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MINIATURE COMPONENTS
FROM STOCK...

SUBOUNCER UNITS

FOR HEARING AIDS...VEST POCKET RADIOS...MIDGET DEVICES

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-

ing “elatively high efficiency and wide frequency response. Through the use of special

nicka! iron core materials and winditg metheds, these miniature units have per-

. formznce and dependability characteristics far superior to any other comparable items.

They arz ideal for hearimg aids, miniature radios, and other types of miniature electronic equipment.

The coils employ automatic layer windings of double Formex wire...in a molded Nylon bobbin. Al

insulaticn is of cellulose acetate, Four inch color coded flexible leads are employed, securely anchored

mechgnl-:ally: No mountirg facilities are provided, since this woild preclude maximum flexibitity in

location. Units are vacum impregnated and double (water proof} sealed. The curves below indicate

the excellent frequency esponse available. Alternate curves are shown to indicate operating charac.
teristics in various typica applications.

Type Application Level

D.C.
Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res.  Price
*$0-1 Input + 4vu 200 0 250,000 2650  $6.50

List
SUBOUNCER UNIT

. 50 62,500 Weight.
$0-2 Interstage/3:1 ; 10,000 90,000 225 185C

Plate to Line

§0-4 Output

0 6.50
10,000 3ml 200 1300 3¢ 6.50
25,000 Sml 500
30,000 oml 50 1800 4 6.50

$0-5__ Reactor 50 HY al 1 mil. D.C 3000 ohms D.C. Res. 550
Ou + 20V U. S5ml. 60 3250 38 6.50

may be 2mployed.

is fixed 1250.1 for SO-1, 1:50 for SO-3. Any impedance befween the values shown

Type
*$50-1

$80-2
*$50-3
$50-4

SUB-SUBOUNCER UNIT _gig:z
Dimensions....7/16” x 3/4” x 5/8”
Weight .. .02 1b.

' SUB-SUBOUNCER UNITS

FOR HEARING AID AND ULTRA-MINIATURE EQUIPMENT

UTC Sub-SubOuncer units have exceptionally high efficiency and frequency range 11 their ultra-miniature
size. This has been effectec through the use of specially selected Hiperm-Alloy cor2 material and special
winding_methods. The constructional details are identical to those of the Sub-Ouncer units described
above. The curves below shaw actual characteristics under typical conditions of application.

D.C. List
Application Leve! Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res. Price

Input + 4V 200 4] 250,000 13.5 3700 $6.50
50 62,500
4+ 4V 10,000 0 9(,000 750 3250

4+ 20V.UL. 10,000 3 mil. 200 2600 35
25,000 1.5 mit. 500

Output + 20V U 30,000 1.0 mil. 50 2875 4.6

Reactor 50 HY at 1 mil. D.C. 4400 ohms D.C. Res.

Ouptut + 20v.u 100,000 .5 mil. 6) 4700 3.3

Interstage/3:1
Plate to Line

*Impedance ratio is fixed, 1250:1 for $30-1, 1:50 for SS0-3. Any impedance between the valuss shown
mp|g

Dimensions...9/16” x §/8” x 7/8”
.03 Ib.
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ruggedized meter

Marion Ruggedized Meters introduce a brand new family of panel instru-
ments produced to give outstanding performance under extreme conditions of
Shock . .. Vibration . .. Mechanical Stress or Strain. Hermetically sealed,
they are impervious to the weather conditions of any climate.

: - o 11E

L - ' CROSS SECTION . p
i i - e ‘8\9 o = b o o D o

2 Marion Ruggedized Instruments give you new freedom of application. They

are extremely accurate, highly sensitive meters that may be used in places

where no one has ever before dared use ““delicate instruments.” Count on them

to exceed your greatest expectations in any application.

Send for your free copy of our booklet on the new Marion Ruggedized Meters
today. See how Ruggedized Meters meet the dimensional requirements of
JAN-I-6 and are interchangeable with existing standard &
JAN 214" and 314" types. Learn why their electrical and y
mechanical performance far exceeds existing JAN require-
Mapufacturers of ~ Ments. Discover for youself some of the developments that
Hermetically Sealed ~ Made the ruggedized meter possible.
Meters Since 1944

Marion Electrical Instrument Company, 401 Canal St., Manchester, New Hampshire

2 April, 1951 — ELECTRONICS

www americanradiohistorv. com



couny ks

ey
SR
Y Voo &

& x|
L%

PRECISION ELECTRICAL INSTROMENT MAKEI;S
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BECKEKENT . ENGLAND
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1951 CAJE, 25 POSITION




FOR MAXIMUM PERFORMANCE AND LONG LIFE
OF ELECTRICALLY-OPERATED EQUIPMENT
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=\ STABILINE

MButomatic
VOLTAGE REGULATORS

Manufacturers faced with the need for increased production and lower
costs are becoming extremely conscious of the importance of maintain-
ing constant voltage to electrical apparatus. The Superior Electric Com-
pany’s line of STABILINE Automatic Voltage Regulators offers equip-
ment to suit the needs of each application. Two types are available,
Type IE (Instantaneous Electronic) and Type EM (Electro-Mechanical)

STABILINE Type IE is a completely electronic unit with no moving par'

. . is used where instantaneous and extremely close correction
required. It maintains a constant output voltage regardless of lil
variations at no load, full load or any intermediate load. The outy
voltage is held to within == 0.1 volts of nominal for wide line var
tions; within == 0.15 volts of nominal for any load current change
load power factor change from lagging .5 to leading .9. Maxin
waveform distortion never exceeds 3%.

Standard models are available in cabinets or for relay rack moun
in numerous ratings as listed below. In the event you have a sp
requirement involving other frequencies or ratings, SECO vo!
control engineers will study your specific problem and make re
mendations without obligation.

INSTANTANEOUS ELECTRONIC CABINET MODE

Input Qutput Rated
Voltage Voltage Frequency | Load Range | Load Power Ovutput
Ronge Ronge In Cycles | In Amperes | Factor Range KVA Ty
95-135 110-120 60 * 10% 0-22 0.25 1ES]
195-255 220-240 60 + 10% 0-1.1 0.25 1E521
95-135 110-120 60 +10% 0-4.5 .5 lagging 0.5 1ES1
195-255 220-240 60 *+ 10% 0-22 0.5 IE52
95-135 110-120 50 +10% 0-45 0.5 IEL5]
195-255 220-240 50 +10% 0-22 0.5 IELS:
95-135 110-120 60 *+ 10% 0-8.5 o 1.0 1E5)
195-255 220-240 60 *+ 10% 0-45 1.0 IE52
95-135 110-120 50 * 10% 0-85 1.0 IEL5
195-255 220-240 50 = 10% 0-45 1.0 IELS!
95-135 110-120 60 *+ 10% 0-22.0 2.5 IES]
195-255 220-240 60 * 10% 0-11.0 .9 leading 2.5 IE52
195-255 220-240 50 *+ 10% 0-11.0 2.5 1EL5,
95-135 110-120 60 * 10% 0-43.5 5.0 1E51
195-255 220-240 60 * 10% 0-220 5.0 IES2
* Also offered in rack models.

REMEMBER, STABILINE TYPE EM (ELECTRO-MECHANICAL) UNITS ARE ALSC
ABLE. RATINGS FROM 2 TO 100 KVA, LITERATURE ON REQUEST.
There's a STABILINE Automatic Voltage Regulator for every need. Se
today for literature and specific information. Write The Superior Elect
Co., 404 Church St., Bristol, Conn.

tie SUPERIOR ELECTRI

BRISTOL, CONNECTIC

POWERSTAT YARIABLE TRANSFORMERS o YOLTBOX A-C POWER SUPPLIES o STABILINE YOLTAGE R

April, 1951 ONICS
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4 TRUARC RINGS CUT ASSEMBLY TIME 40%
| CUT UNIT cosT 25%
PROLONG PRODUCT LIFE 9 YEARS

NEW WAY

Waldes Truarc Intesnal Retaining Ring
{Series 5000) is held in correct posi-
tion by pre-determined groove. Proper
pressure on seal is insured for life of
unit, increasing number of cycles from
10,000 to 100,000!

OLD WAY

A typical air or hydraulic sealing prab-
lem: Inadequate or excessive pressure
of threaded gland nut on seal caused
distortion. Result: binding of piston
rod, troublesome leaks, constant main-
tenance, shortened product life.

Using 4 Waldes Truarc Retaining Rings in their Check-N-
Spect Air Power Units (for tire inspection and repair) saves
Bowes Seal Fast Corp., Indianapolis, 40% in assembly
time, 25% in cost. With Waldes Truarc Rings, assembly

REDESIGN WITH 4 WALDES TRUARC RETAINING
RINGS BRINGS THESE BIG SAVINGS...

is simple...maintenance unnecessary. New design in- o Eliminates skilled-labor milling and

creases unit life from 1 to 10 years! threading operations . .......... o ol
Redesign with Truarc Rings and you too will cut costs. ® Eliminates maintenance . .. .......... .

Wherever you use machined shoulders, bol-ts-, snap rings, e Gives greater accuracy in positioning seal .

cotter pins, there's a Waldes Truarc Retaining Ring de- o Saves 40% in assembly time $.09

signed to do a better job of holding parts together. YIRS =5 - w2 ¢ L
Truarc Rings are precision-engineered...quick and easy ¢ Cost of old-type parts ............ .24

to assemble and disassemble. Always circular to give a @ Less Cost of four Waldes Truarc Rings . .08

never-failing grip. They can be used over and over again. @ Net savings on pars ... ......eeeeennn 16

Find out what Truarc Rings can do for you. Send your
blueprints to Waldes Truarc engineers for individual at-
tention, without obligation.

TOTAL UNIT SAVING... $.25

Waldes Truarc Retaining Rings are available for immediate delivery from
stock, from leading ball bearing distributors throughout the country.

r———————————————————-i

= SEND FOR NEW CATALOG‘ \ I Waldes Kahinaar, Inc., 47-16 Austel Place E-043
1 \ \ I Long Island City 1, N. Y. |
_— |
Please send selector guide catalog (4k-w) |
D A wnmnns \ on Waldes Truarc Retaining Rings. 1
L ] |
A J Name I
= ¥

- | i

k._.?-\, Title
—n‘ | 3 l l
_T—A—. 1 Company. i
REG. U. 5. PAT. OFF. - I I
RETAINING RING g D i} !
I e 1
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK | Cify. Zone State *l

WALDES TRUARC RETAINING RINGS ARE FROTECTED BY THE FOLLOWING PATENT NUMBERS:

U. 5. PATENTS 2.382,088; 2,420.92); 2.411,761; 2,487,803; 2,487,802: 2,491,306 AND OTHER PATCNTS PENCING I- N W UM GEN MR SN SN NS GEn RS GED GED GEN GED NN SN GEN Gmm S J
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HERMETICALLY SEALED

Typical types of
Hermetically
Sealed SOLA
Constant Voltage
Transformers

W TRANSFORMERS

MIL-T AND JAN PROJECTS

Today's complex electrical and electronic defense equipment
requires unfailing accuracy and dependability under extreme
conditions of humidity, heat, mechanical shock and other ad-
verse conditions. To meet those needs SOLA voltage regulators
can be provided in hermetically sealed housings which con-
form to defense specifications for grades 1, 2 or 3 hermetic
sealing. Splash proof design housings are provided for large
units where hermetic sealing is not feasible.

SOLA Constant Voltage Transformers were widely employed
during World War II wherever continuous precision perform-
ance of electrical and electronic units was mandatory. Typical
defense applications include: observation and fire-control,
radar, omni-directional ranges and other navigation aids,
X-ray equipment, flight and navigation trainers, and photo-
electric devices.

Often the precise voltage input upon which a device’s design
was predicated is not available. Yet, input voltage level must
continuously meet design requirements for satisfactory per-
formance. You can guarantee optimum performance for your
unit by stabilizing input voltage with a SOLA Constant Volt-
age Transformer.

The engineers and sales representatives of the
SOLA Electric Company will be glad to discuss
the application of SOLA Constant Voltage Trans-
formers to your specific requirements. Your phone
call or letter will receive our prompt attention.

April, 1951 — ELECTRONICS
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" ADVENTURES IN ELECTRONIC DESIGN

a Centralab’s Printed Electronic Circuits \
May Solve a Problem for You

2 )

In a busy Washington " office during the past war % hung a sign
wrrm <

which said — “We do the miraculous every day — the impossible takes just a little long-

er.” Today, that sign could hang in the offices of

someone wanted a small speech amplifier Centralab’s answer — ’i‘f@ Ampec, a full 3
stage unit, two of which can fit inside of a regular pack of cigarettes! "& A radio man-

wanted a small audio-detection unit. Centralab’s answer Q
“T}zy —J

Audet, a unit one-third size of an ordinary soda-cracker! (@\ How were these things

done? With Centralab’s ‘ Printed Electronic Circuits — a pioneered %?ﬁ de-

ufacturer

velopment of .‘/ Centralab. Yes, and here are some of the benefits that many man-
&
ufacturers of radio TV sets é and other electronic gear '; have reaped

from using PEC’s. They’ve eliminated numerous individual parts ﬁﬁ;%y their han-
4

dling, inventory and assembly. They’ve gotten more consistent and better per-
formance results. gg%/ They’ve reduced finished product size and welght §
= 4/ i/

q‘
NI
<y
They’ve eliminated wiring errors vo and cut down on il}e number of > /if soldered
connections. What’s more, they’ve been able to stretch their resistor supplies .
an important factor in meeting current volume demands Elr% for TV and radio pro-
duction. Look over your own situation. /Q Want to cut costs? Speed up as-

sembly? »L[ % Then on the next two pages you may see a Centralab Printed Elec-

tronic Cll‘Clllt unit w % that will help you do just that! If you don’t see what you
want — contact us. Tell us your problems. Maybe we can do the miraculous

\%{f <3
&nm - DEVELOPMENTS THAT CAN HELP YOU »

Division of GLOBE-UNION INC., Milwaukee

or take a little longer and accomplish the impossible!
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CUT ASSEMBLY COSTS

onserve Resistors

Actual size photo of plate capacitor, resistor, and resistor-capacitor
units. Because of size and ease of installation, they easily fit minia-
ture and portable electronic equipment — overcome crowded condi-
tions in TV, AM, FM, and record-player chasses. For complete data,
check coupon No. 42-24 — Ceramic Plate Components.

@

YA401-002A
2 3

Centralab Triode Couplates save space and weight, replacing 5 com-
ponents normally used in audio circuits. They consist of 3 capacitors
and 2 resistors bonded to a dielectric ceramic plate. Available in
variety of resistor and capacitor values. For complete data, check
coupon No. 42-6 — Couplate, and No. 42-27 — Model 2 Couplate.

Ampec is a full 3-stage, 3-tube speech amplifier with amazingly effi-
cient, reliable performance. Size 114" x 114" x .340” over tube
sockets! Used in hearing aids, mike preamps and similar applica-
tions where small size and outstanding performance counts. For
complete data, check coupon No, 973 — Ampec.

Pentode couplates are complete interstage coupling circuits consist-
ing of 3 capacitors and 3 resistors on a small 6 lead ceramic plate.
Compared with old-style audio circuits, they reduce soldered connec-
tions 50% — wiring errors accordingly. Big saving in space and
weight. For complete data, check coupon No. 999—Pentode Couplate,

@

YA402-002A
3 1 2

i

Centralab Vertical Integrators give you big savings in assembly costs
in TV vertical integrator networks. One type consists of 4 resistors
and 4 capacitors brought out to 3 leads . . . reducing formerly re-
quired 16 soldered connections to 3! There’re less parts handled,
too! For complete data, check coupon No. 42-22—Vertical Integrator.

Centzalab

Division of GLOBE-UNION INC. * Milwaukee
Il BB 0 rsar our couroNn 1 H I

for the Bulletins you want

CENTRALAB
Division of Globe-Union Inc,

914 East Keefe Avenue, Milwaukee, Wisconsin

Yes—I would like to have the CRL bulletins, checked below, for my technical library!
0 42.24 O 999 0 426 O 427 [0 42-22 0 973

Name.




frequency measurement_s |
ate to 1 part in 10 Million

acett of the BF Spectrum

over a large portion

‘ng:n?ﬁ"“‘ *asenine

Frequency standards and measuring equipment made by el
General Radio Company make accurate frequency
measurements possible throughout the radio spectrum be-
low 3,000 Mc. Measurements in the v-h-f range can be made
with only slightly less accuracy and convenience than is now

considered routine in the standard a-m broadcast band.

The Type 1100-AP Primary Standard (az the left of
the large photo), with its associated Type 110-5A Fre-
quency Measuring Assembly (az the right), provides
hundreds of known frequencies up to 100 Mc with an
accuracy of one part in ten million. With the !
minimum number of adjustable controls and the !
maximum of convenience, this equipment is the most
accurate commetcially-available frequency measuring '}
assembly obtainable.

The Type 1100-AP Primary Standard comprises a 100
ke oscillator, with temperature-controlled quartz
bar, multivibrator units for 100 ke, 10 ke, 1 kc and
100 cycles, with a-c operated power supply and a |
Syncronometer clock with micro-dial arrangement
for comparison with standard time signals.

The Measuring Equipment, which operates from

the Standard, contains three transfer units each con-
taining a tuned detector and heterodyne frequency
meter. Beat frequency differences between the frequen-
cy under measurement and the nearest standard
frequency harmonic are measured by means of the
calibrated interpolation oscillator and the comparison
oscilloscope. A circular sweep, with radial deflec-
tion, can be used on the oscilloscope in addition to
the usual Lissajous figures, for frequency comparisons.

Various combinations of the Primary Standard,
Secondary Standard, Interpolation Oscillator and
auxiliary measuring equipment are available as
catalog items. For complete and detailed information,
write us, without obligation of course.

measure the difference between the unknown fre-
quency and 2 known harmonic of the Standard.
The direct-reading linear scales of 0 to 5,000 and
5,000 to 10,000 cycles make possible the rapid
_ evaluation of the frequency difference by addition
‘\43 only. The actual frequency range is 0 to 5,000 cycles.

Q\\ Vs

N
Since 1915 27 Designers and Manufacturers of Electronic Test Equipment

12 April, 7951 — ELECTRONICS
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Type 1109-A (ompurlson Oscilloscope is used as an aid in making interpolations, or in
checking calibrations with high accuracy. It contains a
3-inch, radial deflection cathode-ray tube and its power sup-
ply. Circular sweeps can be obtained at power line, 0.1, 1
and 10 kc from the Standard, and at variable frequencies from
the Interpolation Oscillator. A radial deflection amplifier is
provided for showing the input signal on the circular sweep base.

Type 1106-A Frequency Transfer Units, of which
there are three, contain a heterodyne frequency meter
and heterodyne detector, with direct-reading scales. The
ranges of the three units are: 100 kc to 2,000 kc; 1 Mc to
10 Mc and 10 Mc to 100 Mc. Harmonic output of the
frequency meter can be used at frequencies considerably
higher than those covered by the dial ranges.

Type 1108-A Coupling Panel provides a centralized
control panel for quickly and convenien:ly interconnecting
those units of the equipment used in a particular measure-
ment. It carries the necessary switches and volume controls
for all operations in making frequency measurements. The
bottom panel contains a Type 1105-P1 Speaker for audible
monitoring of beat frequencies.

GENERAL RADIO Company

275 Massachusetts Avenue, Cambridge 39, Mass.
90 West Street NEW YORK 920 S. Michigan Ave. CHICAGO 1000 N. Seward St. LOS ANGELES

A number of years ago General Radio Company instituted a continuous research program
looking to the development of an improved primary frequency standard, a ‘commercial standard
requiring little attention or maintenance and supplying usable frequencies of high and known
accuracy over an extremely wide frequency range. The current G-R standard and associated
measuring equipment are known the world over for their reliability and high accuracy.

In addition to the equipment shown here, G-R manufactures a number of auxiliary fre-
quencyimeasurTng devices such as an interpolation freque_ncy s?and?z;d!he[erodyne }’requerig};
meters, frequency deviation monitors, f-m monztors, audzo—frequency meters preczswn tunzng

forks and general—purpose wavemeters.

ELECTRONICS — April, 1951 13



The things you really know — feel — touch —
examine and test —are what you can believe n

If you are not using AMP solderless terminals,
send for samples, look them over, and
discover for yourself why AMP is best

An actual case from the records of

an electric motor manufacturer

By installing AMP SOLISTRAND~ Butt
Connectors on stator leads, a nationally
known manufacturer of electric motors
was able to achieve electrical balance
70% faster than by previous methods.
The uniform weight and size of

AMP’s connector and its [ast application
by pneumatic tool, reduced labor

costs 55% while eliminating
painstaking solder-dipping. In addition,
over-all appearance and life of

wiring was greatly improved!

No other solderless terminal can boast
all of these characteristics!

T

Shown above: THE AMP PRE.INSULATED DIA. \3
MOND GRIP \Solderless Terminal (U.S. Patent
Nos. 2,410.321; 2,379,567; 2,405,111; 2,468,169;
other U.S. Patents Pending.)

This terminal is already insulated! Can be installed in
one quick operation. No tape, tubing, or sleeving
needed. Color-coded for easy identification in wire
ranges 22-10. Insulation support sleeve prevents weak-
ness {rom sharp bending or {rayed insulation. Designed
for complete uniform terminations at any application

speed up to 3300 per br.

¢J] AIRCRAFT-MARINE PRODUCTS, INC. i}
3 \ 1611 Paxton Street, Harrisburg, Pennsylvania
N *REG. U. §. PAT. OFF. Canadian Representative: R. M. HUTCHESON, 10 Nordale Crescent,
Hardington, P.O., Toronto 15, Ont., Canada, Elgin 5647

April, 1951 — ELECTRONICS
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NOBATRONS

(DC VOLTAGE REGULATORS)

‘ ansi
| DO YOU WANT the advantages
: of storage battery characteristics with-
=~ : out the disadvantages? Then equip
with Sorensen NOBATRONS! You
get adjustable output voltage, stabil-
ized against changing line AND
1 LOAD conditions. You eliminate bat-
tery charging and maintenance, gas,
acid hazard.

11

Like all Sorensen regulators, the

- NOBATRON is a painstakingly en-
gineered combination of fine work-

manship and top-quality components.

Write for Complete Literature

D That means accurate, trouble-free
D operation; long life!
O
1 LIT1
MODEL NO. E-6-15
e e S Y 0 8
STANDARD MODELS COMMON ELECTRICAL SPECIFICATIONS
6-VOLT SERIES
5-2-155 E'g":go Input voltage range 95-130 VAC; adapter transformers
e available for 230 VAC operation™
12-VOLT SERIES
E-12:5 E-12-30 Output voltage range Adjustable == 10%
E-1215 E-12.50
28.VOLT SERIES Regulation accuracy and
E.28.5 £.28.70 load range + 0.2% from 1/10 load to full load
E-28.10 E-28-150
E-28-30 E-28.350 Ripple voltage RMS max. 1%
IO SERIES Recovery time 0.2 second—this value includes charging
™S time of filter circuit for the most severe
125-VOLT SERIES change in load or input conditions
E-125-5 E-125.10
Model numbers indicate volt- lnpuf frequency rqnge 50-60 Cydes
age and current; for example,
E-6-5 indicates 6 VDC with 5 * . . o .
amp total capacity. Some high current units require three-phase input

For other regulation problems investigate Soren-
sen’s line of AC Voltage Regulators, Voltage

Reference Standards, DC Power Supplys.

oLesd e

and company, inc.

375 FAIRFIELD AVE. ¢ STAMFORD, CONN.

MANUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONIC
INVERTERS; VOLTAGE REFERENCE STANDARDS; CUSTOM BUILY TRANSFORMERS; SATURABLE CORE REACTORS

ELECTRONICS — April, 1951 17



W S o P . 144 OPERATOR'S CONTROL STATION
W POWEF UNIT

ICKERS

D. C. DRIVE MOTOR

T,

S0
nn, ,;;"‘1&‘
PERRE S LK

1 . b e
AL kn-eﬁ

No “warm-up” time . . . extremely fast response . . . no main-

tenance! These are exclusive control advantages offered by the There’s a Vickens Standard Magnetic
Vickers Magnetic Amplifier in Louis Allis’ Select-A-Spede—a Amplifier for Your Control Needs
packaged all-electric adjustable speed drive operating from _

A. C. circuits. Located in the Cutler-Hammer control panel of HIGH POWER For G0 cps power sources—27 styles—
the power unit, the Vickers Magnetic Amplifier constantly ST CM TG pOMER Heon] 62 Talls] SRR

regulates the field current of the generator which supplies
adjustable voltage to the drive motor, providing unequalled
performance advantages.

HIGH PERFORMANCE For 60 cps power sources—28
styles—maximum output powers from milli-watts to 108
watis. For 400 cps power sources—20 styles—maximum
Other Vickers Magnetic Amplifier features: A-C or D-C CON- b e U lipgfo ) 11O (U TSR gl L

TROL, A-Cor D-COUTPUT ... RESPONDS TO SUM OR
DIFFERENCE OF SEVERAL SIGNALS ... ALLOWS
ELECTRICAL ISOLATION BETWEEN CIRCUITS.

HIGH GAIN For 60 cps power sources—22 styles—maxi-
mum eutput powers from %2 watt to 1200 watts.

WRITE FOR BULLETIN 20-A

For information on the complete line of Vickers

gg‘%‘.ic.;VI'CKERS ELECTRIC DIVISION

n
,_"" : VIGRERS /.
%ys0¥ 1301 LOCUST STREET o ST. LOUIS 3, MISSOURI

Standard Magnetic Amplifiers. Please make request

on your letterhead.

18 . April, 1951 — ELECTRONICS
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IMPEDANCE

MEASUREMENTS

FTL-42A IMPEDOMETER

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

50 to 500 Mc.

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

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

$400.00.

FTL-30A SLOTTED LINE

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

1000 to 2000 Mc range cevered with slightly reduced accuracy.

Coaxial line 250 centimeters long having d surge impedance of
51.0 ohms == 0.5 ohms.

$2,495.00,

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

Federal Telecornmunication Laboratories,Ine.

500 ‘Washington Avenue
Nutley 10, New Jersey

ELECTRONICS — April, 1951 19



Let INDIANA Magnet Engineers

Help Make Your Change-Over Easier

Permanent magnets are in-
dispensable in many types
of equipment used by the
armed forces. Thus, an early
discussion of your plans
with INDIANA engineers is
advisable. Recentimprove-
ments give ""‘packaged ener-
gy’ even greater utility.

.. to This!

THESE TWO MAGNETS
PRODUCE THE SAME
AMOUNT OF ENERGY.
Aboveis a chrome magnet,
the best of fifteen vears
ago; below, as made of
INDIANA'’S exclusive HY -
FLUX Alnico V—strong-
est of today’s magnet ma-
terials—introduced in 1950.

PERMANENT
MAGNETS

20

Quick conversion to Defense Production requires seeing problems
and solving them without false starts or delay. So, if your “tomorrow’s
products” involve permanent magnets (or, if permanent magnets
would simplify their manufacture or use) confer now with the indus-
try’s leading magnet designers and application specialists... The
Indiana Steel Products Company’s experienced staff of engineers.

INDIANA'’S engineers established an enviable record in World War
II for their work on permanent magnets used in radar, sonar, ranging
equipment, aircraft magnetos, proximity fuses, guided missiles, etc.
For example, they aided in the development of the first “packaged”
magnetron tube, and —-working with the Signal Corps—made portable
telephones practical by reducing both the size and weight of the ring-
ing generator required.

BENEFITS LIKE THESE CAN BE YOURS

INDIANA Permanent Magnets are components of many mechanical
and electrical devices because they are so compact, easy to install, and
deliver uniform energy without heat or operating parts. And improve-
ments in materials and design have resulted in a wide range of wholly

new uses.

