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for HIGH Q TOROID INDUCiORS

There are many applications in the audio,
carrier, and supersonic fields requiring in-
ductors of high Q and great stability. The
HQ series of units developed for these ap-

plications have remarkable characteristics,

as illustrated below. HQA coils have high ]
Q (100 at 5000 cycles) and are available ” e A o g

FRIQUENCY-CTCLES

in inductances from 5 MHY to 15 henrys.
HQB coils have very high Q (200 at 4000 TYPE HQA TYPE HQB

. L e DIMENSIONS—143" Dia., x 175" H— DIMENSIONS—2%" L. x 13" W. x 21" H.—
cycles) and are avuilable in inductances wjr,.%s.,,,_ Wi, 14 ozs.

from 10 MHY to 25 henrys. Inductance Net Inductance Net

Yalue Type No. Price Value Type No. Price

5  mhy. HQA-1 $7.00 10 mhy, HQB-1 $20.00

. A 12.5 mhy. HQA-2 7.00 30 mhy. HQB-2 20.00

HUM PICKUP is low due to the toroidal 20 mhy. e 750 70 mhy. HQB-3 20.00

indi g 30  mhy. HQA-4 7.50 120 mhy. HQB-4 20.00

winding: structure,. 70 and 140 microvolts e i Lt oo 5 hy. e ot

er gauss respectively for the HQA and 80  mhy. HQA-6 8.00 1. hy. HQB-6 22,00

eribl ¥ y 125 mhy. HQA-7 9.00 2. hy. HQB-7 24.00

HQB at 60 cycles. 200  mhy. HQA-8 9.00 3.5 hy. HQB-8 25.00

300 mhy. HQA-9 10.00 7.5 hy. HQB-9 26.00

5 hy. HQA-10 10.00 12, hy. HQB-10 27.00

eal 2 75 hy. HQA-11 10.00 18.  hy. HQB-11 28.00

Stability is extellent. For the HQA-7 coil 1.25 hy. HQA-12 11.00 25 hy. HQB-12 20.00
A . 2. hy. HQA-13 11.00
illustrated, inductance change is less than 3 by = w e
19, for applied voltages from .1 to 25 5. hy. HQA-15 14.00
o 3 » 7.5 hy. HQA-16 15.00
volts 1000 cycles. For the HQB-5 coil 10.  hy. HQA-17 16.00

; T ] - 15, hy. HQA-18 17.00
illustrated, the inductance change is less

than 19, for applied voltages from .1 to UNCASED HIGH Q TORO'DS

50 volts 1000 cycles. Change in inductance We can supply any of the Toroids listed

due to DC current is approximately 19, without case. Deduct $1.50. Specify type
per 10 MA linearly for the HQA unit illus- andiincliciante Vs iekwhiensoti etings

SR D0 0% Tor: the, HAE. Hilisased SPECIAL TOROIDS

units are hermetically sealed. Standard

Sizes other than those shown in our stock list can be supplied on
special order at price of next highest valve. Type HQC and HQD
coils, having maximum Q at 50 kc and 100 kc respectively, are
also available.

NEW ITEMS

inductance tolerance is 19,.

2 WRITE FOR OUR
CATALOG PS-408

150 VARICK STREET ] NEW YORK 13, NTY.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: ""ARLAB"’
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Submerged in oil, a 24-tube control chassis undergoes operating tests at Electronic Control Corp., as described in
November 1947 ELECTRONICS, p 108; see also page 136 of this issue

NEW WORDS COME AND GO, by W. €. White . . . ... ..... ...\ttt eiianaenencanans 72
When a new technical word is publicized into the language, businessmen frequently ride on its coat tail

ELECTRONIC PRESERVYATION OF FOOD, by Wolfgang Huber . .. ... . ..........uuiimnmuuneromneenaenn. 74
Ultra-short-time radiations from a capacitron preserve food without altering appearance or taste

RECEIVER FOR THE CITIZENS RADIO SERVICE, by Walter C. Hollis .. .............ooooniuiiomnmenn. 80
Construction details of a 465-mc receiver, the companion unit to the transmitter described in November 1947

TELEVISION RECEIVER LABORATORY, by Frank R. NOrton ... ..... .. ....iuuuiiminanmnnnmeenensns 86
Test facilities, shielding, and line-filtering for a development laboratory

AIRBORNE ENGINE ANALYZER, by Vincent C. Cetrone .. ... ........couirimeiiannneneaonns REERERE 90
Cathode-ray tube indicates fouled plugs, damaged valves, and other troubles in aircraft engines while flying

SPACE-CHARGE TETRODE AMPLIFIERS, by Norman Pickering ... ............ouuirmrnmnennnnnnenens 96
Developmental audio output tubes using simpler, less expensive circuits outperform conventional types

ELECTRONICS SIMULATES SENSE OF SMELL, by W. C. White and J. S. Hickey........................ 100
Emission of ions by heated platinum operating in air increases when halogen compounds are encountered

DIRECT-READING WAVEMETER DESIGN, by G. E. Feiker and H. R. Meahl.......... oo BRI BER . ShikE © o 0 ..103
Theory and construction details for precision devices measuring from 2 to 75 centimeters

WOW METER FOR TURNTABLE TESTING, by E. W. Pappenfus and G. L. Sansbury. .. ................... 108
Variations are measured to a fraction of a cycle per second with special pickups and discriminator

SHORAN FOR SURVEYING, by William F. Kroemmelbein .. . ... ...ttt . o o B 112
Operating principles and application techniques for geodetic surveys, photo mapping, and geophysical prospecting

FEW CRYSTALS CONTROL MANY CHANNELS, by W. R. Hedeman, Jr. .. ... ... ... ... ....c......... 118
Circuit minimizes number of crystals required to control local oscillator of multichannel aircraft receiver

HIGH-SPEED N-SCALE COUNTERS, by T. K. Sharpless. . ... .. ... .. ... ... .. 122
Cathode-pulsed circuit provides simple count indication, reliability, and speed

THYRATRON FREQUENCY CHANGERS, by O. E. Bowlus and Paul T. Nims....................... 126
Three-phase output of variable-speed alternator is converted electronically to constant-frequency a-c

FILTER RIPPLE CHART, by €. K. HOOPer. . . oo ottt ot e et e e e e e e e e e U, B 132
Output characteristics of choke-input filters are quickly predetermined

BUSINESS BRIEFS ................... 66 Back Talk ELECTRON ART ....... . ..........c... 138

CROSSTALK ................... awg 71 New Books NEW PRODUCTS . ................... 142
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MANUFACTURERS

. . . OQur silver mica department is now producing

mcts are stubborn things . . . E1-Menco Capacitors are backed - silvered mica films for all electronic applica-
5 ] . ions. ifications,

by impressive facts . . . proven performance, dependable quality fioih. Sepd UERYONE SRECMSanIns

. earned as components in the world’s finest radio and elec-
tronic equipment. Write on Firm
Letterhead for

You can’t discount the reputation of leadership El-Menco has Catalog and

built with the most renowned manufacturers. If you want your Samples.
product to win preference through perfection . . . use EI-Menco
Capacitors . . . improve its performance.

Send for samples and complete specifications.

THE ELECTRO MOTIVE MFG. CO., Inc. Foreign Radio and Elc‘ectronic Manufacturers
communicate direct with our Export Depart-
Willimantic, Connecticut ment at Willimantic, Conn., for information.

JOBBERS AND DISTRIBUTORS
ARCO ELECTRONICS

135 Liberty St. “New York, N. Y.
is Sole Agent for El-Menco Products in United States and Canada,

MOLDED MICA MICA TRIMMER

CAPACITORS

March, 1948 — ELECTRONICS
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a new partner in creating

You Get Finest Prints From Your Dry Diazo
Equipment With Helios Papers, Cloths, Film

Drafting, Reproduction,
Surveying Equipment
and Materials.
Stide Rules,

Measuring Tapes.

ELECTRONICS — March, 1948
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UP TO WIRING PEAK'

LOW MOISTURE — ABSORBTION FACTOR

SURPASSING ELECTRICAL PRQPERTIES ’

INCREASED RESISTANCE TO ABRASION /= 7

FREE STRIPPING

P st OF HANDLING
CONTROLLED SPACE FACTOR

UNAFFECTED BY OZONE, SUNLIGRT, ELECTRO-CHEMICAL
INFLUENCES, AND MOST OTHER NORMAL DESTRUCTIVE FACTORS

Electrical Insulation Performance
takes a with new

TURBOTHERM PLASTIC INSULATED WIRE

Beyond which TURBOTHERM Insulated Wire,

available with solid or stranded copper conduc-

Underwriters Laboratories Approved for 80 de-
gree C. Appliance, Radio Hook-up and Instru-
ment Wire; T. F. and T. F. F. for decorative wall
brackets and candielabra lighting fixtures, and
small electrical tools and controls, where
operation in oil at 60 deg C. is a requisite.

tor, offers a flexible, assembly-facilitating process.
This means production-time economy right at
your own line and bench-manufacturing points.
Your requirements of insulated wire within the
gauge range of No. 14 down to No. 30 can be
most advantageously served by TURBOTHERM.
Ask for samples and become convinced. —

WILLIAM BRAND & COMPANY @

276 FOURTH AVENUE, NEW YORK 10, N. Y.— 325 W. HURON STREET, CHICAGO 10, ILL.
G o SATURATED SLEEVING e VARNISHED CAMBRIC ¢ PAPER AND TAPE ¢ MICA AND

4 March, 1948 — ELECTRONICS
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General Application

LOAD RANGE *REGULATION
MODEL VOLT-AMPERES ACCURACY

150 25-150 0.5%
Extra Heavy Loads B Bew B

3-Phase Regulation
LOAD RANGE *REGULATION 500 50 - 500 0.5%

LOAD RANGE *REGULATION . MODEL VOLT-AMPERES ACCURACY 1000 100-1000 0.2%
MODEL VOLT-AMPERE ACCURACY :
LTATIPERES 5,000% 5005000  0.5% [ 2000  200-2000  0.2%

G v NS LR, A N o NI Mt )

3P15,000.1500-15,000 0.5% g g R ETEREEEE——————
3P30,000 3000-30,000 0.5% '
§ 3P45,000 4500-45,000 0.5%

. * Harmonic Distortion on above models 3"/°

| Lower cupacities also available. ;
=y . S SRR “”‘mﬁ k]

1 :

L T r—— &

10,000* 1000-10,000 0.5%
15,000% 1500-15,000 0.5%

TR i STV Sy

100-300 cycle Line | The First Line of standard electronic

INVERTER AND GENERATOR REGULATORS

sugermscomsmeerne | AC VOItage Regulators and Nobatrons

LOAD RANGE *REGULATION
MODEL VOLT-AMPERES ACCURACY

D500 50 - 500 0.5% GENERAL SPECIFICATIONS:

322322%% ]2250:'225000 gg:ﬁ: Harmonic distortion max. 5% basic, 2% 'S’ models

3PD750 75.750 0.5% Input voltage range 95-125: 220-240 volts (—2 models)
*l Other capacities also available Output adjustable bet. 1 'IQ-'I20: 220-240 (—2 models)
gy T Recovery time: 6 cycles: ¥ (9 cycles)
Input-frequency range: 50 to 65 cycles
Power factor range: down to 0.7 P.F.
Ambient temperature range: —50°C to + 50°C

All AC Regulators & Nobatrons may be used with no load.

*Models available with increased regulation accuracy.

Special Models designed to meet your unusual applications.

Write for the new Sorensen catalog. It contains complete
L3 3

The NOBATRON l'ne : specifications on standard Voltage Regulators, Nobatrons,
Increvolts, Transformers, DC Power Supplies, Saturable Core

Output Load Range ¢
P g Reactors and Meter Calibrators.

Voltage DC Amps,

]5‘40‘100 900 800000 00009 0005085 GV SS00 908 0ES C0SS00 s080s0000

SORENSEN & CO0., e

* Regulation Accuracy 0.25%, from Y, STAMFORD ; CONNECTICUT.

to full load. Represented in all principal cities.

6 March, 1948 — ELECTRONICS
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quickly and easily
rearranged

ELECTRONICS — March, 1948
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Change-orders from the enginecr-
ing department usually cause plenty
of headaches in production ... pat-
ticularly where die piercing opera:
tions are involved.

But...if you're using Whistler Ad-
justable Dies, there is no lost time
—no waiting—no extra die expense.
The same dies are easy to rearrange
to the new design. Add units from
stock, or delete sizes and shapes no
longer required. Arrange the new
set-up right on the press.

Consider the savings in production
time alone. Then think how coatin-
ued re-use of the same dies in sub-
sequent jobs writes off first cost.

Whistler Dies can be used in prac-
tically any press. All parts are inter-
changeable. Precision is assured on
long or short runs. Closer centers
permit fewer press operations.

Deliveries are quick...little or no
waiting. Standard round punches
and dies up to 3" are available from
stock. Ovals,squares, rectangles and
special shapes can be made up in a
few days. Write for the

Whistler Catalogs today

and get all the facts.




This seven-tower directional array was designed to protect
several stations operating on the same frequency. Six towers BIA w KN OX
are used during the night and the seventh, with two night

pattern towers, give excellent doytime coverage. Due to

the location it wos necessary to place gravel fills through
the ice to g depth of over 30 ft. before pile foundations
could be driven to solid ground. Towers are Blaw-Knox
Type CN, base insulated 225 ft. high.

BLAW-KNOX DIVISION of Blaw-Knox Company
2077 FARMERS BANK BUILDING
PITTSBURGH 22, PA.

OF BLAW-KNOX COMPANY

March, 1948 — ELECTRONICS
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instruments combined in one unit!

LiewTy

on

100 M4, 5
™\ —250ma

\
25 MA—
1000 m,
ey A 4
"AMPrs

All the functions of over 60 separate

RANGES OF MODEL 1005 1

s . . . Meter No. | Meter No. 4
Here is a complete test unit for use by radio, electronic, and (D.C. Milliam- (Wattmeter)

. o . . . meter and 0-300 Watts A.C.
electrical technicians in laboratories, shops, or service depart- Ammaer) 0.600 Watts AC.

a complete set of ranges.

J
0-1500 Watts A.C. 1

meter, Output |

ments. It is adaptable to the testing of all electrical appliances, -1 MA.D.C
oo g ; ey 5 oy -5 MA.D.C 0-3000 Watts A.C.
small motors, circuits, radio sets, etc. It consists of six individual .10 MA. D.C
414" rectangular instruments, indirectly illuminated, each with D RO A?Aeocerclol.'s
N L. VoIf-
00 MA. D.C

In addition to the wide variety of A.C. and D.C. voltage and
current ranges, a multi-range ohmmeter and a single phase
wattmeter have been incorporated. Also, to meet the need for
extreme sensitivity required in testing circuits where only a

0000000000000
N -
3z
>

10
-25 Amps.

and DB meter)

0-5 Volts A.C.

0-10 Volts A.C. |
0.25 Voits A.C.

0-50 Volts A.C.

0-100 Volts A.C.

0-250 Volts A.C.

0-500 Volts A.C.

small amount of current is available, an instrument is provided Meter No. 2 g-;ggg \\/Io{'s :g
with a sensitivity of 50 microamperes, providing 20,000 ohms e H O Reclifier type
per volt on all D.C. voltage ranges. The Electrical Laboratory g . ’0;’3’ e
incorporates a rectifier type instrument for measuring A.C. volt- 0-5  Volts D.C. DB Ranges
i i : 0-10  Volts D.C. —10to 454 |
age with a resistance of 1,000 ohms per volt on all ranges. This 0.5 Voite D.C. Output Run?“ |
i i i i C 0.100 Volts D.C. same as volts
latter instrument also 'has in combination a uomplefe coverage o e oxeent 5000
of DB ranges, from minus 10 to plus 54 for volume indications. o-foo Volts D.C. Volt Range
0-1000 Volts D.C.
. . . I . . . N 0-5000 Volts D.C. Meter No. 6
jl"hns beautiful instrument is SnmPson engineered and Simpson 20,000 ohins e il
built throughout for lifetime service. per volt meter and
0-?0 Microamps Ammeter)
Dealer’s Net Price, complete with Leads and Break-in Plug, $218.00 8228 x:i:g:::; ggs x: :C l
0-500 Microamps 0-100 MA. AC.
SIMPSON ELECTRIC COMPANY 0-250 MA.AC.
(Meh'er No. 3 8-;000AMA. AA% |
a L A Ohmmeter) <2.5 Amps. A.C.
5200-5218 West Kinxie Street, Chicago 44, lllineis 500 Ohms (SlcRmsveanted) 0.5 Amps. A.C. | |
In Canada, Bach-Simpson Ltd., London, Ont. 000 Ohms (50 ohms center) 0-10 Amps. A.C.

,000 Ohms (500 ohms center)

0-

0-

0-50, 0-25 Amps. A.C.
8-200,000 Ohms (5,000 ohms center)

0-50

Megohms (50,000 ohms center)
Megohms (500,000 ohms center)

Ask your jobber

ELECTRONICS — March, 1948 9
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FOR THE HIGHEST EFFICIENCY IN FIBROUS INSULATION

- USE ROGERS FABRICATING SERVICE

HAT RQGERS QFFERS ROGERS fabricates fibrous insulation to

HERE'S W . o
oot design meet your most rigid specifications. Rogers
. inative, exp g . s
o Alert, imag! fabrications are accurate, made to simplify
ass'\STClnce'

die-making facilities- assembly and afford maximum protection.

e Complete

omical . . - g
R, accurate and econ Design assistance, complete die-making and
[ apits

fabricating

line of tough,
. materials,
ad by manufactur
ped over @ P€

fabricating facilities are at your command.
adapt- . Bins

backed Write for the Rogers Exhibit. It tells the
complete story about our fabricating service.

PLEASE ADDRESS 107 MILL ST.

Investigate the DUROIDS, new fibrous structural ma-
terials that are firm, yet flexible and shatterproof.

e \Versatile
able fibrov
by research @
ing skills devel
riod of 115 years:

S

ROGERS CORPORATION

wr MANCHESTER L CONNECTICUT

10
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Before you make commitments on
any FM Broadcast Transmitter,
check the performance record of REL
tetrode powered FM ‘Transmitters.
These actual case histories of installa-
tions in all sections of the country
offer convincing evidence of the lower
first cost and lower operating cost of
REL FM Broadcast Transmitters.
“They tel], in every instance, an equal-
ly important story of maximum ope-
rating convenience, negligible mainte-
nance, low tube cost and unmatched
dependability.

These records provide a new and val-
uable yardstick for judging FM trans-
mitter costs. If you are interested in
applying the REL yardstick to your
FM problem, simply call or write to-
day. Complete information will be
supplied and visits to operating in-
stallations can be arranged.

1

ol

Ll g ey .‘J!‘

-

1

S |

Front view of REL 10,000 watt FM Broadcast Trans-
mitter. The tour tube final amplifier employs inter-
nal anode tetrode tubes in the Quadriline circuit.

REL cordially invites you to visit us at our
IRE CONVENTION HEADQUARTERS at
the Hotel Commodore, March 22 to 25, 1948

RADIO ENGINEERING LABS - Inc.

LONG ISLAND CITY 1, NEW YORK

ELECTRONICS — March, 1948
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... the high standatd of your name is assured
when you build in POTTER & BRUMFIELD Components. ..

"

Only 1'%” x 23" x 1800 RPM at 0.5 oz.-in.
1%" Torque
Wound for Any AC No - load Speed Approxi-
Voltage mately 3000 RPM
Qil Retaining, Self- Constont Input, Independent
Aligning Bearings of Load
Die-cast or Drawn Continvous Duty—Tempera-
Metal Case ture Rise 60°C.
Ample Power for Special Gear Train Supplied
Geared Mechanisms as Required
Instantaneous "End-play"
Cluich Available

Potter & Brumfield standard relays will meet
most relay requirements and specials can be
supplied if required. Our 14 years of experi-
ence in the manufacture of relays assures you
that the type recommended for your job will
give better service.
Write NOW for your copy of our new 1947
catalog, illustrating and describing in detail
Light Duty Multiple Contact 4 a complete line of standard relays.
P 23 ® YOUR LOCAL ELECTRONICS PARTS
i : DISTRIBUTOR STOCKS P &B PRODUCTS

TELEPHONE TYPES

MULTIPLE LEAF
PLATE CIRCUIT SENSITIVE

MOTOR STARTING

FACTORY AT PRINCETON, INDIANA

12 March, 1948 — ELECTRONICS
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* Quick, Easy Maintenance. All components in-
stantly at hand without removal of any chassis. Hinged front
panels open to permit access to installation. Panels are
supported by concealed mounting screws—no troutlesome
trim strips to remove in a time-wasting operation.

%* Long Life at Peak Performance. Good venti-
lation is assured by special arrangement of chassis and
vertical mounting of all units. No overheating—longer
equipment life. New G-E circuits are designed to provide
extended frequency response, lower noise and distortion
levels. General Electric audio equipment meets every re-
quirement in AM, FM, and TV service.

% Low Installation Cost. With G-E equipment, your
installation costs are held to a minimum. If desired, all
wiring is completely enclosed in vertical ducts. It’s easy to
remove units and change positions because wiring ducts
have snap-on covers—no cables to unlace.

* Neat Appearance. Audio equipment is permanently
mounted in handsome, blue-gray steel racks. The smooth
finish of these cabinets is easily and quickly cleaned. No
cracks or wrinkles to collect dust and dirt. Your Control
Room becomes a showplace to impress your sponsors and
please your listeners.

® 0 000000000 00000000068 00

Your G-E broadcast equipment
representative is nearby, ready fo
serve yous fast. Call him, or write:
General Electric Company, Trans-
mitter Division, Electronics Pork,
Syracuse,-N. Y,

FAEL

ELECTRONICS — March, 1948
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G-E Audio Equipment Ra:ks.
Facilities may be added os starion
raquirements dictate, Blark pamnels ore
cvoiloble for filling up unJsed cabinet space.

WHY GENERAL ELECTRIC? Long a leader in AM, FM, and TV, General
Electric continues to manufacture audio equipment with the same care that has
made its transmitters renowned the world over. Behind every piece of radio
equipment bearing the G-E monogram are the multiple research and engi-
neering facilities of Electronics Park. Here, at the greatest electronics center
in the world, science joins with industry in building for you reliable, up-to-
date radio equipment for every broadcast need.

LEADER IN RADIO, TELEVISION AND ELECTRONICS

GENERAL @) ELECTRIC

100-Fi14018
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Centralab reports to

Sonora engineers take advantage of Couplate’'s long
life, high efficiency, resistance to humidity and vibra-
tion. Result: more dependable performance, simplified
production for Sonora Radios.

First commercial application of Centralab’s revolutionary “Printed and mass weight, permits more compact and dependable finished
Electronic Circuit'—the Couplate gives you four basic manufac- equipment at lower cost. 3) Improves set performance by length-
turing advantages: 1) Requires only four soldered connections ening life, gives you a complete “printed” interstage coupling circuit.
instead of eight; simplifies wiring and production. 2) Saves space Chassis courtesy of Sonora Radio and Television Corp., Chicago.
.a-»—"'—ﬁ"p-—”
- wi‘“

Resistor

ACTUAL
SIZE

“Filpec” \

] Actual size
Actual size Y

resistor, grid resistor, plate by pass ca- for use as a balanced diode load filter, Filpec combines up to three major components
pacitor and coupling capacitor. Write into one tiny filter unit, lighter and smaller than one ordinaty capacitor. Availakle

2 CRL's Counplate consists of a plate load 3 Another application of the "Printed Electronic Circuit'” is Centralah’s Filpec! Designed
for Bulletin 943. for other applications. Send for Bulletin 976.

14 March, 1948 — ELECTRONICS
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Electronic Industry

Metadllic silver electrodes
immutably bonded to CRL's
Ceramic-X tubes to prevent
separation.

.050” tinned copper feed
thry terminal for extra
strength and lower internal

inductance,

Inner and outer electrodes

protected against damage Electrodes soldered direct-

by electrolytic plating of ly to mounting bushing and

pure copper, feed thru terminal for posi-
tive electrical and mechon-
ical connection,

Electronic Circuit”, CRL's Ampec is a inate structural and electrical damage during installation. Two special bonds are
complete 3-stage audio amplifier. Get reason: 1) between inner feed-thru terminal and inside diameter of tube, and 2)
complete facts in Bulletin 973, between mounting bushing and outside diameter of tube. Send for bulletin 975.

' Newest development of the "Printed 5 Made with Ceramic-X, CRL’s new Feed-thru and Bushing Mounted Capacitors elim-

Wide range of variations in CRL's To CRL's line of high quality ceramic In its new Lever Switch, Centralab
Model "M Radiohm simplifies produc- capacitors, these miniature disc H/-Kaps guarantees a minimum life of 50,000
tion and inventory. Bulletin 697-A have becn added. Combine reliability, cycles. Reason: an exclusive new coil
illustrates convenience, versatility ! capacity. Order Bullctin 933, spring index. Write for Bulletin 970

LOOK TO CENTRALAB IN 1948! First in component research that means lower costs
for the electronic industry. If you're planning new equipment, let Centralab’s sales

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

n

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

ELECTRONICS — March, 1948 15
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DO YOU KNOW

WHAT THIS
SYMBOL
MEANS

POWERSTAT 3PF 1126

It stands for a three-wire system, with the third wire grounded. It means added personal
safety and insurance against shock from “hot” circuits.

A third wire grounded in a three-wire, single phase system is becoming a requirement in
more and more communities . . . and POWERSTAT variable transformers are prepared
for this transition. Standard models are available . . . wired for a three-wire, single phase
system with one wire grounded.

Safety and versatility—two important features of The Superior Electric Company’s depend-
able voltage control equipment has resulted in wide acceptance of these quality units
for use in laboratory and industry.

POWERSTAT variable transformers are easily adapted to TRANSFORMER
fit individual specifications. Let the experience of The
Superior Electric Company’s voltage control engineers assist
in solving your specific problem. Request Bulletin 547 for
complete voltage control engineering data.

The schematic drawing shows a typical single phase,
three-wire POWERSTAT variable transformer with the
third wire grounded.

Write The Superior Electric Co., 403 Meadow St., Bristol, Conn.

e SUPERIOR ELECTRIC cofl o _—

BRISTOL, CONNECTICUT o} E——

Powerstat Variable Transformers @ Yoltbox A C Power Supply e Stabiline Voltage Regulators. =

16 March, 1948 — ELECTRONICS
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Plastics where plasfics belong Because of a unique combination of chemical, electrical,
and mechanical qudlities, Synthane laminated plastics can
be applied to an endless number of practical purposes.
Moisture and corrosion resistant, light-weight and struc-

furally strong, Synthane has many collective advantages
not readily found in any other material. One of the best
electrical insulafors known, Synthane is hard, dense, dur-
able . . . quickly and easily machined.
Among the inferesting occupations of our type of tech-
nical plastics are the redraw bobbin and chuck {below)
used in winding fine denier nylon for women's hosiery.

Fine nylon filaments can be wound without pulling and
sticking because of the smoothness of the bobbin. Light
weight of bobbin and chuck allows the spindle to be started
and stopped faster aad with less effort. Greater crushing

strength of tube permits larger amounts of nylon to be
wound. This is an appropriate job for Synthane, an inter-
esting example of using plastics where plastics belong.

If any of Synthane’s many properties suggest a use
for it in your plant, let us help you before you design.
Write for our complete catalog of Synthane plastics today!

Synthane Corporation, 6 River Road, Oaks, Pa.

ESYN’I;I—[ ANE] where Synthane belongs
| S

DESIGN o MATERIALS o FABRICATION e SHEETS  RODS e« TUBES
FABRICATED PARTS « MOLDED-MACERATED o MOLDED-LAMINATED

3 E wwWw americanradiohistorv com



X;
>k
1>% OR BEHIND IT?
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o

ON THE BALL

With industry clamoring for better products, businessmen
are leaving no material unexplored which suggests a betier
answer to their current requirements.

Our type of laminated plastics—Synthane—may be your
answer (o better products because it has not one, but many
valuable properties in combination.

As an electrical insulator, Syn-
thane is one of the best—high
dielectric strength, low power fac-
tor, low dielectric constant. May
be quickly and easily machined.

For example, you can depend on
Synthane fortensile, compressive,
flexural and impact strength.
Compares favorably with metals
on a strength-for-weight basis.

Synthane is the set plastic, sta-
ble over wide variations in tem-
perature.

Light weight is one of Synthane’s
most useful properties. Weighs
about half as much asaluminum,
has ample strength for all elec-
trical and most mechanical ap-

Perhaps one of these or other Synthane qualities suggest its
use in your product. If so, let us help you before you design

. we may be able to save you considerable time, trouble
and money. Send for your {ree copy of the Synthane Plastics
Catalog today!

plications.
® 20000 FOR MORE ANSWERS ON PLASTICS o000 00X/
@
Il SYNTHANE CORPORATION, 6 RIVER ROAD, OAKS, PA. .

" | Gentlemen: | [
% Please send me without obligation a complete catalog of Synthane SYNTH ANE

|l technical plastics.
. Name
|E Company
» Address
PLAN YOUR PRESENT AND FUTUREWITH SYNTHANE TECH-

City Zone. State. NICAL PLASTICS « SHEETS - RODS » TUBES - FABRICATED
PARTS » MOLDED-LAMINATED * MOLDED-MACERATED

7 i e [ | a5 e
EENEEEEEEEEE
. " . ~ www americanradiohistorv com
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® A Permeability Tuner of advanced design,
incorporating a new tuning principle, the
770-TV unit provides full coverage of all
television channels, with greatly increased
gain and a worthwhile saving in cost.

® It is adaptable to either single-ended or
push-pull circuits. It may be actuated by a
rotary knob, with or without detent channel

positioning, or by a mechanical push button
actuator.

® |t permits the most advantageous layout

of associated circuit elements, with extremely
short connecting leads.

® Jis compact, integrated design provides
great flexibility to satisfy individual require-
ments of chassis and cabinet layout.

The services of Jobnson Laboratories are available

to manufacturers licensed under our patents.

223 West Jackson Boulevard,
Chicago 6, Ill.

ELECTRONICS — March, 1948

6 East 46th St.,
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*Trade Mark Reg. U.S. Pat. Off.

The Mantle Lamp Company
New York 17, N. Y. J  of America
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only the

your cathode-ray oscillography because y[} With the

L P

M W'j B DU MONT CATHODE-RAY TUBES AVAILABLE
[ ]

e e e s i s Sl

3APLA 3JP11 SJPLA SLP11-A
Only Du Mont makes ALL types of tubes and all types of 7l 7 S Pl
' screens to serve the needs of ALL users—scientific, industrial, SqPog SBPLL-A SIPT-A il
educational. 3GPI1-A SCPI1-A S5JP11-A 5SP1
3JP1 5CP2-A SLP1.A 5SP2
Regardless of what your oscillographic requirements call for, 3JP2 5CP7-A 5LP2-A 5SP7
Du Mont has the right tube with the right screen. Tubes for high- 3JP7 S5CPII-A  SLP7-A 55P11

accelerating potentials; multiple-gun tubes; tubes for low-acceler-

ating or medium-accelerating potentials—all are included in DU MONT SCREENS AVAILABLE

Du Mont listings. And with each type there’s a choice of screens P1: Medium-persistence green. High visual efficiency,
for short, medium or long persistence; for photographic record- For general purpose applications.

ing; for visual observation; for high-speed transients; for recur- P2: Long-persistence blue-green fluorescence and
rent phenomena at any speed. yellow-green persistence. Long persistence at

— . . © s . high writing rates. Short interval excitation.
Definitely, for every oscillographic application there’s one best o 5 v re

tube to use —and only Du Mont provides that adequate choice. P5: Exiremely short-persistence blue for photographie

recording on high speed moving film.

Why improvise?
i o o . P7: Blue fluorescence and yellow phosphorescence.
As the outstanding specialist in this highly specialized .Iechnol- Long persistence at slow and intermediate writing
ogy. Du Mon! maintains the highest standards of quality, pre- rates.
cision design, and dependable crafismanship. P11: Short-persistence blue. For recording high writ-

ing rates.

DU MONT IS W_ﬂ_{{{f YOUR BEST BUY!

© ALLEN B. DU MONT LABORATORIES, INC.

rision lechonsis & folbonivine

ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY.» CABLE ADDRESS: ALBEEDU, PASSAIC, N. J,, U. S. A,

T TR L

- R LS~ e e = N = i Z
[ ™ N g g g o o L_,_.w“ ot 38 IR st -1
18 March, 1948 — ELECTRONICS

www americanradiohistorv com



GENERAL PURPOSE
CAPACITORS

|

bl

HI1-Q General Purpose Capacitors can be supplied
in uny size from .200 x .375 to .340 x 1.875, with
capacity range from 5 to 33,000 MMF. They are
insulated with a clear non-hydroscopic styrene
coating. 1. R. ol 10,000 Megoluns, working voltages
up to 500 volts ). C. and power factor well under
3 per cent can be assured.

CHOKE COILS

HI-Q components are uniformly superior
because of rigid quality control through-
out all stages of manufacture. Final indi-
vidual inspection sures their conform-
ance to electrical and physical specifica-
tions. When you specify HI-Q components,
you can be sure they meet your most
stringent requirements for precision, de-
pendability, compactness and uniformity.
Write for complete information and en-

gineering data.

FRANKLINVILLE, N.Y.

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

ELECTRONICS — March, 1948
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Here are a few facts to help you choose the best: In

approximately 90% of the new commercial mobile transmitter

designs, you will ind Hytron instant-heating tubes. Over 2,500,000

Hytron gaseous voltage regulators speak for themselves. Ratings of
Hytron vhf tubes are CCS and based on actual equipment perform-
ance which you can duplicate. No other transmitting triode can

touch the new all-purpose 5514 for economical versatility. Famed

for transmitting tubes, Hytron also originated the popular “GT”,

and is the oldest manufacturer specializing in receiving tubes. You

pick the best when you pick Hytron.

1 fil R Max Max Max Amateur
Description '\y‘lpe 0 'O"fm ulmg]s Plate Plate  Plate Net
% Notis nps ype Volts Ma Ois Price
Low 10Y 75 1.25 Thor 450 65 15 $1.95
AND HY24 2 013 Onxide 180 20 2 1.50
MEDIUM  801A/80! 788 1.25 Thor 600 70 20 3.00
MU 864 (] 0.25 Oxide 135 5 = 1.50
TRIODES 1626 12.6 025 Cath 250 25 & 1.60
HY31Z § 6 2.55 Thot 500 150* 30" 550
HIGH-mU 6 32 . ]
TRIODES HYI1231Z § 12 16 Thor 500 150 30 5.50
5514m 7.5 3 Thor 1500 175 65 4.95
2C26A 6.3 115 Cath 3500 NQOTE 10 7.75
HY75A % § 63 2.6 Thor 450 90 15 470
VHF HY114B§ 1.4 0.155  Oxide 180 12 1.8 225
TRIODES  HY6!5 6.3 0175 Cath 300 20 35 225
955 63 0.15 Cath 200 8 1.8 319
9002 6.3 0.15 Carh 200 8 1.3 215
282545 3 038 Thor 450 75 15 5.50
2830§ 6 0.65 Oxide 250 60 10 225
3D21A 6.3 17 Cath 3500 NOTE 15 7 50
BEAM HY69§ 6 1.6 Thor 600 100 30 5.50
PENTODES 807 6.3 05 Cath 600 120 25 230
AND 837 12.6 0.7 Cath 500 80 12 415
PENTODES ivizess 20 32 thor 70 120 30 550
1625 12,6 0.45 Cath 600 120 25 230
55168 6 0.7 Oxide 600 S0 15 595
ANC\ETANS 954 6.3 0.15 Caln Sharp cutofl pentoae 490
TURES. 9001 63 0.15 Coth PSth curo:‘ ;:enlode| 270
. . €q ax nv Amaoleur
e Hemewioss Gos ol b p e
. P Ma Maf Pot. Pace
816 25 20 Mer 500 250 5000 $1.25
B66A /866 25 5.0 Mer 1000 500 10000 175
REGTIRIERS 1616 25 50 Vac 800 260 6000 7 50
Average Operating Av Min Amateur
Type Operating Ma Volis Starting Net
No. Voltage Min Max Reg Voltage Price
GASEQUS QA2 150 3 30 R 185 $2.00
VOLTAGE OB2 108 5 30 1 133 230
REGU- OC3/VRI0S 108 5 40 2 133 120
LATORS QD3/VRIS0 150 5 40 3.5 185 1.20
*Both sections of twin triode. NOTE: Special pulse tube, not recommended for ¢-w, consvlt Hytran Commer-
ciol Engineering Dept. for dota. §5514 supplonts the HY30Z HY40, HY40Z, HYSIA. HY518, and HYS1Z;
the HY7SA the RY7S; and the 2E25 the HY45. tCurrent for full wave. §instant.heating.

For better reception, it's also Hytron — GT, G, lock-in, or miniature.

www americanradiohistorv com

New dota sheets: 2€25,
2E30,HY31Z,HY69, HY7 SA,
HY12312, HY1269, 5514,
516, Free.

Keep wp! to date with 'the
Hytron Reference Guidé for
Minioture  Electron bes.
Free,

New t, nns’hming dnd Jpe(iul
purpaseltybe cataligye. It's
yoursifarthe askifigy

Simple, sure-fire vfo for 1% or 2 meters. HY-Q 75
kit: unassembled, $9.95; assembled, $11.95.

March, 1948 — ELECTRONICS



How Standard Coil uses
Centralab “Filpec”

to simplify production, save space on

l. F. Transformers

See where Standard Coil engineers use ‘'Filpec” to take
the place of 2 capacitors and 1 resistor. Result: im-
portant space and production savings plus trouble-fr
performance and long life.

1. F. Transformer courtesy of Standard Coil Products Co.

*Centralab’s revolutionary Printed Electronic
Circvit — Industry’s newest method
for stepping-up manufacturing efficiency!

F()R sMALL sizE, light weight and long life, there’s nothing like
Centralab’s new printed electronic civcuit plrer! That's why the
Standard Coil Products Co. uses “Filpec” in its new 1. F. Transformers.
And that's why you'll want to sec how it gives you higher circuit
cfficiency, more dependable performance as well as a reduction of line

. . R . ‘“‘Filpec’” gives you integral construction! Made
cperations 1n set and equipment manufacturmg.

with high dielectric Ceramic-X, CRL's Filpec as-
sures long life, low internal mductancc resistance
to humidity and vibration. Note schematic dia-
gram below, showing typical application.

Filpec combines two capacitors and one resistor into one tiny bal-
anced diode load filter unit, saves space, cuts inventory, is highly
adaptable to a variety of circuits. Capacitor values from 50 to 200
mmf. Resistor values from 5 ohms to 5 megohms. Resistance rating:
1/5 watt. 100 WVDC. Flash test: 200 VDC. For complete informa-
tion about Filpec performance, see your Centralab representativc ot
write for Bulletin 976.

- )Mc_
LQOQQQ0
LOOK TO n IN 1948! Al T
(TVTO00)
r ‘-—. ‘I

Division of GLOBE- UNION INC., Milwaukee
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CTRICAL INSULATIONS
E BUILT-IN STAMINA

gth, power and energy to resist the destructive
forces of overloading, extreme high and low temperatures,
moisture, corrosion from vapors, fumes and acids, oils,
grease, dust and dirt . . . the destroyers that play havoc
with electrical equipment protected by ordinary insulations.

Miraglas Tapes, Tubings, Sleevings, Cords and Cloths have the stamina that

adds life to the electrical apparatus they protect . . . they feature fewer
breakdowns, less maintenance, reduction of waste, savings in labor and
materials . .. and in every way they prove the standing they have earned
as the optimum in electrical insulation protection.
\_ecﬁ“:?“ Take note of MIRAGLAS ELECTRICAL INSULATIONS . . ..they stand for the
msug{,‘ﬁ?us ultimate in electrical insulations woven of Fiberglas Yarn . . . write today
‘?OA: s9 YEARS | for details and characteristics.

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

22 Moarch, 1948 — ELECTRONICS
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" HHONIALAA ?

U‘e believe we have done our

part to prevent inflation.

You. our cusiomers, now pay
only 15°/» more for Struthers-Dunn
Relays than you did in 1911.

By your increased orders and
our increased efficiency this has

been accomplished.

We look forward with confi=-

dence to the months ahead.

* Russian for “INFLATION"

5,348 RELAY TYPES

STRUTHERS -DUNN, Ine., 150 N. 13th St., Philadelphia 7, Pa.
*

ELECTRONICS — March, 1943
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Communications are vital. Meeting the high standards of this field is our
business —our only business. For coaxial transmission lines and related
accessories that are service-tested and proven dependable, follow the

leaders using CP equipment.

Sold by RCA and GENERAL ELECTRIC. Distributed nationally thru
98 service stations of GRAYBAR ELECTRIC COMPANY and distrib-
uted internationally by WESTREX CORPORATION.

fin

Sy
-
4
-
-
3

B *Trade Mark Registered

COMMUMICATION

www americanradiohistorv com
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o« .With installation-proved

SEAL-O-FLANGE’

€Coaxial Transmission Lines for

WABD—New York, N. Y.
WACE~—Waco, Texas
WAIM——Anderson, §. C.
WA JR—Morgantown, W. Va.
WAKR~—Akron, Ohio
WATG—Ashland, Ohio
WBGE—Atlanta, Ga,
WBNY—Buffale, N. Y.
WBOC—Salisbury, Md.
WBRE—Wilkes Barre, Pa.
WBTM—Danville, Va.
WCBS—Springfield, 11,
WCIL—Carbondale, lil.
WCOA—Pensacola, Fla.
WCOH~—Newman, Ga.
WCOM—Parkersburg, W. Va.
WCRO—Johnstown, Pa.
WCSC—Charleston, $. C.
WCTS—Cincinnati, Ohio
WDAF—Kansas City, Mo.
WDER—Chattanooga, Tenn.
WDLP—Panama City, Fla.
WDNC——Durham, N. C.
WDOD—Chattanooga, Tenn.
WEBC——Duyluth, Minn.
WEBR—Bufalo, N. Y.
WEEX~—Easton, Pa.
WEWS—Parma, Ohio
WFAA—Dallas, Texas
WFAH—Alliance, Ohio.
WFAS—White Plains, N. Y,
WFIL—Philadelphia, Pa.
WFLB—Fayetteville, N. C.
WFMR—Taunton, Mass.
WFRO-—Fremont, Ohio
WGAL—Lancaster, Pa.
WGGG—Gainesville, Fla.
WGBC—Miami, Fla.
WGNI—Wilmington, N. C.
WGPA——Bethlehem, Pa.
WGYN—New York, N. Y.
WHAM—Rochester, N, Y.
WHBC—Canlon, Ohio
WHCU-—Ifthaca, N. Y.
WHDOH—Boston, Mass.
WHEC—Rochester, N. Y.
WHK—Cleveland, Ohio
WHMH—Anniston, Ala.
WHPE-—High Point, N. C.
WHRV-—Ypsilanti, Mich.
WHYN—Holyoke, Mass.

- WIBA——Madison, Wis.
WIBW—Topeka, Kans.
WIBX—Utica, N. Y.
WINX-—Washington, D. C.
WITH—Baltimore, Md,

RODU(/

WJAS—Pittsburgh, Pa.
WJIBK —Detroit, Mich.
WJIDX—Jackson, Miss,
WIJEJ—Hagerstown, Md.
WIHP—Jacksonville, Fla.
WIMC—Rice Lake, Wis.
WINO—W. Palm Beach, Fla.
WISW—Altoona, Pa.
WIW—Cleveland, Ohio
WKAT—Miami Beach, Fla.
WKBH—La Crosse, Wis.
WKY—Oklahoma City, Okla.
WLAW—Lawrence, Mass.
WLBZ—Bangor, Me.
WMAL—Washington, D. C.
WMAZI—Macon, Ga.
WMBR—Jacksonville, Fla.
WMNY—Wo'er’owp, N. Y.
WNAO—Raleigh, N, C.
WNBF—Binghamton, N. Y.
WNDR—Syracuse, N. Y.
WNYE—Brooklyn, N. Y.
WONS-—Hartford, Conn.
WOR—New York, N. Y.
WOV—New York, N. Y.
WOW~—Omaha, Nebr,
WPEN-—Philadelphia, Pa.
WPGH-—Pittsburgh, Pa.
WQAM-—Miami, Fla.
WQXQ—New York, N. Y.
WRNI.—Ri(hmond, Va.
WRRF—Washington, D. C.
WRVA—Richmond, Va.
WSAN—Allentown, Pa.
WSB8—Atlanta, Ga.
WSFA-—Montgomery, Ala,
WSLl—Jackson, Miss.
WSPA—Spartanburg, . C.
WSPD-—Toledo, Ohio
WTAG—Worces!er, Mass,
WTAR—Norfolk, Va.
WTIC—Hartford, Conn.
WTIMJ—Milwaukee, Wis.
WTOC—Savannah, Ga.
WTOP—washington, D. C.
WWNC—Asheville, N. C.
WWNY—Watertown, N. Y.
WWPB—Miami, Fla.
KALB—Alexandria, La.
KARM-——Fresno, Calif.
KARV——Mesa, Ariz.

