voltages and frequencies. For complete information, address:
Kollsman Instrument Division, Square D Company, 80-64 45th Avenue, Elmhurst, N. Y.

KOLLSMAN INSTRUMENT DIVISION

_.
i
W —
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DRIVER-HARRIS

ELECTRONIC TESTING

Obsoletes Previous Methods
of Testing Enameled Wire

Insulation

In order to guarantee the quality of a spool of enameled
wire, every inch of the wire should be checked for dielectric
faults, not just a few feet. In general practice, however,
only a short sample of wire is examined. This is passed
through a mercury cup held at a fixed potential, and shorts
through the insulation are indicated on a voltmeter. If
faults do not exceed a specified maximum for a given
length of wire, insulation thrrughout the entire spool is
assumed to be satisfactory.

This inefficient, compromise method has two important
disadvantages: (1) the small portion of wire tested may not
truly represent the condition of insulation throughout the
spool; {2) insulation failures are not discovered until long
after the enameling process is completed.

By checking insulation continuously, as wire leaves the
enameling furnaces—the only 100% dependable way—

Makers of world-famous Nichrome® and over 80 'CL\ &
alloys for the electrical, electronic and heat-treating fields

Dyriver-Harris Company

NEW JERSEY

Chicago, Detroit, Cleveland, Los Angeles, San Francisco

HARRISON,
BRANCHES:

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

ELECTRONICS — July, 1950

This revolutionary Dielectric Continuity Tester at Driver-
Harris checks the quality of cooting on 19 strands of wire
simultaneously—as the wire leaves enameling furnaces.
Tap switches on the test units are calibroted in impulses
per minute required to operate an alarm, With the speed of
the wire known, and a'so the maximum number of faults

per 100 feet permitted by spzcification, each test unit is
readily set to operate in conformance with the terms of the
test imposed.

Driver-Harris' new test equipment obsoletes such ineffectual
and wasteful procedure.

So long as specifications are met, the new Driver-Harris
electronic tester permits the enameling process to continue
uninterrupted. When the rate at which faults occur ap-
proaches the maximum number of faults permitted by speci-
fications, the test mechanism sounds an alarm and a
record is made on a moving chart.

In this way, enamel coating is not only tested for con-
tinuity throughout the entire length of spooled wire, but
sub-standard enameling is detected—and can be corrected
——as soon as it occurs.

Thus makers of wire-wound resistors—particularly in
finer sized wire, where shorts are more likely to occur—are
enabled to eliminate time-waste and material-waste in
their production, and obtain superior, more dependable
products.

IFT'E\

*T. M. Reg. U. S. Pat. Off.
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OPPER ALLOY BULLETIN

PRODUCT IMPROVEMENT EDITION

REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS

BRASS
Prepared Each Month by Bridgeport Brass Co. “B@rt" Headquarters for BRASS, BRONZE and COPPER
o0

Brass is used for the reflector and housing of the Perfection Telebeam Spotlight. Both brass and silicon
bronze serve best for the vital parts of the Vis-O-Lite illuminated cigarette lighter. Courtesy Casco

Products Corp., Bridgeport, Conn.

Brass for Automotive and
Electrical Accessories

Reduction of cost without sacrificing
quality is uppermost in the minds of
design and production engineers. The
merits and demerits of available met-
als and alloys for fabricating long run
items, such as automotive and electrical
accessories,should becarefullyweighed.

More Easily Fabricated

Brass, from long experience, takes the
first choice because of its ease of work-
ability and many other advantages. It
can readily be stamped, formed, drawn,
spun, swaged, drilled, threaded, sold-
ered, welded, polished, plated.

For electrical applications the high
conductivity of the brasses is advan-
tageous where the parts are designed
to carry current.

Aside from the fact that it can stand
deep draws and can be made into intri-
cate shapes, its low coefficient of fric-
tion with steel means remarkably long
tool life. Its initial cost is partially off-
set by its high scrap vdlue as compared
with other materials.

Another important property that
should not be overlooked is its excel-
lent corrosion resistance to moisture
and weathering.

Since automotive accessories are ex-
posed to the rain, sleet, snow, damp-
ness, and extremes of heat and cold, a
non-rusting metal is desirable in the
manufacture of high quality products.

MILLS IN
BRIDGEPORT, CONNECTICUT

INDIANAPOLIS, INDIANA (%

In Canada: 7",’:"‘”//’/
Noranda Copper and Brass Limited, ,P, 3

Moantreal

20

Although modern chromium plating
gives an attractive finish to most met-
als, time soon reveals the weakness of
an inferior metal since chromium plate
may be porous and does not give com-
plete protection from the elements.
Chromium plated brass over an under
coat of nickel plate retains its beauty
for many years, requiring only an occa-
sional removal of surface grime with
a damp cloth.

Some savings can often be obtained
in reducing the cost of polishing previ-
ous to plating. Because of its intrinsic
hardness or resistance to abrasion and
wear, brass takes on a polished finish
quickly with the minimum of effort.
However, in some cases, the polishing
time can be reduced by obtaining metal
of the proper grain structure. Inform-
ing the mill as to the operations and
finish required will enable it to supply
metal with the structure which will pro-
duce the greatest economy.

Importance of Annealing

At the same time, fabricators should
realize that the original microstructure
of the metal as it comes from the mill
changes with the subsequent annealing
operations which it may receive during
fabrication. In other words, the fabrica-
tor should control the grain structure of
the metal during his own annealing just
as carefully as the mill performs this

BRIDGEPORT BRASS

L5

STRIP

Phosphor Bronze
for Speed Nuts

The old adage, “a chain is only as
strong as its weakest link,” probably
caused engineers at Tinnerman Prod-
ucts, Inc., Cleveland, Ohio, to select
Phosphor Bronze for their speed nuts.

These small but vital spring parts
must withstand constant tension and
vibration. In the assembly of a mecha-
nism, the metal in the nut must take a
sizable deflection without setting, or the
function of the nut would be nullified.

Phosphor Bronze Grade C, about
929, copper, 8% tin, and 0.19% phos-
phorus, 8 B&S numbers hard, has a ten-
sile strength of about 112,000 psi. The
Grade A alloy contains about 959% cop-
per, 5% tin and 0.159%, phosphorus and

Speed Nuts made from Phosphor Bronze. Courtesy
Tinnerman Products, Inc., Cleveland, Ohio.

has a tensile strength of about 103,000’
psi when rolled the same temper.

Phosphor Bronze has many indus-
trial applications because of its high
corrosion resistance and excellent
spring properties retained under re-
peated flexing. It is used widely for
electrical snap switches, diaphragms,
current collectors, spring contacts, and
parts for electronic equipment.

important operation. As frequently
mentioned, a coarse grain structure re-
sults in a rough surface which requires
considerable cutting down to produce
the necessary high polished effect. A
fine grain structure, on the other hand,
produces a smoother surface which re-
quires less polishing and color buffing.

ROD - WIRE - TUBING

BRIDGEPORT BRASS COMPANY
BRIDGEPORT 2, CONNECTICUT

| Established 1865
08N o
‘B dggp. District Offices and Ware-
: = houses in Principal Cities
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® Hi-Q BC Tubular Ceramic Capacitors for b}?

Q passing, coupling and filtering are available with
E"’ - \ any of three types of insulations:—clear non-
hydroscopic styrene coating (CN)...Durez impreg-
nated with low loss microerystalline wax (SI) ...
or a ceramic (steatite) cover tube sealed with a spe-
cially developed end seal (CI). The Hi-Q trade mark
is your assurance that like all HiI-Q Components,
\ they rigidly meet specifications and are uniformly
dependable in every respect. As leading specialists

ER a WAYS in the ceramic field, Hi-Q has come 1o be regarded
by producers of radio, television, communications

\ and electronic equipment as their best source of

\ technical assistance in developing components to

meet the needs of any circuit.

\ JOBBERS — Address: 740 Belleville Ave.,, New Bedford, Mass,

Seemmt Beactance Mj

FRAN KI.lNVII.I.E N Y.

SALES OFFICES: New York, Philadelphia PLANTS: Franklinvitle, N. Y., Olean, N. Y,
Detroit, Chicago, Los Angeles Jessup, Pa., Myrtle Beach, 5. C.
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/NCALEX

MINIATURE TUBE SOCKETS

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

Now MYCALEX offers both 7-pin and 9-pin minta-
ture tube sockets . . . with superior low loss insulating
properties, at new low prices that offer ceramic qual-

ity for the cost of phenolics.

MYCALEX miniature tube sockets are injection
molded with precision that affords uniformity and
extremely close tolerances. MYCALEX insulation
has high dielectric strength, very tow dielectric Joss,

high arc resistance and great dimensional stability.

Produced in two grades: MYCALEX 410 con-
forms to Grade L4 specifications, having a loss
factor of only .015 at 1 MC. It is priced compar-
ably with mica filled phenolics.

MYCALEX 410X is for applications where low
cost of parts is vital. It has a loss factor only one
fourth that of “everyday” quality insulating

materials, and a cost no greater.

Prices gladly quoted on your specific require-
ments. Samples and data sheets by return mail.
Our engineers will cooperate in solving your

problems of design and cost.

Mycalex Tube Socket Corporation

“Under Exclusive license of Mycalex Corporation of America”
30 Rockefeller Plaza, New York 20, N. Y.

'MYCALEX CORP. OF AMERICA

“Owners of ‘MYCALEX' Patenfs"
Plant and General Offices: Clifton, K. J.

Executive Offices: 30 Rockefeller Piaza, New York 20, N. Y.
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HYTRON for 50

Thrifty, nifty filty Ford. On the dash a fine new Fcrd radio

T M i 1
7:%»{:;«» il
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receiver. And again tubes by Hytron. Hytron continues as a

major supplier of Ford auto radio tubes. Because Hytron
Speciclizes in auto radio tubes. Engineered for leaders like
Ford, these Hytron tubes are leaders too. 'Nuff said! Buying
auto radio tubes? Buy wise . . . like Ford. Buy Hytron!

NEW 4TH EBITION — Hyhon Re‘erence
Guide for M nigture Electrcn Tubes. Free
#ram your Hyt-on jobber; or write us. Original
+ - unigue. Lists Gl miniatures ta date, res
gerdless of make. Six pages: 132 mhniatures
= 41 new. 7 basing diagrams. Lists similar
la-ger prototrpes. Get your copy today.

ELECTRONICS — July, 71950
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FREE — Hytron Tool Catalogue Tesrites
farous Hytron sesvice-shop tools; Sddariag Aid,
Tube Lifter, 7-Pin and 9-Pin Strong-h'erea. Tuse
Tapper and Auto Radio Tool. Find ost howr these
Hyzon tools can ease your work .. .hep you
magte more mone=. Write today,
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MOLDED
\ @ TERMINAL

» BOARD

@ INDICATING LAMP

24/ YOUR CONTROL CIRCUTS

WITH THESE G-E COMPONENTS

@ MOLDED TERMINAL BOARDS —Designed to give posi-
tive electrical connection without soldering lugs, these
sturdy terminal boards are built of molded Textolite®
with reinforced pole barriers. Hinged protective
covers protect wiring; marking strips are reversible
—white on one side, black on the other. Boards are
available with 4 to 12 poles; are 2 inches wide, 114
inches long. See Bulletin GEA-1497.

® ""SWITCHETTES“— Use them in tight places;depend on
them for long life. They're available in single- or two-
circuit, normally open or normally closed circuits;
have momentary or maintaining contacts; are equip-
ped with screw terminals, soldering lugs or quick-

GENERAL |

connect lugs. They’re corrosion-proof, vibration-re-
sistant, and have low r-f noise output. Ratings up to
10 amps at 230 vac. Size: 114 x 14 x 15. See Bulletin
GEA-4888.

© INDICATING LAMPS—You can see from any angle
whether these lamps are off or on. Color caps—made
from a special translucent compound-—are clear,
green, red, yellow, white, or blue. Available for 24,
48, 125, 250, or 660 volts d-c; 125, 220, 440, or 550
volts a-c. Mount on panels up to 2 inches thick. All
units include built-in series resistors, to insure long
lamp life and eliminate the need for fuses. Size: about
5 inches long. See Bulletin GEA-3643.

\ELECTRIC

667-6
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PULSE TRANSFORMERS...
MIDGET OR GIANT

A six-inch midget and two-foot giant, both are examples of
G.E’s family of oil-insulated, hermetically sealed pulse trans-
formers. General Electric has built units with peak voltage
ratings of from 10 to 100 kv and over, peak power ratings up
to 30 megawartts, for pulse durations of from .05 to 20 micro-
seconds and repetition rates up to 10,000 pps. Oil filled units
have also been used for lower voltages to minimize internal
corona. Typical applications: pulse voltage step-up or step-
down, impedance matching, phase reversing, and transmitter
plate-current measurement. What is your requirement? Write,
giving complete details, to Power Transformer Sales Division,
General Electric Co., Pittsfield, Mass.

100 MA TO A
25 AMPS

sty
N -
W 20303 -

0 anreREs

RATINGS ! Nelie
25 10 -
300 AMPS

THERMOCOUPLE
(RF) METER

ACCURATE RF MEASUREMENT

100 MA to 300 AMPS

The new, sturdy, and easy-to-read G-E panel instruments are
available for measuring r-f from 100 ma or less to 300 amps.
R-f meters are usually supplied with internal thermocouples,
but for applications where remote location of thermocouple
is required, or for measuring extremely high currents (over
20 amps), external units are available. For complete data on
these or other G-E panel instruments for a-c, d-c, or a-f, see
Bulletin GEC-368.

ELECTRONICS — July, 1950
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—”/; ./ FOR COMPACT DESIGNS-

* MINIATURE RECTIFIER CELLS
Here’s a new series of rectifier cells that can help you
fit your circuit into a smaller space. These new “K-

type” cells may be used to replace tubes for dual-
diode, voltage-doubler, and blocking applications.

The cells are built with a new G-E evaporation
process which makes for long life and stable output.
Forward resistance and back leakage are low. Stand-
ard cells are moisture resistant, special units are
hermetically sealed. All have a {%5-inch diameter and
can be mounted as easily as an ordinary resistor.
Circuits: half-wave, center tap, or bridge. Ratings: as
high as 40 RMS volts input, 56.5 maximum inverse
peak volts at 10 d-c ma. Data in Bulletin GEC-655.

General Electrlc Company, Section C667-6
Apparatus Department, Schenectady 5, N. Y,

Please send me the following bulletins:

Fan e m— mm——

GEA-1497 Terminal boards

Indicate I
d for I
“ reference 7 GEA-3643 Indicating lamps

1

| eny GEA-4888 Swilchettes I
: :°’ P':f":i"ﬂ "; GEC-368  Panel instruments |

mmediate
I project GEC-655 Rectifier cells :
! Name. . I
| Company. . !
l Address .. il I
| City . __State . 5 o I

I
!
!
I
|
1
!
!
|
|
|
|
|
|
I
|
|
I
l

~N
(%]



FOR INDUSTRIAL INSTRUMENTATION

BRMA MECHANICAL DIFFERENTIALS

To combine algebraically two mechanical
quantities measured
by angular

displacement

Standard Differential furnished with overall length of approximately 6 in.
Arma Dia. of Dia. of Width Details of Pitch Dia. * BACKLASH--MINUTES OF ARC
Assem. Shaft  Work. Cir, C Shaft Ends  of Gears
No. A—in. B—in. —in. D&E 18&2—-in.  “F”Mesh  “C” Mesh “P” Mesh
72044 3/16 2-3/16 | 1.1/8 1.187 24*+12112*6 6*3
DEFINITIONS OF ARMA 72045 | 1/4 | 21,16 |1-23/32] 22 | 1062 | 2613 [13=65[ 653
e o S &2
DIRSTERERINEAL SESHES 72086 | 516 | 27716 | 178 | Z5 | 1312 | 22211 | 11=55] 553
“F” Mesh — 0.002” = 0.001 £ )
Backlash at Pitch Radius. 72047 3/8 2-13/16 | 2-11/32| =& 1.500 18+9 9+45| 452
5 = QLU
“C” Mesh = 0.001” =+ 0.0005 o
Backlush at Pitch Radius. 72051 1/2 31/16 | 2-5/8 &n 1.687 1785 85%x43] 43 =2
“P” Mesh — 0.0005"” + 0.00025 +
Backlash at Pitch Radius. 72052 5/8 31/2 2-7/8 2.000 il 7E35) 35*2
_\ ¢ Backlash (Min. of Arc.) measured on Gear #1 with Shaft “A” and Geur #2 locked.

\ Construction Notes.
- Dual ball hearings used throughout.
- " \ New Differential folder
R \ just printed gives com- Shaft and spider are welded construction of stain-
0 i plete details. less steel.

ASKIFOR:A CORY Spider gears and mating gears are of unlike mate-

rials—naval bronze and stainless steel.

Ouiput gear hubs permit wide range of end gear
sizes.

A RMA C ORPORMATION

254 36th STREET, BROOKLYN 32, N.Y.
SUBSIDIARY OF AMERICAN BOSCH CORPORATION

. ARMA ARMA ELECTRICAL RESOLYERS® ARMA SYNCHROS  ARMA INDUCTION MOTORS  ARMA INDUCTION
PRODUCTS GENERATORS  ARMA MECHANICAL DIFFERENTIALS . ARMA ALTERNATING VOLTAGE COMPARATOR i
| RELEASED COMPUTING MECHANISMS  INOUSTRIAL CONTROLS  STABILIZATION DEVICES . NAVIGATIONAL QUALITY
FOR EQUIPMENT LIMITRON AUTOMATIC INSPECTION SYSTEM \
PRIVATE
INDUSTRY # Licensed for use under Arma patents Nos. 2,465,824 and 2,467,646. License information available.
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5&(2 Disc and Plate Ceramicons

for By-passing and Coupling Applications

STANDARD AVAILABLE CAPACITIES

ERIE CAPACITY |
TYPE SIZE RANGES MARKING
9/3211
831 P .0008 MFD Stamp R 800
.001 MFD Stamp R .001
801 e
Max. Dia. .0015 L Stamp R 0015
.002 Stamp R .002
19/,,¢¢ .005 Stoamp R .005
811 a2
Mox. Dia. .01 Stamp R .01
Dual .001 Stamp R 2— .001
8112 il Dual .0015 St 2—.0
Max. Dia. val . amp R 2—.0015
Dual .002 Stamp R 2— .002
Yrr Dual .003 Stamp R 2— .003
822 . =
Max. Dia. Dual .004 Stamp R 2—.004
9/ 14 .
%6’ x Yo i —
883 Mox. Triple .0015 Stamp R 3— 0015

ELECTRONICS — July, 1950

High capacity in extremely compact
size is the distinguishing feature of
Erie Disc and Plate Ceramicons. For
example, .01 mfd is now available
in 19/32" diameter. Illustrations are
exact size, and their shape as well
as their compactness make them
amazingly easy to install in small
spaces. They simplify soldering and
wiring operations and speed up the
assembly line.