INCREASED CAPACITY

As the world’s largest producer of permanent magnets, with the accu-
mulated know-how of more than 30,000 difterent applications . .. with
facilities and personnel that won the Army-Navy “E”, now expanded by
50% ... The Indiana Steel Products Company offers you many un-
equalled facilities. Many types and sizes of magnets are immediately
available for experimentation. Write or phone INDIANA today.

DI\ THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO,

INDIANA ¢ ¢ ¢ Sales Offices Coast to Coast

S PECIALISTS IN. "PACKAGED ENMNERGY' SINCE 1908

April, 1951 — ELECTRONICS
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~ RADIO - CANN
~ COLLINS

(s

FRONT VIEW
Collins 709D frequency shift keyer. A very simple,

dependable unit for adapting existing transmitters
to frequency shift operation.

Collins 51M-2 high frequency radiophane receiver.

IN RADIO COMMUNICATIONS, IT'S . . .

o - —

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, NEW YORK 18

ELECTRONICS — April, 1951
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“Canny” means careful in determining or acting;
prudent; knowing; thrifty. Aeronautical Radio In-
corporated is all of that, particularly when it comes
to radio communications for the airlines.

So it is significant that ARINC chose Collins
equipment of the types shown on this page for
both its Pacific and Caribbean networks.

The Pacific net includes ground based facilities
at Los Angeles, San Francisco, Seattle, Anchorage,
Shyma (Aleutians), Honolulu, Okinawa and To-
kyo. This net serves Pan American, Northwest,
United, British Overseas, Trans Pacific, Philippine,
Chinese National and Air France.

The Caribbean net is based at Houston, New
Orleans, Miami, Mexico City, Havana and San
Juan. Its facilities are used by Pan American, AAL
de Mexico, Eastern, Braniff, Chicago and South-
ern, LAV, British Overseas, KLM, Avianca and
Panagra.

In both areas ARINC conducts large operations
connected with the airlines weather, en-route com-
munications and operational dispatches. Collins
equipment is used for point-to-point phone, CW
and typewriter transmission and reception, and
ground-to-air voice communications.

Write us about your requirements in ground
based radio communications equipment.

#“Reg. U. S. Pat. Off.

2700 West Olive Avenve, BURBANK

/- SRS . ——— R——

21
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7 super=thin tapes
in this compact TV coil!

Eight feet of tape holds and
insulates 3 miles of crowded wiring

Crowded TV deflection coils get complete insula-
tion with “SCOTCH”’ Electrical Tapes. At the Crosley
Division of AVCO Manufacturing Corp., Cincinnati,
Ohio, ninety-sixinchesof 7 different types of “ScoTcH”’
Electrical Tape protect three miles of wire inside
the coil housing!

You get high dielectric and mechanical strength
combined with thin caliper in “ScoTCH” Electrical
Tapes. They’re pressure-sensitive, clean to handle,

[ e ., EaATmTmE =T

MINNESOTA MINING & MFG. CO.
900 Fauquier Ave,
St. Paul 6, Minnesota

Please send full information on "SCOTCH" Electrical Tapes for
use in television coils.

FIRM

ADDRESS

| i
| I
I |
I NAME 1
| |
] I
| |

CITy. ZONE____STATE

—— - = === )

take up little room. There are over 30 different tape
formulations—many types of backings and electrical
type adhesives, including vinyl plastic, acetate, cloth,
treated paper, glass cloth and neoprene. In addition,
there is new No. 880 Filament Tape —practically un-
breakable, with strong fibers running lengthwise. It
holds the channel retainer and nut in place— takes
the place of a steel band—rapidly and easily applied.
For full information mail coupon to Dept. ES-451.

REG. U. 5. PAT. OFF,
s BRAND

Electrical
Tape

Tbe tﬂm “SCOTCH"’ and the plaid design are registered trade marks for the more than 100 adhesive tapes made in U. S. A. by MINNESOTA MINING &

FG. CO., St. Paul 6, Minn., also makers of “Scotch” Sound Recording Ta
“Safety-Walk’ Non-Slip Surfacing, *

General Export: DUREX ABRASIVES CORP., New Rochelle, N, Y.

~ny
[ V]

pe, “‘Underseal’” Rubberized Coating, “Scotchlite’” Reflective Sheeting,
3M”’ Abrasives, “3M”’ Adhesives.

In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Onlario

April, 1951 — ELECTRONICS
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- Indiana University
selects PRESTO 8-DG’S

A K K

- o - g " Prominent mid-western college chooses Presto after
! » . - i : | : ' . .
. “ % = ~ . preliminary survey of commercial and educational studios
o o § .’/_\- / X

i
wherever you“go L | INDIANA UNIVERSITY AT BLOOMINGTON now has a professional-quality

L} y . . § . g .
there’s recording laboratory in continuous operalion.

\
P R ESTU ' Made possible by pooling the resources and knowledge of the Department of Radio

School of Music and Audio-Visual Center, this new lab is the result of painstaking

care in every detail of planning. purchasing and censtruction.

PREsTO was selected as the equipment best suited to the quality and budget
requirements. The basic machines are Model 8-DG disc recorders, installed with a
specially designed relay control system and operational status lights on each unit.
These are supplemented by an 8-D disc recorder. a PT-900 portable tape

recorder for studio and on-location use, and a rack containing two 41-A limiting
amplifiers and two 92-A recording amplifiers.

The recording room at Indiana U., The selection of PRESTO equipment was preceded by a study of the facilities of

showing PRESTO dise recorders and eslablished commercial recording studios, contacting other Universities with simila
reproducers, PRESTO rack mounted

amplifiers and the famous PRESTO
PT-900 portable tape recorder. use of the equipment these past months verifies this selection.

S0
J RECORDING CORPORATION

Paramus, New Jersey. Mailing Address: Box 500, Hackensack, New Jersey
% In Canada: Walter P, Downs, Ltd., Dominion Square Bldg., Montreal, Canada ’ Overseas: M. Simons & Son Co., Inc., 25 Warren Street, New York, New Y

programs and visiting the Library of Congress recording laboratory. The continuc

AW americantadiohistorvy.co e
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DO YOl KNOW THAT AIRCRAFT FLIGHT RECORDERS
WHICH CHART A CONTINUOUS LOG OF VARIABLE
CONDITIONE DEPEND FOR THEIR ACCURATE TIMING

ON TELECHRON syNCHRONOUS MOTORS 2

KNOW 1uar TELECHRON
SYNCHRONOUS MOTORS

" THAN MOST OTHER.
o TIMING MOTORS
o1\ BECAUSE THE COIL OF
"7~ A TELECHRON
? MOTOR 1S LOCATED
, FARTHER. FROM
i aee  THE GEAR
" CASE?

-----

od &\\;«'
EE e
FAD ALL ABOUT “JELECHRON YJoTORS
. . INTHIS BULLETIN
WRITE FOR BULLETIN IS-110 WHICH
< CONTAINS CHARTs, TORQUE RATINGS
AND COMPLETE SPECIFICATIONS ON
TELECHRON syNCHRONOUS MOTORS
FOR USE IN TIMERS, TIME SWITCHES/
s RECORDING AND CONTROLLING
INSTRUMENTS, COST RECORDERS,
' CYCLE CONTROLLERS, ETC.
TELECHRON INC., 44 UNION ST,
ASHLAND, MASS. A GENERAL

D0 YoU KNOW war THE
ROTOR SHAFTS OF MANY TELECHRON
SYNCHRONOUS TIMING MOTORS HAVE MADE
MORE THAN 30 BILLION conTinuous:
REVOLUTIONS AND THAT THE MCTORS ARE
STILL OPERATING AS ACCURATELY AND
DEPENDABLY AS WHEN THEY WERE NEW 2

meeo SKILLED HELP ON'EMERGEMCY “CONTRACTS 2
TELECHRON INC. HAS AVAILABLE CAPACITY FOR DEFENSE
ORDERB, NEW BROCHURE, 'PRECISION ON THE PRODLCTION

LINE, GIVES A QUICK PICTURE OF PERSONNEL

CAPABILITIES AND MASS PRODUCTION FACILITIES, | ] : ELECTRIC AFEI UATE.
WRITE FOR YOUR COPY TODAY. :

% | ALL TELECHRON TIMING MOTORS ARE  {

J ® C INSTANTLY. . .CONSTANTLY SYNCHRONOUS  {

24 April, 1951 — ELECTRONICS
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0F CERAMIC LEADERS

]

APRIL, 1951, marks the beginning of the 50th year of

e
S
'&ﬁ

American Lava Corporation’s ever growing services to users
of custom made technical ceramics. We are proud of this record and are genuinely
grateful to the customers who have made this growth possible. To our customers
we dedicate our future to a continuance of the type of services and quality

of products that will contribute to the success of expanding American industries.

AMERICAN LAVA CORPORATION

PHILADELPHIA « ST, {tQUIS > CAMEBRIDGE <+ CHICAGO ¢ LOS ANGELES <+« NEWARK

CHATTANOOGA 5, TENNESSEE

3 [ o i 1
Fidn = &gj ik
i ij‘néd@m’j | '%

AUSIMAG
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7 toogly 20

for immediate delivery

to your humming production lines!

We can fill your tube requirements wow—round or
rectangular, 7-inch through 20-inch size. American

BEHIND THE NAME "AMERICAN"

e . . . American Television products are backed
Television. a pioneer in TV tube manufacture, supplies by two autstancing pioneers in the tele-
vision field —U. A. Sanabria, President
and Founder of American Television,
who is the inventor of the standard
interlacing sysfem used by all TV

leading TV makers throughout the nation. Careful
assembly, chorough testing and years of experience

, g : : : stations and receivers today, and Dr.

assure you of top'nOtCh quahtY' Jom the growing list Lee Deforest, the Director of Research,
; s el who has lang been associated with the

of users whose orders and re-orders testify to complete development’ of radio, long distance
satisfaction. Immediate delivery . . . order today! LeleehenensoTntmsiies g ElENSioh,

Send for sizes and prices of tubes in stock

Cash in on the tube replacement business
of dealers and TV service organizations.
. [ 2 [ ] [ ]
w'ul’etbdad t: tube division
AMERICAN TELEVISION, i
‘ ‘ ‘ : ' g Tn¢.

523 Plymouth Court » Chicago 5, lllinois

2% April, 1951 — ELECTRONICS
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CiviLiAN
ORDERS

WE’RE PRETTY GOOD AT THIS!

Carrying water on both shoulders is pro-
verbially difficult, but not impossible.

While handling an increasing volume of
defense equipment orders, we are still serv-
ing our customers who manufacture civilian
products, provided such work does not
interfere with defense production.

Fortunately most of our customers make
products which at this time have definite

KARP METAL PRODUCTS CO.,

military uses. These manufacturers are get-
ting more service from us rather than less.
Fortunately, also, we can handle defense
orders without the delay of plant con-
version. Ours is a custom service easily
applied to military equipment needs. Our
craftsmen and facilities are certified by the
Armed Forces.

Tell us your needs in quality sheet metal
fabrication.

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

ELECTRONICS — April, 1951

wwweamericanradiohistorv.com.

INEC.

a9



&

MODEL &3=-A . R,NGEI A:BD
s
REBaES:

Onms PEF ¥ILY
oc o

o o8
AT 173V
on 500
OHM LINE

CAUTION ON HIGH vOLTS

‘----------------

- L s B R N B B 8 B

000
orf  ——050H 1/2% i
- _—-—SOO!A |
s 1 RESISTORS |
il T YT TR T}
—3 WS N s
X 0 COMPENSATED 1
ALxieln < OHMMETER :

D|120— ,
] [P % 100 00¢ CIRCUIT I
Al * Lebe T I I IIT)

6;:900—-' 'ACV

L & 0 0 B 0 B B N
LONG [
A 3 b 4 |
== ACCURAQCY---) oy
MIRRORED :
Designed for the engineer and technician who wants SCALES B
laboratory accuracy. Achieved in Model G30-A " T P EE T T

by more accurate components and hand-drawn scales
that compensate for the average individual
M 0 d e I characteristic of each instrument. Also includes knife-edge

pointer and mirror scale to eliminate parallax.

' FOR THE MAN WHO TAKES PRIDE IN HIS WORK
“A :

ONLY 84 .50 AT YOUR DISTRIBUTOR
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Bumell & @ TOROIDAL |
COILS AND FILTERS Y}/

Regardless of what may happen to the
international situation in the near future,
there will definitely be a continued empha-
sis on preparedness. This, naturally, means
greater industrial output and more Electron-
ics and communications equipment than
ever before.

Audio filters and similar networks are
the critizal components in a large part of
military electronic equipment and realizing
this, Burnell & Company is taking every
possible step to increase its production of
these networks to forestall problems in de-
livery arising from suddenly increased
demands. Our high standards of quality
will not be lowered in our expansion
program, on the contrary, all the military
requirerments for reliability in service will
be caretully fulfilled.

You can depend on it, you will enjoy the
“Burnell Customer Service” as usual.

YONKERS 2, NEW YORK

CABLE ADDRESS “BUANELL™

WAL americanradiohistorv.com



ELECTRONICS

NEW! Unit-Bearing Motor

| for fans and blowers
MAKE 16 GROUND CONNECTIONS IN " "*"* ™"
] e all angle operation
] MINUTE ! e provision for 4-way mounting
Low-resistance joints that hold at over 125°C easily made with ® quiet operation

e requires no additional

G-E PRECISION CONTROL FOR RESISTANCE WELDERS ML ey

¢ adjustakle-speed operation
available

improved appearance

Operators are making sixteen ground connections a minute to a tele-

vision-receiver chassis with G. E.’s precision-control resistance welding
Available in ratings from 25 millihorse-

power to 1/12 horsepower to match many
fan or blowersizes, this new G-E unit-bear-
ing motor uses a new lubrication system
and bearing design that permit reliable
operation in any position. For extremely

method.

The compact electronic spot-welding control shown here has been
specifically designed for use in conjunction with small bench welders or
tongs and thus is ideally suited for many of the otherwise expensive
assembly operations encountered in the manufacture of clectronic

equipment. ) . .
) ) quiet operation, resilient cradle-base or
The pan.el provides for wcldmg-currcnt.to contrql the amount of heat end-ring mounting may be supplied. Suit-
produced in the welds. Once set. successive welding currents remain | apje control is available for two-speed or
constant to assure accurate and consistent welding of connections. adjustable-speed operation. More data in
Complete data in Bulletin GEA-4175. Bulletins GEA-5338 and GEC-219A.
{ b
- 667-11
30 April, 1951 — ELECTRONICS
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replace tubes BEFORE THEY FAIL!
—record life with G-E time meters

A vacuum tube can usually be replaced hefore it fails if you have
an accurate indication of operating time on the electronic device
on which the tube is used.

G-E time meters, with dependable Telechron® motor drive,
record operating time in hours, tenths of hours, or minutes, and
are supplied for 115-, 230-, or 460-volts. The molded Textolite™
case harmonizes with other G-E 31,-inch instruments mounted
on the same panel. For more information, :ncluding dimensions,
write for Bulletin GEC-472.

*Reg. T. M. Telechron, Inc. FReg T. M. General Electric Co.

sure protection
against overheating!

This G-E flow interlock opens the electric circuit of rour water-
cooled components when water flow is lower than a preset
minimum, closes it when flow is above this point.

Depending on adjustment, the interlock will actuate the elec-
tric contact for any flow between 4 and four gallons per minute.
Cut-in, cut-out differential is 0.1 gpm.

Ratings: 10 amps, 120 or 240 volts a-c; maximum water-line
pressure is 125 1b./sq. in. Unit is bronze with standard V5-inch
fittings, is easy to install and adjust. See Bulletin GEC-411.

ELECTRONICS — April, 1951

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

. & 6 ¢ o 00 00 6 s O 0 0 0 0 0o

A

select 10 ranges INSTANTLY
with this HIGH SENSITIVITY VTVM

CALIBRATED RANGES: .001 to 300 volts (10 cycles to
1.5 mc.); —52 to 52 db {ref. level —1 mw at 600 v.}

Just about everything you could ask for in a high-sen-
sitivity vacuum tube voltmeter! Frequency range of
this G-E Type AA-l instrument is substantially flac
from 10 cycles to one megacycle with voltage ranges
of 0-.01, 0-.03, 0-0.1, 0-0.3, 0-1.0, 0-3.0, 0-10, 0-30, 0-100,
0-300, decibels from —52 to +52 in 10 ranges.
Ten-position pushbutton switch instantly selects
range without passing through intermediate stages.
This vacuum-tube voltmeter is stable, has high imped-
ance input, uses full-wave rectification, and has an
amplifier output of 3 volts. More in Bulletin GEC-461.

General Electric Company, Section D 667-11
Apparatus Department, Schenectady 5, N. Y.

Please send me the following bulletins:

[} GEA-4175 Welding control
{1 GEA-5338 Fan motors

[] GEC-219A Fan motors

X for planning an immediate [ GEC-411 Flow interlock

Indicate

V for reference only

project (] GEC-461 Vacuum-tube voltmeter
[] GEC-472 Time meters

Name. —e r— - -

Company __ ———

Address —

City ———__State

31
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Minipower Relay

HERE ARE THE FACTS AND FIGURES

DIMENSIONS:
CONTACTS:

SENSITIVITY:

MOUNTING:

1-3/16 x13/16 x 1-3/8

5 amr 3. standard. 28 volts D.C., 115
volts A.C. Up to 4 P.D.T. D.C. and up
to D.P.D.T. A.C.

D.C. 0.7 watts D.P.D.T. (0.1 watt
in sg2cial applications)
A.C. 3 volt-amperes (operating

range: 80% to 110% of nominal
voltage)

Available for A.C. or D.C.

HEAT RISE

D.C. 50°C Rise—2 watts
85°C Rise—3.5 watts

A.C. 45°C at nominal voltage
65°C at 10% overvoltage

One-screw mounting with locating
pin.

HERMETICALLY SEALED DATA

DIMENSIONS
OF CAN:

Base 17 x 1-1/8”
Heic 1t above chassis: 1-11/16"
Lugs: 3/8”

Available with solder terminals or special miniature

plug-in base.

AVAILAILE
HERMETICALLY
SEALED

VERSATILE—
FROM SIGNAL TO 5 AMP. POWER

This latest addition to Allied’s line
of qualkity relays will meet the vi-
bration, shock and environmental
requirements for air, marine and

. ground applications.

BULLETIN ME
GIVES COMPLETE DETAILS.
SEND FOR YOUR COPY TODAY

Also, be sure ta send for your copy
of Allied's Relay Guide. It gives
engineering data for 27 Allied
relays in a concise tabular form
for easy reference,

ALLIED CONTROL COMPANY, INC., 2EASTEND AVE., NEW YORK 21, N.Y.

AL 145
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temperatures going up....q,

L\

69°C rvee 89

l/zllx 11/16”

89°C rvee 38

5/18” X 13{6"

125°C 323

3127 x%"

Sizes |
~ Aerovox Capacitors

‘ In tune with the trends of the times! That, instances Aerovox has found it necessary to

quite aptly, describes Aerovox progress in develop materials and techniques all its own.
meeting today’s miniaturization and temperature
requirements. Tremendous reductions in capacitor ~ This continuous program of “search and research”
sizes and startling increases in operating tempera- is one of the outstanding reasons why Aerovox
tures (illustrated above) have resulted from such has the ready answer to your most critical capa-
specialized engineering “know-how.” And in many citor needs.

Let Aerovox collaborate on your miniaturization and temperature-rating problems.
Descriptive literature may be had by writing on your company letterhead.

CRAFTSMANSHIP

HOME CAPACITOR

OF

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A.

€iport 41 E 42 St New York 17 N Y e Cab'n AEROCAP N ¥ ¢ o Conada AEROVOX CANADA LTD., Hamilion Ont.

SALES OFFICES IN AlLL PRINCIPAL CITIES
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MELROSE PARK, ILL.

ONLY ONE COMPANY CAN PROVIDE

THIS

DEVELOPMENT
OF SPECIAL PLASTICS
MATERIALS

The Richardson Com-
pany maintains complete
laboratory facilities for
the development of new
plastics materials—includ-
ing various combinations
of resin, rubber, and other
materials—for special ap-
plications.

ENGINEERING
DESIGN OF SPECIAL
PLASTICS PARTS

Richardson will handle
your plastics problem
from beginning to end: an-
alyze your requirements;
help design for perform.
ance, appearance, and low
cost; and develop the ma-
terial and process best
suited to your needs.

COMPLETE
MOLDING
FACILITIES

With its six plants,
Richardson is one of the
world’s largest molders of
plastics. Its processes in-
clude compression and
transfer molding of ther-
mosetting materials and
injection molding of ther-
moplastic naterials.

FOR YOUR SPECIAL
PLASTICS JOBS

p.

INDIANAPOLIS, IND.

4
Y,

COMPLETE
LAMINATING
FACILITIES

INSUROK laminated
plastics are made in all
standard grades, plus
many exelusive special
grades, in sheets, rods, and
tubes. Richardson also
produces PLASTOK dec-
orative laminate in many
patterns, colors, and sizes.

For a better plastics part at a lower cost, it pays to consult The
Richardson Company. For Richardson is the only large manu-
facturer in the industry that develops new plastics materials
and produces laminated and molded plastics, molded laminates
and post-formed laminates. Because of this versatility, Richard-
son is in a position to help engineer your product for the most
efficient and economical method of production.

* <% RICHARDSON COMPANY

FOUNCED 1858 — LOCKLAND, OHIO

2797 Lake Street, Melrose Park, lllinois (Chicago District)

NEW BRUNSWICK, N. J. NEWNAN, GA. TYLER, TEX. OGDEN, UTAH
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DECADE RESISLANCE BOX TYPE 750

el p 0 Sypplier of -

Electronic Instruments
of Unparalleled Quality,
Accuracy and Dependability

OUTPUT POWER METER
TYPE OP-962

ATTENUATION BOX
SERIES 690

Pre:ision equipment demands te
finest components. Always specfy Daven
Attenuators,

DAVEN-

Onistorv.com

GAIN SET TYPE 11A

A\ amer
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by outperforming its own specifications...

Read the specifications of the Type 303 and
you'll call it a 10-megacycle, quantitative
instrument: operate the Type 303 and you'll
realize you've sold it short. You'll find per-
formance beyond the exacting limits of its spe-
cifications!

An exceptionally fine, medium-priced cathode-
ray oscillograph, the Type 303 erfiploys the new
Type 5YP- Cathode-ray Tube. High sensitivity
and an unusually wide range of sweep speeds
make the Type 303 especially well suited for
the study of high-frequency phenomena.
Using the equivalent of five inches of undis-
torted deflection on the Y axis, and six times
tull-screen expansion on the X axis, qualitative
analyses can be highly detailed with the Type
303. Time and amplitude calibration add quan-
titative precision to this analysis, mcking the
performance of the Type 303 unrivaled in the
medium-price field.

Specifications
CATHODE-RAY TUBE - Type 5YP-

Y AXIS:

Sensitivity — 0.1 peak-ta-peak volt per inch (down
30% at 10 cycles per second and (0 me.)
down 509 at I5 me.

Pulse Rise Time — 0.03 microsecond.

Available Undistorted Deflection — 5” for symetrical
signals and 2'4”" for unidirectional signals.

Signa! Delay — Sufficient 0 allow for sweep-starting

time,

X AXIS:

Sensitivity — 0.35 peak-to-peak volt/in. (flat to d-¢
down 30% at 500 ke).

Availahle Uodistorted Deflection — 57

SWEEP SPEEDS — up to 6” /ysec, obtained by expansion.

SWEEP DURATION — Continuously variable from 0.! sec.
to 2 psecs. Driven or Racurrent operation.

VOLTAGE CALIBRATION —~ Sauare wave with peak-to-
peak amplitudes of 0., 1. 10, and (00 volts. Accu-
racy & 5%.

TIME CALIBRATION — Puls«d osciliations corresponding
to time Intervals of 100, 10, (, or 0.1 psec. Accuracy
better tham & 3%.

INTENSITY MODULATION - 15 volts peak will blank
the beam.

DuMont for Oscillography

INSTRUMENT DIVISION e ALLEN B. DU MONT LABORATORIES, INC., 1000 MAIN AVENUE., CLIFTON, N. J.
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Know

Your

BAKELITE thermosetting Polyester
Resins are combinations of styrene
monomer and complex polyesters de-
veloped for contact pressure and low
pressure molding, laminating, and cast-
ing. Polymerization is brought about

IT MAY MEAN BETTER AND FASTER PRODIIGTION...AT LOWER COST

by the use of catalysts, application of
heat, or both. The resins are supplied
as pale liquids in varying viscosities.
They are produced in several grades,
principal among which are detailed
below.

ELECTRONICS

This message deals with *BAKELITE’’ POLYESTER RESINS

4/BAKELITE’/ QRS-81 GENERAL PURPOSE

This general-purpose, liquid resin was developed for struc-
tural applications. It is particularly serviceable for
matched-die molding because of its excellent moldability
and easy flowing quality. Also readily formed with plaster;
wood, and sheet-metal molds. Applicable to rubber-bag
molding. Cures at room or elevated temperatures with
standard catalysts. Does not precure. Retains excellent
mechanical strength and electrical values at operating tem-
peratures under 150 deg. F.

41 BAKELITE/” QRS-136 FLEXIBLE

This is a flexible resin sold as a non-plasticized liquid. It can
be used alone for certain applications requiring a high order
of toughness and flexibility, as in the production of tubing.
However, it has been most useful to date as a modifier for
other Polyester Resins to impart toughness and impact re-
sistance in structural laminates and moldings. Compatible
with most other Polyester Resins. Recommended for me-
chanical applications or where electrical insulating require-
ments are not critical.

#/BAKELITE/” QRS-17560 HIGH VISCOSITY

{4000-6000 cst.)

Formulated for producing cast-
ings or moldings with fewer in-

" herent stresses and strains than
with other grades of Polyester
Resins. Provides non-crazing
pieces of high resin content, with
or without filler. Where fillers
are called for, smaller quantities
are required. Because of versatil-
ity of this resin it is particularly
satisfactory for the production
of castings made from glass-fiber
preforms.

The development of BAKELITE Polyester Resins for
molding reinforced plastics is a continuing operation
of the Bakelite Laboratories. Formulations can be
varied almost infinitely, and tailored to your
particular jobs. Some of these jobs . .. chiefly with
glass fiber cloth or mat . . . include boat hulls,
radomes, refrigerator panels, housings, luggage,

to which they give light weight, high impact, tensile,

and flexural strength, and resistance to moisture, many

chemicals, and heat. Superior electrical insulation
values are attainable. For instance, laminates made
with these resins have relatively low power factors

throughout the 60 to 108 cycles range. They eliminate

the need for costly molds, high heat, and high
pressures. Engineers and designers interested in

BAKELITE Polyester Resins are urged to outline their

needs in fullest detail for a thorough, confidential
analysis, Write Dept. BV47.

April, 1951

#/BAKELITE’/ QRS-140 MEDIUM VISCOSITY
(300-600 cst.)

This is a medium viscosity resin developed especially to
meet the insulating requirements for high-frequency elec-
tronic apparatus and components (9375 megacycles per
second). In electrical properties it approaches BRS-16631,
so widely used in World War II for radomes and other vital
equipment. It is easier to handle than BRS-16631 because
of improved moldability.

BAKELITE

TRADE:-MARK

POLYESTER RESINS

BAKELITE COMPANY
A Division of
Union Carbide and Carbon Corporation

UCE]
30 East 42nd Street, New York 17, N. Y.
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WHEN YOU NEED

BRASS OR COPPER

FOR DEFENSE ORDERS

CALL Chase!