KBMT—San Bernardino, Calif,
KBNT—San Bernardine, Calif.

KCMC—Texarkana, Texas
KCNA—Tucson, Ariz.
KCRA—Sacramento, Calif,

wwww AM,FM- and Television

KCVR—Lodi, Calif.
KDNT—Denton, Texas
KDSH—Boise, Idaho
KENI—Anchorage, Alaska
KENO——Las Vegas, Nevada
KFAC—Los Angel#s, Cclif.
KFAM-—St. Cloud, Minn.
KFDA—Amatillo, Texas
KFDF—Wichlta Falis, Texas
KFOM—Beaumont, Texas
KFMB—San Diego, Calif.
KFRE—Fresno, Calif.
KFSA—Ft, Smith, Ark.
KFXD—-Boise, ldaho
KGA—Spokane, Wash.'
KGFN—Grass Valley, Calif.
KGKB—Tyler, Texas
KGO-—San Francisco, Calif.
KIEM—Eureka, Calif.
KIMV—Hutchinson, Kansas
KIOX—Bay City, Texas
KIXL—Dallas, Texas
KJBS—San Francisco, Calif.
KMBC—Kansas City, Mo.
KMOX—St. Louis, Mo.
KNDX—Grand Fork, N. D.
KOCS—Ontario, Calif.
KOCY—Oklahoma City, Okla.
KOIN—Portland, Oregon
KOVO-—Provo, Utah
KOWL—W. Los Angeles, Calif
KPRC—Houston, Texas
KPUG—Belllngham, Wash.
KRBA—Lufkin, Texas
KRBC—Abllene, Texas
KRE—-Berkeley, Calif.
KRIG—Odessa, Texas
KRIO—McAllen, Texas
KRLD—Dallas, Texas
KROC—Rochester, Minn.
KSD—St. Louis, Mo.
KSON—Aberdeen, S. D.
KSEl—Pocatello, 1daho
K$JO-—San Jose, Calif.
KSTP—St. Paul, Minn,
KTEM—Temple, Texas
KTFl——Twin Falls, Idaho
KTOK—Oklahoma City, Okla,
KTYW—Yakima, Wash.
KVCV—Redding, Calif.
KVVC~—Ventura, Calif.
KYWA—Eliensburg, Wash.
KWEl—Weiser, Idaho
KWIK—Burbank, Calif.
KWRN—Reno, Nevado

0/
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To Keep Your Product

Instead of an

REMEMBER: ROCKBESTOS WIRES and CABLES

RESIST HEAT, AGING, FUMES, FLAME and GREASE

The product you build today must be a better self-
salesman than the one you built 12 months ago—
because the U. S. consumer dollar is doing an
increasingly more thorough value searching job,
week by week and day by day.

Rockbestos wires, cables and cords will help you avoid
repairs, servicing, replacements and customer dissatis-
faction, as well as sales-killing publicity that soon means

NO CUSTOMERS.

From airplanes to waffle irons, from calculators to loco-
motives, here are the advantages which go to buyers of
Rockbestos-wired products:

Permanent insulation with impregnated felted asbeslos.

No rotting, blooming or swelling from oil, grease or cor-
rosive fumes.

No baking brittle from conductor-heating overloads.
No destructive and expensive wire-fires.
No deterioration from age or oxidation.

Stepped-up current carrying capacity via high  heat
resistance.

125 permanently insulated constructions—from Firewall
Hookup Wire to 5000 Volt Rockbestos A.V.C. Power Cable
— give you a wide range of failure preventing wires, cables
and cords to select from. Write to our nearest district office
or the address below for recommendalions, samples or
information.

ROCKBESTOS PRODUCTS CORPORATION
457 NICOLL ST.,, NEW HAVEN 4, CONN.

NEW YORK BUFFALO CLEVELAND
CHICAGO PITTSBURGH ST. LOUIS
LOS ANGFLES OAKLAND, CAL.

DETROIT

ROCKBESTOS

26

SOUGHT-AFTER

LOOKED HAS-BEEN . ..

ROCKBESTOS FIREWALL HOOKUP WIRE

This heat, flame and moisture resistant wire,
insulated with high dielectric tapes and im-
pregnated felted ashestos and covered with
color-coded, lacquered glass braid, has a maxi-
mum operating temperature of 125° C. ldeal
for radios, television, amplifiers, calculators or
small motor, coil, dynamotor and transformer
leads. No. 22 to 4AWG in 1000 volt rating —
No. 12, 14 and 16 AWG in 3000 voll rating.

L Rt ililises
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ROCKBESTOS THERMOSTAT CONTROL WIRE

A nulti-conductor control wire for fuel burner
controls, safety pilots, intercommunications and
signal systems. Its asbestos insulation and steel
armor assure trouble-free eircuits. Sizes No. 14
to 18 AWG in two to tive conductors with .0125",
025" or (for 115 volt service) 031" of im-
pregnated ashestos insulation.

ROCKBESTOS A.V.C. MOTOR LEAD CABLE
Use this 600 volt apparatus cable for coil con-
nections, motor and transformer leads exposed
to overloads and high ambient temperatures.
Insulated with impregnated felted asbestos and -
varnished cambric, and covered with a heavy
ashestos braid, it is heat-proof and resistant to
oil, grease, moisture and flame. Sizes 18 AWG
to 1,000,000 CM.

A few of the 125 permanently insulated
wires, cables and cords developed by
Roclbestos to protect product performance
and give lasting service wn 300 to 5000
volt applications.

The Wire with Permanent Insulation

March, 1948 — ELECTRONICS
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ASSURED DELIVERIES
An organization of vast re-

sources guarantess your order. =
COAST-T0-COAST FACILITIES

11 plants and 25 saies offices
ocross the nation.

N
EXPERIENCE

Yeors of “know-how’’ mean

batler products.

TECHRICAL SERVICE
. Practical field engineers to \
. solve your problems. >y RESEARCH
‘ Trained metalivrgists with ax-
tensive loboretory facilities. QUALITY CONTROL
Continuing analyses with the
alatest sciontific equipment.

GOOD SOLDER, AND ALL THIS TOO!
In Federated solder you get the exacl and ingot; acid core, rosin core and
metal you specity, PLUS all these in- solid wire; triangle, strip, wiping
tangi])]e ingre(liel’][s, These back- and segment—see Federated first.

ground factors mean service and
security...they mean that you get W
consistently better solder to help

. ; METALS DIVISION
you do a consistently better job.

For any size, form, or composition AMERICAN SMELTING AND
L ) . REFINING COMPANY
of solder—bar, P, bOdy, dl’Op, foil 120 BROADWAY, NEW YORK 5, N. Y.

F-CCls
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YOU MAY NEED

You may be searching at this moment for
a material that will help you enhance the

appearance of a product . . . add sparkle to

a novelty or display . . . or handle an in-

sulating job on high frequency equipment.
Turn your attention to Plax polystyrene or
methacrylate rod.

Both of these Plax products are enjoying

wide usage in a varicty of fields. Plax poly-

CHART ON "HOW TO USE PLASTICS"

Now available for the asking is a table of
properties for six materials available from
Plax in varicus forms and formulae. This has
been incorporated in the Plax catalog, which
also contains helpful information on the pri-
mary uses of each material.

A copy will be sent promptly upon receipt of
your request.

Between the resources of Shaw Insulator
Company, lrvington 11, N. J.,, and Plax Cor-
poration, Hartford 5, Conn., you can find help

THESE TWO RODS

styrene rod, available in round, square or
twisted shapes, is used in high frequency
insulation, chemical applications, novelties,
display pieces and for many general indus-
trial purposes. Plax methacrylate rod also
offers a diversity of applications.

Make sure you have the complete story
about what these and other Plax products

can do to improve your products.

P. 0. BOX 1018 * HARTFORD 1, CONNECTICUT
In Canada — Canadian Industries, Ltd., Montreal

on virtually every material and method in
plastics today.

28 March, 1948 — ELECTRONICS
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VOLTAGE RANGE:
3,000,000 to 1

READINGS:

Jd mv to 300 v

FREQUENCIES:

20 cps to 2 mc

THE NEW -hp- 400C
VACUUM TUBE VOLTMETER

Increased sensitivity. Wider range. Easy-to-read

linear scale. Space-saving, time-saving versatility!

Those are but a few of the many advantages

of the new -hp- 400C Vacuum Tube Voltmeter.

30 times more sensitive than the -hp- 400A
volimeter, the new -hp- 400C accurately
determines voltages from .1 mv to 300 v.
Its measuring range is broad and new —
3,000,000 to 1. And with it you can make
split-hair measurements all the way from
20 c¢ps to 2 mc!

The big, clearly-calibrated linear scale
reads directly in RMS volts or db based on
I mw into 600 ohms. Generous overlap
makes possible more readings at mid or
maximum scale, where accuracy is highest.
A new output terminal lets you use the
-hp- 400C as a wide-band stabilized ampli-
fier, for increasing gain of oscilloscopes,
recorders and measuring devices. As a
voltmeter, the new instrument has still
wider applicability — for direct hum or
noise readings, transmitter and receiver
voltages, audio, carrier or supersonic vol-
tages, power gain or network response.

Naturally the new -hp- 400C includes the
familiar advantages of the -5p- 400A volt-
meter. Range switch is calibrated in 10 db
intervals providing direct readings from
—~70 dbm to +52 dbm. Overall accuracy

ELECTRONICS — March, 1948

is =39 full scale 1o 100 kc. High input
impedance of 1 megohm means circuits un-
der tese are not disturbed. And the rugged
meter movement is built to safely with-
stand occasional overloads 100 times
normal.

In every respect, the convenient, durable
-hp- 400C is the ideal new volumeter for
precision work in laboratory, plant or re-
pair shop. Complete details are available
at no obligation. Write today!

Hewlett - Packard Company

1556A Page Mill Road - Palo Alto, Calif.

Power Supplies

Frequency Standards
UHF Signal Generators

CHECK THESE
SPECIFICATIONS |

VOLTAGE RANGES:

12 ranges. Full-scale readings.

.001 v 100 v 10.0 v
003 v .300 v 30.0v
.010 v 1.00 v 100. v
.030 v 3.00 v 300. v

FREQUENCY RANGE: 20 c¢ps to 2 mc

ACCURACY:

=+ 3% full scale 20 ¢ps to 100 ke
+ 5% full scale 100 ke to 2 me

INPUT IMPEDANCE:

1 megohm shunted by 15 vuf, on .01 v
to 300 v ronges.

1 megohm shunted by 25 vuf, on
.001 v to .003 v ranges,

METER SCALE:

3” linear. Voltage ranges related by 10 db steps.
Db calibrated —12 to + 2 db. Zero level 1
mw into 600 ohms.

OUTPUT CIRCUIT:

Maximum 0.5 v full scale. Internal impedance
1000 ohms.

POWER SUPPLY:
115 v, 50/60 cps, 45 watts.

CABINET SIZE:
8” high. 712” wide. 9 deep.

Amplifiers

Square Wave Generators

Electronic Tachometers Frequency Meters

Audio Frequency Oscillators  Attenuators

Audic Signal Generators Noise and Distortion Analyzers Wave Analyzers Vacuum Tube Voltmeters

www americanradiohistorv com
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" pHOTOGRAPHS, pROJECTIONS,
HiGH-SPEED TRANSIENTS ARE

When projection lenses are available,
you can project the oscillogram in a
well-lighted room with perfect visi-
bility, as in this unretouched photo-
graph. Note open window.

i - Y}
- if it's a

 DUMONT Type 247.A
CATHODE-RAY USCILLUGRAPH

' Modified from the Type 247, this new Du Mont Type
247-A is such a stariling success that phenomena
hitherto totally invisible can now be easily seen. Such
modification extends the range of the instrument tre-
mendously in the field of transient studies or high-speed
photographic applications.

The modification utilizes the new Type SRP Cathode-
Ray Tube operable at voltages up to 30 KV, producing
sufficient brilliance for direct projection, if required.

Other features are: automatic beam blanking; choice
of single or continuous sweep; sweep rates available
from .5 cps to 50,000 cps; Z-axis amplifier with choice of
output polarity; soundly engineered electrical and me-
chanical design.

B) Further details on request.
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DRIVE RECORDERS ... FANS
ooo aand other devices

® |t pays to use Alliance Motors for sound
recorders, fans and many other devices. Mass produced
at low cost, they’re engineered for each job. Motors
for continuous or intermittent duty can be supplied
semi-enclosed or completely enclosed, with oilers.
Coming in varying stack thicknesses to provide the
right amount of power, the entire power range runs
from about 1/400th h.p. up to 1/20th h.p. Also, speeds
from 1550 rpm down to 500 rpm provide a versatile

line of shaded pole induction motors designed for

quiet, efficient operation—for economy and long life!

ALLIANCE MODEL B SPECIFICATIONS 4-pole
shaded induction motor. Motor as illustrated is

3% 7 square with a 1 Y4’ stack-thickness. Other stand-

ard stacks are 347 and 1347 -—squirrel cage rotor—

semi- or fully-enclosed construction.

Operates on 115 volts, 60 cycles, single phase.
. Weight as shown 42 Ibs. Starting torque approx.

40% of torque at full load rating. Can be made
with single or double %is” shaft. Construction is simple

but rugged throughout.
/ Model B is ideal for operating sound recorders, fans,

heaters and many other devices.

AIR CONDITIONER ROOM HEATER

AR CIRCULATOR

WHEN YOU DESIGN—KEEP

ALLIANCE MANUFACTURING COMPANY-ALLIANCE, OHIO
Export Department: 401 Broadway, New York 13, N. Y., U. S. A,

i
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Roaring into action on fighting PT
boats, Premax Monel antennas de-
fied salt spray, weather, und 1chip-
ping wind.

Premax Monel Antennas are built
in multiple sections of tough, cold-
drawn Monel tubing, telescoped
one inside the other. Above illus-
tration shows antenna in fully tele-
scoped position.

32

o et Are antennas one of your headaches? Maybe the story of

NICKEL

HOW TO PULL SIGNALS
OUT OF A SAVAGE \ ETHER

how the antenna problem was solved aboard PT hoats will be
of some help 1o you.

PT antennas had 1o fight corrosive salt air and water. They
needed sirength and stiffness to withstand whipping winds
and plunging boats. They had to function in arctie cold and
tropic heat.

An answer was worked out for the Navy by Premax Prod-
ucts Division of Chisholm Ryder Co., Inc., Niagara Falls, N.Y.
It consisted of telescoping tubular antennas, made of sections
of seamless tubing furnished by the Superior Tube Co., Nor-
ristown, Pa.

The metal that met the combination of conditions? —Monel.*
To quote Premax engineers:

“Monel has been found to be the most practical
material for radio antennas. Sudden shocks
do not affect its toughness . .. its fatigue strength
exceeds the limits of mild steel or all brasses
and bronzes.

“Rigid tests by both Government and private
agencies have shown Monel antennas to be depend-
able and satisfactory under all conditions.”

Do you have an electrical problem that can be solved by the
combination of properties obtainuble in Monel... or the
other Inco Nickel Alloys?

Al are strong, tough, and corrosion resistant. In addition,
each has special properties needed for special jobs. Write us
describing your problem. Our technical assistance is vours
whenever you ask for it.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N.Y.

OF SERYICE
L*e “K** MONEL ¢ “S$”* MONEL » “R”* MONEL ¢ “KR”* MONEL
ALLOYS Weor

INCONEL™ « NICKEL o “L"* NICKEL » “2”* NKKEL *Reg. U.S. Pat. Ofn.
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Set your Sales by the Leland LOADSTAR

COOL-RUNNING! Internal fan air-cooling,
and newly devefoped ventilation features.

QUIET! Exceptionally close tolercnces elim-
inate vibration, profong motor life. Engi-
neered throughout for smooth, sifent operation
under most exasting conditions.

SELECTION! 1/& to 3 HP. Types—ball bear-
ing ond sleeve bearing; open and enclosed;
horizental and vertical. Thermomatic control
optionel. Special-purpose motors built to
specifirations.

1llustrated: The leland
Loadstar Type KU Capacitor
Start-Induction Run Motor

Loapstar-roweren, your product will encounter smoother sailing at the

point of sale. However high your production and performance standards—
you’ll find the self-same qualities in Leland Loadstass. Thus, the Leland
nameplate—on hushed, sweet-running, cooler motors—becomes an
important factor in the service of your product and in the satisfaction it is
built to render. Specify Leland Loadstars for HP per cubic inch as high as any
—for HP per pound higher than most, Write for complete descriptive folder.

THE LELAND ELECTRIC COMPANY, DAYTON 1, OHIO, Branches In all principal cities.

~

LELAND tossax MOTORS

MOTORS OF ALL TYPES——ENGINEERED TO INDUSTRY'S SPECIFIC NEEDS




e COATING PROCESS

So secret have some disc manufacturers kept the actual process of disc
coating that even the crude method illustrated might seem none too bizarre.
The development of the Soundcraft disc coating to combine low surface noise
with high mechanical strength (quietness with high response) demanded appli-
cation of heavy viscosity (fine grain) lacquer.

® To coat smoothly such a molasses-like liquid precluded the use of such
common processes as dip-coating wherein layer upon layer of thin lacquer
built up the required thickness as the disc rotated half submerged. Spray
build-up was also out of the question.

® The answer was flow-coating, a method by which lacquer is virtually dropped
on the disc. To obtain uniform distribution by flow-coating, highly specialized
equipment was developed. So accurately does this Soundcraft machinery con-
trol not only the direction and rate of flow of lacquer as it hits the disc but
also the movement of the aluminum base, that the heavy film is applied almost
as though a dry plastic were being laid over the aluminum.

® To visualize such a process is often difficult. Final evidence of it, however,
is the precision surface of your Soundcraft disc—one more factor that mini-
mizes uncertainty and establishes disc recording anew on a standardized,
predictable basis.

*Watch this space for succeeding ads in this informative series on bow Soundcraft discs are made.

REEVES(’mmd;cdaftcoaP.

10 EAST 52nd STREET < NEW YORK 22, N. Y.

I
3Ae %'oaJcadfer’ jﬁe 79 /ayéacé , 3Ae %uc[ilion ’ jﬁe ‘WZzedlro ’
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THE ALLIED
“pPR”

A COMPACT
Power Relay

for a WIDE range
of dpplz’mtz’ons

The new Allied “PR” Relay meets the
demand for a small versatile relay.

This new addition to the Allied line
of precision relays has been designed
to simplify your relay problems. Its
availability in 1, 2, 3, or 4-pole,
double-throw, normally-open or nor-
mally-closed and in double-break
contact arrangements make it suitable
for use in an even wider range of
applications than the well-known
“CR” type which it replaces.

These are scme of the important rea-
sons why this small relay is equipped
to do a big job:

@® Contact Rating— 10 amperes, or
30 amperes for double-break con-
tacts, at 24 volts D.C. and 110 volts

A.C. non-inductive with standard sil-
ver contacts. This rating is attained
by high contact pressures which usu-
ally are obtainable only in a much
larger relay.

® Coil Rating—D.C.—up to 120
volts. A.C.—up to 220 volts with a
maximum contact arrangement of

double-pole, double-throw.

® Mounting— horizontal or vertical
mounting frame for maximum

adaptability.

® Terminals— easy-to-wire contact
and coil terminals are conveniently
located.

These features plus the skillful work-
manship and superior materials that

go into the manufacture of every
Allied precision relay mecan better
relay performance . . . longer relay
life in your equipment. Write for
complete information on this and
other Allied relays.

HERMETICALLY SEALED
TYPE PR RELAYS

TYPE PRH—Solder terminals.
Up to four-pole, double-throw.

TYPE PRHO —Standard octal
plug-in base. Up to three-pole,
single-throw, normally open or
closed or any combination of
six contact arms,

AL-113

ALLIED CONTROL COMPANY, INC.

Dept.A, 2 East End Avenue ® New York 21, N. Y,

ELECTRONICS — March, 1948
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FACTS WORTH NOTING

IRCON INSULATION CEMENT
FOR ELECTRIC HEATERS

TAM zircon cement 31568-H has been developed to meet all five major |
requirements of insulation cements: 1—easy application: 2—refractoriness: :
3—certain limiting values to current leakage at operating wattage, under
humid conditions; and under an externally applied stress voltage: 4 —stability
of insulation and structure through a 1000 hour-life test: 5—reasonable cost. [

Performance indicates an outstanding group of compositions, both electri-

cally and ceramically. The results listed below apply to a particular structure

for cement applied in a specific manner. Any variation may alter results.

DRY PRESS FLAT IRON

CEMENT OPERATING LEAKAGE HUMIDIFICATION LEAKAGE RETURN TO NORMAL

31568-H 0.002 M. A. 0.2 15 to 30 seconds

In dry press work insulation thickness is relatively greater than other assemblies which accounts for

the very low values obtained.

STRIP HEATERS MUD CAST RANGE ELEMENT
Operating Leakage = 0.002 M. A. Leakage at operating wattage = 0.055 M. A.
Heater cold stress voltage 700 0.1 M. A. Leakage after humidification 3.2 M.A .
Heater cold stress voltage 1500 0.7 M. A.
Heater hot stress voltage 700 0.00 M.A. Returns to normal in 15 to 30 seconds after

t is turned on.
Heater hot stress voltoge 1500 04 M. A. BV et

TITANIUM ALLOY MANUFACTURING COMPANY

Executive Offices: 111 Broadway, New York City General Offices and Works: Niagara Falls, N. Y.
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When you bring your sheet metal fabrication problems to
KARP, you immediately set in motion a “round table” board of
experts whose combined specialized skill and experience is
without an equal in the field. This group includes the president,
chief engineer, chief draftsman-designer, chief toolmaker, plant
superintendent, production manager and cost accountant.

These men make a detailed study of your special require-
ments. They plan, design and engineer the job with your needs
and uses in mind. They determine the best manner of producing
it, utilizing KARP’S superior equipment and facilities to your
greatest advantage.

When your job is finished, it will be correctly designed for its
application, handsome, rugged and built for long service life.
You will have no costly problem of assembly . . . no need to
spend additional time and labor on finishing touches. The, job
will be COMPLETE, reqdy for the-installation of your electrical
or mechanical operating parts with ease and simplicity. No
matter how many units you order, every last detail will be
absolutely uniform.

This custom service not only gives your product added value,
but under KARP methods may often save you money.

Consult us for cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabrication.

Write for Our New Catalog.

Kur METAL PRODUCTS CO., INC.

“gmlom %ﬂ Yimen cn %ee[ ///dd . onn s’

124 . 30th STREET, BROOKLYN 32, NEW YORK
ELECTRONICS — March, 1948
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It's the clock that makes an automatic toaster pop
up at exactly the right second. High heat . . . cur-
rent leakage . .

against heat and current leakage, and dependability
over a long period of time.” So say the makers of

. abrasion and wear—these are Universal Toasters.

some of the clock lead insulation problems that

make “never fail” insulation a nccessity.

In the new Universal Automatic Toaster, the leads
from the clock assembly to the heating element

Try BH Fiberglas Sleeving in your own plant, in
your own product. See how it stays flexible as
string, cuts without fraying. Compare it with ordi-

nary saturated sleeving. Learn why leading manu-
facturers of home appliances, radios and industrial
@ypment have standardized on BH Fiberglas

are protected with double braided BH Fiberglas
Sleeving, special treated for heat resistance up to
1200° T.

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

Bentley, Harris Mfg. Co., Dept. E-20, Conshohocken, Pa.
I am interested in BH Non-Fraying Fiberglas Sleeving for

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

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

O Cotton-base Sleeving and Tubing

O Ben-Har Special Treated Fiberglas
NAME COMPANY Tubing
ADDRESS
36
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® Philco Radiophone Systems are
Available for Operation on All
Frequencies Assigned for Mobile
Communication.

® Free Engineering Consultation
Service,

PHILADELPHIA e PENNSYLVANIA

ELECTRONICS — March, 1948

PHILCO

the leader

* spec

D

imensions

ifications

152-162 Megacycles
8Vax12x19V,"'

Sensitivity

0-.5 microvolts for full audic output

Selectivity

Band width 40KC at 6 Db down.
Adjacent channel (60KC) —60 Db minimum.

Alternate channel (120KC) —106 Db minimum.

Spurious response

—60 Db minimum.

Squelch

0.3 microvolts minimum
6.0 microvolts maximum

Power supply

Synchronous vibrator

Frequency range

Modulation characteristics

152-162 megacycles

+4-20KC at 3,000 cycles equal 100%

Frequency stability

+.005%

Spurious emission

—60 Db minimum

Power supply

Dynamotor

Antenna relay

Built-in for transmit-receive operation

Temperature range for

normal operation

—30° Cto 60° C

@ Nationwide Service Organization.

SN GED GED END GER END FED SID G SUW SN GEN SED mm S GER GD)

r
MAIL COUPON TODAY FOR FULL DETAILS » | Dept. J-2, Industrial Division

Philco Corporation
C and Tioga Streets
Philadelphia 34, Penna.

Gentlemen:

System.
NAME.

Please send me information about the new
PHILCO FM Radiophone Communication

ADDRESS.

cITy

www americanradiohistorv com
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At Bell Telephone Laboratories, more than 2300 scientists, engineers,

and their associates are continually exploring and inventing, devising

and perfecting for improvements and economies in telephone service.

BELL TELEPHONE LABORATORIES

www americanradiohistorv com
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TO PLEASE YOUR
CUSTOMERS

Model LX Rim Drive Constant Speed

Bl hegegephiMotes ® Yes, it’s your customers who will appreciate the plus features
of General Industries’ Model MX Phonomotor — split-second
pickup to full constant speed . . . dependable, quiet operation . . . and

a fuil measure of famous GI Smooth Power.

In this up-to-date motor, no detail which could contribute to
increased customer satisfaction has been overlooked. Scientific
noise elimination through accurate balancing and improved
s x i cushioning . . . superior idler arrangement which positively elim-
Model RC-130 Combination — inates vertical wobble . . . anti-friction bearing construction for

Changer Recorder long trouble-free service . . . are but some of the reasons why the
MX stands out as the top-quality value for top-quality phono-
graphs and record-changers.

From the drawing board to the final inspection line, the MX has
been designed, engineered and built to be the finest phonomotor
of its type available. Plan NOW to give your customers the extra
quality that’s inherent in every General Industries’ phonomotor,
Model R-90 Dual-Speed, Home recorder and combination record-changer recorder. Complete
Recordingand Phonograph Assembly . . . .
information is available upon request.

The GENERAL INDUSTRIES Co.

DEPARTMENT B « ELYRIA, OHIO

ELECTRONICS — March, 1948 39
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Change from
Normally Open
to Normally
Closed contacts
simply by shift-
ing connections.

Dimensions 3% in. x 3 in. x 3% in.

A-B TIMING RELAYS

BULLETIN 848 TIMING RELAYS
are ideal for any service requiring
an adjustable, delayed action re-
lay. Have Normally Open or Nor-
mally Closed contacts.

Magnetic solenoid core is re-
strained from rising by the piston
in fluid dashpot. Adjustable valve in piston regu-
lates time required to pull piston through fluid seal
and trip the contacts, which open or close with
quick, snap action. Ideal for transmitter plate
voltage control.

A-B HEAVY DUTY CONTACTORS

BULLETIN 702 SOLENOID CONTACTORS for
heavy duty ratings up to 300 amperes. Arranged
for 2- or 3-wire remote control with push buttons
or automatic pilot devices.

Enclosing cabinets for all service conditions.
Double break, silver alloy
contacts require no main-
tenance. Solenoid mechan-
ism is simple and trouble
free. These Allen-Bradley
solenoid contactors can be
furnished in a variety of en-
closures to meet any service
requirement. Write for Bul-
letin 702, today.

40

- RELAYS * CONTA
ELECTRONIC APPLICATIONS

- - e - -
o e - -
G i

CTORS * LIMIT SWITCHES

Relay with L2
0'NORMALLY 0PtN BTS
1 NORMALLY (lDSED‘h

Reloy with 2.2 Reloy with
4 NORMALLY OPEN 2|2 3NORMALLY OPEN 2/2
G NORMALLY (0SEDSLS 1 KORMALLY CtOSED 212
os oo woNtacs 33

Reloy with
2 NORMALLY OPEN
2 NORMALLY CLOSED 212
CONTACTS CONTACTS 22

Relay with

T NORMALLY OPEN
3 NORMALLY (UJS(D:I'Lv
CONTACTS CONTACTS e
BULLETIN 700 UNIVERSAL RELAYS have two banks of contacts
for quick changes from Normally Open to Normally Closed con-
tacts . . . or vice versa. Available in 10-ampere rating with 2, 4,
6, and 8 poles; double break, silver alloy contacts need no main-

tenance. No pins, pivots, bearings, or hinges to bind or stick.

A-B LIMIT SWITCHES

for Radio Transmitter Cabinet Doors

ﬂ{@»x

=
.

Precision Limit Push Type. Sprifg return
Switches with Slow action. roller type limit
solder lugs or N. O. or N. C. switch. Setting
screw terminals. contacts. is adjustable.

Limit switches serve many electronic applications. Those
shown above may be used for safety interlocks on transmitter
cabinets. They serve as pilatzcontrols for actuating Allen-
Bradley 702 Heavy Duty Contactors which will disconnect all
electrical apparatus in the cabinet if the doors are opened.

Limit switches are also used for electricdl sequence switch-
ing; restricting machine motions; starting, stopping, and re-
versing motors, etc. The Allen-Bradiey line of limit switches
fills a 70-page catalog. Let us send you a copy.

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

ALLEN-BRADLEY
RESISTCRS RELAYS

March, 1948 — ELECTRONICS
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LAPP INSULATOR COMPANY, INC., LE ROY, NEW YORK
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What’s your problem?
Fine Wire? Tungsten? Molybdenum ?

Problem 1

Mr. Hi Hott needed molybdenum sheets for
forming into parts. High hot strength and
good ductility were required. North Ameri-
can Philips supplied him with Elmet Molybde-
num sheets that met his specifications exactly.

Problem 2

Mr. N. O. Emission, II, required plated
grid wires. He solved his problem with
a call to Fine Wire Headqguarters. We
shipped him some gold plated tungsten
and molybdenum wires. Result: no sec-
ondary emission.

Problem 3

Mr. Insulate needed enamelled fine wire. So
he ordered from Fine Wire Headquarters,
and received fine enamelled copper wire
made to his specifications.

the answer

HY not call Fine Wire Head- So—when you have a problem on Fine
quarters when you have a ques- Wire, Tungsten or Molybdenum—wire,
tion about fine wire? We can’t do the phone or write to North American

impossible, but we can do lots of Philips, makers of NORELCO Fine Wires,
things that can bring you the right fine and ELMET Tungsten and Molybdenum
wire for the job. products.

NORTH AMERICAN PHILIPS COMPANY, INC.
Dept. E-3, 100 East 42nd St, New York 17, N. Y.

42 March, 1948 — ELECTRONICS
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When we say Radio Noise-Proofed—we mean Radio Among these stock types there may be one which
Noise-Proofed. It’s no trick at all to buiid a filter will bring the interference level of your product
with high attenuation at 150 kc or 100 mc . . . but down to the level of a rabbit’s bark. If not, we
to build one which filters at 150 k¢ and 100 mc—as invite you to make full use of our Radio noise-
well as all points in between—is a horse of a differ- proofing laboratory and our engineers for the de-
ent color. We know because we've done it. It is velopment of a unit designed for your specific needs.
only one of hundreds of available types of C-D Your inquiries are cordially invited. Address:
Quietones designed for all standard requirements. Cornell-Dubilier Electric Corporation, Dept. K-3,

South Plainfield, N. J. Other large plants in New
Bedford, Worcester and Brookline,
~ Mass., and Providence, R. L

Make Your Product More Saleable
With C-D Quietone Radio Noise
Filters and Spark Suppressors

MICA o DYKANOL e PAPER e ELECTROLYTIC
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PROFESSIONAL PERFORMANCE —that keeps the original sound alive!?

g~
=

o

Make Eaech - - :
Record a

| =\
Personal & 2 /P>
I |
Appearance N A

—with precision control of recording quality

Listen critically: Your station is on the air. There’s your an-
nouncer’s voice . . . the opening music . . . the song . .. the
chatter. Is it a ‘live’ or a ‘recorded’ program? Not even your
trained ears should be able to tell!

Today, truly professional recording reproduces all of the
quality and natural beauty of music or speech with full
naturalness. It keeps the original sound alive.

You can sum up the reasons for the unexcelled ‘live’ performance of the
Fairchild Unit 523 Studio Recorder in one simple statement: It provides a
maximum flexibility of mechanical operation that permits the operator to secure
unexcelled quality of reproduction. Fairchild provides instant, infinite variation
of pitch from 80 to 160 lines-per-inch by means of a unique planetary-driven
lead screw. Operation is controlled by a single, easily accessible knob, as illus-
trated at the left. This makes it possible to record a very loud passage at 90
lines-per-inch and to follow it with soft passages at 120 or 130 lines-per-inch
without dial twisting or the danger of overcutting the next groove.

Timing is accurate to a split-second. Operation is ‘WOW’-free. Turntable
noise, rumble and vibration are non-existent. And the performance of the Transeription Turntables
Fairchild Unit 541 Magnetic Cutterhead — which is standard equipment on the
Unit 523 Studio Recorder—has been engineered for full dynamic range; minimum
distortion content and broad frequency range. Want more details? Address: Lateral Dynamic Pickups
88-06 Van Wyck Blvd,, Jamaica 1, N. Y. Unitized Amplifiors

] ;WM CAMERA

AND INSTRUMENT CORPORATION
44 March, 1948 — ELECTRONICS

Studio Recorders

Magnetie Cutterheads

Portable Recorders

£ 1947°F. C. AND I. CORP.
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NICHROME"

This new, fireless home-heating furnace, manufactured by
Electromode Corporation, heats a house noiselessly“by electricity.
No dust, no ashes . . . no fuel storage tanks, no elaborate installa-
tions. 4 i

The furmace, which is only 40” x 262" x. 58”, contains six
heating elements, each consisting of an insulated NICHROME resis-
tor wire in matal sheath, embedded in o finned aluminum casting.
A master thermostat inside the house controls two of the units.
The four remaining units are controlled from exterior thermostats
set at variaus temperatures. As outside temperdature falls, addi-
tional heating units are cut “‘in”’ as the various thermostat settings
are reached; conversely, when outside temperature rises, units
are cut “‘out’’. Thus maximum heating flexibility is combined with
economical operation. Room temperatures vory only about 3°
from floor #o ceiling.

In developing this heating equipment, the E ectromode Cor-
poration encauntered the problem of providing electrical heating
elements efficient enough to heat an entire home. yet sufficiently
compact to fit into o space-saving outer cabinet They selected
NICHROME as the resistance wire for this exacting job, in order to
assure top-level performance and a life-time of trouble-free oper-
ation. :

Whatever your product, if it requires a resistance element
combining hich efficiency with long life, specify NICHROME. And
remember, there are more than 80 Driver-Harris electrical resistance
alloys specifically designed to fill the numerous requirements of
the Electrical and Electronic Industries . . . get in touch with us for
expert advice.

ANWW . ame anracaio 0

Drzver—H arvis
CO M PANY

Exclusive Manufccturers -of Michrome
HARRISON, N. J.

BRANCHES: Chicago e Detroit ¢ Cleveland
Los Angeles e Sanm Francisco o Seattle

THE B. GREENING WIRE COMPANY, LTD.
Hamiltea, Oatario. Cancda

£

*Trode #Aark Reg. U. S. Pal. Off,
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o

for Home Antennas

Problems encountered in the manufacture
and erection of home antennas for television
and FM receivers are most easily solved by
using Revere Aluminum Tube. Note these
features:

Strength. Revere 415-T6* Aluminum has high
strength for masts. Typical properties are
40,000 p.s.i. yield strength and 45,000 p.s.i.
tensile strength.

Workability. Revere 615-T4* Aluminum can
be easily bent if desired for the formation of
dipoles. Both this and 61S-Té* are easily cut,
drilled, and threaded. Typical properties of
61S-T4* are 21,000 p.s.i. yield and 35,000
p.s.i. tensile.

Lightness. Aluminum tube, being only about
one-third the weight of steel, reduces trans-
portation charges and facilitates installation
work.

Beauty. Aluminum can be anodized and
given almost any desired color. Most people,
however, prefer it in its silvery beauty without
adornment.

Revere Aluminum Tube is available in
practically any size that might be required,
and thus each design can be engineered to
its own requirements. Revere and any
Revere distributor will gladly quote you
prices and delivery dates on your require-
ments. The Revere Technical Advisory
Service will cooperate with you on technical
matters concerning the use of aluminum
tube or any other Revere Metal. Revere
supplies the radio industry with many
non-ferrous metals and alloys, in such forms
as tube and pipe, rod and bar, sheet and
plate, extruded shapes and forgings.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York
Mills: Baltimore, Md.; Chicago, 1ll.; Detroit, Mich.;
New Bedford, Mass.; Rome, N. Y,
Sales Offices in Principal Cities,

*These are new temper designations effective January 1, 1948,
Formerly 615-T6 was designated 61S-T and 615-T4 wags §15-W,

46

RCA Television and FM receiving antenad, using Revere Aluminum Tube
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March, 1948 — ELECTRON.CS



From this package
come the finest recordings
in the world

Presto 4

GREEN LABEL DISCS 4 ; y

-
. |

ALSO AVAILABLE—

Presto Brown Label
discs. They’re one-side
perfect . . . with a flaw
on the other side you ' .
probably couldn’t find. =

Perfect for one-side re-
cordings, reference re-
cordings and tests,and
at greatly reduced cost.

- e
FREE! Presto will send you free of
charge a complete bibliograpay of i
all technical and engineering arti- ¢
cles on disc recording published
since 1921. Send us a post card.

RECOIIDING CORPORATION
248 WEST 55TH STREET
BEW YORK 19, N. Y.

o AT

ELECTRONICS — March, 1948 47

www americanradiohistorv com
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In selecting electrical insulating ma-
terials, it is important to understand
the cifects of frequency on dielectric
breakdown voltage. While present-
day knowledge has not fully ex-
plained these effects (which are
closcly related to time, temperature
and other conditioning factors) cer-
tain uscful generalizations can be
made.

DIELECTRIC STRENGTH
vs. FREQUENCY
As a rule, an increase in frequency
lowers breakdown voltages of elec-
trical insulation, all other condi-
tions being equal. The typical curve
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Figure 1: Effect of frequency on dielectric break-
down of transformer insulation. (Curve is based
on findings of F. W, Peek)

48

in Figure 1 shows a sharp drop in
breakdown voltage with increasing
frequency gradually leveling off at
higher [requencies. The rate of low-
ering of breakdown voltage varies
from one insulating material to an-
other.

Frequency cffects arc related 10 ther-
mal effects. Through a given time
interval, higher frequencies usually
produce greater dielectric loss,
though the loss per cycle mav not be
constant as {requency increases. The
diclectric loss increases the tenipera-
ture of the insulating material,
which in turn lowers its diclectric
strength.*

FREQUENCY AND DURATION
OF APPLICATION

The time-voltage relationship in fre-
quency cffects is an important factor
in diclectric breakdown.

As the time of voltage application is
extended, for example, breakdown
voltage is lowered. The curves in
Figure 2 indicate that this drop is
rapid for shorter time of applica-
tion, then more gradual as duration
of voltage application is extended,

Another illustration is afforded by
the breakdown of insulation mate-
rials under impulse tests. Impulse
breakdown voltage is higher than
normal - frequency alternating - cur-
rent breakdown for most insulation
(sec Table I). The ratio of impulse
breakdown to normal-frequency
breakdown is called the “impulse
ratio,” and is greater than unity for
most materials.

Comparisons of impulse breakdown
with direct-current breakdown are
inconclusive. Material thickness af-
fects results, direct-current break-
down values being higher for
thicker samples. Impulse tests of

www americanradiohistorv com
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comparatively long duration also
give breakdown values lower than
direct-current tests. Particularlv use-
ful information for comparing in
sulation materials is provided by
impulse tests cmploving a standard

90
80

2
NS ! ]
N

z

§60
gso
© 40

J |
N T2,
~— [ 200cycies

P

30
0 10 20 30 40 SO 60 70 80 90 100
Seconds

Figure 2: Effects of frequency and time. Press-
board in oil at 25° C. (S. Whitehead)
impulse wave-form similar 10 that
of lighning.

The factors of frequency, tenpera-
ture and duration of voltage appli-
cation are thus inlimznely related,
and anv cvaluation of electrical
msulating materials must be based
on a knowledge of their combined
cflects.

*See advertisement No. 4 of this series.

Crest Kv.
Sovurce per Mm.
Single impulse (equivalent to 200,000
cycles or 2.5 microsec. to crest). ., 108
Dics emamaniam Aimiyihh 00 ul 85
60 cycles (short-time) ............. 53
60 cycles (Y min.) ............... . 46
90,000 cycles (1 min.) ............. 17.6

Table I: Comparison of various voltage forms
on the breakdown of two layers of varnished
cloth, total thickness 0.60 mm. (F. W. Peek)

MICA
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MICA INSULATOR PRODUCTS FOR HIGH-FREQUENCY AND HIGH-VOLTAGE REQUIREMENTS

The successlul performance of high-frequency
and high-voltage equipment depends in large
part upon the quality and properties of the elec
trical insulating matcerial selected. The homo-
gencity, high dielectric strength and excellent
physical propertics of Mica Insulator Company
products have contributed to unusual efliciency
in many applications,

EMPIRE

Varnished Fiberglas Tapes, Micanite sheets and mica tapes
are the materials used for coils and core insulution on the
rotor for 43.750-kva, 13,800-volt, 809, -pf turbine generator.
These materials provide dependable insulation that with-
stinds dampness and high  temperature and  protects
equipment against overload.

Experience counts in the sclection ol insulating materials for exacting applica-
tions. Mica Insulator Company has specialized in this hield for more than flifty
years, and has developed a complete line of electrical insulation to meet every

LAMICOID

tube socket bases provide
strong mechanical support
as well as the low dielectric
loss and high diclectric
strength characteristics well
suited to the protection of
clectronic equipment. Lami-
coid sheets, rods and tubes
are used for many applica-
tions in radio and electronic
cquipment.

MICA

stampings, accurately
punched for use as vacuum
tube element scparators,
provide unusually high di-
electric strength and tem-
perature resistance for clec-
tronic and radio equipment.
Mica is so basican insulating
material that it finds appli-
cation in virtually every
tvpe of electrical and elec-
tronic equipment.,

MICANITE

in transformers provides the
extra margin of protection
needed against surges or
impulse voltages caused by
lightning or switching. The
cxceptional dielectric
strength of mica is sccured
in minimum spacc in a
highly flexible plate which
is easy to install, since it may
readilv be bent over small
radii at roomn temperature,

requirement. Bring your insulation problems to our Technical Service Depart
ment {or accurate and unbiased recommendations. 0

1 ELECTRICAL

INSULATION

~ SCHENECTADY 1, NEW YORK

Atlenta « Birmingham » Boston « Chicago + Cincinnoti « Cleveland « Detroit + Houston foadeimdyy
Los Angeies < Milwavkee « New York « Philadelphia » Rochester » St. Louis * San Francisco
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. “GP” Ce

Going Places
..o in FM and Television

The basic, simple construction of ERIE "GP’ Ceramicons
give them higher resonant frequencies, which make them the
ideal condensers for FM and Television applications.