Erie Disc and Plate Ceramicons
consist of a flat ceramic dielectric
with silver plates fired onto the di-
electric. Lead wires of 24 gauge
tinned copper wire are firmly soldered
to the silver electrodes and the unit is
given a protective coating of phenolic.

Such simplicity of construction re-
sults in low series inductance and
unusual efficiency in high frequency
by-passing.

For complete information and sam-
ples to meet your particular needs,
write us today.

SPECIFICATIONS

Voltage: Units are rated at 500 VDC, ex-
cept Type 811- .01 MFD which is rated at 400
VDC based on life test of 1,000 hours at 800
VDC and at 85" C. Dielectric strength test;
1,500 VDC.

Power Factor: 2.5% max. at 1 K.C. at not
more than 5 volts RMS.

Insulation Resistance:7,500meg. Q min.

Capacity: Capacity measurements are
made at room temperature (25° C) at 1 K.C.
and at not more than 5 Volts RMS. Standard
tolerance is +-100%, —0%. (Blue)

Temperature Characteristics:

The capacity of all units except Type 811—.002
MFD and below shall not decrease more than
50%, nor increase more than 25% from its
value at room temperature (25° C), as the
temperature is varied from 410" C to 4-75° C.
(Characteristic Gold)

Type 811 units .002 MFD and below shall not
decrease more than 209, nor increase more
than 10% from capacitance value at room
temperature (25" C), as the temperature is
varied from —40° Cto -85 C.
(Characteristic Silver)
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15 MC
to
400 MC

Commerciol equivalent of 15-587/U. Commerciol equivalent of AN/URM-6.

Sensitivity 9% two-terminal voltmeter, (93 ohms palanced) A new achievement in sensitivity! Field intensily measure:
2 microvolts 15-125 MG 5 microvols 88-400 MC. Field ments, 1 microvolt-pev»meter using rodi 10 microvolts-per:
intensity measurements vsing calibrated dipole. Frequency meter vsing shielded directive loop- As two-terming volt-

range includes FM and TV Bands. meter, ! microvolt.

yr! | UHE?

375 MC
to
1000 MC

Commerciol equivalent of AN/PRM-Y.

Self-conioined batteries. A.C. supplY opﬁonc\. Sensitivity @3
1wo-terminol voltmeter, 1 microvolt. Field intensity with %2
meter rod antenrd 2 microvohs-pev-meter; rotatable loop
svpplied, Includes standard broadcast band, radio rangeé,
WWYV, and communicoﬁons freqvencies.

Commercial aquivolent of AN/URM»W.

Sensitivity as two-terminal voltmeter, (50-ohm coaxial input)
10 microvolts. Field intensity measurements vsing calibrated
dipole. Frequency fonge includes Citizens Band and UHF
color TV Band.

"

Since 1944 Stoddart RI-FI* instruments have established the The rugged and reliable instruments! Mustrated above serve
standard for superior quality and vnexcelled performance. equally well in field of laboratory. Individually calibrated
These instruments fully comply with test equipment require: for consistent results using internal standard of reference.
ments of such radio interference specif'lcoﬁons as JAN-1-225, Meter scales marked in microvolts and DB above oné microvolt.
ASA C63.2, 16E4\{SH|PS), AN-1.240, AN-1-42, AN-1-27a, AN-1-40 Function selector enables measurement of sinusoidal or complex

hese specificcﬁons were wrilten or Te waveforms, giving average, peak ©of qvasi-peok values.
emonstrated in Accessories provide means for measuring either conducted
or radiated r.§. voltages. Graphic recorder available.

and others. Many of t
vised to the standards of performance d

Stoddart equipment.

xRadio Interference and Field Intensity.

Precision Att n
STODDAR . envation for UHF!
2 T AIRCR .. Less than
12V
.AFT RADIO CO. Sl 12 JOWE 15 9000 e,

6644 SA , 10, 20, 30, 40,

NTA MONICA BLVD., HOLLYWQOD 38, C gie:  Accurocy + .5 DB. 50 8.

i , CALIF.

Hillside 9294 <. Patents applied for.

» .
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TV Monitor Console

Amazing!

Desk Panel Cabinet Rack
Seoeco00sarG00OOGOOEES

How Karp Makes
Custom-Built Metal Cabinets
and Boxes at Prices that Compete ——
with those of Stock Items  -<ccv--cceeeecces

The advantages and true economies of Karp custom-built cabinets, boxes, or

housings over stock items are these:

® Your own exclusive design distinguishes and “styles” your product . . . gives
it more market value.

® Flexibility of construction details speeds and simplifies your final assembly .
—saving you time and money. Chassis

@ Our vast stock of dies can save you special die costs. T 050000000000 0000

® Our 70,000 square feet of modern plant, with hundreds of craftsmen, means
ample capacity for many types of work—simple or elaborate—at one time.

® Plant is fully equipped with every mechanical facility that aids economical
production.

@ Finishing is done in dustproof paint shop, with latest water-washed spray
booths and gas-fired ovens mechanically and electronically controlled.

@ We make no stock items or products of our own. Our plant, time and effort
are 100% for our customers’ work.

® Our engineering staff can help solve any possible design and production Marine Radio Housing
problems. *tev0cs0v00c00000000

@ It's results that count—and we give you the results you want,

Write for illustrated data book describing our facilities and showing the wide
range of sheet metal fabrication we do.

CABINETS * BOXES * CHASSIS * HOUSINGS * ENCLOSURES

KKARP METAL PRODUCTS €O., INC.

215 63rd STREET, BROOKLYN 20, NEW YORK :
Ceeslae %éa/f’dm(.-e tre Steel Alolad g
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OAK MFG. CO. DEMANDS

FOR THIS

A RCA VICTOR,

TUNING HEAD

3 POPULAR ELECTRICAL GRADES In manufacturing components for this critical tuning head for
RCA Victor television receivers, Oak Manufacturing Co. faced a

OF LAMINATED INSUROK . . . R
| tough insulation problem. The insulation had to be strong, yet pro-
duce clean, intricate, punched parts. It had to possess superior elec-
MRAEE A, oustanding paper- ?ricul pr().perties—unch'an'ged after sanding to close tolerances. A.nd
its electrical characteristics had to remain stable through a wide

base laminate that can be hot- s
range of temperature and humidity.

punched to intricate shapes. Has

excellent electrical and physical INSUROK electrical sheets provide Oak with a unique com-
properties, is stable under mois- bination of all of these desired properties. And even more impor-
ture and heat, and only slightly tant, from shipment to shipment, Oak engineers can depend on
affected by sanding. INSUROK?’s properties remaining uniform.

In hundreds of similar applications, laminated and molded

Has unmatched electri- INSUROK are solving difficult problems for industry. Richardson’s

cal propertics, yet punches with years of experience in the engineering application of plastics is
ease. It has a sensational ability available to you without obligation. Write, today.
to retain these properties in high
humidity.

s ke RICHARDSON COMPANY

in the electrical sheet field with

insulation resistance on the order FOUNDED IN 1858
of T-800 and mechanical proper- 2797 Lake St., Melrose Park, Hlinois (Chicago District)
ties comparable to T-725.
CLEVELAND . DETROIT . INDIANAPOLIS . LOCKLAND. QHIO . MILWAUKEE
| NEW BRUNSWICK, N. J. . NEW YORK . PHILADELPHIA . ROCHESTER . ST.LOUIS
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We know onYy too well wh
can be obsolete tomorrow. We

‘of developments in the |
We search-constan

We say that modern app
pany’s toroids and toroidal filte
in every sense of the word: mo
well as-in price.

&

E_ydusive Monulocturess of Commanications Network E '

B .. We particularly invite yoi_:r‘ inquiries _

ter _z\:}pp!ico"tions..-;

_ concerning difficult

o

signing@jr products with an eye toward
future 'ﬁpplic_otions may demlt._:nd..q_(.,ﬁ.ﬁ_

Burnell & Company ha‘s‘;;}%_ its S
this viewpoint — by striving tc ke vell c
i Q Coil_ and Fi

Lo _' " the reduction of size cn ‘fly”’; new circuits
Ble® |, and compq!a‘e'r\_t_s that wil ‘“more for their
) money’’ — and new production eed output and
guarantee the reliability o ife of our products. .

- B s ..
Even our price structure has been'.'rtreamhned to conform

with the increasing industry-wide deman for economy, with no
sacrifice in our high standdrd ¢ uvality.

= n_;_;‘
dern today in Electronics
obsolescence by de-

at is
car retard

s that will permit

tions demand Burnell & Com-
oducts bec‘iuse we are modern
in outlook and technique as

1

ELECTRONICS — July, 1950
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W to modernize your product and

to enhance its '‘saleability”’

Two slide switches rated
1 ampere at 125 volts DC
i/ 3 amperes

Single-pole, at 125 volts AC
SS'26 sin:Ie-iﬁn?o:f

ﬁ'} ) These sturdy little switches are

ideal for appliances, toys and
electrical equipment requiring
3-ampere switch contact car-
rying capacity, Both are Un-
derwriters approved. Write
§5-26-1 onslebole:  for $5-26 Switch Bulletin.

double-throw

LINE OR SLIDE ACTION

Dozens of Contact Arrangements

Inexpensive types are available for practically any switching
requirement and ot prices that will please you. Samples to speci-
fications on request to quantity users. Write for Stackpole Switch
Bulletin RC7C.

ELECTRONIC COMPONENTS DIVISION, ...and hundreds of molded
iron powder, metal, carbon

¢ Alnico |l Perma-
fron Cores « Alnico f Ferma STACKPOLE CARBON €O. St. Marys, Pa. and graphite products.

nent Magnets ..

— STACKPOLE

32 July, 1950 — ELECTRONICS
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and

ON

GENERAL ELECTRIC
WELDED GERMANIUM

DIODES

ERE’S the book that digests all the facts
youshould have on Germanium Diodes.
Contains valuable pages of up-to-the-minute
information on diodes and their applica-
tionsintoday’swideningelectronics market!

For designers and engineers who want
basic facts on the development, character-
istics, advantages and circuitry of diodes,
this carefully prepared General Electric man-
ual is a valuable tool. Includes specific data
on diode problems, characteristics curves,
electrical rating charts, circuit diagrams.

Assembled in loose leaf fashion, the book
is tabbed by sections for easy reference. The
$1.25 price of this leatherette bound hand-
book includes supplementary sheets on new
diode developments which will be sent to
you as they are published. Your copy is wait-
ing. Mail the coupon today!

GENERAL * -

ELECTRONICS — July, 1950

ELECTRIC

Design, manufacture, and spec-
ifications of G-E Welded Ger-
manium Diodes

General purpose types

HERE’S WHAT IT TELLS YOU

SERVICE NOT:S
How to install
How to check and inspect

Precautions

TV types
Quads DIODE APPLICATIONS
UHF diodes Typical circuit applications

CHARACTERISTICS CURVES
36 curves on resistance, cur-
rent, voltage, temperature,
and efficiency. Also typical
distributions.

and brief descriptions of
diode characteristics as used
in circuits covering AM &
FM receivers, TV receivers,
measuring equipment, car-
rier current, miscellaneous.

Pertinent articles and public presentations
on diode theory and application.

General Electric Company—Section 470
Electronics Park .
Syracuse, New York I
Please send me ...... copies of the new G-E Getmanium E
Diode Handbook at $1.25 per copy—Postpaid. ﬁ

[[] Check or M.O. enclosed H

L S 000000000 Lo 9 ’
ADDRESS. . ..o ottt ihettenteeteeteet e e taen e a s i

(R o oo oo o 6000000000 o M M STATE. . evvvvnnnnase o g
R S A S R N S ——— -
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B BRADLEYUNIT DIMENSIONS—Y, Watt—3% in. long x 9/64 in. diam. 1 Watt
> —9/16 in. long x 7/32 in. diam. 2 Watt—11/16 in. long x 5/16 in. diam.

QUALITY FIXED RESISTORS

SOLID MOLDED
ADJUSTABLE
RESISTORS

Available in single,
dual, and triple unit
censtructions with solid
molded resistor ele-
ments. Any resistance—
rotation curve. Rated at
2 watts,

for Electronic Circuits

Bradleyunit resistors are small in size . . . but “super’’ in the
performance demanded by electronic engineers. Bradleyunits
are rated at 70 C ambient temperature, not 40 C. Thus, they
have a much wider safety factor. Furthermore, under continuous
full load for 1000 hours, resistance change is less than 5 per
cent. And, Bradleyunits require no wax impregnation to pass
salt water immersion tests. Another advantage is the differential-
ly tempered leads which prevent sharp bends near the resistor.

Bradleyunits are packed in honeycomb cartons to keep the
leads straight and avoid tangling. They are available in V2, 1,
and 2 wait ratings in standard R. M. A. values up to 22 megohms.

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

B

1 = S
ALLEN-BRADLEY
FIXED & ADJUSTABLE RADIO RESISTORS

Sald exclusively to manufacturers of radio and electronic equipment

= QUALITY =
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TELEVISION ANTENNA DISK

,%//Z’J/Z/ :;‘

16V DIAMETER —-ﬁ

USING DURON, we punched this large and
difficult part in one operation with a com-
pound die. And it was one of those deliver-
it-yesterday jobs. In the staid language of our
representative, the customer ‘“commented
very favorably because we built this compli-

ances not common for this type of punching.”
This type of job emphasizes the kind of serv-
ices our Fabricating Division can offer on
fibrous materials. We are specialists, with a
background of experience in manufacturing
high strength fibrous materials dating back

cated die on short notice and because the
piece was held to close dimensional toler-

to 1832. If you want to cut costs on fibrous
parts and get the job done, see Fogers.

ABRICATING pIViSION

F
DA st SRR

GERS

CATALOG AVAILABLE

Gives full description of services provided and some
pertinent design considerations in using fibrous
materials. Write Dept. E

CORPORATION

GOODYEAR, CONNECTICUT

SPECIALTY FIBRE PRODUCTS
ELECTRICAL INSULATING MATERIALS AND BOARDS
DUROIDS e SHOE PRODUCTS

COMPLETE FABRICATING SERVICES
ON FIBROUS MATERIALS AND
LAMINATED PHENDLICS

Boards e Blanks e Pre-shaped Preforms
High Strength Molding Compounds

MOLDING AND LAMINATING PLASTICS |
Laminated Phenolics

ELECTRONICS — July, 1950 35



p DRIVER CN
gfmuvs TAPERE

... and get fastest fastener-
service from this modern,
high-production plant

Save time and “wrong numbers” by chang-
ing your records row to the address of Amer-
ican’s new main plant and home office.

This high-production operation . .. one of
the most modern in the screw industry . ..
is equipped and staffed to raise American
quality and service to new high levels, both
in American Phillips Recessed-Head
Fasteners, and also slotted products. W hat-
ever it takes to make better screws, American
has it at Willimantic!

Photos at the right give you a good picture
of American’s present position on deliveries.
So for either Phillips or slotted, mark your
order American . . . and shoot it to
Willimantic.

AMERICAN SCREW COMPANY

Plants at Willimantic, Conn., and Norristown, Pa.
Warehouses at:
589 E. illinois St. 502 Stephenson Bidg.
Chicago 11 Detroit 2

July, 1950 — ELECTRONICS



HOUR
DELIVERY!

24

Now you can get the same dependability that

gram we are making ovailable the entire Pravi-

has made C-D's famous in engineering circles
the warld over, on a twenty-four-hour delivery
‘basis. The demand for “Silver Mike''® Micas
through the years has been so great thot every
expansion program has proved insufficient. But
with the completian af aur last expansion pro-

dence plant exclusively fo the production of the
famous, reliable C-D line af "Silver Mike"®
Micas. Of caurse, in addition ta the new, im-
proved delivery standards, you still get these
other features that have made C-D's “Silver
Mike'* Micas so popular:

Extra heavy silver coating thoroughly bonded to mica — results in a uniform and
lovs copacity-temperature coefficient (+.002% per degree C.I; excellent retrace char-
acteristics; practically no capacity drift with time.

Molded in low-loss red compound — results in an exceptionally high Q@ {3,000 ta
5,000); fixed electrical characteristics.

Wax impregnated — results in a humidity-proof capacitor.

"Silver Mike'" Mica Capacitors are availabie in 300 and 500 ¥.D.C.,and in capacities
tfrom .000001 to .005 mid. at standard tolerance of +5%. "Silver Mike''* Micas can
also be supplied, on special order, ta tolerances of £3%, *2% and =+ 1%.

Your inquiries are invited. CORNELL-DUBILIER Brookline and Worcester, Mass.; Pravidence,
ELECTRIC CORPORATION, Dept. K-7-0, South Plain- R. 1; Indianapolis ind., and subsidiary, The
field, New Jersey. Other plants in New Bedford, Radiart Corp., Cleveland, Ohia.

FOR A CONSTANT LC PRODUCT . . . FOR DEPENDABLE RESULTS 1
... FOR UNRIVALED PERFORMANCE ... SPECIFY C-D!

rrele Zesr/

CONSISTENTLY DEPENDABLE

CORNELL-DUBILIER

CAPACITORS - VIBRATORS + ANTENNAS -+ CONVERTERS

SUBSIDIARY

S e
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Design-Unlimited

WITH CORNING METALLIZED GLASS INDUCTANCES

,) About the only limiting fac-
tor in Corning Metallized

Glass Inductances is that they

cannot be designed to operate

much below 30 Megacycles.

Aside from that, just give us your specifications and
Corning engineers will quickly design and send you
samples. Once approved, they can be easily duplicated
to surprisingly close tolerances on a production basis.
When special tuning characteristics or convenient
terminating areas in inductances with fine turns are
desired, variable pitch coils are easily supplied.
Double pitch windings are available for r.f. trans-
former or inductive coupling purposes. The conduc-
tor width may even be modified to give you distrib-
uted parameters. Gaps between turns can vary from

CORNING GLASS WORKS

ELECTRONIC SALES DEPARTMENT

as little as .020” to as much as one-eighth of an inch.

Fixed tuned, permeability tuned, or permeability
tuned inductance-trimmer combinations can be sup-
plied with appropriate powdered iron cores and con-
venient mounting bushings. Assembly can be made
by conventional methods.

Corning Inductances offer many special advan-
tages. High temperature stability due to low expan-
sion coefficient of the glass coil form, and the low
temperature coefficient of the dielectric, results in
negligible drift characteristics. Minimum allowable
Q is 150. The smooth glass form assures noiseless tun-
ing. Rugged and durable, they can stand repeated
handling. Assembly costs are lower. Whatever your
inductance requirements, Corning engineers can
help you. Write for further information today.

CORNING, N. Y.
WWWW é’édd

METALLIZED GLASSWARE: INDUCTANCES - CAPACITORS - BUSHINGS - ALSO A COMPLETE LINE OF TELEVISION TUBE BLANKS

July, 1950 — ELECTRONICS



The new Eimac 4X1506 will . .