DON’T let a defense order lag for want of brass or
copper. Call your nearest Chase warehouse and
inquire about our deliveries.
There are 23 Chase warehouses in large industrial
cities from coast to coast, and Chase mills in the east
and midwest. Get in the habit of calling on these great

Chase facilities for service on your brass and copper
requircments for “DO” orders.

Mill shipments are favorable. Warehouse deliverics
are usually prompt. In fact, we can oftentimes filf a
“DO” order right from warchouse stock.

C I l ase BRAss & coPPER e The Nation’s Headquarters for Brass & Copper
Atbanyt Kansas City, Mo.  New York

Clevetand San Francisco
Atlanta Dallas Los Angeles Philadeiphia Seattle
WATERBURY 20, CONNECTICUT @ SUBSIDIARY OF KENNECOTT COPPER CORPORATION Baltimore Denverf Mitwaukee Pittsburgh Waterbury
Boston Detroit Minneapolis Providence
Chicago Houstont Newark Rochestert (Fsales
Cincinnati  Indianapolis New Orleans St. Louis offics only
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PLUG IN TYPE HEADERS
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FLASH OVER VOLTAGE 6500 V. PN TORIM

6000V.PIN TORIM
— MULTIPLE TYPE HEADERS

1000 SERIES AVAILABLE 2000 SERIES AVAILAB.E
WITH 2 TO 10 TERMINALS WITH 2 TO 6 TERMINALS
1 CHARAGTER: RETAINER

I3 [}
S o.pm RING
{ ¥¢imeie ~ib- 040
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FLASH OVER VOLTAGE £500V. PIN TO RIM

©6500V PIN TO RiM

NEO-SIL HERMETIC SEALS
INDIVIDUAL TYPE TERMINALS

E-l E-3

) s i |
e olfllo o O-IIEI-O

T

FLASH OVER
2500V VOLVAGE 5500V.

TEST DATA
The result of the Electrical Testing Labora‘ories
Inc., Report #330655, dated March 18, 1943, on
this material shows the following:
Volume Resistivity at 800 Volts d-c
Room Temperature 25°C R.H. 30 percen
Megobm-inches ohm-centimelers
1.4 x 10* 35x10'?
Dielectric Constant and Dissipation Factor
Diclectric Dissipation
Constant Factor

Loss Bactor

@ 60 cycles per second
9.22 .058 5.32
@ 1 megacycle per second

.0455

6.17 .28

@ 50 megacycles per second
0.20

5.35 1.1

Dielectric Strength at 60 cycles
Volts per mil — 370

Durometer Average — 80 * 5

Temperature — Rated as a Class A material con-
servatively + 105° to —70° centigrade.

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

ELECTRONICS — April, 1951

For 3 A. G. Fuses Type No. F-101.20]
For 4 A. G. Fuses Type No. F-102-202

NEOSIL proven dependable Hermetic sealing
components will reduce your rejects resulting from
breakage, strain, cracks, physical shocks, etc. Each
NEO-SIL component is pressure checked at 25 1bs. P.S.L.
—to meet military requirements. As a unit, NEO-SIL
synthetic compound is suitable insulation when bonded
to various metals to resist abusive temperature cycling,
salt water, high pressure, high vacuum and most acids
and alkalies.

In addition to the Panel Type Hermetic Seal Fuse
Holder illustrated, NEO-SIL offers many other specialty
components: Molded Cable with plugs attached—
4 Pin Female Panel Connector—Meter Hermetic Seal
Gasket—S5 Pin Female Panel Connector—Rotary Her-
metically Sealing Panel Bushing.

are solicited.

Your special pro

CORPORATION

26 CORNELISON AVE., JERSEY CITY 4,N.J.
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16 PRECISION PARTS EVERY 30 SECONDS! Here is
an outstanding example of the high-speed pro-
duction possible through the use of quick-curing
Plaskon Alkyd. And these parts used in television
tuners must be held to precision tolerances as
close as .0005”, Molded for Standard Coil
Products Co., Chicago, by Wilcox Plastics,
Los Angeles; Mayfair Molded Products Co.,
Chicago; and Trans-Matic Plastics Co., Chicago.

HIGH-SPEED MOLDING YIELDS BIG SAVINGS! Sangamo
Electric Company, Springfield, 11l., achieved a new
high-production molding record turning out Plaskon
Alkyd parts for its motor starting capacitors on a
battery of 13 small presses. Sangamo has reported:

“This speed really shows up where it counts most —
in savings!”’
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FASTER PRODUCTION CONTRIBUTES TO ?0% COST
sAVING! Barber-Colman Company, Rockford, I11.,
realized a saving of 509, in unit cost when it
switched to Plaskon Alkyd for molding parts for
rotors used in J. I. Case tractors. And the higher
production rate achieved with Plaskon Alkyd
was an important contributing factor!

HIGH PRODUCTION RATE ON AUTOMATIC PRESSES!
Molding its watt-hour meter bases with Plaskon
Alkyd, Blakeman Bros. Electric Mfg. Co., Los
Angeles, cites the following results: “We have found
that Plaskon Alkyd lends itself very well to auto-
matic molding, giving us a high production rate on
automatic presses.”

40 April, 1951 — ELECTRONICS
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300 to 400%

faster molding of parts

- IMPROVE YOUR PROFIT PICTURE!

From a wide variety of applications comes mounting evidence
that Plaskon Alkyd can be molded three to four times faster
than conventional thermosetting molding materials with
appropriate modification of molding equipment. Molder or
manufacturer . . . if you have any small parts which lend
themselves to compression molding, here could be the way to
step up their production tremendously!

And the amazing, quick-curing plastic which has created new
concepts of speed in compression molding helps in other ways
to improve profit figures. It can be molded on high-speed
automatic machines, saving labor. It can be molded at lower
pressures with simpler dies. And it can improve the general
efficiency of molding room operation because it is less sensitive
to variations in pressure, temperature and time.

Thanks to its remarkable properties, particularly its electrical
properties, Plaskon Alkyd can be successfully used in parts
which it was never before practical to make of plastics. And it
can improve the performance of many parts now made of
conventional thermosetting materials!

Investigate Plaskon Alkyd more completely —now.

mold it better and faster with

PLASKON DIVISION - LIBBEY - OWENS - FORD GLASS 0. P LASKON

Toledo 6, Ohio

In Canada: Canadian Industries, Ltd.,, Montreal, P. Q.
Branch Offices: Boston, Chicago, New York, Los Angeles, Rochester

Manvfacturers of Molding Compounds, Resin Glues, Coating Resins
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ANOTHER FIRST!

TYPES 5K and 6K DISCAPS

Designed for Filtering Focus Voltage in the
New Electro- static Deflection Tube.

The new electro-static deflection tube has created engineering problems
which required the development of this new RMC DISCAP.

Designed to withstand peak pulses, Type 5K is rated at 5000 Volts DC
and flash tested at 10,000 Volts DC. Type 6K is rated at 6000 Volts DC
and flash tested at 12,000 Volts DC. Available in capacities between 100
MMF and 500 MMF =+ 10% or *= 20% or GMV.

Their small size and greater mechanical strength provide a unit adaptable
to high speed production line use.

Specifications
Types 5K and 6K DISCAPS
Power Factor 19% at 1KC TI ON
WORKING VOLTAGE TEST VOLTAGE ATTEN MANUFACTU RERS
Type 5K 5000 VDC 10000 VDC 710N Y OKE 1ty for your
Type 6K 6000 VDC 12000 VDC DEFLEC e designed especielY 96 T0
Insulation Durez Phenolic — Vacuum waxed C Type 2K D SCAPS j working volts, ¥ gy y ot
Resistance: Initial 7500 Megohms R rements. Rated ot 2 din deflection yokes- 1
o8 2;';rTHum:’i(f:y 1000 Megohms fiq:: the peok pulses f°'un':m:| cost offer definite Pf
eads inned Copper stal fower i
X pa ire and "
Body Size 100 — 200 MMF 1/2” DIA. smaller siz€ ol over-all savings-
200 — 300 MMF 53" DIA. ductien ease

300 — 500 MMF 3" DIA.
Capacity Tolerance == 10%, =+ 209,

Every DISCAP is 100% Tested for Capacity, Leakage Resistance and Breakdown
SEND FOR SAMPLES AND TECHNICAL DATA

(= 2\
P RADIO MATERIALS CORPORATION
CONDENSERS GENERAL OFFICE: 1708 Belmont Ave., Chicago 13, lil.

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

/4 Two RMC Plants Devoted Exclusivaly to Ceramic Condensers
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“PRODUCTS OF EXTENSIVE RESEARCH

TRANSFORMERS & INSTRUMENTS

1210 COMPARISON BRIDGE
RAPID TV PARTS TEST

NO. 1030 LOW FREQUENCY
Q" INDICATOR

NO. 1140 NULL DETECTOR
AMPLIFIER MODEL

NO. 1180 A.C. SUPPLY
.1 YOLT TO 100 YOLTS
AT 60 CYCLES

NC. 1170 D.C. POWER SUPPLY
DIRECT CURRENT UP TO
500 MA

NO. 1110A INCREMENTAL
INDUCTANCE BRIDGE

0 woucTeet Box o @ qu

%

FOR ACCURATE TESTING OF TELEVISION AND
COMMUNICATION COMPONENTS UNDER
LOAD CONDITIONS.

This bridge has an impedance range of one millihenry
to 1000 henries in five ranges. The inductance values
are read directly from a four dial decade and multi-
plier switch. Range of this instrument can be extended
to 10,000 henries through the use of an external
resistance.

The inductance accuracy is within plus or minus
1% through the frequency range from 60 to 1000
cycles. For the largest multiplier at 1000 cycles, the
accuracy of the bridge is decreased to 2%. 60 or 50
cycles line frequency is generally used with this bridge.

On the 1000 henries range, the D.C. is limited
to 20 MA. On the 100 henries range the D.C. is limited
to 200 MA. On dll lower ranges, the current can be
one ampere maximum,

HI FIDELITY
Y/ DB 20:30000 CYCLES

TOROIDAL INDUCTORS
60 CPS. TO | MC.

POWER TRANSFORMERS
COMMERCIAL QUALITY

HERMETICALLY SEALED
TO MEET MIL-T-27 SPECS.

SUB MINIATURE
HERMETICALLY SEALED
TRANSFORMERS



It seemed that orders for all Aerocom equipment
would heve to be delayed for about six months —

because of a greatly increased volume of orders.

But — Aerocom was able to expand plant
facilities and rroduction so that, now, some

equipment is available wizt. only small delays.

Despite the pressure for new equipment,
corners will not be cut . . . Aerocom quality will

be maintained.

BEACON

446 Package 50 or 100 wott

ek i ] transmitter
H. F. transmitter 12GLX-M

1 kw Beacon

transmitier AK-3

ldenti‘ication keyer

f;-" . . Fgf_?&.
) L S Ves o

[l DA-200
Artificial avtenna

LMI-72
Line morch
mdicator

AR-72
H.F. Lirborne
receiver

ACA
AutoMranifer

CONSBLTANTS, DESIGNEES AND MAMUFACTLRERS OF STANDARD OR SPECIAL
METEOROLOGICAL ANB CCMMUNICATIONS EQUIPMENT
l\- 7 paw Of.

AERONAUTICAL COMMUNICATIONS EQUIEMENT, INC.
3090 Douglas Road, Micmi 33, Florida

44 April, 1951 — ELECTRONICS



Good Hermetic Sealing
Specifying a CLARE RELAY is important, too!

“RMETIC sealing, as practiced by C. P.

Clare & Co., provides the most perfect seal
ever devised to insure ideal relay performance
under all conditions.

But equally important to design engineers are
the proved performance, long life and depend
ability of the Clare relays that are contained
within the enclosures.

Selection of highest quality materials, precise
manufacture and ability to “custom-build” just
the relay for a specific requirement have made
Clare relays first choice with designers who insist
on...and get...the best.

This ideal combination of time-proved relays,

is important —

Relay shown is the famous CLARE Type J twin
contact relay before hermetic sealing in the enciosure.
Note the extreme compactness of this assembly.

sealed to be immune to every tvpe of climatic
and environmental conditions, has made Clare
hermetically sealed relays the ideal choice for
components of equipment that must not fail.
Whatever your relay problem ... whether it
involves hermetically sealed relavs or just the
best relay for an exacting application ... con-
tact CLARE first. Sales engineers are located in
principal cities to assist you in selecting the relay
you need. Look them up in your classified tele-
phone directory or write C. P. Clare & Co., 4719
West Sunnyside Ave., Chicago 30, Illinois. In
Canada: Canadian Line Materials Ltd., Toronto

13. Cable Address: CLARELAY.

Write for 36-Page Clare Bulletin No. 114

CLARE RELAYS
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Need an
Information Center’’

in your plant?...

Every production machine you use
can be made to “report to headquar-
ters” . . . by flashing figures a few feet
or many miles to Veeder-Root Mag-
netic Counters group-mounted on a
central board.

And every machine or product yox

make can be made to count for move...
both for you and your customers... by
Veeder-Root Counters built-in as orig-
inal equipment. Find out how. Write:

VEEDER-ROOT INCORPORATED
HARTFORD 2, CONNECTICUT

Moatreal, Canada ¢ Dundee, Scotland ¢ Offices and Agents in Principal Cities

WWW.americanradiohistorv.com
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News About a CRT Exterior Wall Coating

Electric-furnace graphite of high purity . . . specially processed in a
lacquer-base vehicle by Acheson Colloids . . . deserves your invest-
igation as a CRT Exterior Wall Coating.

Easily applied by spraying, “dag” Exterior Wall Coating dries
so rapidly that tubes can be handled in 2 or 3 minutes after
coating. Maximum adhesion is obtained by drying at room
temperature for 24 hours...if faster action is desired, infra-

red drying at 100° C. will get the same result in %2 hour.

The tough and completely opaque film so formed

resists scratching and the loosening action of

water, irrespective of the type of glass to
which it is applied.

A more complete description of ‘‘dag"
CRT Exterior Wall Coating . . . as well
as data on other ‘dag’’ dispersions for

the electronics and electrical indus-

tries . . . is contained in a new

bulletin available without ob-

ligation. Write to Acheson

for Bulletin #433-5D.

l I
Acheson Colloids Corporation &sl"g,lm@

Port Huron, Mich.
... also Acheson Colloids Limited, London, England
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AN OLD COMPANY

TAKES A NEW NAME

FREDERICK HART & Co., INC., becomes
DAYSTROM ELECTRIC CORPORATION

Frederick Hart & Co., Inc., which has been
manufacturing precision products at Pough-
keepsie, New York, for more than 57 years, will
henceforth he known as Dayvstrom Electric
Corporation.

This action follows a change in the name of
our parent company from ATF Incorporated to
Daystrom, Incorporated.

The use of the name Daystrom offers distinct
advantages in the introduction of new products.
This name was chosen because it has become
familiar to millions of people through national
advertising of our companion subsidiary,
Daystrom Furniture Corporation—world’s larg-

est producer of tubular steel furniture. Adding
Electric to our name better identifies us with
the type of products we make.

The advantage of this name will become even
more apparent when fulfillment of contracts
for the military services allows us to resume
production of our normal peacetime products,
such as the Hartron Sound Recorder-
Reproducer.

Daystrom is new to the electronics industry
in name alone. From Daystrom in the future —
as from Hart in the past — will come new de-
velopments and new products to contribute to
hetter living,

Meet the DAYSTROM Family

Subsidiaries :

Daystrom Electric Corporation — sound
recorders and electronic devices, Pough-
keepsie, N. Y.

American Type Founders — letterpress,
offset and gravure presses, joundry type and
other printing equipment, Elizabeth, N.].

DAYSTROM, INCORPORATED

ELIZABETH, NEW JERSEY

Daystrom Furniture Corporation—
chromed steel, wood and plastic furniture,
Olean and Friendship, N.Y.; Western Divi-

sion, Fullerton, Calif.

Daystrom Laminates, Inc.—plywood and
lumber products, Daystrom, N.C.

DAYSTROM ELECTRIC CORPORATION

POUGHKEEPSIE, NEW YORK

April, 1951 — ELECTRONICS



-bp- 200 Series Audio Oscillators

Six standard models, —hp— 200A and 200B
have transformer-coupled output delivering
1 watt into matched load. —hp— 200C and
200D have resistance-coupled output and
supply constant voltage over wide frequency
range. —hp— 202D is similar to 200D, with
lower frequency range. —hp— 2001 is o
spread-scale oscillator for interpolation or
where frequency must be known accurately.

e

-hp- 650A Resistance-Tuned Oscillator

Highly stable, wide band {10 cps to 10 mc),
operates independently of line or tube
changes, requires no zero setting. Output
flat within 1 db. Voltage range 0.00003 to 3
volts. Output impedance 600 ohms or 6 ohms
with voltage divider.

-hp- 206A Audio Signal Generator

Provides a source of continuously variable
avdio frequency voltage with less than 0.1%
distortion. Very high stability, accuracy 0.2
db at any level. Specially designed for test-
ing high quality audio circuits, checking FM
transmitter response and distortion, broad-
cast studio performance or as a low distor-
tion source for bridge measurements, etc.

ELECTRONICS — April, 1951

INSTRUMENT PRIMARY USES m.':i':‘“ ourrut [

-hp. 200A Audio tests 35¢cpsto 35 ke 1 watt/22.5v $120.00
-hp- 2008 Audio tests 20 cpsto 20 ke 1 watt/22.5v $120.00
-hp- 200C Audio and supersonic tests 20 cps 1o 200 ke 100 mw/10v $150.00
-hp- 2000 Audio and supersonic tests Zcpsto 70 ke 100 mw/10v $175.00
-hp- 200H Cartier current, telephane tests 60 cps to 600 ke 10 mw/1v $350.00
-hp- 2001 Interpolation and frequency measurement bcepsto  bke 100 mw/10v $225.00
-hp- 2018 High quality audio tests 20cpsto 20 ke 3 w/42.5v $250.00
-hp- 2028 Low frequency measurements % epsto 50 ke 100 mw/10v $350.00
-hp- 2020 Low frequency measurements 2cpsto 70 ke 100 mw/10v $275.00
-hp- 204A Portable, battery operated 2cpsto 20 ke 2.5 mw/5v $175.00
-hp- 205A High power audio tests 20 cpsto 20 ke 5 watts $390.00
-hp- 205AG High power tests, gain measurements 20 cpsto 20 ke 5 watts $425.00
-hp- 205AH High power supersonic tests 1ke 10100 ke ~ 5 watts $550.00
-hp- 206A High quality high accuracy audio tests 20 cps to 20 ke + 15 dbm $550.00
-hp- 650A Wide range video tests 10¢psto 10 me 15 mw/3v $475.00

Data subject 10 change without nolice. Prices I, 0. b. faclory.

Whatever ac test voltage you need—whatever frequency or magni-
tude you require—there is an - p- oscillator or generator to provide
the exact signal desired.

-hp- oscillators offer complete coverage, Y5 cps to 10,000,000 cps.
They are dependable, fast in operation, easy to use. They bring you
the traditional -hp- characteristics of high stability, constant output,
wide frequency range, low distortion, no zero set during operation.

-hp- oscillators and audio signal generators are used by manufactur-
ers, broadcasters, sound rccorders, research laboratories and scien-
tific facilitics throughout the world. For complete details on any
-hp- instrument, see your -Ap- sales representative or write direct.

HEWLETT-PACKARD COMPANY

2250 A Page Mill Road Palo Alto, California, U.S. A.
Sales representatives in principal areas.

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

2250
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SANGAMO
TRANSMITTING
o~ MICAS

, Type G )
X3 (oM 75-80-85.90-95) |

Type H (CM 45-50)

Type A (CM 55-60)

Whether you need a certain characteristic or a
combination of severzl performance features,
Sangamo Transmitting Mica Capacitors are “heap
good” for your specific capacitor applications.
You can safely specify them for use in all types
of military, radio and electronic equipment—they
are built to meet all standards set by joint Army
and Navy Specifications JAN-C-5.

Type G Capacitors are designed for use in medium
and high power, high voltage and high current
circuits. They are ceramic encased and are fre-

{ .z
Built to JAN Specifications =0 -

quently connected in gangs to handle heavy loads.

Type F Capacitors are used in similar applications
to type G’s and are potted in bakelite cases.

Type A and Type H Mica Capacitors are molded
in a thermc-setting plastic and are designed for
use in low wvoltage, low power and low current
circuits.

Sangamo Transmitting Micas and many other
types of Sengamo Mica Capacitors, arz fully
described in Catalog No. 831. Write for your copy.

ke SANGAMO

Tube

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS
IN CANADA: SANGAMO COMPANY LIMITED, LEASIDE, ONTARIO

50

April, 1951 — ELECTRONICS

WWW.americanradiohistorv.com



5 reasons why g /(e
you can rely on R . i o v

Annealing Oveix—Max Oder-

ating Temp. apxroz. 2000°F,

| | B * S (e Can handle pa+s weghting
| i s - - from 45 lbs. te 43 fens.

in your
electrically
heated X
products .

(Photographs conrtes ' of
General Electyic Comfrany}

Nichrome alloys, meticulously developed over a period of 40 years,
meet the need for resistor materials that can perform with exceptional
suitability at high temperatures. Their high resistivity and resistance

to oxidation at high temperatures dictate their choice for heating —
elements in a host of different products. Forced-Conveetion Type
Unit Air Heater.

Nichrome and Nichrome V are custom built—produced to rigid specifi-
cations determined by conditions of application and in-use factors.
Consequently, absolute uniformity is assured from order to order.

Nichrome and Nichrome V undergo only negligible changes even
when required to meet unusually exacting service demands. Thus
delivery of full-rated power is assured thruout a long life of trouble-
free operation,

Nichrome and Nichrome V afford flexibility of choice, permitting
heating elements to be designed economically, with close regard to
service requirements. For example: Nichrome is ideal for heating
devices, such as cord-connected domestic appliances, operating up to
1700°F.; Nichrome V for electric furnaces, ovens, etc., operating at
temperatures in excess of 1700°.

Edgewise-wound rasistor —typical
of large industrial cpplications.

Nichrome and Nichrome V are available in different forms—wire,
ribbon, strip, sheet and rod. Such variety offers outstanding aid to
designer, engineer, and manufacturer.

The different examples of products shown here indicate the wide range of
application for Nichrome and Nichrome V. For improved performance and
longer life in your products, remember these peerless Driver-Harris electrical
alloys and consult with us. Although the present emergency is making unprece-
dented demands upon the resources of the Driver-Harris Company, we shall be
glad to make recommendations based upon your specific nceds, and serve you
to the best of our ability.

Waffle Iron and Sandwich Grill
—one of many G.E. appliances.

‘“‘vo“ ‘“"":, Nichrome and Nichrome V are manufactured only by

Driver-Harris Company

HARRISON, NEW JERSEY

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

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

*7.M. REG. U. S. PAT. OFF.
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20 PIN PLUG-IN

HERMETIC TERMINAL .

The advantages of the octal type key plug-in terminal are now
extended to include applications calling for as high as 20 pins,
Many additional types of relays and other electrical components
may now employ this simple fool-proof combination of hermetic
sealing and plug-in connection. Sockets are available.

All Fusite Hermetic Terminals are an interfusion of steel and

inorganic class. Write Dept. E for specifications and complete

TERMINALS 5

m PROTECT FFOOUCY /RS

PERFORMANCE 4 S
y
A

informaticn,
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FOR PULSE SERVICE . . .

trede type 4-100]A is but one of
“many Eimac tubes that moke exceptionally
fine pulse modu-atsrs, amplifiers, or
oscillators. The 4-100@A, for example, will
handle 20 kv. and 12 amps. as a pulse
modulator. -

Since the very advent of pul:e t>chniques, Eimac
tubes have been, ard still are censistently chosen
1| over other vacuum iubes n>- only because of out-

- i standing performance but also because they can be
4-1000A Typical Operation depended upon for exceptianally long trouble-free

Pulse Modulator, peak pulse values service.
except as noted—Per Tube This leadership is a result of these time-proven Eimac
D-C Plate Voltage - - - 20,000 Volts po||C|es:

® Rugged electrodes and electrode supports
D-C Screen Voltage - - 1200, ¥elts @ Elimination of troublesome internal insulating
D-C Grid Voltage - - - =600 Volts materials ) )

® Thorough outgassing of all internal parts
Pulse Plate Current - - 12 Amperes @® Oversize electron emitters for reserve emission
vilcs Seréeh Curmsil ¥ 3 Amperes ® Elimination of volahle. getters _

@® Long, thorough pumping schedules for highest

Pulse Grid Current - - 0.5 Amperes possible vacuum

Put our pulse experience and know-how (over 14
years of it) to work for you. Engineering advice pert-
Load Resistance - - - 1500 Ohms inent to your specific problem or a generalized data
sheet on how to employ Eimac tubes in pulse service
is available . . . write today.

Pulse Power lnput - - - 240 Kilowatts E I T E L . M c C U L L O U G H’ I nc.

Pulse Positive Grid Voltage 350 Volts

Duty - - - - = .01

Plate Dissipati - 240 Watts . .
Average Plate Dissipation san Bl‘uno, Callforn|a
Pulse Power Quiput - - 216 Kilowatts Export Agents: Frazar & Hansen, 301 Clay Sk, Saa Francisco, California
Pulse Output Voltage - - 18,000 Volts

Follow the Leaders to

by - 281

WRITE FOR BULLETIN NO. 3 “PULSE SERVICE NOTES"

ELECTRONICS — Aprif, 1951 53
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TUBE SOCKETS

OFFER ALL THESE ADVANTAGES

CLOSER TOLERANCES

DIELECTRIC LOSS

LOWER
HIGH ARC RESISTANCE

cccc

- @St no more than
PHENOLIC TYPES

These glass-bonded mica sockets are pro-
duced by an exclusive MYCALEX process
that reduces their cost to the level of phenolic
sockets. Electrical characteristics are far supe-
rior to phenolics while dimensional accuracy
and uniformity exceed that of ceramic types.
MYCALEX miniature tube sockets, available
in 7-pin and 9-pin types, are injection molded
with great precision and fully meet RTMA
standards, They are produced in two grades,

SINCE 1919

AL

JTHE INSULATOR
TRADE MARK REG US.PAT. OFF

described as follows, to meet diversified
requirements.

MYCALEX 410 is priced comparable to mica-
filled phenolics. Loss factor is only .015 at
1 mc., insulation resistance 10,000 megohms.
Conforms fully to Grade L-4B under N.M.E.S.
JAN-1-10 "Insulating Materials Ceramic,
Radio, Class L".

MYCALEX 410X is low in cost but insulating
properties greatly exceed those of ordinary
materials. Loss factor is only one-fourth that
of phenolics (.083 at 1 mc.) but cost is the
same. Insulation resistance 10,000 megohms.

MYCALEX TUBE SOCKET CORPORATION

Under Exclusive license of
MYCALEX CORPORATION OF AMERICA
30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

CORPORATION OF AMERICA

“QOwners of ‘'MYCALEX’ Patents”

Executtve Offices: 30 Rockefeller Ploza, New York 20 + Plant and General 0ffices: Clifton, New Jersey

April, 1951 — ELECTRONICS
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PRODUCTION gets a

SHOT IN THE

with KINNEY VACUUM PUMPS

/7>>

-

Here, at The Upjohn Company, Kalamazoo, Michigan,
Kinney Vacuum Pumps produce low absolute pressures for
freeze-drying penicillin. Here, as in countless other im-
portant process plants, vacuum . . . created by Kinney
Pumps . . . is the “shot in the arm” that keeps production
rolling dependably, smoothly, economically.

Wherever Kinney Pumps are at work— the laboratory,
the pilot plant, or the production line — you can count on
fast pump down plus complete reliability. It's this com-
bination of speed and stamina which Kinney Pumps bring
to industries the world over. Pumps are available in eight
Single Stage Models (702 to 13 cu. ft. per min. — for low

Gentlemen:

e
/
R\
Voo

KIMNEY MANUZACTURING COMPANY
3565 Washington St., Boston 30, Mass.