The same basic, simple construction makes possible the
mass production which accounts for the surprisingly economical
cost of high quality condensers. They are designed for practi-
cally all applications in which the condenser is not definitely
frequency determining.

| ERIE "GP’ Ceramicons are not only cheaper to buy—they
' are cheaper to use than other types of condensers. Their wide
range of adaptability reduces the number of condensers neces-
sary to stock. Their campact tubular form and their sturdy con-

*Ceramicon is the registered

trade name of silvered ce: struction make them easy to install on the assembly line.
IOXplC Cop ensers ma e‘ Y ! . . . X
Erie Resistor Corporation. !) ERIE "GP" Ceramicons are made in insulated styles in

popular capacity values up to 5,000 MMF, and in non-insulated
styles up to 10,000 MMF. If you are not already using them,
i write for detailed information.

50 March, 1948 — ELECTRONICS
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L@/ / AC-DC END PLATE DESIGN
UL~ AC PLUNGER STOP DESIGN

-

Type 39 Pit-tied

BRASS GUIDE TUBE
Pa"f 39 Cll 560 T I T T TT T PLUNGER STOP
4500 Turs "29 EC COPPER
101 Ohms SHADING COIL
STOP CORE

PHILLIPg CONTROY CoRre

A
CHICABD, Wy PLUNGER

IRON TO IRON
.007" AIR GAP

ACTUATORS o
. o e @6‘”(.7”96% /é/lx PO WER &L

COIL FORM 7
For maximum power, reliable operation and efficient ERANE i
performance, specify Phil-trol Actuators. Exclusive de- Pb s

sign features incorporated in one-piece solid frame
construction make Phil-trol Actuators strong, durable %MM B—

units for a wide range of solenoia uses. STANDARD PLUNGERS

‘IRON TO IRON
.007" AIR GAP

Outstanding construction features includc: One-piece ad oiphn S VX !
1/8” iron frame, dovetailed and staked into end glate - TWote | t
for a secure bond and extra sirength; Plunger and . ._'5 5 _é/,_ 2 I
plunger stops are made from specially precessed steel 3 r—‘*r 3 N ’r T T
and are available in three types of end shapes; Stand- 3 £
ard coils are fiber bobbins wound with enameled cop- sy
per wire, and impregnated with insulating varnish; Ve, k, i
Entire frame and plunger stop are cadmium plated c
and plunger is chrome plated for smooth operation. G

Five standard sized Phil-trol Actuators are available {'“\} P
l
|

olv

in either A. C. or D. C. desired vcliage. Designed for
"pull” application, they may be converted to “push”
with but slight efficiency loss. i

Phillips engineers, located in cities listed below, will
be glad to assist you in determining solenoid require- |
ments. Special Phil-trol Actuators are designed to ’
specification.

Phil-tro! RELAYS:

There is a complete line of Phil.
trol Relays, all engineered to
the highest standards, for elec-
tronic and industrial control,
signal and traific control, radio,
communication, aircraft and
other applications.Send fornew
Relay Catalog.

Send for Phil-trol Actuator Bulletin

Relays, Actuators, Solenoids, Contactors,
Starting Swiiches, Focus Coils, len Traps
\) and Special Process Control Assemblies.

PHILLIPS CONTROL CORPORATION ¢ 612 N. MICHIGAN AVENUE ¢ CHICAGO 11, ILLINOIS
PLANT: Joliet, Hlinois ® SALES OFFICES: New York, Boston, Philadelphia, Buffalo, Cleveland, Charlotte, St. Louis, Kansas City, Los Angeles, Toronte

ELECTRONICS — March, 1948 51
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® Cathode spot is stabilized during low-current
intervals by an avxiliary anode.

® Two ignitors (only one is needed for ignition)
protect against current-reversal accidents.

© Of standard stainless-steel-jacket ignitron con-
struction, proved sturdy, efficient, and long-
lived in thousands of installations.

GENERAL ELECTRIC again breaks
new ground in electronic-tube
design withTypeGL-5564/GL-507.

This modern, big-capacity tube is
right in step with today’s march
toward ignitrons for power recti-
fication. Designed for the 125-,
250-, 600-, and 900-volt fields, it
converts a-¢c power into controlled-
voltage d-c for major applications
such as:

Mining equipment

Electric railways

Large industrial motors, or
groups of smaller motors oper-
ating together, with variable-

GENERAL

©® 400-amp continvous capacity at 300 v d-¢c.

® Will control voltage as well as convert power—
through phase shifting of the ignition impulse.

NEW SEALED IGNITRON
FOR RECTIFIERS —=
UP 10 1,000 Kw

voltage speed-control drive.
Electro-chemical processes.

Wherever substantial amounts of
d-c power are needed, check the
advantages of Type GL-5564/GL-
507, in rectifier banks up to 12
tubes with output up to 1,000 kw.
No moving parts; no mechanical
maintenance; long service life un-
der exacting conditions...economy!

More detailed information glad-
Iy will be supplied to you on re-
quest. Phone your nearest G-E
electronics office, or write Elec-
tronics Department, General Electric
Company, Schenectady 5, N. Y.

ELECTRIC

181-G26-8880

FIRST AND GREATEST NAME IN ELECTRONICS

ELECTRONICS — March, 1948
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GL-5564/GL-507
RATINGS

Max inverse and forward

anode voltage 2,100 v
Max anode current,
amperes at 300 v d-¢ 600 v d-¢
Instantaneous 3,600 2,400
Average:
continuous 400 300
2-hour 600 450
1-minute 800 600

Surge {0.15 sec max) 25,000 19,000

POWER-CONVERTER APPLICATION DATA

Kilowatt output No. of
at tubes Circuit
300v 600v

400 750 6 Delta six-phase

double-wye
500 1,000 6 Delta six-phase
double-wye
750 12 Delta twelve-phase
quadruple-zigzag
1,000 12  Delta twelve-phase

quadruple-zigzag

53
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Tungsten, molybdenum, silver, plati-
num, palladium and alloys of these
metals. Callifex Thermostatic Bi-
Metals; Callinite Facing Material.
Bulletins on request.

o mee l oV

SPRING COIL

- another coating problem solved!

it's elementary. ..
when you use Callite heating elements to coat metals or plastics

- Leading metallizers have discovered that Callite tungsten or molybdenum

heating elements provide the simplest, quickest and most economical solution
to their specific problem of coating materials by the vacuum evaporization
process. Electrically heated, the filaments evaporate the coating metal —

in pellets or wound on heater — and spread a smooth, uniform coat . . . often

in a matter of seconds.

Let our many years of varied field experience help you, too, improve your
metallizing operations. Skilled Callite engineers will gladly design special
filaments — “‘tailor-made” to your specifications; to fit your current equipment ;
or to meet your production cost schedules. Prompt deliveries of all types.

Callite Tungsten Corporation, 544 Thirty-ninth Street, Union City, New Jersey.
Branch Offices: Chicago, llinois; Cleveland, Ohio.

March, 1948 — ELECTRONICS
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reakers

Thexv fit anywhere — in 90-degree corners —
flac on walls — or in clusters to give wide-
angle distribution. Perfectly adapted for
nearly all interior sound installations, be-
cause of their economy, small size and, above
all, the high quality performance of JENSEN
speakers in Bass Reflex enclosures. Use with
any JENSEN 8-inch speaker. Modcl P8-SH
is recommended for high fidelity as required
by many wired music installations.

Type H Sector Cabinets are built around a
frame of solid wood with wood composition
replacing the conventional plywood panels.

Trade Mark Registered

- OTHER Jensen CABINETS

I . [— BASS REFLEX-—— PERI-DYNAMIC
_ép - o4
'f
By 5 :
[ e = -
CRAAAN
B i :
! IMPERIAL TYPE D UTILITY TYPE 8 WALL TYPE J

D151 (15-inch)

8-151 { 15-inch
8-121 (i 2-inch)

361 {-inch)
“B-121 {12-inch gt

- o
< e G ¢ 8 e B8l (B.inch) e S
- - .

oy i v L G T s
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Model 11-81 Sector Cabinet (8T-141) List Price 322.50

Finish is brown opaque lacquer although
covering colars may be applied on the job
if desirable to match environment. Size:
Heighte 2215”7, width 1734, depth 814" Fur-
nished with mounting brackets and screws.

JENSEN MANUFACTURING CCMPANY
6607 South Laramie Avenue, Chicago 38
In Canada: Copper Wire Products, Ltd., 11 King St., W, Toronto
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For over 20 years, the
KENYON “K" has been @
sign of transformer reli- |
ability. Ever since the cat's-whisker, crystal-set
days, KENYON has pioneered high quality trans-
formers. Skillful engineering, progressive design
and sound construction have resulted in depend-
able, conservatively-rated transformers with an
enviable record for minimum field rejections. Cut

SEE US
AT THE
I.R.E. SHOW

KENYON TRANSFORMER CO.. Inc, 25 s
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Thousands of Fabricated Parts from Taylor's Sheets, Rods, Tubes

o Sawed, milled, and drilled
pliece, fabricated from fabric-
base, Taylor Phenol Fibre sheet
stock. Combines strength with
good insulating qualities.

O Part designed and machined
using Taylor Phenol Fibre rod
as the basic shape. Rods sup-
plied either ground from sheet
stock or molded.

O Switch spacer, made from
paper base grade of Taylor Phenol
Fibre tubing. Fine machine-
ability, dimensional stability,
and electrical properties are
characteristics of Taylor tubes.
Supplied either rolled or molded.

From sheets, rods, and tubes of Phenol Fibre or Vulcanized Fibre, Taylor
makes thousands of different fabricated parts, turning them out by the
millions and doing it quickly, accurately, and economically.

Almost every one of these parts is specially designed for a special purpose
and calls for a laminated plastic with special characteristics. Their
common feature is light weight with great strength. In addition, they
have insulating, electrical, and dielectrical properties unequalled by
any other material.

Having been in this business for more than fifty years, Taylor also has a
stock of standard tools for turning out such things as plain washers and
shoulder bushings in so many different sizes that the chances are good

-that the size you need is in stock and your fabricated part can therefore

be made more quickly and more inexpensively.

Whatever your problem, our engineers will gladly tell you, without
obligation, exactly what Taylor Laminated Plastics can contribute to its
solution. Write us today, sending sketch or blueprint.

TAYLOR FIBRE COMPANY

LAMINATED PLASTICS: PHENOL FIBRE « VULCANIZED FIBRE « Sheets, Rods, Tubes, and Fabricated Parts

NORRISTOWN, PENNSYLVANIA

ELECTRONICS — March, 1948
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Typical Motorola FM two-way radiotelephone re-
ceiver utilizing Sealed in Steel Chicago Transformers,

With (6),6]"4 Famous

PLATE AND FILAMENT SUPPLY TRANSFORMERS
Sealed in Steel Construction —————————Lrimary 117 Volts, 50:60 Cycles —

For CAPACITOR INPUT SYSTEMS |

The clean, streamlined appearance and compactness of CT's  ——
new Sealed in Steel construction contribute immeasurably to WOk FILAMENTS
the trim, precision-like effect of any electronic equipment. | e -
et 1 = Do . Catalog AC. D.C. Volts | Rectifier No. 1 No. 2
In addltl.on’ CT Tr:;]nSf.orn]er prox lgie g Steel wall 9 Prod Number Volts Ma. OQutput [Volts Amps. Volts Amps. Volts Amps. [
tection against atmospheric moisture, cfficient magnetic an [ bess | 270.0270 s 260 | 5 2 e3cT2 ... o
electro-static shielding, unsurpassed strength and rigidity to PC70 | 3350338 T 30| 5 2 63T ...
withstand shock and vibration, and unusual convenience of PC-105 | 335.0.335 105 320 ] 5 2 63CT35 ......
e ——ra PC-120 | 375-0-375 120 380 | 5 3 63CT4  ......
g . . . PC-150 | 370.0-370 150 390 | 5 3 63CT4  63CT 1
Two base styles are available for most of the units in this PC-200 | 385-0-385 200 390 | 5 3 6.3CT45 63CT 1
catalog line, one with clearly identified solder lugs in a For REACTOR INPUT SYSTEMS
, 3 ; (B e o e — )
phenollc terminal board, the other with RMA color coded | PR-55 350.0-350 55 260 5 2 63CT2  ...... |
. : : PR-70 | 425-0-425 70 320 5 2 63CT3  ......
leads, stn;_)ped and tinned for easy soldering. ) PRI | a0 13 Bl 2 3 e3¢rs oo
The design of these new power transformers assures maxi- PR-105 445.0-445 105 35005 2 e3T35 ...

: s : = e’ PR- -0- 3 T4 ......
mum performgncg with minimum Physncal size and minimum PR.150 Ethoiodl 15 ol B 5 ok BIE
temperature rise in accordance with RMA standards. , WRZ200 [ orfgleorti, . 209 KoY 3 aSREES (SR

The wide range of carefully selected ratings achieves maxi- | PR-300 | -75-370-550 300 425! 5 6 63CT5 6.3CT1
mum ﬂelelllt)’ of appllcﬂtlon, close mﬂtChlng with tOda)”s Also available in the Sealed in Steel constructions:

1 A FILTER REACTORS with current ratings to match power transformers above.
preferred types Of tubes, and conformance Wlth Zl“ lndUStry FILAMENT TIAN;FIOIMERS :’olmee' o wide ronrge of mode‘r: '?Jb'

standards. requirements,
AUDIO TRANSFORMERS — Input, Output, Driver, and Modulation — that
provide uniformly high fidelity response in three frequency ranges: 30-15,000
Write direct for catalog illustrating, describing and listing the cycles, 50-10,000 cycles, ond 200-3,500 cycles.

complete line, or contact your nearest radio parts jobber at once.

— - =

—— T~
N 'STREET + CHICAGODO 18, ILLINOIS

- o ——

"ADDISO
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“What a lucky man I am to have this free G.A.&F.
booklet! Now I know that SF Carbonyl Iron Powder is
perfect for permeability tuning of the FM band. That

it gives remarkably low loss and uniformity. What’s
more, this same SF powder is ideal for adjusting tele-

vision circuits. Imagine!”

TCAF
carbonyl iron powders

An Antara* Product of
General Aniline & Film Corporation

Clip this coupon—Mail it today!

Antara Products, Dept. 32

F R E E .l This easy-to-read booklet that can 444 Madison Ave., New York 22, N. Y.
save money — real money — for Please send me a free copy of: .
every radio engineer and elec- O G.A.&F. Carbonyl Iron Powders [J Polectron dielectrics
tronics manufacturer!
Name
Ask your core manufacturer—he’s an auvthority Address
€S S
on the use of G.A.&F. Carbonyl Iron Powders.
*@®
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77is VWESTON ("1 *Sensitrol Relay

e provides positive control on 2 microamperes
e handles up to 50 milliamperes at 120 volts AC or DC
e resists extreme shock and vibration

Here is a sensitive relay whose unique  of existing products. To assist in their
characteristics stir the imagination... proper application, consult our repre-
suggesting to design engineers vast pos-  sentatives, or write... WESTON Elec-
sibilities for new product development,  trical Instrument Corporation, 618 Fre-
and for simplification and improvemenr  linghuysen Ave.,, Newark 5, New Jersey.

*SENSITROL—A regisiered trade-mark designating the contact-
aking tnsirnmenis and relays, as manufaciured exclusively by
1he Weston Llecirical Insirument Corporation.

Solencid reset type (ilustrated

directly above) or manual reset

B0

types avaiiable.

S,
Ty

£

ALBANY - ATLANTA - BOSTON - BUFFALO - CHARLOTTE - CHICAGO - CINCINNATY - CLEVELANO . DALLAS - OENVER - DETROIT - JACKSONYILLE - KNOXVILLE - LITTLE RDCK - LOS ANGELES - MERIDEN - MINNEAPOLIS - NEWARK
NEW ORLEANS - NEW YORK - PHILADEIPHIA - PHOENIX - PITTSBURGH - ROCHESTER - SAN FRANCISCO - SEATTLE - ST.LOUIS - SYRACUSE - IN CANADA, NORTHERN ELECTRIC €O., LTD., POWERLITE DEVICES, LTD.
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For Truly Fine

Recording and Reproduction

Professional Recordists Use—
Professional Recordists Recommend —

THE NEWLY EXPANDED LINE of Audiopoints now covers the full
range of recording and playback needs. There are Audiopoints
that fully meet the requirements of the most exacting professional
recordists. There are also Audiopoints which these engineers
unhesitatingly recommend to the non-professional and the gen-
eral public.

il ST L AT e L W

RECORDING AUblOPOINTS
Sapphire #14. Long recognized by recording engineers as the best
recording stylus obtainable. Manufactured to rigid specifications. Disc-
tested on a recording machine just before packaging. List price $7.25.

Sapphire #202. A finc quality brass shank stylus, ideally suited for
those recordists not requiring the super quality of Sapphire Audiopoint
#14. List price $5.25.

Stellite #34. Favorite with many professional and non-professional
recordists. Though moderately priced, it is the very best stellite stylus
produced. List price $1.75.

Diamond-Lapped Steel # 50. Most practical stylus for home recordists
when “first cost” is important, Being diamond-lapped, it cuts a quiet,
shiny groove. List price 3 for $1.00.

PLAYBACK AUDIOPOINTS

Sapphire # 113. Materials, workmanship and design make this play-
back point the finest made for original recordings and vinyl transcrip-
tions. For years the outstanding choice of professional recordists.

List price $6.50.

“Red Circle’’ Sapphire #103. With straight dural shank and fine pol-

- ished jewel point. Excellent for original recordings, vinyl pressings and
phonograph records. List price $2.00.

“Red Circle’ Sapphire #303. Bent dural shank sapphire needle that

is tops for phonograph records. For the first time a phonograph needle

RESHARPENING SERVICE with a resharpening feature. List price $2.00.
f:::}JChSh?\d,esye,:;s[ :gor,] :‘uyr 'resllllarpemng; Steel Transcription Needle # 151. The ideal all-purpose transcription
Audioe gints #14 “;#202" ‘%;‘: ;‘;el l(; needle for original recordings, vinyl pressings and phonograph records.
£103 l:)md #303 ’ ’ ’ » Quality performance is assured since each point undergoes a shadow-

; . graph test. List price 20 for 25¢.

“Reg. U. 8. Pat. Off.

Write for new dealer discounts and our folder “Audiopoints.”’

Avudiopoints are o product of the manufacturers of Audiodiscs.

[AUDIO DEVICES, INC., 444 Madison Ave., New York 22, N. Y.J
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@ Whatever your transformer needs
—power units like these, or special
designs for deflection yokes, hori-
zontal or vertical sweeps, or oscil-
lators—General Electric can supply
them . . . and quickly. G.E. offers
its facilities and engineering
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WE SHIP THESE' »

“know-how” to television manu-
facturers in tailoring these trans-
formers to their requirements. Just
tell us your specifications and we
will meet them to your complete
satisfaction, Power-supply trans-
formers are available now in core-

and-coil and enclosed-case styles as
standard units designed for tele-
vision applications. Units for other
uses are tailor-made from standard
parts. Ask your G-E representative
for more information; you’ll be
pleased with the prices and ship-
ments he will offer you.

NEW PYRANOL CAPACITORS
SAVE SPACE, WEIGHT, MONEY

If you have been using 600-volt d-c
capacitors on circuits rated 400
volts or less, you're in for a sub-
stantial saving in weight, size and
cost by specifying General Elec-

tric’s new 400-volt Pyranol units.
Compared with 600-volt ratings,
these new, standard, 400-volt ca-
pacitors will save you from 24 to
51 per cent in volume, 23 to 33 per
cent in weight, and approximately
10 per cent in cost. They are avail-
able in 2-, 4-, 6-, 8- and 10-muf
ratings with solder-lug or screw-
thread terminals optional on the
four larger sizes; the 2-muf size
comes with solder-lug terminals
only.

New developments, such as sili-
cones and new paper, are continu-
ally improving the quality of G-E
capacitors. They also permit our
engineers to handle your new re-
quirements to your complete satis-
faction. Write for quotation on any

capacitor needs, or check Bulletin
GEA-2621 for more information
on the new d-¢ line described
above.

NEW,
SMALLER
SELENIUM
RECTIFIER

This new General Electric selenium
rectifier, less than one inch long
and one inch square, is available
now for receiver and other elec-
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tronic applications. It costs little
and mounts in places where a rec-
tifier tube and socket won’t fit. Tests
prove that this new selenium rec-
tifier will outlast several 117-volt
rectifier tubes. Installation is easier
too—only two soldering opera-
tions and a minimum of mounting
hardware are required.

These rectifiers have an excep-
tionally high inverse-peak rating,
and the inverse current is extremely
low even with peak voltages up to
350 volts. At rated current output,
the forward drop is five volts or
less. Ratings are based on ambients
of 50 to 60 C. Check Bulletin 21-
127 for more information on this
and other General Electric radio
rectifiers.

NEW MACHINABLE PLASTIC
FOR UHF INSULATION

A new arrival in the plastics in-
sulator field is G-E No. 1422, which
offers characteristics of advantage
in the manufacture of ultra-high-
frequency equipment, television,
FM, radar, and radio sets, and many
other electronic applications. Pos-
sessing a dielectric constant of 2.5
to 2.6 with a power factor of .0006
to .0009 at 3000 mc, G-E No. 1422
exhibits unusual heat resistance and
excellent machinability.

Indicative of its machinability is
the industrial production of r-f con-

ELECTRONICS — March, 1948
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nector beads from G-E No. 1422 on
automatic and semi-automatic
screw machines. As a low-loss di-
electric in the hands of the electric-
equipment designer, it affords an
excellent low-cost means of pro-
ducing experimental models and
small production quantitiesthrough
the use of standard machine shop
tools. Check coupon for technical
report.

HANDLES 12 CIRCUITS
SIMULTANEOUSLY

This new telephone-type relay is
capable of handling as many as 12
circuits in a wide variety of contact
combinations. Designed for multi-
purpose use in industrial electronic
apparatus, communications and
signaling equipment, these devices
have service lives measured in mil-
lions of operations. Working from
five basic contact arrangements,
combinations can be stacked to
satisfy intricate circuit switching
requirements. Silver, palladium, or
tungsten contacts can be supplied;
the choice depends on rating and
life specifications.

More than 500 different coils are
available, with ratings ranging

TR i
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from 1 to 250 volts, and 0.1 to
26,000 ohms. This varied selection
of coil ratings makes it possible to
match closely the coil voltage and
resistance with the rating of the
energizing circuits. Check Bulletin
GEA-4859 for full details.

OINERALAG ELECTRIC
i 't -

TO MEASURE R S
TUBE LIFE 4

Now available for immediate deliv-
ery, General Electric Type KT
time meters are ideal for inclusion
in transmitters and other electronic
equipment where knowledge of
tube “on time” is important. They
can record operating time in hours,
tenths of hours, or minutes, and are
built in four forms: round or square
for panel mounting, portable with
attached base, or for conduit mount-
ing. Those designed for panel
mounting are housed in small Tex-
tolite cases that harmonize with
other panel devices.

Telechron motor drive assures
an accurate record of tube opera-
tion over a long period of time.
They can also be used on electronic
production tools, such as resistance
welders, to keep an accurate record
of machine operating time. Re-
searchers use them for measuring
time intervals, verifying circuit op-
eration, and life testing. Bulletins
GEA-3299 and GEA-1574 have full
details.

I GENERAL ELECTRIC COMPANY, Section F-642-16 ]

Please send me:

0 GEA-2621
[0 GEA-3299 |
O GEA-1574 |

400-v D-¢ Capacitors
Type KT Time Meter

Name

Apparatus Department, Schenectady 5, N. Y.

NOTE: More data available in Sweets’ File for Product Designers.

Company
Address____

O 21-127 Selenium Rectifier l
[J GEA-4859 Telephone-type Relay
O Report on G-E No. 1422 Plastic
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THOUSANDS OF SUCCESSFUL WAPPLICATIONS PROVE

Series R Stepper

Three basic types of A.C,
and D. C. operation: con-
tinyous rotation, add and
subtract, electrical reset.
First two types hove 40
active positions, electri-
cal reset has 36 contacts.
All three types follow 10

ulses per second with.
n rated voltage range,

R

T-110 Time Delay
Provides delayed opera:
tion from 10 to 60seconds
vsing aresistance wound
bi-metal strip. In radio it

revents damage to recti-
iers and tube filaments by
cetarding plate current untit
tubes are sufficiently heated.
Used widely in industry
to change circuits after a
predetermined interval.

RELAYS

b7 GUARDIAN

Series 595 D. C. Relay

Midget telephone type
unusual for amount of
power provided. Size
only 17/16” x 1 3/8"
x1”. Three outstanding
features — frictionless
pivot —proper copper-
iron balance—copacity
to carry up to 8 single
pole, single throw
contact combinations,

ey
Series 220 A.C. Relay

Capable of brecking
currents up 10 20 amps
at230v.,60c¢.,A.C.,
non-inductive load.
Bakelite contact block
tests 1500 v. break-
down to ground.
5/16" dual contacts
minimize arcing.

§ o Choice

OF DESIGN ENGINEERS

Series 600 Relay

Small, compact, low-
cost. Size: 2 1/8" x
11/27" x 1 1/8".
Contact combina-
tions up to 4 P.D.T.
Power consumption,
6 V. A, Max. cap., 8
amps, 3 v. to 230 v.
A.C,or3v.10110
v. D.C. Coil and
contact assemblies
interchangeable.

Series 100 A. C. Relay

Used successfully in
avtomatic home
washing machines.
It is incorporated in
many new house-
hold.appliances now
on drafting boards.

o
Series A-300 Reloy
Designed for low loss
antenna change-over.
Straight line positi
of screw terminals 0:3
contact springs moln.
tains equal spacing thre
relay from transmis.
sion line to transmities,
Reduces impedonce
mismatch to minimoum.

Series 12 A. C, Solenold
For intermittent o
continuous duty, Rat
at6v.10230v,,60¢,
A.C, Stroke ranges from
1/8" up to 7/8”, Serles
6D.C.rated 6 v. to
v.Stroke1/8 " upto 2.

Faced with responsibilities for the design and successful performance of their companies’ products,
American design engineers are eagerly turning to Guardian Electric first for relays and complete
control assemblies. They find at Guardian a vast wealth of application and performance data,
an expert engineering staff with more than a decade of specialized experience solving the
most complex and widely diversified contro! problems. Such experience offers design engineers
an extra bonus value thru practical suggestions and valuable specific recommendations given
without cost or any obligation. Should your design call for a “special” control, Guardian has
probably built the self-same principle you seek into one of its large line of basic type units,
When such a basic type unit becomes the “special’’ you need thru slight variations, the savings
in time and money are substantial, you circumvent die costs and beat delivery schedules in the

bargain! Should special engineering be required, our staff is at your disposal. Write — call on

Guardian for these excellent controls designed by Guardian engineers for engineers. Expert
advice is yours for the asking to help you design better products thru improved techniques
which are now so vital to meet competition.

GUARDIAN

1625-C W. WALNUT STREET

A COMPLETE LINE OF RELAYS SERVING AMERICAN JRDVUSTRY

ELECTRIC

CHICAGO 12, ILLINOIS
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1949 —

Can Be a Good Year Too

You can expect good business to run on
well through 1948,

But old-time competition is close upon
us.

And 1949 will be a critical year for all of
us — making lower taxation imperative
NOW.

These are the main conclusions drawn from a na-
tion-wide survey of industry’s plans for new plants
and equipment which McGraw-Hill has just com-
pleted. Here are the major findings:

1. Capital expenditures in 1948 may be a little
lower — but at the most only 8% lower — than
in 1947.

2. In 1949 capital expenditures may decline. 1949
plans are still fluid. However, those which have
been projected now show a falling off. (Wash-
ington plahners, blease note: Current official
attempts to discourage capital expansion may
turn out to be superfluous — or downright
dangerous.)

3. Industry’s initial postwar rebuilding will be
85% complete at the end of 1948. When this first
wave of deferred maintenance and expansion
is finished, American industry will have more
than half again the capacity it had in 1939. This
does not mean the end of needed capital expen-
ditures. Business will need to invest much more.

~ (President Truman sets an investment goal im-
mediately ahead of $50 billion.) But it does
mean that tough competition is returning fast.

e IF YOU WANT jull details of the McGraw-Hill sur-
vey of Capital Expenditures, whichk is summarized in
this editorial, write to the Economws Department,
McGraw-Hill Publishing Compa.ny, 330 West 42nd
Streat, New York 18, N..Y. .

These are solid facts, based on plans which are firm-
ly made by a broad cross-section of American indus-
try and which the McGraw-Hill survey revealed.

The greatest contribution of this survey is the
information it supplies on business plans for the pur-
chase of new plants and equipment. What business
planned to do about such expenditures was by far the
biggest unknown element in the 1948 outlook. For, if
business planned to slash its outlays for plants and
equipment this year, that fact alone could bring a
sharp downturn in business.

In making this survey, McGraw-Hill researchers
all over the nation personally interviewed top execu-
tives of companies selected to make up a scientific
cross-section of industry. Each executive was asked
to give, not his opinion about general business trends,
but factual details about his company’s plans - for
1948. By adding together the plans of the companies
interviewed, McGraw-Hill has secured, for the first
time, a reliable picture of what business plans to do
in the months ahead.

Here are plans for 1948 and 1949, as revealed by
the survey:

1. Industry still needs more than a year
to finish its initial postwar maintenance
and rehabilitation program.

Among manufacturing industries, top executives
report that 64% of their program for the immediate
postwar period is now complete. According to present
plans, 85% will be installed by the end of this year
even though some manufacturing industries. still
have a long way to go. For instance, oil companies
will complete only three-quarters of their presently

v planned_expansion program by the end of 1948.

2. Business may spend less on new plants
and equipment this year than the record

$16.1 billion spent last year. But the decline

www americanradiohistorv. com



probably will be negligible and certainly
will not be great enough to bring on a busi-
ness recession.

At the time McGraw-Hill interviewed top execu-
tives, some companies had not yet approved their
1948 capital budgets. Under the extreme assumption
that those particular companies will make no capital
expenditures in 1948, industry’s 1948 bill for new
plants and equipment will run to $14.9 billion, or 8%
below last year’s record figure. Under the more real-
istic assumption that those companies will cut their
capital investment only as much as the companies
which had already drawn up their plans for 1948, in-
dustry’s 1948 capital budget will run to almost $15.8
billion, a decline of only $300 million from 1947.

Thus the over-all conclusion of the McGraw-Hill
survey is that capital expenditures by business will
be only slightly lower this year than last.

3. Business executives will not slash their
1948 capital budgets unless they are con-
vinced that a real slump is in the offing —
and they are not convinced now.

Almost two-thirds of all manufacturing companies
say they would not cut capital budgets sharply even
if business activity declined 20%. What is more, even
a 15-20% boost in wage rates would have little effect
on projected capital budgets. If wages go up, 57% of
manufacturing companies would not change their
capital budgets, 26% would increase them, and 17%
would cut them,

4. Most executives look for an increase in
their company’s sales this year.

More than half of all manufacturing companies are
planning on a sales increase over last year of 10% or
more. A third of them say sales will be about the same
as in 1947. And fewer than 10% look for lower sales.

5. Manufacturing companies will finance
much of their purchases of new plants and
equlpment in 1948 from funds set aside out
of past or current earnings. :

Utilities and railroads, on the other hand, must go
to the securities markets or commercial banks to
finance most capital expenditures.

Although manufacturing companies say. they- can

finance this year’s capital expenditures in large part
from current profits and past savings, all evidence
indicates that, to do so, they will use up most of the
funds they earmarked during the war for this pur-
pose. So in 1949, industry must go to the capital mar-
kets or to the commercial banks if it is to continue
to spend for capital purposes. If the securities markets
continue to lie in the doldrums, as they will under
present tax laws, only companies with triple A credit
ratings will be able to raise funds that way.

6. Purchases of new plants and equipment
may fall off in 1949.

The McGraw-Hill survey collected all available
evidence on plans for 1949 capital budgets. Fewer
than 40% of all manufacturing companies now have
definite plans for 1949. Of those that have plans, 45%
intend to spend less than in 1948, 30% plan to spend
the same amount, and a quarter expect to spend more.
These preliminary decisions would seem to indicate
that capital investment may fall off in 1949.

7. Industry’s production capacity in 1949
will be far above prewar.

Manufacturing capacity will be more than 50%
greater than in 1939 once the present wave of postwar
building is complete. Almost a third of all manufac-
turing companies report that their capacity will be
double or more than double the prewar figure. Thus,
1949 may see a huge increase in production of many

‘things that now are hard to buy.

The last two points in this summary mean that
1949 will be a critical year. We must forestall a sud-
den drying up of capital expenditures in that year.
We must be able also to absorb a great outpouring of
production both of capital and consumer goods.

What will happen to business in 1949, therefore,
will depend on how successful we are this year in
dealing with such momentous problems as taxation,
foreign aid and prices. But 1949 can be a good year
too.

The next editorial in this series w1ll discuss the
pwotal problem of taxes.

President, M cGraw-Hill Publishing Company, Inc.
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Anyone can make accurate

SOUND LEVEL TESTS...

s 2y

...with this dependable, portable

- Wesftern Electric

Sound Level Meter

HIS instrument—available in a-c line or battery operated
T models—is small and light, simple to operate, ruggedly
built, adaptable to many noise measuring problems. And it’s
modestly priced!

The Western Electric Sound Level Meter has built-in
calibration circuits to permit rapid, accurate adjustment to
A.S.A. standard reference levels. Negative feedback in the
amplifier contributes to utmost stability.

The frequency range of this meter is 20 to 10,000 cps. It
can be used alone—or in conjunction with an associated Filter
Set which enables the meter to measure sound in selected
frequency bands between 50 and 4800 cycles.

Send the coupon at right or call your Graybar Representa-
tive for full information.

— QUALITY COUNTS—
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DISTRIBUTORS : IN THE U.S. A.
—Graybar Electric Company.
IN CANADA AND NEWFOUNDLAND —
Northern Electric Company, Ltd.

Graybar Electric Company E-30
420 Lexington Ave., New York 17, N. Y.

Please send me Bulletin T-2260B describing
Western Electric Sound Level Meters and Noise
Analyzers.

Name

Company

Address

o
W
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ALL-PURPOSE HI-TEMP
SEALDTITE™ TUBULARS

Sealdtite Capacitors, the molded tubu-
lars firsc pioneered by Solar in 1939, are
now truly all-purpose capacitors. The
recent introduction of a new Hi-Temp
molded jacket makes Sealdtite Capac-
itors a universal choice for both auto-
mobile and home radio applications.

More than a year’s field trials of well
over 5,000,000 Hi-Temp molded Seald-
tites in automobile and export receiver
applications have proven the superior
quality of this latest Solar development
in the capacitor art.

Securely sealed against atmospheric
moisture by a tough molded armor,
Sealdtite Capacitors maintain their ex-
ceptionally high insulation resistance
throughout their extremely long life.
Unlike conventional tubulars, Sealdtites
have no cardboard tubes to grow soggy,
or internal voids to collect moisture.

Hi-Temp Sealdtite Capacitors have at-
tractive labels in bold, easy-to-read type.
Their smooth surface attracts no dust
and drips no wax.

Hi-Temp Sealdtite tubulars are avail-
able with either Halowax-impregnated
or mineral-oil impregnated sections to
fit your application requirements.
Eleven mold sizes make for maximum
space economy. Complete dimensions
for standard ratings are given in Catalog
Bulletin SPD-200.

All-purpose Sealdtite Capacitors are
available for prompt delivery at no in-
crease in price.

Investigate today!

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

v Trade Mark

L) SOLAR CAPACITORS

\ ~—— 4

“Quality Above All”’
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BUSINESS BRIEFS

By W. W. MacDONALD

Buyers’ Guide Issue idea hinted
at on p 69, February, has now
jelled. We are going to include a
special editortal seetion giving the
electrical, mechanical and other
characteristics of materials im-
portant to designers of electronic
equipment and the components used
in such gear.

Included will be such things as
msulating materials, plastics, ce-
ramics, glass, metals, magnetic ma-
terials, chemicals, gases, radieac-
tive materials, crystals, acoustic
materials, and finishes.

The special issue will reach read-
ers around the middle of June,
between the times they receive the
regular June and July numbers.

Take A Piece Of Paper, sand-
wich it between a thin sheet of
Lucite and a similar sheet of cellu-
loid. Place sandwich on insulated
surface and rub hard with dry
cloth. Flip sandwich over.

Remove top sheet. Dip small,
pointed artist’s brush in noncon-
ducting dye. Hold tip of brush
an inch above paper and write in
the air. You will find that static
electricity attracts the dye to the
paper in a fine spray and that
what you have written in the air
appears on the paper, much as if
it had been written with a pen.

Here’s a principle that appears
to have many important applica-
tions, particularly in the publish-
ing and textile industries. We're
on top of it, watching completion
of a demonstration machine and
awaiting erection of a pilot plant.
When these are ready there’ll be
technical details in our feature
pages, probably sometime this
summer.

Tea Would Taste Better in res-
taurants if the water used to make
it was brought to precisely the
right temperature during prepara-
tion. But it is hard to maintain
water at this temperature with
existing equipment.

The Tea Association thinks the
problem might be solved by de-
signing 10 or 15-cup commercial
units employing electronic heating
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to bring water up to the proper
temperature in a matter of sec-
onds. We ourselves suspect that
electrical rather than electronic
heating might provide the answer,
but if any of you out there feel
differently and want to take a fling
at the job, write committee chair-
man George N. Wice at the Na-
tional Urn Bag Compamy, 3408
Neorthern Boulevard, Long Island
Cityv 1, N. Y.

FCC Licenses, at the end of
1947, were as follows:

Broadeasgt Statinns

AN . e w a3 - e EEE 1.962
FM ... ... ...... 1.010
Remote Pickup ...... 590
TV (€xXp.) ;vewep:iwane 91
TV 544 50 o 8 et + ogonetne - 73
Educational .......... . & - 46
International .......... . 37
Other & aika whon Ve i ame . 31
3,834
Non-Broadeast Stutions

Amateur .............. 75,000
Aeronautical .......... i 20.818
MATINE 5.5 crorene™ 3 wwel e - u IE 14,254
Public Safety .......... 4.653
Land Transportation. ... 2.447
Industrial ............ . 2.028
Miscellaneous .......... 1,307
1‘.?.0.501

Licensed radio operators were
listed as follows:

Commerecial . .......... 341,000
Amateur .............. 81.000
Special Aircraft ........ 61,999

483,999

Personal And Business interests
clash when we spend a quiet eve-
ning at home listening to f-m. On
the one hand, the chief attraction
of the service for us is freedom
from announcements. On the
other, we keep wondering how
long this lovely music can play
on, like Muzak, without advertis-
ing support.

We hope the programs stay as
they are. And we hope the sta-
tions begin to make money. A
spot for a Jekyll and Hyde, if we
ever saw one.

If There Is Any Doubt in your
mind about the speed with which
f-m receivers are being sold watch
the rooftops in towns that have
stations when passing through by
car, bus, or train.

The number of dipole-reflector
rigs we spotted on a run to St.

March, 1948 — ELECTRONICS



PYROVAC

better vacuum tube anode

LIFE . . . Tubes with tantalum plates formerly giving
3000 hours of service, now, with Pyrovac plates operate in

excess of 15,000 hours . .

a 400 percent increase.

With Pyrovac plate, 65 watt

OVERLOADS . ..

tubes have dissipated 900 watts—a 1280 percent momen-
tary overload—without indication that the eventual life
of the tubes or their characteristics were affected. In
normal service these tubes are still going strong. Excessive
plate dissipation due to tuning procedure and circuit
failure normally won't mean the loss of your tube.

. e

MECHANICAL CHARACTERISTICS
Pyrovac is easily welded, enabling rugged shock-resistant
mounting. It is a "black body'" radiator and possesses ex-

cellent characteristics as an electrical conductor.

COSTS . . . Pyrovac plates in Eimac tubes cost you
no more, yet since they enable longer life you actually

get more for your vacuum-tube-dollar.

to ''take it."

5 Inc.

Export Agents: Frazg,

ere 19 a ifference.

on all counts.

PROVEN IN SERVICE . . . Pyrovac is the result
of millions of hours of life tests. The universal acceptance

of the 4-125A and the 4-250A in all fields of electronic
endeavor can, in peart, be attributed to Pyrovac for con-

tributing overload resistance, life, and a general ability

), California

San Francisco, Calif.

the new Eimac plate material makes a

THESE ARE TH

TUBEg

wit E
H PYRovac PLATES

EiMac
TUBE
TYPES
TETRODES
4654
41254
4-2504
4-4004
410004

TRiODEs
25T
3C24
35T
351G
75TH
75TL
100TH
ooty
152TH
1527
250TH
25071,
304TH
30471

450TH

450TL

7507,
1000t
15001

2000t

PLaTE
Disstpation

watts

65
I25
250
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An ADC 115A (Industrial Series)
impedance matching transformer,
picked at random from stock, was
submitted to tests to compare its
performance with that of other
makes of 1st /ine transformers. Here
are the results. Compare perform-
ance of the ADC transformer with
‘that of other makes.

FREQUENCY RESPONSE

° [[+] 20 100 1,000 10,000 20,000
— T4 ™
B os T08® wA"rt;f ¢ o
00 IwWA
-2 [ ! [ '
RESPONSE* 1IBA FREQUENCY IN CYCLES PER SECOND
It may be noted that altho the perme-
600 OHMS ability of magnetic materials drops at
é l low flux densities, the AD€ transformer
has sufficient reserve inductance to al-
! 600 OHMS low for this even at low power levels.
At 40 db below maximum power level
L [ it exceeds the response guarantee. In-
sertion loss at 1,000 cps was 0.75 db.
300 OHMS
LONGITUDINAL BALANCE :
The most common interference volt- 2
ages encountered in telephone line L,
transmission are longitudinal; that is, a
the induced voltages in both wires are
in phase with respect to ground. These A 03HOMOS -

can be removed from the signal volt-
age only by means of a well balanced
line transformer. Illustration "A”’
shows the test circuit used to measure
the degree of removal of these inter-
ference voltages. Level reduction on
the ADC 115A transformer was 67 db
at 100 cps and 56 db at 10,000 cps.

wor

bast etectron?

MANUFACTURERS, JOBBERS:
wme today for catalog of ADC
or for in-
'ormallon on umh engineered to
your requirements.

2835 13th AVE. S., MINNEAPOLIS 7, MINN.
L\ z E @ % si 7. L 7’
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BUSINESS BRIEFS (continued)

- Louis a short time ago was remi-

niscent of the early a-m days, when
enthusiasts put up skywires re-
sembling everything from umbrel-
lag to pawnshop balls,

Receiver Production by RMA
members in 1947 is estimated at
17,695,677 units. Breakdown by
months:

January
February
Mareh z:5.e5 ke

August
September ..
October .. ..
November
December

Included in the figures are 3,-

| 029,637 auto radios, and 178,571

television sets. Some 72 percent
of all home radio receivers made
were table models, 13 percent con-
soles, and 15 percent portables.

In addition to the radio and
television receivers tabulated
above, members made 291,410
phonographs and 224,945 record
plavers.

Projection Television is about
to get another shot in the arm,
the needle being wielded this time
by designers up at the North
American Philips lab.

Nearly ready for sale to tele
set manufacturers, in more or less
packaged form, is an extremely
compact unit comprising a stubby
c-r tube having a high-intensity
screen just a little larger than two
inches in diameter, an optical sys-
tem, and a mirror that shoots the
picture up to any conventional
translucent screen. A high-volt-
age power supply using fewer
than the usual number of tubes
is also involved.

A detailed technical description
of the system is in preparation
and will soon appear in ELECTRON-
ICS.

Associate Editor Zeluff has an
idea worthwhile passing along. He
thinks lots of people who have
television sets with small screens
will soon want larger pictures,
largely so that more can watch.
So, how about auxiliary cathode-
ray tube units that can be attached
to such sets and used simultan-
eously some place else in the same
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room? And, if and when they
become available at reasonable
cost, auxiliary units with larger
screens?