DELIVER 20 KW AS A
PULSED AMPLIFIER OR
OSCILLATOR TO OVER

IVE A POWER-GAIN OF 10
) AT 1200 Mc. 2

PROVIDE 100 WATTS CW
POWER AT 750-Mc, WITH
A POWER GAIN OF 8.

X1

400 Mc 400 Mc. 1200 Mc. 1200 Mec.

The 4X150G has been specifically designed to make feasible rela-
tively high power at UHF. [t is excellent as an amplifier, oscillator
or frequency multiplier in either pulse or cw service. Good effi
ciency is obtained over a wide range of plate voltages to over

1500 Mc.

Power-gains of 10 are easily obtainable at 1200 Mc. when pulsed,
and peak pulsed outputs of 20 kw per tube are possible without
extending the tube beyond its maximum ratings.

At lower frequencies, for instance around 750 Mc., the 4X150G
operating as a cw amplifier will provide 100 watts output with but
122 watts of grid-drive . . . a power-gain of 8, with complete
stability.

These illustrations show an ex-
ample of the simplicity made pos-
sible by the 1X150G, The cavity

is for a broad-band 1200 Mec.
power amplifier for a pulse appli-
cation. The block diagram indi-
cates the tube line-up of the IPA,
tripler, and final PA stages, More
detailed data on the 4X150G
are available. Please make re-
quests on your company letter-
head.

Foliow the Leaders to

ABE The Power for R-F

These examples are only indicative of the tube’s potentialities.
More comprehensive data are contained in & new data sheet, avail-
able upon request.

EITEL-McCULLOUGH
S an Bruno, Cali¢

Export Agents: Frazar & Hansen,

I N C
n i

’
o r

The 4X1506 is another
Eimac-developed contribution to
electronic progress.

ELECTRONICS — July, 1950

3%



Checks on...

@ 24 Omni courses

@ Left-center-right on
Phase-localizer

@ Left-center-right on
Amplifude-localizer

@® Omni course sensitivity

® To-From and Flag-alarm
operation

@ All necessary quantitative
bench tests

MICROWAVE TEST SET ... TYPE H - 1 0 pulse

UHF SIGNAL GENERATOR...TYPE H - 'I 2

T T e o

ARC COMMUNICATION AND NAVIGATION EQUIPMENT

Provides source of cw or

frequency - modu-
lated RT, power level —37
to —90 dbm. RI power
meter measures levels
from 47 to +30 dbm. Frequency meter
for measuring output or input RF accu-
rate to better than 20 mec. Primary pur-
pose of the I1-10 is to measure receiver
sensitivity, bandwidth, frequency, recov-
ery time, and overload characteristics,
plus transmitter power and frequency.
Recommended as a standard source of
RF for research or production testing.
Lqual to military T'S8-223 /AP.

PRICE: $1692.00 net, f.o.b. Boonton, N. J.

23,500-24,500
MEGACYCLES

Provides source of cw or
pulse amplitude-modulat-
ed RF, power level 0 to
—120 dbm. Internal pulse
circuits with controls for
width, delay, and rate, and provision for
external pulsing. Single dial tuning, fre-
quency calibration accurate to better than
1%. Built to Navy specifications for
research and production testing. Equal to
military TS-419/U.

PRICE: $1950.00 net, f.o.b. Boonton, N. J.

900-2100
MEGACYCLES

Aircraft Radio Corporation also manufac-
tures LIF and VHE airborne communica-
tion and navigation equipments — all
CAA-Type-Certificated for scheduled air-
carrier use or for those whose type of
flying requires a high degree of -reliabil-
ity and performance. Equipment consists

of light, small units which can be com-
bined to provide the required operation,
whether it be the 1 Receiver/1 Transmit-
ter (15-pound) installation in a 2-place
helicopter, or a 3 Receiver/2 Transmit-
ter/VHF Omni installation (70 pounds)
in larger 2-engine aircratt.

Use the H-14
for Testing Omni
Receiving Units in Aircraft
.« ....o0ronthe Bench.

The Type 11-14 Signal Generator,
108-118 megacycles provides a
standard signal source for the com-
plete testing of VHF airborne
omnirange and localizer receivers
in aircratt or on the bench. It pro-
vides for testing 24 omni cousses,
plus left-center-right checks on both
amplitude and phase localizers. Air-
craft may be checked out quickly
and accurately just before take-oft.
RF oulput for ramyp checks, 1 volt
into 532 ohm line and for bench
checks, 0-10,000 microvolts. Pro-
vision lor external voice or other
modulation. AF output available for
bench maintenance and trouble
shooting,.

PRICE: $885.00 net, f.o.b.Boonton,N.J.

—

ircraft

adio
Con!;{»oration

Boonton, N. J.
Dependable Electronic Equipment Since 1928

WRITE TODAY for descriptive bulletins on any of these instruments
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__US S Sldlﬂlgss Sl‘eg/ is in the television picture

PICTURE TUBE CONES OF U-'S'S 17-TV
REDUCE WEIGHT, HELP CUT COSTS

UBLIC demand for bigger and

better television at low price has
brought manufacturers face to face
with new problemsinreducing weight
and holding down set cost. And, like
so many other industries, television
has turned to Stainless Steel to solve
this problem.

A new grade of U-S'S Stainless
Steel, known as U'S'S 17-TV, has
been developed especially for this
television application. Having an
appropriate coefficient of expansion,
it permits fusing of the faceplate and
neck to the metal cone with a strong
air-tight seal.

AMERICAN STEEL & WIRE COMPANY, CLEVELAND -
COLUMBIA STEEL COMPANY, SAN FRANCISCO - NATIONAL TUBE COMPANY, PITTSBURGH

UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST -

U-S-S STAINLESS STEEL

By using U'S:S 17-TV instead of
glass for the conical section of the
picture tube, you can cut the weight
of this key part over one-third. The
result is important savings in han-
dling, shipping and packing costs.
The tube can be shipped installed in
the receiver with little danger of
damage in transit.

In addition to its light weight,
other inherent advantages of Stain-
less make important contributions
here. Its strength enables the tube
to withstand extreme pressures and
reduces breakage hazards. Because
glass area is held to a minimum, and

because of the protection provided
by the Stainless Steel cone, hazards
of implosion are minimized —in tube
manufacture, in installation and in
service. The U-S-S 17-TV cone per-
mits the use of a flawless, smooth
glass face, thus resulting in cleaner,
and sharper pictures.

Whether you manufacture or use
cathode ray tubes, investigate the
possibilities of U'S-S 17-TV Stain-
less Steel, developed especially for
the television industry. Like all other
grades of U'S'S Stainless, it is made
to give you the finest possible per-
formance.

CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH
TENNESSEE COAL, IRON & RAILRCAD COMPANY, BIRMINGHAM
UNITED STATES STEEL EXPORT COMPANY, NEW YORK

SHEETS -

ELECTRONICS — July, 1950

STRIP -

PLATES - BARS - BILLETS - PIPE -

TUBES

S TATES
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HAMILTON STANDARD a,nd BENDIX-SCINTILLA

LU ELECTRICAL CONNECTORS

Unfailing dependability is one of the requirements set by Hamilton CHECK THESE ADVANTAGES
Standard and Fairchild in their selection of equipment. The installa-

. . L. . g . L Moisture-proof E
tion of Bendix-Scintilla electrical connectors in vital circuits of i CC * Rk A“i'l"b'y and
- - - ¢ Radio Quiet Isassembly

Hamilton Standard propellers is, therefore, a tribute to a fine product.

- i o Single-piece Inserts e Fewer Parts than any
Wherever circuits must be arranged to connect and disconnect with « Vibration-proof other Connector
ease and certainty, Bendix-Scintilla is the choice. Remember that o Lightweight o No additional solder
whenever there is no compromise with quality, it pays to specify « High Insulation requited
Bendix-Scintilla electrical connectors —the finest money can buy! Resistance * Approved A-N source

Write our Sales Department for detailed information.

BENDIX
SCINTILLA

' SCINTILLA MAGNETO DIVISION of -3 IS
SIDNEY, N. Y. '—_gnﬁff

AVIATION CORPORATION

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y.
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More than likely. ..
if you can dig up
New Ways to

make it do more

for your customers
... by COUNTING

Dig deeply into this million-dollar
question: “How could my product in-
by

counting”” And you may well uncover

crease its usefulness and sales . . .

a new and distinctive merchandising
appeal that will set your product apart
from competition . . . as so many manu-
facturers have done.

It’s as simple as this: If your product

Veeder-Root

ELECTRONICS — July, 1950

is mechankcally or electrically ope-ated,
then it’s defin_tely worth a search 1o see
if there’s hidden sales-treasure buried
there. This can be quickly determined by
some fast spade-work done by a Veeder-
Root engineer, paired off with your de-
sign engineer. And the digging can get
under way . . . any time you say.

. No. 1239 Predetermin-
ing Counter signals operator
or actuates mechanism to stop

machine at end of pre-sct run.

Write for 8-page ‘‘Counter Book’* which
shows all types of V-R electrical,
mechanical, and manual counters . . .
standard and special.

VEEDER-ROOT INC., HARTFORD 2, CONN.
In Canada: Veeder-Root of Canada,
Ltd., 955 St. James Street, Montreal 3.
In Great Britain: Veeder-Root Ltd.,
Kilspindie Road, Dundee, Scotland.
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A iy
MEANING OF MME@ SELENIUM

IN BRADLEY RECTIFIERS FOR HIGH POWER USE

Selenium rectifier performance — aging,
stability, and rating-per-space-factor — is
based to a large extent upon the quality of
selenium used. The purer the selenium, the
better the rectifier performs.

Therein lies the importance of the
Bradley vacuum process to every user of
rectifiers. Through this exclusive process,
we remove impurities in the raw selenium
and prevent contamination during manu-
facture, Only Bradley rectifiers have the
advantage of this unique type of quality
control.

SELENIUM RECTIFIERS

COPPER OXIDE RECTIFIERS

Besides offering maximum rating per
space factor and consistent uniformity of
rating, Bradley power rectifiers provide an
unusual margin of safety against over-load-
ing. One manufacturer reported that he
was able to eliminate costly over-voltage
protective devices upon installing Bradley
power rectifiers,

Bradley rectifiers are available for every
power conversion purpose. Our engineers
are always available for consultation. In-
vestigate Bradley vacuum-processed recti-
fiers for your next application.

PHOTOCELLS

e

Write for your copy of
‘“The Bradley line,’’
booklet showing many
additional rectifier and
photocell models,

2, -~ BRADLEY LABORATORIES, INC.

82 MEADOW STREET, NEW HAVEN 10, CONNECTICUT
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Patents Pending

*An especially designed Pot or Shell (not a separate

4 v ki - : enclosure) which magnetically and physically encloses the
Avdilable in sizes from 5” to ' ~ g

12", Send for literature giv- entire magnet, thus reducing to an absolute minimum
ing complete technical and Ar; _ o S LY o i 3 2T A
mechanical information.  4he external magnetic field which is so prevalent and bothersome

in the ordinary type of construction.

THE ROLA COMPANY, INc.
DIVISION OF THE MUTER COMPANY « 2530 SUPERIOR AVENUE « CLEVELAND 14, OHIO
EXPORT: AD. AURIEMA, INC., 89 BROAD STREET, NEW YORK 4, N. Y., U.S.A.




inthe cordsonyoury

a Belden Cord Means

+ SAFETY and APPEARANCE  //

+ QUICK ASSEMBLY
+ FEWER REJECTIONS
+LONG LIFE IN SERVICE

48

Belden Engineered Cords give you real Plus Values because
they are engineered to your product, complete with molded
plugs or connectors. They are built far above minimum
standards, to give your product a chance to operate without
cord failure and to maintain your customer’s good will.

All Belden Cords are factory tested to eliminate cord grief
—extra assembly operations—rejections—extra cost. Investi-
gate Belden Cords, today. Write

Belden Manufacturing Company
4625 W. Van Buren Street
Chicago 44, Illinois

CORDITIS-FREE CORDS BY

WIREMAKER FOR INDUSTRY

July, 1950 — ELECTRONICS
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Senior VoltOhmyst™
reading peak-to-peak voltag

ONLY $62°° 7%
' User Price
Includes direct probe and cable,
dc probe, ohms lead, and ground lead

TEN WAYS BETTER!

1. Reads peak-to-peak voltages directly
2. Has greater over-all accuracy

. Reads down to 0.1 volt (1.5 volts full scale)
4, Reads up to 1500 dc volts full scale

5. Measures resistance from 0.1 ohm to 1 billion chms
6. Has 7 non-skip ranges, for both ohms and volts
7. All scales increase in 3-to-1 ratio (approx.)
8
9
10

w

. Has wider flat-frequency response

. Better stability with line voltage fluctuations

. Provides greater convenience due to small compact
size and new slip-on type probes

The WV-97A has a range of usefulness extending beyond
that of any other instrument in the field. Its quality, de-
pendability, and accuracy make it a true laboratory instru-
ment; it is exactly what is needed for television in the
design laboratory, factory, and service shop.

The new Senior VoltOhmyst measures dc voltages in
high-impedance circuits, even with ac present. It reads the
rms values of sine waves and the peak-to-peak values of
complex waves or recurrent pulses, even in the presence
of dc. Its electronic ohmmeter has a range of ten billion
to one.

Like all RCA VoltOhmysts, it features high input
resistance, electronic protection from meter burn-out,
zero-center scale for discriminator alignment, molded-
plastic meter case, a 1-megohm isolating resistor in the
dc probe, and sturdy metal case for good rf shielding.

An outstanding feature is its usefulness as a television
signal tracer . . . made possible by its high input resist-
ance, wide frequency range, and direct reading of peak-
to-peak voltages.

For complete information on the new RCA WV-97A
Senior VoltOhmyst, see your RCA Test Equipment Dis-
tributor, or write RCA, Commercial Engineering, Section
C42Y, Harrison, New Jersey. “Iteg. U. 5. Pat. O,

ELECTRONICS — July, 1950

Seniar Vot Oy

sl

O AMERY 6 i, <yp

Vou1Onmysy
WV.91A

POS. PEAK
The WV-97 A meosures peak-to- ;

peak voltages directly. Hence, it
quickly provides information es-
sentic! for servicing TV receivers

with sheir pulse-type waveforms. PEAK PEAK
SPECIFICATIONS

DC Voltmeter:

Seven Continuous Ranges. .. .. ... ....0to 1.5, 5,15, 50, 150,
500, 1500 volts

Input Resistance (including | megohm in dc probe):

All raNgeSc e oo v vveeerneronoaerececoneesans 11 megohms
Sensitivity for the 1.5 volt range...... 7.3 megohms per volt
Overall ACCUIACY . cvevrveenncnsenrereess.T3% of full scale

AC Voltmeter:
Fourteen Continuous Ranges:

Peak-to-peak values.......... ....0t0 4, 14, 42, 140, 420,
1400, 3400 volts
RMS values. ....... Oto I.5, 5, 15, 50, 150, 500, 1200 volts
Input Resistance and Capacitance with direct cable:
1.5, 5,15, 50, 150-volt ranges . . ... .. 0.83 megohm shunted
by 85 uy. f
500-voltrange . ........... 1.3 megohms shunted by 85 (s f
1200-voit range . ...... «s..1.5 megohms shunted by 85 (1. f
Frequency Response:
With WG-218 Direct Probe and Cable...... within 5% from
30 cps to 3 Mc
Overall Accuracy .. v seereevenenacnesocns +5% of full scale
Ohmmeter:
Seven Continuous Ranges......... 0.1 ohm to 1000 megohms
Center Scale Values...........10, 100, 1000, 10,000 ohms;

0.1, I, 10 megohms
Dimensions: 7%" high; 5%" wide; 3%" deep
Available Accessories:
WG-264 Crysta) Probe. ... ........ Extends range to 175 Mc
(price to be unnounced)
WG-289 High-Voltage Probe and Resistor WG-206 to extend
range to 50,000 volts, $8.95, suggested user price.

Avadilable from your RCA Test Equipment Distributor
"WQ4) RADIO CORPORATION of AMERICA

ﬁ TEST EQUIPMENT

HARRISON. N. J.
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CARBOLOY COMPANY
announces

Special Metals Division
to produce G-E ALNICO

LL oF Carboloy Company’s experience,
A technical “know-how”, and applicable
facilities are being made available for mass
production of Alnico permanent magnets.
The pioneer in the development of cemented

carbides, Carboloy Company, welcomes
this addition to its line of special metals.

It is anticipated that the streamlining
and conversion of necessary facilities will
be completed at an early date.

LOOK to CARBOLOY

for the finest in special metals

50
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Trim Assembly Time
with the
Tube with the Tab

@ Superior’s pioneering in tubing
technology is constantly at work to
bring electronic manufacturersnew
developmenis—to help them pro-
duce better equipment, faster, at
lower costs. Newest of these im-
provements is the integral tabbed
round Lockseam* cathode. It is
designed to eliminate a welding
operation, cut assembly time, and
provide superior performance.

These integral tabbed round
Lockseam*cathodes may be valuable

to you ... but whether they are
or not one thing is sure. If you
use Seamless or Lockseam* cath-
odes in your product a Superior
tube is available to do a Superior
job. Our research and engineering
facilities are ready at all times to
help solve your tubing problems.

For more information about
Superior Tubing and its possible
place in your operation write to

Superior Tube Co., 2500 German-

town Ave., Norristown, Pa.

Which Is The Better For Your Product...

SEAMLESS ... ? The finest tubes that
can be made. Standard production 1s
.010"" to .121” O.D. inclusive, with
wall thicknesses of .0015"" to .005".
Cathodes with larger diameters and
heavier walls will be produced to cus-
tomer specification.

Or LOCKSEAM*, , . ? Produced di-
rectly from thin nickel alloy strip stock,
.040""to .100"” O.D. in standard length
range of 11.5 mm to 42 mm. Round,
rectangular or oval, cut to specified
lengths, beaded or plain.

Electlromc Engmeermg — Life test rack
and emmission test set. Checking Superior
assembled standard diodes under simu-
lated customer conditions to determine if
material meets minimum requirements.

BeL e S|

8 Mgy

To guard against contamination by proc-
essing lubricants, Superfor tubing 1s
thoroughly degreased before each am-
nealing operation.

Part of inspection procedure on Lock-
seam Nickel Cathodes as they come off
the production machine. Fach cathode
must undergo many rigid tests before
being approved.

S " S —

{/5/'/”

& (N SMELD TUBING

»

ANl asalyses 010" to %™ DL.
Certainena.yses (035" max. wall} Us % 1%" O.&

*Mfd. under U.S. Pats.— SUPERIOR TUBE COMPANY e Electronic Products for export through Driver-Harris Company, Harrison, New Jersey.