[] Vacuurm exhausting
[ vacvum metallurgy

e s
-~
o

Gy
e €

P =

RM’
!

[

e’

absolute pressures to 10 microns or better), three Com-
pound Models (46 to 4.9 cu. ft. per min. — for low abso-
lute pressures to 0.5 micron or better). Return coupon
today for complete details. KINNEY MANUFACTURING
COMPANY, Boston 30, Mass. Representatives in New
York, Chicago, Cleveland, Houston, New Orleans, Phila-
delphia, Los Angeles, San Francisco, Seattle.

FOREIGN REPRESENTATIVES: General Engineering Co. (Radcliffe)
Ltd., Station Works, Bury Road, Radcliffe, Lancashire, England . . .
Horrocks, Roxburgh Pty., Ltd., Melbourne, C. I. Avustralia . .. W. S.
Thomas & Taylor Pty., Ltd., Johannesburg, Union of South Africa . . .
Novelectric, Ltd., Zurich, Switzerland . . . C.1.R.E., Piazza Cavour 25,
Rome, Italy.

Please send i lustrated Bulletin V45. We are interested in:

] vacvum coating E] Vacuum distillation
] Vacvum dehydration

/ / __L:\\J\__ y I'I.

Name Company.
Address
¥ Ciry State
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RADIO CORPORATION

A TEST SET FOR

Type H-14 Signal Generator [Eetrances

108-132 mc

for Testing of Equipment in Aircraft

The H-14 Signal Generator provides simulated omni,
phase localizer, and tone localizer signals for testing
of VHF navigational equipment in one aircraft, or in
a squadron of aircraft simultaneously. The instru-
ment will check:

24 omni courses

Left-center-right on 90/150 cps localizer
Left-center-right on phase localizer
Omni course sensitivity

Operation of TO-FROM meter
Operadon of flag-alarms

Simultaneous voice instructions to pilots may be
transmitted with the test signals. A limited “go-no go”
check requires less than one minute for one ajrcraft
or for a squadron of aircraft.

BOONTON 3 NEW JERSEY

36

for Testing of Equipment on the Bench

The H-14 Signal Generator provides signals of ac-
curately known frequency, amplitude, and modula-
tion for quantitative tests of VHF navigational re-
ceiving equipments on the bench.

Dependable Electronic Equipment
since 1928

AIRCRAFT
\ RADIO

CORPORATION
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Disc Gathode Speeds Assembly-
Improves Performance

® Elecironics manufacturers find it
pays to be a customer of Superior.
They receive good service, quality
products and the benefits of
Superior’s methods and metals
research that constantly improves
upon already good products.

An example is the new, improved
Disc Cathode. Investigation proved
that a slight flaring of the open end
minimized the danger of heater

part that does a better job at a
lower cost.

The Disc Cathode is only one of
the hundreds of products which
Superior supplies . . . but the same
program of product improvement
1s applied to all of them. That’s why
most manufacturers in the elec-
tronics field are already friends and
customers. If you are one of the
exceptions, it will pay you to find
out more about Superior and

Inspection and Gaging .
checking “E” dimensions of Disc Catkodes.

.

P

s

Expanded Facilities . . . more space, equip-
ment and trained co-workers help to meet
growing demand.

. . equipment for

cathode “shorts” caused by scrap-
ing of the heater wire coating dur-
ing insertion, while speeding the

-

5 i SEIE

52,600 Seamless Mickel Cathedes, compared

under a lens with an ordinary pin.

Superior products.Forinformation,
consultation about production
problems, design help or research

==1c o8l o R

operation.
This feature added to an already
excellent cathode, resulied in a

assistance, write today to Superior
Tube Company, 2500 Germantown
Ave., Norristown, Pennsylvania.

Which Is The Better For

SEAMLESS ... ? The finest tubes
that can be made. Standard produc-
tion is .010"’ ta .121’’ O.D. inclusive,
with wall thicknesses of .0015"’ to
.005”’. Cathodes with larger diameters
and heavier walls will be produced to
customer specification.

Your Application . ..
Or LOCKSEAM* . . . ? Produced di-

rectly from thin nickel alloy strip stock,
.040""t0 .100’” O.D. in standard length
range of 11.5 mm to 42 mm. Round,
rectangular or oval, cut to specified
lengths, beaded or plain.

All analyses 010" 15 %'"°0.D..
Certain amlyses (035" max. wall) Up to 1%”:0.D. 2]

*Mfd. under U.S. Pats.—Superior Tube Company e Electronic Products for export through Driver-Harris Company, Harrison, New Jersey ® Harrison 6-4800

ELECTRONICS — April, 1951
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CONSTRUCTION

The unique design and rugged construction of the SM series
relays assures indefinite life, except possible damage to
contacts due to overload. Regardless of sensitivity they are
not delicate and no special handling is required. Extremely
light weight of the moving armature assures a high degree
of resistance to shock and vibration in any position. The SM
is ideal for guided missile or aircraft applications as well as
general purpose uses. The plate circuit versions have found
many applications in electronics. The simplicity of construc-
tion provides a thoroughly reliable, ultra-small relay at sur-
prisingly low cost. Samples and quotations will be supplied
upon receipt of your specifications and requirements.

SM5D and SMS5L are open construction for single screw
mounting. A thin transparent plastic sleeve furnishes pro-
tection against dust and damage in handling.

SM5DG and SM5LG are hermetically sealed in a minia-
ture tube glass envelope with 7-pin plug-in base to fit
standard miniature socket. Max. height 1%” (above socket);
max. dia., ¥%”.

SM5DS and SMS5LS are hermetically sealed in deep
drawn steel can. Base and dimensions same as “G" version.

SPECIFICATIONS AND DESIGNATIONS

“G" suffix designates hermetically sealed in glass.

“S" suffix designates hermetically sealed in deep drawn
steel can.

“D" suffix designates winding that consumes .4 watt or
more at rated operating point. Performance range is from
0.3 V. at 1.37 amp to 118 V. at 0.0034 amp. Standard
winding draws approximately 0.5 watt at rated voltage
with adjustment to pull in at 75% or less of rated voltage.
Contact transfer occurs at approx. 35% of pull in voltage.

“L" suffix designates winding for current sensitive opera-
tion in which the coil consumes less than .4 watt. Maximum
sensitivity of 0.075 watt can be provided with pull in at
2.75 MA minimum on slowly rising current with 10,000 ohm
coil or 0.695 amp at 0.108 V. with 0.155 ohm coil. Standard

adjustment to pull in at or below specified value and contact

transfer during drop out to occur at approximately 50%, of
pull in value.

All coils of above types will dissipate 1,75 watts without
exceeding 90 °C. temperature rise. This permits maximum
3.36 amp at 0.52 V. with 0.155 ohm coil and 13.2 MA at
132 V. with 10,000 ohm coil.

Vibration resistance is improved with increase in coil
power. 10G specs may be met in sealed, “G"” or “S”
versions with 0.2 watt or more in coil when socket mounted.
This special construction is provided only when so specified.

“S”

Sealed SM's fit into standard miniature tube shield.

SM5D open construction, voltage actuated .3 to 118 V.
DC, nominal dissipation .5 watt.

SM5DG glass sealed, same as SM5D.
sSM5Ds sealed in deep drawn steel can, same as SM5D.

sMm5L  open construction, current actuated, pull in 2.75 to
675.0 ma. at 25°C. with .075 watt dissipation,
.155 to 10,000 ohm winding.

SM5LG 9glass sealed, same as SM5L.
smsLs sealed in deep drawn steel can, same as SM5L.
CONTACT RATING

The contacts are pure coined silver rated at 5 amps for 10
operations, 2.5 amps for 100 operations, 1 amp for 50,000
operations at 24 DC non-inductive load, or .25 amp for
1,000,000 operations at 115 V. 60 Cy. non-inductive load.
CONTACT COMBINATION

One Form “C"—SPDT.

INSULATION

Coil to current carrying elements 1,000 V. RMS 60 Cy.;
between contacts 500 V. RMS 60 Cy.

Your Electronic Parts Distributor Stocks Standard P& B Relays

Poiter & Brumfield

PRINCETON,
40TH

EXPORT: 13 EAST

58
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REPUBLIC FOIL

THE RECOGNIZED STANDARD OF
PRODUCT EXCELLENCE WNITH
ELECTRICAL-ELECTRONICS INDUSTRIES

Fine quality Republic conderser foil, hav'ng uniforn thickness, sur-
face. ard strength, is available in a | commrercial gasges and widths.
Metizulous care is taken to assure close tolerances ad clean straight
edges f-22 from slivers. Engineered packing insures safe delivery.
Orde-s anc inquiries for all 4ypes o foil wil' be given prompt and
courteows attention.

REPUBLIC FOIL & METAL MILLS

INCORPQRATED
. 209 W. Jackson Blnd., Chicage 6, 1L
SALES OFFICES: 666 Mission 3t., Sa- Francisco 5, Cal.

DANBURY CONNECTICUT




for any and all by-passing requirements

Erie Ceramicons fulfil all the
requisites for efficient by-pass-
ing—low inductance, compact
design, and conservative 500
volt D. C. rating. Erie Resistor
offers the most complete line of
ceramic by-pass units available.
Each design has been thorough-
ly proven in domestic and mili-
tary eguipment.

Check the products listed
on this page for your future
designs. Full description
and specifications will be sent
on request.

erie Ceramicons

GP MOLDED INSULATED TUBULAR

GP DIPPED INSULATED AND
NON-INSULATED TUBULAR

For use where space is ot a premivm and radial leads
are desired. Capacity range 10 ta 15000 MMF.
Smallest size .240” x .460” max. with dipped insv-
lation; .200” x .400”’ max. nan-insulated.

DISC AND PLATE C’emm/caﬂ.s'
R
001

Campact, high capacitance
units with extremely law in-
ductance. Available in single
cnd muitiple capacitars
up to .01 mfd per section.
801

3an

CERAMICONS

INSULATED STAND-OFF C’eﬁam/é’OﬂS

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

NON-INSULATED STAND-OFF
Ceramicons

Style 318 (left) mounts Y2 high above chassis, has
.032” diameter wire top terminal. Capacity range
1 to 560 MMF. Style 319 (right) mounts .520" high
has .067” diameter top terminal. Capacity range
2 to 1,000 MMF. Both styles have 3-48 thread.

SIDE-LEAD STAND-OFF [’eﬁd/fl/Z’OﬂS

Wire leads are correct height from chassis for shortest
possible connection to tube sockets. Style 2322 (left)
45/64" high. Capacity range 5 to 2,500 MMF. Style
2336 (right) 15/16” high. Capacity range 6 to
5,000 MMF.

FEED-THRU C’emm/boﬂs

By-passR. F.to ground when feeding through
chassis or metal can. Styles 357 (with rigid
hooked wire lead) and 362 (with # 20
straight pig-tail wire lead) mount with 12-28 l
nut, Styles 2404 (with rigid wire lead) and

2405 (no lead) have eyelet for soldering to /

chassis.  Max. capacitance 1,000 MMF for
Style 357; 1,500 MMF for Styles 362, 2404,
and 2405,

HERMETICALLY SEALED STAND-OFF
Ceramicons

Style 325 has most efficient design for UHF. Compact
ond rugged. Easily installed with standard push-on
clip or soldered to chassis. Available 10 to 1,500 MMF.

FOR UHF COMMUNICATIONS EQUIP-
MENT ERIE BUTTON SILVER MICAS

These extremely compact silver mica condensers have
360° current path from short, heavy terminals to
ground, providing very low inductance. Made in
Stand-off and Feed-thru styles.

Capacity range 15 to 1,000 MMF in .447" diameter,
1,000 to 6,000 MMF in .651" diameter.

ga ﬁ . p- 7y

®
\

..,,,.,_.
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s
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ERIE RESISTOR CORP., ERIE, PA. __

LONDON, ENGLAND ... TORONTO, CANADA
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m...Choice of
EASTERN Air Lines

Wilcox Type 429A Glideslope Receiver
Chosen for EASTERN’S Entire New Fleet of
Martin 4-0-4s and Super Constellations

The safety and performance record of Eastern Air Lines’ magnificent
new fleet will depend upon the flawless operation of their I.L.S.
navigation system. In selecting the Wilcox Type 429A Glideslope
Receiver as an important part of this system, Eastern paid a great
compliment to the dependability and performance of Wilcox
equipment.

The Wilcox Type 429A Glideslope Receiver provides $0/150 CPS
tone modulated glideslope signals in the 329-335 Mc. range.

INSTANT ACCESSIBILITY FOR EASY MAINTENANCE

Routine inspection and service is made easy by the careful arrange-

ment and instant accessibility of all tubes, components, and wiring.

AVAILABLE FOR D.C. OR A.C. POWER

The Type 429A is supplied for operation on either 28-volt D.C. or
110-volt A.C. 400-cycle current. D.C. or A.C. power supply occupies
the same physical space interchangeably. The right-side illustration
shows the Glideslope Receiver equipped for D.C. operation with
d‘ynamotor, and the left-hand photo as supplied for A.C. input.
Thus it fits the requirements for all commercial, military, and private

vse.

Wnite “Jodlay FOR COMPLETE INFORMATION ON THE
WILCOX 429A GLIDESLOPE RECEIVER

ELECTRONICS — April, 1951
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There are three new grades of C-D Dilecto* that can
withstand temperatures as high as 250°C. They are
chemically inert, silicone-glass laminated plastics that
offer exceptionally high heat resistance and good arc
resistance, extra strength, and positive moisture re-
sistance! At Continental-Diamond we've literally lived
and worked with Silicone Dilecto—perfecting it to a
point where we believe it can be highly useful in

helping to solve your pro-
duction problems — and im-
prove product performance.

Your partner & ¥

DE-2-49

BRANCH OFFICES: NEW YORK 17 e CLEVELAND 14

ing betfe,
(oducitg pro,,:”%

CHICAGO 11

to improve product performance for you!

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

*Dilecto GB—112—S8
Dilecto GB—128—8
Dilecto GB—261—S

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

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

‘ . ""I‘.'.. D;-
()WWW: tamnioned FiBRE COMPANY

e ———————— ———
Established 1895. . Manufacturers of Laminated Plastics since 1911—NEWARK 16 « DELAWARE
M

62
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SPECIAL DELAY LINES

Lumped delay lines ‘‘tailored” to
specific applications have been an-
nounced by the Shallcross Manufac-
turing Co., Collingdale, Pa. A typical
unit consists of eight pie-section low-
loss filters having a rise time of 0.04
microseconds and a total delay of 0.3
microseconds. Maximum pulse voltage
is # 100 volts and impedance is 500
ohms. Cutoff frequency is 8.5 megacy-
cles and the maximum operating fre-
quency approximately 2 megacycles
based on a pulse delay error of not
more than 2%. The unit consists of
eight universally-wound coils of
3-strand #41 Litz wire and nine low
T.C. silver mica capacitors. Many
other types can be supplied.

NEW SHALLCROSS

WHEATSTONE-MEGOHM BRIDGE

The new Shallcross 635-A Wheat-
stone-Megohm Bridge is a versatile di-
rect-reading instrument for accurate
measurements between 10 ohms and
1,000,000 megohms. It can be used to
measure resistance elements and insu-
lation resistance and to determine
volume resistivity of materials. The
instrument is basically a Wheatstone
Bridge used in conjunction with a d-¢
amplifier. Two built-in power supplies
operating on 115 volts, 60-cycles auto-
matically provide the correct bridge
voltages for the high and low ranges.
Full information is available from the
Shallecross Manufacturing Co., Col-
lingdale, Pa.

s :
T

ST W

METAL-ENGASED RESISTORS

Flat, metal-encased, Type 265-A
wire-wound power resistors intro-
duced by the Shalleross Manufactur-
ing Company, Collingdale, Pa. are
space wound, have mica insulation,
and are encased in .aluminum. At
175° C. continuous use they are con-
servatively rated for 7% watts in still
air and 15 watts mounted flat on a

|

kil R WERE’S

RES\STA etc.
ilitate
[ catly fac
BONDS: = s gty 550
ow I 800, ﬁv'\\Y
Shan(.:!oss 1s betweel \echiCa\ conduc m-
<;ompa!\5°n i from testing the e‘, ots, i ents, a;
R nge to conia g ohm.
Their uses 12 d sea\ nt u det
o bondsr elds ak":ng meas.urem?e\ 4, 1ab°!a\OIY or
atures 0F 1 P able for either, RT-1.
guitable units are Write for Bulleth

KELVIN plys WHEATSTO _
NE
RANGES IN ONE HANDY
BRIDGE

i
V\hy Pay for two instruments when one will do
both Kelvin and Wheatstone

it is a typical exam
efficiency and economy.

dard
C1oSS s!an‘ 1

Over 40 Shall nt available o

}4
widest ass©
?eto 7 dials ho;ns
! in styles: : q ne
avﬁlla‘i‘oe!;t:n 1 oducbon’.GSbng
labora!

SHALLCROSS

SHALLCROSS MANUFACTURING COMPANY

metal chassis. Write for Bulletin 122, |
(ADVY.) |
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Four new Speedomax Recorders
to plot lab data automatically

To save the researcher from tedious curve plotting, here are
4 new Speedomax Recorders. There’s a double-pen recorder to
put two continuous curves on one chart . .. there’s a recorder for
“X-Y” curves . . . there’s an adjustable range—adjustable zero
recorder for narrow ranges at high levels. .. and there’s a recorder
for photomultiplier tubes.

7 These instruments are standard production models, ruggedly
TYPICAL RECORD built .. . yet remarkably sensitive. Electronic amplification makes
DSEUCBA-SD;%N 4 Speedomax fast; null-balance measurement insures accuracy.
High motor torque keeps response rapid even when auxiliary

devices add to shaft load. Pens move across 974” scale in 1, 2, or
3 seconds as desired. Thorough shielding and filtering keep out

normal stray fields.

L1

3"}““ writing on chart with door locked; fluorescent light; various
signalling and shut-off devices, etc.

Available extras include chart tear-off; sliding window for

DOUBLE-PEN RECORDER

is used to compare two related functions when variables change too
fast for a two-point recorder. Saving valuable panel space, it plots
two continuous curves on the same chart—either “overlapping’ or
“side-by-side.” Any standard range can apply to either pen.
Available chart speeds are from 1”7 to 1800”7 an hour.

X-Y RECORDER

plots any two variables convertible to d-c signals. X corresponds
to pen travel; Y to up-and-dowr: chart movement. Instrument can
plot vacuum tube characteristics, stress-strain curves, temperature-
temperature difference curves, etc. Chart moves 10” in only four
seconds.

L)
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g
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-
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ADJUSTABLE RANGE and ADJUSTABLE ZERO : ADJUS TABLE<RANGE

. . . . : ADJUSTABLE -ZERO
make this recorder applicable to = wide variety of test measurements. : RECORDER

It’s used with load cells in strain gage applications; it’s used in

expanding small changes at various temperature levels; it’s used in l
studying speed changes over narrow bands, etc. Range is —2 to +20 :
mv maximum; —0.1 to +1 mv minimum. Zero suppression is — 50 i

‘ 7 X
to +50 mv. . t] FREEZING ‘%URPJ
: N
PHOTOMULTIPLIER TUBE RECCRDER } COMPOUND
for recording light and other low-level radiation. With high-gain f _'E L Ritriiter

GO N Y X X YA RN R L AN ENRY |

amplifier built in, recorder connects directly to current leads from
photomultiplier tubes. Lowest range (0 to 0.02 microampere) is :
consistent with smallest currents. By flicking a switch, higher ranges 1

{
|

BHOTOMULTIPLIER TUBE
.. RECORDER

- N0y

can be selected. Thus varying intensity spectra are recorded in detail. g ﬁ
s

If you have a specific problem, we’ll be glad to recommend the ﬂ |

standard or special Recorder to handle the situation. Address our E:i

nearest office, or 4379 Stenton Ave., Phila. 44, Pa. 2 SPECTRUM OF

i LIGHT FROM A
il MAZDA LAMP

MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS ~ HEAT-TREATING FURNACES

IN" " FEDS & NORTHRUP CO.

Jrl. Ad EM9(2)
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We Mobilize for Freedom

FIRST OF A SPECIAL SERIES

The Defense Production Problem

To win out in the struggle for freedom into which
the Russian Communists have plunged us we musf
do at least four things. We must:

1. Speedily carry through a program of de-
fense production which, at its peak, is scheduled
to take about one-fifth of our national output.

2. Pay for this program as we go, by methods
that will enable us to maintain the effort for an
indefinite period — as long as may be necessary
to insure peace and security.

3. Manage intelligently and endure intelli-
gently a set of direct government controls which,
in certain critical departments, will put our na-
tional economy for a time in a hateful straight
jacket.

4. See that these emergency controls are not
fastened upon us permanently thereby presenting
to our Soviet antagonists a major victory for
collectivism on our home front.

This is the first of a series of editorials designed
to present in the simplest terms these key aspects
of our struggle to preserve our free institutions.

A Staggering Task

The magnitude of the defense production job
staggers the imagination. Over the next year it calls
for a larger volume of goods and services than the
20 million people of the states of New York and
New Jersey will use for all purposes. The (London)
TIMES has observed that, taken alone, the increase

of defense expenditures which has been budgeted
for the federal government’s coming fiscal year
(about $30 billion) “is in itself not far short of the
total national income of the United Kingdom.”

Yet so powerful is the production machine cre-
ated by free American enterprise that, at the sched-
uled peak, the defense program will take only about
one-fifth of our total national output. The exact
form and dimensions of the program will, of course,
be hammered out on the anvil of public and con-
gressional debate. But the President’s recent esti-
mate of an annual rate of expenditure of $45-55
billion for defense by the end of this year may well
turn out to be somewhere near right.

To meet even these vast requirements of defense
production we are in better shape technically than
we were when we started to prepare for World War
II. Our industrial plant and equipment is greatly
improved. Over $65 billion has been invested in it
since V-§ Day. Our working force is about eight
million larger than it was ten years ago and much
better trained.

The difficulty, and it is a very serious economic
difficulty, is that we must fit the defense program
into a productive machine that has been almost
fully extended to meet the needs of a booming
civilian demand. The present plan is to step up
defense production during 1951 from about 7%
to about 18 % of our total national output. Because
there is relatively little slack in our economy, this
means that civilian production at the outset must




be cut back as defense production is stepped up.

The cut-back of civilian goods must be espe-
cially severe in the case of products made of metal.
This is particularly true of goods that use scarce
strategic metals such as aluminum and copper. Of
our total defense production program, about half
will go for “military hardware” — airplanes, guns,
munitions, tanks and the machinery to make them.
By the end of 1951 defense requirements are sched-
uled to absorb most of the metalworking produc-
tion not required for essential construction and for
the spare parts necessary to keep existing equip-
ment running. For a time at least, there will be
a sharp cut in the supply of new metal products
available to civilian consumers. The defense squeeze
on both materials and manpower will also cut
sharply into housing and other civilian construction.

For the Short Run — Controls

In the short run there is no answer to the problem
of meeting defense production schedules except
controls. Sharp reduction of non-defense expendi-
tures by government is essential and would help
greatly. But the basic fact is that we cannot in-
crease our total production fast enough to meet im-
mediately both civilian and defense requirements.

Controls are needed, therefore, to switch re-
sources from civilian to defense production, and at
the same time prevent the combined demand for
critical products from sending prices right through
the roof. In the case of many scarce strategic metals
such as nickel, copper and cobalt, the task of in-
creasing output is especially difficult because our
limited supplies are tucked away deep in the earth
in many quarters of the globe.

For the longer pull — and that is what we must
face — there is another answer to our defense pro-
duction problem that is infinitely better than con-
trols. And this time, in contrast to World War II,
it is all-important that we get the right answer to
our defense production problem for the longer pull
and that we get it right now. In World War II we
geared our economy to meet the requirements of a

relatively short and decisive conflict. Now our
leaders, however they may differ as to methods, are
well agreed that, at best, “the conditions under
which we labor may persist for ten, fifteen or
twenty years.” That is General Bradley’s phrase.

For the Long Pull =
More and Better Production

For this longer pull, the constructive answer to
our problem of defense production is clearly more
and more efficient production all along the line.
It is true that overall we now have the most efficient
industrial establishment in the world. But, even so,
much of it is far short of attainable efficiency. Some
plants using up-to-date equipment and methods are
as much as six times more efficient than others in
the same industry that are lagging in modernization.

Our Director of Mobilization, Charles E. Wilson,
has clearly in mind this problem of increasing our
industrial efficiency. The first step in his job, as he
conceives it, is to get out an adequate supply of
weapons to equip the army, navy, and air forces
already mobilized or in process of organization by
us and our allies. The second step is to make sure of
our capacity to produce both “military hardware”
to meet any increased requirements and the maxi-
mum possible volume of goods for civilian use.

In concentrating on more and more efficient pro-
duction, Mr. Wilson is squarely on the beam. We
can attain his objective — by sustained effort on the
part of each one of us backed by up-to-date indus-
trial methods and equipment.

If we do that, we can maintain indefinitely an
adequate defense effort and at the same time enjoy
a standard of living higher than any other in the
world.

Additional production and more efficient pro-
duction are our surest safeguards against our two
most menacing enemies on the home front—the
deadly inflation that can destroy our free economy,
and the strangling government controls that can
destroy our political freedom.

Metraw-fill Publisting Company, lnc.




How to hold down a job—

in a mile deep hole

When the well drillers have ‘““made the hole” and an oil
well is about to come in, a new job arises. And it’s a real
trick to handle, especially since there’s a joker in it.

The job is to pump wet concrete into the hole to seal
the sides. The joker appcars because the shoe through
which the concrete is pumped . . . the shoe that prevents
the wet mix from backing up in the hole to seal it ofT . . .
cannot be withdrawn after the mix has set.

The valve ball and thrust plate of the shoc, illustrated
above, must be made from a hard, dense, tough material.
They must resist the abrasive action of wet cement under
considerable pressure. The ball must be dimensionally
stable. Both parts must be moisture resistant. What’s

more, after the job is complete it must be easy to drill-out

the working parts of the shoe to form a passageway.

This is a rare set of requirements. The makers of the
Turbo Jet Float Shoe found in Synthane the material
to meet them.

The Turbo Jet Float Shoce takes advantage of several
Synthane properties. Other mechanical properties plus
good electrical and chemical characteristics form an
unusual combination which makes Synthane valuable
for a wide range of applications. Synthane may be
of help to you. To find out, send for the complete
Synthane catalog. Address Synthane Corporation,
6 River Road, Oaks, Pa.

PLASTICS WHERE PLASTICS BELONG SYNTHANE

ELECTRONICS — April, 1951
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with WESTON SENSITROL RELAYS

€ Operate reliably on values low as
0.00000000006 watt—and control
12 watts.

® No standby power required—no bat-
teries, tubes, transformers.

& No replacements necessary.

& Magnetic contacts assure reliability—
not subject to frying.

MICROAMPERES

plics , Vg € Available in single and double con-
‘ tact types—manual or solenoid reset.

A versatile three-in-one instrument which provides
a conventional Volt-Ohm-Milliammeter, a high im-
pedance Electronic Volt-Ohmmeter, and a stable,
probe type Vacuum Tube Voltmeter for use to 300
megacycles. RF and D-C probe supplied. Complete
stability is attained on all ranges from 3 t 1200
Volts and 200 Ohms to 2000 Megohms full scale.

WESTON EI.EC'I']!ICAI. INSTRUMENT CORPORATION

Manufacturer of Weston and Tagliabue Instruments
595 FRELINGHUYSEN AVENUE ® NEWARK 5, NEW JERSEY
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IIEAR'I" OF A RECORD-CHANGER

It’s General Industries’ turret-type, 3-speed motor, currently
being supplied to record-changer manufacturers.