Hotel installations using the
central receiver and remote cath-
ode-ray tube system are already
being made. Why not apply the
idea to homes?

Transmitter Equipment Sales
by RMA members exceeded $97,-
000,000 during the first half of
1947.

Makers of broadcast transmit-
ting and studio equipment shipped
$9,253,358 worth. A-m transmit-
ter sales totalled $2,319,006, f-m
transmitter sales $1,820,633. A-m
and f-m studio equipment sales
went to $2,205,382. Antenna
equipment for both types of broad-
cast service brought in $433,767.
Television station equipment of
all kinds totalled $1,354,633.

General communications equip-
ment sales totalled $2,589,468 for
vhf equipment and $746,902 for
medium frequency. Aviation ra-
dio gear went for $4,061,072. Ma-
rine transmitting equipment sales
were $1,677,703. Sales of piezo-
electric quartz crystals hit $456,-
137, of which $315,169 worth went
to equipment manufacturers.

The U. S. Government received
delivery of $78,347,341 worth of
gear in the first half of 1947.

Test Equipment can be made
smaller and lighter by using min-
iature tubes, batteries and com-
ponent parts. Some instruments
hitherto limited by size and weight
to laboratory use could be made
sufficiently compact for field ap-
plications, thus broadening their
market.

An Indian Radio Company has
ordered 100,000 two-tube sets pro-
duced by the Sargrove method.
In case you’ve forgotten, that'’s
the method employed to turn out
the machine-made radio appear-
ing on the cover of ELECTRONICS
for February.

One Way To Find Time: Study-
ing in his cell from books fur-
nished by his mother, a Cranston,
R. I. man is said to have become
an electronic expert while serving
a 35-year sentence for the second
degree murder of his fiance.

ELECTRONICS — March, 1948
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COMPLETE

GEIGER-MULLER LABORATORY
COUNTING RATE METER

MODEL - RM4
A COMBINED COUNTING
RATE METER AND
COUNTER SET

Direct
counting rate meter with
FOUR full scale ranges
of 5,50,500 and 5000
pulses per second.

reading

Provision for connection of external
8 m. a. recording milliameter. Recorder circuit for
operation of impulse register (recording clock).
high voltage power supply for counter tube.
speaker for aural monitoring. Pulse equalizing and sharpening
stages. Operates with self-quenching OR non-self-quenching
counter tubes. Provision for connecting scaling circuit,
impulse register, oscilloscope, recording milliameter and
calibrating input signal. Price only $350 less counter tubes
and recording clock. For complete description send for

Regulated
Built-in loud-

Bulletin No. 471. =

HIGH SPEED GEIGER-MULLER
LABORATORY SET

MODEL LS64

CHECK THESE
OUTSTANDING
FEATURES :

All of the newest circuits
—simplified and modern-
ized —reliable and f{fool-
proof. Uses the famous

. Higinbotham Scaling
Circuit—SCALE OF 64 (Used under license agreement with U. S.
Atomic Energy Commission). Build-in recorder clock of zero reset
type—counts up to 9999 before recycling. Regulated high voltage
power supply for counter tube, with front panel voltmeter. Suitable
for use with self-quenching or non-self-quenching counter tube. Bank
¢f neon indicator lamps for interpolation of count and indication of
proper scaler operation. Small, compact, light in weight—constructed
completely on one 13"x17” chassis with 8-3;” rack type front panel.
PRICE ONLY $360.00 complete with tubes and built-in recording
clock. Send for Descriptive Bulletin No. 472.

1920 LINCOLN-LIBERTY BLDG.
PHILADELPHIA 7, PE.NNA._J
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MALLORY ORIGINATED
ELKONITE* METALS-

- and only Mallory has the years of

experienee with their complex fabrieation

LKONITE is the registered trade mark for a series of metals originated by
Mallory which derive their effectiveness from the skillful compounding
that Mallory has developed through many, many years of pioneering in the

field of powder metallurgy.

Elkonite metal proved so dependable under the most severe conditions that it
quickly became standard on most heavy duty circuit interrupting equipment.
It also proved indispensable in the field of resistance welding and in countless

applications requiring its particular characteristics.

The success of Eikonite metal is so well established that the trade mark has been
mistakenly applied to materials that are sold with the implication that they will

maltch the performance of true Elkonite metal.

Mallory has made true Elkonite metals for years. Only Mallory can guarantee
the correct [ormulation that gives hardness, high electrical conductivity, resis-
tance to mechanical wear and to sticking and erosion by arcing—the qualities

that have made the word Elkonite a symbol of dependability.

ONLY MALLORY MAKES AND SELLS GENUINE ELKONITE METAL

*Reg. U. S. Par. Of.

—

P.R.MALLORY & CO.Inc.
MA I- I.O RY ELECTRICAL

CONTACTS & CONTACT ASSEMBLIES

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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» ALEX . .. Out near the end of Long Island stand
several monuments to one of the grand figures of
electronics. Here are antennas the like of which the
younger generation of experts has never seen. They
are a mile long and 400 feet high. They operate in
the region of 15 ke and they get their power, several
hundred kilowatts of it, from huge generators
rotating at high speed.

The genial figure who has thus created his own
monument is E.F.W. Alexanderson, just retired after
45 years with General Electric. “Alex” not only pro-
duced the alternators which bear his name but had
much to do with the multiple-tuned antennas which
launch the energy into the ether. His contributions
to electronics, however, are not confined to dot-and-
dash techniques. The industry still remembers with
awe television demonstrations in Schenectady where
his giant scanners made possible theater-size images.
Industrial electronics; too, has felt his handiwork.
And above all, Alex has the human touch, so often
missing in those who deal primarily with machines—
and big machines at that.

» STANDARDS . . . Recent changes in two basic
physical standards remind us that arbitrarily defined
units of measurement are subject to alteration. From
W. F. Meggers of the National Bureau of Standards
comes news that a new and better standard of length
is available. It is a spectrum line, of green color,
produced by mercury 198. This isotope of mercury
does not occur in nature, but is produced by neutron
bombardment of gold. The wavelength of this line
is, according to Dr. Meggers, superior to the long-
established standard red line in the spectrum of
cadmium, and far easier to reproduce than the
standard meter bar now preserved in Paris. So
nuclear technology provides a new standard, measur-
able to an accuracy of one part in 100,000,000.

The other change is less exciting, but perhaps of
equal practical importance. Effective this year, the
standard ohm becomes about 1/20th of a percent
smaller than formerly. The formerly used inter-
national ohm was 1.000495 absolute ohm. The abso-
lute ohm is the newly defined standard. The prac-
tical effect is that precision resistors, whose toler-
ance is 0.1 percent or better, must be made to the new

TALK

standard. TFor all other practical purposes, we are
glad to report, we may cleave to the obsolete (non-
absolute) ohm.

» OVERSUPPLY ... While busily engaged in trying
to control the inflationary aspect of our feast-and-
famine economy, we may lose sight of a similar oscil-
lation in the supply of electrical engineers. Through
a now-recognized defect in the draft policy of the
last war, we virtually stopped production of young
engineers for nearly five years. Meanwhile we vastly
enhanced the attraction of the electrical industry,
particularly the electronics part of it, by introducing
radar and similar wonders to vast numbers of soldiers
and sailors. So students, largely G.I’s, have since
flocked to the electrical departments of colleges
throughout the land. The committee on manpower of
the American Society for Engineering Education has
surveyed this rush and sounds a warning. By 1949,
there will be an oversupply of electrical engineers, by
1950 an “exceedingly high” oversupply, or so the
A.S.E.E. experts claim. Perhaps so. But in 1948 we
still have a shortage of young men, as well as experi-
enced men. If the products of electrical science con-
tinue to command an increasingly large portion of the
national income, as they have since prewar years,
our industry will absorb all the good men offered.

» MICROSCOPE . . . The electron microscope has
climbed in magnifying power to 300,000 diameters
and, like telescopes of new power, is revealing
hitherto unknown worlds. The latest adventure has
been reported at Philadelphia by Dr. James Hillier,
speaking before the Electron Microscope Society of
America. Microscope pictures taken at the RCA
Princeton Laboratories show viruses attacking bac-
teria and destroying them. Both virus and bacteria
were killed by the passage of the electron beam in
the microscope, but they preserved their relative posi-
tions at the instant of exposure and so showed, in
successive pictures, the advance of the attack. This
direct insight is of the greatest importance in study-
ing the nature of virus diseases. A new double electron
lens did the trick, revealing bodies only one four-
hundred-millionth of an inch in diameter.
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NEW WORDS

When a new technical word having popular appeal is publicized into the language, busi-

nessmen frequently ride on its coat tail and incorporate the word into the names of their

firms. Sometimes these firms are engaged in the field so intimated, sometimes not

T HE NAMES of new advances in
science are often employed in
connection with business ventures.
Their use as part of company names
tells an interesting story.

The trend is easily traced by an
examination of telephone directo-
ries of past years. Such a search of
New York (Manhattan) telephone
directories since 1904 reveals the
growth and sometimes the decline
of several words in our field. It also
discloses the extent of their popular
appeal over the years.

The words chosen for this study
were Radio, Wireless, Electronic
(including Electron and Electron-
ics), Television, Radar and Atomic.
The 1904 starting date was chosen
as directories back to that date were
conveniently available. This date
also pretty well antecedes the com-
mon use of most of the words.

72

The number of listings in the
telephone directory is plotted in the
accompanying chart. (Note that
the fluctuations do not follow at all
closely the boom of the late twenties
or the depression of the thirties.)

Radio

Strangely enough, the word radio
appears two years before the word
wireless.

In 1904 and 1905 there was a
single entry, the Radio Chemical
Company. The next two years
showed no use but in 1908 it reap-
peared, one listing being a radio
telephone company. In 1910 a radio
wireless station was listed. In 1912
the word disappeared, but it re-
turned the following year. By 1917
there was a total of six in use, but
none of them were really applicable
to the science of radio as we know

wwWw americanradiohistorv com

this very popular word today.

The Radio Corporation of
America showed up in 1920, and in
1931 the completion of Radio City
swelled the list considerably. The
period of most rapid growth was be-
tween 1919 and 1924, when the
number of mentions increased from
five to 100. Use of the word is now
pushing the 200 mark.

The publicity value of the word
radio caused it to be used in con-
nection with many enterprises such
as awnings, grills, picture frames,
meat shops, slippers, neckwear, and
wet wash.

The term radionic has not so far
made a great deal of progress.

Wireless

The word wireless first made real
news in this country as a result of
the reception of Marconi trans-
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COME.....and GO

By W. C. WHITE

Research Laboralory
(reneral Electric Co.
Schenectady, N. Y

atlantic signals on December 12,
1901. However, it did not appear in
the New York telephone directory
until 1906. It was not represented
in 1907, which year incidentally
was the only one covered by this
survey that yielded no entry of any
of the words chosen.

It is rather prophetic of the early
era of wireless that the first entry
in 1906 was for the Wireless Secur-
ities Exchange, which proved to be
short-lived, at least under that title.

The word wireless was back again
in 1808 with the well-remembered
and relatively long-lived Wireless
Specialty Apparatus Company.

Another big boost in the news
value of the word occurred in con-
nection with the wreck of the S.S.
Republie, in 1909, and to an even
greater extent as a result of the
Titanic disaster in 1912. However,
its use in connection with business
enterprises did not seem to be im-
mediately affected. The number of
appearances in the telephone di-
rectory reached a maximum in 1924
and 1925 with 10 entries.

As in the case of the word radio,
many of the listings were not really
connected with the science.

By 1937 the listings were down
to one entry, and this one and only
entry has remained up to the
present. It is for a printing com-
pany. Incidentally, in 1926 there
was a Wireless Radio Corporation
in Brooklyn.

Electronic

Although none of the words stem-
ming from electron appeared until
1917, the word elektron was listed
in 1904 and 1905, applied to an ele-
vator company. The word electron
appeared first in 1917 in connection
with a chemical company. The num-
ber of entries varied slightly but
never reached over four until after
1932,

ELECTRONICS — March, 1948

The word electronic first showed
up in 1926 and electronics in 1930
in connection with this publication.
The magazine remained the sole
representative of this form of the
word in the telephone directories
until 1944.

For some reason not entirely evi-
dent, the three words based on elec-
tron have been applied appropri-
ately to a much greater extent than
radio or wireless. A rapid increase
occurred between 1943, with 11
entries, and the latter part of 1946,
with 52 entries. Use apparently is
still on the increase.

Television

The word first was used in the
telephone directory in 1929, in con-
nection with a television-radio shop.
There was an increase from a single
entry in 1930 to six entries in 1931.
Then it varied back and forth be-
tween these limits until 1944, when
it started a rapid and continuous
increase, reaching 17 in the latest
issue.

As in the case of electronic, list-
ings under television are largely
connected with the actual industry.

Radar

The word radar made its first ap-
pearance in 1944 with two entries,
one a paint and one a novelty com-
pany. It appears to have reached
a maximum of eight mentions in
1946, none of them having any ap-
parent connection with the science.
Typical firms listed dealt in
blouses, novelties, restaurant sup-
plies, paints, and slippers.

The use of this word in the tele-
phone directory will probably de-
crease and may well disappear after
a few years.

Atomic

The 1945 fall directory was prob-
ably well along in preparation when

www americanradiohistorv com

REPEAT PERFORMANCE

THE EDITORS almost let this article
slip through their fingers. So unusual
was the theme, and so light the treat-
ment, that it seemed not to fit a
serious technical publication.

BUT a good story will not die. The
editors re-read it, and again enjoyed
it. Why keep it from readers? Editors
can get too serious. So here it is.

BILL WHITE, by the way, is not
only a charter subscriber to ELEC-
TRONICS but is a charter contributor
as well. An article appeared under his
signature in our first issue, back in
April 1930

the atom bomb was dropped over
Hiroshima so there were no listings
containing the word atomic in that
issue. But in the next issue, in the
spring of 1946, it appeared 19
times. None, of course, were di-
rectly applicable to the scientific de-
velopment.

The great popular appeal of the
word is indicated by the fact that
it showed more listings in the issue
of its first appearance than any of
the other words did after a growth
of ten years. The listings showed
activity in handbags, pleating, rain-
wear, and surgical supplies. By the
1946 fall issue, the number had
grown to 30 and added lines were
neckwear, undergarments, podiatry,
art studios, food, and jewelry.

By the fall of 1947, the number
had grown to 35. One appropriate
entry did appear then, the Atomic
Energy Commission.

Nucleonic

To date the word nucleonic has
not appeared. It offers a wonderful
opportunity if you are going into
neckwear, novelties, etc.

You may have the field to your-
self for at least one issue of the
Manhattan directory if you start
now.*

* ED. NOTE. You will not. See “Nu-
cleonies,” a McGraw-Hill Publication.
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Electronic
Preservation of Food

Experiments indicate that foods of many varieties can be preserved over long periods, with-

out alteration in appearance or taste, by exposing them in their sealed containers to ultra-

short-time pulsed cathode rays from a capacitron. Sterilization of drugs without decrease

By WOLFGANG HUBER*

Research Laboratories
Electronized Chemicals Corp.
New York, N. Y.

HE IMPORTANCE of electrons

moving within evacuated tubes
has been amply demonstrated. By
contrast, comparatively little has
been done with electrons released
from the confinement of tubes, par-
ticularly in the field of food preser-
vation.

In 1894 Lenard® brought cathode
rays out through a window in the
wall of a tube. But the cathode-ray
tube remained a low-voltage, low-
current device until 1926 when Cool-
idge* developed a tube capable of
operation at several ma and up to
350 kv. With this type, electron
beams of sufficient intensity to per-
mit practical experimentation with
chemical and biological objects were
obtained.

Still higher electron velocities
were obtained by the subsequent de-
velopment of cascaded cathode-ray
tubes. Many investigators® used
this method to expose a wide vari-
ety of materials of inorganic as
well as organic origin to the action
of electrons. The results of the bi-
ological experiments were not very
encouraging, however. Micro-organ-
isms within the penetration range
were killed, but irradiated prod-

HEATLESS

Energy developed by the capacitron
is cold energy. Thus limitation of
micro-organism and enzyme activity
may be accomplished while food is in
any physical state . . . frozen, raw,
partly or fully cooked
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in potency is also possible
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FIG. 1—Basic circuit of the electronic

impulse generator

ucts showed pronounced changes in
taste, odor and appearance.

Capacitron Development

Biological and medical experi-
ments undertaken by Brasch and
Lange* in cooperation with Beck and
Haelberstaedter opened new possi-
bilities. These men used a capaci-
tron, an apparatus which produces
high voltages and great electron
intensities during ultra-short-time
periods. It was indicated that
the release of high intensities dur-
ing ultra-short-time periods killed
micro-organisms in much the same
way as continuous current-voltage
generators but without radically
changing taste, odor or appearance.

Initial experiments were carried
out by the utilization of voltage pro-
duced by lightning.” This source of
voltage was obviously unreliable and
further progress was intimately
connected with the development of
an impulse generator developed by
E. Marx®" and shown in Fig. 1. A
number of capacitors are charged
in parallel, through resistors, from
a rectifier unit. Discharge of the
capacitors in series is accomplished
by means of gaps which spark over
at predetermined voltages.
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The availability of impulses of
several million volts from a gen-
erator now made it imperative to
develop discharge tubes that would
handle these voltages continuously
and without breakdown. Brasch and
Lange’ determined that the break-
down voltage depended not only on
the status of the vacuum and the
construction of the electrodes but
also upon the type and structure of
the wall of the discharge tube.
Breakdown troubles were reduced
by lamination of the tube wall and
by increase in the lengths of sur-
faces which were prone to cause
gliding discharges. This led in 1930
to the development of the so-called
laminated tube illustrated in Fig. 2.
It consists of alternate stainless
steel or nickel, insulating resin, and
rubber discs.

In order to avoid excessive bom-
bardment of the walls with electrons
it is important to construct the
tube in such a way that the relation
of length to width is not materially
in excess of 8 to 1. In large capaci-
trons the ratio may be as low as
2 to 1. To avoid flashovers the tube
is immersed in oil.

Practical Design

Experimental work by A. Brasch
and the author® has so far been car-
ried on with the experimental ca-
pacitron pictured in these pages.
Line voltage is transformed to 100,-
000 volts and converted into d-c by
a set of rectifier tubes. Induction
coils used in lieu of resistances per-
mit a capacitor-bank charging fre-

* From a paper presented before the 1047
National Electronics Conference in Chicago.
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queney of 50 to 100 times per min-
ute. The generator itself consists
of capacitors arranged in 30 banks
of 100,000 volts each, thus giving
a peak output voltage of 3,000,000.

The intensity of each individual
impulse is of the order of thousands
of amperes and the release time of
the order of 10° secend. The elec-
trons reach the open through a
window device which consists of a
grill supporting a thin metal foil
Foils of beryllium alloys, which have
the best strength and ductility char-
acteristics, are not yet available.
Therefore, we are at present using
0.05-mm foil of a hard aluminum
alloy. The efficiency of the device,
as compared with other corpuscular
accelerators, is relatively high.
According to calorimetric deter-
minations, about 35 percent of the
surge generator intensity is con-
verted into electrons.

The simplicity of capacitron de-
sign permits the attainment of prac-
tically unlimited voltages and in-
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Experimental capacitron used in the tests

tensities, particularly if the entire
surge generator together with the
discharge tube is immersed in a
liquid insulating material contained
in a grounded tank. The general
design of such a unit, which will be
a prototype for commercial uses, is
shown in Fig. 3. In this unit, the
capacitor banks and the discharge

tube are immersed in oil in a sub-
merged concrete pool, with only the
pumping equipment, the exit win-
dow and the conveyor belt ahove
eround in a separate concrete hous-
ing. The spark gaps are hermetic-
ally sealed in compressed gas and
the beam of electrons is bent around
by a system of magnets to facilitate

Table I—Penetration Range of Electrons in Water

Accel. Max. ITigh i Depthof
Velocity* ‘ Pot. Range Intensity | Max.
(kv) (mm) Range Intensity
\ (mm
0.55 100 0.03
0.70 204 0.83
.78 300 140 | .ovbes ) monmasm
0.80 340 60 F  wmem.w ] e
9.90 662 2,46 [ oooie 0 sesws
09l 1,000 520 .y, 8
v 97 1,600 7.70 PR 1.3
6.985 2,400 2.50 0- 4.5 3.0
§.993 4,000 21.00 8- 7.5 67
0.998 3,000 42.00 0-14.0 10-12
0.999 12,000 62.00 0-22.9 16-18
|

*Expressed as fraction of velocity of light
tiligher than at surfaee
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the use of conventional conveyor
equipment and to eliminate x-rays.

The penetration range of elec-
trons depends on the accelerating
voltage and the density of the tar-
get. Table I illustrates this, using
water as a target, as well as the fact
that electrons exercise more inten-
sity at a certain depth than on the
surface. The latter effect is due to
the phenomenon that with increas-
ing electron speed scattering will
be predominantly in the forward
direction. This is of considerable
practical importance, since it avoids
unduly high energy absorption in
any container wall.

Penetration in water with 5,000,-
000 volts is about 25 mm. After
electrons pass through the dis-
charge-tube air exerts a bushing
effect upon them. In 5 inches dis-
tance from the window, for example,
an area of at least 380-mm diameter
is covered. With a penetration range
of 25 mm it is thus possible to proc-
ess with one impulse 2.83 liters of
one particular material. If we as-
sume an average discharge fre-
quency of only 30 impulses per min-
ute this would be equivalent to a
capacity of 85 liters per minute and
about 5,100 liters, or 5.5 tons, per
hour.

Table IT indicates the nature of
changes in several substances when
subjected to continuous radiation

and, by comparison, to ultra-short-
time radiation. Using ultra-short-
time impulses with intensities far
above maximum continuous radia-
tion values recommended in the
literature, we note no formation of
vitamin D in ergosterol. Our in-
terpretation of this fact is that the
first step in the photoactivation of
ergosterol, namely, the isomeriza-
tion of the angular methyl group
on C-10, has a reaction time con-
siderably in excess of 10°° second.

Preservation of Foods

Table 111 illustrates the effective-
ness with which foods are preserved
by means of capacitron radiation.
For example, slices of raw beef, veal
and pork were put into thin-walled
glass containers which were sealed
off under air and exposed for four
impulses. The energies applied were
far in excess of the minimum ster-
ilization dose.

Tests for sterility were made di-
rectly after irradiation and at the
end of the storage period, which
was in some few instances coin-
cident with perceptible change in
appearance but in most cases arbi-
trary. Experiments are continuing,
so it is difficult to estimate the ex-
tent of ultimate storage stability
for many samples. In the protein
series, for example, we feel that we
are nowhere near the limit.

Table II—Comparison of Continuous and Ultra-Short-Time
Radiation

Continuous Capacitron
Substance Radiation Llitect Impulses of
10-% Sec
LErgosterol u-v, a, B vitamin-1) formation | no change
Casein, Egg Albumen| 8, v decomiposition, no change
oxidation
Butane, Heptane a, B L., Cll; evolution, no change
polymerization
Styrene u-v, a, 8 polymerization no change
Castor, Linsced, Tung| u-v, 8 polymerization, change| development of

Oil of ref. index., iodine slight flowery odor

no. and color

Acetone B c':omlen.sution, gus no change
formation

IIenoglobin u-v, a inhomogenization, low| small 9 of
molecular breakdown | methemoglobin
products

Rubber Plant B | discoloration, drying, | no change

latex formation
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FIG. 2-—Laminated discharge tube used in
the system

Boiled ham showed decomposition
after 63 days, whereas raw fat pork
exhibited no change after 207 days.
This had us puzzled until we found
that the discrepancy was due to dif-
ferences in packing. The boiled
ham samples were packed in double
bags of 0.004-inch polvethylene foil,
considered ideal because of its
low density, and heat-sealed. De-
composition of the sample started
around the areas closest to the
sealed edges, indicating need for a
foolproof, fully airtight plastic con-
tainer.

Ultra-short-time impulses do not
always eliminate all side effects. In
the case of butter as well as other
products containing butter fat a
definite taste change occurs which
cannot be classified as any of the
previously known taste changes. We
call this change irradiated taste. It
can be considerably reduced by crit-
ical variation of the irradiation con-
ditions, and also by prolonged stor-
age. In the case of cream cheese,
irradiated taste completely disap-
peared after 66 days of storage at
room temperature in the original
tin-foil wrapper.

Considering the most common use
of castor oil, it was rather amus-
ing to find that under radiation this
household standby developed a fra-
grant odor much like that of daisies.

Table 111 also illustrates the be-
havior of capacitronized vegetables.
The days of storage for the prod-
ucts in plastic containers are some-
what deceiving, since these samples
were opened regardless of appear-
ance when we discovered the un-
suitability of heat-sealed polyethy-
lene bags for our purpose.
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By contrast with the color of sub-
stances of animal origin, some plant
dyes were found to be much less
stable under our conditions of stor-
age. Bleaching is not a radiation
effect but develops slowly on stor-
age. It can be reduced by storage
away from light. On the other hand,
attempts to preserve lettuce have
so far been a failure, with the detri-
mental effects undoubtedly due to
irradiation. We do not yet know
why.

The color of all except one of the
fruits so far tested was well pre-
served after radiation. The notable
exception is strawberries. Indica-
tions are that special treatment and
storage conditions as well as more
rigidly controlled impulse dosages
may overcome the undesirable ef-
fects.

Surface Sterilization of Foods

All the experiments discussed so
far were undertaken for the pur-
pose of studying the maximum ex-
tent of preservation obtainable with
penetrating electrons of ultra-short-
time duration. If, however, only a
moderate extension of shelf life is
needed then the capacitron can be
readily utilized for a process which
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FIG. 3—Prototype of a commercial capacitron

we have called surface sterilization.
In this procedure the irradiation
conditions are adjusted in such a
way that the electrons penetrate
just through the surface of the
foodstuff.

We have found that the elimina-
tion of micro-organisms from the
surface affords a considerable ex-
tension of the life of fresh food
products, particularly of those that
have a rather thick or tough skin,
such as apples, peaches, melons,
corn, nuts and eggs. That this
should be so seems logical if one
remembers that except for insect
infestations the surface is the main
portal of entry for micro-organ-
isms.

We have been able to preserve
fruits such as melons, peaches, pears
and corn on the cob, wrapped in
plastic envelopes, over periods of
several weeks at room temperature.
Controls kept under identical con-
ditions started to decay after sev-
eral days.

Another interesting application
of the eapacitron is the preserva-
tion of partly or wholly dehydrated
foodstuffs, particularly when the
dehydration has been achieved by
freeze-drying. And this discussion

www americanradiohistorv com

of preservation of foods would not
be complete without mentioning
commodities which serve in one way
or another as raw materials, inter-
mediates or additives in the prepa-
ration of finished food products.
These highly diversified products
include grains such as wheat, corn
and rice, as well as the correspond-
ing flours, beans, nuts, spices,
plant extracts, protein fractions
and many others. We have achieved
preservation of these commodities
by elimination of micro-organisms
of all types as well as infestations
caused by insects, insect eggs or
larvae.

Before concluding the discussion
of food preservation, I would like
to say a few words about capacitron
preservation in relation to preserva-
tion by refrigeration, particularly
by deep freezing, We do not hold
the opinion that preservation with
penetrating electrons of ultra-short-
time duration will be a potential
antagonist to deep-freezing tech-
niques. Quite the contrary, we feel
that the process can offer great ad-
vantages to the processor of frozen
foodstuffs. The capacitron offers a
means for heatless sterilization and
enzyme inhibition. To this, refrig-
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eration can add preservation of
color and texture. In addition, and
this is probably even more impor-
tant, capacitronized frozen prod-
ucts can be kept without loss at
about 10 F for very long periods of
time, thus providing considerable
reduction of freezing costs and
elimination of many of the head-
aches of transport.

Sterilization of Drugs

The last topic of this discussion
deals with the sterilization of drugs.
Some of the results are illustrated
in Table IV.

It can be seen that vitamins such
as thiamin, riboflavin, pyridoxine,
niacin, and pantothenic acid either
alone or in mixture are readily ster-
ilized without loss in potency, even
with large impulse dosages. Similar
data was obtained when testing fat-
soluble vitamins, such as vitamin A
and vitamin D. The same also holds
true for hormones, and even such
a mixture of complicated protein
molecules as pituitary hormone can
be readily sterilized without any
loss in potency. Another remark-
able result is the radiation stability
of antibiotics such as penicillin and
streptomycin. They withstand even
higher impulse dosage than those
given in the table without any loss
of antibiotic activity.

To illustrate in this table the ster-
ilization of individual enzyme prep-
arations as well as their sensitivity
to penetrating electrons of ultra-
short-time duration, I have selected
three examples, namely, hyaluroni-
dase, clarase, and trypsin. Two
facts are outstanding. First, the
margin between sterility dose and
activity loss, although rather nar-
row, is still wide enough to achieve
sterilization with little or no po-
tency loss. Second, there are ap-
preciable individual differences in
enzyme sensitivity to capacitron
radiation.

The sensitivity of individual en-
zymes as well as isolated enzyme
systems to penetrating electrons of
ultra-short-time duration is at pres-
ent under more detailed investiga-
tion.

Summary and Acknowledgments

Summarizing the salient features
of penetrating electrons from a cap-
acitron as they apply to heatless

78

Table III—Etfects ot Capacitron Radiation on Foods

1

Im-
pulses

| (10~G |

MEATS, FISH, EGG

Storage
Conditions*

. { rpae
| Sec) Temp | Time

Ifood
]
B1 ef
Veal
Pork, fat

| Roast Beef, red

boiled

— ]
o
.
[Mlounder, hl(‘ I
W |
|
[Tam, [

Bacon, smoked

Chicken a

la Ning

Hamburger

Egas, pigeon

Butter

Murgacine ‘

Lard
Olive Oil

Cream Cheese |

Camembert

Peas

BBeans. cut

Carrots, diced

Potatoes, diced

L.ima Beans |
—_—
Cabbage, diced I

Broceoli, diced
Spinach, chopped

Mushroorns

Lettuce

Canliflower, diced

[

6

| (C)

| Toom

} TOO!

rooImn

| room

room

|
|
|
‘ room
!
|
|
|

|

I(days)

|

‘ Appearance,

Taste, Odor

264 |unchange(., raw and frie (I‘

238 }unchan"e(l raw and f'riEd‘

207

A

94

room ' 63

roomn ~ 156

llmchanned no rancidity |

[unchanged, no r: mu(hl\

[unchanzed except t'm
ldarkening of color

unchanged, no rancidity

unchanged

unchanged

[
|
fair, slight (l(‘compomllon‘
l
N
|

[unchanged

FATS and OILS -

+1 74
+4 | 83
r(;mﬁ ; 194
I‘O();II |7 97
|
room 79

roont | 204

room

room

60

§2

|
i
|
|

VEGETABLE S

room [ 18!

room

room

room

room

room

room

room

181 Junchanged, except for
some hleaching
117 |considerable hleaching, |
some loss of texture
i 64 |unchanged, exceplt for
l |[some hrowning
‘ 227 lunchanged |
i
I 234 |lunchanged ’
!
| 49 unchanged, except for
i some bleaching
1 ‘e 2 n B .
| 83 junchanged, except for
| some bleaching
| 33 |unchanged, except
browning of stem and
slight toss of texture
2 og flat tasting and
2 lsoggy, llat tasting and
considerable bleaching
234 [unchanged, slight yellow

!
|
|
‘
|
|
1
182 |unchangcd, no rancidity |
|
!
|
|
i

hul ofl lasle
no rancidity

preserved,

but off taste;
no rancidity

preserved,

]unchang('d
unchanged; ofl-taste
after irradiation

disap-|
peared in storage i

preserved, ripening pro-
cess arrested; taste more|
like ch('ddar {

unchanged, evcepl (m
slight bled(‘hmg

discoloration

*In air and light.
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Un-
[ treated | Con-
Sdmple Luiner
| Dec av |
(dayq)
2 |glass
3 |glass
2 |glass
1 |glass
2 |plastic
2 |plastic
6 |alumi-
num
4 |plastic
5 |plastic
18 |card-
board
7 3 Jelass
|
glass
|glass
10 |glass
L Itinfoi]
2 |tinfoil
S_Igluss -
6 |glass
5 |glass
I L
4 |plastic
5 |glass
9 gla«
2 pldxtlc
3 |[plastic
1 |plastic
1 |plastic
6 |glass
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FRUITS
Storage
Im- | Conditions* Un-
pulses A ppearance, treated | Con-
Food | (10-° Taste, Odor Sample| tainer
Sec) [Temp | Time Decay
! (°C) |(days) (days)
Pineapple, sliced 4 |room | 91 |unchanged 4 |plastic
Coconut, sliced 4 |room| 86 |unchanged 3 |plastic
Peaches, sliced 14 |room| 83 |well preserved, but slight 1 |glass
loss in texture and some
browning
Apples. sliced 4 | room | 101 |unchanged, except for 2 glass
f some hrownmg
Blueberries 4 |room| 65 lmchanrr( d, except for 2 |plastic
| slight loss in texture
Raspherries 4 |room| 69 |unchanged, except for 2 |plastic
slight loss in texture
Strawberries 1 room 41 |preserved, but marked 1 |plastic
loss in texture and color
Cherries, sweet | 4 |room | 6} unchanged 2 |plastic
Orange Juice | 4 | room | 128 [|preserved, but some loss 1 |glass
of aroma and sweetness
Orange- Grap('frlut 4 | room | 129 |unchanged 1 |glass
Juice
1
Grapefruit Juice 4 | room | 131 lunchanged 2 |elass
*In air and light.
Table IV—Capacitron Sterilization of Drugs
Potency
Impulses | Contami-
Drug (10-¢ Sec)| nation Container
Untreated | Treated
Thiamine HCI 2-4 |unknown [4.6 mg/cc (4.4 mg/cc |glass
Protein Hydrolysate 2 GNB,GPC |.........|.cccvenn aluminum
Penicillin-Na 3 B. subtilis /220,000 U (220,000 U |glass
fungi spores
Streptomycin-H,S0, 4 B. subtilis {100,000 U (100,000 U |glass
Testosteron 4 B. subtilis  {100%, 1009, glass
Prolactane R 1009, 1109, glass
Pituitary Hormone 2 unknown 3800 1. U. {1000 I. U. |plastic
Iyaluronidase 2 unknown 1007, 7% plastic
Clarase 2 unknown 1009, 879% aluminum
Trypsin 2 unknown [1009, 1009, aluminum
Yeast 2-4 B.subtilis }..........[ .. ... .. .. plastic
Riboflavin [ ... .o 0.07mg/gm|0.0Tmg/gm{....... ...
Pyridoxine | ... o 0.04mg/gm|0.04mg/gm|..........
Pantothenic Acid  |.........[........... 0.10mg/gm|0.10mg/gm|. .........
Niacin = [|eccsmaoalinmorevoins 0.35mg/gm|{0.35mg/gm|..........
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preservation and sterilization:

While the energy is cold energy
it is of very considerable intensity.
The use of such cold energy makes
it possible to treat products at tem-
peratures well below freezing and
in any physical state—raw, partly
or fully cooked.

The application of high intensi-
ties for ultra-short-times accom-
plishes the selective elimination of
micro-organisms and enzyme ac-
tivity which, under such conditions,
in many cases runs ahead of un-
desirable side reactions.

Highly accelerated electrons pen-
etrate to a considerable depth, de-
pending upon the voltage. Further-
more, they release more energy
underneath the surface than on
the surface. These characteristics
permit the treatment of ready-
packed items without breakage of
the container and with minimum
energy loss within the wall of the
container, provided the density and
the wall thickness of the container
materials are kept within reason-
able limits.

High accelerating voltages, nec-
essary for the preservation of bulky
materials, will not give rise to nu-
clear reactions, thus eliminating
the danger of artificial radioac-
tivity.

The possibility of large-volume
processing, due to the high dis-
charge rate and good efficiency,
make commercial application of the
capacitron feasible and attractive
in many fields.

The author gratefully acknowl-
edges the assistance rendered by
the staff of Electronized Chemicals
Corporation in carrying out this
work. In addition, he is indebted
to Alexander Astrack Jr., who con-
ducted many of the food experi-
ments.
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Part II

of a Series

Transmitter and receiver for 465 megacycles.
is at the lower leit.

the transmitter (top)

The quarter-wave receiving antenna
Local oscillator power for the receiver {(bottom) is taken from

RECEIVER for the

RECEIVER operating in the 460-
470 mc band is ultimately
limited in sensitivity by the thermal
noise associated with the antenna
resistance and circuit components,
and the shot noise due to the tubes.
A satisfactory receiver for the
Citizens Service should limit on
noise and have a good noise figure.
Figure 1 shows the block diagram
upon which the present design was
based. The preamplifier was used
in the interest of improved noise
figure, but also improves image re-
jection and reduces local oscillator
radiation. The following assump-
tions were made:

(1) 10-db gain in the preampli-
fier.

(2) Unity power gain in the con-
verter.

(3) 250-kc effective bandwidth
to receive the 200-kc channel width
allowed by FCC specifications. This
allows for the == 0.02 percent toler-
ance for class-A operation and
= 25-ke deviation of the carrier.

(4) 10-db noise figure.

(5) 10,000-ohm converter plate
load.

80

The available thermal noise
power is 4.1 x 10 watt per cycle
per second." For our bandwidth,
the thermal noise power is 1.025 x
107 watt. On the assumption of
10-db preamplifier gain, 10-db noise
figure, and unity power gain in the
converter, the noise voltage across
the 10,000-ohm converter plate load
is 32 microvolts.

This noise must be amplified to
the 1-volt level in three i-f stages.
The required gain is 31,200 overall
or 31.5 per stage. This gain is
readily obtained at 15 megacycles
using tubes of the 6AUS type.

Typical operation for the 6AU6
is as follows: E, = E., = 100 volts,
Ey =~ 1volt, I, = 52 ma, I., =
2.0 ma., G, = 3,900 umho. Using
these parameters, the load resist-
ance for a gain of 31.5 is 8,090
ohms.

Four tuned circuits enter the
bandwidth considerations. These
are the converter plate tuned circuit
and the three i-f amplifier tuned
circuits. The converter plate tuned
circuit will be considerably broad-
ened by the plate resistance of the
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6J4 converter and the last i-f tuned
circuit by the loading action of the
limiters. From these considerations,
only the first two i-f amplifier tuned
circuits determine the total band-
width.

For two single-tuned circuits, the
bandwidth factor for 3-db down is
0.64, making the bandwidth per
stage 390 ke.* This requires a cir-
cuit Q of 38 and a capacitance of 50
wuf per stage for the desired band-
width and gain.

Circuit Details

Limiting is accomplished by two
IN35 germanium diodes biased at
0.5 volt. The limiter clips both
positive and negative peaks exceed-
ing 0.5 volt. This circuit is about
equivalent to two stages of con-
ventional limiting.

The limited signal then is fed
into another 6AU6 i-f amplifier
which drives a Foster-Seeley dis-
criminator employing 1N35’s as de-
tectors. An inverse frequency net-
work is included for reception of a
phase-modulated carrier.

Figure 1 shows the complete
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By
WALTER C. HOLLIS

Radio Engineer
Sperry Gyroscope Co.*

Underview of transmitter and receiver, showing coupling to transmitter doubler cavity
resonator for receiver local-oscillator power. The two coil forms at left of the receiver
{bottom) form the discriminator transformer

Citizens Radio Service

Circuit operation and construction details for a 465-megacycle superheterodyne receiver
for operation in conjunction with the transmitter described in November 1947 ELECTRON-
1cs. Grounded-grid input, cavity resonators, and crystals in limiter and discriminator aid

in design of a small-size unit for portable operation

block diagram of the receiver and
Fig. 2 is the schematic diagram,
without the audio system. The
received signal is fed in the re-
ceiver from the antenna coaxial
transmission line to the input jack,
Ji. The input is tuned by L, a
short length of transmission line,
and the tube input capacitance. No
tuning adjustment is required as
the Q of the input circuit is ex-
tremely low due to the low driving
impedance of the 6J4 grounded-
grid amplifier V..

Impedance matching is accom-
plished by tapping down the line,

* The equipment described was pro-
duced by Mr. Hollis as an independent
consultant to the McGraw-Hill Publish-
ing Company. For a full account of
IELECTRONICs Citizens Radio Project, see
p 80 of the November 1947 issue,
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644 644 3-6AUS 2-IN35
3-STAGE
465 5 15
NVERTER I-F LIMITER
465 Mg | REAMP we | °° E MG MG
AMP
LOGAL
OSGILLATOR 15 MG
(IN TRANSMITTER)
2-IN35 6AUS
AUDIO o
, ; g _
AF F Lelz DISGRIM Mi laf
AMP NETWORK AMP

FIG. 1—Block diagram of the receiver.

Power supply and a-f circuits are separate

from the chassis illustrated in the accompanying photographs
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[)\7, Rlo, Rn, R20—50, 1,: W, Allen-

R1:-30,000, 1 w, Allen-Bradley

Ra-22.000, 1/2 w, Allen-Bridley
Ra, R2-100,000, 1/2 w, Allen-Bradley

= =
X,
Le z > V| Lg Lg
L 6 :
3 | 4 CG
3 1
| Ly
2
o
7T,
! ! ¢
L 1 - e
R, G Gy Li 7: .
[ T e
Ji LO7AL
ANTENNA 28CIL ATOR

(FROWM TRANSMITTER)

1/2 w, Allen-

Ci, G, Gy, Cs, Cs, Cs, (:37—1,000 wuf,
Iirie button mica, Type 370BB
Co—10u uf, silvered mica

C;-3-15 wuf, E. F. Johnson, type 160-

Re-1,000, 1/2 w, Allen-Bradley "107
Rs, Rs, Ru, Ris-130, 1/2 w, Allen-

24y 275

mica

cs; Cl‘l; Cl3; CHI; (:17; Clﬂy CZO; (“'Zih C‘.!3;

28y (“29y 30, ;
Centralab Type D6-502

Cyy, Ciyy, Cio-36 wuf, silvered mica

Cis, Cisy Cay, Cag, C33—130 wuf, silvered

Cai, Cis D upd,

Cy5-20 wuf, silvered mica
Cs=3 uuf, silvered mica
Css, Ca—100 wuf, silvered mica

L,. Capacitor C, is provided for
d-c blocking when used with an
antenna or signal generator having
a d-c¢ return.

The plate resonator circuit for
the grounded grid preamplifier con-
sists of L, and C.. These constitute
a resonator similar to that used
in the transmitter and shunt fed
through Ls, C,, and C.. Grid bias
is supplied by R, bypassed by C..
Chokes L. and L., bypassed to
ground by C, place the filament at
cathode potential.

The converter, V., is another 6J4

operated with grounded grid. The
amplified signal is inductively
coupled from the preamplifier plate
resonator through coupling loop L..
Local oscillator power is fed in
series with the amplified signal.
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FIG. 2—Detailed circuit of the receiver showing values of compo-

The oscillator voltage is developed
across self-resonant choke, L.. Grid
bias is developed across R, bypassed
by C.. Local-oscillator power is fed
in at half frequency (225 mc) and
doubling is accomplished in the
converter.

The intermediate frequency of
15 me is developed in the plate
resonant circuit, L., C, Plate
decoupling is accomplished by
R, C.. The i-f signal is coupled
into the grid of the first i-f ampli-
fier, V, through C,, R,. Tube V;is a
6AU6 operating as a normal pen-
tode amplifier. The amplified i-f
signal is developed across L., C..
Plate decoupling is accomplished by
R, C.,; grid bias is developed across
R. bypassed by C.. Coupling to the
second i-f stage is through C., L.
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The second and third i-f stages,
V. and V. are identical with the
first. Inductors L.and L, are self-
resonant grid chokes employed to
provide zero audio gain to overcome
a troublesome audio oscillation due
to feedback through the plate de-
coupling networks.

The signal level in the third i-f
plate circuit L., Cs is sufficient for
limiting. The limiter is coupled
through C. andR,, and consists of
two 1N35 diodes oppositely biased
to 0.5 volt through the voltage drop
across R. and R, bypassed by C.
and C., respectively. A dropping
resistor R, limits the current to
5 ma. A closed circuit jack is
used for limiter current monitor-
ing; C., bypasses it to ground.