ELECTRONICS — July, 1950
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The ALLIANCE TENNA-ROTOR

rotates the anteuna at=! wpm efilipr clock: %

wise- or counter-clockwise lﬁr'crﬁgf: 365"
with a pasilive mechanical stop at end of
travel. In the Model DIR (i“uslralcd),
scnsor in rolator unit operates mieter in
control box to show direction. Reversible
motor in rotator unit operates on 24 volis
supplic&l ])y transformer in control box
tllrougll a 3-position switch. Motor lecads
are insulated and proteclcd ])y Natvar
400 cxtruded vinyl tubing.

ucts
Pr d 4 bias
vd\’ g on
No‘ br'lc—s"c'lg“' R
m!
. hed <@
varni® rap
y ‘lurn'\s\‘\ed cabl®
as
y ‘lurn'\shed canVy
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Varnis ed du;
vur“‘s“ed sil e
rn'\s\“ed pes \as cloth
Va! - fiber9d -
S .
o vorr! o coated fiberd
siticon rs
° arnishe pap® »
] insuta? g nd steeving
o S\° ubing® A0 kers
‘lu""‘s“ 4 nt'\f“u"on‘ eving
A e
[ ] Varnt® yubing® an R4
uer ng
o \oco g viny! bt carion MO
o BxirudC " L ridenti®
ed Vi
o ExiV No
\ for Catalod
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The TENNA-ROTOR. made ])y Alliance Manu-
facturing Company. Alliance, Ohio turns a beam
antenna lo the compass poinl where interference is

least and reception is best.

It is designed and built to operate for years exposed lo rain., snow
and sleet. For this rugged service, components are carefu”y tested and
selected. Natvar 400 extruded vinyl tubing is used in the rotator unit

for motor leads because of its superior resistance to weather.

Natvar 400 also has uniformly superior resistance to oil, and is
approved for continuous operating temperatures of 105°C. Prompt
deliveries can be made either from a nearby wholesaler’s stock or

from our own. Full Underwriters report on request.

4
~

/ Telephone Cable Address

THE NATIONAL VARNISEED PiR@TJUCTS

201

Rahway 7-8800 NATVAR: Rahway, N, ),

RANDOLPH AVENUE * WOODBRIDGE, NEW JERSEY
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40 years a standard

metal

for vacuum-tube applications

More than four decades ago, when
Dr. Lee De Forest developed his
historic triodes, he made the ele-
ments of platinum.

But after the success of his first
triodes, Dr. De Forest began a
search for a more economical ma-
terial of which to construct his tube
elements . . . one that was inexpen-
sive, workable, stable, with accept-
able electronic characteristics.

He found his answer in pure
Nickel . .. a metal that to this day
has never been supplunted as the
most practical for critical, high-pre-
cision, mass-production electronic
tubes.

The qualities that recommended
Nickel to De Forest . .. and to suc-
ceeding generations of electronics
designers an d research men . . . are:

1. High and stable electronic
emission.

2. Excellent high-temperature
characteristics.

3. Good de-gassing properties.

4. High resistance to corrosion and
fatigue.

5. Good workability and weldability.

The value of Nickel in critical
tube design can be inferred from
the following: An ordinary large
transmitting tube may contain vir-
tually no Nickel, a large receiving
tube may contain 50% or more Nick-
el, and a miniature receiving tube

NICKEL AR85, ALLOYS
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may employ Nickel for almost all its
parts.

In addition to pure Nickel, many
other nickel-bearing metals and
high-Nickel alloys are used for spe-
cial applications in the electronics
field. Recent uses include non-mag-
netic “326” Monel and heat-resistant
Inconel for cathode ray and tele-
vision tube applications.

N

T hT W\

1 “.‘ \ ,5?\
TE \ W
RN

Nickel is available in a wide variety of mill
forms easily adaptable to large-scale, low-cost
production of vacuum tube components. Photo
of Nickel cathodes courtesy of Superior Tube
Company, Norristown, Pa.

If you would like to know more
about the many important uses of
these metals, ask for your copy of
“Inco Nickel Alloys for Electronic
Uses.”

§
|
{

A TUBE THAT
MEASURES A VACUUM

The VG-2 Ionization Gauge shown
above measures the vacuum in a
vacuum tube by counting the ions
of residual gases. To achieve de-
pendable characteristics, almost all
of its metal components are Nickel
... yet its selling price is under four
dollars.

The VG-2 Ionization Gauge is
manufactured by HEINTZ & Kaur-
aaN Division, Tue Rosert DoLLan
Co., REpwoon, CALIFORNIA.

A partial list of the companies
using the VG-2:
Argus, Inc.

Buhl Optical Company
Carbide & Carbon
Chemicals Corp.

Curtis Laboratories, Inc.
Distillation Products, Inc.
Farrand Optical Co., Inc.
Johns-Hopkins University
National Research Corporation
National Technical Laboratories
Raytheon Manufacturing Co.
Technicolor Motion Picture Corp.

THE INTERNATIONAL NICKEL COMPANY, INC.

67 Wall Street, New York 5, N. Y.

Monel® « “K“® Monel + “R”® Monel o "“KR"® Monel + Nickel » “D"® Nickel

“1® Nickel » Inconel® .

Duranickel® o

Permanickel® .«  Inconel “X"'®
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Announcing

DU PONT "RULAN"

FLAME-RETARDANT PLASTIC for electrical insulation for

Here’s a new Du Pont material, especially developed for the electrical indusiry to meet
the need for high-quality insulation that will not support combustion.

Look at these features—

e =

1. Dielectric Properties. “Rulan” flame-retardant plastic
has a dielectric constant of 2.7 and high dielectric
strength. It has a low power factor (0.002) that is
constant over a wide range of frequencies. It is non-
tracking. And “Rulan” retains its excellent electrical
properties even after immersion in water for long
periods al elevated temperatures.

2. Nonflammable. In flammability tests for insulation,

“Rulan” lias proved nonflammable. Further, it
won’t meli or drip, a big safety improvement.

3. Mechanical Properties. <“Rulan” has good tensile

strength, is tough and flexible. It has excellent low-
temperature properties, is uselul even below —60°C.
(=76°F.). “Rulan” has very low water absorption
(only 0.02 per cent by A.S.'T. M. iest).

“Rulan” contains no plasticizer, hence is useful in

non-migrating jackets. It can he exiruded onto wire

at high speeds and can be injection-molded. At present,

miolded electrical parts and extruded electrical tape

are heing developed for uses where flammability is a factor.

Wire today for more information. Our salesmen and

technical staff will be glad to help vou. E. I. du Pont de

Nemours & Co. (Inc.), Polychemicals Department,

Plastics Sales Offices: 350 Fifth Avenue, New York 1,

ELECTRONICS — July, 1950

N. Y.; 7 S. Dearborn Street, Chicago 3, 1ll.;

845 E. 60th Street, Los Angeles 1, Calif,

High-voltage hook-up wire

Neon-sign cable

Signal-control wire

Multi-conductor control cable

Television lead-in wire

Radio feed-back wire

Flame-retardant line wire

High-voltage street-lighting cable

*Trade-Mark

REG. V. 5. paT. OFF.

PLASTICS

Better things for Better Living

-« .through Chemistry

Other high-frequency uses

EH]



Plastic Laminates that Insulafe—May

SYNTHANE

Plastic Laminates are materials expressly made for
industrial applications. They have an interesting
combination of electrical, mechanical and chemi-
cal characteristics. This combination often
stimulates new ideas in design or use, may
improve a product or process or reduce
fabrication or maintenance costs.
Synthane is an excellent electrical

insulator. Synthane is high in dielectric
strength, low in dielectric constant and

power factor. It is also light in weight,
hard, dense, strong, resistant to abra-
sion, corrosion and moisture, and is
dimensionally stable.

Synthane speeds fabrication.
Synthane laminated can be machined
quickly and easily on standard produc-
tion equipment or we will fabricate for
you. It is also available from us in a
variely of molded-laminated or molded-
macerated shapes. These are only a few
of many Synthane advantages.

AN ELECTRICAL INSU

o imp'é:.f. fdfijé;gé

Let us help you plan with Synthane. If

you are designing a new product or have a
materials problem, write and tell us about it.
We will be glad to help you with design, grade
selection, or fabrication of parts. Clip and mail the
coupon today for your free copy of the complete
Synthane catalog. Synthane Corporation, Oaks, Pa.

[SYNTHANE

8-

AT WORK IN INDUSTRY

The Moloney Electric Company selected
Synthane for parts of the transformers it
produces, because of Synthane’s excellent
electrical insulating ability, good structural
strength and corrosion resistance. Shown
at right is the Moloney 33,333 kva, three-
phase, 60 cycle 132000 volts Delta high
voltage to 34500Y/19920 volts low volt-
age. The complete unit weighs approxi-
mately 227,000 pounds.

PRASTICS WHERE PLASTICS BELONG

DESIGN MATERIALS FABPR CtTION SHEETS RODS TUBES
36 July, 1950 — ELECTRONICS



What else do you look for in an insulating material?
Light weight? Strength? Resistance to moisture, corrosion
and wear? Dimensional stability? Ease of machining?

Synthane is made in a variety of grades. Each
excels in one or more particulars. Each offers
a combination of useful qualities.

Grades are classified according to the base
materials used in them. Paper, cotton, glass
fabrics, and asbestos are some of the materials
we laminate to produce Synthane. Various res-
ins are used.

At the right are four applications. In each, a
different grade of Synthane is used. In each,
Synthane gives the manufacturer and his cus-
tomer a better material because the essential
properties are supplemented by a combination
of other valuable characteristics.

SYNTHANE CORPORATION
6 River Road, Oaks, Pa.
Gentlemen:

Please send me, without obligation, information on
sheets, rods, tubes and fabricated parts.

[:SYNTSHANE]
) 4

WHERE SYNTHANE BELONGS

Name

Company
Address.

City. Zone. State

MOLDED-MACERATED "MOLDED-LAMINATED
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Before Any Other
Consideration

Sty of C @

F THE several factors that enter into the use
O of published media, the distribution of the ad-
vertisers’ sales messages, as governed by the
selection of media, can of itself decide the success or
failure of the advertising investment. That is why in-

tegrity of circulation is the first consideration with ex-
perienced space buyers.

The emblem shown above stands for the FACTS
that make it possible for advertisers to sclect the right
media and to know what they get for their money
when they invest in publication advertising. It is the
emblem of membership in the Audit Bureau of Circu-
lations, a cooperative and nonprofit association of
3300 advertisers, agencics and publishers.

Working together, these buyers and sellers of ad-
vertising have established standards for circulation

values and a definition for paid circulation, just as
there are standards of weight and measure for pur-
chasing agents to use in selecting merchandise and
equipment. In other words, A.B.C. is a bureau of
standards for the advertising and publishing industry.

A.B.C. maintains a staft of specially trained aud-
itors who make annual audits of the circulations of
the publisher members. Information thus obtained is
issued in A.B.C. reports for use in buying and selling
space. Alladvertisingin printed media should be bought
on the basis of facts in these reports.

This business paper is a member of the Audit Bu-
reau of Circulations because we want our advertisers
to know what they get for their money when they ad-
vertise in these pages. Our A.B.C. report gives the
facts. Ask for a copy and then study it.

SEND THE RIGHT MESSAGE
TO THE RIGHT PEOPLE

Paid subscriptions and rencwals,
as defined by A.B.C. standards,
indicate a reader audience that
has responded to a publication’s
editorial appeal. With the interests
of rcaders thus identified, it be-
comes possible toreach specialized
groups effectively with specialized
advertising appeals.

or business.

SOME OF THE AUDITED INFORMATION
IN A.B.C. BUSINESS PAPER REPORTS

How much paid circulation.

How much unpaid circulation.
Prices paid by subscribers.

How the circulation was obtained.

Whether or not premiums were used as
circulation inducements.

Where the circulation goes.
A breakdown of subscribers by occupation

How many subscribers renewed.
How many are in arrears.

McGRAW-HILL PUBLICATIONS

A}

A.B.C. REPORTS — FACTS AS THE BASIC MEASURE OF ADVERTISING VALUE
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 New Property Chart of ALSIMAG®
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WHAT ALSIMAG IS

AlSiMag is the trade name of a large fam-
ily of technical ceramic compositions. These
compositions have different physical, elec-
trical, mechanical and chemical charac-
teristics. AlSiMag ceramics are custom-made
to specifications.

WHAT THE CHART TELLS

The chart covers seventeen of the more
frequently used AlSiMag compositions and
is the most complete chart yet issued in this
field. A new feature is a selection chart
which simplifies and speeds the selection of
the most useful composition for the individ-
val requirement. This selection chart indi-
cates lower cost materials in BOLD FACE.
This helps the product engineer to design
for utmost economy.

Some properties, such as thermal expan-
sion, dielectric strength, in relation to thick-
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CHATTANO

American Lava Corporation, Chattanooga 5, Tennessee, has
issued a new chart giving the mechanical and electrical
properties of AlSiMag custom-made technical ceramics.

ness and temperature are presented in
graphic form.

ALSIMAG COMPOSITIONS NOT

ON CHARY

Many special AlSiMag compositions have
been developed to meet specific conditions.
These are too numerous to chart. If chart
indicates general characteristics of value,
modifications to suit your special applico-
tion may be available.

WHO NEEDS THE CHART

Designing engineers, production technicians
or purchasing agents will find chart helpful
in their search for materials for unusual
applications.

HOW TO GET THE CHART

The AlSiMag Property Chart is sent free on
request. Request as many copies as you
need to cover your organization.
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WHERE ALSIMAG 1S USED
AlSiMag custom-made technical
parts are extensively used as:
insulators for the electronic field o Insu-
lators for electric appliances and other
electrical applications ® Thread Guides for
textiles, wires, paper twine, etc. ® Extrusion
dies for such products as pencil leads, bat-
tery carbons, soft wires, explosives, etc.
Gas burner tips ¢ Controlled atmosphere
welding tips ¢ Qil burner ignition insulators
* Ceramics for hermetic seals ® Metal-
ceramic combinotions ¢ Air-acid jet nozzle
inserts ® Polishing heads for delicate final
polishing operations ¢ Cores and inserts for
precision castings ® Strainer cores for meta!
foundries o Cut-off cores for metal found-
ries ® Refractory pins and plates in small
sizes and special shapes ® Work holders
for electronic heating devices ¢ As a re-
placement for parts made of plastic, wood
or machined metal wherever a wear resist-
ant part is required ¢ In short, wherever
electricity, heat, chemical or certain abrasive
or friction conditions must be controlled.

ceramic

A D E R S H I P

CORPORATION

TENNESSEE

OFFICES: METROPOLITAN AREA: 671 Broad 51, Newark, N. J., Mitchell 2-8159 -« CHICAGO, 9 South Clinton St., Centrol 6.1721
PHILADELPHIA, 1649 North Broad St., Stevenson 4-2823 <+ LOS ANGELES, 232 South Hill St., Mutual 9076
NEW ENGLAND, 38:8 Brattle St,, Cambridge, Mass., Kirkland 7.4498 « ST, LOuUIS, 1123

Washingten Ave., Garfield 4959



the New

PYRAMID

“Humidi-Seal”

(TUBULAR PAPER CAPACITOR)

Ruggedly built to
withstand undue
vibration and rough
handling

Outer tube
plastic impregnated

to prevent ~»
moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

Each end
plastic sealed
apainst moisture

Leads anchored
securely in solid
plastic end

Type 85TOC “"Humidi-
Seal” capacitors are |
specially designed for

85° (. operation, =ven |
in the most humid at- it
mospheres, and will meet

the severe present-day
demands of enduranze in \
television receivers, auto
radios, etc.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
throughout the U.S.A. znd Canada

Q PYRAMID
PYRAMID ELECTRIC COMPANY

155 Oxford Street
Paterson, N.° 1., U.S.A.

TELEGRAMS: WUX Paterson, N. J
CABLE ADDRESS: Pyramidusa

71ss.
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BUSINESS BRIEFS

By W. W. MacDONALD

Scientific Apparatus needed by
American laboratories for re-
search and the development of new
products was largely imported
prior to 1917. When fighting in
Europe cul off the supply our im-
porters started to build their own,
and the industry might be said to
date from that time in this coun-
try.

Now a new condition has arisen.
The average scientific apparatus
maker comes under the heading of
small business, with perhaps 35
emplovees. There are about 1,700
such concerns. And many of them
find themselves squarely up
against serious competition from
countries in which labor rates are
low and exchange very favorable.
Certain optical items, for example.
dropped off 20 percent in sales in
1949 and so far this vear are off
30 percent.

Considered broadly, the situa-
tion seems to be this: Foreign
trade agreements help our friends
and therefore may ultimately help
us. On the other hand, reduction
in the number of people designing
and building scientific apparatus
here would reduce our self-suf-
ficiency.

Largest Single Procurement
action likely this year by the Army
Signal Corps, still open for bids,
is for $15-million worth of f-m
equipment for vehicular and
ground use.

David Sarnoff Says “If final
standards are adopted and com-
mercial operation in color is
authorized soon, the RCA could
and would be in factory production
of color television receivers by June
of next vear. This would amount
to a weeklv production rate of 200
color receivers. By the end of that
vear, our color receiver rate of
production will have reached over
1,000 per week. Thereafter, we
expect production quantities to
rise substantially.”

Averace TV Set contains 800 in-
dividual component parts and 15,-
000 feet of wire. There are 7,500

assembly operations, including 750
soldered joints. Capacitors, ac-
cording to Aerovox, total 124,
broken down as follows:

Ceramic . ............. 55
Paper wh. ... aa-&..dad 34
Electrolytic ........... 17
MiCA o -yiyy - - B 13

Schwab House, 700-unit New
York apartment building, is the
biggest master antenna job for
television we've heard of so far,
RCA doing the work. Anyone know
of an installation that tops it?

Milwaukee Journal survey pro-
duces the following interesting
figures showing television receiver
ownership as of January 1950 and
families planning to buy sets this
vear, by income groups:

Owners Prospects
Under $2,000 ... .. 10.0% 11.19%
$2.000 to $2.999 .. 16.0 18.3
$3,000 to $3,999 .. 17.2 17.6
$1,000 to $5.999 .. 23.9 19.9
26.000 to $7.500 .. 27.9 20.9
$7,500 and up.... 35.0 17.0

Television Equivalent of radio’s
tone control is the contrast control.
Joe Public likes tone controls ad-
justed to minimize noise (and high
notes) and make music “mellow.”
He also thinks the best pictures
are those that have the most con-
trast, and any attempt to make him
think otherwise is probably futile.

Real Estate Office near this
columnist’s home has had half-a-
dozen miniature houses constitut-
ing a model development in its
window for several vears. Last
week antennas and reflectors were
placed on the little rooftops.

Such is the influence of tele-
vigion upon the American scene.