In this highly efficient design, turntable speeds of 33%—45 and
78 RPM are secured through three separate pulleys mounted
on a turret plate. By means of a simple lever, the desired

pulley is brought into contact with the idler wheel. The two
pulleys not in contact with the idler wheel remain stationary.

In addition to this turret-type motor, General Industries also
offers the popular Model TR turret-type, manual 3-speed motor,
as well as the Model TS belt-drive 3-speed motor for both
manual and record-changer applications. Write today for full
information on all models.

General Industries also offers a complete range
of single and dual-speed phonomotors to meet
every phonograph and record-changer require-
ment. Complete details on request.

The GENERAL INDUSTRIES Co.

DEPARTMENT B e ELYRIA, OHIO
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SWITCHBOARD INSTRUMENTS SOCKET INSTRUMENTS

/ '
;2L \1_0_/;

AMPERESN__/> 4
U g !
i

PCRTABLE INSTRUMENTS

INSTRUMENT AUXILIARIES RECORDING INSTRUMENTS
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The most complete line

in the industry!

In the complete line of Westinghouse Electrical Instruments, you’re sure to
find the right answer to your measuring requirements. Moreover, you’ll get a
wider selection for specific applications, whether it be a-c or d-c current and
voltage, single or polyphase circuits, watts or vars,frequency, power factor,syn-
chroscopes, temperature indicators, ground detectors or position indicators.

For laboratories, production lines, power plants, field service, or military
operations—whether the requirement is for recording or indicating—for
portable or permanent application—Westinghouse Instruments give you
lasting accuracy.

Meets A.S.A. Performance Requirements

Every Westinghouse Instrument is built to meet the rigid performance require-
ments of the American Standards Association. No more exacting guarantee
of an instrument can be made.

Competent Application Assistance!

Westinghouse Instrument Application Engineers are available to help you in
selecting and applying the proper instruments for your application. Simply
call your nearest Westinghouse office.

For complete information on Westinghouse Instruments write for Booklet
B-4696. Address: Westinghouse Electric Corporation, P. O. Box No. 868,
Pittsburgh 30, Pennsylvania. J-40406

you can 86 SURE.. ¢ 1$

V%stinghouse
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a larger

Production of GLOBAR brand ceramic re-
sistors is being directed to manufacturers of
defense equipment in ever-increasing quan-
tities. These manufacturers must, necessarily,
receive first priority if they are to produce
critically needed equipment during this
national emergency.

However, our productive capacity is such
that we are able to meet most needs of
producers of civilian equipment —and will

Defense needs
are claiming

share

continue to do so in every way that does
not affect defense production.

The unique characteristics of GLOBAR re-
sistors have resulted in many improvements
in circuit designs. Whether you are produc-
ing defense or civilian equipment, it will pay
you to investigate the many types available.
Our complete co-operation is assured. Write
Dept. V-31, The Carborundum Company,
GLOBAR Division, Niagara Falls, New York.

.
Ceram,'c
®8istorg

GLOBAR ceramic Resistors

5y CARBORUNDUM

TRADE MARK

“Carborundum’ and "Globar” are registered trademarks which indicate manufacture by The Carborundum Conzpany, Niagava Falls, N. Y.
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Typical of the TOUGH POTENTIOMETER JOBS

19 Hglipof

g pactnes

The potentiometers illustrated above are typical examples of the tough problems

HELIPOT engineers are solving every day for modern electronic applications. If you have a problem
calling for utmost precision in the design, construction end operation of potentiometer units—
coupled with minimum space requirements and maximum adaptability to installation and operat-
ing limitations—bring your problems to HELIPOT. Here you will find advanced "know-how,”

coupled with manufacturing facilities

q

led in the industry!

The HELIPOTS above—now in production for various military and industrial
applications—include the following unique features ...

This 10-turn HELIPOT combines highest
electrical accuracies with extremes in mechan-
ical precision. It features zero electrical and
mechanical blacklash...a precision-supported
shaft running on ball bearings at each end
of the housing for low torque and long life
... materials selected for greatest possible
stability under aging and temperature ex-
tremes . . . special mounting and coupling for
“plug-in” convenience .. . mechanical and
electrical rotation held to a tolerance of 15°
... resistance and linearity accuracies, ¥1%
and *£0.025%, or better, respectively.

) This four-gang assembly of Model F
single-turn potentiometers has a special
machined aluminum front end for servo-type
panel mounting, with shaft supported by pre-
cision ball bearings and having a splined and
threaded front extension. Each of the four
resistance elements contains 10 equi-spaced
tap connections with terminals, and all parts
are machined for greatest possible stability
and accuracy.

& JThis standard Model A, 10-turn HELI-
POT has been modified to incorporate ball
bearings on the shaft and a special flange (or

ring-type) mounting surface in place of the
customary threaded bushing. This HELIPOT
also contains additional taps and terminals
at the V4- and 934-turn positions.

This standard Model B, 15-turn HELI-
POT has a total of 40 special tap connections
which are located in accordance with a
schedule of positions required by the user to
permi external resistance padding which
changes the normally-linear resistance vs.
ratation curve to one having predetermined
non-finear characteristics. All taps are perma-
nently spot-welded and short out only one or
two turns on the resistance element—a unique
HELIPOT feature!

) This six-gang assembly of standard
Model F single-turn potentiometers has the
customary threaded bushing mountings, and
has shaft extensions at each end. The two
center potentiometers each have 19 equi-
spaced, spot-welded tap connections brought
out o terminals. Each tap shorts only two
turns of 009" diameter wire on the resist-
ance element.

This Model B, 15-turn HELIPOT has
been modified to incorporate, at the extreme

ends of mechanical and electrical rotation,
switches which control circuits entirely sepa-
rate from the HELIPOT coil or its slider
contact.

) This 10-turn HELIPOT has many de-
sign features similar to those described for
unit No. 1, plus the following additional
features . . . a servo-type front end mounting
...splined and threaded shaft extension ...
and a center tap on the coil. All components
are machined to the highest accuracy, with
concentricities and alignments held in some
places to a few ten-thousandths of an inch
to conform to the precision of the mechanical
systems in which this HELIPOT is used.
Linearity accuracies frequently run as high
as £0.010%!

) This single-surn Model G Potentiometer
bas been modified to incorporate a ball bear-
ing shaft and a servo-type front end mount-
ing. Special attention is given to comtact de-
signs and pressures to insure that starting
torque does not exceed 0.2 inch-ounces under
all conditions of temperature.

pendability and

Representatives in all major areas of the United States. Export agents: Frathom Co., 55 W. 42nd St., New York 18.

THE
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SINGLE
CAM TIMER

CAM
ADJUSTMENT

HEW:

The new Industrial Cam Recycling Timer con-
tinuously repeats a constant cycle consisting of definite
ON and OFF periods which can be adjusted from 2%
to 98% of the cycle. By means of percentage calibra-
tions on the cam face any desired setting is quickly
and accurately obtained. The time cycle itself can also
be changed easily by substituting simple gear-rack
assemblies. Thus, from one timer, by using different
gear racks you can obtain 50 different cycles ranging
from the lowest cycle of the timer up to nine times
that cycle. The snap action switch operated by the
timer is a single pole double throw, totally enclosed
10 ampere type. We can supply 500 different time
cycles in this model ranging from one revolution in
15 seconds to one revolution in 72 hours.

REMOTE CONTROL FOR SINGLE CYCLE OPERATION AVAILABLE.

ous Motor Driven
SINGLE CAM and MULTI-CAM

RECYCLING TIMERS

Synchron

MULTI-CAM
TIMER

The Multi-Cam Recycling Timer is identical to
the Single Cam Timer but operates from 2 to 6 circuits
and incorporates several additional features. On
this timer all cams are mounted on a single driving
shaft which assures a common time cycle for all circuits.
Each cam, however, is independently adjustable for a
specific timing sequence. This is accomplished by actu-
ally rotating the cam with finger pressure using the
drum calibrations for guidanee. Thus a range of timing
sequences from 0% to 100% is obtainable on each
circuit with easc. The elimination of cam followers
and other types of moving parts makes possible this
compact unit. 11 models are available with time cycles
ranging from one revolution in 1 minute to one revo-
lution in 72 hours.

Send today for complete details—or, if vou would
like to send us specifications, we shall be glad to make
recommendations based an your particular needs.

Manufactunens of These and Other Temere and Controls for Industny

_—

INSTANTANEOUS
RESET TIMERS

Easridhy

TIMER |

TIMERS

[ COFRFORATIO

r
N/

>

MANUAL
SET TIMERS

J
«4

S
. - 1‘
: - |
¢
»”‘t

TANDEM AUTOMATIC
RECYCLING TIMERS

RUNNING
TIME METERS

INDUSTRIAL TIMER CORPORATION

115 EDISON PLACE,

NEWARK 5, N. J.

|
|
|
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RES A NEW G TUBE
FOR GOMPUTER USE

GL-5844, first of a series, is specially designed for computers . . . and priced economically!

(Qver-all tube length 2"}

/Replaces Type 6J6 in most computer applica- 2 Plate output exceeds that of the 6J6, because of
tions—but requires much less heater power. higher perveance.

Is a true twin triode, specially designed for 3 Failure to function after periods of non-conduction
R ’ * while biased to cut-off (often called tube “slecping
dependability. - . : ping
sickness”) is corrected in the GL-5844 by special

Here’s a great new twin triode engineered for yox as cathode design.

. builder or designer of computers, whether for 4, Cut-off voltage for the two triodes balances within
business t9r research purposes. Superior reliability, * a 1-v limit—a boon to the circuit designer.

mes: d & B = . . . .

redl?rigegst;vgzi replacements, makes the tube a prefer 5. Heater requircment is a third less than with the

) 6J6. In a 600-tube computer, this can save more
You can rely on the GL-5844! This binary-counter than %2 kw of power . . . important economy . . .
type outscores the 6J6 in five important ways: plus helping to assure cool operation.

1. Regular GL-5844 production is 100-percent tested Wire or write for technical-data folder ETD-154. Get
for service in computers. It is not necessary to the fu!l story about this G-E tube “first” in a ficld of
specially select individual tubes for sharp-cut-off expanding importance! General Electric Company, Sec. 2,
performance. Electronics Department, Schenectudy 5, New York.

180-K3
ELECTRONICS — April, 1951 75

— www americanradiohistorvy com



new!|
oWl

AR 5 T4
§

1 b J
; AR | 1L | SRR
/Y \\ \ |

T e RN
\ /// v ' ,;i/’/”f?//?’”

; Av/"’ /i

g I// ‘;-.- Ty
¢ ({I [ ”f////’/"
N \\\\ \‘\‘“{

| TUBULAR
PAPER
CAPACITORS

Fit anywhere!

Suitable for
85°C. operation!

L CAPACITANCE RANGE:
0001 TO .5 MFD.

VOLTAGE RANGE:
200 TO 600 V., INCLUSIYE

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

WRITE FOR COMPLETE LITERATURE

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

§ PYRAMID
PYRAMID ELECTRIC COMPANY
1445 Hudson Boulevard
North Bergen, N. J., U.S. A,

TELEGRAMS: WUX North Bergen, N. J.
CABLE ADDRESS: Pyramidusa
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BUSINESS BRIEFS

By W. W. MacDONALD

Engineering Manpower may
soon be the most critical of -all
commodities in the mobilization
program. If there is any doubt
about this in your mind take a
look back in the Searchlight Sec-
tion (classified advertising) of
this issue under “Positions Open.”

There are a number of reasons
for the growing shortage of elec-
tronic engineers, and they may be
enumerated as follows:

The last war nipped many a col-
lege career in the bud. Registration
of engineering students remained
below normal long after the shoot-
ing stopped. And many GI’s, older
and with family responsibilities,
dropped out short of a sheepskin.

Washington officials have so far
been preoccupied with three fac-

tors. Money, Materials and
Machines. . . in the rearmament
drive. We are just beginning to

hear about engineering-manpower
studies, and all of them will take
time to complete. Meanwhile,
there is danger that failure to ar-
range government research and
development projects in order of
importance and to postpone some
of them so that there will be engi-
neers left over for equipment pro-
duction may complicate matters.
(The Department of Defense has
ordered that basic research in mili-
tary programs be not less than 6
percent of each department’s av-
erage annual research and devel-
opment budget for the last five fis-
cal years.)

The need for electronic engi-
neers on going military projects is
already straining the peacetime
supply. This fact notwithstanding,
departments of some companies
just getting under way on military
orders are being loaded with engi-
neers from other departments not
having military orders in order to
protect these engineers from the
draft. There is, o far, little tangi-
ble evidence in Washington that
engineers still working on civilian
goods, but who will be needed
later on military projects, can be
held by other means.

Hiring of engineers for the pur-
pose of obtaining military con-

tracts rather than for the per-
formance of work already on the
books (p 78, March) persists, and
constitutes a further drain. One
manufacturer of our acquain-
tance is currently delivering $300,-
000 worth of military electronic
gear for every engineer engaged
in its production. Another, by con-
trast, is delivering $30,000 worth.

Pentagon Peregrination

Leader Plans, in which key
manufacturers show the way to
satellite plants, appear to be ap-
plicable to the engineering man-
power problem. We know of a fac-
tory in which redesign permits
highly complex gear that formerly
required assembly by top-flight
technical personnel to be produced
largely by semiskilled labor.

There will be a “before and
after” story about this operation
in our feature columns soon. . .
if we can find a way to tell it
without running afoul of classified
subjects.

The Speed with which things
move in the nation’s capital is il-
lustrated by one of our own recent
experiences.

We telephoned a top official of
the Federal Civil Defense Admin-
istration at an address given in a
press release received only a few
days before, and were promptly
invited to a new building in a dif-
ferent part of the city. Arriving
there, we found our man after
much broken-field running around
scaffolding, plaster bags and loose
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SYLVANIA ANNOUNCES...

o .

A NEW
SUBMINIATURE
GERMANIUM
PHOTODIODE...
TYPE 1IN77

Permits construction of small
automatic multiple counting,
inspecting, and recording systems.

Another Sylvania first is this new Type 1N77 Germanium
Photodiode.

The electrical characteristics of the 1N77 Photodiode are
similar to those of other Germanium Diodes. The reverse
resistance, however, changes when light falls on the diode.
The 1N77 is responsive to radiant energy near the red end
of the spectrum and is especially sensitive to infra-red energy
where it peaks at 1.7 microns.

And, its unique design (a small transparent cylinder) facili-
tates the application of light to the sensitive area.

The Type 1N77 is only .080 inches in diameter. This ex-
tremely small size recommends it for use in many applications
where space-saving is an important factor. It also permits new
engineering concepts in designing efficient and more compact
instruments including automatic multiple counting, inspect-
ing, and recording systems.

For new data sheet concerning Sylvania’s Type 1N77
Photodiode, write Sylvania Electric Products Inc.,, Dept
E-1004, Emporium, Pa.
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The shape of the reverse resistance curve of the
Type 1N77 is similar to that of other Germa-
nium Diodes except that it reaches its peak at a
somewhat higher voltage. Above is a typical
curve for the 1N77 showing the resistance shift
in the presence of light. Below is the basic circuit.
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HOCK and VIBRATION NEWS

BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION

STANDARD MOUNTINGS

NEW ALL-METL
BARRYMOUNTS

for Unusual Airborne
Applications

a4 B

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

ALL-METL Barrymounts offer a
wide load range with uniform per-
formance. They have a natural fre-
quency of about 7% ecycles per sceond,
with low horizontal stiffness for maxi-
mum isolation of horizontal vibration.
Transmissibility at resonance is only
4% . There is no snubber contact nor
resonance carry-over when ALL-
METL Barrymounts are vibrated at
government-specified amplitudes.

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

mounts, see catalog 509.

FREE CATALOGS

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

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

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

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

ISOLATE VIBRATION

Available for Aircraft,
Marine, Mobile, Instrument,
and Industrial uses.

»
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Standard bases built to meet govern-
ment specifications can be furnished
by Barry; special bases can be sup-
plied in sizes and load ratings to fit
customers’ exact requirements, includ-
ing miniaturized bases. See catalog
502 and data sheets 605 and G06.
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Atreraft vibration isolators designed
to meet Army, Navy, and CAA re-
quirements are available in % -pound
to 45-pound unit ratings; also minia-
ture mounts to 0.1 Ib. See catalogs
502 and 509 and bulletins 605-6.

Instrument mountings are furnished
for electronic components, tiny, frac-
tional-HP motors, record changers,
dictating machines, and other light-
weight apparatus. Seec catalogs 502
and 504.

.

Shock mountings for mobile, railroad,
and shipboard service also give vibra-
tion isolation at frequencies above
2000 c.p.m.; useful for general sound
isolation. See catalog 504.

Industrial mountings isolate vibration

from fans, motor-generator sets,
transformers, punch presses, and
other heavy industrial equipment.

Bulletin 607 tells how to cut main-
tenance costs with Barrymounts.

THE BARRY CORP.

707 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS
SALES REPRESENTATIVES IN

New York Rochester

Chicaga

Philadelphia

Minneapolis $t. Louis:
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Washington
Seattle

Cleveland
Los Angeles

Detroit
Toronto

Dayton
Dalias

BUSINESS BRIEFS (continued)

BX cable. Then we had to retire
to the hall with two camp chairs
because hammering associated
with the erection of partitions
made conversation impossible in
the office.

One week later we telephoned
our man again. And found that he
had moved once more. . .back near
the original quarters, where there
was more room for expansion.

Speaking Of Agencies, a Wash-
ington wag said of one (since su-
perseded by another group) not so
long ago that “it has an estimated
half-life of two weeks.”

Receiver Production in 1950, as
reported by RTMA, broke down as
follows:

i 'aa Radio
an 438,700 934,900
Feb 479,900 1,059,200
March 686,600 1,349,500
April 542,600 1,254,200
May 486,000 1,244,700
June 502,500 1,491,100
July 327,500 666,000
Aug 720,600 1,303,700
Sept 843,800 1,335,500
Oct 838,300 1,229,900
Nov 738,800 1,215,600
Dec 858,500 1,505,600
7,463,800 14,589,900

TV picture-tube sales to receiver
manufacturers totalled 7,473,614
units valued at $198,737,428. Or
these, 72 percent were 16 inches
or larger in size.

Radio receiving-tube sales to-
talled 383,960,599, of which 301,-
483,350 went to manufacturers of
equipment, 69,324,540 were for re-
placement purposes, 10,767,831
were exported and 1,384,878 went
{o government agencies.

Industrial Controls employing
electronics can be too good.

A friend of ours recently
shipped an x-ray thickness gage
to a distant rolling mill and then
discovered that the = 4-percent
accuracy built in at considerable
pain and expense was more of a
handicap than a help. The mijll
works to 10 percent, and the in-
strument responded distractingly
to variations in thickness consid-
ered normal.

Similarly, the instrument’s un-
damped indicating meter jiggled
more than plant workers were ac-
customed to. It had to be replaced
with one having more internal
damping and which was, inei-
dentally, cheaper.
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Following Up our recent item
(p 60, Feb.) on the use of radio-
telephone equipment by highway
departments, here’s a list of cities,
counties and states already oper-
ating such gear:

Cities
Cineinnati, O., shared with Water Works
Dist. of Col.,, shared with Public Works
Keene, N. H shared with Public Works
Rome, N. Y., "shared with Public Works
Worcester, Mass., shared with Publie
Works

Counties

Brown, Wisc,, shared with Police
Burlington, N. J., shared with Police
Chautauqua, N. Y., shared with Police
Chelan, Wash,, shared with Police
Columbia, Wisc., shared with Police
Delta, Mich‘, shared with Police
Door, Wisc., shared with Police
Emmet, Mich.,, shared with Police
Genessee, Mich. ., shared with Police
Tosco, Mich., shared with Police
Jefferson, Wisc., shared with Sheriff
Kandiyohi, Minn., shared with Sheriff
Kenosha, Wise., Shared with Police
Kewaunee ‘Wise., shared with Police
Kittitas, Wash., shared with Police
LaCrosse, Wisec., shared with Police
Oconto, Wise.,, shared with Sheriff & Pol.
Oneida, Wisc., shared with Police
Onondaga, N. Y., shared with Police
Oswego, N. Y., shared with Police
Shawano, Wisc.,, shared with Police
Suffolk, N. Y., shared with Police
Winnebago, Wisc.,, shared with Police
Wood, Wisc., Police controlled and oper.

States
Arizona, shared with Police
Arkansas, shared with Police
California, shared with Police
Delaware, leased Tel. Co.
Idaho, leased Tel. Co.
Kansas, shared with Police
Mississippi, shared with Police
Montana, shared with Police
QOregon, shared with Police
Pennsylvania, shared with Police
South Carolina, shared with Police
South Dakota, shared with other depts.
Utah, shared with Police
Virginia, shared with Police
‘Washington, shared with Police
Wyoming, shared with Police

Zenith Phonevision sold 2,561
family-movie ‘“tickets” to 300 Chi-
cago subscribers, at $1 per ticket,
during a recent one-month test.
The average subscriber patronized
the service 8% times. During the
first week he saw 3.1 movies; in
the following three weeks he saw
1.8 movies per week.

The average picture reached 30
percent of the subscriber audience.
The ten lowest-grossing pictures
reached 22 percent.

Magnetic Recording Units hav-
ing a retail value of $15,000,000
were produced during 1950 by the
46 licensees (including 13 foreign)
of the Armour Research Founda-
tion.

For Several Months, a certain
surplus television camera has been
advertised as having 3,350-line
resolution. We suspect a misprint
for, if true, this degree of resolu-
tion would permit delineation of a
gnat’s eyebrow laid out on a piece
of black velvet.
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LINK OR KnkK

If it is true that a sensitive relay is an ordinary design in which
common principles and dimensions have been "squeezed” in order
to gain performance, it logically follows that even as features of

merit are accentuated, so also will be an occasional weakness.

An engineering group charged with the task of making sensitive
relays successfully perform a variety of jobs {us) can obviously
assist other groups having specific relay-using jobs to finish {you)
as much by highlighting weakness as by tub-thumping strong points.
For one thing, we are very well aware both of the weaknesses and
of the best defenses against them. For another, we have the great-
est possible interest in seeing you the user avoid trouble. Naturally,
the more fully you describe your intended use of our product, the

better we can help you get the benefit of its advantages.

It does not occur to us as either wise or useful to "catalog" weak-
nesses where they have restricted importance, or are complicated
to understand, or are not fully evaluated. By the same token, we
are perhaps only human if we call attention only to those appar-
ently having a bearing on the problem at hand. But if you tell us
what you are frying to accomplish, we can tell you of more pit-
falls and how to dodge them in a five-minute telephone conversa-
tion than you are apt to find out in a month of study on any

single application.

SIGMA

SIGMA

INSTRUMENTS, INC.. 62

ww\wamericanradiohistorv.com

CEYLON STREET, BOSTON, MASS.
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MALLORY
SILVER CONTACTS

Fine and coin silver, while having

desirable properties for many applica-
tions, do mot provide the physical
properties required for some appli-
cations. To cover these applications,
Mallory has developed a series ol
silver base alloys. These alloys have
such improved characteristics as
greater resistance to wear, less stick-
ing or melal transler, and greater
hardness. Mallory is fully qualified

the

malerial for vour design. Write today.

to recommend best contact

Savings and New Precision
In Composite Contacts
Result from Mallory Research

Better performance and substantial savings for customers have
resulted time and again from Mallory pioneering in the metallurgy
and fabrication of contacts.

One recent Mallory development is a precision method for
brazing silver or silver alloy discs to a base metal backing . . .
holding the finished assembly to such close tolerances that
machining is not required to square-up the finished piece. Com-
pared with the high material cost of solid silver contacts . . . or
the expensive finishing operation usually required in composite
assemblies . . . this development permits important cost reduc-
tions for Mallory customers.

That’s value beyond expectation !

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

In Canada, made and sold by Johnsen Matihey and Mallory. Ltd., 110 Industry St., Toronto 15, Ontario

Electrical Contacts and Contact Assemblies

P.R.MALLORY & CO.Inc.

P. R. MALLORY & CO,, Inc., INDIANAPOLIS 6, INDIANA

SERVING INDUSTRY WITH

Electromechanical Products
Resistors

TV Tuners

Siwitches
Vibrators

Electrochemical Products
Cupacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products
Contacts Special Metals
Welding Materials
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> HIGH GEAR. .. This issue con-
tains five articles directly con-
cerned with our national defense
effort: on the situation in Wash-
ington ( p 82), on the conservation
of critical materials (p 84), on
quartz crystals for military use
(p 96), on subminiature tubes
(p 108) and on a cobalt-saving
electrostatic-focus picture tube
(p 118). At least two dozen other
articles are in the works and will
be printed as fast as they can be
written and edited.

This augmented editorial pro-
gram on mobilization-period needs
and plans is intended to match
the pace of our industry. For
months, the mobilization effort in
the electronics business has been
strictly cerebral: lots of thinking
and planning, much viewing with
alarm, but not much doing. The
signs are now clear that the men-
tal phase is about to be supple-
mented with some powerful mus-
cular effort. We hope to be helpful
in channelling the motor impulses
from brain to hand. So, from
now on, our readers can count on
a substantial portion of “defense-
effort” copy each month. Those
cowering in ivory towers may
object to this; but the times we
live in leave no .choice.

Bill MacDonald, managing editor
of ELECTRONICS, has been spending
the major part of his time for sev-
eral months on this program. Much
of this time has been spent in
Washington (see ‘“Washington Re-
port,” starting on next page), in-
terviewing men in the three serv-
ices, particularly in procurement,
quizzing the communications people
in civil defense and other agencies
in and out of the Defense Depart-
ment. Bill’s story is the first of sev-
eral to be written by our staff.
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CROSS

TALK

We realize that articles on mobil-
ization could represent a dilution
of the technical broth we serve
each month, but we have no inten-
tion of neglecting our established
cuisine. We have increased the
number of editorial pages by about
ten percent in recent months, rela-
tive to a year ago. Rest assured
that sc long as good technical
papers are available we’ll print
them. But we’ll also print every-
thing worthwhile we can lay our
hands on regarding the mobiliza-
tion effort. Suggestions from read-
ers on topics needing attention are
solicited.

» PRIDE . .. We are pleased and
proud of the record hung up by
the television-receiver industry
during the past five years, up to
and including this month. An ad-
vertising executive who should
know told us that the television
set is the only major consumer
product that has, in the face of the
great inflationary trend, offered
steadily improved performance at
lower cost since the war. This
trend is so familiar to insiders,
and the circuit and component
changes that made it possible so
well understood, that we take it
for granted. Older, better-estab-
lished items like automobiles and
refrigerators (and radio sets, for
that matter) can make no such
boast.

The recent cause for pride is
the way in which industry engi-
neers have found ways to design
around shortages without affect-
ing the performance of television
receivers. At the moment we have
seen only one such redesigned set
in operation, the Philco model
demonstrated to the press in Feb-
ruary. It worked fine; in fact it

had us fooled completely in a com-
parison test with the older, cobalt-
incrusted model.

Cynics may argue that it’s easy
to lower the cost of a device origi-
nally priced too high, easy to “de-
sign out” components that never
should have been designed in. But
that’s hindsight. It takes plenty of
plain old-fashioned ingenuity and
hard work to do it. And we're
proud of the boys, at Philco and
in every other plant, who did it.