The fourth i-f amplifier, V,, is
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AUDIO
OUTPUT

L;, Ls, Lesee text

» »

wound on l-watt

Glyptal

Lio, Lu, Lus, Li5,~16 turns, No. 30, heavy
close-wound on Millen

Formvar.
form No. 69041

Ly, Lis-100 turns, No. 34 heavy Ior-
mex close-wound on Stackpole G-Y

L;, Ls, Lo-12 turns No. 22
enamelled, close-wound on 1/2-watt
Allen-Bradley resistor,
larger. dipped in Glyptal

L;-15% turns No. 22 enamelled, close-

Allen-Bradley

resistor, 100,000 or larger, dipped in

core, 0.25 x 7/8", coated with Glyptal
Lic—2t turns, No. 22 enamelled, close-

wound on National XR-50 form
L,7Bifilar winding,

turns No. 26 heavy Formvar, double

100,000 or

spaced

HT

Vi, Vo—6J4

Feed-through terminals 1 to 16—Vitro-
seal Corp. Terminal No. 1901-9-1.-

Ji-UG-58/U r-f jack

J.~Closed—circuit phone jack

Vs, Vi, Vs, Ve-6AU6
Y. Y., Y; Y, ~IN35 crystal

each winding 10
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FIG. 3—Bandpass characteristic of the
receiver i-f stages
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At current net prices, the cost of parts is approximately $40

driven by limited voltage. The out-
put voltage is developed across L.
This output voltage drives a Fos-
ter-Seeley discriminator consist-
ing of L. Cs Y, Y, R R
C., Cs and coupling elements C,,
and R.. Units Y, and Y, are 1N35
diode detectors. Opposing output
voltages are developed across R..
and R.. An inverse frequency net-
work for reception of a phase-mod-
ulated carrier is formed by R., and
Csw

Plate decoupling between stages
is accomplished through R., C.,
R, Cx R., Cs and R,, C, The fil-
ter formed by R., and C,, effectively
decouples any resonance in the plate
supply.

As shown in the photographs the
receiver chassis measures only
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123 x 2% inches. All tubes and
components are miniature. KEach
stage is individually shielded and
the preamplifier plate resonator is
built into the chassis. All i-f coils
are slug-tuned and accessible for
tuning from the top of the chassis,
except for the discriminator coils
which are accessible from the rear.

Performance

The assumed preamplifier and
converter gain were not achieved.
For the optimum adjustment of
the r-f portien of the receiver,
there are at least four interacting
parameters to adjust. These are
(1) output loop size, L,, which di-
rectly affects (2) the tap position
on L,, and (8) local-oscillator drive
power, a function of (4) the con-
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verter cathode resistor, R..

Another  difficult-to-determine
parameter is the impedance re-
flected at the signal frequency by
the local oscillator across the
choke coil, L,. The length of trans-
mission line (5 inches) was chosen
so that under assumed maximum
limits of terminating loop induct-
ance (tap on first doubler resona-
tor), the input impedance at 465
me would be a short circuit or a
capacitive reactance. As choke L,
presents a capacitive reactance at
465 me, an inductive reactance
presented at input to coaxial cable
could produce resonance and ab-
sorb much signal power.

The r-f stages were adjusted in
the following manner: A Measure-
ments Corp. model 84 signal gen-
erator was connected through a
coaxial cable to the input jack J.
and an 0-1 milliammeter plugged
into J.. A loop size was chosen
for L, and the local oscillator ad-
justed to produce a computed bias
of 5.8 volts across R.. With suffi-
cient output voltage from the sig-
nal generator to produce limiter
current, the preamplifier tuning
adjustment, C,, was adjusted for
maximum limiter current. The
local oscillator tuning was then
adjusted for maximum limiter cur-
rent. Several tap positions were
then tried and the signal generator
level for minimum detectable lim-
iter current noted. This process
was repeated for other loop sizes
for L, This process admittedly
adjusts for maximum gain, not
signal to noise ratio.

A loop size of 1% by € inch made
of No. 14 tinned copper wire for

L, was determined as a reasonably
good adjustment. For this size
loop, the antenna was tapped di-
rectly to the cathode terminal of
V.. A bias voltage of 3.5 volts
across R, was optimum and a de-
tectable limiter current was ob-
served from an input of 10 micro-
volts. An image rejection of 30
decibels was observed. A bench-
to-bench talking test using a
bread-board version of the trans-
mitter described in the November
issue of ELECTRONICS showed
highly intelligible reception.

With no i-f regeneration, the
gain was insufficient to obtain
limiter current on noise. It was
found, however, that the receiver
was critical as to the grounding of
the shield cover. The receiver is
normally quite stable, but at times
it was possible to obtain a slight
amount of regeneration which
brought the noise up to a readable
level. Under these conditions,
assuming no decrease in i-f band-
width, the noise figure measured 20
decibels above theoretical.

Figure 3 shows the i-f bandpass
characteristic. This was measured
by feeding an i-f signal in at the
local oscillator input. Under this
condition, the converter stage
operates as an i-f amplifier. This
has a minor effect due to differences
in the plate resistance between con-
verter and amplifier operation.
For this measurement, the limiter
current was maintained constant at
0.5 ma. The ratio of input voltage
expressed in decibels is plotted
against deviation from the center
frequency. The bandwidth for 3-db
down is 250 ke, the objective.

QUTPUT IN VOLTS

o] (o2} 0.2 0.3 0.4

LIMITER CURRENT IN MILLIAMPERES

0.5 0.6 07 0.8 0.9 1.0

FIG. 4—Output voltage across Rx in the discriminator load circuit (Fig, 2) plotted
against limiter current
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Figure 4 shows the limiter char-
acteristic. Output voltage as meas-
ured across R, is plotted against
limiter current. It is seen that
effective limiting occurs above
0.1-ma limiter current. Increas-
ing limiter current to 1.0 ma pro-
duces only 3.3-db more in output.

Figure 5 shows the discriminator
characteristic taken at 0.5 ma of
limiter current. The characteristic
is essentially linear over ==100
kilocycles. The slope at resonance
is 0.08 volt per kilocycle, producing
2 volts peak for 25-kilocycle devia-
tion, which is sufficient to drive a
low-power audio amplifier.

Constructional Details

Figure 6 shows chassis details.
The chassis is constructed entirely
of 1/32-inch sheet brass. Each
stage is enclosed within its own
shield formed by partitions soft-
soldered into the chassis. Each
partition has a cut-out to clear the
tube socket. The preamplifier plate
resonator is formed by two parti-
tions, into one of which a 13-inch
length of 4 inech X 1/32-inch wall
brass tubing is soldered.

A shield cover of 1/32-inch sheet
brass is securely fastened to the
chassis with 3-48 screws. Two
screws are used In each partition
to produce a complete electrical
shield between each stage. The
chassis and cover are cadmium
plated to resist corrosion.

Button mica capacitors and feed-
through terminals are soft-sol-
dered into the plated chassis. Units
C, L; and C, are then assembled into

the center conductor of the
resonator. Capacitor C, is mounted
+14 -
oz IR
+10 g
5 TN
w *6 / e i NS
Y +a /l i +—t
o [ | 1
> +2 1 i i
z BEE
! [
"5 -2 s T = |
g / i 2!
S -4 T
3 _¢ / w
/ |
-8 I =
-10 1 L
/ HREEN
-12 ~— i i
-14 S VRS N S l
I I }
-600 —400 -200 +200 +400 +600
FREQUENCY IN KILOCYCLES

FIG. 5—Discriminator characteristic when
limiter current is 0.5 milliampere
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e SECTION B-B

o)
¥ |

HOLE SPECS:
Jack J,-9/16" hole
Connector hole B—#31 drill
Holes 1 to 16-3/16" drill

Capacitor C;, coil Lis, Li7—1/14" hole

Cotls Llo, Lu, L13, L;s,-5/16” hole

Tack J,-3/8" hole

Tube sockets V; to V¢21/32" hole, #3 drill spaced 7/8"
Capacitors C,, G;, Cs, Cy7, C3-29/61" hole

FIG. 6—Mechanical details of receiver chassis, including those of shield partitions. Section A-A ai the right is the plate resonator of

on the chassis and the uprights
soldered to the center conductor.
Coil L, is a length of No. 14 tinned
copper bus wire spanning the
cathode terminal of V, and the
terminal on C,. It is spaced about
1 inch above the chassis.

The components should next be
mounted and the receiver wired in
the normal manner. All grounds
are made to the same point within
each stage; for example, C,, Cu,
Cs, and L., are all grounded to the
same point as terminals No. 2 and
No. 3 on the tube socket for V,
grounded to shield partition.

The secondary winding of the
discriminator transformer, L., con-
sists of two interlaced windings
spaced one wire diameter. One set
of opposite ends of the winding are
tied together to form the center tap.
The other set of opposite ends feed
the 1N35 crystal diodes. This con-
struction automatically permits
the tuning slug to affect both
windings nearly equally, thus
maintaining an approximate in-
ductance balance.

All shielded filament and plate
leads are covered by copper-shielded
wire, Precision Tube Co., No. 22
Lenz Aeroglas, in 0.101 OD by 0.009
wall tubing.
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the rf preamplifier stage

A signal generator tuned to 15
me is connected to the local oscil-
lator cable. Care must be taken to
carefully shield this lead. A 0-1
ma meter is plugged into J.. Coils
Ly, L., L,, and L, are tuned for
maximum meter current. A high
resistance d-c voltmeter is next
connected from terminal No. 3 to
ground and L., tuned for maximum
deflection. The voltmeter lead is
then moved from terminal No. 3 to
No. 1 and L., adjusted for a null.
This completes the i-f alignment.

A signal generator is next con-
nected through a coaxial cable to
the input jack, J,. Local oscillator
power at 225-mc (4,166.667-kilo-
cycle crystal) is fed in through the
local oscillator coaxial cable by tap-
ping the center conductor of the
cavity resonator of the first doubler
stage of the transmitter through a
10-ppf. mica capacitor, see Fig. 2.

The local oscillator power is ad-
justed to produce 3.5 volts across
R, by adjusting the tap position
or tuning of the first doubler of the
transmitter.

One possible improvement, re-
quiring no circuit change, is a
reduction in the resistance of R..
The value of 390 ohms was com-
puted on the basis of maximum
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second harmonic space current at
a d-c cathode current of 15 ma.
An optimum bias voltage of 3.5
corresponding to 9-ma cathode
current was observed. This indi-
cates increased conversion trans-
conductance could be achieved by
reducing the value of R, staying
within maximum plate dissipation
(2.25 watts) of the 6J4.

Another relatively simple im-
provement would be to change the
6J4 converter into a 15-me ground-
ed-grid amplifier. The input im-
pedance would present approxi-
mately the optimum load for a sili-
con crystal converter which could
be incorporated into the preampli-
fier resonator.
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FIG. 1—In this view of the laboratory, the central test equipment racks illustrated in Fig. 2 appear at left.
amplifiers are mounted on the walls

Television

The line-isolation

Receiver Laboratory

Design of test facilities, shielding, and filtering for a development laboratoryv. An oscil-

loscope adapter, line-isolating amplifiers, safety boxes for c-r tubes and the construction of

the shielded room are among the features

N THIS PLANT, the television re-

ceiver development program is
carried out in part in the general
laboratory area, with the main ac-
tivity taking place in a special re-
ceiver room, a small camera room,
two shielded rooms, and an adjacent
space with impedance-measuring
lines suitable for use at 40 mc to
250 me.

The main television room is
shown in Fig. 1. In addition to a
number of 7, 10 and 15-inch direct-
view receivers and one 10-inch indi-
rectly-viewed experimental receiver,
one 15 and two 10-inch diameter
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cathode-ray tubes may be seen on
the benches in safety boxes. These
are plywood boxes with sloping
fronts, having a safety-glass win-
dow the full size of the tube screen.
They are provided with readily ad-
justable deflection-voke and focus-
coil mounts.

In one safety box, a second focus
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coil and deflection yoke have been
mounted remote from those around
the neck of the tube. By switching
from one set of coils to the other
(with Dbrightness control turned
down to avoid burning a spot on the
screen) the undeflected, unfocused
spot can be conveniently observed.
This is of interest in studying asym-
metry of the spot or proper adjust-
ment of the ion-trap magnet. Con-
nections to a receiver chassis can be
made by using either binding posts
or a multiple-pin connector mounted
on the side of the box. The front
section of the box is hinged and held
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FIG. 2-—Central receiver test equipment.
The rack at left contains the sync genera-
tor. In the center rack are the laboratory
picture monitor, distribution and line ampli-
fiers, a linearity test generator, and picture
monitor and monoscope camera power sup-
plies. The righthand rack mounts the
monoscope, a transmitter, a noise gen-
erator, and line-isolation amplifier power
supply

other camera or picture signal
source is then put into a line ampli-
fier where sync pulses are added to
produce a standard RMA’ composite
picture signal. This composite vi-

deo signal should then be monitored

el - | o s by a laboratory picture monitor and
2w mocscspsopas B = 3 y

a waveform monitor. For complete
receiver testing, a laboratory tele-
vision transmitter is necessary if
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in place by convenient snap catches
to facilitate changing tubes.
Curtains are provided for dark-
ening one end of the room without
affecting the rest of the laboratory.
Fluorescent ceiling units provide
over 20 foot-candles of illumination.
Lights behind the curtains can be
turned off separately, and, if de-
sired, an incandescent unit in that
area can be adjusted from its maxi-
mum light output to any lower
brightness by means of a Variac.

Test Instruments

The first essential equipment of a
television laboratory 1s a television
synchronizing generator, prefer-
ably one complying with RMA
standards’. The second major re-
quirement is a dependable source of
picture signals such as those ob-
tained from a monoscope or other
test pattern which remains fixed
while adjustments are made and
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which can always be used to observe
the geometric distortion, resolution,
contrast, focus and general quality
of the received picture.

An electrical bar or grating pat-
tern generator is needed to aceu-
rately and rapidly adjust sweep
linearity. The pattern generator sig-
nals provide a grating of horizcntal
and vertical bars accurately spaced
in time. Thus their distances apart
on the picture screen show the
sweep speed averaged over each
time interval between bars. The
pattern can be chosen so as to pro-
duce squares when the aspect ratio
is correct and then the linearity and
amplitude of the sweeps can be
quickly adjusted.

A monoscope camera (such as the
one at the top of the right hand
rack in Fig. 2) generally includes
an amplifier which mixes blanking
signals with the picture signal
Either its output or that of some
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locally broadcast picture signals are
not available.

A noise generator to provide a
known and controllable amount of
various types of noise, such as ther-
mal noise, but more particularly
impulse noise similar to ignition
noise, is also needed to permit study
of noise limiting and sync interfer-
ence and other important receiver
characteristies.

In Fig. 2, the RMA sync gener-
ator occupies the left-hand rack. Its
outputs are made available both on
the central racks and at seven line-
isolation amplifiers mounted in
boxes on the wall above the benches
at convenient locations around the
laboratory. These locations are
connected through RG 59/U coaxial
lines to the central racks. The coax-
ials and d-c power connections for
each line-isolation amplifier are run
in ducts mounted along the walls
near the ceiling with branches
down to each box. From each box
two coaxial cables run directly to
the central jack panel shown at the
center of Fig. 2. Signals can be
sent from any part of the room to
any other location by making a suit-
able connection at the jack panel.
This saves time and avoids having
lines remain on the floor.

The picture on the monitor at top
center of Fig. 2 is not retouched.
The actual picture resolution and
contrast as viewed directly are ex-
cellent, even with the room brightly
lichted. An aluminized 10-inch
cathode-ray tube is used at about
14 kilovolts, giving about 200 foot-
lamberts brightness in the high-
lights. A neutral density filter in
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the safety glass over the tube has
only 40-percent light transmission.
The ambient room illumination is
thus attenuated before it strikes the
screen. Thus the picture still looks
bright and the contrast is not ap-
preciably impaired when the room
is fully lighted.

A small broadband scope near the
racks is used as a waveform moni-
tor and doubles as a test oscillo-
graph. However, it is desirable to
have a rack-mounted waveform
monitor which is always available
when needed.

The test transmitter shown on the
right-hand rack in Fig. 2 is erystal
controlled for the desired channel.
The output stage uses a grid-modu-
lated 832A tube with a 2-inch c-r
monitor directly connected to the
plate coil. A balanced mutual-in-
ductance type attenuator is used,
giving a continuously adjustable
output from 100,000 to 1 microvolt
with a direct-reading dial. This
balanced output appears on two
coaxial jacks, at an impedance level
of 50 ohms to ground from either
side, or 100 ohms from side to side.
This is very convenient in receiver
testing.

Line-lIsolation Amplifiers

The line-isolation  amplifiers
shown in the schematic of Fig. 3
have five type 6J6 tubes, one for
each of the five independent circuits.
Both plate and cathode-coupled out-
puts (either polarity of the applied
signal) are available at coaxial
jacks on the front of the box. The
first three circuits are intended for
pulse signals such as syne, blanking,
camera driving, and the last two for

composite picture signals or camera
output signals. Slightly different
circuit values were used for con-
venience.

The polarity of the input signals
on the first and last circuits are
black negative so the output jacks
are marked — on the cathode and
- on the plate to indicate the out-
put signal polarity. The middle
three circuit jacks are marked with
the -+ on the cathode and — on the
plate to indicate whether the output
is the same or the opposite polarity
from the applied input.

The maximum output level is
about 0.5 volt peak-to-peak if com-
pression is to be avoided. This
level is often insufficient, but a few
booster amplifiers used on the bench
as needed have been found satisfac-
tory. Other engineers may prefer
to use more distribution amplifiers
whose outputs can be patched from
central racks to any location de-
sired. This line-isolation amplifier
system provides a multiplicity of
outputs always available at each
location. Larger output tubes were
not used because the total B current
drain of the isolation amplifiers
would become excessive.

The coaxial line to the amplifiers
is looped into one after another, the
amplifier inputs being simply
bridged across the line except at the
last amplifier, where the line must
be accurately terminated to avoid
reflections which may become seri-
ous if there is an appreciable mis-
mateh. A small coaxial cable of the
length used here has about 3-db loss
at 5 me. The output of the ampli-
fiers is practically flat to beyond 5
me except for the line loss, which is
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FIG. 3—Circuit of line-isolation amplifier
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not serious since the phase response
is excellent.

Oscilloscope Adapter

An oscilloscope adapter is shown
in Fig. 1 on the rear bench at the
left-hand side. It may be conven-
iently used with any broad-band
oscilloscope to increase its utility in
television development work. Its
schematic diagram is shown in Fig.
4. The adapter is used to supply a
60-cycle calibrating voltage to the
input probe to compare in amplitude
with the signal under test, and to
supply a variable sweep voltage to
provide sufficient sweep velocity to
view only a few lines of a television
signal. This is also adjustable in
phase; any desired portion of the
signal may be expanded for close
examination. The unit also pro-
vides a double trace on the oscillo-
scope at a 30-cycle rate for study of
the interlace of a television signal,
and provides a broadband (6-mc)
video mixing amplifier with two
inputs.

The sweep-voltage waveform is a
trapezoid, produced from a 60-cycle
sine wave which is adjustable in
phase over about 360 degrees. The
slope or velocity may be varied to
allow only a few lines of a television
signal to be viewed if desired.
Blanking for the oscilloscope is pro-
duced by differentiating the sweep
to avoid bright spots on the screen
where the beam would otherwise
dwell during the time between the
fast sweep intervals.

In using the unit, compression of
the positive trace may occur due to
nonlinearity in the amplifier if the
trace separation is widened too far.
The phase shifter is quite satisfac-
tory but an autosyn resolver would
give even more constant output
amplitude and make it possible to
adjust the phase continuously ir
any direction. The present arrange-
ment is limited to 360 degrees and
has a slight variation in amplitude
with phase.

Shielded Rooms

The screen rooms are somewhat
unusual in that hardware cloth with
1-inch mesh is used for both the
inner and outer screens on the
usual wooden 2 x 4 frames. The
relatively open mesh permits ex-
cellent interior illumination by
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circulation of fresh air from an
anemostat over the screen room.

The galvanized steel wires of the
hardware cloth are bonded at every
intersection, and it is believed that
the efficiency of the sereen in elim-
inating radio interference will be
higher over a period of years than
for a fine mesh copper screen, which
is likely to corrode in time and
cause poor contact between wires.

In constructing the rooms, care
was exercised to solder all joints in
the hardware cloth. Joints around
the door between the screen on the
door and that on the main frame
are doubly sealed by bronze
weather-stripping on both the door
and the frame, on both the inner
and outer sides. No connection
anywhere between the inner and
outer screens was permitted except
for the single conduit which carries
power wires and coaxial cable cir-
cuits.

A schematic of the filters for one
of the screen rooms is shown in
Fig. 5. With this arrangement the
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FIG. 5—Power line and video input filters for the shielded room

screen room provides more than
70-db attenuation anywhere within
the room with respect to a signal
level measured just outside the
room, throughout the frequency
range from 20 to 250 mec.

The main power fuse and switch
box for each room is mounted out-
side the door, with a red lamp to
indicate when the power is on. The
60-cycle shielded transformer and
all the wiring are enclosed in metal
boxes or conduit. A motor-driven
voltage regulator supplies a con-
stant 117 volts.

The two r-f filter sections are
made resonant at widely different
frequencies, and seem to be quite
effective throughout the spectrum.
Chokes L, and L, in the r-f filters
are multiple-layer solenoids wound
with large rectangular wire to avoid
heating and keep the line voltage
drop low.

Two coaxial lines into the screen
room (only one is shown in the sche-
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matic) have 15-mc low-pass filters
in small boxes on both the outside
and the inside of the room. Thus
any video signals (including color
picture signals) can be transmitted
without distortion of the signal and
without any interference being in-
troduced into the screen room at
present television i-f or carrier
frequencies.

The author wishes to acknowledge
the contributions made by many
engineers and technicians associ-
ated with him, particularly those of
W. B. Wilkens and J. E. Mackenzie,
and the encouragement and assist-
ance of A. C. Omberg, chief re-
search engineer.
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Airborne Engine Analyzer

Electronic instrumentation for aircraft engine trouble shooting insures greater safety and

efficiency of operation. Special circuits provide cathode-ray display of ignition and vibra-

tion patterns regardless of engine speed

Engine analyzer installed in plane at rear of pilot's seat near flight engineer’s desk

LTHOUGH many engine malfunc-
tions are not serious enough
to prevent aircraft from flying,
present-day commercial practice re-
quires that all engines on even mul-
ti-engine ships be in as nearly
perfect condition as possible before
the plane is permitted to take off.
As a result of these high stand-
ards of maintenance, and because
no easy, accurate, and rapid method
has been devised to enable mainte-
nance crews to quickly locate engine
malfunctions, airlines have often
found it necessary to withhold an
aircraft from active service for
many hours and even days because
one or more causes of engine irregu-
larities could not be located.
Estimates of the loss in revenue
to an airline caused by the ground-
ing of a large ship range as high as
$37,000 per day." Although in some
cases this constitutes merely a
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paper loss it is none the less true
that the dollar loss caused by an air-
craft being grounded is consider-
able, and when added to the pas-
senger ill-will invariably incurred
when flights are delayed or can-
celled the situation becomes of con-
siderable importance to any first-
class airline.

The importance of the problem
has been recognized for some time,
and much work has been done in the
development of methods designed to
expedite maintenance work to the
utmost.

Functions Performed

The two principal functions of
the engine analyzer® are: the loca-
tion and identification of engine
ignition system malfunctions such
as fouled plugs, faulty magneto ca-
pacitors, and grounded high-tension
leads; and the location and identi-
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Assistant Product Engineer
Sperry Gyroscope Co., Inc.
Great Neck, N. Y.

fication of what might be termed
vibration faults, such as detonation,
ineorrect valve clearances, and valve
bounce. Records show that approxi-
mately 50 percent of all engine
faults are caused by ignition
troubles alone.®

1t should be noted that the engine
analyzer is installed as a permanent
part of the aircraft’s flight equip-
ment and consequently is available
not only to the maintenance crews
while the ship is on the ground,
but is also constantly available to
the flight engineer so that he can
check the power plant whenever he
has an opportunity or whenever he
believes a fault is developing. Ex-
perience has shown that checks
made during actual flight often re-
veal faults not detectable by ground
test methods.

Ignition Check

To understand how ignition faults
are revealed it is necessary to dis-
cuss the operation of a typical air-
craft-engine ignition system.

Without considering the details
involved, we can state that at the
instant the magneto breaker points
are opened by the engine-driven
magneto cam mechanism, a high
value of magnetic flux has been
built up in the iron core structure
of the magneto by the action of the
magneto’s permanent magnet rotor.
Then as the breaker points separate,
this magnetic field suddenly col-
lapses, generating a very high volt-
age in the secondary winding of the
magneto which is connected to the
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FIG. 1—Simplified circuit diagram of syn-
chronizing voltage generator

spark plugs through the distributor.
It is this voltage that fires the spark
plugs.

During the time that the breaker
points are open and the spark dis-
charge is taking place the engine
analyzer makes its analysis of con-
ditions existing in the ignition sys-
tem. The spark discharge sets into
motion a highly oscillatory circuit.
This circuit comprises the resist-
ance and inductance of the magneto
primary as well as the primary
capacitance located in parallel with
the breaker points. The circuit also

ELECTRONICS — March, 1948

FIG. 2—Block diagram of engine analyzer

includes the resistance, inductance
and stray capacitance of the sec-
ondary circuit, including the effect
of ionization in the spark-plug gap,
and the breakdown and extinction
voltages of the plug. The charac-
teristics of the oscillation will be
determined by these quantities and
it follows that if one of them, say
the secondary resistance, should
change from its normal value to
some higher or lower value, then the
resulting oscillation would suffer a
change in one or more of its char-
acteristies such as its frequency, or
rate of damping.

It has been found that in ignition
systems nearly all of the common
malfunctions are accompanied by
some significant change in one or
more of the electrical parameters
constituting the oscillatory circuit.
Consequently, it is necessary only to
establish the oscillation character-
istics occurring in a completely
normal engine, and then to estab-
lish, similarly, the characteristics
produced by the various ignition
malfunctions. The effect of the
malfunctions upon the oscillation
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characteristics have been studied
by building in various faults such
as fouled plugs on a test engine.

Breaker-Point Voltage

In order to study the oscillations,
it is necessary to specify a method
of measuring them. In the engine
analyzer this is done by measuring
the voltage appearing across the
breaker points during the time they
are open, and the actual evaluation
of the characteristics is made visu-
ally by observing the resulting igni-
tion patterns on a cathode-ray type
indicator. The voltage across the
breaker points is chosen because it
rarely exceeds 200 volts.

It should be noted that an isolat-
ing resistor of several thousand
ohms value is placed between one of
the magneto breaker points (the
other breaker point being grounded
in a normal engine installation) and
the analyzer. This resistor prevents
any short circuit or ground condi-
tion that might occur inside the
analyzer from affecting the opera-
tion of the magneto.

Analysis of vibration faults re-
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quires use of a magnetostriction-
type vibration pickup. The essen-
tial parts of this device are a small
permanent magnet surrounded by a
winding of many turns of copper
wire, and a suitable housing to con-
tain the magnet and coil. One end
of the winding is connected to the
case of the pickup which is subse-
quently grounded, while the other
end is brought out by means of a
helical  spring connector and
shielded cable arrangement. The
entire unit is mounted on the out-
side of the cylinder, the threaded
pickup stud being located in a hole
tapped into the thermocouple boss.
The stud does not go through the
cylinder wall into the cylinder itself,
but extends a short distance into the
mounting boss.

As the engine operates, vibrations
are set up in the cylinder walls;
these vibrations in turn cause the
entire magnetostriction pickup to
vibrate since it is attached to the
cylinder. The vibrations set up in
the pickup produce stresses in the
permanent magnet, and since this
magnet is made of a highly mag-
netostrictive metal, these stresses
cause the magnetic flux of the
magnet to vary in intensity, induc-
ing a voltage in the winding sur-
rounding the magnet. This voltage
is equal in frequency to the frequ-
ency of the vibration, and propor-
tional in amplitude to the amplitude
of the vibration. Consequently, by
its strategic location on the engine
cylinder, the pickup is able to pro-
duce a voltage which is character-
istic of cylinder vibrations caused
by detonation and valve bounce.

Sweep Requirements

To understand the operation of
the analyzer it should be noted
that there are two voltages that
must be displayed on a cathode-ray
tube screen. These are the voltage
from the magneto breaker points,
and the voltage from the vibration
pickup. Each of these signals is
applied to the vertical deflection
circuit of the cathode-ray tube. This
leaves only the horizontal circuit of
the cathode-ray tube to be consid-
ered.

In order to examine either the
ignition or vibration voltages, it is
clear that the patterns formed by
these voltages must appear sta-
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tionary on the cathode-ray tube.

Each complete pattern for a
given cylinder, whether it be due to
ignition or vibration, occurs once
during each cycle of engine events.
The initiation of the horizontal
sweep of the cathode-ray tube is
synchronized with the rotation of
the engine. As the engine rotates
through one complete cycle of events
(two revolutions) the horizontal
sweep is initiated, and the pattern
appears stationary. Furthermore,
if the sweep speed is such that dur-
ing two revolutions of the engine
the electron spot moves from the
left to the right side of the tube,
then it is clear that the ignition pat-
terns for all the cylinders will ap-
pear one after the other along the
tube face.

The patterns will begin at the left
with the pattern for the cylinder
whose firing corresponds to the
angular position of the crankshaft
at the instant of initiation of the
sweep. That ignition patterns for
all the cylinders will appear on the
screen is seen from the fact that
in two revolutions of the engine the
magneto breaker points must open
a number of times exactly equal to
the number of cylinders. One
vibration pattern for one cylinder
will occupy the entire length of the
trace, since one complete vibration
pattern requires two engine revolu-
tions for its completion.

Figure 1 shows the circuit used
in generating the signal which is
ultimately used for initiating the
sweep in proper synchronism with
the engine. The generator is a
small 3-phase permanent magnet
alternator that is connected to one
of the engine’s auxiliary tachometer
drives. The alternator is wound
as a two-pole machine and hence
delivers one complete cycle of alter-
nating voltage per revolution of its
rotor. Since the tachometer drive
operates at half the engine speed,
the frequency of the resulting 3-
phase voltage in cycles per second
is numerically equal to half the
speed of the engine in revolutions
per second. This 3-phase voltage is
applied as shown to a continuous
resistor wound uniformly in a circu-
lar configuration. The continuous
resistor is arranged so that it is
contacted at two points 180 degrees
apart by two contact arms. These
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contacts are insulated from each
other electrically but are arranged
so that they can be rotated around
the continuous resistor as a single
unit, one arm always remaining 180
degrees from the other.

Phasing Control

It can be shown that with an ar-
rangement of this sort a single-
phase voltage will appear across the
two contact arms, the frequency of
this voltage being equal to that of
the 3-phase voltage and the phase
angle with respect to the 3-phase
voltage being dependent only upon
the angular position of the two
contact arms on the continuous
resistor.

The contact arms are attached to
a shaft equipped with a detent
mechanism so arranged that as the
shaft is rotated by means of a knob
the contact arms are moved around
the circular resistor in discrete
steps. A dial used in connection
with the knob is inscribed with
numbers spaced over the 360-degree
travel of the knob, one number for
each cylinder. The numbers of the
cvlinders appear around the dial
in the sequence of the particular
engine’s firing order. By turning
the knob from one cylinder number
to the next, the phase angle of the
single-phase voltage across the con-
tact arms is shifted with respect to
the 3-phase generator voltage, or
what is the same, with respect to the
angular position of the crankshaft,
by an amount equal to the number
of crankshaft degrees between the
occurrence of an event in one cylin-
der and the occurrence of the same
event in the next cylinder.

The circular resistor, the contact
arms, and the knob and dial ar-
rangement are assembled as one
unit known as the cylinder-cycle
switch. For a given setting of the
cylinder-cycle switch, the phase
angle of the single-phase voltage
with respect to the crankshaft will
remain fixed regardless of varia-
tions in engine speed. This re-
quirement obviously must be met in
the present application, and repre-
sents the principal reason for using
this type of circuit rather than one
of many possible arrangements in
which the phase shift would be de-
pendent not only upon the setting
of one or more circuit parameters,
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but would also be a function of the
varying frequency supplied by the
generator as engine speed varies.

Block Diagram

The bleck diagram of Fig. 2
shows the complete operation of the
analyzer,

Three signals entering the ana-
lyzer from the engine are the vibra-
tion, ignition, and 3-phase gener-
ator voltages. The vibration and
ignition signals go into the condi-
tion-selector switch, where either
one or the other is chosen by the
operator. If ignition is selected,
the signal is passed to the vertical
deflection circuit of the cathode-ray
tube. Since the amplitude of the
voltage appearing across the
breaker points is sufficient to pro-
duce ample deflection when applied
directly to the cathode-ray tube, no
amplification of the ignition signal
is necessary. If the vibration sig-
nal is selected, it is passed through
the vibration amplifier and then to
the cathode-ray tube. Amplifica-
tion is necessary because the normal
output of the vibration pickup is

The single-phase sine wave devel-
oped from the 3-phase generator
enters a squaring amplifier followed
by a differentiating and amplifying
circuit that converts the square
waves into one positive and one
negative pulse each cycle. The posi-
tive pulses are used to trigger the
horizontal sweep circuit once each
cycle, or once for every two revolu-
tions of the engine. These pulses
trigger a conventional sawtooth
sweep voltage that is applied to the
horizontal circuit of the cathode-ray
tube. In actual operation the gen-
erator is mounted on the engine in
such a position relative to the angu-
lar position of the tachometer drive
shaft that the resulting pulses de-
rived from the cylinder-cycle switch
and pulse-forming circuits will
trigger the horizontal sweep at
exactly the instant the magneto
breaker points open to fire, say, the
number one cylinder if the cylinder-
cycle switch is set to that cylinder.
In a like manner, setting the cylin-
der-cycle switch to any other eylin-
der will shift the position of the
pulse in one direction or the other

initiation of the sweep to occur just
as the breaker points open to fire
that cylinder.

Having achieved the ability to
initiate the sweep just as the de-
sired ignition pattern is beginning
to form, the sweep circuit has two
adjustments such that instead of
causing the electron spot merely to
move across the tube face in two
revolutions of the engine it will also
move much more rapidly. Thus
instead of seeing the ignition pat-
terns for all the cylinders one after
another, only the pattern of the
cylinder being examined will be
vigible; but now the pattern will be
greatly expanded horizontally (and
may, indeed, be made to occupy the
entire width of the tube face) thus
facilitating analysis. The fast
sweep is used mostly for ignition
analysis where it is desired to ex-
pand the patterns considerably,
while the slow sweep is used mainly
for vibration analysis where it is
more desirable to view the pattern
for the entire cycle of ecylinder
events as one pattern rather than
to have it broken up into a number
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FIG. 4—Typical ignition patterns for (A)
normal conditions, (B) fouled plug, (C) open

secondary. (D) magneto breaker-point

bounce, and (E) vibration pattern of a nor-

mal cylinder

sweep setting consequently provides
a sweep requiring two revolutions
of the engine for its completion.

If the sweep speed is maintained
constant at either the fast or slow
value the length of the horizontal
trace will decrease as the engine
speed increases. This effect results
from the time between initiation of
successive sweeps being inversely
proportional to engine speed. For
example, a 3-inch trace at 1,000 rpm
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would shrink to 1-inch length at
3,000 rpm. To remedy this condi-
tion an automatic sweep-length con-
trol is included. In effect this cir-
cuit measures the speed of the
engine by measuring the frequency
of the 3-phase generator voltage
and adjusts the sweep speed accord-
ingly. Asthe engine speed increases
the sweep speed increases corres-
pondingly to maintain the length
of the patterns constant.

Electronic Circuits

A simplified diagram of the elec-
tronic apparatus used in the engine
analvzer is shown in Fig. 3. Al
the electronic circuits with the ex-
ception of the cathode-ray tube,
which is located remotely are con-
tained in one box measuring
approximately 8 x 10 x 9 inches.

The vibration signal is amplified
by tubes V, and V,. The amplified
signal appearing across R. is then
applied directly to one of the verti-
cal deflection plates of the cathode-
ray tube, the other plate being
grounded. The amplifier is en-
tirely conventional except for the
circuit consisting of inductance L,
and capacitor C.. This circuit is
tuned to resonate at about 10,000
cycles, causing the amplifier to peak
at this frequency. It has been found
that the cylinder vibrations asso-
ciated with detonation and valve
events occur in the band of fre-
quencies lying between 5,000 and
15,000 cycles. The gain is adjust-
able from zero to approximately
10,000 by means of R,. Feedback
between the first and second stages
is provided by R, and C,. The switch
S, is provided to disconnect the
amplifier from the upper end of R.
when the analyzer is used for igni-
tion analysis ; this is necessary since
the ignition signal entering the
electronic unit is conducted to the
cathode-ray tube by the same cir-
cuit used for the vibration signal.
In the actual analyzer this switch
takes the form of a small relay
which is operated by the condition-
selector switch.

Considering now the single-phase
variable-angle sine wave coming
from the cylinder-cycle switch and
entering the electronic apparatus,
the voltage is amplified in the first
section of V, and subsequently con-
verted into a square wave by the
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second section of V; and by the two
sections of V, which follow. Capaci-
tor C, and resistor R, serve to differ-
entiate the square waves, producing
positive and negative pulses. These
pulses are amplified by the first
section of V,, resulting in positive
pulses of approximately 50 micro-
seconds in duration and 150 volts in
magnitude, and also negative pulses
that serve no useful purpose. The
positive pulses are used to fire the
thyratron V; and are applied to its
control grid through R; and R.. One
end of R, is returned to R, as
shown. A potential of about 48
volts is developed across R,, and
serves as the negative bias which
maintains the thyratron in a non-
conducting condition until a posi-
tive firing pulse arrives.

Sweep Length Control

The first section of V, is supplied
with square waves from V,, the
frequency of these square waves
being equal to the frequency of the
3-phase generator. The square
waves are amplified by the first sec-
tion of V., and then differentiated
by C; and R,.. The resulting pulses,
both positive and negative, are ap-
plied to the grid of the second sec-
tion of V.. Since one end of R is
connected to R,;, the grid of the
second section of V. is biased well
beyond cutoff except when a positive
pulse arrives. Since the positive
pulses are about 150 volts in magni-
tude, the second section of V. is
forced to conduct fully during the
time the pulses are applied. This
current flow through V, charges the
combination of C, and R,, to a volt-
age the average of which is deter-
mined by the frequency of the
pulses. Resistor R,. and capacitor
C, serve to filter the voltage appear-
ing across R, resulting in a smooth
d-c¢ voltage that is almost exactly
proportional to the frequency of
the pulses, or in other words, pro-
portional to engine rpm. The time
constant of this filter is about two
seconds. The values B, and R., are
so proportioned as to prevent the
voltage between the cathode and
heater of V., from exceeding 100
volts, which is the limit specified by
the tube manufacturer. With this
arrangement it has been found that
the d-c voltage appearing across C,
is virtually independent of varia-
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tions in the tube characteristics.

The purpose of tube V,is to amp-
lify the voltage appearimg across
C,. By properly choosing the values
of the components used with V, and
Vs, it has been possible to make the
voltage at the plate of the second
section of V, almost exactly propor-
tional to engine speed over a range
of speeds from 1,000 to 3,000 rpm,
and it is this voltage that controls
the sweep length. This effect is ac-
complished as follows: the voltage
at the plate of V, is applied through
R. to capacitors C; and C,. Assum-
ing these capacitors to be uncharged
at the start, they will charge
through R, in the usual exponential
manner. The voltage appearing
across C; and C, is applied to the
cathode-follower circuit of the sec-
ond section of V. The output of this
cathode follower is used to drive the
sweep amplifier consisting of tubes
V. and V., the plates of which are
connected to the horizontal deflec-
tion plates of the cathode-ray tube.
Two capacitors C; and C,, provide
the fast and slow sweep speeds men-
tioned above. When the fast sweep
is desired only C; is used, whereas
when the slow speed is needed,
switch S, is closed, adding C,. The
velocity of the sweeps is inversely
proportional to the value of capaci-
tance in the circuit. Because only
the linear initial portion of the ex-
ponential charging characteristic is
required to effect the complete
sweep from left to right, the sweep
speed is nearly uniform and pro-
portional to the voltage appearing
at the plate of the second section of
V., which in turn is proportional to
engine speed. Thus the sweep speed
is proportional to engine speed and,
since the time for one sweep is in-
versely proportional to engine
speed, it follows that the trace
length will remain constant even
though the speed of the power plant
varies.

As the capacitors charge and the
sweep reaches the end of its travel,
the engine completes the two revo-
lutions started at the time the sweep
was initiated, and the thyratron V,
is fired by the pulse discussed ear-
lier. The thyratron discharges Cs
and C, through current-limiting re-
sistor R, and the process of charg-
ing repeats; thus a linear sawtooth
sweep voltage is generated. Since
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it is desirable to be able to adjust
manually the actual length of the
sweep that is to be maintained by
the automatic control, resistor K,
is provided. By adjusting the po-
tential of the grid of the second
section of V, at some convenient en-
gine speed, the plate voltage of that
tube is set to give the desired length
at that speed, after which the auto-
matic action compensates for higher
or lower speeds.

Horizontal centering of the entire
trace is accomplished by adjusting
R...

It should be noted that the com-
ponents comprising the sawtooth
generator, cathode follower and
sweep amplifier were chosen so
that: (1) the minimum voltage ever
appearing on Cs and C, at the end
of the sweep would be sufficient to
insure reliable firing of the thyra-
tron when the pulse arrives; (2) the
maximum voltage ever appearing on
C; and C, would not cause exces-
sive current to flow through the
thyratron; (3) the maximum en-
ergy ever appearing on C; and C,
would be low enough that it could be
dissipated by V, and Rs in a time
that is very short compared to the
shortest sweep time; (4) the sweep
voltage applied to the cathode-ray
tube would be linear under all con-
ditions; (5) the maximum voltage
between the cathodes and heaters of
Vs, Vo and V, would never exceed
100 volts; and (6) the maximum
ratings of all components would not
be exceeded under any condition.

The power supply used in this ap-
paratus is conventional.

The focus and intensity of the
cathode-ray tube are adjusted by
R, and R, respectively.

Typical Results

The results obtained by use of the
engine analyzer can best be shown
by means of photographs of the
cathode-ray screen while the an-
alyzer was in operation.

Figure 4 (A through E) shows
ignition patterns as they appear
under various engine conditions.
Space does not permit a detailed dis-
cussion of each photograph; how-
ever it has been possible to explain
nearly all the patterns in terms of
the electrical parameters of the
ignition system. These photographs
apply to a-high-tension system, and
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while the corresponding patterns
for a low-tension system are some-
what different in form, they too
can be analyzed and used in the
identification of faults. While only
photographs showing normal igni-
tion, fouled plug, open secondary,
and breaker-point bounce have been
included, numerous other patterns
are available showing such condi-
tions as shorted secondary, large
plug gap, small plug gap, shorted
primary capacitor, no combustion,
and magneto mistiming. Breaker-
point bounce, (Fig. 4D) shows a
pattern almost exactly like the one
for normal ignition, except for the
sharp pip near the end of the trace
indicating that the points bounced
open at that time after closing an
instant earlier.

Figure 4E shows a typical normal
cvlinder vibration pattern. It will
be noted that there are four dis-
tinct points at which the vibration
rises to values considerably higher
than the rest of the pattern. Count-
ing from the left, these points rep-
resent (1) the closing of the ex-
haust valve; (2) the injection of the
fuel; (3) closing of the intake
valve; and (4) vibration due to com-
bustion. When any of these eylinder
events become abnormal, the par-
ticular portions of the pattern
change greatly in magnitude. Thus
when a cylinder detonates (knocks)
the combustion portion of the pat-
tern increases in height consider-
ably. With a little practice, one can
distinguish at a glance nearly any
vibration abnormality.
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Space-Charge
Tetrode Amplifiers

Performance of developmental space-charge audio output tetrodes is compared with that
of 6K6 pentodes, 6V6 beam pentodes, and 45 triodes in push-pull output stages of high-
quality amplifiers. Developmental tubes not only outperform other types, but also require

less costly components and simpler circuits

N THE AUGUST 1947 issue of

ELECcTRONICS W. S. Brian de-
scribed a space-charge grid power
output tube that he had developed.
In cooperation with Brian, a num-
ber of tests were made in which the
performance of these tubes in a
high-quality amplifier was com-
pared with that of some standard
tubes. It is the purpose of this
article to report the results of these
tests.