Printer's Errvor, if we hadn’t

caught it before publication:
«  Standing-wave ratio reduced
to $1.05 . .. ..

Broadcast Station Revenue in-
creased 10.3 percent in 1949 over
1948, according to an IFCC report
just released. A total of 2,850
a-m, f-m and tv stations re-
ported a $459,300,000 take. Ex-
penses were up 14.4 percent to
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for

economy,
long life and
low maintenance

ih action

and you’ll pick the

 HONEYWELL

Designers, manufacturers and consumers alike have plenty of praise for these “miracle”
midgets that do a giant job at a cost that’s amazingly low. As the ideal switching medium, they
offer the result-producing advantages of safety . . . long service life . . . minimumn maintenance.. . .
and small initial cost.

You’d become dizzv counting the times they tirelessly provide positive on-off action in many
varied produets . . . but actual operating records show more than 50 million eyeles without atten-
tion. That’s economy and value in use!

Honeywell Mercury Switches are compact . . . easily adaptable to your product . . . operate at
low angles . . . are sealed against dust, gas and corrosion. Available in lundreds of types from 4
amp to 45 amp, 115 volts a-¢ non-indluctive load.

The complete line is at your command. For detailed discussion of possible produet application
call in your local Honeywell Engineer . . . he iz as near as your phone. Write for Catalog 1343 and
latest price schedule (or manufacturers.

Min~NEaroLis-HonevwiLL Recurator Co., Industrial Division, 4428 Wayne Ave., Philadelphia
44, Pa. Offices in more than 80 principal cities of the United States, Canada and throughout the
world.

FOR e POSITIVE ACTION o LOW ANGULARITY e LONGER LIFE s WIDE SELECTION

&) ;&ﬂ/y | Hc“meywell
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There’s a BARRYMOUNT

for each of your needs!

T,
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AIRCRAFT MOUNTING BASES

=

Standard bases with dimensions to govern-

ment specifications. Special bases to cus-
tomers’ exact requirements.

=Y

b 4

P
<>
.

h®

on order.

Zx

For mobile, railroad. and

tronic and electrical equipment. Also for
isolation above 2000 c.p.m.,

i

8.0

"Rg? N
363
, 8

aaa_‘
S

For fans. motor generator sets, transformers,
presses, other heavy industrial equipment.

Free Catalogs

SHOCK MOUNTINGS

INSTRUMENT MOUNTINGS

Unit isolators designed to meet Army. Navy,
and CAA requirements. Stock mountings —
/4 pound to 45 pound load range. Others

shipboard elec- ’

o

and for general
sound isolation.

X

For electronic components, tiny fractional
H.P. motors,
machines, and other lightweight apparatus.

record changers, dictating

"

INDUSTRIAL MOUNTINGS

o=

AIRCRAFT VIBRATION ISOLATORS Xy

-

L g

give dimensions and load ratings of stock

BARRYMOUNTS. Catalog 502 covers aircraft
applications. Catalog 504 covers industrial and
general-purpose mountings. WRITE TODAY to

THE

Main Office 177 Sidney St.

New York Rochester

Chicago

Minncapolis

62

Philadelphia

BARRY -

Cambridge 39 Massachusetts

Washington Cleveland

St. Louis Los Angcles Toronte

Dayton

BUSINESS BRIEFS (continued)

$425,000,000 however, so that in-

come before Federal tax was
$34,800,000, a decline of 24.5
percent.

Navy Accountant recently

okayed a bill for a bale of diapers,
but it took some explaining. The
soft, lint-free cloth that is kind
to Junior is apparently also good
for cleaning the inside of certain
electron tubes prior to evacuation
and sealing.

Receiver Sales by licensees, first
guarter 1950, totalled 4,201,891,
worth $316,936,375. Here's the
way the total broke down:

Type Units Dollars
Electric
Table (under
$12.50 billing
price) ......... 676,233 $7,022.686
Table (over
$12.50 billing
price)
AM ..ooonenn. 469,662 8,788,522
A-M/F-M ..... 71,525 2,167,146
I'-M (including
converters) .. 2,933 57,168
Consoles
A-M ... 1,749 123,702
A-M/F-M ..... 2,743 245,802
Table-Radio-Phonos
A-M ... s 70,667 2,911,857
A-M/F-M ..... 6,129 225,917
Console-Radio-
phonos
.......... 13,862 1,056,298
A-M/F-M . .... 109,442 12,681,254
Battery
Portable A-C/D-C 232,197 4,321,080
Table & sswoe 20,977 355,271
Consoles ........ 6 455
Auto ............ 888,541 22,980,494
Television
Converters ...... 6 2,618
Radio Table
Models ........ 691,834 94,692,577
Radio Consoles
Direct Viewing. 610,864 115,868,045
Projection 6,276 1,531,597
Radio Phonos
Direct Viewing. 139,770 37,109,676
Projection . ... 17 9,885
Phonographs
Phono only ...... 146,267 2,522,171
With radio
attachment . ... 11,551 191,635
Without Cabinets
AM oo 2,121 69,300
A-M/F-M ....... 6,893 210,365
Television ....... 13,638 1,496,080

Magnetic Tape Recorders manu-
factured by licensees of the Armour
Research Foundation totalled 20,-
000 in 1949.

Figures presented at a recent
conference on components again
emphasize the importance of elec-
tronics in the aircraft field.

1.. V. Berkner of Carnegie In-
stitution: “In a patrol bomber
costing $1,315,374 the electronic
equipment costs $179,899 and in-
cludes 45 devices composed of
more than 25,000 components.”

Charles R. Banks of Aeronauti-
cal Radio: “The airlines now have
2,000,000 capacitors, 1,500,000 re-
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sistors and 180,000 electron tubes
operating in 750 aircraft. . . . The
investment is $10,000,000, and
maintenance cost is over $3,000,-
000 annually for muterials and
labor.”

Employment was up 5.6 percent
in  March as against January
among 190 communications equip-
ment manufacturers reporting to
the U. S. Department of Labor, and
a further rise of 2.6 percent was
anticipated by midyear. Tele-
vision sparked the increase, easily
counterbalancing a slight decline
in employment among telephone
and telegraph equipment makers.

A Bonus of $10,000 is paid by
the AEC to anyone who discovers
a new uranium deposit and de-
livers twenty short tons of ore
containing 20 percent or more of
uranium oxide to the Commission.

Reading Our Own Ads leads us
to make the following observa-
tions:

Hermetic seals, and hermetically-
sealed components, appear to be
getting quite a play. Military appli-
cations wundoubtedly provided the
springboard, but aviation and other
industrial users are now interested.

Solderless  connections, com-
mented upan in this column several
times before, seem to be picking up
adherents among industrial users.
Communications applications still
develop slowly.

Life-rating of a particular re-
ceiving-type tube is given as 10,000
hours.

A new amateur transmitter is
said to be TVI-less in 97 percent of
the installations made to date.

We very much like the phrase,
used in connection with a test in-
strument “Industrial Endurance
With Research Quality.”

Reading time: 1% hours.

Perils Of Publishing: For six
months one of our distant repre-
sentatives has been dickering with
a man for a story. Queried re-
cently from the home office con-
cerning prospects of getting it,
our rep replied: “The story in
which you are interested seems to
have gone a little sour . . . . The
engineer who had promised it shot
a guy and is now in the jug.”
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SERIES &

SPDT GENERAL PURPOSE SENSITIVE D. C. RELAY. Inex-
pensive Balanced armatu-e for vibraton resistance on aircraft at &0
milliwatt adjustment. Sensitive enwug for V-T operated relay cir-
cuits; can be set to operate down 1o B0 milliwatts. Precision adjust-
ments for pull-on and drop-out. 2 ¢ mz. nomiinal contact rating. Coil
resistance up to 14,000 ohms.

SPDT VERY SENSITIVE D C. RELAY. Balanced armature and
magnetic efficiency resist aircraft -ibration on inputs as low as &
milliwatts. Withstands 500 shock w thcut damage. Precision adjust-
ments. 2 amp. nominal coatact ratng. Coil resistance up to 16,000
ohms. Special adaptations: Built-ia rectifier, two-coil differential
operation, constant voltage temperaiure compensation.

SPDT SENSITIVE RELAY AC-DC—KEYING. Unusual char-
acteristics at low cost. Sane L. C. sensitivity as Series 4 but less
flexibility of adjustment. Available #it1 long life and bounce-free
contacts, it is suited to high spead caunting and keying. Mechanical
life exceeds 10° oper.mons Gooc for slase circuits needing moderate
precision and vibration immunity. Con act ratings up to 5 amps.
Coil resistance to 14,000 ohms. A. C. sersitivity exceeds 0.1 V.A. at
60 cps. Serviceable on frequencies fromz 1€ —400 eps. Protects delicate
thermostat or instrument cor.tac-s.

MULTICIRCUIT POLARIZED SENS.TIVE RELAY. Single or
double (differential) windings. Resistance up to 25000 ohmns total.
Contacts up to 4PDT, 5 amp. noriinal rat.ng. Balanced armature for
strong vibration resistance. 'JRM X—Taree Position or Null Seek-
ing. For automatic positioning or 2-Way process control. Sensitivity
(depending on contact complexity) fror1 18 to 100 milliwatts. FORM
Y—Biased (Spring Return). Use as ar_ondinary sensitive relay if a
complex contact eombination is r.eeded. Combines funetion of pilot,
relay and contactor. Sensitivizy same as Form X. Responds only to
one polarity. FORM Z— Latching (permanent magnetic). Replaces
mechanical lateh electrical resat relays, where longer life and greater
vibration resistance is required Sensitiv.ty rom 100 to 250 milliwatts.

SPDT SENSITIVE HIGH SPEED POL:.RIZED RELAY. Single
or multiple windings up to 14,000 ohms (single). Balanced armature.
Nominal contact rating 2 amps. For reoeating telegraphic signals at
speeds up to 250 WP M. Small i siz2 and weight. Hermetncally sealed.
Mechanical life exceeds 10° operations. FORMS X, Y and Z (see
Type 6 above) available in Series 7. Sensiti zitics from less than 1 to
10 milliwatts depending on form and requirements. Form X is useful
as the detecting element in positioning bridge circuits.

YARIETY OF ENCLOSURES

In addition to the open styles stown, SIGMA Relays
are available with dust-proof or hermehcally sealed
enclosures. Most types are arailable for either
plug-in or permanent solder-bug connections,

WRITE FOR FULLY DESCRIPTIVE CATALOG

SIGM A Instruments, Inc.

62 Ceyom Street, Boston, Maoss
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Critical Requirements of
Television Prove
Remarkable Performance of

Mallory FP Capacitors !

There can be no more convincing proof of superiority than
the performance records hung up by Mallory FP Capacitors
in the demanding field of television service.

In one case, an outstanding television manufacturer kept
detailed records of field failures of component parts over a
six month period . . . found only six Mallory failures, with
nearly 400,000 FP Capacitors in service!

That’s service beyond expectations!

That’s why so many leading manufacturers insist on Mallory
Capacitors that have set the pace in the industry for years.
That’s why you should specify Mallory, at no premium in
price, for any application that demands continuous, trouble-
free performance.

////////// ;
W

MALLORY
FP CAPACITORS

Mallory FP Capacitors are designed
to operate continuously at 85° C—
and are famous for their long shelf
life. Write for your copy of the
Mallory FP Capacitor data folder.

FP is the type designation of
the Mallory-developed electro-
Iytic capacitor having the char-
acteristic design pictured and
famousthroughouttheindustry
for dependable performance.

P.R.MALLORY & CO. Inc. |
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SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials
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> WORLD TV ... This is written
in London, where your exhausted
servant has just completed a tour
of television systems in the USA,
France, Holland and Great Britain,
The trip was preparatory to the
second meeting of the Television
Study Group of CCIR. This group,
carrying forward the work begun
in Zurich last vear, is attempting
to find a common basis for agree-
ment on international television
standards.

Since the meeting is still in
progress as deadline approaches,
we cannot report the findings in
this issue. A full account will be
published next month. Meanwhile,
some general impressions may be
of interest.

Within the space of 15 days, we
have seen television on 405, 441,
525, 625 and 819 lines, at 50 and 60
fields per second, on video band-
widths from 2.7 to 10 me. Our im-
pression, shared by many in the
tour, is that the US standard of
525 lines and 60 fields per second
with a 4.25-me video band is the
happiest compromise among the
systems demonstrated to us.

This is not to say, however, that
the American television industry
leads the world in all respects.
Our British cousins are showing
their heels to us in four depart-
ments: First, the transient re-
sponse of British television studio
equipment, coaxial cables, radio
relays and transmitters is gener-
ally superior to ours. It is a mat-
ter of personal pride with nearly
every British operator to adjust
the phase correction of the ap-
paratus until the leading and trail-
ing transients just balance. Ad-
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TALK

mittedly their problem is some-
what simpler than ours, but their
attitude toward phase correction
is one we should adopt.

Second, the British transmission
of movie films, by the flying-spot
method of scanning, is wonderful
to behold. Despite the fact that
they use at least one megacycle
less video bandwidth than do the
US stations, the images are
sharper and crisper and the tonal
gradation is definitely superior.

Third, a new camera tube, the
cathode-stabilized orthicon, is just
coming into use and, for studio use
at least, seems to have several dis-
tinct advantages over the image
orthicon. The most notable of
these are an inherently steady
black level and a noise level which
increases with light. These prop-
erties permit gradation correction
circuits to be used, and the result
is an image of truly photographic
quality. Moreover, this tube (the
c.p.s. emitron) will produce a re-
spectable image with one foot-
candle illumination at a lens aper-
ture of £:1.9. American television
engineers could use it to great ad-
vantage, despite the fact that the
tube has a tendency to instability
at high light levels. Certainly US
television would be the richer if
the cathode-stabilized orthicon
were available here.

Fourth, the new Birmingham
station has a visual power at 35
kilowatts into the antenna. Plans
are afoot for future stations of 100
kw with antenna power gain of four
times. We could use such power,

In, most other respects, the
American system leads the parade.
European television images dis-

play an alarming tendency to
flicker at brightness levels far be-
low those demanded by the Ameri-
can public, due to the 50 per
second field scanning rate. A
Dutch demonstration of a long-
persistence (about 10-millisecond)
white-light phosphor was impres-
sive in reducing flicker, but the
image is subject to color fringing
of objects in motion. The visible
effect of ignition noise, which pro-
duces white spots on the screen
due to the use of positive modula-
tion in England, is definitely more
annoving than the black spots of
the American system. The sound
channel of the British stations,
transmitted by a-m rather than
f-m, is apt to be noisy. The limit-
ers used in some receivers to limit
impulse noise have the unfortunate
effect of introducing audio distor-
tion.

The concept of standardizing on
the line-scanning frequency, with
a narrow tolerance, to permit in-
terchange of programs even when
the number of fields per second
and lines per picture are not the
same in different countries, is one
of the noteworthy suggestions of
the meeting.

» QUIZ COMING ... Our query of
several months ago concerning a
series of electronic problems for
the amusement and edification of
readers has drawn a most encour-
aging response. Accordingly, in
future issues we shall publish such
problems as come to hand, with
answers the following month. We
have a few problems on hand, but
need more. Look for problems and
answers on the Backtalk page.
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Why Television Receivers

ITH TODAY’S SPOTLIGHT on

television receiver production
figures and dollar volume of sales,
there is a tendency to overlook the
fact that television servicing is also
big business. Based on current
average prices for sets and yearly
service contracts, every dollar paid
for a television receiver will within
five years be matched by another
dollar paid to service organizations.
Putting it another way, an esti-
mated $325 million will be paid out
in 1950 just to keep television sets
running, in contrast with only $300
million of business (at factory
prices) done by the entire electronic
industry in 1939.

Why does it cost so much to keep
tv sets running? To probe into this
question, sampling surveys were
made of the field experiences of tv
manufacturers who have their own
service organizations. In addition,
independent service organizations
who take on service contracts for all
makes of sets were queried. This
article presents in detail the results
of an investigation by the staff of
ELECTRONICS.

Breakdown of Calls

Reasons for calling a television
serviceman are broken down in
Table I for four representative
organizations. A quick check shows
that only about 30 percent of these
reasons are traceable to human na-
ture, to antenna systems and to
other nonmanufacturing factors.
The remaining 70 percent of the
calls deserve detailed technical
analysis here because they can be
eliminated at least in part at the
manufacturing level, with immedi-
ate savings in service division over-
head and long-term gain in service-
man and consumer goodwill.

Just as in radio sets, a defective
tube is by far the most common
cause of trouble in a television re-
ceiver. In television, however,
causes of tube failures are much
more often attributable to set de-
sign engineers than to tube manu-
facturers. Tubes are worked close
to the upper limits of their ratings
in many tv circuits, leaving little
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margin for normal tolerances of
other parts and for effects of ageing.
As a result, tube testers are rarely
if ever used for checking tubes in
tv sets. Substitution of new tubes
is the universal practice among
service organizations. So critical
is circuit design in some cases that
it is not unusual to have to try half
a dozen new tubes before finding
one that works in a particular set.

Picture tube replacement ranks
high, considering that it is the most
expensive replacement part in a tv
set. On a first-year service con-
tract, about half the picture tube
failures occur within the first three
months, covered in all cases by the
standard 90-day warranty of the
manufacturer. The trend is toward
free replacement by manufacturers
during the remainder of the first
vear as well, usually under a first-
year contract whereby the set

manufacturer replaces all defective
parts for a blanket price of $5 to
$20 that is paid by the service
organization or dealer.

Reasons for replacement of big-
gest troublemakers among other
tubes are given in Table II. In
general, the practice of tv service-
men is to replace a tube if that will
make the set work again, even
though some other part is the real
cause of trouble. Replacement with
a selected upper-limit new tube can
cure a lot of other troubles in cer-
tain circuits, eliminating removal
of the chassis to the shop for more
expensive replacement of a cheaper
under-chassis component.

Other Troubles

Antenna troubles vary greatly
from one locality to another, and de-
pend also on the number, location
and effective signal strengths of the

Table I—Analysis of Television Receiver Service Calls

Percent of Total Calls

Mfr. Mfr. Inde- Inde-

Reason for Call Service  Service  pendenl  pendent

| Organi-  Organi- Service Service
| zation zalion Co. Co.