» REVERSE . . . An engineer in
the Westinghouse electron-tube
organization reminds us that the
trend to smaller, higher-perform-
ance, lower-cost tubes is a mixed
blessing. Industrial users, includ-
ing the biggest industrial user,
the Defense department, still are
leery of using tubes in many places
where a mechanical or electrical
linkage will do the job, albeit
imperfectly, because “electron
tubes are not sufficiently reliable.”
Our Westinghouse friend feels
that the present urges in tube de-
sign development contracts, with
a few notable exceptions, aren’t
making tubes any more reliable.
He says a few development con-
tracts should be let for new tube
designs with reliability (life and
constancy) as the prime objective.
Let size, cost and efficiency go
hang for once. Let’s see what can
be done toward making tubes as
rugged and unchanging as a crow-
bar. We’ll go along with that. The
tube business is big enough to be
able to take on a contract or two
with a strictly reverse twist. Make
the tubes bigger, more costly,
lower the transconductance, lower
the emission, lower the plate dissi-
pation. But make ’em like the iron
wheel of a freight car.
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WASHINGTON Report

THE MOBILIZATION PROGRAM has created a number of major problems for manu-

facturers of electronic equipment.

Five questions, in particular, are being asked by

industry and realistic answers may constitute the key to 1951 business

By W. W. MacDONALD

Managing Editor
ELECTRONICS

HE AMERICAN ECONOMY may have to function in
Ta state of suspension somewhere between war
and peace for an indefinite period. The country’s
position is not unlike that which applied around June
of 1941, with lend-lease well along, mobilization under
way and Pearl Harbor off in the indeterminate future.

Suspension between war and peace is considered
probable through 1951, though the situation could
quickly deteriorate. This would explain why many
top men in Washington think as they do . . . . why,
for instance, most of them are preoccupied with the
urgent business of stockpiling sufficient equipment
to fight a major war for a year and only secondarily
concerned with civilian problems at this time. It
would explain apparent inconsistencies such as the
tendency to press for production along certain narrow
lines while manufacturers whose productive capacity
will almost certainly be needed later are temporarily
left to fend for themselves. It would also provide a
key to many questions being asked by the electronics
industry, such as those that follow:

How Much Military Electronic Equipment
Business Will There Be in 1951?

Money available from last year and recently appro-
priated for use this year exceeds the amount actually
spent on electronic equipment in the peak year of
World War II. The Services have materially stepped
up orders in the past two months by negotiating con-
tracts rather than calling for bids. It must be re-
membered, however, that the appropriated dollar buys
perhaps 50 percent less equipment today than it did
in 1944. 1t should also be appreciated that initially
needed military items are not only still in process of
design in many cases but are chiefly large, complex
and expensive units such as radar rather than the rela-
tively small, simple and inexpensive items most manu-
facturers are at present equipped to produce for the
civilian market. Volume orders for items such as
walkie-talkies, which lend themselves to engineering
and mass-production techniques similar to those used
in the manufacture of television receivers, will come
later.

There will be less military equipment business in
1951 than the average manufacturer expects, despite
the size of the mobilization program.
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How Much Civilian Business
Can Be Done During the Year?

Civilian-equipment manufacturing depends upon the
availability of materials, and there is a distinet possi-
bility that the Government has arbitrarily slapped on
many controls to guard against dissipation of supplies
that may or may not turn out to be critical and intends
to relax them piecemeal when it is statistically certain
this can be safely done. There are already signs of
such piecemeal relief, and it may help a little
even this year. Some manufacturers, further-
more, have taken a second and less jaundiced lock at
available supplies and think they may be able to main-
tain near-normal production through the first six
months of 1951 and perhaps into the early Fall
Scrambling from week to week for needed materials
is now taking on certain aspects of a “routine
emergency.”

Substitute materials are at least a topic of active
conversation in all branches of the electronics industry
as are simplified circuits that employ fewer or less
critical component parts. DMany manufacturers have
such materials and circuits well along in the develop-
ment stage (see p 84) but it does not at this writing
seem that the work is sufficiently advanced through-
out industry to give much relief before Fall at the
earliest. Meanwhile, maintenance of production is
more likely to be accomplished by efficient expediting.

There will be more cwilian equipment manufactured
and sold during the year than at first seemed possible.

Are Military Orders Likely to
Compensate for Lost Civilian Business?

Firms active in the field of electronics are best
divided into four categories when seeking an answer
to this question: (1) The dozen or so that are highly
diversified and mass-produce radios and television
sets as just one of many allied activities and who have
done research and development work as well as manu-
facturing for the Services on a more or less regular
basis since World War II; (2) The many manufactur-
ers who have specialized almost exclusively in the pro-
duction and intensive marketing of radios and tele-
vision sets and who represent a lion’s share of the
industry’s dollar volume in peacetime; (8) Companies
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primarily engaged in moderate production of popular
consumer items but somewhat more diversified than
the second group and already doing some business with
the Services; and (4) Established firms whose chief
interest is in research and development and prototype
models rather than mass production.

The first group, considered from a top-management
rather than a departmental standpoint, should do
reasonably well with respect to overall business; it is
in no worse position than the other groups with regard
to materials needed for civilian-equipment production
and is the first source of supply for the Services. The
second group is in the most vulnerable position and
little immediate relief is likely from Government; the
Services are aware of the long-term desirability of
preserving the facilities of this group for future
employment on mass-produced military items but are
too preoccupied with current needs to do much for it
right now. The third group is sufficiently flexible with
respect to what it can produce in small as well as
large quantities, and with regard to overhead, to
weather emergency controls. And the fourth group,
not too much bothered by material shortages, is apt
to do well; basic research work farmed out by the
Services may run three times what it did last year.

Considering the industry overall, military business
18 not likely to compensate for lost civilian business in
1951.

What Are the Chances of Early
Government Relief in Hardship Cases?

The Services have until recently considered it desir-
able to deal directly with a relatively small number of
highly integrated companies in the field of electronics.
Although this desire persists, the rapidly increasing
need for more equipment is bringing with it new
interest in possible secondary sources of supply. Even
if this interest were not genuine, civilian agencies
associated with the Services under the mobilization
program are pressing in that direction, and the
Marshall directive that business must be spread around
wherever possible cannot be taken lightly.

In several agency offices the preparation of lists of
secondary-supply sources amounts at this moment
almost to an obsession. The fly in the ointment is
the fact that the Services are not yet completely con-
vinced that firms on their own lists, or those con lists
prepared by the industry itself, are properly qualified.
It will take some time to find out; a combination of
engineering ability and production facilities that meets
the needs of the military is the immediate need.

Aside from their search for additional prime con-
tractors to back up those already on the books, the
Services are starting to insist that some specified
percentage of the work involved in prime contracts
be subcontracted. There has, so far, been little sug-
gestion or dictation as to who the subcontractors
should be. Prime contractors operating under such
contracts are for all practical purposes serving as
“leaders,” much along the lines recommended by cer-
tain segments of the electronics industry before the
mobilization program went into high gear. Yet it
cannot be said that the leader plan represents official
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Government policy, for it is just one of many methods
being used to stimulate military equipment production.

Controlled materials are being released to alleviate
individual hardship cases after critical study of each
plea for help rather than blanket study of the situa-
tion in any particular branch of the industry. The
criterion is the percentage of a manufacturer’s produc-
tive capacity at present devoted to, or quickly capable
of being devoted to, production of military equipment
currently needed or in the near future likely to be
needed by the Services. Where relief is given in such
cases some overflow of material may be permitted to
go into civilian goods if this seems desirable in order
to maintain a fully integrated operation. Plant ex-
pansions are approved or disapproved on the same
basis. Their immediate and future usefulness in the
military program is considered along very specific
rather than general lines; consideration of the long-
range usefulness of civilian-goods manufacturing
facilities may be the next phase of Government plan-
ning but it is not much in evidence right now.

The chances of early government relief in hardship
cases are slim unless the production of military equip-
ment can be brought into the picture in very concrete
terms.

What Can Distressed Manufacturers Do
To Hold Their Organizations Together?

Direct contact with the Services is apt to produce
immediate prime contracts only if a manufacturer can
give very tangible evidence that he has the right kind
of engineering and the right kind of production facil-
ities to handle highly specialized military orders
quickly. Neither a hat-in-hand nor a table-thumping
approach is likely to get anywhere.

Subcontracts are best obtained by approaching
prime contractors; a good word from the Services may
help but can’t do the whole job. Prime contractors, it
should be noted, are being besieged by well-meaning
people who have miscellaneous production capacity of
a kind that cannot readily be used in the manufacture
of currently needed military gear. Spot checks among
prime contractors indicate that a certain amount
of engineering, as well as productive capacity, is essen-
tial in a subcontracting organization despite the fact
that overall engineering problems are handled in the
leader plant. Good subcontracts for firms in the field
of electronics need not, it should also be noted, neces-
sarily be electronic in nature.

Maintenance of civilian-goods production depends
almost wholly upon a manufacturer’s mental and
mechanical agility in devising ways and means of get-
ting around material shortages. Here also it should be
noted that it may be possible to utilize an appreciable
part of a plant’s engineering and productive capacity
and, perhaps, even its distribution channels, by supple-
menting a line such as television sets with some non-
electronic product to which the market is receptive
and for which critical materials are not needed.

Prime contracts, subcontracts, a conventional and an
unconventional civilian-goods line . . . . at least three
of these four may be needed to hold a distressed man-
facturing organization together through 1951.
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OLD PHILCO TV SET using permanent-magnet-focused picture tube weighed 39-pounds l0-ounces

Electronic equipment manufacturers, aided by component-part and accessory makers,
strive to maintain civilian business during the mobilization period with its attendant
government controls. Redesign of many items saves scarce metals. New television-

receiver circuits provide performance equal or superior to older models

LOOKING AHEAD With RCA

CRITICAL-MATERIAL SAVINGS per million 17-inch tv sets in current production, by comparison with similar
models made in the last half of 1950, are shown in regular type. Additional savings expected to result from the
use of electrostatically focused picture tubes later in the year are shown in bracketed italic figures

Material Pounds Saved Material Pounds Saved
ALNICO-5* in Beom Bender . . . . .. ... .. 4,400 COPPER in Hookup Wire. . . ....... . ... 47,000
in Focus Mognet. . ... ... ... ..... None in Copocitor Leads. .. . ... ... . ... 11,850
(310,000) in Power Transformer Shorting Bond. 190,000
in 8-inch Loudspeaker . ... ... ... . 72,000 in Tubes . . ... ... ... .. ... ... ... 33,000
in 12-inch Loudspecker .......... 135,000 NICKEL in Ferrite Cores. . ... . .. ... ... 12,400
in Tubes .. ... ... ... ... ... ... .. 33,600
ALUMINUM in Picture-Tube Protective Cup 62,000

indSRield] .« yoviuiva ohras i ek 8 B D 4 100,000 STEEL in Focus Magnet. . ............. 500,000
STEEL in 12-inch Loudspeoker. .. .. ... .. 142,000

BRASS in Focus Mognzat. . . ...... ... .. None .
(22,000) TINinSolder. . ... ... ... ... ... .. ... 50
in 12-inch Loudspeoker . ......... 50,000 ZINC in Focus Magnet. . . ... ... .. ... None
in Yolume Contrel .. ... . ... ..... 12,200 (310,000)

* Alnico-5 contains 24 percent cobalt, 14 nickel, 8 aluminum, 3 copper and 51 percent iron
84 April, 1951 — ELECTRONICS
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Critical Materials

NEW PHILCO TV SET using electrostatically focused picture tube weighs 27-pounds 8-ounces

OR NEARLY TWO YEARS manufac-

turersg of electronic equipment,
aided by makers of component
parts and accessories, have been
quietly yet intensively searching
for ways and means of holding the
quality of their products up . .. in
the face of increasing costs . . .
without pricing themselves out of
the competitive market. This has
been particularly true in the field
of television, where the prize for
the factory that could produce a
good set for less money, or a better
one for the same money, has dan-
gled tantalizingly ahead like a bun-
dle of hay before a horse’s nose for
an even longer time.

Korea and the resulting declara-
tion of a national emergency gave
the program increased impetus and
importance, for it is obvious that
circuits which hold costs down do
so by conserving materials as well
as manpower. And conservation of
critical materials is now essential if
the industry is to preserve some
civilian business without much im-
mediate assistance from the Gov-
ernment. Even if this is done,
other factors (see p 82) may still
make the going tough in 1951.
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Many firms are known to have
new designs which conserve cur-
rently ecritical materials at least
well along in the development stage,
and production models will soon
be out in the open for others to
study. Phileo has already announced
a “performance-with-conservation”
tv chassis and publicly demon-
strated that it provides reception
superior to 1950 models. No more
costly to produce initially, the new
design may actually cut costs at the
factory level as much as 20 percent
when the production peak is
reached. The circuit diagram and
other details have been offered to
the industry. RCA’s announced
approach, while not identical, has
the same objective of preserving or
improving performance while at
the same time conserving critical
materials. This objective is already
being applied to current production.
Many ideas have been passed along
to licensees, where they may very
well set a pattern.

TV, Radio and Phonographs

RCA considered substituting
electromagnetic loudspeakers for
p-m types which used an average of

2.5 ounces of Alnico-5 but decided
against it at this time because the
field coil of a satisfactory substitute
would have required an additional
pound of copper, and copper as well
as cobalt is in short supply. Instead,
p-m loudspeakers are at present
being retained but the largest mag-
net used weighs 1 ounce and the
average weighs 0.75 ounce. Loud-
speaker redesign also resulted in
savings in associated brass and
steel parts.

The average focus magnet for tv
picture tubes produced last year
contained 5 ounces of Alnico-5.
Methods of reducing the amount of
Alnico-5 required are being actively
investigated and this work may
later bear fruit. Meanwhile, a return
to electromagnetic focusing has
been considered and discarded. It
would require the use of a focusing
coil employing 2 pounds of copper
wire and the direct current flowing
in the coil would have to be adjust-
able. The power supply would have
to be enlarged and this would re-
quire more copper and iron in the
transformer or more electrolytic
capacitors and selenium rectifiers,
both of which use critical alu-
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PHILCO’S NEW TV CHASSIS
ALUMINUM is conserved by

Replacing metal picture-tube frame-assembly straps with fabric.
Replacing metal picture-tube protective cup with Royalite and fibre.
Removing one electrolytic capacitor, unnecessary with electrostatic focusing.

Reducing amount of foil in other electrolytic capacitors, permitted by lowered power-
supply voltage.
Saving is 0.563 pound per receiver, or 68 percent.

ALNICO-5 is conserved by

Replacing p-m loudspeaker with electromagnetic type.
Replacing p-m with electrostatic focuser.
Replacing Alnico-5 with Alnico-3 beam bender containing no cobalt.

Saving is 0.476 pound per receiver, or 100 percent.

BRASS is conserved by

Substituting steel for more critical metal in some hardware and screw-machine parts.
Reducing amount of critical metal in control bushings.

CADMIUM is conserved by

Changing plating on deflection chassis and other metal parts to noncritical materials
wherever soldering requirements permit.

COPPER is conserved by

Removing high-voltage power transformer entirely, employing a voltage-doubling
selenium-rectifier system that reduces primary-power requirements 20 percent.

Using a smaller filament transformer.

Reducing amount of wire in oudio-output transformer, using compensating circuit to
maintain sound quality.

Using 24 instead of 22-gage hookup wire.
Shortening leads on tubular and mica capacitors.

Eliminating width and linearity coils by using new and more efficient deflection
circuits.

Reducing size of horizontal-output-transformer coil by using new and more efficient
circuit and new type-6V3 damper tube originally designed to facilitate reception of
CBS color.

Replacing ribbon-type ground and mounting straps with wire,

Saving is 1.236 pounds per receiver, or 26 percent.

FERRITE is conserved by

Reducing size of horizontal-output-transformer core by using more efficient circuit
ond 6V3 damper tube.

Replacing deflections-yoke core with flake iron, a newly developed noncritical material.
Using new resistor-type width-control circuit, eliminating both coil and core.
Omitting linearity-control coil and core by using new circuits.

Saving is 0.529 pound per receiver, or 51 percent.

SILICON STEEL is conserved by

Using voltage-doubling selenium-rectifier system eliminating high-voltage power trans-
former,

Reducing size of audio-output-transformer core.
Saving is 7.399 pounds per receiver, or 58 percent
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minum. Instead, a 17-inch electro-
statically-focused picture tube has
been developed (see p 118) and sets
using this tube will be in produc-
tion in the second quarter of 1951.
As the supply of electrostatically-
focused tubes increases, changeover
is planned for all models. This may
be possible by July.

Alnico-3, which contains no co-
balt, is being used in beam benders
in place of Alnico-5.

Nickel oxide is used in the fer-
rite cores of many radio and tv re-
ceiver coils. A change in the fer-
rite formula from 13 to 10-percent
nickel oxide has already been
effected and cores using the new
material are in use. Laboratory
work aimed at further reducing the
amount of nickel oxide required
contemplates substitution of some
magnesium oxide, reducing the
nickel-oxide content of cores to per-
haps 5 percent. Early tests indi-
cate that this might be possible by
Fall.

Copper is being conserved by
using a 20-mil-thick shorting band
instead of a 40-mil-thick band in
power transformers. The band re-
mains 2 inches wide. Hookup wire
has been reduced from 22 to 24-
gage. Copper-clad steel wire is
extensively used in place of pure
caopper wire for the leads on wire-
wound resistors and chokes. The
length of copper leads on paper and
ceramic capacitors has been re-
duced. Television deflection yokes
use almost as much wire as power
transformers. Work now in prog-
ress to reduce the amount of
copper in such yokes appears prom-
ising. The use of smaller wire
gages in transformers may be pos-
sible due to reductions in power
demand brought about by receiver
circuit refinements.

Brass is being conserved by sub-
stituting steel, particularly in
record changers. Shorter brass
mounting bushings are being used
on some variable controls. Alumi-
num cups heretofore used to pro-
tect the ends of picture tubes pro-
truding from the backs of cabinets
have given way to plastic. It may
soon be possible to reduce chassis
size, which would save steel and
plating materials. Further word
on this and other conservation
measures is expected in May.
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Conservation measures are by no
means confined to electronic equip-
ment such as television and radio
sets. Efforts are also being made
to save critical materials elsewhere.

Installation Material Savings

The subsidiary RCA Service
Company is conserving critical
metals by changing its television
installation techniques.

Aluminum used in receiving-an-
tenna masts was reduced 50 percent
in the first quarter of 1951 by a
number of methods. Conventional
8-foot aluminum masts were re-
placed by 6-foot steel masts
wherever possible. The 12-foot
aluminum masts using 1%-inch tub-
ing with 0.083-inch wall and weigh-
ing 4.75 pounds were replaced by
10-foot aluminum masts using
12-inch tubing with 0.072-inch wall
and weighing 3.46 pounds. This
saves 1.29 pounds of aluminum per
unit, or 27 percent. The 12-foot
masts will eventually be replaced by
10-foot masts made of 1%&-inch, 16-
gage steel tubing. Antennas them-
selves have been lightened by re-
ducing the wall thickness of 3-inch
aluminum tubing from 0.042 to
0.035-inch, saving 10.4 percent of
the metal per installation. A
stronger alloy is used, at slightly
increased cost. ’

Copper is used in substantial
amounts in television-receiver
transmission lines. The length of
the average line has been reduced
from 123 feet per installation to 83
feet, which represents a net reduc-
tion of 32 percent. This has been
accomplished by placing antennas
as near as possible to receivers, by
measuring required lengths of lines
more accurately and by splicing and
soldering short lengths. The 300-
ohm ribbon used in the past had
seven strands of 28-gage copper
wire in each conductor and a pound
of copper yielded 147.5 feet of line.
A new type, considered adequate
and soon to be used, employs seven
strands of 30-gage wire, which will
yield 234-feet of line per pound of
copper and achieve a net saving of
33 percent.

Since copper may become still
more critical, tests are being con-
ducted on 300-ohm transmission
lines using steel wire having a thin
skin of copper. While the total
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weight of the metal would be ap-
proximately the same, the major
part of the copper would be re-
placed by steel with a net reduction
of 82% percent in copper usage.
Coaxial cable uses even larger
amounts of copper. Tests are being
conducted in cooperation with Ana-
conda Copper on thin aluminum-
foil sheath to replace the copper-
braid shield of such cables. Cable
now used in multiple-antenna sys-
tems requires 22.5 pounds of copper
per 1,000 feet. Twenty pounds of
this total are in the shield. The
type under development uses 2.5
pounds of copper plus # pound of
aluminum per 1,000 feet.

Steel usage will be increased as
this metal is substituted for alu-
minum in receiving-antenna masts.
It has, however, been found that
such items as roof mounting
brackets lend themselves to rede-
sign. In one instance a bracket

LOOKING BACK

IF the 7,463,800 tv sets produced by all
manufacturers in 1950 had been like the
new Philco design the following savings
would have been realized

2,100 tons of ALUMINUM
440 tons of COBALT

4,600 tons of COPPER

2,950 tons of FERRITE

27,600 tons of SILICON STEEL

weighing 7.4 pounds has been re-
placed by two alternate types
weighing 5.75 and 4.9 pounds re-
spectively. The new brackets have
adequate strength and save 29%
percent of the required steel.

Zinc is ordinarily used as plating
for steel masts and brackets. A
plastic coating is now being used
and saves 0.32 pound of zinc per
installation.

Electron Tube Metals

Even in electron-tube manufac-
turing a number of important con-
servation measures are being taken.
A new anode material has been
developed to a point where it seems
to meet all the requirements as a
substitute for pure nickel strip.

The new material is known as
S8S1 and consists of a cold-rolled
steel strip which is nickel-plated,
coated with nickel oxide and then
bonded to a deoxidized aluminum
base and carbonized. In some
applications a satisfactory carbon-
ized strip can be made without
nickel plating, by applying a nickel-
oxide coating over plain steel and
carbonizing.

Nickel-plated Armco iron, a steel
containing less than 0.05-percent
carbon, is being extensively used as
a substitute for pure nickel wire.
In some instances 18-8 stainless-
steel wire is being substituted for
18-12 stainless-steel wire. Possible
substitution of 18-8 stainless-steel
wire for nickel wire in certain non-
critical tube components is being
studied. An example would be
getter loops.

Copper used in power tubes,
which include many transmitting
and industrial types, continues to
resist substitution measures. The
metal is being conserved in the
manufacture of conventional re-
ceiving types by substituting
nickel-plated-iron grid side rods for
the copper rods which normally
account for 90 percent of the
copper used in such types. A 30-
percent reduction in the amount of
copper used as grid side rods ap-
pears possible by May. A further
reduction of 19 percent in the
amount of copper used in receiving
types also seems possible by reduc-
ing the diameter of wires connect-
ing tube elements and base pins.

The principal use of copper in
cathode-ray tubes is in the exhaust
tubulation, which is pinched off
after the tube is evacuated. Glass
is being substituted for copper
tubulations as rapidly as possible.

The percentage of tin used in
solder employed in tube manufac-
turing normally ranges from 35
percent to 60 percent. At the pres-
ent time it is being held to 35 per-
cent and in the near future nearly
all tube production will use 20-
percent-tin-content solder.

Additional techniques developed
to permit continuance of civilian
business will undoubtedly see the
light of day in the next few months.
The conservation of critical mate-
rialg is by no means a static condi-
tion at this writing.—W.Mac¢D.
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The balloons are inflated in the tent, out of the wind

Cosmic-Ray Radiosonde

Geiger-Muller counters trigger a multivibrator which keys a uhf transmitter. Received

c-w pulses suppress superregenerative receiver hiss and a signal comverter operates a
S S

recording oscillograph.

ERTAIN CHARACTERISTICS of

cosmic radiation can be ob-
served only near the top of our
atmosphere. At an altitude of 100,-
000 feet, only 1 percent of the
atmosphere remains overhead so
measurements are generally made
near this level.

During recent investigations® of
primary cosmic radiation involving
expeditions both to the tropics and
to the arctic regions, the policy of
confining observations to limited
tvpes of measurement per flight
was adopted; many simple flights
are preferable to a few complicated
ones.

Reduction in weight permitted
by limitation of instrument funec-
tion simplifies launching procedure.

Joint program with the ONR and the
AEC. Field expeditions sponsored by the
National Geographic Society.

and frequency

By MARTIN A. POMERANT2Z

Bartol Research Foundation
Franklin Institute
Swarthmore, Penna.

It becomes feasible to conduct re-
peated flights with identical ar-
rangements, thereby providing
many independent checks. Com-
plications associated with telemet-
ering many types of information
simultaneously are avoided. It is
also possible to follow the progress
of a flight without analyzing a
photographic record, and audibly
to determine counting rates as fre-
quently as necessary to facilitate
preliminary plotting of the results.

Hedging

Finally, the consequences of
failure of any essential component
are far less serious. Particularly

WWW.americanradiohistorv.com

Altitude and temperature are indicated by modulation intervals

valuable, moreover, is the “hedg-
ing” afforded against premature
bursting of balloons. A flight
which does not attain an altitude
sufficiently high to provide all de-
sired data need not be discounted
as a total loss. The data may serve

quite satisfactorily as confirmation

FIG.

1—The
without its Pliofilm cover

balloon-borne instrument
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FIG. 2—The complete balloon-borne unit, with dashed lines indicating sub-assemblies

and Telemetering System

of results obtained in another
higher ascent.

The complete balloon-borne in-
strument is shown in Fig. 1, while
Fig. 2 is the circuit diagram. The
assembled apparatus comprises sev-
eral units, which are constructed
and tested separately. These are:

(1) Geiger-Muller counters.

(2) Coincidence selector circuit.

(3) Multivibrator keying unit.

(4) Radio transmitter.

(5) Pressure and temperature
ments.

(6) Power supply.

A terminal strip on the multi-
vibrator chassis serves as the junc-
tion point between the batterv pack
and the various circuits. All con-

ele-

Another view of the instrument pictured
at the left
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nections are effected through a
single connector plug. In accord-
ance with instructions attached tc
the instrument, the finder of a
landed flight disconnects the bat-
teries, so that upon recovery they
may be checked in a condition rep-
resentative of that prevailing dur-
ing the flight.

All components are mounted on
an aluminum framework. The
weight of the complete instrument,
exclusive of lead absorber and rig-
ging, is 10.3 lb.

Although temperatures of —55 C
prevail in the stratosphere, the
gondola is maintained close to room
temperature by invoking the
“greenhouse effect”. A double
layer of Pliofilm encases the ap-
paratus, and the interior of the bag
becomes heated by solar radiation.

Counters and Selector Circuit

FEach instrument contains four
G-M counters arranged to record
quadruple coincidences.

The individual counters GM,,
GM,, GM, and GM, are 20 cm in
length and 1 em in diameter. The
filling, consisting of a mixture of
86 percent argon and 14 percent

butane at a total pressure of 12 cm
of Hg, provides stable self-quench-
ing operation. The counting-rate
plateau exceeds 200 volts and is in-
dependent of temperature between
—60 C and +50 C. The net effi-
ciency of the counters exceeds 99
percent.

Tubes V,, V., V, and V, comprise
a mixing circuit into which counter
pulses are introduced for the pur-
pose of selecting fourfold coinci-
dences. Discrimination (ratio of
the amplitude of a fourfold coinci-
dence to a threefold event) at
normal operating voltages exceeds
50. Time constants are such that
when background cosmic-ray in-
tensity attains a maximum value in
the stratosphere the rate of chance
coincidences between genuine three-
fold events produced by single
particles traversing three counters
and a discharge arising from an
unassociated particle passing
through the fourth counter is
negligible.

Multivibrator Keying Circuit

When a negative pulse from each
of the G-M counters cuts off all
of the associated selector tubes a
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positive pulse sufficient to overcome
the bias appears on the grid
of V,. This positive pulse produces
a negative pulse at the grid of V,,
thereby cutting off the latter norm-
ally conducting tube. A portion of
the positive pulse which is conse-
quently produced at the plate of V.
is fed back to the grid of V,, thereby
maintaining the latter in the con-
ducting stage for a period de-
pendent upon the associated time
constants. Plate current thus
flows through the load of Vi, relay
REL, for a time sufficient to per-
mit the separation of the normally
closed contacts. Ungrounding of
the junction C, — R, results in the
application of a large positive volt-
age pulse to the grid of V., which
maintains the flow of current
through the relay for a relatively
long time interval conveniently ad-
justed by changing capacitor C,.
Sufficient time-delay to record a
c-w radio signal could be attained
with a conventional multivibrator
arrangement but the method involv-
ing feedback from the keying relay

FIG.