An amplifier was constructed in
which provision was made for
changing the output tubes, every-
thing else remaining the same. Four
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sets of output tubes were tested—
the 6K6 as representative of a
pentode, the 6V6 as a beam tetrode,
the 45 as a triode, and the new
space-charge tubes under discus-
sion. The 6V6 and the 45 were used,
rather than the 6L6 and 2A3, be-
cause their power capacity is of the
same order as that of the space-
charge tubes available.

The standard type tubes were

FIG. 1-——Harmonic and intermodulation dis-
tortion versus output for resistive load

FIG. 2—Power output and harmonics show
less variation for space-charge tubes
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quite well matched; the space-
charge tubes were quite badly mis-
matched, one tube having about
twice the power output of the other.
This circumstance was accidental,
having arisen from the fact that
two tubes of the better type were
not available among the experi-
mental models constructed. There-
fore, the results for the space-
charge tubes, while significant, are
by no means optimum.

The nominal rating of the space-
charge tubes used was 2 watts per
tube. Since these tubes are oper-
ated strictly as class-A amplifiers,
the push-pull amplifier was rated at
4 watts. The 6V6 tubes are rated
in the tube manuals at 14 watts
under the conditions used in these
tests, 6K6’s at 9.8 watts, and the
45’s at 12 watts. In these experi-
ments, even when allowance was
made for the losses in the output
transformer, the pentodes and beam
power tubes failed to deliver rated
power.

Measurements were made on all
four amplifiers of both harmonic
and intermodulation distortion
versus power output. The optimum
load resistance was first determined
experimentally and that value used
for the measurements. In the case
of the three standard tubes, the load
resistance thus determined agreed
very closely with the published
values. The push-pull, space-charge-
tube amplifier gave the greatest
power at the lowest distortion with
a plate-to-plate load of 20,000 ohms.
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Three amplifiers undergoing comparison tests

Harmonic distortion was meas-
ured at 300 cycles by means of the
high-pass filter method. The filter
used to remove the fundamental had
an attenuation of 60 db at 300 cy-
cles, and less than 1 db at 600 cycles
and above. The harmonic content
was indicated on a vacuum-tube
voltmeter reading rms volts. No
attempt was made to analyze the
harmonic content of the output
waveform. Since the filter and
vacuum-tube voltmeter were both
flat to well above 20ke, it was as-
sumed that all significant harmonics
were included in the summation.

Intermodulation was measured
on a Pickering Model 502 Inter-
modulation Distortion Meter. In
this instrument, measurements are
made at 100 and 7,000 cycles, with
the low-frequency signal 12 db
above the high-frequency signal.
The percent intermodulation is
specified as the degree of modula-
tion of the 7-ke carrier after the low
frequency has been filtered out.

It is felt by some engineers that
harmonie distortion and intermodu-
lation distortion measurements give
essentially the same results, and
therefore that there is no point in
making both measurements. It is
true that with a complete wave
analysis and hours of laborious com-
putation the intermodulation in an
amplifier can be predicted. A simple
harmonic distortion measurement,
however, cannot indicate anything
about the intermodulation, since the
latter is dependent on the order as
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well as the magnitude of the har-
monics.

A word should be inserted here
about the permissible limits of
harmonic and intermodulation dis-
tortion for good quality amplifiers.
For many years 5 percent harmonic
distortion has been accepted as the
tolerable limit for good amplifiers.
This limit was found to be far
too lenient for even medium-quality
equipment, especially that using
beam-power or pentode tubes, since
5 percent harmonics from these
tubes is much more objectionable
than 5 percent harmonics from tri-
odes. Instead, it seems more prac-
tical to define a fair-quality ampli-
fier as one having 2 percent total
harmonics and 10 percent intermod-
ulation, and a good amplifier as hav-
ing 2 percent harmonics and 5 per-
cent intermodulation. Judged by
these ratings, many commercial
amplifiers look pretty feeble.

Tload resistance.

Figure 1 shows the curves for
harmonic distortion and intermodu-
lation distortion in the four types of
tubes. The bumps in the curves for
the space-charge tubes are caused
by the mismatch of the two tubes.
It must be emphasized that these
curves were plotted with the tubes
working into a resistive load, with
each pair working into its own best
To evaluate the
performance of the amplifier work-
ing into a reactive load, such as a
loudspeaker or cutting head, more
extensive tests were made.

Comparison of Tubes

Characteristics of the four types
of tubes used in these tests are
given in Table I. Several interest-
ing conclusions emerge from this
comparison. Dynamic plate resist-
ance, transconductance, amplifica-
tion factor and plate supply voltage
are listed merely to describe the
tube and ts condition of operation.
The design engineer will find
greater interest in the fifth heading,
which shows that the drain on the
power supply is greatest with the
space-charge tubes. However, since
these tubes are strictly class-A
amplifiers, there is no rise of plate
current toward full power output,
the quiescent plate current being
the maximum plate current; in
the three other types of amplifier
there is a plate current rise of
from 10 to 30 ma at full power
output. This plate current varia-
tion necessitates a power supply
having fairly good regulation. The
supply to the space-charge tubes can
have a fairly high impedance with-
out appreciable detrimental effect
upon performance.

The ultimate power output repre-
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sents the power that the load con-
nected to the tubes must withstand
in the event of accidental overload.
Much more significant is the grid
voltage required to obtain this
power. Here the triodes compare
badly, while the space-charge tubes
are found to be even better than the
pentodes and beam tubes, which are
notably easy to drive.

The efficiency of an audio ampli-
fier has been defined as the ratio
of the power output with 5 percent
harmonic content to the d-¢ power
input.

The figures for power output at
a given percentage of harmonic dis-
tortion are greatly at variance with
the published literature on the
standard tube types. These meas-
urements were carefully made, and
all recommended operating voltages
adhered to very closely. It is felt
that these conditions often prevail
in practice regardless of the results
obtainable in the tube laboratory.

At low values of harmonic dis-
tortion, the space-charge tubes are
about twice as good as the triodes.
The others are not even close to this
standard of performance. However,
from the intermodulation stand-
point, the triodes are about 1 db
better which indicates that the
small amount of harmonic distortion
in the space-charge tubes is of a
higher order.

The figures for practical efficiency
are rather remarkable, because they
show the triode to be the most
efficient.

The effective amplification high-
lights the weakness of the triodes,
and also brings out the astonishing
fact that the 6V6 with an amplifica-
tion factor of 230 provides a useful
gain of only 13.3. The space-charge
tube, on the other hand, realizes a
net gain of 16.6 with an amplifica-
tion factor of 20. This is another
advantage of low plate resistance.

The effective generator imped-
ance, or damping factor, is a most
important characteristic of a power
amplifier that is used to drive a
loudspeaker. This impedance should
be low because the electromagnetic
damping of a loudspeaker depends
on circulating currents through the
generator impedance. Furthermore,
it is desirable, when working into a
reactive load, to develop as nearly
as possible a constant voltage. To
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satisfy this requirement would de-
mand a zero-impedance output
stage, which is ordinarily impos-
sible. In practice, however, a gen-
erator impedance equal to the
nominal load resistance is satis-
factory; a generator impedance less
than this value is even better. The
effective output impedance was
measured by first observing the
open-circuit voltage and then load-
ing the amplifier until the voltage
was reduced 6 db, or 50 percent. At
this point the load resistance and
generator impedance are equal.

Table I shows that the effective
generator impedance is five times
the load resistance for the beam-
power tube, four times for the pen-
tode, only 80 percent for the triode,
and 50 percent for the space-charge
tubes. This property of the space-
charge tube makes the bass re-
sponse cleaner and free from hang-
over. It also prevents the voltage
rise at high frequencies which is
characteristic of the pentodes and
beam-power tubes. It is primarily
to obtain this damping effect that
negative feedback is used with the
latter types of tubes. To obtain
the same damping effect with the
6V6 tubes which is inherent in the
space-charge tubes 20 db of feed-
back is required.

Practical Amplifiers

Three complete amplifiers were
constructed using push-pull 6Vé’s,
45’s and space-charge tubes. Every
effort was made to make each of the
amplifiers of as high quality as pos-

experienced with the driver stage
for the triode tubes. It was found
impossible with ordinary voltage-
amplifier tubes to drive the grids of
the output tubes with a resistance-
coupled phase inverter or even a
resistance-coupled amplifier stage
without having the driver overload
before the output tubes did. There-
fore, transformer coupling. was
used, adding considerably to the
cost of this amplifier. Experience
indicates that overloading of the
driver is a common problem in
triode amplifiers.

The output-transformer primary
inductance is in shunt with the load,
and at low frequencies increases the
loading on the amplifier tubes. This
effect reduces the amount of useful
power applied to the load, and in
the case of the triode and beam-
power tubes, substantially increases
the distortion at low frequencies.
Figure 2 shows the manner in which
power output and distortion varies
with load for the three types of
tube. The ability of the space-
charge tube to ignore variations in
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load impedance is an important
advantage. No more primary in-
ductance in the output transformer
is required for the space-charge
tubes than for the triodes. A value
of 10 henries is quite adequate for
response within 1 db to 30 cycles.
The beam-power tubes, on the other
hand, require at least twice the in-
ductance for equivalent bass re-
sponse into a resistive load. For
the same core structure, the trans-
former for the space-charge tubes
will have the same number of pri-
mary turns and half the number of
secondary turns as the triode trans-
former. This construction will re-
duce the cost of labor and materials,
at the same time reducing the IR
losses in the secondary winding and
reducing the leakage reactance.
This is a case where something is
had for nothing.

The measured frequency response
of the three amplifiers with both
resistive and loudspeaker loads is
shown in Fig. 3. The same output
transformer was used on all three
amplifiers, the secondary taps being
changed to match the various load
impedances. The primary induct-
ance was 15 henries, which is more
than necessary for the space-charge
and triode amplifiers, and less than
desirable for the beam power tubes.
The effect of a low generator im-
pedance when working into a loud-
speaker load can be seen clearly.

In order to conduct listening tests
with any degree of similarity be-
tween pairs of amplifiers, it was
necessary to equalize the 6V6 ampli-
fier so that it had about the same
high frequency response as the
other amplifiers. This was accom-
plished by connecting a 10,000-ohm
resistor in series with a 0.05-uf
capacitor from plate to plate of the
6V6 tubes. Little could be done
about the low-frequency peak.

Another effect which showed up
when switching from one amplifier
to another was an apparent change
in relative volume at low and high
levels. When all amplifiers were
adjusted for the same loudness at
low levels, the space-charge ampli-
fier sounded louder at high levels.
Conversely, when adjusted on loud
passages to the same loudness, the
6V6 amplifier was loudest at low
levels. Measurements showed that
the 6V6 amplifier departs from lin-
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Table I—Comparison of Tube Characteristics

Space
Tube Type 6Vo NG Charge 45
Dynamic plate resistance R, at

quiescent operating point, ohms 65,000 75,000 4,000 1,700
Transconductance gm at quiescent

operating point, micromhos 3,600 2,100 5,000 2,050
Amplitication factor u (R, X ¢..) 230 150 20 3.5
Plate supply voltage K, 285 285 325 325
Totul cathode current I,

milliamperes 74 62 110 92
Total d-¢ power supplied to tubes,

(Ey X I.) watts 21.2 17.7 35.7 20.8
Optimum load resistance R ., ohms 8,000 12,000 20,000 5,000
Ultimate power output, watts 12.5 8.5 11.0 13.5
Peak grid-to-grid volts for

ultimate power output 42 54 36 150
Power output at 5 percent

harmonics, watts 2.4 2.4 10.7 12.0
Power output at 2 percent

harmonics, watts 0.32 0.50 6.6 3.8
Power output at 10 percent

intermodulation distortion, watts 0.76 0.6l 1.8 6.0
Efliciency as a-f amplifier, percent 11.3 13.5 30.0 40.0
Gain—actual amplification,

uRL/(R. + R)) 13.3 11.1 16.6 2.6
Effective generator impedance,

ohms, 500 ohms load 2,500 2,000 250 100

earity almost 10 db below its peak
voltage input. The space-charge
tubes, on the other hand, are linear
to within about 3 db of maximum
input. The triodes depart from
linearity somewhere between these
levels. Naturally, this effect is
closely related to distortion, because
a nonlinear device is by definition
both a harmonic generator and
modulator.

It is interesting to examine the
intermodulation distortion of the
three amplifiers with loudspeaker
load, shown in Fig. 4. Observe that
the space-charge tubes, because of
their ability to work well into a load
of variable impedance, show the
lowest intermodulation percentages.
The triodes are very nearly as good,
but the 6V6 tubes are considerably
worse.

Comparison of Amplifier Costs

To perform as well as the triodes
and the space-charge tubes, the
6V6’s require at least 20 db of feed-
back. For this feedback, an addi-
tional stage of amplification is re-
quired and careful attention must
be paid to phase shift within the
feedback loop. In addition to these
expensive modifications, the circuit
requires a costly output trans-
former having a frequency range
far in excess of the useful passband,
in order to prevent oscillation.
There is the additional point that
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the same amount of feedback ap-
plied to an amplifier using space-
charge tubes will improve it by the
same factor.

The expense of the driver stage
makes it difficult to construct a low-
cost amplifier using triodes, even
though the output transformer is
less expensive than that for the
beam power tubes.

Since inverse feedback is hardly
necessary with the space-charge
tubes, a high-quality amplifier can
be built that is capable of supplying
full power output over a wide fre-
quency range from a grid input sig-
nal of 30 millivolts. Such an ampli-
fier would need only three stages
including the output tubes. Sav-
ings in the power supply result
from reduced heater-winding capac-
ity on the power transformer, and
a reduction in the amount of plate-
supply decoupling necessary. A
suitable output transformer could
be made for a retail price of about
four dollars. The retail cost of the
parts required to build a completely
satisfactory amplifier, flat within
1 db from 30 to 15,000 cycles, with
intermodulation of less than 5 per-
cent at 10 watts, is less than twenty-
five dollars, including tubes and
power supply. The only drawback
at present is the fact that the tubes
are not yet available. It is hoped
that they will be in production be-
fore too long.
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Sensing element of the leak detector, a

diode of unusual design employing posi-

tive ion rather than negative eleciron
emission and operating in air

Leak detector with supersensitive nose,

one example of an instrument utilizing a

long-neglected principle to simulate another
of man’s senses

Electronics Simulates
Sense of Smell

Platinum, heated to incandescence, freely emits positive ions in air and does not readily

oxidize. Emission is increased when halogen vapor compounds, of which Freon and carbon

tetrachloride are good examples, are present. Use is made of this principle to detect leaks

HE SCIENCE of electronics has
T provided instruments which, in
a practical way and to a remarkable
degree, give responses similar to
the human senses. Examples of
this are the microphone, which per-
forms like the ear; the loudspeaker
and its similarity to the voice; the
phototube and the eye, and a num-
ber of instruments equivalent to the
sense of touch.
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The sense of smell, as the human
nose operates in air, has to date not
been well duplicated, although for
certain specialized cases very sen-
sitive detectors’ have been devel-
oped. The device to be described is
thermionic in its nature and is sen-
sitive to a large variety of halogen
compound vapors and air-suspended
particles. It thus extends man’s abil-
ity to simulate the sense of smell.
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Engineers working with electron
tubes understand negative clectron
emission. On the other hand, the
emission of positive ions from a
red-hot metal is not as well known,
and little use has been made of this
phenomenon.

Unlike electrons, which are sim-
ply basic units of negative electric-
ity, ions are positively charged
particles of some specific substance.
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By W. C. WHITE
and
J. J. HICKEY

Research Laboratory
General Electric Company
Schenectady, N. Y

In general, emission of ions means
a loss of material from the cathode
emitting them. One unique feature
of ion emission, however, is that it
can be made to occur readily in the
air.

Owing to the fact that platinum
can be operated at a red heat with
little oxidation and loss from evap-
oration, this metal is very useful as
an ion-emitting source. The volume
of ion emission from platinum
varies greatly, depending upon
temperature, area and nature of the
surface, and purity of the metal.
Ion emission current drops slowly
with time, eventually reaching,
however, a small but finite equilib-
rium value.

Twenty-five to fifty years ago,
some scientific work was done on
this phenomenon®, but with the
coming of electron tubes in their
evacuated, sealed envelopes conduc-
tion in air was neglected for the
newer, more intriguing, and simpler
phenomenon of electron emission in
a high vacuum. When early reports
on conduction in air are studied it
is soon realized that the experi-
mental results obtained were very
conflicting and the theories contra-
dictory. In part this was due to the
fact that electrical conduction
through air is more complicated
than in a high vacuum. There was
also a less developed experimental
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FIG. 1—Basic circuit of the new device

technique available to early work-
ers.

Operating Principle

It has been found by C. W. Rice
that the steady emission of ions in
air is increased to a marked extent
when certain vapors strike the elec-
trode surfaces. In the presence of
even a small amount of a halogen
compound vapor there is a marked
increase in ion current. There is
also a marked increase in current
when suspended particles, such as
smoke, containing a halogen com-
pound contact the electrode surface.

Thus the essential elements of a
halogen compound vapor detector,
shown in Fig. 1, are:

(1) A two-element sensing struc-
ture, one suitable arrangement be-
ing in the form of concentric cyl-
inders. The vapor to be detected
is passed between these two closely
spaced cylinders. The inner cylinder
or cathode is kept red hot by an
internal platinum-wire heater and
the outer cylinder or anode is oper-
ated at a negative potential.

(2) A means of forcing air con-
taining the vapor to be detected be-
tween the cylinders at a constant
low velocity.

(3) Low-voltage a-c¢ for the
heater and another supply deliver-
ing a few hundred microamperes
at somewhere between 50 and 500
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volts a-c or d-c for use as the inter-
electrode potential.

(4) Sufficient amplification to
make a small increase in d-c current
due to ion emission variation read-
ily detectable.

General Characteristics

One of the characteristics of the
device under operating conditions
is the small amount of current that
flows even in the presence of pure
dry air. This current is usually of
the order of 1 to 10 microamperes.
In the presence of an air-diluted
vapor of a chemical element or com-
pound to which the device is sensi-
tive this current will increase sev-
eral fold.

Sensitivity to a halogen compound
vapor varies with the velocity of
air flow between the two cylinders.
With an air flow of the order of one
inch per second or less there is an
extreme sensitivity to some vapors
of about one part in a million. With
an air flow of more than one foot
per second the sensitivity and re-
sponse are reduced to a point where
there is little response.

The device is very sensitive to
carbon tetrachloride, chloroform
and Freon (dichlorodifluorometh-
ane). At room temperature it does
not respond to Pyranol (chlorin-
ated phenol) but, if the Pyranol
is heated to 60 C or more the vapor
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FIG. 2—Methed of producing an audible response when the leak detector encounters
halogen vapor compounds, or solid particles containing them, in the air

pressure becomes sufficiently high
to give a response. It also responds
to solid particles of the iodides,
chlorides, bromides and fluorides.
Therefore, it detects smoke from
burning materials containing such
compounds.

The detector is suitable in its
present form for exposure to va-
pors, provided this exposure is lim-
ited to a relatively short time. If
the sensing element is exposed to a
halogen vapor for too long a time,
or to a too highly concentrated va-
por, it may lose its sensitivity. Long
operation at full temperature in a
current of pure air and with volt-
age between electrodes will restore
its sensitivity if the contamination
has not been too great. If the con-
tamination has been too great it
may be necessary to clean or replace
the electrodes. The ease of contam-
ination varies greatly from one
compound to another. For instance,
carbon tetrachloride contaminates
the electrodes more easily than
Freon.

If the sensing element has been
hot for some time in the absence
of an interelectrode voltage a heavy
transient current flows when volt-
age is applied. The time taken to
return to normal is dependent upon
the time the element has been hot.
A similar transient rush of ion cur-
rent occurs if the interelectrode
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voltage is interrupted momentarily
and then reapplied.

The device is quite sensitive to
variations in air flow. If the air
flow is too rapid then the vapor ap-
parently has only limited oppor-
tunity to strike the hot cathode and
dissociate. The sensitivity of the
device therefore decreases as the
air flow is increased. Part of the
decreased sensitivity is also due to
the additional cooling of the cath-
ode with the increased air flow.
On the other hand, if the air flow
is at too low a rate the device will
be extremely responsive to vapors
to which it is sensitive but con-
siderable time will elapse before
the current returns to its normal
no-vapor condition even after the
inlet is again given a supply of
pure air.

The response of the sensing ele-
ment increases markedly with tem-
perature over a narrow range. Be-
low approximately 850C, the
emission current is too small to be
easily utilized, and over approxi-
mately 950 C it becomes unstable
and random fluctuations will hide
any signal.

It is necessary to keep the space
between the electrodes free from
dust, cotton lint, or other particles
that may be sucked in by the air
flow. Such particles would short-
circuit the electrodes and give false
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indications. It is usually desirable
to filter the incoming air.

Indicating Methods

There are several ways by which
the increase of current due to ex-
posure to a vapor may be indicated.
The simplest is by means of a mi-
croammeter or a galvanometer. An-
other method is to utilize the change
in voltage across a high resistance
to operate an amplifier which in
turn operates a relay.

A third method is to add a relax-
ation-type of circuit incorporating
a capacitor and glow-discharge
tube, with a loudspeaker as an indi-
cating element, as shown in Fig. 2.
The current through the sensing
element builds up a charge in the
capacitor. When the voltage is suffi-
ciently high the glow-discharge
tube operates and the pulse of cur-
rent resulting from the discharge
of the capacitor produces a click
in the loudspeaker. The repetition
rate of the clicks is an indication of
the amount of current passing.

With any circuit used, it is de-
sirable to include a protective re-
sistor to prevent injury to the sens-
ing element and indicating device
resulting from an overdose of vapor
or a short circuit between elec-
trodes. This may be of the order
of 100,000 ohms.

Use as a Leak Detector

The device is very convenient for
detecting leaks in pressure systems
of tanks, pipes, valves and flanges.
In the case of a refrigerating sys-
tem utilizing one of the Freon com-
pounds under pressure, the opera-
tion consists of moving the intake
nozzle of the unit near spots where
a leak is suspected. For other closed
systems a little Freon or other
suitable halogen compound vapor is
introduced as a tracer gas and air
pressure is applied.

It is believed that this device will
find wide application in industry
due to the many products which
must be made free from leakage be-
fore being used. Many other uses
of the principle are anticipated.
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Postwar re-entrant line short-circuit type of wavemeter for use in the frequency range
from 8 to 12 ¢m, as described below

FIG. 1—A 5 to 30-cm searching wavemeter
with finger contact to inner conductor

Direct-Reading
WAVEMETER DESIGN

Construction details of direct-reading wavemeters for the range from 2 to 75 em (15,000
to 400 mc). Theory behind maintaining linearity of wavelength-change-to-conductor-dis-

placement is given for cavity devices of finger-contact and re-entrant line short-circuit type

By G. E. FEIKER and H. R. MEAHL

General Electric Co., Sclienectady, N. Y.

HE development of waveme-
ters for use in the centimeter-
wavelength range was accelerated
after 1939, before which Lecher
wires were probably in greatest use.
Development of resonant coaxial
transmission line and resonant
wave guide cavity types followed.
All forms of the Lecher wire
wavemeter require that two or more
observations of resonance be made
and that the distance of motion of a
short-circuiting bar or plunger be-
tween points of resonance be meas-
ured to get data from which the
signal wavelength can be calculated.
A 5- to 30-centimeter searching
wavemeter was developed to replace
the various forms of Lecher wire
device in order to conserve space
and man-hours.
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The back-panel appearance of the
direct-reading 5- to 30-cm searching
wavemeter is shown in Fig. 1. The
device will agree with a primary
standard of wavelength of fre-
quency within 0.1 cm and will repeat
a reading made using a crystal-con-
trolled signal source within 0.05 cm.

A cross-section of the resonant
cavity of this wavemeter is shown
in Fig. 2. A coaxial transmission
line resonator operates in its quar-
ter-wave mode. Finger contacts are
used on the inner conductor, the
length of which is adjustable by
means of a rack and pinion. The
visual indication of resonance is ob-
tained by converting a small amount
of microwave energy to direct cur-
rent with either a thermocouple or a
crystal rectifier and applying it to
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a d-c microammeter. An input of
approximately 20 milliwatts is re-
quired for full-scale deflection with
a thermocouple and approximately
one milliwatt when a crystal recti-
fier is used.

In order to obtain better accuracy
and precision in another equip-
ment, the size and shape of the
contacting fingers were chosen to
cause a minimum departure from a
linear characteristic over a range
from 30 to 75 cm. In addition, the
coupling loops were adjusted to give
uniformly good sensitivity over the
whole range together with a char-
acteristic sufficiently linear to allow
the direct reading scale to be guar-
anteed accurate to within 0.5 per-
cent.

In order to increase the effective
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scale length, the wavelength dial is
rotated nearly two revolutions. The
slope of wavelength versus con-
ductor displacement was adjusted so
that one set of graduations could be
used with two sets of color-coded
numerals. The correct scale is in-
dicated by a colored target near the
upper left edge of the dial.

Shielding for Accuracy

Experience with the 5- to 30-cm
wavemeter showed a need for
shielding against extraneous fields.
Any r-f voltage induced in the nom-
inally d-c path between crystal and
microammeter is rectified to give a
deflection. A combination bypass
capacitor and instrument conneec-
tion, together with grounding the
input coupling and tuning shaft to
the case, provided adequate shield-
ing in the vicinity of high r-f fields.

A design similar to that of the
5- to 30-cm wavemeter has been
made for the 2- to 8-cm range with
the scale direct reading to within
0.05 ecm between 3 and 8 em.

Precision Wavemeters

An early form of laboratory
wavemeter built for the dual pur-
pose of investigating the character-
istics of quarter-wave resonators
as wavemeters of high precision in
the 8- to 12-cm wavelength band and
of measuring the output spectra of
magnetron oscillators is shown in
Fig. 3. Since the existence of dis-
crete narrow spectra was suspected,
a vernier tuning control shown at
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FIG. 2—Cross-section of 5 to 30-cm search-
ing wavemeter
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FIG. 3—A developmental 8 to 12-cm precision wavemeter with conductors for coarse
and fine tuning

FIG 4—Field type precision wavemeter. Indicating meter is at upper center

the right was included. However,
the main tuning control proved ade-
quate and tests showed that the
resolution obtainable with a coaxial
resonator employing a silver-plated
micrometer spindle as adjustable
center conductor was sufficient for
all but the most specialized meas-
urements in the 8- to 12-em range.

Quantitative analysis and test of
the performance of this laboratory
wavemeter provided guidance in the
design of wavemeters for field use.
Improvements were made in the
coupling loops, the contact between
the micrometer-head mounting
plate and the body of the wave-
meter, the contact between the
mounting plate and the micrometer
spindle and in the body of the wave-
meter itself. The measuring equip-
ment had good sensitivity, full scale
deflection for approximately 1 milli-
watt input, and a wavelength versus
displacement characteristic linear
within 0.05 percent over the wave-
length range of 8 to 12 em. Positive
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low resistance contact is necessary
both between the micrometer-head
mounting plate and the body of the
wavemeter as well as between the
mounting plate and the micrometer
spindle. It was found that the stiff-
ness of a wavemeter body made of
standard brass tubing was inade-
quate. Changes as great as 0.03
percent in tuning were caused by
pressure on the clamp that held the
body to the base.

In field wavemeters satisfactory
contact between the micrometer-
head mounting plate and the body
of the wavemeter resulted from the
combination of silver plating both
parts and turning a lip approxi-
mately 0.005 inch high on the body
of the wavemeter at its inner edge.

A satisfactory contact between
the mounting plate and the microm-
eter spindle was obtained by making
the micrometer spindle of sterling
silver and the finger contacts of
silver-plated phosphor bronze or
beryllium copper. Motor driven
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accelerated wear tests indicated
that a year of trouble free perform-
ance could be expected from this
combination. However, the re-en-
trant transmission line type of
short-circuit which is described be-
low is superior to the finger-type
contact in having low manufactur-
ing cost and more uniform and
stable electrical characteristics.

Adequate stiffness in the wave-
meter body has been obtained by
means of a sturdy bronze casting,
silver plated for high conductivity,
shown in Fig. 4. This casting is
securely bolted to the sloping panel
to provide a sturdy mount for the
input jack, output coupling loop,
crystal rectifier unit, and tuning
control.

Re-entrant Short Circuit

One of the most valuable features
of the field tyvpe precision wave-
meter is the re-entrant transmission
line short circuit between inner and
outer conductors of the resonator,
shown in cross-section in Fig. 5.
This accomplishes the same purpose
as the finger contacts of earlier de-
signs but without a mechanical con-
tact between conductors of the main
resonant cavity. The re-entrant
portions of the cavity are propor-
tioned so that the reactance at the
input to the re-entrant line is zero
at some intermediate wavelength
in the band. At other wavelengths,
the reactance is small in proportion
to that of the main cavity. The
rotating joint between micrometer
spindle and head is at a low current
point, so that the effect of this
variable resistance contact on the
wavemeter performance is negli-
gible.

This design has resulted in an
ideal working condition for the
micrometer screw, since there is no
load on the spindle. The construc-
tion provides a close approximation
to the ultimate in uniformity and
stability of both electrical and me-
chanical characteristics.

Further features of the field-type
precision wavemeter are the direct-
reading wavelength scale, accurate
within 0.1 percent and resettable
within 0.002 centimeter, and the
combined shielding and bypassing
that protect the wavemeter from
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strong radio-frequency fields and
prevent responses to other than the
impressed signal.

The appearance and construction
of a postwar 8- to 12-cm precision
wavemeter for general laboratory
use is illustrated on the first page
of this paper. Comparison with
Fig. 4 will show that the gear-stop
and sensitivity control of the field
type have been omitted and that a
less expensive bypass capacitor has
been used across the microammeter,
but that the primary structural and
shielding features have been re-
tained. The electrical characteris-
tics of the two wavemeters are iden-
tical. Many of the benefits that ac-
crue in designing for field use are
not visible, but require a compara-
tive study of the designs developed
here and in England.® It is believed
that the use of friction to hold the
positions of the drum, the thimble,
and the extension piece fixed rela-
tive to the spindle is indication that
field use was considered secondary
during the British development.
The use of a 0.002-inch clearance
for a distance of from 3 to % inch
in the noncontacting plunger type
also points in the same direction.

It is interesting to note the differ-
ences in electrical design, also. In
the designs described herein the
cavity beyond the end of the adjust-
able inner conductor has been
chosen to be below cutoff for all
operating wavelengths; whereas in
the British design, the cavity is in
the pass band for operating wave-
lengths. This difference apparently

INSULATOR
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FIG. 5--Cross-section of re-entrant trans-
mission line short circuit type
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resulted from considering the
direct-reading feature more impor-
tant than width of tuning range
while developing these designs.

A 12- to 17-cm precision wave-
meter operating on the same prin-
ciples as those for the wavelength
range 8- to 12-cm has the same qual-
ity of performance as detailed in
Table I.

The precision type wavemeters
are unusually well adapted for field
service where extreme conditions
of temperature, humidity, high-
power radio-frequency fields in and
out of the wavemeter range, vibra-
tion and shock are encountered. For
example, the micrometer heads have
been lubricated with a special oil
which allows free movement at
—60 C and yet does not evaporate
at 50 C. Extensive use of these
wavemeters for several years has
shown that the wavelength calibra-
tion is maintained well within the
0.1 percent specification.

The devices have also been used
as power indicators without modi-
fication, as receivers after connect-
ing an audio amplifier across the
crystal rectifier, and even as tunable
band-pass filters after removing the
crystal rectifier and connecting
directly to the output loop.

Theory

The most important property of
direct-reading wavemeters is the
linearity of wavelength change to
conductor displacement. The under-
lying theory of this property is pre-
sented below for those wavemeters
employing finger contacts and those
with a re-entrant transmission line
short circuit.

It is an experimental fact that
properly designed wavemeters hav-
ing a resonator of the type shown in
Fig. 6A have the property that a
one centimeter increase in the
length of the center conductor
changes the fundamental resonant
wavelength by four centimeters. It
may at first seem obvious that this
is the case, since the wavemeter is
resonant in its quarterwave mode.
Actually, however, the line is con-
siderably shorter than a quarter
wavelength because of the end-load-
ing capacitance of the inner to outer
conductor. This foreshortening may
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FIG. 6—Cross-section and equivalent cir-

cuit (A) of finger-contact type and (B) re-
entrant type wavemeter

be as great as 18 percent of the
quarter wavelength, and yet the
rate of change of wavelength to
conductor displacement is within 1
percent of the four-to-one relation.

It is difficult to make a good disc-
type electrical contact of the kind
needed in the resonator although
such a contact was used in the early
designs. The cylindrical type
shown in Fig. 6B has been used in
more recent designs requiring
finger contacts because of its simp-
ler construction. Resonators hav-
ing a contact of this kind depart
from the four-to-one relation and
are not linear over the complete
range of extension of the center
conductor, but can be made direct
reading within a fraction of one
percent over a two-to-one wave-
length range.

The resonator of Fig. 6A is a
special case of that shown in Fig.
6B, the analysis of which is given
below. The equivalent circuit for
the latter consists of two cascaded
sections of transmission line of
characteristic impedances Z. and
Z . The former is short-circuited
at its input end, and the latter is
terminated in an equivalent end-
loading capacitance C,, representing
the effect of the fringing field be-
tween the end of the center con-
ductor and outer conductor. A
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capacitance C, is added to account
for the step in the center conductor.?
The electrical length 6, = BL, of
the extensible portion of the center
conductor can be related to the fre-
quency and constants of the circuit.
Referring to Fig. 6B, resonance will
occur when the reactance of the
parallel combination of line L, and
fringing capacitance C; is the con-
jugate of the reactance of line L,
terminated in the equivalent dis-
continuity capacitance C,.
The input reactance of line L, is

Xu = Z; tan 6,

where Z., and 6, are the char-
acteristic impedance and electrical
length, respectively of line L,

Combining with the capacitive
reactance X, = 1/0C,,
ro__ -YLI Xcl
Xl N Xcl— XLI

(Zc[ tan 01\ (1/0) C]

(1w C)) —Z tan 6

The input reactance of line L, ter-
minated in the capacitance C, is

l,w ('0 5 Zc() tan 6
1+ (l/w Co Zw) tan 6,
where Z., and 6, are the character-
istic impedance and electrical
length, respectively, of line L.
The condition for resonance, X, =
—X., gives for 6, the relation

X2=

5“’ — 2% an 01( + 1)
tanfy < 7. Zeo 7 X
1 - el co _,"9
7" "\ % Tz @

The relation for the special case
of Fig. 6A is obtained from Eq. 1
by setting 6, = 0, in which case

where v is the velocity of propaga-
tion and 7 the wavelength in cm.

If it were possible to eliminate
end-loading so that C, = 0, the elec~
trical length 6, would be 90 degrees.
The magnitude of the effect of end-
loading capacitance can be seen
from Fig. 7, in which values of 6,
are plotted for a wavemeter operat-
ing in the 8- to 12-cm range.

Of more importance is the expres-
sion for the rate of change of
conductor displacement with wave-
length, which can be found by dif-
ferentiating the expression for the
length L, of the extensible line.

L, = 6,/8 = (1/27) (8o))
dlo _ 8, X\ d
dx  2r " 2x d) 3)
The second term is obtained from
the expression for tan 6,,

+

dﬁo_l dN
dx D |Ldx

N dD , ,
- D d)\] c0s?0q (4)

where N is the numerator and D the
denominator of Eq. 1.

For the case in Fig. 6A, the ex-
pression for the rate of change of
wavelength to conductor displace-
ment reduces to

d_~Lo fo + 17"2 iin 2 6 )
ax P o
Let
o= _
0= 5 €
Then
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for ¢ < 0.5 radian.
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7-—Electrical length and deviation
the 4-to-1 slope in a finger-contact
wavemeter
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FIG. 8—Resonant wave’engih versus con-
ducicr extznsion and slope for a re-entrant
type wavemeter
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4-to-1 slope has been calculated
from Eq. 7 and plotted in Fig. 7 for
the 8- to 12-cm range.

When the projecting type of con-
tact is used, the rate of change is
no longer four to one. The slope
versus wavelength for a 30- to 75-
cm wavemeter, and conductor length
versus wavelength, have been
plotted in Fig. 8 This wavemeter
employed a contact line 5.25-cm
long. The ratio of characteristic
impedances Z.,/Z. was 1.15. A re-
duction in the length of the contact
line to 3.2 em made the character-
istic linear to within +0.5 percent
over the range of 30 to 75 cm.

A cross section of a cavity type
used in the 8- to 12-cm and 12- to 17-
cm wavemeters is shown in Fig. 9.
The main part of the cavitv consists
of two transmission lines, one hav-
ing the variable length AB as inner
and MN as outer conductor, the
other having JK as inner and LM
as outer conductor. The former line
is terminated in a fringing cgpaci-
tance from A to the outer conduc-
tor; the latter line is shorted by the
plate KL.

The re-entrant portion of the
cavity consists of the short-cir-
cuited line HI, GF, and the line CD,
FE. The two parts of the cavity
are connected by the choke line BC,
JI. The center conductor rotates in
its bearing at point D, this being
the only point of mechanical contact
between the outer shell and center
conductor. The electrical quality of
this contact is not important, since
it is at a low current point relative
to the current in plate KL.

An equivalent circuit for the
cavity can be drawn, showing the
interconnection of the five different
transmission lines having charac-
teristic impedances Z., Z.., Z.;, Z..,
Z., and the discontinuity capaci-
tances. The capacitance C. repre-
sents the fringing capacitance from
the end of the center conductor to
the shell. Capacitances C,, C,., Cu,
C., C,, C. are those associated with
the discontinuities at the junctions
of the various transmission lines.
These capacitances can be calculated
from the dimensions.

The following procedure is fol-
lowed in calculating the wavemeter
characteristic. The reactance ap-
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Table I—Characteristics of 12- to 17-cm Wavemeter Calculated
From Equivalent Circuit

slope of wavelength versus conductor displacement
ratio of current through rotating joint to maximum current
power loss in various portions of cavity shown in Fig. 9

A A )\,‘ ALQ Insrllm P1
12 0.016 8.8
13.25 3.540
14.50 3.566 0.073 8.6
15.75 3.550
1700 3.555 0.10¢ 8.3
AN/ ALy =
1@5 [ox =
Prasas =
0 = Q—factor of overall resonator

P, P; P, 0

1.8 11.0 0.10 2250
3.5 10.3 0.15 2260
5.3 9.7 0.22 2280

pearing between terminals S and T
due to the combination of networks
1, 3, 4, and 5, where each network
consists of a transmission line and
associated discontinuity capaci-
tances, is calculated, ignoring losses.
The electrical length of line of
characteristic impedance Z., neces-
sary to give the conjugate reactance
across these two points is then de-
termined. This calculation is car-
ried out for several wavelengths
over the band of operation to obtain
the characteristic of extension AB
versus wavelength. Matrix formu-
lation simplifies the procedure of
calculation.

The equivalent circuit can also be
used to calculate other properties of
the resonator. The ratio of current
I in the rotating joint at D to
current [, in the short-circuiting
plate KL is of importance in the
design. Distribution of loss in vari-
ous parts of the cavity and the @
value of the resonator can also be
calculated.

Table I gives values of slope of
wavelength versus conductor dis-
placement, Ai/AL, current ratio
I./I,, @, and loss distribution for
a 12- to 17-cm cavity.

In order to make the wavemeter
direct reading, utilizing a standard
micrometer screw thread, a slope of
AX/AL = 3.5643 was required. The
dimensions of the cavity were va-
ried in initial trial calculations until
the following series was obtained in
which all dimensions are the same
except the diameter of the center
conductor of line L,.

diameter AX/AL

(inches) (average)
0.320 3.58
0.330 3.55
0.340 3.53
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FIG. 9—Equivalent circuit for re-entrant
type wavemeter

The experimental value of aver-
age slope for the final design with a
diameter of 0.330 inch was 3.536.
The calculated value is in error by
Jess than 1 percent. The experi-
mental value is somewhat affected
by the coupling loops, so that better
agreement could hardly be expected.

It should be pointed out that the
analysis is valid only for loose cou-
pling, since over coupling can
greatly change the calculated char-
acteristics.
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Electronic equipment used with the turntable tone generator

WOW METER
for Turntable Testing

A toothed wheel rotating between two pickup coils connected for maximum output gen-

erates a tone. Output is fed through a peak clipper to a discriminator and rectifier.

Instantaneous speed variation is shown directly on a calibrated meter

By G. L. SANSBURY and E. W. PAPPENFUS

N DISC RECORDING a common but
annoying fault in reproduction is
instantaneous speed variation of the
turntable commonly called wow.
Everyone is familiar with the dis-
cordant quavering of sustained
piano or bell tones that are encoun-
tered in the reproduction of phono-
graph musie. This is the direct re-
sult of turntable speed variation.
Wow can be detected by the lis-
tener when it occurs at a relatively
low cyclic rate. One to three cycles
per second in variation of frequency
at 1,000 cycles seems to give the
most noticeable wow at that fre-
quency. The amount of wow that is
detectable varies with frequency. A
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Collins Radio Co., Cedar Rapids, Iowa

small amount is noticeable at high
frequencies but only larger amounts
at low; that is, a larger percentage
of variation in frequency is toler-
able when a low frequency is being
reproduced." In general, three-
tenths of one percent instantaneous
speed variation is the maximum
that can be tolerated at any fre-
quency without introducing notice-
able frequency change in the repro-
duced tone.

Causes of Variation

There are a number of reasons
for wow in turntables and these
may be classified by the type of
drive used.
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In the rim-driven turntable ec-
centricity of the spindle, oval shape
of the turntable, line frequency or
between the spindle and the surface
of the turntable, line frequency or
voltage fluctuation, as well as varia-
tions in friction of any part of the
driving mechanism during a por-
tion of a revolution result in wow.
In the spindle-driven turntable, out-
of-round shaping of the turntable
does not cause wow, but eccentrici-
ties in the driving gears or an ec-
centric spindle drive contribute to
wow. Again, nonuniform bearing
friction, variations in line fre-
quency and voltage, and any inac-
curacies in the drive mechanism
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FIG. 1—Toothed-wheel tone generator centered on the turntable

tend to produce speed variation. An-
other factor that is somewhat diffi-
cult to control on the spindle-driven
turntable is mechanical damping of
the mechanism as the turntable is
started. Frequently the turntable
comes up to speed and overshoots
slightly, then oscillates about the
desired speed for a short time be-
fore it settles down to its constant-
speed operation. In both types of
turntable, variation in groove am-
plitude of the record causes a varia-
tion in torque that results in instan-
taneous speed variation if the drive
motor does not have sufficient power
or if the inertia of the turntable
and its associated mechanism is not
sufficient to carry through the mo-
mentary periods of greater torque
requirements. This effect is similar
to the problems involved in the
design of a flywheel to maintain a
required stability.

Since the requirements for con-
stancy of speed in the phonograph
turntable are so rigorous, it is im-
portant that a convenient means be
devised for measuring instanta-
neous speed variation.

There are a number of methods
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by which the wow of a turntable
might be measured.

Testing Methods

A method that comes to mind im-
mediately is the familiar strobo-
scopic dise which is viewed in a 60-
cycle light source. By observing the
position of the dots or lines on the
dise as the turntable is rotated, it
is possible to check the average
speed of the turntable. This method,
however, is not practical for check-
ing the instantaneous speed varia-
tion with an accuracy which is
necessary in order to have a quanti-
tativemeasure of turntable perform-
ance. It is true that the stroboscope
disc does show up variations in
turntable speed in the advancing
rotation or reverse rotation of the
virtual marks of the stroboscopic
disc; but the motion is not easily
measured because it ordinarily va-
ries at a rate equal to that of turn-
table rotation. Since this method
necessarily involves visual inspec-
tion, the observer errors are large.