. No.1 No. 2 No. 1 No. 2

Replace picture tube. . .. 109, 4% 5% 67,
Replace other tubes. . ... 30 a1 35 23
Reorient antenna™. ... ... .. 8 2 15 10
Repair antenna system™ . . ... ... 3 6 2 2
Change antenna or add high-band* 1 2 1 3
Readjust back-of-set controls. . . .. 2 1 13 12
Correct deficiency in circuit design 1 7 6 2
False calls*. . . . .. W . .. . eedclcs 4 15 10 10
Replace paper capacitor . . .. 9 1 3 2
Replace resistor. . ... ... 9 1 3 3
Repair or replace tuner. ... ... .. 15 2 5
Replace other components. . . . 4 15 1 6
Repair poorly soldered joint. .. 3) 4 1 1
Realign........................ 4 2 1 8
Customer not at home*. . . 2 4 2 5

* Total “not fault of set many-
faclurer. .. ... ... 18% 29% 309, 30%
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Fail in Service

Three years of field experience by manufacturers and independent service companies

reveals 15 major reasons for service calls. Many can be eliminated at design and pro-

duction stages, often with accompanying savings in manufacturing cost

transmitters in the area. As local-
ities reach their legal quota of sta-
tions, antenna calls diminish since
the required compromise orienta-
tion can be made at the time of in-
stallation. New antenna types are
proving highly satisfactory in the
field and reducing antenna calls.

On the other hand, as more sets
enter second and third years of
service, antenna repair calls go up.
Though the figures in Table I are
for the entire three-year period
since the war, 1949 sales of well
over 2,000,000 tv sets pretty well
weight the picture.

Readjustment of back-of-set con-

Table II-—Tubes Failing Most

trols is high in percentage for inde-
pendents, low for manufacturer
service organizations. Stability of
circuits used by the particular
manufacturers polled may be one
reason. Another fact, more perti-
nent to independents who must
know a little about a lot of different
sets, is the psychological value of
actually doing something to a set
even when the picture is found to be
of acceptable commercial quality for
the particular set involved.
Corrections of circuit design
come in batches coinciding with
launching of new tv models. Least
trouble comes from models using

Often in Television Receivers

; \ |
Type “md Nature of Failure Remedy
Function
| .
6BG6G and | Gassy, resulting in dead tube,| Change to new tube, which in
19BG6G due to electrolysis at top con-| some makes now have a leaded
horizontal nection glass envelope
output = I -
Can’t fill screen because near| Select new tube near upper limit
lower limit of sensitivity of sensitivity
Barkhausen interference, pro-| Try new tube or put magnet
ducing black line at edge of| around tube
picture
_ | _m -
6SN7 Open filament, low gain, inter-| Try new tube. If in relaxation
sync mittent or gassy oscillator, selection is needed
5U4 and Open filament, or loss of emis-| Install new tube; drive less hard
other sion if possible, as these tubes are
rectifiers often operated too close to rated
I limits
f —
| . ; : -
6J6 Microphonic : Select nonmicrophonic new tube
oscillator | |
‘V -
12AT7 | Failure to oscillate on high| Select new tube that will oscil-
converter ; channels because of low g., : late
[ A e T
5V4 and | Flashover, causing l)urnout,i Replace tube
other apparently because of beater|
damping sagging ‘
tubes {
12AU7 Microphonic l Select nonmicrophonic new tube
video
amplifier |
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refinements or improvements of the
previous year’s circuitry, and most
trouble when designers choose to
toss out the experience of former
years and start from scratch.

Where a capacitor goes, so often
goes a resistor, hence figures for
these two parts run hand in hand
across the board. Importance of
incoming inspection of components
and quality control during assembly
shows up in the total of 18 percent
for resistor and capacitor replace-
ments by one manufacturer as con-
trasted to a 2-percent total for the
other.

Tuner troubles, particularly tun-
ing switches, rank high with manu-
facturers, possibly because inde-
pendents touch these critical units
only as a desperate last resort. Men
specializing in one make of set and
having replacement tuners for them
right on the service truck can make
a changeover of a complete tuner
quickly and at fairly low cogt. In-
dependent servicemen obviously
cannot carry spare tuners for all
sets, nor can they be expected to
take apart double and triple-
shielded tuners in the home for re-
pairs. Fortunately, prevalence of
tuner trouble is going down with
improved design in 1949 and 1950
models of most sets.

Electrolytic capacitor troubles
run as high as 3 percent for one
independent who handles a lot of
off-brand and lower-priced sets and
also has a large number of second
and third-year contracts on the
books. The other three sources
rated electrolytics as under one per-
cent, however. Flyback transform-
ers receive vitriolic comment in
most shops, but troubles with these
parts just about vanish when manu-
facturers change over to ceramic-
core units.

An independent serviceman just
cannot understand how a joint could
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get out of a factory without being
soldered, hence doesn’t look for bad
joints as a rule. Manufacturer
servicemen, on the other hand, are
given guided tours through the
factory so they can see how easy it
is to miss a joint or two, and are
specially drilled in hunting for bare
joints hence find more of them in
the field. Independents may offset
an unsoldered high-resistance joint
by replacing a tube or adjusting the
screwdriver controls to compensate.

Realignment includes shifting the
i-f value when two receivers in the
same building interfere with each
other. Most alignment work is
done in the shop.

No matter how definitely an ap-
pointment is made for a service call,
women still persist in “just step-
ping next door” at the appointed
time, or even forget about it and
go off for the day. False calls are
high, but there isn’t much that can
be done about them until servicing
is put on a charge-per-call basis.
Temporary interference, transmit-
ter troubles, and misrepresentation
by salesmen as to merits of built-in
antennas are just a few of the rea-
sons for dry runs. In addition,
there are times when work must be
done to retain goodwill or prevent
badwill even though the service
organization has no responsibility.

Home vs Shop Repairs

The percentage of sets fixed in
homes ranges from 20 percent to 96
percent, depending on the service
organization. Top figure is logi-
cally that of a manufacturer’s serv-
ice organization, where men receive
specialized training and acquire ex-
perience on just the one make of set
and carry practically all needed re-
pair parts and test equipment for
that make right with them in the
service truck. For high-caliber in-
dependent service organizations
handling all makes of sets, an aver-
age of 70 percent of calls completed
in homes is considered excellent be-
cause they cannot possibly carry
spare parts for all makes.

Low figure of 20 percent is for
independent service organizations
that employ low-salary field men
who know little more than how to
replace tubes and remove the
chassis. These firms rely heavily
on at-the-shop experts despite obvi-
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ous costliness of making two comes
and goes per service call. Such
practices have resulted in bank-
ruptcies of some service organiza-
tions, with consequent headaches
and loss of good-will for manufac-
turers of sets left stranded without
service.

With an average of 5 to 6 service
calls per set per year for all types
of organizations and an installation
cost running as high as $20 per set,
almost any kind of bookkeeping
quickly reveals the difficulties of
breaking even on service contracts
when a high percentage of sets have
to be brought into the shop. Firms
doing this can of course exist hand-
somely as long as new service con-
tract money flows in at an accelerat-
ing rate, but eventually comes the
day of reckoning. As a result of
bitter experience along these lines,
more and more manufacturers are
exhibiting interest in the service
organizations to whom their dealers
farm out service contracts.

Design Economies

Another topic probed during this
survey was the current accent on
cost-cutting in tv receiver produc-
tion. Some of the items and tech-
niques being used or receiving con-
sideration are listed in Table III,
with advantages and drawbacks of
each. Service organizations con-
tributed equally as much as manu-
facturers to this tabulation, show-
ing their intense interest in the
effects of manufacturing economies
on service calls.

Many of the items listed in Table
III can give lower manufacturing
costs than comparable earlier ver-
sions. Most of the changes have
little or no effect on the number of
service calls or the quality of set
performance. A few of the changes
actually improve performance and
reliability, while still others have
adverse effects on performance that
in the long run can offset cost sav-
ings.

Although attention to individual
items one after another can result
in appreciable savings, much
broader thinking is needed to get
maximum benefits. One philosophy
of television receiver design has the
design engineer starting not with
components or even circuits, but
with pure logic. The overall re-

ceiver is designed first to do a cer-
tain commercial and technical job,
using a number of separate system
components corresponding to the
blocks of a block diagram. Possible
patterns of interconnection of the
blocks are studied, with no concern
for details of internal circuitry. De-
liberations might follow a line like
this:

“From an overall point of view
a receiver should have a flat ave
with gain to spare. Perhaps, there-
fore, the ave might stabilize the sig-
nal at the final output on the picture
tube grid. In so doing it might be
arranged to hold the black level to
a constant bias. This would not
only prevent variation of back-
ground but would also make it much
easier to pick off sync at that point
since the sync would be held by the
powerful ave to a constant bias. A
single stage of video, d-c coupled, is
appropriate in this case. Instead
of the usual complicated video con-
trast control circuit with its long
hot leads, the gain control can now
be a simple d-c control, arranged to
add a variable bias in series with
the video signal. The avc counter-
acts this to force the black level to
remain at its proper bias, and in so
doing changes the contrast.”

Reasoning in this way, the de-
sign engineer carefully investigates
the consequences of all sorts of in-
terconnections, looking particularly
for arrangements that make
efficient use of tubes and circuits.
Thus, by careful critical thinking he
makes sure that the overall economy
of the system is excellent and the
performance is the best possible for
the intended purpose and price
range. Last rather than first comes
attention to components and pro-
duction practices such as are tabu-
lated in Table III.

Broad overall reasoning during
design stages is difficult and re-
quires great familiarity with tele-
vision circuitry and all its possible
variations. Above all, such de-
signing requires clear thinking
without being distracted by the
many details involved. Recent ex-
perience shows, however, that it is
the best approach to the problem of
obtaining improved television re-
ceiver performance at lower initial
cost, with less complexity, and lower
service cost.—J.M.
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Table III—Examples of TV Receiver Design Changes, with Effects on Cost, Performance and Service

Technique

Effect on Cost Effect on Performance

Standardize horizontal sweep trans-
former, focus coils, tuners

None. Simplifies servicing since fewer replace-

Permits ordering or making larger quanti-
ment parts need be stocked

ties at lower cost

Use germanium diodes in video
detector and sound discriminator

definition. Tmprovement in
uniformity of production

Easier to install and need no sockets Better picture defir

Omit  separate horizontal sync
amplifier tube

Eliminates cost of one stage Reduces sync stability, increasing service calls

Omit automatic brightness control

Use direct-coupled video amplifiers

N&ne, but mal_(eg sngEerm-_ to gop_e_rzgteﬁ -
None if properly designed. Muakes servicing
simpler

Simpler wiring

Uses fewer parts; permits omitting d-c
restorer

Use fewer r-f and i-f stages

Appreciably lower cost Reduces s?arlqitivityglit {/or bandwidth -

Less shielding of r-f units

fier for sync signals

Use separate narrow-band i-f ampli- Higher, but improves sales appeal

A few pennies

None, but set may radiate interfering signal

Better performance on extremely low and high
signal strengths, by providing more reliable
sync signals

Use 40-45 mc i-f value

Reduces oscillator radiation; practically elimi-

Slightly lower cost though harder to align _
nates diathermy and industrial interference

Use intercarrier system

Omit one or more sound t;aps
Use multipurpose tubes

Use low vollage on ¢t 2nd anode Cheaper high-voltage supply

Good if properly designed. Fasier tuning,
practically no head-end contact noise. Drift
- almost unnoticeable -
Appreciable saving Sound pat terns on picture, more service calls
Lower total cost of tubes, fewer 'sockets, None usually, but harder for servicernen to trace

Cheaper tubes; cheaper components

less labor circuits o - — -
Dimmer picture; possible blooming and blurred
highlights

Use larger picture tube

Higher, but greater sales appeal; fewer Same effect as low 2nd anode voltage

service calls

Use punched metal c-r masks
Use rectangular picture tube

rather than cabinet so one man can

remove and replace chassis
Use Alnico magnet for focusing

in place of pots

Use mechanical adjustments of yoko

None. Gives imnpressive designs, more colors

None. Good sales feature |

Cheaper than molded rubber

gmalleriﬁcﬁpel'_cal)inet

Anchor picture tube to chassis Easier to test and repair sets in factory, Servicemen can work under chassis without

shop and home, offsetting cost of bracket damaging tube; eliminates adjusting coils each

needed time chassis is_rcmo\;edgﬂ -

Norle at first, lnihurdgr_to readjust later
Little or none at first, but possible trouble later

as components drift off value; harder to adjust

Cheaper than equivalent ‘copper

~Appreciable saving

Use hot chassis with universal a-c/
d-c power-supply circuits

Provide built-in antenna

Move as many controls as possible
to back of set and hide others behind
hinged, sliding or drop panel

Dangerous to servicemen and to children poking

) 3 lingers in set
Increased sales appeal

Simpler and easier to wire

~ None in noise-frce high signal-strength areas
Higher, but increases sales appeal by More service calls as some people are afraid to
making customers think set is simpler to touch essential at-rear controls, while others play
operate; improves appearance with at-rear controls

Use lower-wattuge resistors
capacitors B -
Use cheaper output transformer and
loudspeaker

Use lower voltage ratings for paper Slight saving

Can impair performance; increases service calls

None at first; leakage may later affect perform-
ance, and brezjkdoqu will increase service calls

Less volume, poorer tone, more distortion, more
frequent failures hence more service calls

Slight saving perfor

Appreciable saving

Use thinner gage metal for chassis.
with less plating or just thin {lash
of copper

Lower materials cost and easier to punch Chassis bends “readily, upsetting alignment;
easily dumaged in handling or shipping; corrodes
quickly in humid and salt air

Increase size of chussis
Put tubes wherever convenient

Provide test terminals or jacks at
rear of chassis for servicing

~ None. Easier to service because circuits are
easier to trace. Less danger of shorts
None, but serviceman must yank chassis to
3 ) replace tubes that are underneath or crowded in

Extra cost offset by eusier aligning and  Allows diagnosis of trouble quickly in many
troubleshooting both in factory und home cases without removing chassis

Lower assembly and wiring costs

Simpler wiring, less labor

Use two equal-value resistors as f-m
discriminator load

Extra_resistor cost offset by specdup in  Allows serviceman to make direct connection of
f-m alignment output meter without unsoldering

Muke all fuses accessible without
removing chassis

Extra cost offset by casier replacement  Allows “quick checking and replacing of fuses
blown by temporary line surges

Stamp date-coded serial numbers on
all expensive components

sets until production changes result-
ing from field experience have all
been made

Use plastic cabinets

Use metal cabinets

Hold up service manuals on new

~ Lower cost because dies are cheaper

Prevents unscrupulous firms from getting Improves manufacturer relations with honest
free replacement of parts over a year old organizations, eliminating need for suspicion of
fraud and interposition of red tape
Makes repair of eurly sets diflicult or even
impossible, losing goodwill of both serviceman
and owner of set

Saves cost of preparing and sending out
notices of production changes or making
new edition of manual

About $100,000 _t()olfné needed to Et
1.000 cabinets a day. Striking styling possi-

_ bilities - -
Nonwarping, more durable, but almost. impossi-
ble to repair scratches in linish

In large quantities, ubout hall cost of None.
comparable wood

Use lighter wood cabinet, fewer glue
blocks. less veneer

Cheaper because wood is high proportion Less durable cabinet, more subject to breakage,
of cost

Use cold glue in wood cabinets

Cabinet joints are weaker

teost warping and loosening of joints B
Cold glue sets faster hence is cheaper
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Engineering Trends
in Spot Welder Controls

Techniques for building electronic controls that meet reliability and quick-repair require-

ments of auto industry assembly lines, and details of s

potentiometer control of time for each

RESENT-DAY automobiles are

built on a production basis,
with each operation dependent on
a preceding. As use of resistance
welding increases, maintenance of
controls becomes more of a factor
in the flow of parts off the lines.
The foreman responsible for the
output of a particular line insists
that the maintenance man keep his
equipment in condition so that down
time is minimized. Quick service
or replacement of faulty control
panels is a necessity.

To meet the requirements of the
automotive industry, a welder con-
trol must be designed and con-
structed in such a way that a defec-
tive unit can be spotted and replaced
in a few seconds. The defective
unit can then be repaired later, in
a more convenient location having
the needed tools and test equipment.
Factors that must be considered in
order to meet these industrial re-
quirements for electronic welder
controls will now be taken up.

By
STUART C. ROCKAFELLOW

Robotron Corporation
Detroit, Michigan

Quick change of defective units
in a control svstem is essential.
Quick-acting fasteners of the
quarter-turn type are popular for
holding chassis units in position on
panels. Interchassis connections
are made through husky connectors
and plugs. External wiring to the
electronic control unit is run to a
permanently —mounted terminal
strip that also has plug-in connec-
tions to the chassis units. An entire
chassis can thus be replaced in less
than a minute, using only a screw-
driver. External wiring is undis-
turbed during the change.

Quick conversion to a different
type of operation is a highly desir-
able feature. If the quality of the
metal being welded changes during
production it may be necessary to

ix-thyratron timer circuit having

sequenced function of a resistance welder

change to pulsation welding in
order to break through an oxide or
coating in order to weld. This in-
volves a different control that re-
peats the weld time at regular inter-
vals so as to give several shots of
weld current instead of the usual
one. With interchangeable timer
panels, the same power panel and
welder connections may be used to
produce pulsation welding, and
changeover time is cut to a mini-
mum.

Desirable Accessories

For fast gun welder operations
the time required to get the weld-
ing points together becomes im-
portant. Once the points are to-
gether they will have to open only a
short distance in order to move the
cgun to a new position. The use of
an extra unit to produce a longer
initial squeeze time is desirable. The
initial squeeze time then delays the
weld firing until the points are
closed, and subsequent squeeze

fiz TO AIR
1 L= vaue
! o
| WELDER
I RELAY HERD |
NO.1 <
<
v, | eoso

A-C LINE--

TO WELDER
CONTACTOR

INITIATING
SWI

TIMING

—
ITCH Cy + Rs
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Ry

OFF
TIMING

i
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FIG. 1—Simplified circuit of sequence timer for resistance welder.

and the grid-cathode path of Vi is conducting
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At-rest condition is shown, in which V: and Vs are fully conducting
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Replacing timer chassis in electronic control system of resistance welder on auio fender assembly line. Entire operation is completed
so quickly through use of quick-acting chassis fcsteners and cable connectors that operator at left has time for orly few pulfs on
cigarette while waiting for maintenance man to get his welder back into operation

periods may be considerably shorter
so that the gun may be dragged
along the wcrk. This unit plugs
into the regular timer panel.

Two pilet buttons are sometimes
used on gun welders to give addi-
tional weld time on parts that are
heavier and require more current.
As the operator moves along the
work, he pushes the button which
gives the correct duration of weld
current. The unit te accomplish
this is also plugged into the regular
timer panel.

The same type of electronic weld
control may be used on a press
welder in which a platen moves the
parts into position. As the platen
reaches position, a limit switch
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starts the control, which then
processes the welder through the
sequence. A release delay is neces-
sary tc get the guns out of the way
befcre the platen retracts. This
additional control is also plugged
into the regular timer panel.