3—The baroswitch,
height of ascent

It signals

affords a considerable economy in
battery drain.

Radio Transmitter

The radio transmitter, a modified
version of the type utilized in me-
teorological radiosondes, employs
a twin-triode tube, V., of which
one-half serves as a modulator
while the other acts as ultra-high-
frequency oscillator. The modula-
ter is of the “trigger” type, oscil-
lating at the frequency of the tuned
circuit formed by L,, L, and capaci-
tors C, and C,. The oscillating
frequency is approximately 1 mega-
cycle per second. The oscillations
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are intermittent, being controlled
by the resistance-capacitance cir-
cuit composed of capacitor C, and
the resistance network formed by
R., R, and a temperature-sensitive
resistor.

The uhf oscillator operates at
72.2 megacycles. Contrary to con-
ventional procedure, oscillations oc-
cur only when the modulating os-
cillator is off. When the latter is
on, its plate draws current and a
negative voltage appears across
resistor R,. This induces a nega-
tive voltage across R, which is a
portion of the uhf grid resistor.
This voltage blocks the oscillator.

The output of the uhf oscillator
is coupled inductively to a half-
wave vertical antenna by means of
a single turn at the center of the
antenna adjacent to the plate coil.

Pressure and Temperature
Elements

Barometric pressure is measured
by a baroswitch. The contact sur-
face, visible in Fig. 8, consists of
80 silver contacts alternated with
insulating spacers. Every fifth
contact is twice as wide as the
others. As the instrument rises
through the atmosphere, the evacu-
ated aneroid diaphragm expands,
causing the contact arm to move
across the commutator. The baro-
switch is calibrated under a bell
jar, so that the pressure cor-
responding to any contact number
is determined. In the present ap-
plication, only certain contacts are
operative.

Whenever the contact arm passes
over one of the retained contacts,
relay REL, in Fig. 2 is actuated.
This ungrounds the grid of the
modulating oscillator, permitting it
to function with intermittent oscil-
lations, and also closes the trans-
mitter key relay REL, thereby
applying plate voltage to the uhf
oscillator. The frequency of the
audible tone which is thus trans-
mitted varies as a function of the
temperature of the temperature-
sensitive element, which is a re-
sistor composed of semiconducting
material having a high negative
temperature coeflicient. The tem-
perature measurement depends up-
on the ratio of resistance at one
temperature to that at any other.
Calibration consists of observing

90 —r—T——
I 80
S0
5
éso- T
S50
]
Eat .
=

— 30 T

Sat R

2o} i
0 20 40 60 80 00 120 4O 16D 180 200 220 240
ELAPSED TIME N MINDTES

™\

FIG. 4—Time-altitude record of a typi-
cal flight

the audio frequency at any single
temperature. The frequency is
determined by beating the incom-
ing tone in headphones against the
output of a calibrated audio oscil-
lator with a continuously variable
frequency control and setting the
latter for zero-beat.

During a flight, the on and off
times of the contacts are logged
and from this the altitude-versus-
time curve, Fig. 4, can be plotted.
Coding afforded by close-spaced
groups permits positive identifica-
tion in the event that any of the
contacts fail to function.

Pressure measurements are re-
producible to within = 1 mm of Hg
in the high-altitude regions, and,
although any individual reading
could be subject to error owing to
occasional frictional effects, alti-
tude determinations based upon the
plotted curve minimize any such
uncertainties.

In the range of normal room tem-
peratures which usually prevail
within the instrument during fiight
the temperature may be determined
within == 1 C.

Power Supply and Tests

An assembled battery pack is
visible in Fig. 1. Separate supplies
are provided for transmitter and
counter circuits. The high voltage
for the counters is furnished by
three Eveready type-493 batteries
in series with six type-412 batter-
ies, providing a total of 1,035 volts.
With a unit of this type, the ap-
paratus will operate satisfactorily
for 12 hours.

Extensive tests are conducted
upon each instrument. Each one is
operated in a vacuum chamber and
indications of corona discharge or
sparking are continuously watched
for as the pressure is lowered until
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a value much lower than the mini-
mum encountered in practice is at-
tained. The observations are re-
peated as air is slowly admitted
into the chamber. High voltage
breakdown is avoided by the appli-
cation of Superla wax at points
susceptible to arcing.

All tubes are painted prior to
assembling of the apparatus, so as
to render them opaque. This obvi-
ates photoelectric effects, particu-
larly at high altitudes where ultra-
violet intensity increases consider-
ably. The instruments are also
completely enclosed and masked
with tape. Tests of the coinci-
dence-selector circuit are conducted
with a generator which furnishes
pulses nearly identical with those
characteristic of the counters.

Each instrument is required to
operate reliably over a wide range
of battery voltages. The trans-
mitter is tested with respect to sig-
nal strength and frequency-split
between tones and counts.

Ground Receiving Station

A block diagram of the ground
receiving system is shown in Fig. 5.

Information is transmitted in
the form of a c-w radio-frequency
pulse corresponding to each selected
cosmic ray event, while audio-modu-
lated signals indicate atmospheric
pressure and temperature within
the gondola.

The c-w pulses suppress the
superregenerative hiss of the radio
receiver, and, actuated by the signai
converter, a direct-inking oscillo-

Cosmic-ray radiosonde receiving and recarding equipment, inside the trailer

graph records a mark on a moving
paper tape. The audio-frequency
oscillator is used for temperature
determinations, and the cathode-
ray oscilloscope serves for monitor-
ing purposes. The time recorder
inserts a pip on the tape every
minute, and the manual key per-
mits the entry of coded notations
on the moving tape.

Radio Receiver

In addition to simplicityv, com-
-pactness and sensitivity, the funda-

ﬂJ

PAPER
| TAPE
—
L e BRUSH
| NATIONAL 1-10 SIGNAL | MAGNETC
RECEIVER CONVERTER ‘ l DIRECT-INKING \
OSCILLOGRAPH
EDJ B
2
AUDIO- -
*~— FRE%BSNCY OSCILLOSCOPE e ——
OSCILLATOR RLEOROER \
[ MANUAL L
KEY %
|

FIG. 5~—Receiving and recording setup used on the ground
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mental principle of operation of a

superregenerative receiver makes
it ideally suited for this particular
application.

Inasmuch as the recorder can be
actuated only by the interruption
of the superregenerative hiss, local
interference such as ignition noise
does not produce a record on the
paper tape. The broadness of tun-
ing is also desirable in view of
gradual drift in the transmitter
frequency which may occur during
the course of a flight, and because
of the slight split in frequency be-
tween the short c-w pulse indicating
counts and the relatively lengthy
pressure signals.

The receiver used employs a four-
tube circuit consisting of one stage
of tuned r-f and a self-quenching
detector, transformer-coupled to a
first stage of audio which, in turn,
is resistance-coupled to a power-out-
put stage.

A motor-driven, vertically polar-
ized folded-dipole antenna with di-
rector and reflector constitutes a
directional array which provides
ample gain for the detection of
signals transmitted over distances
of several hundred miles under
iine-of-sight conditions. For meas-
nring signal strength, and orient-
ing the antenna for maximum re-
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FIG. 6—The signal converter.

It translates ¢-w radio pulses received from the

balloon into pulses of 60-cycle power that operate the recorder

sponse, it is switched to a Halli-
crafters S-36 superheterodyne. A
Panoramic adapter is a useful
adjunct.

It is possible to determine the
landing point of a flight on the basis
of the bearing of the antenna, and
the altitude at which signals cease
during the descent. Estimates are
usually correct within 10 miles.

Signal-Conversion Circuit

Audio output of the radio re-
ceiver is fed into the circuit shown
in Fig. 6. In the normal state, the
hiss noise after fullwave rectifica-
tion by V, provides a positive poten-
tial which bucks the negative bias
of V, by an amount sufficient to
maintain only a small plate current.
Under these conditions, V, is non-
conducting.

When superregenerative hiss is
suppressed by an incoming c-w
pulse, the grid of V, swings to a
negative voltage greatly exceeding
that corresponding to zero plate
current, thereby turning V., on.
This permits a small 60-cycle a-c
signal which is fed on to the grid
of V. to appear at the output of the
converter circuit.

It is apparent that the operation
of this electronic switch is inde-
pendent of signal strength, pro-
vided only that the latter exceeds
a minimum value. Although rarely
necessary in practice, the maximum
sensitivity of this circuit permits
operation on a practically inaudible
signal. Sensitivity adjustments are
R, and R..
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Although electrical interference
cannot produce spurious output
pulses, by virtue of the fact that
noise increases the positive bias, a
sufficiently intense disturbance can
inhibit the transmittal of real
events to the oscillograph. Com-
pensation for noise background is
provided by the adjustment of
potentiometer R, Counts which
may be missed occasionally because
of transient interference are in-
serted manually by depressing
pushbutton switch S..

Switch S; is normally in operate
position during operation with the
radio receiver. However, the cali-
bration of cyclic barographs of the
Olland type necessitates recording
on paper tape, and this is accom-
plished with S, in calibrate position
and the barograph contacts con-
nected as indicated.

The type-BL201 magnetic oscillo-
graph® utilized for continuous re-
cording of signals has been de-
scribed in detail elsewhere®.

Field Techniques

A self-contained mobile labora-
tory serves as the base of opera-
tiens, A Landola house-trailer
contains the ground-station receiv-
ing equipment, work bench and liv-
ing facilities, including toilet,
shower, kitchen and four bunk beds.
The trailer is completely shielded
electrostatically.

Ballooning  techniques  which
cause flights to rise rapidly (ap-
proximately 800 feet per minute)
through the lower atmosphere and

then more slowly from 40,000 feet
to the ceiling altitude are used.
Rates of rise between 200 and 500
feet per minute in the upper re-
gions, considerably smaller than
have been customary, reduce sta-
tistical uncertainties. The number
of counts recorded by a given in-
strument is inversely proportional
to the ascent rate. It is also ad-
vantageous for descent to com-
mence immediately after the ceiling
is reached, so that the original
curve can be retraced.

Altitudes are determined from
measured. pressures on the basis of
the standard atmosphere'. Actu-
ally, as far as the cosmic-ray data
are concerned the pertinent quan-
tity is atmosphere pressure, which
represents the amount of air above
the instrument. However, although
altitudes are ultimately converted
back to pressure in the final analy-
sis, it is convenient to plot the per-
formance curve as a function of
time because of the straight-line
relationship on a linear scale. The
rate of rise in the upper atmosphere
is constant, and this permits extra-
polation above the highest pressure
mark.

The composition of the balloon
train depends upon desired per-
formance and weight of the load.
For example, four Dewey & Almy
type - J1400 neoprene balloons
(weight approximately 800 grams)
and two J100 balloons (weight ap-
proximately 100 grams) may be in-
flated in such a manner that the
larger balloons do not provide
sufficient lift to support the instru-
ment initially. The smaller pilot
balloons, which provide initial free
lift, burst at a relatively low alti-
tude after the larger balloons have
been expanded sufficiently by super-
heating resulting from adsorption
of solar radiation to lift the train
the rest of the way.

The free lift of each balloon must
be controlled carefully if a slow
ascent rate is desired, and this can
best be accomplished inside a
shelter out of the wind.
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FIG. 1—The r-f section with the shield removed

Front-panel view of the pulsed-signal radar test generator

Radar Test Generator

Triggered or free-running pulses and c¢-w signals are provided from 47 to 76 mc for test-

ing radar and other wide-band i-f circuits. Output is variable from 0.1 microvolt to 0.1
volt with pulse widths of 0.25. 0.5 and 1 microsecond

DURING THE DEVELOPMENT of
sensitivity time-control cir-
cuits for a new radar set, it was
found that a special pulsed signal
generator with continuously vari-
able output voltage over a wide
range and a very low c-w back-
ground level was needed. Such an
instrument was designed and built
for laboratory use and has been em-
ployed in many applications.

The generator has either pulsed
or c-w output, from 0.1 puv to 0.1
volt, into a 50-ohm load over a fre-
quency range of 47 to 76 mec. It
can be triggered or operated free-
running and gives output pulses of
%, 3, or 1-psec duration. The out-
put attenuator is direct reading
and the instrument has an output
meter for calibration purposes.

Circuit Analysis

The r-f section uses a push-pull
variable-frequency Hartley oscilla-
tor which is capacitively coupled to
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a push-pull power amplifier. The
amplifier is driven class C and has
a self-resonant tank coil which is
loaded to give approximately a 15-
mec bandwidth with a center fre-
queney of 60 mc. The tank coil is
arranged to feed energy into a
short section of wave guide operat-
ing below cutoff which is used as a
calibrated attenuator.

In order to get good energy
transfer into the guide with a uni-
form wave distribution, the coil is
wound with a flat face mounted
very close to the guide opening. A
movable pickup loop in the attenu-
ating guide is made from a 50-ohm
resistor to give the proper source
impedance to feed a 50-ohm coaxial
cable. This cable ends on the front

panel and must be externally termi-
nated in a 50-ohm load.

The r-f section is completely en-
closed in a tight silver-plated box
internally subdivided into four sec-
tions. The output tank is carefully
isolated in one of these subdivisions
to prevent stray oscillator pickup
and thus reduce the c-w back-
ground level during pulsed opera-
tion. All power wires enter the r-f
section through button-type feed-
through capacitors and series 60-
mc traps which are completely iso-
lated along with the pulse-forming
line in another one of the subdi-
visions. The oscillator and modu-
lator wiring is in the third section
while the fourth contains the tubes,
each with an individual shield.

Figure 1 shows a view of the r-f
section with the shield removed. In
the foreground is the inverted oscil-
lator tube with its coil and tuning
capacitor directly above it. To the
left of the oscillator tube are the
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6AS6 amplifier tubes with a shield
dividing their bases. This shield
prevents coupling around the tubes
while they are cut off between
pulses, thus keeping down the c-w
background level. The output coil
can be seen behind this shield. It
is wound on a semicircular form
with the flat side directly opposite
the opening in one end of a short
section of circular waveguide.

At the other end of the wave-
guide, but not visible in Fig. 1, are
the rack and pinion which move
the 50-ohm pickup loop along the
length of the waveguide. A short
piece of flexible coaxial cable takes
the ouput to the front panel termi-
nal behind which is mounted the
crystal rectifier for measuring the
output wvoltage. Directly to the
right of the oscillator tube is the
pulse transformer. Behind the os-
cillator tube is the 6D4 modulator,
the socket behind the oscillator coil.
Part of the pulse-forming line can
be seen behind the shield to the
right of the pulse transformer.

Output Measurements

A IN21C crystal and a 200-ua
meter with a variable resistor in
series, see Fig. 2, are used to meas-
ure the output voltage during c-w
operation. With the pickup loop in
the end of the waveguide near the
output coil, the voltage at the out-

put terminal is over 0.1 volt, which
is high enough to give a large read-
ing on the output meter. This
amount of output can be accurately
measured by some external means
and then the meter calibrated
accordingly.

The meter gives no useful indi-

cation for outputs below 0.01 volt
and it would be difficult to measure
lower output accurately by other
means, particularly in the micro-
volt region. However, if some
higher value of output is known ex-
actly, then all lower values can be
accurately determined because of
the known exponential rate at
which a signal decreases in ampli-
tude with distance along a wave-
guide operated below the cut-off
frequency.

The dial which moves the pickup
loop can be directly calibrated in
output voltage providing its index
can be adjusted to give a correct
reading at some high wvalue of
output.

One good method of measuring
the output voltage is with a ther-
mistor bridge. The thermistor must
be shunted with a noninductive re-
sistor to give a parallel resistance
of 50 ohms for proper termination.
The bridge power reading must
then be corrected for the power lost
in the shunt resistor to give full
output power. The voltage is
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found from the formula E = \/PR.

The output meter can also be
calibrated without applying power
to the signal generator by feeding
an audio signal into the r-f output
terminal to simulate an r-f signal.
If a frequency of about 10 ke is
used, it should be high enough to
give crystal characteristics corre-
sponding to r-f conditions but still
low enough to be measured with a
vtvm.

It is necessary to gate the circuit
to give a clean pulsed r-f signal of
known amplitude. It is not practi-
cal to gate the oscillator or ampli-
fier control grids because then
there will be a reaction on the oscil-
lator frequency. It is necessary for
the oscillator to run continuously
under the same load conditions for
stable operation. Therefore 6AS6’s
were chosen for the r-f amplifiers
because their high suppressor
transconductance permits them to
be suppressor modulated.

It was found that when the
amplifier grids were being excited
by the oscillator, the plate current
could be completely cut off with ap-
proximately —5 volts on the sup-
pressors and as the suppressor volt-
age was increased from —5 volts up
to +12 volts, the plate output would
increase almost linearly. Any
further increase in suppressor volt-
age causes only a slight change in
output, see Fig. 3. When the sup-
pressors are driven positive there
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is a flow of current in the suppres-
sor circuit, therefore they must be
driven from a fairly low impedance.

Pulsed Output

For pulsed output the 6AS6’s
have a suppressor bias of —7 volts
which keeps the plate current safely
cut off. If the suppressors are then
gated with a positive pulse having
an amplitude greater than 19 volts,
the peak output will be fairly con-
stant because of the saturation
effect of the suppressor as men-
tioned previously. This makes it
possible to get a measureable peak
pulse amplitude, for-if the tubes
are operated c-w with more than
412 volts on the suppressors the
c-w output will equal the peak
pulsed output and can be measured,
as described previously.

When the amplifier plate current
is cut off by the suppressor, the
cathode current is not greatly
affected, and it all tends to flow to
the screen grids. To prevent exces-
sive screen dissipation under these
conditions the screen current is de-
creased by feeding the screens
through a series resistor to drop
their voltage. However, when an
output pulse is required, and the
suppressors are driven positive, the
screen voltage must rise instantly,
thus greatly limiting the size of the
screen by-pass capacitor that can

be used. A compromise must be
reached between r-f degeneration
and a screen-circuit time constant
which will allow it to follow short
pulses.

The modulator consists of a gas
triode used to discharge a lumped-
circuit pulse-forming line of vari-
able length coupled to the suppres-
sors of the 6AS6’s through a pulse
transformer. The number of L-C
components in the line can be
switched from the front panel for
pulses of 1,  and % usec duration.

The positive pulse output is suf-
ficient to drive the suppressors well
into saturation. The d-¢ bias on
the grid of the modulator can be
adjusted from the front panel be-

tween the limits of —7 and —33

volts for best operation. The d-c

bias for the 6AS6 suppressors is

selected by the pulse—ec-w switch.
For c-w operation, a bias of 420
volts is obtained from a voltage
divider to allow the 6AS6’s to oper-
ate at suppressor saturation. For
pulsed operation a bias of —7 volts
is applied, just enough to safely
hold the 6AS6 plate current cutoff
except when positive pulses are
supplied from the modulator.

Trigger and Power Circuits

The remainder of the instrument,
consisting of trigger and power cir-
cuits, is built on a separate chassis,
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FIG. 4—Schematic diagram of the power supply and trigger chassis for the generator

ELECTRONICS — April, 1951

see Fig. 4. The triggering pulse
for the modulator is obtained from
a driver in the form of a blocking
oscillator which is biased to prevent
a free-running condition. The
driver is triggered by a cathode
follower whose input is the voltage
across a ring tank in the plate cir-
cuit of a triggering blocking oscil-
lator. The ecircuit is arranged so
that the cathode-follower grid does
not swing positive until approxi-
mately 3 psec after the ring tank
is excited by the triggering block-
ing oscillator. This triggering
blocking oscillator also drives a
phase-splitting tube directly, with-
out delay, to give either a positive
or negative external trigger output.
This is useful for triggering a syn-
chroscope just before the r-f output
pulse so that its effect can be easily
observed in a test circuit.

The triggering blocking oscil-
lator can be allowed to run free
over a frequency range of approxi-
mately 70 to 10,000 cps or a nega-
tive bias can be applied to its grid
for external triggering. The ex-
ternal positive or negative trigger
pulses are fed through a gain con-
trol, phase-splitting tube, phase-
selector switeh, and cathode fol-
lower to drive the triggering block-
ing oscillator. When the pulse—c-w
switeh is in the c-w position the
triggering blocking oscillator is
made inoperative by opening its
cathode circuit. This switeh also
chooses proper bias for the 6AS6
suppressors and compensates for
the different current requirements
of pulsed and c-w operation.

The plate supply uses two 6X4’s
in parallel in a full-wave rectifier
circuit with a capacitive input filter
to give +260 direct volts. An OA2
is used to supply +150 volts regu-
lated to the r-f section. The heater
winding plus another 6.3-volt wind-
ing are connected in series to drive
a voltage doubler using selenium
rectifiers to supply the negative
bias voltages required. The a-c
input is fused and passes through
a shielded 60-mc filter to prevent r-f
from leaking out along the power
line.

The author wishes to acknowl-
edge the cooperation of Richard
Whitehorn and Maleolm Clark in
the design and construction of this
instrument.
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Harvesting of an autoclave in which quartz crystals have been grown at high temperature and pressure. Operators are removing
thermocouples that measured temperature differential along length of steel container. Wire frame in bomb supports water-thin quartz
seed plates on which crystals grow

Growing Quartz Crystals

Perfected technique gives large, perfect crystals in quantities that mean eventual independ-

ence of Brazilian sources. Quartz scrap, alkaline solution and seed plates are sealed into

steel bomb by welding, then heated to 400 C to develop 15,000 psi for optimum growth

UR COUNTRY is again acutely

conscious of shortages of
raw materials important to the de-
fense program.

During World War II, one of the
most critical shortages of a mate-
rial necessary for the successful
conduct of hostilities was that of
natural quartz crystals. Millions
of small plates, of the order of one-
half inch square and one-tenth of
an inch thick, made of quartz free
from flaws and twinning, were vital
to the operation of mobile radio
transmission equipment. After the
war, even though the demand for
quartz for military use was greatly
reduced, the Bell System had diffi-
culty in getting sufficient amounts
of the larger-sized quartz crystals
for use in telephone communica-
tions apparatus.

These circumstances emphasized
the need for research in developing
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commercial procedures capable of
producing useful large quartz crys-
tals artificially, so that the govern-
ment and the communications in-
dustries might be independent of
sources of supply outside the
United States. The fact that the
Brazilian government was consid-
ering placing an embargo on the
export of raw quartz crystals, to
conserve one of its more important
natural resources, added to the urg-
ency for such research,

Background

Geologists have long speculated
on how nature formed large, clear
quartz crystals. Their efforts to
solve the problem in the laboratory

WWW.americanradiohistorv.com

date back about 100 years. A com-
prehensive review of this work was
published by Kerr and Armstrong
in 1943 The most significant
achievement noted in this summary
was that of Spezia in Italy’, who
grew about 5 mm additional length
on the ends of a natural Japanese
twin quartz crystal. This was ac-
complished in a pressure vessel in
alkaline solution in a period of six
months.

After the recent war, reports
were received from Germany on the
work of Nacken® on growing quartz
crystals. This geologist, at the Uni-
versity of Frankfort, had worked
on various aspects of crystal
growth for more than ten years
and eventually succeeded in grow-
ing quartz by a hydrothermal
method. With Nacken’s results as
a starting point, the Bell Telephone
Laboratories* and others have made
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FIG. 1—Quartz crystals grown by Nacken process. Transparent quartz plate at left
was grown from seed plate next to it. Rod of clear Vitreosil (amorphous silica) is at
right, and partially recrystallized section of this rod is next to it

for Military Needs

encouraging progress towards an
understanding of the problem. Im-
portant contributions to the process
of growing quartz hydrothermally
have been made by Brush Deve'op-
ment Co., Cleveland, Ohio; Prof.
A. C. Swinnerton, Dept. of Geology,
Antioch College, Yellow Springs,
Ohio; Squier Signal Corps Labora-
tories, Ft. Monmouth, New Jersey;
Naval Research Laboratory, Wash-
ington, D. C.

To appreciate the significance of
the progress made in this work,
some of the more important back-
ground information, and the steps
leading to the success thus far
achieved, are outlined.

Nacken’s Techniques

One method described by Nacken
which seemed promising was based
on experiments at constant temper-
ature in alkaline solution at or near
the critical point for water, this
being at 374.2 degrees C and 3,200
psi. Experiments on the solubility
of silica in water or alkaline solu-
tion led Nacken to the conclusion
that amorphous silica is ten-fold
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more soluble than quartz at high
temperature and pressure. Recent
investigators have been unable to
verify this. P. H. Egli, in a private
communication, suggested that
amorphous silica dissolves at a rate
tremendously more rapid than the
solution can tolerate for single
quartz crystal growth.

Whatever the true explanation,
Nacken demonstrated that quartz
could be grown rapidly, for a short
time, under these hydrothermal
conditions. Unfortunately the
supersaturation increased so rap-
idly that quartz not only deposited
on a suitable seed, but also as spon-
taneous nuclei on all the internal

surfaces of the autoclave. Within
about one day growth nearly
stopped. What occurred in the

sealed high-pressure vessel could
not be studied very effectively by
visual means, but the growth of
quartz from amorphous material
may be inferred from an examina-
tion of the materials at the end of
a test.

In Fig. 1, the clear quartz plate
gained about 0.004 inch in thick-

Examples of large quariz crystals grown

by autoclave technique in 32 days.

Weights, from top to bottom, are 321
grams, 143 grams and 71 grams

97



ness on each major face after one
day of exposure in a dilute sodium
carbonate solution, supersaturated
with silica dissolved from amor-
phous nutrient, under conditions
approximating those described by
Nacken. Before the test, the quartz
plate had ground, opaque surfaces.
Initially the amorphous silica was
in the form of a clear cylinder of
Vitreosil glass, and this was largely
converted to a porous mass of fine
quartz needles. A small core of
transparent amorphous silica re-
mained, as shown in the cross-sec-
tion of a piece of this nutrient
material in Fig. 1. Subsequent
check tests showed that the growth
on each side of the seed plate,
amounting to about 0.004 inch, oc-
curred in the first few hours.

Supersaturation Troubles

As the autoclave approached
operating temperature, the solution
became so supersaturated with re-
spect to quartz that the seed grew
rapidly. Spontaneous seeding also
occurred, both on the walls of the
container and on the surface of the
nutrient material. Within a matter
of a few hours the amorphous sup-
ply had become covered with quartz
needles, the solution lost its super-
saturation, and growth practically
ceased.

Further solution of the amor-
phous silica continued under the
porous layer of quartz, but it was
immediately followed by redeposi-
tion at that point. This accounted
for the appearance of the cross-sec-
tion sample shown in Fig. 1. Fail-
ure to achieve continuous growth
wasg encountered by Nacken.

To understand the limitations of
the method used by Nacken to grow
quartz in the vicinity of the critical
point for water and to understand
the steps taken to overcome these
limitations, it is important to con-
sider the liquid-vapor density rela-
tions for water at this point. As
temperature rises, as shown in Fig.
2, the density of liquid water de-
creases in a sealed container and
the vapor density rises. At the
critical point of 374.2 degrees C,
the two are equal. The critical
density is at the point of intersec-
tion of the average-density line
with the liquid-vapor density curve.