Another method is to play a con-
stant-tone record on the turntable
using a conventional pickup, ampli-
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fier, and a frequency measuring sys-
tem. There are a number of reasons
why this is not entirely practical
except as a rough approximation.
This system must necessarily in-
clude any wow which is present in
the origina! recording. It also in-
cludes wow contributed by any ec-
centricity of the record owing to
off-center stamping of the blank or
clearance in the center hole. These
contributions to instantaneous fre-
quency variation may add to or
subtract from that present in the
turntable being tested.

Another suggested means is to
use a purely mechanical differentia-
ting speedometer to measure instan-
taneous speed variation. This would
be a rather difficult mechanical
problem because the mechanism of
the wow meter itself must be better
at all times than the mechanism of
the turntable. Building any measur-
ing device to measure to within
one-tenth of one percent is a major
design problem. The differentiating
speedometer must contribute no
friction to the turntable itself and it
must have low inertia so that it
does not reflect into the turntable a
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speed variation which is not pres-
ent normally.

The most practical means by
which the instantaneous speed vari-
ation of a turntable can be meas-
ured seems to be the method sug-
gested by H. E. Roys® in which a
gear blank is cut with a suitable
number of teeth so that by using
magnetic pickup from the teeth a
convenient tone is generated. This
tone is fed into an amplifier and a
frequency measuring circuit that
operates a meter indicating the
instantaneous speed variation. A
gear is admirably suited for the
generation of a constant tone be-
cause it is possible to machine the
teeth accurately so that the errors
in tooth spacing contribute very
little to the error of measurement.
The centering of the gear can be
accurately maintained because the
inside framework is constructed of
metal as shown in Fig. 1.

Gear Dimensions

The gear wheel is cut from a plate
of cold-rolled steel and mounted on
an aluminum wheel having its cen-
ter at the center of the turntable.
The gear has a pitch diameter of
13.750 inches, and a diametral pitch
of 56, giving an output of 1,004 cps
at 78 rpm and 427 cps at 333 rpm.
A center-drilled shaft brings about
alignment of the centers of the tone
wheel and the turntable record- cen-
tering pin. Three screws are used
for leveling the wheel on the turn-
table so that the pole piece of the
pickup coil is in horizontal align-
ment with the teeth of the tone
wheel,

At first thought it might seem
that a single magnetic pickup from
the tone wheel would be satisfac-
tory. This, however, is not true. A
single pickup coil would introduce
a variation in tone generated by
the gear itself owing to eccentrici-
ties that might be present. This
effect is shown in Figs. 2A and 2B,
in which the center of the tone
wheel and the center of the turn-
table do not coincide. With the
turntable and the tone wheel in the
position 2A, the peripheral velocity
at coil 1 is equal to the average
speed of the turntable, while at 2B
it is seen that because of the de-
creased radius the peripheral veloc-
ity adjacent to coil 1 is lower than
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FIG. 2—Effect of wow on a single pickup coil (A and B) and upon a pair bearing on
the center of the tone wheel (C)

the average. At coil 2 the velocity
and hence the tone is higher than
the average.

This effect suggests the spacing
of two pickup coils at diametrically
opposite points in the circumference
of the tone wheel, so phased that a
double voltage is obtained. Assum-
ing a sinusoidal voltage from the
coil (the output is actually very
close to a sine wave), then the volt-
age from coil 1 is E,.,, sin (ot + 6)
and the voltage from coil 2 is E,...
sin (ot — 8) where 9§ is a variable
which varies throughout the revolu-
tion. The two expressions for the
voltage output from the pickup coil
are seen to be phase modulated and
the voltage from either of the coils
would therefore result in an errone-
ous answer from any simple form
of indicating circuit. If the two
voltages are added together the sum
is 2F,,., sin ot cos 9. This operation
demonstrates that the phase modu-
lation drops out, leaving an ampli-
tude term cos 8. Thus by using two
coils an output voltage is obtained,
the frequency of which is directly
proportional to the speed of rotation
of the turntable.

Originally, for the sake of con-
venience, the pickup coils were sus-
pended on a bearing at the center
of the tone wheel with one end of
the pickup coil assembly prevented
from rotating with the turntable by
abutment with a fixed stop. In Fig.
2C is shown the result of having the
pickup coil assembly eccentric with
regard to the center of rotation of
the turntable. If coil 2 is fixed in
space, coil 1 oscillates between the
solid and the dotted positions indi-
cated in Fig. 2C, resulting in a vari-
ational output that is not balanced
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out even through the addition of
the two coil output voltages.

The coils are made from number
30 wire, scramble wound, approxi-
mately 1,500 turns. A pole piece of
cold-rolled steel projects through
the pickup coil and is magnetically
coupled to a permanent magnet of
the type used in a moving coil
meter and to the teeth of the gear.
The exact magnetic structure of
the pickup coil assembly is not im-
portant, since a satisfactory output
is obtained with no difficulty.

Centering the Assembly

At the center of the assembly is
a tapered centering shaft that is
pressed down to engage with the
center hole of the tone wheel so
that the pickup coil assembly is
properly positioned. Upon release
of the centering shaft, the pickup
coil assembly is supported at its
extremities from the surface of the
turntable cabinet. Adjusting screws
are provided so that the pole pieces
and pickup coils can be shifted
slightly to obtain maximum voltage
from the system. A maximum volt-
age is secured when the two coils
are in corresponding positions with
regard to gear teeth, giving an out-
put voltage from each coil so phased
that they combine additively.

Electronic Components

A wow meter developed by the
writers for production testing of
transcription turntables is built for
mounting in a standard speech rack
and is selfcontained except for the
power supply. Provision for check-
ing the turntables at both 383% and
78 rpm is included. At the left of
the instrument (illustrated) is a
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FIG. 3—Schematic circuit diagram of the wow meter. Shorting switch across the indicating
meter prevents damage when turntable is started

meter directly calibrated in per-
cent wow. On the right is a volume
indicator for establishing the
proper level for satisfactory oper-
ation. Below the volume indicator
are two locking potentiometers for
zeroing the volume indicator at both
frequencies of operation. Below the
wow indicating meter on the left is
a meter shorting switch and the
master gain control, as well as the
334 and 78 rpm changeover switch.

In the schematic diagram of Fig.
3 may be seen a conventional volt-
age amplifier upon which no par-
ticular effort was expended to se-
cure extended frequency response
_beyond 1,000 cycles and below 400
cycles. The input transformer
matches the output of the pickup
coils to the input grid with an im-
pedance ratio of approximately 250
to 30,000 ohms. The first stage of
the voltage amplifier uses a high-mu
6SF5 tube. The audio is then fed
into a limiter circuit of the biased-
diode type using germanium 1N34
diodes. This is in reality a peak
clipper in which the diodes are
biased with a voltage obtained
from the cathode circuit of the
second amplifier stage. A series grid
resistor of 1 megohm provides a
high impedance source so that ef-
fective peak clipping occurs when-
ever the peak a-c voltage exceeds
the bias provided by the cathode
circuit. The second amplifier stage
consists of a 6J5 feeding the two
output tubes. Since high frequency
response is not required, it is satis-
factory to feed the two 6V6 grid
circuits in parallel. One 6V6 feeds
the push-pull and the other the
series portion of the discriminator
circuit. A single 6H6 serves as a
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FIG. 4—Method of calibrating the meter by
Lissajous figures

diseriminator rectifier feeding a
zero-center microammeter with an
undamped movement. Two sets of
capacitors, C, and C. for 333 and
C; and C, for 78 rpm, makes possible
a more flexible wow meter for use
with both turntable speeds. The
variable portions of this tuned eir-
cuit C. and C, are high-capacitance
variable ceramic capacitors that are
convenient in this application. A
volume indicator is connected across
the output of one of the 6V6 tubes
so that the proper voltage may be
fed into the diseriminator for satis-
factory operation. This meter is
switched with the variable capaci-
tors used to tune the discriminator.
Two 5,000-ohm potentiometers are
used to adjust the volume indicator
to zero at the level at which calibra-
tion was made. A shorting switch
must be provided to protect the
meter as the turntable comes up to
speed. With a sensitive circuit such
as must be used to detect wow of 0.1
percent, excessive deflection occurs
with large frequency differences
that are present before the turn-
table reaches its correct operating
speed. Without the shorting switch
severe pinning of the meter occurs
during the starting of the turn-
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table. The resonant circuit of the
discriminator must use a high-Q
audio coil at L, to secure adequate
sensitivity. Since the inductance of
L, varies with the a-c voltage pres-
ent across it, it is necessary to hold
the level into the discriminator at
a value corresponding to that which
was used during calibration.

Standards of Calibration

The block diagram in Fig. 4
shows a method by which the wow
meter can be calibrated. Oscillator
1 is fed into the wow meter and
the vertical plates of an oscilloscope,
while oscillator 2 feeds the hori-
zontal plates of the scope only. With
the two oscillators at the same fre-
quency, the usual circular pattern is
observed on the screen.

Before indicating how to measure
minute frequency variations accu-
rately, the fundamental relationship
of Lissajous figure should be re-
viewed. The figure seen when there
is a slight variation in frequency
between the two input voltages ap-
plied to an oscilloscope progresses
from a circle to a straight line, to
a circle to a straight line, and so on.
The figure passes through two
straight line portions a second for
a frequency difference of one cycle
a second. By using a stop watch and
counting for a period of a half
minute or so, it is possible to meas-
ure the frequency of the oscillator
accurately even to a portion of a
cycle a second as is required in
practical wow measurements. In a
like manner, for each frequency dif-
ference at which the meter is to be
calibrated the reading of the dis-
criminator is recorded. This plot of
readings gives an accurate calibra-
tion of the wow meter. By repeat-
ing the process it is possible to cali-
brate the meter to read both at 78
and 334 rpm. Since the microam-
meter used is undamped, the meter
swings up and down scale in syn-
chronism with the wow frequency
during the operation of the instru-
ment. The peak wow is half the
total deflection plus and minus from
the average position of the meter.
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Shoran ground station antenna installation near lighthouse in Caribbean area

Shoran for Surveying

AAF tests indicate that shoran has advantages over ground triangulation and astronomic

control for many geodetic survey, photo mapping, and geophysical prospecting jobs.

Operating principles, circuits, and application techniques are given

HE shoran (SHOrt RAnge

Navigation) system of two
ground stations or beacons, to-
gether with associated shoran-
equipped aircraft, was developed
primarily as a precision bombing
device. As such it was used with
extremely accurate results during
the latter phases of the war. Shoran
now appears to be one of the few
military electronic developments to
have practical postwar uses, and is
therefore worthy of consideration
as a new tool of industry.

Principle of Shoran

A shoran-equipped aircraft car-
ries a transmitter which radiates
pulses in alternate groups at two
different carrier frequencies. One
of the two ground stations is tuned
to one carrier frequency and the
other station to the remaining fre-
quency. Reception of a pulse from
the aircraft causes a ground station
to act as a transponder and relay a
pulse on a different frequency back
to the aircraft, where it is received
and displayed, and the distance to
that station recorded. Since the
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ground beacons, called Rate and
Drift stations, transmit on a com-
mon frequency, the system utilizes
three different radio frequencies,
all in the neighborhood of 250 mec.

Since radio waves travel in ap-
proximately straight lines at 250
me, the theoretical maximum meas-
urable distance from the aircraft to
any one ground station will vary
with the height of the plane. This
distance varies from about 100
miles with the aireraft at 5,000 feet
to about 280 miles at an altitude
of 50,000 feet. Maximum separa-
tion of the two ground stations is
thus from about 350 to 500 miles,
depending upon the type of survey.

The airline distances from air-
craft to ground are converted to
actual point-to-point distances on
the ground by mathematical formu-
las. Estimated probable error with
unmodified shoran equipment is
=+50 feet.

As a system for accurately posi-
tioning an aircraft with respect to
two fixed stations, the commercial
importance of shoran becomes enor-
mously significant. In the field of
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geodesy, for instance, it is often
necessary to determine accurately
the distance between two ground
points. Use of shoran for this pur-
pose has been successfully investi-
gated by the 7th Geodetic Control
Squadron, 311th Reconnaissance
Wing, AAF, and techniques are still
under development.

Shoran bombing equipment was
not sufficiently accurate for geod-
esy. Possible sources of error were
therefore studied and a knowledge
of their magnitude led to more ac-
curate determination and control
of system delay times.

The path length of the radio wave
traveling between ground station
and aircraft is affected by weather
conditions. Accurate weather data
is consequently obtained and cor-
rections made in the value used for
velocity of radio wave propagation.

For surveying with shoran, the
aircraft is flown to a previously
specified area under the direction of
the navigator. The navigator then
directs the aircraft on a line per-
pendicular to one drawn between
the two ground stations. The pilot
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FIG. 1—Use of shoran for aerial photographic surveys. Indicator on
aircraft shows airline distance to each ground station, and operator uses
this data to determine deviation from desired flight path

guides the plane on this line with
the aid of a PDI (pilot direction
indicator). Meanwhile the flight
team operates the shoran equipment
and the various data recorders. At
a predetermined point the pilot
turns the aircraft to a new line at
an angle of approximately ten de-
grees to the line between the sta-
tions and now controls the aircraft
with the autopilot. Necessary data
for computations is then recorded
on film every three seconds as the
airplane continues on course. The
plane then starts a crossing in the
reverse manner, completing a fig-
ure-of-eight path over the center of
the line between stations.

Somewhere in the accumulated
data appears the minimum air-to-
ground distance to the stations.
This minimum is determined by fit-
ting a curve to the various consecu-
tive distances plotted against time
by a method of least squares.

A complete geometrical figure of
five ground station points is flown,
measuring all sides and diagonals
of the pentagon thus produced.
After all network distances are
measured and corrected for errors,
a further least squares adjustment
is made of the entire network, to
obtain the most probable set of con-
sistent distances.

Cost of Shoran Surveys

Careful operation of ground sta-
tion and airborne equipment by
qualified technicians, combined with
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accurate equipment calibration and
mathematical computations, has re-
sulted in measured distances com-
parable to ground survey by usual
first-order triangulation methods.
Further study and investigation
will undoubtedly increase efficiency
and reduce operation costs.

Shoran can be used cheaply to
make maps up to 1-25,000 in

By WILLIAM F. KROEMMELBEIN

Captain, Air Corps
307th Bomb Group, VH
MacDill Field, Florida

scale, but because shoran stations
are so far apart, monumenting of
the surveyed area cannot be done.
Then again, in island areas where
locations between points cannot be
seen because of great distance, or
where anomalies exist that preclude
accurate use of astronomic control,
good surveys cannot be made
quickly by any other method.

Astronomic control can be used
for scales as large as 1-250,000 and
no larger. Ground triangulation
with monumentation becomes very
expensive when the scale is of the
order of 1-25,000 or larger.

Perhaps the most general com-
mercial use of shoran is its combi-
nation with photogrammetry for
aerial surveys and mapping. A pos-
sible survey of this type is shown
in Fig. 1.

The usual method of photo map-

Airborne indicator and recorder for shoran
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ping involves taking a series of
photographs as the aircraft pro-
ceeds along a predetermined course.
Successive course lines are flown
with about a 60 percent forward lap
and a 30 percent side lap of pho-
tographs taken. Photo charts are
then made from the series of over-
lapping individual photographs.
The resultant chart is only as good
as the accuracy with which the air-
craft is flown on course.

Using shoran, course lines of the
aircraft are plotted in advance, the
operational team guides the air-
craft along the desired course
through the use of the PDI and
operation of the shoran equipment,
and all necessary data on position
and altitude is recorded photograph-
ically while map photos are being
taken.

Two general types of course lines
have been flown. With reference to
Fig. 1, consider the aircraft in
space at the point shown, with a
distance of Rl to the rate station
and R2 to the drift station. As the
aircraft flies its path, these dis-
tances change constantly if the path
is a straight line as diagrammed.
If the plane were to fly a series of
arcs over the given area, one dis-
tance from a station would remain
constant and the other would vary.
In either case a PDI is driven from
the shoran equipment to show
course deviation. Both types of
flight path have been used with
success.

Photographs taken with shoran
guidance can be used with multiplex
equipment to make accurate maps
quickly with scales as large as 1-
25,000. These maps can be as ac-
curate as any other existing maps
of the area if the ground stations
are installed carefully and tied to
existing monumentation by either
shoran or usual ground triangula-
tion methods.

Geophysical Prospecting

Another outstanding wartime de-
vice, the magnetic airborne detector
(MAD), was developed to locate
submarines. This device, used with
shoran, an aerial camera, and a ra-
dio altimeter, will allow accurate
contour mapping or reduce costs of
geophysical reconnaissance. The
technique therefore has application
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FIG. 2—Simplified block diagram of shoran system as used for aerial surveying

in the oil and similar industries.
Aircraft-locating requirements for
magnetic surveys are adequately
met by shoran.

The camera used with MAD is
a 35-mm Sonne, with image stabili-
zation added, that records a contin-
uous film strip of the terrain. Cor-
relation with the magnetic record is
achieved through serial numbers
and edge marks on the film. The
aircraft is flown on arcs from one
ground station through PDI con-
trol, and deviations from course are
noted on tape. A recording radio
altimeter provides continuous infor-
mation of the aircraft altitude.
Resultant magnetic readings can
therefore be plotted to a space of
approximately a 100-foot cube, and
the complete survey made quickly
and economically. The value of such
a system becomes obvious when
otherwise inaccessible areas or
water and island areas are consid-
ered for survey.

Shoran has also been successfully
used in locating the position of
ships off shore, providing the dis-
tances do not exceed line of sight
from antenna to antenna. Thus ac-
curate positioning of the craft is
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provided, while the desired hydro-
graphic or geophysical surveys pro-
ceed with other associated equip-
ment.

Technical Details

The block diagram in Fig. 2
shows the major units in airborne
shoran equipment and in one of the
two identical ground stations. The
associated photo recorder, remote
indicator, radio altimeter, and simi-
lar devices are not shown for sim-
plicity.

Aircraft Indicator

The aireraft indicator is the
heart of the entire unit. It is here
that the pulses are generated and
recorded, and the distances to the
stations shown.

The crystal-controlled tuned-plate
oscillator circuit uses a 6AC7 tube
with capacitive feedback, tuned tc
approximately 93 kilocycles. This
frequency gives a maximum di-
rectly indicated distance of 100
miles; greater distances up to line
of sight require appropriate inter-
pretation of indirect readings. The
time for a 200-mile round trip of
a pulse is 1,074 microseconds, hence
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the pulse repetition rate must not
be greater than 930 pps. Since the
final indication is to be a pip align-
ment on a circular cathode-ray os-
cilloscope (cro) screen, the sweep
frequency should also be 93 ke. Ac-
curacy of alignment is facilitated
by two higher sweep speeds, 9.3 ke
and 0.93 ke, providing ten- and one-
mile ranges.

The crystal oscillator is followed
by two regenerative frequency di-
viders, each of which divides by
ten. Referring to Fig. 3, two fre-
quencies beat in the nonlinear 6V6,
providing the output at one-tenth
the input frequency. The output
phase is stable, and correlated with
that of the input.

The three sinusoidal output sig-
nals of the oscillator-frequency
divider chain are fed to three sepa-
rate quadrature networks, each de-
signed to produce at its own par-
ticular frequency two sinusoidal
signals of equal voltage, but in
quadrature. One set of these sig-
nals goes to the sweep circuits, and
then to the cro for generation of
the circular motion of the lumines-
cent spot at the correct rate for the
scale chosen. The other outputs are
fed to the variable phase advance
circuits, with the 9.3- and 0.93-ke
quadrature signals going also to
the phase adjust circuits.

The phase advance circuits feed
into rate and drift pulse selector
sections, which generate the rate
and drift pulses used to drive the
aircraft transmitter. The phase ad-
just circuits feed the marker pulse
selector which generates the pulses
that serve as a time base, producing
outward deflections of the circular
sweep at the top of the cro screen.

The rate and drift received
pulses also appear as deflections of
the circular base line of the cro.

When the shoran operator superim-
poses the marker, rate, and drift
deflectors, the indicator dials read
the distance to each station in miles.

The transmitted rate and drift
pulses must be advanced in phase
with respect to the marker pulses
by an amount exactly equal to the
time in transit of the signal to the
stations plus the time delays of the
equipment. This phase advancing
is accomplished by accurately cali-
brated goniometers of the continu-
ous type, in which the two quadra-
ture inputs are applied to two stator
coils oriented so their planes inter-
sect at an angle of 90 degrees. The
output is taken from a rotor coil,
the angle of which determines the
relative phase of the output through
360 degrees. There is a phase ad-
vancer for each frequency and
hence range; the drift advancers
and three rate advancers are sepa-
rately ganged, so the resultant in-
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FIG. 3—Typical regenerative frequency divider circuit used in shoran equipment
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dicating dials connected thereto
read the required distance.

Pulse Selector Circuit

The pulse selector circuit for the
rate and drift channels, shown in
Fig. 4, is representative of the type
of circuit used in the unit as a
whole. Pulse selection is a means
of blocking the passage through a
signal channel of all but one of the
positive sine-wave peaks of the 93-
ke sine-wave train which occurs
during each 0.93-kc wave. The one
peak passed forms a short pulse
with a repetition rate of 0.93-kc or
930 pulses per second. The method
allows accurate selection of the
pulse desired, or accurate phasing
of the pulse produced without use
of complicated high-accuracy cir-
cuits,

The 6SAT pulse selector receives
three inputs from phase advance
circuits. The grids are biased be-
yond plate current cutoff so that
no current will flow unless all three
grids are made more positive by a
considerable amount. The output at
the plate of the tube therefore con-
sists of pulses at a repetition rate
of 930 pps with a pulse width of
two microseconds.

We thus have a continuous output
of pulses from the selectors of the
rate and drift channels. The
amount of phase advance for each
channel will depend upon the dis-
tance of the aircraft from the sta-
tion in question, and some means
must be incorporated for the trans-
mitter following to differentiate be-
tween the rate and drift pulses.
This differentiation is accomplished
by a motor-driven commutator
which performs a complete sequence
of switching operations every one-
tenth second. Actually, the two
pulse outputs are used alternately
for periods of 1/40 second, with pe-
riods of 1/40 second interspersed
between them. This means that
during one period about 23 rate
pulses are transmitted, and 23 drift
pulses go out the next time the
aircraft transmitter is pulsed.

A pulse amplifier feeds the com-
mutator output pulses to the air-
craft transmitter. This amplifier,
using a 6ACT tube, also feeds a
short blanking pulse to the control
grid of the cro with such polarity
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as to cut off the beam current mo-
mentarily until the transmitted
pulse has time to leave the antenna.
This prevents the pulses sent out
by the transmitter from appearing
on the cathode-ray oscilloscope.

The phase adjust network con-
sists of a potentiometer across di-
agonally opposite points of the
quadrature network. Varying the
potentiometer varies the phase of
the signal over a 180-degree range.

The 93-kec signal for the marker
pulse selector is taken from the
crystal oscillator through a phasing
capacitor and cathode follower. The
lead is coaxial cable. The cathode
follower prevents the large and va-
riable capacitance of the cable to
ground from detuning the oscillator.

Since the marker pulses have a
frequency of 930 pps, one marker
pulse would appear on the cro for
every sweep of the 100-mile range,
but only one marker for every ten
sweeps on the ten-mile range, and
one for every hundred sweeps on
the one-mile range. Obviously the
same condition would exist with re-
spect to the received pulses. The ap-
plied solution is the use of a circle-
blanking pulse selector (6SAT) and
a blanking amplifier (6SN7) which
blanks out all sweeps except those
during which the marker and re-
ceived pulses occur, and at the same
time intensifies the desired sweep.

Noise voltages would be displayed
on all portions of the sweep if the
aircraft receiver output were fed
to the cro at all times. For this rea-
son, the receiver output is discon-
nected during the display of the
marker pulses. This is accomplished
by screen and suppressor modula-
tion of the inverter and amplifier
tubes. Blanking pulses are obtained
from the offset marker network,
and supplied through the receiver
blanking amplifier and blocking ca-
pacitors in negative polarity with
respect to the inverter and ampli-
fier tubes so as to cut off plate cur-
rent in these tubes.

If the marker pulse and the re-
ceived rate and drift pulses occur
on the same sweep, alignment of
the two pulses would be difficult
since they would tend to become ad-
ditive the closer they were brought
in alignment, and it would be hard
to discern the three pulses. The
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marker and the received pulses
should occur on different sweeps,
since the latent image on the tube
is sufficient for alignment purposes.
On the 100-mile sweep the marker
occurs on each sweep, so separation
is not possible. On the 10-mile and
one-mile range, the marker pulse
is offset by one and by ten sweeps
respectively. This is accomplished
through a differently phased 0.93-kc
source for the generation of marker
pulses in these positions, known as
the offset marker.

Aircraft Transmitter

The successive rate and drift
pulses are delivered to the aircraft
transmitter for transmittal to the
respective ground stations. In the
pulse shaping section of the trans-
mitter the pulses are amplified and
steepened and their tops flattened
without changing the timing of the
leading edges.

The modulator driver and the
modulators are of conventional
design. The driver is a 3E29 twin-
pentode tube with the sections con-
nected in parallel, while the modu-
lator consists of two tubes of the
same type with all four sections par-
alleled.

The oscillator is a tuned-grid
tuned-cathode push-pull circuit in
which the grid and cathode circuit
tanks are resonant transmission

lines. The plates are at zero r-f volt-

Shoran ground station
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age with respect to ground, and
hence the stage does not oscillate
except during the time when posi-
tive pulses are supplied from the
modulator to provide plate voltage.

Oscillator tuning is adjusted by
varying the electrical length of the
grid line with a movable shorting
bar. Another bar is used to short-
circuit the line closer to the tube.
A vacuum relay, excited by commu-
tator action, switches the output
from one line condition to the other,
producing two output frequencies
differing by 15 to 30 mc and used
for triggering rate and drift sta-
tion receivers respectively.

The ground station and airborne
antennas are identical and are es-
sentially vertical quarter-wave an-
tennas working against ground.
The antenna is placed directly on
the aircraft, but at the ground sta-
tion it is mounted on a fifty-foot
plywood mast and backed by a 90-
degree corner reflector.

Ground Station Receiver

The frequency range of the uhf
superheterodyne receiver at the
ground station is from 210 to 230
me, with a band width of 4 mue,
measured from points on the selec-
tivity curve at which gain is 70 per-
cent of maximum. Sensitivity is
2.5 microvolts, or 9 db above the
thermal noise level. The i-f circuits
are single-tuned, with their reso-
nant frequencies stagger-tuned to
the middle and both edges of the
30-mc i-f pass band. Converter and
oscillator circuits are tuned to rate
or drift carrier frequency by a
variable transmission line con-
trolled manually from the front
panel.

Ground Station Monitor

The monitor at the ground sta-
tion is interposed between the re-
ceiver for incoming pulses and the
ground transmitter that sends them
back to the aircraft. It provides a
standard signal to the aircraft as
a frequency standard for the sys-
tem, and also provides a means for
checking the delay of the station
through fixed time delay networks.

The output pulses of the ground
receiver go to the variable delay
network. This artificial transmis-
sion line allows the operator to
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Typical shoran ground station as set up by surveying crew, using 50-foot plywood
mast to support a vertical quarter-wave antenna backed by 90-degree corner reflector

standardize the overall delay of the
ground station at a predetermined
value.

A cathode follower stage pro-
vides impedance transformation
between the relatively high im-
pedance of the variable delay cir-
cuit and the low impedance of the
cable line to the transmitter.

The accuracy of the entire sys-
tem depends upon the accuracy of
the fundamental frequency of the
crystal oscillators. The oscillator
circuit in the aircraft is subject
to drift, hence the 93.109-kec crys-
tal oscillator of the monitor is used
as a standard. The output of this
oscillator passes through a fre-
quency-dividing chain in which its
frequency is divided by 100. The
resulting 931.09-cycle signal is con-
verted into short pulses of suitable
power and shape, and the pulses
are used to key a uhf oscillator
operating at very low power. This
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oscillator is tuned to the same fre-
quency as the receiver (in the 210-
to 230-mc¢ range), and the pulses
are fed through a transmission line
and coupling loop into the path
of the received pulses. The stand-
ard pulses are also used for measur-
ing overall ground station delay.

Ground Station Transmitter

Pulses leaving the monitor enter
the shaping and amplifying stages
of the transmitter. The general
purpose of these stages is to elimi-
nate noise in the signal, amplify,
and shape the pulses for use by the
modulator and oscillator stages.

The modulator driver and modu-
lator are of conventional design,
incorporating 3E29 tubes with the
sections paralleled.

The oscillator consists of two
type 4C28 triodes in a push-pull
tuned-grid tuned-cathode circuit,
in which the grid and cathode cir-
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cuit tanks are resonant parallel-
conductor transmission lines. The
plates are grounded with respect
to r-f, so the stage will oscillate
only when pulses are supplied from
the modulator. Frequency is ad-
justed by varying the electrical
length of the grid line through the
use of a movable short-circuiting
bar across it. The cathode tank
can also be tuned through the use
of a similar shorting bar.

Aircraft Receiver

The returned pulse is accepted
by the aircraft receiver (identical
with ground station receiver), and
the receiver output is sent to the
inverter and amplifier stages in the
indicator. Here the polarity of
the received pulses is reversed in-
termittently by a polarity-reversing
switch phased with the commutator
action in such a way as to have
the received rate pulses produce
an outward deflection of the cro
trace, and the drift pulses an in-
ward deflection. This circuit also
terminates the receiver blanking
system.

If the shoran airborne operator
operates the indicator so that the
marker, drift, and rate pulses are
superimposed, the mileage dials will
accurately show the distance to
each station in miles, tenths, and
hundredths.

Installation and Maintenance

Practically speaking, the ground
station equipment can be installed
in about eight hours, including
auxiliary living, radio, and asso-
ciated equipment, by a crew of five
men. It can then be operated by
two men, one on the monitor and
the other in radio contact with the
aircraft and other stations in the
net. All equipment can be car-
ried in a jeep and trailer, making
for reasonable maneuverability in
rough terrain.

The aircraft equipment should
be mounted in a plane having stable
flying characteristics. Most Air
Forces work has been done in the
B-17 type.

Although not completely per-
fected at the present writing,
shoran has definitely shown its
practicability in its present state
as a new tool of industry.
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RADIO RECEIVERS, to be suffi-
ciently stable in the very high
frequency portion of the spectrum,
require crystal control. However to
provide separate crystals for each
channel is often impractical.

The need for simplicity is espe-
cially great in aircraft equipment
operating in the 108 to 132 mega-
cyele band, in which such aviga-
tional facilities as localizers and
omnidirectional ranges, and such
communicational facilities as tower
and airways channels and domestic
and international operational sta-
tions are located. An aircraft flying
from coast to coast in the United
States can use as many as forty
frequencies in this band, if it stays
on the same company airway; if the
plane is interchanged between com-
panies at terminal points on the
way, more frequencies would be
used. All these frequencies should
be crystal controlled.

To minimize the required number
of crystals both to reduce produc-
tion cost and simplify servicing, a
crystal saver circuit has been de-
vised for use in the Bendix MN-85
vhf navigation system receiver.

Circuit Principle

The basic problem to be solved in
aircraft receiver design is to pro-
vide crystal control on the 120 chan-
nels spaced every 200 kilocycles
throughout the 108 to 132 me band.
Each frequency must be maintained
to better than 0.01 percent. Control
must be established using a small
number of self-contained crvstals.
retaining simplicity of design, and
providing ease of maintenance and
reliable performance. To meet the
requirements of frequency stability,
a superheterodyne receiver is nec-
essary. This discussion is concerned
only with producing the required
number of crystal-controlled local
oscillator frequencies to obtain the
desired number of channels, and
does not consider overall receiver
design problems.

Consider Fig. 1; the variable os-
cillator is the receiver local oscilla-
tor. It is a free oscillator, capable of
being tuned over the frequency band
required. The radio-frequency tun-
ing circuits are ganged and tracked
with the local oscillator tuning. The
actual frequency-rotation curve is
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FIG. 1—Variable oscillator of receiver is stabilized on any one of 120 channels in
the vhf aircraft band by means of this crystal saver circuit

Few Crystals

By W. R. HEDEMAN, JR.

Assistant Chief Engineer
Bendix Radio Dirision
Bendix Aviation Corp.

Baltimore,

unimportant, but an approximation
to straight-line frequency-rotation
is helpful in stabilizing tuning mo-
tor control circuits.

Some of the output of the vari-
able oscillator is fed to the first fre-
quency converter where it is com-
bined with the output of the first
crystal oscillator from which one
harmonic is selected by means of
fixed tuned selective circuits. The
first band-pass amplifier passes the
difference frequency of the output
from the first frequency converter
on to the second frequency con-
verter into which is also fed the
output from the second crystal os-
cillator. This oscillator may be at
any one of a number of frequencies
as determined by its crystal se-
lector. The second band-pass am-
plifier passes the difference fre-
quency of the output from the
mixer second frequency converter.
Output from this band-pass ampli-
fier is fed to a number of fixed tuned
discriminators, of the Foster-See-
ley type, to obtain d-c output which
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Md.

feeds the control tube. The latter,
in turn, operates the servomotor.

Output from the discriminator
provides intelligence for frequency
correction and for initial tuning. If
f. is the frequency of the variable
oscillator, f. is the frequency of
harmonic selected, f. is the fre-
quency of second crystal oscillator,
and f, is the frequency of discrim-
inator, then

fom Dot frtfa 1
when the system is balanced by be-
ing on frequency. Either the plus
or the minus sign can be selected as
the stable frequency position by
changing the sense of the servomo-
tor. Thus by a few changes of sev-
eral variables, many frequencies
can be crystal controlled.

Servomotor Control

To explain the motor control cir-
cuit it is helpful to examine a sim-
plified form such as is shown in
Fig. 2, which shows only a variable
oscillator driven by a motor, with
a discriminator to determine the
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Omnidirectional range and communications receiver has the frequency monitoring circuit described in this article at the left of

the chassis.

The rf and i circuits occupy the upper center and right. navigation circuits extend along the lower side of the

chassis. Two crystal ovens are in cans on the underside of the chassis

Control Many Channels

Local oscillator of multichannel superheterodyne receiver used for aircraft communica-

tion and navigation is crystal controlled on 120 channels by only 10 crystals. Condi-

tions for minimum number of crystals, frequency spacing, and stability are described

oscillator frequency. The direction
of motor rotation is determined by
relay contacts HC, LC, their coils
being energized from the output of
the discriminator, through the con-
trol tube. Normal plate current of
the control tube without discrimi-
nator output is sufficient to energize
LC only, in which condition the mo-
tor will not run.

The discriminator output will re-
verse in polarity depending on
whether the oscillator frequency is
above or below the discriminator
frequency. If discriminator output
is negative, plate current in the
control tube will decrease and LC
will d-op out, causing the motor to
run in one direction. If discrimina-
tor output is positive, plate current
in the control tube will increase and
both HC and LC will be energized,
causing the motor to run in the op-
posite direction. Thus the oscillator
frequency is maintained equal to
the discriminator frequency.

Figure 3 shows the next step
in expanding the system, and
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shows how the plus or the minus
sign for the discriminator fre-
quency is chosen. The discrimi-
nator, instead of being fed directly
from the oscillator, is fed from
the output of a frequency con-
verter. The converter mixes the
output of a crystal oscillator, and
the oscillator to be controlled. A
low-pass filter in the converter plate
circuit passes the difference fre-
quency. If the oscillator frequency
differs from the crystal frequency
by the discriminator frequency, the
motor does not run. The oscillator
frequency may be either greater or
less than the crystal frequency to
obtain this result. But only one
position is stable, depending upon
the motor polarity. For, if the os-
cillator frequency is the smaller,
then an increase in oscillator fre-
quency decreases the difference be-
tween oscillatpr and crystal fre-
quencies, while if the oscillator
frequency is the greater an increase
in its frequency will increase the
difference between oscillator and
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crystal frequencies. Thus, by re-
versing motor polarity, two stable
oscillator frequencies are obtained
for each crystal used.

In tuning a system of this type,
normal procedure is to start the
local oscillator tuning from one
limit of the frequency band, and to
allow it to sweep the band. As its
frequency changes, it will pass a
position where Eq. 1 will be satis-
fied; here the servomotor will stop.
If for any reason the frequency of
the local oscillator changes, the
motor again will drive to retune the
local oscillator.

In order to save wear and tear
on the motor, it has been found
advantageous to control frequency
only coarsely by the motor tuning,
and to obtain fine frequency control
by means of a reactance tube oper-
ated by the output from the dis-
criminator. Whenever the range of
control of the reactance tube is ex-
ceeded by slow frequency drifts, the
motor restores mechanical tuning
to the center of the range of control
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of the reactance tube. The reactance
tube also eliminates frequency-
modulation of the local oscillator
due to vibration or to other causes,
because, being completely electrical,
it can act fast enough to eliminate
such modulation. -

Number of Frequencies

The number of frequencies which
can be selected for control is equal
to the number of combinations of
harmonics, crystals, and diserim-
inators which can be obtained. But
for any combination there is one,
and only one, stable local oscillator
frequency. If H is the number of
harmoniecs used, X is the number of
crystals, D is the number of dis-
criminators and N is the number of

control frequencies or channels,
then
N =2HXD 2

The factor of 2 is obtained because
of the == sign in Eq. 1. In effect, two
control frequencies are obtained
from each diseriminator, because
either algebraic sign may, by choice
of servomotor sense, describe a
stable control frequency.

With this system of control, the
most convenient design results if
adjacent channels are obtained by
means of adjacent discriminators,
while using the same harmonic and
crystal. If z is the channel spacing,
then z is also the discriminator
frequency spacing designated as
Afs. If there are D discriminators,
then the spacing between crystals
Af, is

Af: = DAfq = Dx 3)
After using all diseriminators once,
the next higher crystal frequency
is selected, and the diseriminators
are used again. This selection is
repeated until the highest fre-
quency crystal has been used,
whereupon discriminator polarity
is reversed. The lowest frequency
crystal then is re-employed with all
of the discriminators, but this time
the discriminators are used in the
reverse order with respect to fre-
quency. The same thing is done with
the remaining crystals. If, then,
there are X crystals, the spacing
between harmonics

Ay =2Xf.=2XDAfs =2XDz (&)
The spacing between harmonics is,

Choice of discriminator frequen-
cies is not arbitrary, but is deter-
mined uniquely once the number of
crystals, the number of diserimina-
tors, and the channel spacing is
chosen. This situation can be ex-
plained by Eq. 1 when it is realized
that the frequency described by the
nth harmonie, the highest fre-
quency crystal, and the lowest fre-
quency discriminator (polarity neg-
ative) must be adjacent to the
frequency described by the nth har-
monic, the lowest frequency erystal,
and the lowest frequency diserimi-
nator (polarity positive). If these
frequencies are f, and f, respec-
tively then, from Eq. 1

fl == nAfh +fz max _fd min (5)
and

fz = nAfy +fz min + f¢ min (6)
Furthermore f, — f, = z because
these frequencies are adjacent.

Then, subtracting Eq. 5 from Eq. 6
f?'—fl =z =f.rmin —'f:max+2fdmin
(7)

or

fd min = x +f: ma; _f: min (8)
but

fz max — fzmin = (X - I)Afz (9)

That is to say, the difference be-
tween the maximum and minimum
crystal frequencies is equal to the
frequency spacing between crystals,
times the number of spaces (the
number of crystals less one). But
from Eq. 3, Af, = Dz, therefore Eq.
9 becomes

2+ (X —1) Dz

fa min = =t =
=I(1+D(X'— 1)

o 10

Equation 10 means that discrim-
inator frequencies are chosen
uniquely once channel spacing, num-
ber of disecriminators, and number
of reference crystals are chosen.

Choice of harmonic and crystal
frequencies is determined, to some
extent, by the local oscillator. The
lowest oscillator frequency should
be above the highest crystal fre-
quency. The lowest crystal fre-
quency should be above the pass-
band of the first amplifier of Fig. 1,
and the highest harmonic frequency
should be below its pass-band. This
arrangement of frequencies elimi-
nates the possibility of spurious
conversion products in the fre-
quency monitoring circuits. With
the arrangement shown a 2-to-1 fre-
quency coverage ratio is the max-
imum possible, However, several
other arrangements are possible, by
means of which the coverage can be
extended to 4-to-1 or 8-to-1.

The usual choice of the number
of harmonies, crystals, and discrim-
inators is that which leads to the
smallest total number of elements,
and is accomplished if they are all
equal in number. If this number is
n, then, from Eq. 2

n = (N/2)u (11)
Equation 11 is not a necessary con-
dition, and may be departed from
if, by such departure, other and
more desirable benefits can be ob-
tained; for example, direct channel
frequency reading from a simple
control box.

Frequency Stability

To estimate frequency stability
factors it is necessary to inquire

POSITIVE

VARIABLE OSCILLATOR

of course, the frequency of the first
crystal oscillator in Fig. 1.

FIG. 2—Basic control circuit maintains variable oscillator at center frequency of
discriminator by relay-actuated motor tuning
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into the values of f,, f,, and f. over
the frequency band. From Eq. 10

famin = (z/2) 14+ DX — D) (12)
Then, if D=1
famin = (z/2)DX (13)

From Eq. 4 fo» = 2XDz; therefore
Jamin < Afn/4 (14)
indicating that Af, must be consid-
erably less than the absolute fre-
quency f, because f, is only a part
of f.. Also fi ni» must then be
only a very small part of f,, be-
cause it is less than #Af,, as shown
in Eq. 14. Thus very large per-
centage errors in the absolute
value of f, will cause only very small
percentage errors in f,.

The principal frequency error,
therefore, will be that owing to
errors in f, and f.. These frequen-
cies are crystal controlled, and can
be held to =0.005 percent individ-
ually by means of temperature
controlled ovens. The resultant fre-
quency error due to f, and f, col-
lectively will also be ==0.005 per-
cent because these frequencies are
of the same algebraic sign in Eq. 1.

Considerable research into the
construction of fixed frequency dis-
criminators has revealed a method
of construction which provides fre-
quency compensation for temper-
ature changes by means of choice
of materials having the proper ther-
mal coefficients of expansion to hold
the relative positions of active parts
fixed over a very wide temperature
range. This construction avoids the
use of temperature coefficient capac-
itors to obtain temperature com-
pensation; by it and because of the
high Q obtained, only =0.2 percent
of the discriminator center fre-
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FIG. 4—Discriminator is constructed of compensating materials to insure stability

quency need be allowed for center
frequency drift plus reactance tube
control. This error will be not
greater than ==0.002 percent of the
local oscillator frequency. The re-
actance tube will allow =2 percent
of the band covered in mechanical
detuning before affecting output
frequency by more than the allow-
able deviation. Figure 4 shows the
discriminator construction.

Under the worst conditions, us-
ing ==0.005 percent crystals and a

POSITIVE

VOLTAGE !
BANDPAS S

VARIABLE OSCILLATOR
AND TUNING MOTOR

L crysTaL osC
~ AND MIXER

FILTER | —T

Q% 7
K

CONTROL
TUBE

DISCRIMINATOR

FIG. 3—Frequency stabilization is obtained by beating variable oscillator agdinst
crystal oscillator; compare with Fig. 2
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—=0.2 percent discriminator, a final
frequency stability of better than
=-0.007 percent can be obtained by
this circuit over a very wide range
of frequencies.

The above circuit lends itself
quite readily to remote control over
a very few wires. The description
of a radio frequency channel is ac-
complished by the selection of one
harmonie, one crystal, and one dis-
criminator. This effectively breaks
channel selection down into succes-
sive steps, each step being finer
than the one preceding. If it is de-
sired to effect a remote choice of
ten possibilities, then ten leads plus
a remote switch can be used. In the
case at hand, if there were four
each harmonics, crystals, and dis-
criminators, then four leads for
each variable plus one ground lead,
and three remote four-position
switches will suffice for the control
of 128 channels. In the practical
case for the 108-132 megacycle
receiver, 7 harmonies, 10 crystals,
and 2 discriminators are used. The
switches in this case are arranged
coaxially for conservation of space
and ease of reading.
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High-Speed
N-SCALE COUNTERS

By T. K. SHARPLESS*

Techiitrol Engineering Company
Pliladelphia, 'a.