Speed Requirements

The limiting factor in the speed
of gun welders as used on automo-
tive production lines is the speed at
which the welding points will close
and open. This is limited by the
action of the air valves and the de-
lay in the bleeding of the air lines.
As these components improve, auto-
motive welding engineers are quick
to ask for faster controls in order to

use equipment at the fastest rate
possible. They request a minimum
time of 2 cycles squeeze (time for
the welding points toc get together
and build up sufficient pressure), 2
cycles weld time (period of time
during which current ffows through
electrodes), 1 cycle hold (time for
molten metal to congeal and form a
bond) and 3 cycles off (time for
valve to open electrodes and move
arm to new location). This total
minimum time adds up to 8 cyeles,
which means a speed of 450 spots
per minute if all times are mini-
mum. While it seems that this
maximum speed may never be used,
there are certain conditions where
the minimum time for any one
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operation may be necessary.
Full-cycle firing becomes more
important on fast operations. For
instance, the timer may be set on
2 cycles weld time for a fast repeti-
tive operation. If the timer gives
2% cycles of current there will be 3
positive cycles and only two nega-
tive cycles. This will tend to
saturate the transformer, with sub-
sequent breakdown. The use of cir-
cuits giving full-cycle firing is
necessary. This is accomplished
by using a resonant circuit. The
inductance of the relay coil is
shunted by the correct value of
capacitance for resonance. As the
thyratron passes only one pulse, the
capacitor holds the relay closed for

the additional half-cycle, insuring
full-cycle firing of the weld current.

Electronic Switching

Electronic sequencing becomes
essential when operating speed is
stepped up. Relays have an inher-
ent delay which limits their speed
in changing from one circuit to
another. Tubes replacing relays
can make a change instantly. Small
thyratrons are generally used due
to their high current-carrying ca-
pacity and ruggedness. In timing

circuits these tubes are desirable
because the current they control is
either on or off. They act more
like a
vacuum tube.

complete switch than a
Vacuum tubes de-

pend upon many factors for amount
of current flow, one of which is
cathode temperature. With varying
voltage conditions in automotive
plants, fluctuations in heater poten-
tial have little effect on the current
passed through the smaller thyra-
trons. The current passed through
thyratrons is much greater than
through vacuum tubes of similar
size. The miniature type 2D21, the
metal type 502A and the 2050 types
of thyratrons each have an average
rating of 100 ma. This is heavy
enough so that these tubes can di-
rectly control the larger type relays
which are used to control the valve
and the weld circuit. All the tubes
in modern timers are of the same

Example of electron timer having quick-disconnect plugs. book-type hinged chassis, and wide ranges of independent time adjust-

ments for squeeze, weld, hold and off cycles, as required for use with resistance welders on auto assembly lines.
at upper right, used with timer, is replaced by pulling out three plugs and turning three gq
contactor assembly for resistance welder. showing how plug-in copper-oxide rectifier is replaced.
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Power panel

uick-acting fasteners. At lower left is ignitron

Lower right—plug-in relay

July, 1950 — ELECTRONICS



type for easy interchangeability, al-
though some pass only a few ma.

Because of the heavier current
required to energize valves and fire
ignitrons, octal-base plug-in relays
with small pins sometimes fail due
to overloading. The trend is toward
heavier plug connections rated at
10 amperes continuous duty, which
is sufficient for these welder appli-
cations. The contacts of the relays
are also rated at 10 amperes, and
to insure a clean break two of the
four poles are connected in series.
The heavier currents, which are a
major cause of pigtail breakdown,
do not pass through the pigtail con-
nections. Only a few milliamperes
of current, enough to lock in the
timer once the pilot has been closed,
pass through the pigtail leads of
the relay.

The copper-oxide rectifier units
which are used to pass a undirec-
tional flow of current to the igni-
tors of the ignitrons have in some
cases proved troublesome to change.
One car manufacturer asked to have
these units in a plug-in form for
fast change.

Sequence Timing Circuit

An example of a circuit design
that has adequately met auto in-
dustry requirements for efficiency
and reliability as well as ease of
maintenance is that of the Robotron
model 3B weld timer shown in
Fig. 1.

Identical type 2050 thvratrons
are used throughout, simplifying
the stocking of replacement tubes.
Both the control grid and the shield
grid may be used for control pur-
poses. At 115 volts anode potential
the control grid will hold the tube
nonconducting until the grid bias
goes below —2 volts. The shield
grid is less critical and the tube
will fire at about —4 volts shield
grid potential. For accurate timing,
the control grid is generally used.
The shield grid will hold the tube
nonconducting with a negative po-
tential but is seldom used for tim-
ing.

The thyratron, being a grid-con-
trolled rectifier, will conduct only
when its anode is positive. The tube
can be rendered nonconductive or
blocked if a negative charge is
placed on the grid between these
positive pulses.
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FIG. 2—Water-saving circuit for resist-
ance welder

When the circuit of Fig. 1 is at
rest, tubes V, and V; are conducting,
charging weld time capacitor C. and
hold time capacitor C.. The squeeze
time capacitor C, is charged by
grid-to-cathode conduction of V,
through R.. Capacitor C; is being
charged to a negative potential at
its grid end by grid-cathode conduc-
tion of V..

When the initiating switch is
closed, relay 1 is energized through
V. and all of the contacts on it
are closed. One set of contacts is
used to lock in around the initiating
switch and the other set to bring
the cathode of V, to the potential
of the L, side of the a-c line. The
cathode end of R, is now at L,
potential and the charging source
for C. is removed so it now dis-
charges through variable resistor
R, for squeeze time.

When C, drains to a low enough
value, tube V., will conduct and pull
in relay 2 which starts the weld
time. When V. conducts, the posi-
tive pulses which have previously
been used to charge C, are effec-
tively shorted to the L, side of the
line. This brings the anode side of
C, to L, and V, is blocked by a nega-
tive potential. With V, rendered
nonconductive, C. now drains
through variable resistor R, to a
low enough value so that tube V.
will finally conduct, giving the weld
time.

When V, conducts, C. immedi-
ately charges to a negative potential
at its anode side. This places a
negative potential on the shield grid
of V., which stops that tube from
conducting, releases relay 2, holds
V. nonconducting and blocks V..
With V; blocked, C; can now drain
through variable resistor R; (hold
time) to a low enough value until
Ve will fire. When V, fires, the neg-

ative charge on C, is fed back to the
grid of V., blocking that tube and
releasing relay 1.

If the initiating switch is held
closed, as is done in repeat opera-
tion, then as relay 1 opens at the
end of the cycle the anode supply to
V. is broken, rendering that tube
nonconductive. This in turn re-
leases the negative bias on V, V.,
and V, and these tubes immediately
conduct, charging C, and C;. As C;
charges, it blocks V, which then
allows C, to drain to a low enough
value through variable resistor R,
(off time) until V., fires again,
starting another sequence.

Cooling Water Control

During the summer months the
condensation formed around the
coils of the welding transformer as
they cool is a definite hazard. It is
desirable to turn off the water flow
as soon as the ignitron tubes and
transformer have cooled down
sufficiently. This usually takes
about two minutes.

Means should be provided to turn
on the water supply when the
welder is first placed in operation
and keep the water flowing as long
as the welder is in use. Two min-
utes after the welder is stopped, the
water flow should cease. This is ac-
complished with the circuit shown
in Fig. 2. Closing the welder switch
charges the grid capacitor positive
as shown. This overcomes the
negative bias on the other grid and
the tube fires, pulling in the relay
which closes the valve. The grid
capacitor is of such value that it
discharges in about two minutes.
As long as the welder is being used,
the capacitor is constantly being
charged. After the last weld the
capacitor drains off and the nega-
tive bias on grid 2 takes control,
blocks the tube and turns off the re-
lay controlling the water flow. Con-
tacts on the relay are also provided
to turn off the flow switch and open
the ignitron firing circuit when the
day’s work is done.

The techniques and circuits
herein described are readily applic-
able to other types of industrial
electronic controls. The design
principles involved are basic to
widespread industrial acceptance of
electron tube equipment on factory
production lines.
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TELEVISION ANTENI

Convenience and economy are achieved when one transmitting antenna handles two or

more closely spaced r-f carriers. Diplexers for such combination feed are impedance

bridges having distributed parameter characteristics of coaxial lines. Power from two

amplifiers operating at the same frequency can also be added with such devices

ELEVISION DIPLEXERS permit

two or more radio-frequency
signals to be transmitted simulta-
neously from one antenna without
interaction of the signal generators.
They are employed in the majority
of television installations in this
country to effect the combination
of visual and aural carrier fre-
quencies.

Diplexers were developed as a
matter of sound engineering and
economics: it is more convenient,
and less expensive to arrange for
one antenna to handle two or more
closely spaced radio-frequency car-
riers than it is to install separate,
close, non-interacting antenna sys-
tems.

Balanced Bridge

One of the first systems to be
tried was the balanced bridge type
of diplexer shown in Fig. 1. Both
aural and visual outputs are bal-
anced to ground. Bridge arm im-
pedance values are so chosen that
aural transmitter voltages will be

equal at both visual transmitter
terminals; hence, no aural carrier
potential exists across the visual
transmitter. Similarly, no visual
carrier potential will exist across
the aural transmitter.

Since the reactive elements must
be isolated, they might be con-
structed in the manner shown, in
which the reactance, a less than
quarter-wave section, is effectively
removed from ground by a shorted
quarter-wave section.

If it were possible to make the
reactances appear as an open cir-
cuit to the visual transmitter, and
either a short circuit or extended
transmission line to the aural trans-
mitter, the diplexing function would
be preserved and the reactances
could be eliminated.

Figure 2 shows schematically a
modified form of bridge diplexer
where bridge reactances are un-
necessary. Visual signals are trans-
formed at point E from an unbal-
anced to balanced voltage by the
shorted quarter-wave section E-G.
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FIG. 2—Commercial type of balanced
bridge arrangement

They are conducted across a short,
heavy bar to inner coaxial line
D-H and are transferred to output
line E-W with effectively zero phase
shift because of the properties of
the open, inner coaxial, quarter-
wave section. The visual signal,
therefore, is placed on the pair of
output transmission lines as a bal-
anced, push-pull voltage. Video car-
rier voltage conducted along line
D-B to point A will be equal to and
out of phase with the voltage con-
ducted along E-C to A. Therefore,
cancellation of the visual carrier is
obtained at the aural input.

Aural carrier power is equally
divided at point A and is placed di-
rectly on the output lines through
impedance transforming sections
ABD and ACE. Ideally, no aural
carrier gets into the visual carrier
line because (recalling again the
zero phase shift maintained by open
quarter-wave section D-H) both
inner and outer conductors of the
visual input are at the same aural
potential. For proper turnstile
feed, one of the output lines is made
90 electrical degrees longer than
the other at, usually, the visual car-
rier frequency.

Slotted Bridge

Figure 3 shows a third type of
bridge diplexer, called either a
slotted bridge or coaxial hybrid
junction®® This model is about as
compact a unit as it is possible to
make. Its unique feature is the
slotted section which extends from
the output lines back a quarter
wavelength at the visual carrier
frequency. To the aural input the
slot makes little difference. It is
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DIPLEXERS

By W. H. SAYER, Jr. and J. M, DE BELL, Jr.

Research Division
Allen B. Du Mont Laboratories, Iuc.
Passaic, New Jersey

only necessary that the outer co-
axial section from outputs to aural
input have the proper impedance
(37 ohms approximately) to trans-
form the 51.5-ohm sound line to the
25-ohm impedance of the two out-
put lines in parallel.

To the visual input, the slot acts
as a balancing section, transform-
ing an unbalanced to ground visual
voltage at point 2 to a balanced,
push-pull visual voltage at points
1-1. The visual signal sees the out-
put lines in series, or sees their im-
pedance as (for example) 2 x 51.5
= 103 ohms.

For proper matching, the char-
acteristic impedance developed be-
tween center conductor @ and the
unshorted side of the split con-
ductor must be approximately 73
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FIG. 4—Voltage standing-wave ratio
versus frequency for slotted bridge type
of diplexer
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Coaxial hybrid ring
or ratrace at lower
left of this develop-
mental transmitter
adds the power out-
put of two doubler
stages

ohms in the section 2 to 1-1. We
might consider the inner coaxial
section 2 to 1-1 as two transmission
lines in parallel, having conductor
@ in common. One line is short-cir-
cuited one-quarter wavelength from
the signal source (visual signal at
2) and therefore presents an open
circuit to the source, so visual
power incident at 2 is transmitted
to 1-1 along a transmission line
composed of conductor @ and the
unshorted side of split conductor b.
Aside from being able to handle
present-day transmitter powers (up
to 10 kw) the diplexer must meet
rather stringent impedance re-
quirements. We should like it
mainly to accommodate the video
carrier frequency and all video
modulation products without no-
ticeable selectivity. In other words,
the video input to the diplexer
should be almost perfectly matched
to the video transmission line over
a range of at least 5 megacycles.
Typiecal plots of voltage standing-
wave ratio against frequency for
the slotted bridge diplexer are
shown in Fig. 4. With output lines
terminated in matched 51.5-ohm
loads, the visual input (end input)
possesses a broad frequency char-

acteristic, having a voltage stand-
ing-wave ratio of less than 1.05 im
the region of interest (channel 5

in this case). A much narrower
characteristic is exhibited by the
aural input, which, however, does
not have to be broad to meet
- 40-ke aural requirements.

Notching Filters

An entirely different philosophy
of diplexing is embodied in the filter
type system of Fig. 5. Various cc-
axial element filter structures have
been devised and are generally in-
serted as shown. The filter in the
sound transmitter line passes the

[
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FREQUENCY FREQUENCY

FIG. 5—Diagram of filter type diplexer
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FIG. 6—Waveguide hybrid or magic T
is useful above 1,000 mc

e 3a . EO
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FIG. 7—Schematic of coaxial hybrid
ring or rat-race

aural carrier and is adjusted to re-
ject the visual carrier frequency.
A reverse function is performed by
the filter in the visual transmission
line.

Unfortunately, aural and visual
carriers are close together, percent-
age-frequency-wise, so that filters
used are of a sharp cut-off variety.
Such notching filters, as they are
called, do not present a constant
resistance to the video transmitter
over the entire visual pass band;
consequently, undesirable high
video frequency transients appear
in the picture, caused by the varia-
tion in voltage standing-wave ratio
in the cut-off portions of the pass
band. Furthermore, a sharp cut-off
filter makes broadbanding of the
transmitter output stage difficult,
if not impossible. It is feasible,
however, to insert a compensating
network between visual transmitter
and filter 1 so that broadbanding
the transmitter output is possible,
though video transients will still be
broadcast.

An advantage of the filter-type
system is that only a single trans-
mission line is required to feed an
antenna, whereas the bridge-type
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diplexers require two lines to the
radiators. However, the double-out-
put diplexers when combined with
a turnstile-tvpe antenna have a
much wider bandpass characteristic
than filter-type diplexers, and, for
this reason apparently, have had
much wider acceptance in television
installations.

Magic T

If it is desired to have both di-
plexer inputs appear broad-band,
as is the case when power from two
low-powered video transmitters is
added (one way of obtaining high
uhf power), then another form of
hybrid circuit becomes applicable.
Figure 6 depicts a waveguide hy-
brid or magic T>*". This device
has intriguing properties and sev-
eral ingenious uses.

Electromagnetic waves incident
on arm A will propagate down that
arm and into arms C and D of the
T, but because of odd symmetry
will not propagate down arm B.
Similarly, a generator at arm B,
ideally, will have its power divided
equally between arms C and D, and
the even symmetry characteristic
of the B-arm signal will prevent
its transmission up arm A. This de-
vice could give dual output, and
would meet requirements that the
signal generators do not interact.
However, for necessary waveguide
dimensions. of 0.35 by 0.7 wave-
length, this type of hybrid is prac-
tical only for frequencies above
1,000 megacycles. It also requires
expenditure of considerable design
and experimental effort to get
broad-band probe matching and
broad-band junction-matching
irises. An alternate solution is a
simple coaxial equivalent.

Rat-Race

The schematic of Fig. 7 shows a
coaxial hybrid ring®®™°® or rat-
race. Characteristics of such a hy-
brid are properly deduced through
an application of network theory
combined with a judicious use of
matrices. The starting point is to
assume a general, 4-terminal de-
viece which is both linear and loss-
less; then in a comparatively short
series of steps it is possible to de-
velop the essential theory of the
rat-race.

Average circumference is one
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FIG. 8—Voltage standing-wave ratio

versus frequency at any junction of the

hybrid ring in two frequency ranges.

Remaining junctions are terminated in
51.5-ohm loads

and one-half wavelengths. Input
and output terminals are one-
quarter wavelength apart. The cir-
cular coaxial line is of constant
characteristic impedance equal to
the square root of two times the im-
pedance of one of the arms. For
the moment consider lines B, C and
D to be properly terminated.

1f an incident wave of length X,
enters the ring at A, it will divide
equally at the junction. At points
B and D, the subdivided waves, one
going in each direction around the
ring, arrive in phase with each
other, while at C they arrive out
of phase. If the incident wave-
length is the same A for which the
ring is designed, complete cancella-
tion will occur at C, and no voltage
will exist at this point. Because
there is no voltage, we could place
any impedance at C without affect-
ing the input impedance at A.
Point C may be termed a balance
point.

If an incident wave of length 7,
(. = %) incident at C will produce
no voltage at A. We have then a
desired combination of conditions
for a diplexer; that is, a generator
at A will not be aware of a gener-
ator at C, and vice versa, provided
each source is of the proper fre-
quency. Each output carries half
of both aural and visual carrier
powers, and here as before, the dual
outputs serve to feed a turnstile
type antenna.

Figure 8 shows plots of input im-
pedance versus frequency for hy-
brid rings in two widely separated
frequency ranges. Either ring can
comfortably handle an entire tele-
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vision channel, since each possesses
a greater than ten-percent band-
width taken on the basis that the
voltage standing-wave ratio be less
than 1.1. This broad-band imped-
ance holds for all terminals of the
ring when the remaining connec-
tions are properly terminated.
Figure 9 shows assembled and
dissembled views of a hybrid ring
designed for operation at 611 mega-~
cycles. This first development
model was, for all practical pur-
poses, just like its schematic. The
51.5-ohm transmission lines connect
to the type N fittings at all four
arms. Center conductor diameter
of the ring was approximately 0.2
inch, and the outer conductor di-
ameter approximately 0.7 inch.
Halves of the outer conductor
have been turned in a 12-inch
square by 3-inch block of aluminum,
and the two blocks when faced to-
gether form the complete sheath.
The center conductor, 29.16 inches
in circumference and rolled from
brass, was lined up by Teflon spac-
ers before being soldered to the
connectors, and two thin spacers
remain in the ring for support.
This particular ring diplexer was
to function at 611.5 megacycles—
midway between a video carrier
frequency of 609.25 megacycles and
a sound carrier frequency of 613.75
megacycles. Since the ring is in-
herently a fixed-frequency device,
these departures from design center
frequency lead to incomplete can-
cellation at the balance points, so
that a small amount of visual trans-
mitter power gets into the aural
transmission lines and vice versa.
Figure 10 indicates the meas-
ured percentage of total power

which is lost as frequency is varied
around the ring’s design center fre-
quency. Power lost appears as
cross-talk between aural and visual
transmitters and in this instance
was 27 db less than carrier power
at the frequencies of operation, and
greater than 20 db over almost a
100-megacycle range.