To attain more rapid growth
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rates, advantage was taken of an
important fact regarding crystal
growth. It is generally the case
that crystals grow better from solu-
tions having a higher concentration
of crystallizable material, than if
the substance is only sparingly sol-
uble. For this reason further ex-
periments were made at much
higher pressures and somewhat
higher temperatures, where the in-
creased density of the alkaline solu-
tion was favorable to greater solu-
bility of the silica.®

Nacken reported using up to 50
percent filling of the autoclave with
alkaline solution. Under these con-
ditions, as the temperature is in-
creased, the density of the solution
decreases somewhat, but long be-
fore the critical temperature is
reached the container is filled with
solution and the density remains
at about 0.5 with further increase
in temperature. At the critical
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FIG. 2—Liquid-vapor density relations

of water near its critical temperature at

which density of liquid and vapor are
equal

temperature the pressure greatly
exceeds the critical 3,200 psi.

With fillings greater than one-
third the free volume at room
temperature, it was found better
to use a temperature differential
method, with the top of the auto-
clave slightly cooler than the
bottom, and to operate at a some-
what higher temperature.

Initial experiments with a 50-
percent fill were encouraging, but
not until the autoclave was filled to
80 percent of its free volume with
alkaline solution and operated at
400 degrees C did satisfactorily
rapid growth become a practical
possibility. Under these conditions
the pressure is about 15,000 psi.
It is difficult to hold such pressure
with conventional gasket-type seals
without a trace of leak. Even a
very slight leak seriously alters the
operating condition and the rate

and quality of growth, because the
pressure is developed by the heated
solution within the autoclave,

A welded autoclave design cap-
able of withstanding these condi-
tions was developed for use with
the temperature gradient method.
With this equipment it has been
possible to grow quartz crystals at
rates as high as 0.05 inch in thick-
ness per day. This thickness is
measured on each of the major
surfaces of a CT-cut plate. This
cut is nearly parallel to the minor
rhombohedral faces of the quartz
crystal. Growth on such surfaces
is known to be considerably more
rapid than on the principal or
major rombohedral faces of the
quartz crystal

Welded-Liner Autoclave

The apparatus in which quartz
crystals have been grown effec-
tively is shown in Fig. 3. Enclosed
in a hollow steel tube or bomb, hav-
ing relatively thick walls to with-
stand the great pressure developed
within it, is a thin-walled seamless
steel tube or liner made of ordinary
low-carbon steel. Cups are welded
into each end of this liner to her-
metically seal it. This liner tube
contains the ingredients for grow-
ing quartz. In the bottom of the
tube is a layer of broken pieces of
pure quartz, serving as nutrient
material. A seed of clear quartz,
free from inclusions, misoriented
areas or other defects, is hung from
a wire frame near the top of the
tube, above the nutrient layer. Suf-
ficient aqueous alkaline solution
composed of sodium carbonate or
sodium hydroxide, or both, is added
to fill the free space within the
sealed tube to 80 percent of its
volume at room temperature.

The liner tube closures at each
end are welded with an atomic hy-
drogen flame where the lip of the
cup is in contact with the ends of
the tube.

Into each recessed end of the
liner is fitted a retainer cap. The
difference in length of shell and
liner permits clearances between the
flanges on the retainer caps and the
ends of the outer shell. The screw
caps apply enough retaining force
to hold the welded rims in the tap-
ered grooves of the retainer caps
and thus prevent spreading of the
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welds. The pressure of the ex-
panding liquid, as the temperature
rises, distends the liner so that it
fits snugly within the retaining
walls at all points, much as though
it were a rubber balloon.

The liners are of inexpensive
steel and are discarded after each
run. It is known that strong
alkaline solution causes intercrys-
talline failure of stainless steel
at high pressures in a matter
of hours at high temperatures’.
This design prevents contact of the
alkaline solution with the outer
stainless steel container. There is
no indication that the alkaline solu-
tion damages the carbon steel liner
tubes under the operating condi-
tions described.

The top retainer cap and screw
cap are drilled to provide a safety
diaphragm blowout if the pressure
exceeds 20,000 psi. The wall thick-
ness of the top cup and the diam-
eter of the hole in the retainer cap
in contact with it are such that the
liner cup section will rupture at
this pressure.

Temperature Gradient Method

The filled autoclave is set on a
metal hot-plate in the well-insu-
lated furnace design of Fig. 4. The
hot plate is heated to about 425 to
450 degrees C, depending on the
size of the autoclave and its length.
The temperature at the top of the
nutrient layer of quartz is main-
tained at about 400 degrees C, as
measured by a thermocouple
strapped to the outside of the
autoclave just above the bottom
serew cap. Another thermocouple
mounted just below the upper screw
cap is maintained at a temperature
from 10 to 20 degrees below the
lower one, by adjustment of the
amount of insulation on top of the
autoclave. A third thermocouple
is usually placed at the midpoint
of the tube.

This arrangement is left to cook
for several weeks. Growth takes
place on the seed in an orderly man-
ner according to the following
process: The broken quartz dis-
solves rapidly at the very bottom of
the nutrient layer, and the hot alka-
line solution soon is saturated with
silica at this point. Movement by
convection in the liquid is suffic-
iently rapid to transport the dis-
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FIG. 3—Cross-section of steel bomb in
which quartz crystals are grown

solved silica to all parts of the con-
tainer and maintain the solution
substantially saturated at some
temperature between that at the
bottom and at the top of the
nutrient layer. Therefore the solu-
tion is supersaturated at the
temperature in the top of the con-
tainer near the seed crystal. This
is the basically important condition
for crystal growth, and silica de-
posits on the quartz seed.

Because of continuous motion in
the liquid, the growing surfaces are
constantly bathed by fresh super-
saturated solution and the partially
depleted solution is carried down to
the bottom where it is again satur-
ated at the higher temperature.
The process continues as long as
nutrient material is available for
solution in the bottom of the auto-
clave. All of the free space above
the layer of nutrient material is
useful growing space, although the
crystal farthest away from the
nutrient layer grows more rapidly
because it is cooler.

Quartz crystals of the size shown
have been grown in a high-pressure
autoclave 3 inches in inside diam-
eter and 30 inches long. Over one
pound of quartz was added to the
three seed plates in a period of 32
days. The top crystal weighs 321
grams. The top seed plate was
originally 2% inches long by 13
inches wide by <5 inch thick. The
other two plates were initially 1%

4—Cross-section of furnace In
which bomb is kept at 400 C

FIG.

inches square by % inch thick.

Much more work is needed to
evaluate optimum size of nutrient
material, degree of supersaturation
and growth rates, as well as influ-
ences of impurities on growth rate
and stability of the solution. Be-
cause tests require from ten days
to several months each, they are
time-consuming, and interdepend-
ence of factors is difficult to evalu-
ate. It is therefore not surprising
that few quantitative relations are
available thus far.

The accomplished fact is that
crystals weighing up to nearly one
pound have been produced in about
one month. It appears reasonably
possible to produce crystals weigh-
ing a pound or more in from two to
three months, based on a growth
rate of only 0.025 inch per day on
each growing face. This is well
within the limits of controlled
growth which have been obtained
experimentally, and compares fav-
orably with rates of growth of
other useful piezoelectric crystals
now being produced commercially.
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FIG. 1—Basic relationships used in setting up tower equations
with spatial relationships shown at {(A) and vector addition

in (B)

FIG. 2—Vector diagram to show how, if the spacing S between
the antenna towers remains fixed, the arc subtended by E; can

be calibrated in ©

Pattern Calculator for A-M

Graphical method useful for original design work on a pair of a-m broadcast antenna

towers 1s also particularly applicable if a new pattern or change in frequency is

necessary. Requires only dividers and transparent overlay

By GEORGE R. MATHER

Radio Engineer

Department of Transport
Ottawa, Ontario, Canada

HE CALCULATION of directional
Tantenna patterns is often a
long and tedious job and is usually
at best a laborious exercise in trig-
onometry. The graphical calculator
to be described is readily applicable
to two-tower arrays and once the
antenna spacing has been estab-
lished it is a simple matter to ob-
serve the change in pattern shape
with variations of phasing angle
and antenna-current ratios. Al-
though this graphical calculator can
be used in original designs its ob-
vious merit is evident when the
towers are already installed but per-
haps a change in operating fre-
quency is necessitated.
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The determination of the shape of
a pattern is accomplished by the
addition of the field vectors from
each of the towers in an array.
Figure 1A is a graphical illustration
of the geometry involved and is used
to establish the notation used.

Development

Tower 1 is used as a reference
while tower 2 is considered to be
spaced at S degrees from tower 1
with a phase angle of P degrees.
Movable point @ is sufficiently re-
mote from the array so that the
lines from @ to tower 1 and Q to
tower 2 are considered as being
parallel. The angle 6 is subtended
between the line of the towers and a

line from the movable point Q to
tower 1. Thus for any position of
point @ the total phase displacement
between the field vectors of tower 1
and tower 2 is T degrees where
T = P — S cos #6.

The resultant field at some angle
6 is determined by the use of a
vector diagram as shown in Fig. 1B
where E,; and E, are proportional to
the field of towers 1 and 2 respec-
tively. Note that as the angle ¢ is
varied the phase displacement angle
T changes and as a result the posi-
tion of E, with reference to E, is
dependent on the angle 6. Actually
the radius vector E, describes the
arc of a circle.

April, 1951 — ELECTRONICS
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FIG. 3—Patterns can be computed to slide-rule accuracy using enlargements of these calculators.

In Fig. 2 the following relation-
ships become evident. When T = P
— Scos 9, and when § =0, T —= P
— S, alsowhen 9 =180,T = P + 8.

Thus the arc subtended by the
rotation of the vector E.is (P 4+ S)
— (P — 8) = 28 degrees. There-
fore if the spacing S remains fixed,
any such arc whose circumference is
calibrated in 4 may be used with any
combination of current ratio and
phasing angle. This calibration of
the circumference in 6 is also ac-
complished by solution of the equa-
tion T == P — S cos 4, where § is the
variable,

For purpose of illustration,
graphical calculators have been com-
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spacings of 90, 135, 180 and 225 degrees

puted for spacing angles 90, 135,
180 and 225 degrees.

Example

In a determination of the shape of
a pattern all that is necessary is a
pair of dividers and a transparent
overlay sheet. Suppose, for example,
we have the following array: E, =
1.0, <0; E, = 0.5, <+60; S = 90
degrees. Note that the phasing an-
gle minus the spacing angle is
equal to 60 — 90 = —30 degrees.

First a straight line is drawn on
the transparency that is then placed
in register on the pattern calculator
(90 degrees) so that the line passes
through the common point of the

They are given for antenna

two vectors and through a phasing
— spacing angle of —30 degrees.

From the common point measure
a distance to the left on the line that
is proportional to E,. With the com-
mon point as center, draw a circle
with a radius proportional to E..
The resultant for any angle from
the tower line is then the sum of the
vectors E, and E,, it being recog-
nized that the position of E, at any
angle is the intersection of the circle
described by E, with the line repre-
senting that angle from the tower
line.

The resultant vector will be in the
same units as were used for E, and
E..
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T T 10.CPS [
CGPOS @ KNIFE EDGE
i. SPARK CHRONOGRAPH
FReouENCY (100 ﬁ‘é PATTERN PRIMARY
DIVIDER T KC FORMING RO D T STANDARD
CHAIN I _CPS CIRCUITS CHRONOSCOPE NO. 3

Any crystal clock at CRPL (like No. 1) can be used to
drive the spark recorder through a frequency-divider chain
and power amplifier. The phasing control allows adjustment
of the starting point. A waxed-paper chart, calibrated in
0.002-sec strips, is drawn at three inches a day between the
lower knife-edge and the spiral helix that rotates ten times
a second.

Any other crystal clock or standard of frequency (like No.
2) can be compared with No. 1. An appropriate low-frequency
output from No. 2 triggers the spark generator. A spark jumps
between the spiral helix and the nearest point on the knife-
edge through the paper, melting the wax to produce a visible
dot. If the frequency of No. 2 is the same as that of No. 1,
a spark will cccur each time the same point of the helix passes.

The result is a vertical line. Any difference in frequency
will result in a slope.

The smaller helix rotates once a second. The point at
which a spark jumps between it and the calibrated knife-
edge shows which 0.1-second interval is being recorded on
the larger helix.

Pattern-forming circuits impress a circle of 100 dots 0.1
millisecond apart on the face of the cathode-ray chronoscope.
Each tenth dot is blanked out for ease in counting. The sig-
nal from the spark generator produces either a dot between
the markers, or it brightens an existing dot.

The chronograph can be read to within 0.5 milisecond
and the chronoscope to within 0.02 millisecond

Comparing Outputs from

Intercomparison of crystal clocks by means of an improved spark chronograph, or by

cathode-ray chronoscope, to = 0.5 millisecond and * 0.02 millisecond respectively. Me-

chanical and electronic equipment described has other industrial uses and has been mod-

ified to standardize chronometers and clocks

Typical pattern display on catheode-ray
chronoscope tube. Small dots are 0.1
millisecond apart, with every tenth dot
blanked out to facilitate counting dots
clockwise from zero to enlarged dot
representing time difference
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HEN THE National Bureau of

Standards decided to improve
its equipment for intercomparison
of crystal clocks, it was found that
the spark chronograph technique,
installed in 1989, was still the most
practicable. The spark-chronograph
is a device that uses a spark to
leave a time-mark on a special type
of paper—as in certain kinds of
facsimile receiving equipment. In-
creased resolution in new equip-
ment described here results from
improvements in pulse-shaping and
spark-generating circuits. It is
now possible to record time differ-
ences to a precision of =0.5 milli-
second. A new cathode-ray chrono-
scope visually shows up day-to-day

www americanradiohistorv com

changes to better than =+0.05 milli-
second.

The equipment shown in simpli-
fied form in the box records the
change in time kept by a number of
clocks in terms of a very stable
reference clock used to control the
chronograph itself.

In the instrument described, a
slope to the right on the chart indi-
cates that the clock supplying
the high-voltage pulses is run-
ning fast. A line slope to the
left indicates that the clock is run-
ring slow. The difference in rates
may be evaluated by measuring the
amount of displacement over a
given period. If the spark-generat-
ing equipment is switched in turn
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FIG. 1—Remodeled chart recorder for use as a spark chronograph. Special wazed record-
ing paper has been removed to show details

il

Rear view of spark generaior with
shield covers removed

Precision Time Standards

By J. M. SHAULL

to each of several clocks, the chron-
ograph provides a convenient
method of intercomparing and re-
cording their operation.

The complete chronograph instal-
lation illustrated zlso includes two
crystal clocks, with the exception of
the 100-ke oscillators that are lo-
cated in separate temperature-con-
trolled compartments. The rack at
the left contains all of the equip-
ment essential to the chronograph
operation. The right-hand rack
contains duplicate dividing circuits
controlled by a different oscillator.
This equipmenti constitutes a sep-
arate crystal clock that may be con-
nected to drive the chronograph in
case of failure of the normal source.

ELECTRONICS — Aprif, 1951

High-Frequency Standards Section
Central Radio Propagation Laboratory
National Bureau of Standards
Washington, D. C.

Construction details of the
chronograph are shown in Fig. 1.
The most difficult task was winding
and shapirg the raised spirals on
the two drums. It was decided that
drums of insulating material with
stretched wire spirals would not be
suitable for continuous operation
as the drums might chip, crack, or
warp. Taut wire spirals on any
type of drum might be subject to
displacement or breakage and on
a metal drum might not be high
enough to ensure the sparks jump-
ing to the spiral instead of to the
drum. Therefore the drums were
made of stainless steel cylinders
pressed onto steel hubs, with a
single-turn groove cut in each % in.

www americanradiohistorv. com

C. M. KORTMAN

wide and 7 in. deep. A steel spline
previously sharpened to approxi-
mately the desired shape was
formed and soldered into each
groove, and then the final shaping
and grinding was done.

The rotor of the synchronous
motor is connected to drive the
larger drum at the same speed. A
gear train is used to drive the
smaller drum at one-tenth the
speed of the larger drum. Beneath
the smaller drum is a knife-edge
divided into ten equal parts, which
is useful when reading seconds
pulses. As the large drum rotates
ten times per second, it does not
indicate on which revolution the
spark is occurring. By throwing
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the switch blade (left) to the up
position, the high-voltage pulse is
transferred to the numbered knife-
edge and the spark jumps to the
nearest point of the helix on the
small drum, giving a visual indica-
tion of the proper tenth of a second.
The two drums are so geared and
synchronized that the distance be-
tween two scribed lines on the num-
bered knife-edge corresponds ex-
actly to one complete revolution by
the larger drum. No means of re-
cording this indication is provided
because it is only necessary to make
such a check when starting or re-
setting a clock. The incremental
changes from day to day are so
small that they may be read directly
on thé chart record.

One difficulty encountered with
the smaller drum is worthy of note.
As originally constructed, both the
knife-edge and the helix were
ground to sharp edges. However,
when the instrument was tested it
was impossible to get a reliable
spark with the voltages available.
Flattening the edges slightly and
thus increasing the area eliminated
any further difficulty.

The large drum caused no trouble
because the edges are rounded
slightly so that the paper will pass
freely between the electrodes and
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FIG, 2—Normal record (A) shows that
signals are faster than reference; at (B)
is record of 60-cps signals, and (C)
shows 100-cps signals, Chart width rep-
resents 0.1-second time difference

the presence of the chart paper
aids the discharge.

The knife-edge beneath the large
drum (not visible in the photo-
graph) is mounted on ceramic spac-
ers, directly behind the paper drive
roll. The spacers are fastened to
the frame supporting the paper-
drive mechanism and screw adjust-
ments are provided to shift the
whole assembly and thus adjust the
gap.

The paper drive was taken from
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FIG. 3—Schematic of the chronograph power amplifier, with phasing-control selsyn

in upper
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center

a commercial recording milliam-
meter. The only changes required
were special gears to reduce the
paper speed to three inches a day
and a reduction of the tension on
the spring-driven takeup reel to
prevent tearing of the waxed paper,
which seems to be a bit weaker
than the conventional recording
paper.

The large drum is directly driven
at ten revolutions a second, hence
one sweep of the helix covers a time
interval of 0.1 second. The length
of the drum is five inches and the
paper is the same width, thus 0.001
second is represented by 0.05 inch
across the paper chart. The chart
is ruled with ten lines to the inch
so that it is easy to interpolate to
the nearest millisecond. A sample
of the normal record obtained over
a twenty-seven-hour interval is
shown in Fig. 2. The distance be-
tween two vertical ruled lines repre-
sents two milliseconds time differ-
ence, At the time the record was
taken all of the local crystal clocks
were running faster than the one
controlling the chronograph drum,
as indicated by the slope of all the
records up and to the right. Lines
1, 2 and 4 were made by 10-cps
pulses, while 3 and 5 were made by
seconds pulses. Record 3 was made
by the radio signal from station
WWYV. The fact that it runs
vertically up the chart shows that
the clock controlling the chrono-
graph drum is very closely syn-
chronized with that generating the
pulses transmitted by WWV.

The records made by the 10-cps
pulses are much darker than those
made by the seconds pulses because
more sparks occur during the time
the signal is applied to the chrono-
graph, thus melting more of the
wax. As generally used, each clock
is connected in turn to the spark
generator input every fifteen
minutes by a motor-driven switch-
ing arrangement mounted directly
below the chronograph. Each sig-
nal is applied for only a few seconds
so that there is a considerable
period when no signal is applied.
Pushbuttons are provided for each
clock so that a signal may be ap-
plied manually, during the period
of no automatic signal, to indentify
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each record without recourse to a
coding system. The pushbuttons
also make it possible to take daily
readings rapidly without waiting
for the automatic switch to bring
each signal onto the record.

Power Amplifier

Figure 3 is a circuit diagram of
the power-amplifier unit. The 60-
cps input comes from the clock fre-
quency-divider chain. Tube V, is
an amplifier at 60-cps to drive the
continuous phase shifter, which is
a three-phase selsyn. The output
of V. is first fed to a fixed phase-
shifting network to give three volt-
ages approximately 120 degrees
apart that are applied to the stator
of the selsyn. The output is taken
from the single-phase rotor and by
varying the position of the rotor
the output voltage may be shifted
through any desired angle relative
to the input voltage.

The output of the phase shifter
feeds directly into the 3-to-1 divider
stage, V,. This divider is a frac-
tional-frequency generator* used
because it has no free-running fre-
quency. Therefore, if the input
fails, the chronograph will stop to
avoid giving false readings. The
20-cps output of V, is fed to a cop-
per-oxide bridge rectifier frequency
doubler (CR,) and the 40-cps com-
ponent is reflexed through V., to
increase the level. Then it is mixed
with the 60-cps input signal in a
copper-oxide ring modulator (CR,)
and the 20-cps difference frequency
provides the desired output.

This divider is not self-starting.
A pushbutton and pulsing circuit
are provided in the cathode lead of
V. to initiate frequency division
after the input signal has been
applied. The 20-cps output of V, is
also fed through a gain control to
the grid of V., which is a voltage
amplifier feeding V., This is the
driver for the push-pull output
stage, which provides from 5 to 7
watts of 20-eps power to the motor.
The most suitable coupling was ob-
tained with an ordinary power
transformer to give the required
30-volt output. All tubes except V,
are operated with fixed bias ob-
tained from the 19-volt filament
supply.
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The spark generating equipment
consists of the grounded helix and
the insulated knife-edge in shunt
with an inductor in the plate cir-
cuit of a 6BG6G high-voltage beam-
power amplifier V,, as shown in
Fig. 4. When a pulse comes along
it suddenly biases the tube to cut-
off, causing the field around the coil
to decay rapidly. The high voltage
generated causes a spark to jump
between the knife-edge and the
helix. To get a reliable spark and
avoid scattering of the record the
pulse applied to the grid of the
6BG6G tube must be sharp and of
fairly high amplitude. Such a sig-
nal is not usually obtainable from
the output of the erystal clocks, so
suitable pulse-shaping circuits must
be provided.

Pulse Problems

Another requirement of the
pulse-shaping circuit is that it pro-
vide the desired pulse at the grid
of V, for different types of in-
put signals. For example, the clocks
pictured generate seconds pulses of
the type broadcast by radio station
WWYV; that is, five cycles of 1,000-
cps frequency repeated once each
second. Other clocks give sharp,
differentiated output pulses at the
rate of ten pulses per second.

Since it has been the custom on
the broadcasts from WWV to have
the first half-cycle of the five-cycle
pulse modulate upward in a positive
direction, all of the clock outputs
have been polarized the same way,
and it is necessary to maintain and
sharpen only the leading edge of
the pulse. The clock output is ap-

plied directly to the grid of V,,
which is biased just below cutoff by
a resistor from the plate supply to
the cathode. When a signal arrives,
the negative portion is clipped off
entirely and only the positive por-
tion is transferred to the plate cir-
cuit as an amplified pulse of nega-
tive polarity.

Ag it is desired to record only the
beginning of each complete pulse,
some means must be provided to
prevent getting a spark from each
succeeding positive half-cycle of
the five-cycle seconds pulse. For
this purpose an integrating circuit
is placed in the grid circuit of V,
having a time constant of approxi-
mately 0.01 second, which is suffic-
ient to prevent the grid of V, re-
turning to zero voltage between
these pulses, but is also short
enough to avoid any adverse effect
on the 10-cps pulses. Tube V. is
also biased by means of a resistor
from plate supply to cathode, but
only to about two volts above cutoff.
The output of V. passes the inte-
grating network and becomes a
negative pulse with a sawtooth top,
driving V. beyond cutoff and hold-
ing it there until the pulse ends,
thus clipping the sawtooth top and
giving a pulse in the plate circuit
closely approximating a square
wave. This pulse could be made
sharp enough to trigger the spark
tube but it is of the wrong polarity
and has insufficient amplitude.
Therefore, it is fed through a dif-
ferentiating network to the grid of
V,, which is also biased slightly be-
low cutoff to clip the negative peak
generated in the differentiating cir-
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FIG. 4—The spark generator shapes several different kinds of input pulses to form
a spark without appreciable scatter
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cuit. The output of V, is a nega-
tive pulse having a peak amplitude
of about 130 volts, a sharp leading
edge, short duration and very little
positive overshoot. This pulse is
coupled to the grid of tube V, and
develops a satisfactory spark for
recording. The voltage applied to
the spark gap may be varied by ad-
justing the 5,000-ohm resistor in
the cathode of V,, changing the cur-
rent through the coil, and thereby
changing the voltage induced when
the current is cut off. For a cur-
rent of 10 milliamperes the voltage
obtained is approximately 6,000
volts.

When the covers of the spark-
generating unit illustrated are in
place, all of the high-voltage cir-
cuits are completely shielded, thus
reducing the radiation to radio-
frequency equipment being used in
the same laboratory.

Performance

The pulse-shaping circuit makes
the chronograph versatile for re-
cording signals other than those al-
ready mentioned. Tests with sine-
wave input show that the circuit
will operate between 10 and 400-
cps with less than ten volts rms ap-
plied, and over a much wider range
with greater input amplitude.
Samples of the record obtained
with 60-cps and 100-cps sine-wave
signals are shown in Fig. 2B and
2C.

There are other possible uses for
the chronograph such as checking
the stability of oscillators and di-

viders, or rating clocks and chro-
nometers over fairly long periods
of time by recording the drift rela-
tive to the primary standard of
frequency. As a simple test, a
crystal cartridge was used to pick
up the ticks of several pocket and
wrist watches. The signal was
amplified and applied to the chron-
ograph. Most of the watches
showed drift rates of =20 to 30
milliseconds per minute but could
be adjusted easily to +5 millisec-
onds per minute. An instrument
quite similar in principle is widely
used by watchmakers for rapid ad-
justment of watches and clocks.
There was some uncertainty
whether running the motor with
20-cps frequency would cause ex-
cessive hunting of the drum. How-
ever, tests have shown that the
hunting is well within allowable
limits for this application. One
such test made use of a cathode-ray
interpolation device, shown to the
right of the chronograph in the
rack illustration and described be-
low. It permits reading time differ-
ences accurately to 0.1 millisecond
and estimating to 0.02 millisecond
by visual means. From a secondary
winding on the spark generating
coil a signal is obtained at much
lower voltage and fed to the inter-
polation device. As one observer
watches the oscilloscope and notes
that the pulses are consistent with-
in #£0.02 millisecond. while another
watches the spark on the chrono-
graph, it can be determined that
the scattering 1is approximately
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FIG. 5—Patitern-forming circuits in the chronoscope use the same time standard that
drives the chronograph
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+0.25 millisecond. This observa-
tion means that the chronograph
could be read to the nearest 0.25
millisecond were it not for inaccur-
acies due to the paper. The only
scale is that ruled on the paper, and
any shifting on the drive sprockets
or shrinking or stretching due to
changing temperature or humidity
introduces an additional uncer-
tainty of perhaps =0.25 milli-
second, so that the record may be
relied upon only to =0.5 milli-
second.

The Chronoscope

To increase resolution a chrono-
scope can be used to supplement the
chronograph. Output from a crys-
tal clock and frequency divider is
used to produce a circular sweep
with fixed marker dots on the
screen of a cathode-ray oscilloscope.
A pulse from another crystal
clock produces a bright spot on the
sweep. By observing the position
of this spot in relation to the
marker dots it is possible to meas-
ure relative time changes within a
very small fraction of the interval
required for one circular sweep.

By choosing appropriate frequen-
cies for the time base and marker
dots, a wide range of time intervals
may be covered, or a cascade sys-
tem may be built to read coarse in-
tervals in the order of 0.1 to 0.01
second on the first cathode-ray tube
and vernier readings down to the
microsecond range on the following
tubes. This discussion will be con-
fined to the instrument as used in
conjunction with the spark throno-
graph.

Because the time-base and
marker frequencies are obtained
from the same frequency dividers
the chronograph and chronoscope
are locked in time phase as are the
minute and sweep-second hands of
a conventional clock mechanism.
The circular sweep is obtained by
applying 100-cps voltages in phase
quadrature to the deflection plates
of the cathode-ray tube. A 3