Ten stages at right form counter in this plug-in decade unit; other circuits are for carryover and transmission of count

This stepping switch unit incorporates a six-stage counter. Three tubes at right are part of input pulse-forming circuit
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Basic flip-flop and scale-of-two circuits are reviewed, and extension of techniques to the

design of ring and chain counters of higher scale is given. Cathode-pulsed n-scale circuit

described requires no complex indicating schemes, eliminates counting errors and operates

at speeds as high as 180,000 pulses per second
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FIG. 1—Flip-flop circuit (A) is tripped by a negative

pulse at input A and is reset by negative pulse at

input B. Basic scale-of-two circuit (B) has two operating

states, alternating from one to the other as successive
negative pulses are fed to input

FIG. 2—Flip-flop (A) and scale-of-two (B) circuits used in ENIAC. Nega-
tive pulses are used to trip the flip-flop circuit; positive pulses trigger
triodes which deliver negative pulses to plates of scale-of-two counter.
This example illustrates the fact that trigger pulses of suitable shape

can be applied to points other than the grids

LECTRONIC counters have

been known for a number of
vears and have found extensive use
in physies laboratories. In these
applications, their major funection
has been to scale down rapidly oc-
curring pulses to a frequency suit-
able for the operation of mechanical
counters. The fact that such scal-
ing circuits have béen used mainly
for the study of radiation phenom-
ena has meant that, in the past,
electronic counters were regarded
solely as laboratory equipment. In
recent vears, however, the applica-
tion of these counters to many other
problems has resulted in the pro-
duction of several of them for the
general market by a number of
manufacturers.

The first publication of a counter
circuit intended for commercial
production was made in 1944 by
Potter.” In 1939, Perry Crawford,

* Developments reported were made while
the author was Technical Director of the

Digital Computing Prograni at Moore
School of Electrical Engineering, Uni
versity of Pennsylvania.
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in a thesis written at MIT, proposed
the use of such counters in a com-
puting device. RCA Research
Laboratories, in 1941, examined
such applications in a computer for
a gun director.

Counter Applications

The ENIAC, first large-scale,
practical, computing device making
use of electronic counter circuits,
was designed and built at the Moore
School of Electrical Engineering of
the University of Pennsylvania and
put into operation in December
1945. This machine, involving 300
electronic counters, was built for
the Army Ordnance Department
and marked a tremendous advance
in the art of computing.

Electronic counters are usually
derived from two basic types of
trigger circuit, the flip-flop and the
scale-of-two counter. Both of these
circuits are examples of the Eccles-
Jordan trigger circuit, first pub-
lished in 19$19.°

To explain the operation of the
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flip-flop, Fig. 1A, assume the left-
hand triode section to be conduct-
ing, and let this condition be desig-
nated as state 1. A negative pulse
appearing at A will cut off the left-
hand triode; the positive signal ap-
pearing at its plate will cross over
to the opposite grid and turn on the
righthand section. The negative
signal from this plate is fed back
to the lefthand triode and keeps it
cut off. The circuit is now in state
2. A subsequent negative pulse on
A will have no effect. However, a
negative pulse appearing at B will
reset the circuit to state 1.

Pulse Dodging

The scale-of-two counter is shown
in Fig. 1B. It will be seen that a
negative pulse applied to the input
tends to hold the righthand triode
cut off while the positive signal
from the plate of the lefthand tube
is trying to turn it on. Thus, in con-
verting a flip-flop to a scale-of-two
counter, the problem arises of
producing in the crossover a signal
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that will override the externally ap-
plied signal. This problem can be
called the pulse-dodging problem.
It is apparent that the shape and
magnitude of the tripping pulse in
a counter are of utmost importance,
although in flip-flop applications
such is not the case.

Figure 2 shows the flip-flop and
scale-of-two counter circuits actu-
ally used in ENIAC, Note that the
flip flop is designed to operate with
negative pulses applied to inputs
A and B while the counter operates
with positive pulses on its single
input. Moreover, the counter cir-
cuit shows that tripping pulses
need not be applied to the grids
but can be applied to any suitable
point. Application of pulses to the
plates of the trigger circuit, in the
case of the counter, helped consid-
erably in solving the pulse-dodg-
ing problem mentioned above. A
number of practical circuits for
both flip-flop and scale-of-two
counter applications have been
devised.®

Once a counter having a scale of
two has been designed, the exten-
sion of the scale to higher numbers

immediately suggests itself. Scale-
of-n counters can be made by merely
cascading stages of scale-of-two
counters, as done by Wynn-Wil-
liams.* With this arrangement,
n can only be apower of two
unless special tricks are re-
sorted to as in the Potter counter.?
As a result, the conducting triode
combinations are not linear, so that
it is difficult to display the numer-
ical counts simply.

Lewis® designed a circuit of one
tube per stage which behaves essen-
tially like the basic Eccles-Jordan
circuit, in that one conducting tube
is sufficient to keep the others cut
off. A five-tube example of this
circuit is shown in Fig. 3.

The plate of each tube is con-
nected to the grid of every other
tube, giving the circuit stable states
in which n—1 tubes are turned off
and one on. Proper progression of
carryover in the counter is achieved
by use of capacitance coupling be-
tween any one stage and the next,
in parallel with the direct resistance
coupling which is used to hold the
circuit in its particular state. Since
the last tube is connected to the first

FIG.

3—Lewis five-slage ring counter. Successive pulses fed to pulse bar step the

counter through five states; on sixth pulse the counter recycles
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in this same manner, the circuit is
called a ring counter.

The major objection to counters
of this sort is that each plate and
each grid is loaded by n—1 resist-
ors. Thus, as the number of stages
increases, the device becomes quite
complex. Morever, this loading
of each stage results in a reduction
of gain around the loop formed by
the n stages. Since this gain must
be greater than unity for the
counter to step, it can be seen that
counters of this type are limited in
the number of stages that may be
used. With presently available
vacuum tubes, five stages are about
all that seem practicable.

Counter circuits of this type can
also be built with n—1 tubes con-
ducting and 1 tube cut off. Although
this arrangement provides more
current for cutting off the one tube,
it has the disadvantage that the cir-
cuit may run away, for there may
exist one moment when all tubes are
on and the phase shift around the
loop may be some multiple of 360
degrees at a particular frequency so
that oscillation can occur.

Lewis combined a scale-of-two
with a scale-of-five counter of the
type described above, to produce a
scale-of-ten counter. Such arrange-
ments have the disadvantage that
the operating state of the circuit at
any moment is not directly indi-
cated but can be known only by
reference to its binary and quinary
parts.

n-Scale Ccunters

In ENIAC, n-stage counters are
formed using two triodes per stage
in standard trigger circuits. Such
counters are found in scales of six,
nine, ten, fourteen, and twenty.

Figure 4 shows this type of ecir-
cuit generalized for n stages. Con-
sider the circuit to be operating
with the shaded tube sections con-
ducting as shown. The counter is
now in its first stable state with a
positive potential at the lefthand
plate of the initial or Oth stage.
This condition is indicated by the
lighting of the Oth neon glow lamp.
No other lamp is lit since the cur-
rents drawn through the conduct-
ing lefthand tubes are sufficient to
drop the plate potentials below the
ignition point of the glow lamps.
The application of a negative pulse
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to the lefthand cathode of the Oth
stage turns that triode on and the
trigger action of the stage cuts off
the righthand triode producing a
positive signal at its plate. This
signal, transferred through C.,
turns on the righthand section of
stage 1, thus triggering this stage
into the condition that previously
existed in stage 0. Successive pulses
applied to the pulse line produce
similar stepping from stage to stage
down the line. If, as shown in the
diagram, the last stage is connected
back to repeat the cycle, a ring
counter results.

As in all previously mentioned
counters, the pulse-dodging prob-
lem is present, for the negative
pulse on the cathode whichturnson
the lefthand side of an abnormal
stage also tends to keep on the
lefthand side of the subsequent
stage which it is desired to change.
That this does not occur is due to
the fact that the erossover signal
through C, is of such amplitude
and duration as to override the
effect of the negative input pulse.
For this overriding action to take
place, it is necessary that the ap-
plied pulse shape be maintained
and its amplitude controlled with-
in quite close limits. This pulse
shape and amplitude control is
achieved by incorporating as part
of each counter the pulse standard-
izing circuit of Fig. 5.

The fact that each tube in a
counter is operated as a binary de-
vice, thus having only two states:
conducting and nonconducting, is
used to advantage. Though the ap-
plied pulse, circuit parameters, or
bias voltages may vary considerably
in amplitude, so long as the grid
is driven to cutoff on the one hand
and to zero or a slightly positive
value on the other, the plate current
has only two values. This principle
is of basic importance in counter
design, since reliability of opera-
tion is achieved by minimizing the
effect of changing circuit parame-
ters.

Design Considerations

A counter circuit should be so
designed that coupling between
stages is effected without the use
of extra tubes or buffers. Further-
more, it is desirable to arrange the
circuit so that there is a minimum
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FIG. 4—N-stage counter diifers from cascaded binary systems in that cathodes of
trigger circuits are interconnected with pulse input causing successive stages to
trip in linear sequence

of connections and so that not too
many of these go to any one ele-
ment of the tube, such as the grid.
There must be in the decade
counter, for example, internal coup-
ling, connections between stages,
connections to the pulse bar, con-
nections to the neon indicating
lamps, static output connections,
and reset connections for clearing
the counter. One disadvantage in
grid pulsing lies in the fact that the
grids are already used for the in-
ternal connections so that using
them also for the pulse bar connec-
tions loads them too heavily.

A counter circuit may be so ar-
ranged that it can operate in modes
other than the one desired. Thus,
if a stable state of a decade counter
consists of 9 tubes off and 1 tube
on, it may be that the counter can
also operate with 2 tubes on and 8
tubes off. If a counter is expected
to operate in the first mode, but
happens to get started operating
in the second mode, then though
the circuit will count, the output
voltages will be incorrect and the
counter useless. The counter of Fig.
4 is capable of only one mode of
operation because of the relation
between R, and R..

In computing machine applica-
tions, a counter must be completely
reliable, that is, it cannot be per-
mitted to lose a single pulse. Some
300 counters of the type shown in
Fig. 4 have been used in ENIAC for
the past year and have met this eri-
terion of reliability. Production
models operate at 2 maximum count
rate of 180,000 pulses per second or
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PULSE OUTPUT

PULSE INPUT

FIG. 5—Pulse-forming circuit for cathode-

pulsed counter of Fig. 4. This circuit con-

trols shape of input pulses to insure correct
pulse-dodging action

better and count at 100,000 pulses
per second with applied voltage
ranging from 90 to 500 volts. They
are quite insensitive to variations
in circuit parameters and particu-
larly to changes in tube character-
istics. Indeed, tubes of twice the
plate resistance of 6SN7’s have
been inserted with the result that
the counters operated at about 140,-
000 pulses per second. Since they
are designed to operate at 100,000
pulses per second, their use was not
impaired. Present electronic com-
puting machine research has pro-
duced a number of counting circuits
that are reliable at rates up to 2
or 3 million pulses per second.
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Frequency-changer power circuits include parallelinverter type, left, and cycloconverter, extreme right. Frequency and phase con-
trol units are in the center. Connections between control circuits synchronize the two systems to permit parallel operation

THYRATRON
Frequency Changers

Designed to permit parallel operation of three-phase aircraft alternators driven at unequal

and varying speeds, the converter and control circuits described here produce three-phase

power having constant frequency and regulated voltage. Characteristics of two types of

power units are compared

By

NE OF THE interesting prob-
lems in connection with mod-
ern large aircraft is the provision
of adequate electrical power. The
number and size of electrical loads
increases yearly as new models of
gun turrets, radar, automatic con-
trols, and radios are installed. The
present systems use 24 volts d-c,
but for weight saving with these
increased loads, there is consider-
able interest in 120-volt 3-phase a-c
systems.
A major obstacle to a-c operation
of the heavier motor loads is the
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difficulty of obtaining large blocks
of power economically. For fuel
economy, it is desirable that air-
craft generators be driven by the
main engines, and for reliability the
power should be available from any
or all of the engines of a rmulti-
engined aircraft. This implies that
the outputs of several main gener-
ators be paralleled at the load bus.
Paralleling is difficult, as even with
the airplane’s engines synchronized
well enough to reduce vibration the
generators are still a long way from
the exact synchronism demanded.
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As the generator horsepower is only
a small part of the total engine out-
put, the synchronizing torques of
the generators are inadequate to
hold the system together. In addi-
tion, the engine speed for most effi-
cient operation varies with flight
conditions and would seldom be
that required to give the desired
400-cycle output from the gener-
ator.

This situation calls for some
method of obtaining synchroniza-
tion and correct frequency in the
electrical system. Mechanical or
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hydraulic methods might be used to
give a constant-speed drive for the
alternators, or the alternators could
be directly connected to the aircraft
engines and the necessary fre-
quency change obtained electroni-
cally. The latter method was chosen
as the basis for some experimental
work which Chrysler Corporation
Engineering Division was asked to
do on 4-kva units for the parallel
operation of aircraft type alternat-
ors. Two units were built and suc-
cessfully operated in parallel at 400
cycles with input frequencies vary-
ing from 300 to 200 cycles'. The
photograph shows the two units set
up for bench test. The electronic
frequency changer used consisted
of a power circuit using eighteen
grid-controlled gas-filled rectifiers
and a frequency-control circuit with
fourteen assorted receiving type
tubes. The control circuit provided
three-phase, 400-cps, square waves.

Two power circuits were tested,
one of the parallel-inverter type?®
the other of the cycloconverter
type’ and certain differences in
their operation noted. For three-
phase operation, the cycloconverter
offered advantages in weight, effi-
ciency, and power factor of the
generator. If only single-phase 400-
cps power is needed the parallel in-
verter has possibilities.

Cycloconverter Power Circuit

The complete power circuit of the
4-kva test unit is shown in Fig. 1.
The alternator available was rated
at 30 volts output, so that a delta-
wye connected step-up transformer
was used to supply approximately
200 volts to the tubes. The current
from one phase of this transformer
passes through a load-division cur-
rent transformer, one of the six
tubes connected to it, half of a
reactor, a series capacitor, and one
phase of the load. As the neutrals
are not interconnected, the current

ELECTRONICS — March, 1948

FIELD SUPPLY
30vDoC

CONNECTED TO
UNIT 2

i s
lr STEP -UP TRANSFORMER
‘ CARBON PILE
i VOLTAGE REGULATOR
1
B o
A K
°p o
3-0 30v F Y ¥y
ALTERNATOR [ P 30v 0C =
300 TO 900 - - 32> " ¢
CPS b b 4 < ™ b
b 3%
"g> "E " 3 ofl 1
M ol ¢ I
S L
"m--.1td. VL LOAD DiVISION
373 CURRENT X
TRANSFORMERS 400 CPS BUS
208 / 120V
k Sy
5,000 /
Ay b /
z AN
S mey] —|
= | 5,000 5000 5000] < B
N o a
- ) ala ﬂ E
- >
= 1. HEERE
0.00025° | GROUP E | -0.00025-" ald]a] =
GRQUP D
5000 5,000 5,000 T
LAY
[l L 60
= I T~ Tw| | Y| > i
I 1 "} o.00025° 0.00025%| It
z e %60
o [ 3 T'e
5,000) 5,000) 5 Y
3 2| (& e s T
@ h—t |
z I~ T~ I i
b4 0.00025° | GROUP ¢ 0.00025-~
o GRQUP B
= 5,000 5000 5000
= >
X ——
w | > ¥ - ALL TUBES ARE
. 1 4 0.00025:| [o00025 |& TYPE FG-67
o (&)
= __J I 5,000 5000 000] &
[»4
To.00025T" T» Th
GROUP A "0.00025-

FIG.

1—In the cycloconverter, each phase of the step-up transformer secondary

supplies voltage to three pairs of thyratrons. Output frequency is held at 400
cycles by auxiliary control circuit that determines thyratron firing sequence
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Losses

in transformers and chokes make this circuit less efficient than cycloconverter
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returns through another load phase,
a series capacitor, half of its re-
actor, one of the three tubes con-
nected to the end of the reactor,
and the phase winding of the trans-
former.

Operation of the tubes is con-
trolled by the square-wave voltage
applied to the grids by the control
circuit and by the input voltage ap-
plied to the plates and cathodes as
shown. Consider group A and
group B for example, which to-
gether supply one phase of the load.
The tubes of group A have their
cathodes tied together and their
grid bias supplied from a common
point in the control circuit. If the
grid voltage is positive, then the
tube having the most positive plate
potential will conduct and raise the
common cathode potential high
enough to cut off the other tubes.
As the input voltage varies through
its cycle, another tube anode in
group A becomes more positive and
it conducts, cutting off the previ-
ously conducting tube.

When a half cycle of the 400-cycle
output frequency is completed, the
grids of group B are made positive
relative to their cathodes. Since
the group B anodes are connected
together, the tube with its cathode
connected to the most negative in-
put line conducts and also prevents
conduction in the other two tubes.

Commutation

Commutation between groups,
that is, extinguishing a tube of
group A when a tube of group B
fires, is produced by reactor X in
the following manner. When a
tube in group A is conducting, the
cathode end of reactor X is positive
relative to the center tap. How-
ever, when a tube of group B fires,
it instantly makes the anode end of
the reactor positive relative to the
center tap, and the cathode end is
made temporarily negative due to
the autotransformer connection of
the reactor. The duration of the
negative swing is dependent upon
the size of the series and shunt
capacitors in the output circuit.
The negative swing must last long
enough to permit the tubes to deio-
nize. This deionization appears to
be hastened by the negative grid
voltage applied during the off cycle
for group A*°
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FIG. 3—Performance curves for cyclo-
converter power circuit

It is interesting to note that for
the special case when the input fre-
quency exactly equals the output
frequency, six of the eighteen
power tubes will be completely in-
operative. If sustained operation
is possible under this condition,
then either the tubes should be
chosen with ample capacity or some
provision made to shift the output
frequency slightly to prevent sus-
tained operation.

Parallel Inverter

When operated as a frequency
changer, the parallel inverter is
basically a device using 3-phase in-
put at one frequency to give single-
phase output at another frequency.
The anodes of six tubes are con-
nected in pairs to the source, and
the cathodes in two groups of three
to the output transformer. Figure
2 shows how three such units are
connected to give 3-phase output
and shows also the neutral re-
turn for the supply lines. Tests on
this circuit showed satisfactory
operation but larger IR losses in
the wvarious transformers and
chokes. The circuit also required
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an output transformer as well as
the series reactor.

The overall efficiency, input
voltage variation and power input
of the cycloconverter are shown in
Fig. 3.

Parallel Operation

The two types of frequency
changers operate well in parallel,
with load division on the alter-
nators controlled by the voltage
regulators as in a d-¢ system.
Heavy resistive loads, even to
the point of short circuiting the
output terminals, were carried with
ease. Inductive loads require cor-
rection to nearly unity power factor
for satisfactory operation, because
of effects on both wave form and
commutation. One-quarter hp mo-
tors start and operate normally. A
3-hp motor will start and operate
normally, provided there is ample
resistive load on the bus to stabilize
the system.

Control Circuit

The control circuit, as mentioned,
supplies a 3-phase 400-cycle square
wave for the power tubes. It is
these control circuits which are
synchronized for parallel operation
of two frequency-changer units as
shown in Fig. 4. The basic fre-
quency is determined by an 884 gas
triode which discharges 2,400 times
per second. These pulses are fed
to the grids of three 6J5 triodes
connected in 4 ring-of-three counter
circuit’. Each 6J5 goes through
an on-off-on cycle 800 times per
second, and each tube operates
1/2,400 of a second after its pre-
decessor in the ring. This gives
3-phase voltages at 800 cycles.

The final stage of the control cir-
cuit comprises three pairs of
6V6GT pentodes connected in a
modified Eccles-Jordan circuit. The
cathode, grid, and screen of each
tube are in the flip-flop circuit and
the anode is connected to the trans-
former which forms the output con-
nection of one phase of the control.
The tubes in each pair conduct al-
ternately and thus produce in the
transformer a 400-cps square wave
of voltage. The vacuum tubes used
in these counting circuits operated
with much more stability than the
gas triodes first used.

Output frequency is determined
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by a single-tube inverter circuit.
Referring to Fig. 4, capacitor C. is
rapidly charged through tube V.
to somewhat above line voltage by
virtue of the inductance of the
primary of transformer T.. Since
the cathode at this instant is posi-
tive with respect to plate and the
grid is held negative with respect
to cathode, the tube is extinguished.
Capacitor C, then discharges
through resistors R, R., until the
combination of plate-to-cathode and
grid-to-cathode voltages are such
as to fire the tube. Capacitor C, is

again rapidly charged. The cathode
voltage has a sawtooth waveshape
with sharp rise and slow decay.
The sawtooth voltage is fed
through capacitors C.,, C;, C, at the
grids of tubes V, V, V. in the
three-tube switching circuit. These
tubes are biased in such a manner
that at any instant two are conduct-
ing while the third is cut off. Each
pulse of the sawtooth voltage causes
the tube which is cut off to conduct
and causes one of the other two
tubes to cease conducting. The cut-
off condition passes from one tube

to the next in definite sequence.

In Fig. 4, assume tube V. to be
nonconducting and tubes V, and V.
to be conducting. The plate of tube
V. is near supply potential and, by
means of the voltage dividing re-
sistors R, and R,, tends to hold the
grid of tube V, at or above cathode
potential. Also, by means of resist-
ors R, and R, the plate of tube V,
tends to hold the grid of tube V,
at or above cathode potential. Tubes
V. and V, are held conducting.
When conducting, the plate poten-
tial of tubes V, and V, is approxi-
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mately one-third the supply-to-
cathode voltage. By means of re-
sistors R,, R,, and R, the grid of
tube V. is held sufficiently negative
with respect to cathode to block the
flow of plate current. When the
next upward sawtooth voltage pulse
is transmitted through capacitors
C., Cs, and C, to the grids of all three
tubes, the grid of tube V., is made
less negative with respect to cath-
ode causing plate current to flow.
As soon as plate current flows, the
plate voltage drops by virtue of
resistor R,.. This drop, being trans-
mitted to the grids of tubes V; and
V., tends to reduce the plate current
in these tubes. At the same time,
the grid of tube V; is given an addi-
tional downward kick by capacitor
C: and resistor R,.. Consequently,
the plate voltage of tube V, rises
faster than that of V.. Tube V,
assumes control by holding tubes
Vaiand V, conducting. The next up-
ward sawtooth voltage pulse rend-
ers tube V; conducting and tube V,
is selected by capacitor C, and re-
sistor R,; to become nonconducting.
The next pulse renders tube V, non-
conducting, and the process con-
tinues in this manner.

The plate-to-cathode voltage
from tube V, is clipped to form an
inverted saw-tooth wave. The clip-
ping circuit consists of tube V,,
capacitor Cs, and resistor R,. On
the positive swing of the input volt-
age, tube V,, being a diode rectifier,
passes current causing capacitor Cs
to be charged with the input side
positive. On the downward swing
of the input, a voltage suddenly ap-
pears across resistor R, During
the horizontal portion of the input
voltage, the charge on capacitor C,
gradually leaks off through resistor
R The cycle repeats on the next
upward swing of the input voltage.

The inverted sawtooth voltage is
transmitted to tubes V, and V,
through capacitors C;, and C,,. In
the flip-flop circuit comprising
tubes V, and V,, consider first the
part connected to screen grid, con-
trol grid, and cathode. The tubes
are so biased that, in the steady
state condition, one tube blocks cur-
rent while the other passes current.
Each input pulse from the clipper
circuit reverses the condition on the
tubes, that is, the one which was
blocked is made to pass current and
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the one which was passing current
is made nonconducting.

Assume tube V, blocked and tube
V. conducting. Then the screen
grid of tube V, is near line potential
and the control grid of tube V, is
held at or above cathode potential
by means of the potentiometer cir-
cuit consisting of resistors R, and
R.. Likewise the screen grid of
tube V., because of the drop across
resistor R., holds the control grid
of tube V, below cutoff by means of
resistors R, and R,. The next
negative pulse from the input volt-
age drives the control grid of tube
V. negative, reducing the flow of
screen current. The rise in screen
voltage transmits a positive kick
through capacitor C,, to the control
grid of tube V,. The resulting rise
in screen voltage on tube V, is
transmitted through capacitor C.
to the control grid of tube V.. The
process once started, continues
until the current is transferred
from one tube to the other. A
square voltage wave is obtained be-
tween screen grid and cathode.

The primary of a center-tapped
transformer is connected between
the plates of tubes V, and V, with
the centertap connected to positive
d-c line voltage. By connecting a
resistor across the primary, a
square output voltage can be ob-
tained. Four secondary windings
are provided for conncction to the
control grids of the FG-67 power
tubes.

It will be noted there are three
separate flip-flop circuits. Action
of the other two is identical to that
of the one explained.

Synchronization

The secondary of transformer T,
in the plate circuit of tube V, trans-
mits a transient pulse through con-
nector pins B and C to connector
pins D and E in control circuit 2.
This pulse is further transmitted to
the control grid of tube V, in con-
trol circuit 2, in such a manner to
fire the tube, unless, of course, it is
already conducting. Likewise, the
secondary of transformer T, in the
plate circuit of tube V, in control
circuit 2 transmits a transient
pulse to the control grid of tube V,
in control circuit 1. Whichever
tube fires first fires the other. The
tube with the shortest period will
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determine the output frequency.

Tube V.. is used to synchronize
the three-tube switching circuits in
the two control circuits. Capacitor
C., attached to plate of tube V, in
control circuit 1, transmits a pulse
to grid of tube V., in control circuit
2 when synchronizing switch S is
depressed. When tube V, in control
circuit 1 is blocked, tube V, in con-
trol circuit 2 is made conducting.
Tube V.. holds the grid of tube V,
in control circuit 2 below cutoff. In
this manner, tube V, in control cir-
cuit 2 is made to be nonconducting
during the same period tube V,
in control circuit 1 is nonconduct-
ing. Once the circuits are brought
into step, switch S may be opened.

In the flip-flop circuit, the tubes
must fire in the following sequence:
Vu, Va, Vno, ‘.7, Vo, Vi Capacitors
Cu and C; hold them in this se-
quence. Three of the six tubes are
conducting at any given instant.
From the above sequence it may be
seen that when tube V., becomes
conducting, tubes V, and V, must
be nonconducting. When tube V,
fires, a downward pulse is trans-
mitted through capacitors C, and
C.s to the control grid of tubes V,
and V, rendering the tubes non-
conducting if they are not already
in that condition.

There still remains a possibility
of the flip-flop circuit in control cir-
cuit 2 being 180 degrees out of
phase with the flip-flop circuit in
control circuit 1. To bring them in
step, a small capacitor C, is con-
nected from the plate of tube V,
in control circuit 1 through switch
S to the grid of tube V. in control
circuit 2.

The three-tube switching circuit
and the six-tube flip-flop circuit are
synchronized by the same switch S.
Both control circuits are connected
so that either may be synchronized
to the other.
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< 2 HOLES. 693 122 DIA,

* o
RO
MOLDED MINIATURE SOCKET P
No. 53C12136—7/8" Mounting Center I
. ‘.l’

L

CINCH MOLDED SOCKETS

ARE STANDARD

NOVAL SOCKET
No. 53F12617—Saddle Type —Mica
Filled Molded with 093 mtg. hole
1-1/8” Mounting Center

OCTAL MOLDED SOCKET
No. 9905—1-5/16" Mtg. Center
1-1/2” M. C. Available

~ LOKTAL MOLDED SOCKET
.om% f No. 6972—1-5/16” Mtg. Center

The Miniature, Noval, Octal and Loktal Sockets
are molded from high dielectric black bakelite, and
are available in Mica and Steatite . .. With com-
ponent parts of the best materials available; sturdy
steel mounting saddle and Cinch solder coated
contacts for easy soldering, these molded sockets
are dependable and durable under the most
exacting requirements. Users have made them
Standard. Write for samples and further details.

AVAILABLE AT LEADING ELECTRONIC JOBBERS — everywhere

L

2335 WEST VAN BUREN STREET ¢ CHICAGO 12, ILLINOIS
Subsidiary of UNITED-CARR FASTENER CORPORATION, Cambridge 42, Mass.
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Filter Ripple Chart

Where choke input is used, output characteristics are readily predetermined.
Curves are given for 50 and 60-cycle, half-wave and full-wave, and single
and  three-phase rectifiers. A rectifier attenuation table 1is included

R n
By C. K. HOOPER
Iower Equipment Engineer
Industrial Electronics Division
Westinghouse Electric Corp.

Raltimore, Md.

HEN USING choke-input fil- It is necessary to know the the amount of attenuation in db
ters, the output ripple of inductance value, in henrys, and for each filter section can be
rectifier-type power supplies can the capacitance, in microfarads, read directly on the chart.
be predetermined from the ac- for each filter section. Knowing Curves are given for 50-cycle

companying chart. the product of these two terms, (dashed lines) and 60-cycle
1600 (solid lines) power, for the four
X 717 7 7 i
900 7 y 4 types of supplies most often used
800 AV in industrial equipment.
19 / To obtain the total output rip-

600

ple in db below the d-c level, the
equivalent rectifier attenuation
must be added to that of the filter
sections.

500

400

300

Practical Example

200 — The following example will
illustrate the use of the chart.
Assume that a single-phase full-
wave rectifier operating from a
60-cycle supply has a two-stage
choke-input filter. One of the
filters consists of a 2-henry choke
and 15-pf capacitor. The other
filter consists of a 2-henry choke
and 20-uf capacitor.

1 For the first filter, with an L-C
product of 2 x 15 = 30, the at-
tenuation is read as 24.5 db. The
second filter has an L-C product
of 2 x 20 = 40 and the attenua-
tion is read as 27 db. From the
table the equivalent rectifier at-
ATTENUATION IN RECTIFIER tenuation of a single-phase full-
SNCLEPIASE FULL-wave-+es 0B | wave rectifier is given as + 6.5
TR A%e PutLwiwe +os0081—]  db.

—j' —T1 1 i The total resulting ripple at-
1 1 1 ] tenuation is the sum of that of
the individual filter sections plus
that of the rectifier. In this case,
the total is 24.5 + 27 4 6.5 = 58
db rms below the d-¢ level.

20

FILTER L-C PRODUCT (L IN HENRYS. C IN MICROFARADS )

O N OO

50 60 70
RIPPLE ATTENUATION IN DB

ELECTRONICS REFERENCE SHEET
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Two New Single or Double Section Switches. ..

RSA-60

. . of Space Saving Design and Mallory Precision Quality

ENGINEERING DATA SHEET

Send for the Mallory Engineer-
ing Data Sheet on the RSA-50
and RSA-60. It contains com-
plete specifications for available
circuit combinations with re-
spective terminal locations,
dimensional drawings — every-
thing the engineer needs to
adapt the RSA-50 or RSA-60
switch to a particular circuit.

SPECIFICATION SHEETS

Specification sheets for the RSA-50
and RSA-60 switches have also
been prepared. These sheets are
larinted on thin paper to permit
slueprinting. The sectional draw-
ings indicate standurd and opt onal
dimensions-—make it easy for
you to order production samples
built 10 your requiremeni:.

... Yet They Cost No More!

Where space is a factor—dependability esscntial—low cost a prerequisite—the Mallory
RSA-50 and RSA-60 switches fill the bill!

These new circuit selector switches, with section and terminal design identical to that of
the famous Mallory RS-50 and RS-60 switches, are designed for band and tone control
switching in radio receivers and other elecironic applications where medium and low
torque indexing action is desired.

The index assembly is of durable design and constructed with a minimum of parts-
affording dependable service life with low torque and positive indexing action.

Note these many features, inherent in all the Mallory RS series, which contribute to
the dependability and quality of these two new additions to the line:

@ Insulation of high-grade, low-loss laminated phenolic.

® Terminals and contacts of special Mallory spring alloy, heavily silver-plated to
insure long life at low contact resistance.

® Terminals held securely by exclusive Mallory two-point faslening—heavy staples
prevent loosening or twisting.

® Double wiping action on contacts with an inherent flexing feature—insures good
electrical contact with the rotor shoes throughout rotation.

@ Six rotor supports on the stator—insure accurate alignment.

@ Brass rotor shoes, heavily silver-plated—insure low contact resistance.

@ All shoes held flat and securely 1o phenolie rotor by rivets—prevents stubbing—
insures smooth rotation—minimam of noise in critical circuits.

The RSA-50 and RSA-60 are both availuble in one or two section construction. The
RSA-50 accommodates up to twelve terminals ou either side of the section and provides
from 2 to 6 positions. The RSA-60 accommodates up to ten terminals on either side of
the section and provides from 2 to 5 positions. The RSA-60 has the narrow section
design—ideal for under chassis mounting, where space saving is paramount.

Visit us at
Booths 84, 85,86
I.R.E. Show
Grand Central
Palace

March 22-25

ELECTRONICS — March, 1948

R.MALLORY CO. Inc. '
ALLO RY SWITCHES

fomaled (ELECTRONIC, INDUSTRIAL and APPLIANCE)

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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TUBES AT WORK

Including

INDUSTRIAL CONTROL

Edited by VIN ZELUFF

Instrument for Intermodulation Measurements..................
The Front Cover..................
High-Frequency Crystal Voltmeter
X-Ray Thickness Gage. ...........
Ultraviolet Flame Detector.........

............................

.............................

Insirument for Intermodulation Measurements

BY GEORGE DANIKL
Western Electiric Company
New York, N. Y.

TNTERMODULATION measurement
makes possible important findings
on the subject of distortion not
available by other methods. In in-
termodulation, the interaction of
two frequencies is studied, the pur-
pose being to discover the degree to
which one frequency is modulated
by the other.

More versatile than its predeces-
sor, a new Western Electric equip-
ment for making these measure-
ments consists of a signal generator
in which two independent frequen-
cies are produced and combined and
an analyzer in which the degree of

modulation of the higher frequency
by the lower is determined.

A novel feature of this measur-
ing system is the inclusion of a
phase meter which indicates
whether compression is occurring
on the positive or negative half of
the input signal by comparing the
phase relationship between the out-
put of the low-pass filter and the
low-frequency signal at the input to
the analyzer.

Oscillators

In the signal generator two oscil-
lators, each made of a 2C51 minia-

ture dual triode in a resistance—
capacitance tuned oscillator circuit,
generate the low and high frequen-
cies. Combinations of capacitors
provide frequencies of 40, 60, 100,
and 150 cycles from the low-fre-
quency oscillator, while similar pro-
vision is made for the selection of
high frequencies of 1,000, 2,000,
7,000, and 12,000 cycles. Each oscil-
lator circuit includes a 1A type
thermistor, or thermally sensitive
resistor, which operates on one of
the cathodes of each of the 2C51’s

and, together with a voltage
divider, provides negative feed

back. The thermistors increase the
stability of the oscillator outputs by
minimizing variations occurring
with changes in gain.

Each oscillator feeds a three-
stage amplifier consisting of both
halves of a 2C51 and a final push-
pull stage. The amplified high fre-
quency is attenuated to 0, 6, 12, or
30 db in relation to the low-fre-
quency output and the two outputs
combined in a hybrid coil. The use
of a hybrid coil makes possible the
combining of the two frequencies
with a minimum of intermodulation
because each of the amplifiers is
separated from the other. At low
outputs and for most frequency
combinations, this intermodulation
is less than 0.2 percent.

In the third stage of the initial
amplifier, the plate load is a filter

VOL CONTROL»(< — INITIAL AMPL - - ><H-F BAND PASS FILTER > AMPL - - >le— RECT - "FILTER

OW PASS

FSENS CONTROLs AMPL — »f«- RECT —ske — VTV M

o]
IMEG

15V

60 v é

5vaG

]
¥
]
PHASE METER
220,000 220,000
A
30,000 {150,000 g
1mes 3 5:0001- =%
JA £T) 220,000 S
2cs _|3%000 ] ~
iL
2 -0.47 MEG
047 UEG

Schematic of the analyzer section of the intermodulation meter
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DIEFLEX PRODUCTS LIST

MADE WITH BRAIDED COTTON SLEEVING BASE
VTA Grade A-1 Magneto Grade Varnished Tubings
VTA Grade B-1 Standard Grade Varnished Tubings
VTA Grades C-1 and C-2 Heavily Coated Saturated Sleevings
VTA Grade C-3 Lightly Coated Saturated Sleevings
Heavy Wall Varnished Tubings and Saturated Sleevings

MADE WITH BRAIDED GLASS SLEEVING BASE
VTA Grade A-1 Magneto Grade Varnished Fiberglas Tubings
VTA Grade C-1 Extra Heavily Saturated Fiberglas Sleevings
VTA Grade C-2 Heavily Saturated Fiberglas Sleevings
VTA Grade C-3 Lightly Saturated Fiberglas Sleevings
Silicone-Treated Fiberglas Varnished Tubings and Saturated

Sleevings

Sk
Sheal R
e

INSULATION

MANUFACTURERS CORPORATION

*CHICAGO 6 » 565 W. W‘ashlngu)n Blvd.

MILWAUKEE 2

312 E, Wisconsin Ave. EC Rlc 1231 Superiar
DETROIT 2 et oA 1 Ave, NE

11341 Woodward Ave,  oF INt o DAYTON 2
*Local Stocks Availabi - 1315 Mutual Home
ocal Stocks Available INS(:": 1'\0“ Building

*CLEVELAND 14

e

Ease of assembly is an important factor in both cost and
production time of electrical devices. Dieflex varnished tub-
ings and saturated sleevings are non-fraying products with
unusually good push-back characteristics. Splicing and sol-
dering are easier, and you can depend on the high standard
of quality to which these products are made.

Flexibility, dielectric strength, and other physical proper-
ties of Dieflex varnished tubing products are unusually good
because every one is completely impregnated with specially
formulated oleoresinous baking varnish. Both cotton and glass
fiber types are available from stock. You are always sure of
getting the best when you specify Dieflex.

IMC Representatives
PEORIA 5=101 Heinz Court ® MINNEAPOLIS 3—1208 Harmon Place
Authorized Distributors

INSULATION and WIRES INCORPORATED

St.Lovis 3, Mo. & Atlanta, Ga. e Boston 20, Mass.
Detroit 2, Mich., ® Houston2,Tex. & New York7,N.Y.

TRI-STATE SUPPLY CORPORATIONS
Los Angeles 13, Cal. ® San Francisco 7,Cal. o Seattle 4, Wash.




THE FRONT COVER

THE CHASSIS shown on this month’s cover combines three amplifiers,
one modulator, and pulse shaping and clamping circuits. of the
Ludwig electronic-hydraulic high speed industrial computer. This
unit solves continuously a differential equation involving error,
integral of error and derivative of error.

The computer has been developed to solve problems of register in
web processing, any manufacturing or converting operation involv-
ing a continuous sheet of material as in printing, cutting, slitting,
winding, and rolling. Processing registration accuracies up to and
bevond 0.0001 inch on any web can be built into a control which will
be fully automatic over a web speed range of ten to one.

The computer on the cover, shown with inventor John W. Ludwig,
was adapted to multicolor registration on high-speed rotogravure
presses. It holds color register to 0.0001 inch at web speeds ranging
from 100 ft per min to 1,000 ft per min. Errors are corrected
within 0.15 second. In the case of slow gradual errors, corrective
control is thus anticipatory. Comparable accuracies and correction
times are engineered into controls governing metal rolling, sheet
metal processing, cutting, slitting, roll wind and rewind, fabrie and

svnthetic web processing.

which may be selected by a switch
as a band-pass filter of 1,600-2,500
eycles or a high-pass filter of 6,500
cyvcles. This signal is amplified by
both halves of a 2C51 to produce an
output of the high-frequency signal
modulated by the low-frequency sig-
nal to a degree dependent upon the
amount of intermodulation in the
input signal.

The output of the high-frequency
amplifier is rectified and filtered
through a low-pass filter with a
terminating resistor of 2,400 ohms,
R.. The amplitude of the low-
frequency voltage impressed on this
resistor is relative to the degree of
intermodulation in the input signal,
while the average current passing
through R.; indicates the amplitude
of the high-frequency input signal.

The low-frequency component
from the low-pass filter is im-
pressed upon the primary of trans-
former T, the secondary of which
is connected to a variable attenu-
ator which has provision for set-
tings of 5, 15, 50, and 100-percent
intermodulation, allowing full-scale
intermodulation readings. The out-
put of the attenuator is amplified by
one-half of a 2C51 and this output
rectified by the 6AL5 full-wave
rectifier.

The voltage developed across R..
is applied to the grid of the other
half of the 2C51 used in the low-
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frequency amplifier-——a space-sav-
ing feature made possible by the
shielding of the individual sections
within the tube—and the triode
used as a vtvm in connection with
M., on which the percentage inter-
modulation is read directly. In the
preceding rectification, the voltage
polarity developed is always such as
to make the grid negative with
respect to ground. The cathode
voltage is adjusted by a control on
the front panel so that M. will read
zero percent intermodulation by
applying positive d-c voltage to the
grid, increasing plate and cathode
voltage.

Since the output of the rectifier
V. is such as to make the grid of the
vtvm more negative as the amount
of intermodulation increases, the
plate current and cathode voltage

Y o

OSGILLATOR | .‘(%.EZ‘T%R
40,60,100,
150,900 v

HYBRID

o VOLUME L
AP R CONTROL :

]

OSCILLATOR 2 ,"
100, 2000 ’
o020 ouTPUT

Essential stages of the system for measur-
ing intermodulation distortion

www americanradiohistorv com

decrease with intermodulation in-
crease, causing the pointer of M.
to move.

Although the new system will be
of value in many fields where audio
frequencies are used, it will be of
particular importance in the meas-
urement of intermodulation on var-
iable density sound track where
intermodulation occurs not only
during recording, but within the
film itself.

Application

To determine optimum process-
ing and recording techniques, the
output of the signal generator is
adjusted so as to modulate the light
valve about 1.5 db below the clash
point, or the point at which the two
ribbons of the light valve overlap
in the path of the light beam, there-
by providing the maximum safe
modulation. Recordings are then

The signal generator and analyzer mounted

on the rack form the two units of the

Western Electric intermodulation test set

for measuring audio-frequency distortion
caused by intermodulation

made at several recorder lamp in-
tensities and the negatives pro-
cessed for various values of gamma.
Positive prints are next made for
each negative at several printer
light values in a region which past
experience has shown to be accept-
able.

Itach of the several positives is
then run on a suitable reproducer
and the output fed into the inter-
modulation analyzer. The print
which gives the optimum reading in
terms of intermodulation percent-
age is then used as a guide in mak-
ing further, more specific tests by

(continued on p 150)
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Get the facts on Western’s miniatures!
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Western Electric is now offering a group of min- all Western Electric tubes are noted. Data sheets
iature tubes, including 2 twin triodes and 6 pen- on all these miniatures are available for your de-
todes. They were developed by Bell Telephone sign files. Send the coupon for sheets on the types
Laboratories...are manufactured by Western you are interested in—or call your Graybar Repre-
Electric to the high standards of quality for which  sentative for full information.

CODE TYPE HEATER HEATER CURRENT | MAX. PLATE DISTRIBUTORS: IN THE U.S.A.-Graybar
VOLTAGE IN MILLIAMPERES VOLTAGE Electric Company. IN CANADA AND
6AS6 Pentode 6.3 175 180 NEWFOUNDLAND - Northern Electric
6AK5 Pentode 6.3 175 180 Company, Lid.
6Al5 Pentode 6.3 175 180
5590 Pentode 6.3 150 180 -“"‘———“——"_——————_;3’;
5591 Pentode 6.3 150 180 | Graybar Electric Company
408A Pentode 20 50 180 : 420 Lexington Ave., New York 17, N. Y. i
2051 Twin Triode 6.3 30 300 | Please send me data sheets on the tubes circled: |
407A Twin Triode | 20 (parallel) | 100 (parallel) 300 | 6AS6 GAJ5 5591 2Cs1 ]
40 (series) 50 (series} 300 | 6AK5S 5590 408A 407A :
: Name I
2 | Company - e 1
Weslern Lleclric: =
| City State. |
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