A 27-db rejection may be consid-
ered adequate for television opera-
tion, but is not particularly good as
far as hybrid ring properties are
concerned. That better rejection
ratios were possible was demon-
strated by a coaxial ring built for
channel 5 operation. This second
ring was constructed of standard
1§-inch tubing with {;-inch diam-
eter center conductor supported on
Teflon beads, and occupied a rec-
tangle of about three by six feet.
Average sound power of 3.5 kw was
fed into the ring loaded by a stand-
ard superturnstile antenna system.
It was possible to measure only %
watt at the balance point—a 7,000
to 1 ratio or slightly greater than
38 db. Cross-talk of this small
magnitude is more satisfactory.

Power Adding

Another aspect of diplexing, and
one in which the hybrid ring may
be used more efficiently, is the com-
bining of the outputs of two syn-
chronized power units in order to
obtain additive power. Addition of
low-powered units is one answer to
the problem of obtaining higher
powers at ultra and very high fre-
quencies.

Consider Fig. 7 again, and im-
agine two equal-powered, in-phase
generators at A and C. Signals at
B from each generator will arrive

FIG. 9—Open and closed views of a hybrid ring or ratrace designed for 611 mc
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ance point plotted against frequency
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in phase, and are additive at B.
Signals at D, however, arrive out of
phase, since the wave from A has
to travel 180 degrees farther than
the wave from C, so cancellation
occurs at D. The summation of
powers from A and C can thus be
extracted at point B.

By similar super-position reason-
ing it may be agreed that if two
equal, out-of-phase generators are
placed at A and C, the summation
of their powers may be extracted
at point D, and no power will ap-
pear at B. Figure 11 shows calcu-
lated percentage total power out at
one arm as the phase between two
equal - powered, equal - frequency
generators is varied. DMeasured
powers agree closely.
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TESTING TURNTABLES

By R. 0. MAZE

Project Engineer
Bendix Radio Division
Bendixz Awviation Corp.

Baltimore, Md.

Equipment being used to test a standard production turntable

HE INSTRUMENT to be described
Tallows rapid testing of record
players in production quality con-
trol for speed, extent of fluctuations
in speed, and magnitude of un-
wanted low-frequency outputs. The
equipment required includes a
standard nominal 1,000-cps record-
ing.

Controls are arranged in such a
manner as to facilitate easy under-
standing of their function by ordi-
nary personnel. All measurements
made are based on a single refer-
ence-voltage setting, which allows
them to be taken consecutively by
merely moving the function switch
to the desired position. A push-to-
read switch is provided on the wow
scales to prevent the delay that
might otherwise be caused by the
effect of switching transients on
the long-time-constant circuits in-
volved.

The design is unique in providing
a means for measuring the relative
amplitude of the spurious low-fre-
quency output or rumble of the
record player in the same instru-
ment with wow and rpm meas-
uring equipment. The use of a
heterodyne method for making wow
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and rpm measurements greatly in-
creases their accuracy.

Measurement Methods

Percentage wow is expressed as
the maximum (peak) variation of
turntable speed in terms of the
average speed. Mathematically,
percentage wow =

Max. speed — min. speed
Aiave'raggspeed o

X 100

Since a standard tone recording
is used with the device, the above
equation may be written in terms
of the maximum and minimum fre-
quency of the tone output.

percentage wow = Jmax = fmin X 100

"

It was found convenient to ex-
press wow in terms of the output
frequency of the recording at the
nominal turntable speed. This
eliminates a step in the wow meas-
urement and results in errors that
are not significant in production-
line work. If desired, the wow read-
ings may be corrected by multiply-
ing by nominal speed divided by
actual speed. The actual speed is
read on the rpm scale.

Rumble is defined as the level of

spurious low-frequency  output
caused by hum and vibration ex-
pressed in terms of the output from
a standard nominal 1,000-cps re-
cording. Revolutions per minute
(rpm) scale calibration is in terms
of the 78-rpm recording, but can
be interpreted in terms of 333 or
45-rpm recording.

The actual frequency of various
standard tone records was found to
vary from the nominal value. There-
fore, a commonly available record-
ing, the RCA No. 84522B (12-5-
7C), was chosen for use with the
device. The actual frequency of
this recording is 1,013 cps when the
turntable is revolving at a speed of
78.26 rpm. Calibration in terms of
other standard recordings may be
made by resetting the meter cali-
bration resistors. This operation
can be simply accomplished.

The accuracy obtained in the wow
measurement is =+ 0.1 percent up to
2-percent wow, and == 5 percent of
scale reading above 2-percent wow.
Speed indications are accurate to
- 0.25 percent. Rumble indications
are correct within 0.5 db at 100 cps.

The accuracy and repeatability of
the wow and rumble measurements
are such as to make the equipment
eminently suitable for use in engi-
neering work. For rumble measure-
ments alone, the single instrument
replaces several other pieces of test
equipment including an attenuator,
two filters, and a vacuum-tube volt-
meter. The shielding provided is
much more reliable than that gener-
ally obtained if several pieces of
equipment are used. Previous to
the construction of this instrument
it was difficult to obtain a consistent
reading of rumble from one day to
the next even when the same
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or Wow, Rumble and Speed

Equipment contained in a single cabinet is used for rapid testing of record players on

production line. Signal is obtained from standard test record. Indications of the various

characteristics are shown directly upon a calibrated meter

pieces of equipment were used.
Now, readings that have been taken
over a long period of time agree
within 0.5 db.

The measurement of wow is of
particular interest to the turntable
manufacturer. It is also of import-
ance to the radio-phonograph engi-
neer who is charged with selection
of a turntable that will allow repro-
duction of recordings with the qual-

ity desired. The presence of 3-per-
cent wow is not particularly objec-
tionable to the untrained listener
when listening to some recordings.
When listening to other recordings,
especially when prolonged tones are
presented, the presence of wow
greater than 1 percent is detectable.
Of course, the presence of wow even
at levels lower than 1 percent may
be undesirable in reproducers in-

tended for studio work or, in any
case, where high quality is im-
portant. The particular maximum
level considered satisfactory will
therefore vary with the application,
but up to 1.5 percent is usually ac-
ceptable for radio-phonograph use.

Common Trouble Scurces

The causes of wow have been ably
discussed® and will be mentioned
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only briefly here. Eccentricity of
the turntable will cause wow to
occur at the turntable speed—for
example, 1.3 cps for a 78-rpm turn-
table. Warpage of the turntable
surface will cause wow at this fre-
quency also. Some types of warp-
age might theoretically cause wow
at other than the fundamental fre-
quency except for the fact that the
record disc is a relatively unyielding
surface and will prevent higher fre-
quency wow from being produced
from this source.

Any standard recording used
must be of good quality and itself
be free from warpage. The 1,000-
cps standard recordings in common
usage meet these requirements.
Careful handling of the recordings
is required.

Wow may oceur at other fre-
quencies owing to the motor drive-
pulley arrangement. High-fre-
quency wow components or flutter
will be attenuated because of the
turntable inertia to an extent de-
pending on the frequency, the turn-
table inertia, and the stiffness of
the coupling involved. In general,
it was decided that wow components
at frequencies above 30 cps were
negligible. The wow caused by
wobble of the drive pulley or by a
slick spot on the drive pulley will
occur at frequencies of roughly 7
to 15 cps in the usual record-player
mechanism.

A wow output jack is provided on
the instrument so that the wave-
form of any speed variation can be
observed by use of an oscillograph.
Observation of this waveform will
afford a clue as to the source of the
trouble. At the fundamental fre-
quency of the turntable, for ex-
ample, it must be produced by de-
fects in the turntable itself as noted
above. If the wow occurs at some
higher frequency it may be traced
to the motor shaft, or to the coup-
ling mechanism. An erratic source
of wow will be observed as such and
might be traced to slippage of the
coupling mechanism or to end play
in some rotating part.

Input Circuit

The input impedance was made
about 5 megohms in order to insure
proper operation with high-imped-
ance pickups. The input voltage
may be any level from 0.1 to 5 volts
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FIG. 1—Frequency response (A) on the

reference and rumble scales and re-

sponse (B) on the wow scale with 3-per-
cent-wow input (B)

rms. All measurements may be
made at input levels as low as 1
millivolt rms except that the meas-
urable rumble range will decrease
to only 6 db below the reference
signal.

Frequency response of the refer-
ence and rumble filters is shown in
Fig. 1A. The procedure for meas-
uring rumble is first to set to a
reference level by adjusting the con-
tinuously variable control in the in-
put to produce a meter indication of
the reference level. Then the 1,000-
cps band-pass filter is switched out
by the function switeh and the 150-
cps low-pass filter is switched in.
The meter will now indicate the
rumble level in decibels above or be-
low the 1,013-cps reference signal. A
step attenuator in the input stages
allows the range of the rumble indi-
cation to be extended to 46 db be-
low the reference level. A repre-
sentative phonograph pickup may
have a rumble level of —20 db.
Rumble levels will not ordinarily be
lower than —26 db.

The 1,000-cps band-pass filter is
used when the reference level is set.
This setting allows rumble levels to
be measured that approach the level
of the standard tone. The use of
the filter when metering wow pre-
vents spurious Indications from
being obtained due to the presence
of low-frequency components en-
countered in the rumble.

The meter amplifier is a two-
stage amplifier with negative feed-
back stabilization. The meter is
placed across the output of this
amplifier in the reference and rum-
ble positions of the function switch.

When metering wow and rpm the
output of the amplifier is fed into
the mixer. Here it is heterodyned
with the output of the 857-cps tun-
ing-fork standard oscillator shown
in the lower left corner of the cir-
cuit drawing. The difference fre-
gency is distorted and used to trig-
ger a one-shot multivibrator. This
multivibrator has constant pulse
length at all trigger rates. The
plate current of the section that is
nonconducting in the stable state is
proportional to the difference fre-
quency between the tone recording
output and the 857-cps oscillator.
The rpm metering is therefore ac-
complished by measuring the plate
current in this section of the multi-
vibrator.

Among the methods that have
been previously used for wow detec-
tion are the use of a diseriminator?,
and the use of pulse counter cir-
cuits.* The latter method was se-
lected as being most satisfactory
for use in this instrument because
of the difficulty of producing a
stable linear discriminator of suit-
able bandwidth for these frequen-
cies. The pulsed output of the rpm
multivibrator is fed through a
cathode follower into a 30-cps low-
pass filter. The output of this filter
is directly proportional to the input
frequency and reproduces varia-
tions in this frequency occurring at
rates below 30 cps. This output
waveform that represents the wow
of the turntable is metered by
means of a peak-reading vacuum-
tube voltmeter circuit. The wow
voltage is also fed to an output jack
so that the actual waveform of the
speed variations may be observed
or recorded. The frequency re-
sponse of the wow metering circuit
is shown in Fig. 1B.
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High-Frequency Operation
of TRANSISTORS

Discusses factors contributing to loss of gain in transistor amplifiers at high frequencies.

Explains use of magnetic bias to reduce transit time and transit angle dispersion to extend

range. Gives circuit and data on 23-mc amplifier with gain of 8

By C. BRADNER BROWN
Chief, VT Fuze Division

U. 8. Naval Ordnance Laboratory
Silver Spring, Maryland

N ORDER TO UNDERSTAND the reas-
I ons for loss of high-frequency
gain in transistors it is necessary
to review briefly the fundamentals
of conduction in semiconductors.
Since presently available transistors
use N-type germanium, only this
material will be considered.

Conduction can take place by two
mechanisms. Electrons may be
transferred from one electrode to
another as free electrons. This is
the manner in which most metals
conduct. A second method consists
in removing an electron from a
bound state at the positive elec-
trode in which case the hole mi-
¢grates to the other electrode, con-
stituting a current. Both types of
conduction can take place simultan-
eously, but since N-type germanium
has a preponderance of free elec-
trons in the bulk state, recombina-
tion takes place between holes and
electrons, the former having a life
of approximately 2 x 107 second’.

The basic action by which the
transistor amplifies can now be
stated in a simple manner. The col-
lector is operated at a high negative
voltage, that is, 10 to 50 volts. Most
of this potential drop takes place
within a very small region around
the collector contact, by reason of
the barrier layer which impedes the
flow of electrons from the metal to
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the semiconductor. Holes are in-
jected at the emitter at a low volt-
age(0.03 to 0.3 volt) and under the
influence of the field due to the col-
lector current move to the collector,
where they lower the barrier layer
height, causing an increase of col-
lector current.

Transit Time

It is apparent that the transit
time between emitter and collector
wili be controlled by the internal
field strength in the crystal. Since
the collector current is large com-
pared to the emitter current, the
field strength will be largely a func-
tion of the resistivity of the ger-
manium and the collector current.

Bardeen® presented a theoretical re-
lationship from which

2
-3 Us»p I,
where T = transit time, S = spac-
ing, U, = hole mobility, ¢ = re-
sistivity and I, = collector current.
An examination of the geometry of
the type-A transistor shows that
since all holes do not flow over paths
of the same length, a dispersion in
transit time results in a diffuse
transit angle. This has the result
of reducing the average value of
collector modulation and is the
primary cause for loss of high-fre-
quency response.
The most important element in

Magnetic bias of 16,000 lines per square inch is provided by the small magnet
visible in center compartment of the 23-mc transistor amplifier
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FIG. 1—Transistor characteristics show

gain for short-circuited output ¢ for var-

ious electrode spacings (A), collector

currents (B) and bulk resistivities (C) as
a function of frequency

determining the frequency response
of type-A transistors is spacing,
since it appears in the transit time
expression as a cube function.
Figure 1A shows the variation of
a (current gain for short-circuit
output) as a function of frequency.
The spacings are taken from center
to center of the electrodes, which
are approximately 1 mil in diameter.
Spacings less than 2.5 mils are not
usable in the present design of
transistors, and it is evident that
high-frequency operations require
the use of the minimum practical
separations.

Since the internal field strength,
accelerating the holes from emitter
to collector, is proportional to col-
lector current it would appear desir-
able to use the highest practical col-
lector current. Figure 1B shows
the variation of a with frequency
for a family of collector currents.
It has been found that currents of
about 5 milliamperes are the maxi-
mum values that can be used with-
out introducing instability due
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probably to overheating of the col-
lector contact.

One of the most important vari-
ables in frequency response, one
that has not been well controlled in
presently manufactured transistors,
is the bulk resistivity. Figure 1C
shows the effect of this factor on «a
as a function of frequeney. Since
these measurements were made on
different transistors chosen for bulk
resistivity as the variable, the value
of a has been normalized.

It has been established from the
data presented that a high-gain—
high-frequency transistor must
have small emitter-collector spac-
ings, small contact areas, high bulk
resistivity and must be operated at
the highest practical collector cur-
rent.

Magnetic Bias

A recently discovered method® of
extending the high-frequency range

_.— COLLECTOR

EMlTTERM.S

MAGNETIC
BIAS

FIG. 2—Frequency range of transistors
may be extended by applying a mag-
netic bias of the proper sign at right
angles to the plane of the electrodes

consists of applying a magnetic bias
of the proper sign at right angles to
the plane of the collector and
emitter as shown in Fig. 2. This
field acts in such a manner as to
beam the emitter and collector cur-
rents along a more direct path.
While it does reduce transit time,
it also reduces the transit angle dis-
persion and thus increases the fre-
quency range.

Figure 3 shows a typical result
using plus and minus magnetic bias
fields. Not all transistors respond
to the bias field in the same way,
and more experimental work is in
progress to determine the details of
the effect.

It has been found that transistors
having wide spacings show larger
increases in « than those with small
spacings and that transistors hav-
ing small contact areas show higher
values of a when magnetically
biased. Thus the magnetic bias not
only increases « at high frequencies
but also decreases the variation be-
tween transistors.

Circuit Considerations

A handy circuit representation
of the transistor at high frequencies
can be obtained using a three-
terminal network having one gen-
erator as shown in Fig. 4, where
Ry is the input resistance, R, the
coupling resistance and R the col-
lector resistance. Capacitor C; is
the barrier-layer capacitance and
C the emitter-collector contact
capacitance. The generator current
may be represented by ¢, o, ¢, R,

GAIN(0¢)

| ,
l | ' - 6900 GAUSS
04 i -I——|—4‘ — —_—
r | L]
0365wce 2 34 5 6 8 INMC 2 3 4 5 6 8 10MC
FREQUENCY

FIG. 3—Gain-response curves show importance of proper direction of magnetic
bias field
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where 1, is the a-c input current, a,
the short-circuit current gain at
frequency f, and ¢, is the phase
shift with frequency f.

It is evident that the input im-
pedance will depend largely on the
load current flowing through R,.
At low frequencies this current is
opposed to the input current ¢, and
acts as a positive feedback. At
higher frequencies the phase shift
in a causes the input impedance to
become complex and at very high
frequencies, phase shifts of nearly
180 degrees will increase the input
impedance. It should be remem-
bered that complex load impedances
obtained when tuned collector cir-
cuits are used will alter this condi-
tion. The collector impedance
likewise can vary greatly due to
feedback. At low frequencies, this
positive feedback characteristic of a
transistor reduces the collector im-
pedance but at higher frequencies it
becomes dependent on the input
impedance which may be complex if
tuned inputs are used. The barrier
layer capacitance C is of the order
of 1 puf in the type A transistor
and C; is somewhat less, varying
with collector voltage. The coupling
resistance R, does not change much
with frequency but is a funection of
both emitter and collector current.

From the foregoing, it is ap-
parent that care must be taken at
low frequencies to insure sufficiently
high input and output impedances
to reduce the positive feedback.
Much of the lack of d-c stability can
be traced to inadequate coupling
impedances. It is desirable to have
both input and output impedance
high at all frequencies both in and
outside the amplifier passband, but
some compromises must be made
in order to obtain sufficient gain.

Design of a 23-mc Amplifier

The problems of high-frequency
operation of transistors are best
exemplified by examining a partic-
ular design. Figure 5 shows the
circuit diagram for a 23-me ampli-
fier used for testing the high-fre-
quency response of transistors.

Shunt feed of both the emitter
and collector currents was used to
insure high d-c stability. Since the
emitter current was only 0.4 ma, it
was possible to use a high value of
emitter bias coupling resistance
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FIG. 4—Three-terminal representation
of transistor at high frequencies
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FIG. 5—Circuit of 23-mc amplifier used
for testing high-frequency response of
transistors
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FI1G. 6—Frequency response of amplifier
circuit shown in Fig. 5

without unduly high bias voltage.
In the collector or output network,
L, C,, L., C, constitute a band pass
whose impedance is high at fre-
quencies in the pass-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>