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LARGEST PRODUCERS

IN THIS FIELD FOR TWO DECADES...

HIGH Q INDUCTORS

FOR EVERY APPLICATION

FROM STOCK...ITEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B.

MQ Series
Compact Hermetic
Toroid Inductors

The MQ permalloy dust toroids
combine the highest Q in their
class with minimum size. Stability
is excellent under varying volt-
age, temperature, frequency and
vibration conditions. High perme-
ability case plus uniform winding
affords shielding of approximately
80 db.

VIC case structure
width Height
1-11 /32 1-7/16

Length
1-1/4
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| MQA
031 3 1 5 0 5 20 25 30 35 40 19 stock values
from 7 Mhy.
MQE to 22 Hy. MaB
15 stock values 12 stock values
fro?87’:v/|hy. m———— fromt IOZSMRy.
to 2.8 Hy. (¢] Y.
/‘\] MQ drawn case structure.
Length  Width Height
MQE 1/2 1-1/16 1-7/32
MQA 11/16 1-8/32 1-23/32
MaB 1.5/16 2-9/16 2-13/16
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Dl Inductance Decades

VIC Variable tnductors

The VIC Inductors have repre-
sented an ideal solution to the
problem of tuned audio circuits.
A set screw in the side of the
case permits adjustment of the
inductance from 4+ 85% to —45%
of the mean value. Setting is
positive.

Curves shown indicate effective
Q and L with varying frequency
and applied AC voltage.

MQL Low Frequency High Q Colls

The MQL series of high Q coils employ special
laminated Hipermalloy cores to provide very high
Q at low frequencies with exceptional stability for
changes of voltage, frequency, and temperature.
Two identical windings permit series, parallel, or
transformer type connections.

:A'*'i_ 3
ﬂgt} 22;;8 ny: = o d B T Di-1  Ten 10 Mhy. steps.
MaL-3 50 /200 His: * o N1 SIES o — DI-3 DI-2 Ten 100 Mhy. steps.
MaL-4 100 /400 Hys. © ) s || e \; g:i Tlf,nlé z; Zizgz
MaL case . [j‘[_q [ - e 3 e
113/16 dia, X 2:1 /27 H. e i m e e e S L) m

HVC Hermetic
Variable Inductors

A step forward from our long
established VIC series. Hermeti-
cally sealed to MIL-T-27 .. . ex-
tremely compact . .. wider induc-
tance range. . . higher Q. .. lower
and higher frequencies. . . super-
ior voltage and temperature
stability.

SPECIAL UNITS
TO YOUR NEEDS

Send your
specifications
for prices.
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These decades set new standards of Q, stability,
frequency range and convenience. Inductance values
laboratory adjusted to better than 1%. Units housed
in a compact die cast case with sloping panel ideal
for laboratory use.

Min.
Hys.
.002

Type
No.
HVC-1
HVC-2 005
HVC-3 011
HVC-4 .03
HVC-5 .07
HVC-6 2
HvC-7 5
HVC-8 1.1
HVC-9 3.0
HvVC-10 7.0

HVC-11 20
HVC-12 50

Di DECADE
Length 43"
width . 7
Height e 2YB

HVC case structure.

Width
25/32

Length
1.1/8

Height
1-7/32
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FLAGGING THE READER—Scan-
ning of articles when an issue is
received takes time, and modern liv-
ing and employment leave but short
intervals to quickly absorb the
salient points of a technical article
in ELECTRONICS. We know that
it will be studied later, perhaps on
the job, but part of our function
is to show all our wares quickly,
80 you can choose those that help
you most, the soonest.

Many research projects have com-
piled data and analyzed eye move-
ments under certain visual condi-
tions, such as when confronted by a
page of type, patterns, pictures or
whatever. To catch your eye and
more quickly inform you as to con-
tent of an article, we are experi-
menting with type in a summary
at the beginning of articles in this
issue. It should, backed up by the
nearby illustrations, tell you im-
mediately what the article is about.

In keeping with the tenets of
modern typography we have long
used a display two-line initial letter
to start all articles. To point up the
word “summary” we might have
used a summation sign, S, but the
integral sign [ suggests summa-
tion, appropriately, and we hope it
helps direct the eye to the summary.

RECOGNITION—Impressed by the
growth of the electronics industry,
vet also aware that many people in
older fields do not yet admit that
electronics is an industry, it was
with a feeling of satisfaction that
we prepared the material for the
opening article this month, “25

electronics
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Years of Electronics”.

The industry has certainly ar-
rived, to say the least. That not
everyone recognizes this fact, how-
ever, is apparent when assembling
statistics from various sources. For
example, a reader inquired recently
about an item in November, 1954
that described how manufacturers
use engineers, The accompanying
bar graph showed that electronics
had the second highest number of
engineers per 1,000 employees.

The reader’s problem was that he
was unable to remember the source.
We don’t blame him. The article
was based on figures buried in a
study by the Bureau of Labor Sta-
tistics, Division of Manpower and
Employment Statisties, entitled
“Engineering Personnel Employed
in Metalworking Industries”. Hi,
fellow metalworker.

MOBILE TRAIL AHEAD—Dur-
ing last year’s vacation, in his tar-
paper New Hampshire camp, asso-
ciate editor Alex McKenzie turned
out a piece on the use of mobile
radio communications for another
McGraw-Hill magazine.

Having discovered an expert,
ELECTRONICS proceeded to exploit
him with the result that a forth-
coming issue will contain an article
entitled, “Getting The Most Qut Of
Mobile Radio”. It covers some of
the economics as well as new cir-
cuitry in this important and grow-
ing field.

Aside from the usual long-dis-
tance telephone calls, telegrams, air-
mail specials, luncheons, conferences
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ELECTRONICS domestic subscription price for one year rose 20 percent in 1946,

hasn’t followed rising costs since then,

1,717 editorial pages published in 12

regular issues of 1954 cost the reader $0.0035 per page

and all the other routine of tech-
nical writing, Alex tells us that
he lost two sources en route—men
were transferred to other jobs. At
one time, a final conference took
place on the night shift!

As a byproduct of this activity
we are printing next month a story
on a new system of selective call-
ing for two-way radio.

COST ANALYSIS—College text-
book prices have increased sharply
since 1939, on the average an even 50
percent by 1953. But book produc-
tion costs have increased 90 percent.

Labor cost has almost doubled in
the past ten years. Paper has gone
up 54 percent, binder’s cloth 75 per-
cent, binder’s board 58 percent, and
even the gold leaf for stamping
covers has gone up 56 percent. The
result is the book that cost $1.00 a
copy to produce in 1942 costs ap-
proximately $1.75 today.

The accompanying chart shows
this relationship between cost and
prices and compares it with the
U. S. Bureau of Labor Statistics

index of wholesale prices.

A textbook that sold in the early
40’s for roughly a cent a page is.
priced today at 1.5 to 2 cents per
page.

OLD TUBES NEVER DIE—Or
rather old types of tubes never do.
While doing some research this
month it struck us that a number
of specialized test equipments made
today employ types that were in-
troduced in the 1930’s. Such as the
75, 38 and 955. The big advantage
of the first two is the fact that the
grid lead comes out the top of the
glass envelope and thus provides a
long leakage path.

ONOMATOPOETIC TITLE-—One
article last month (Testing Air-
borne Electronics Components, p
181) discusses environmental test-
ing of electronic components at high
sound intensities.

The authors tell us that their col-
leagues at Armour Research Labs
have a pet name for the equipment.
It’s the “Screaming Meemie”.
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Tubeless
Magnetic Amplifier
DC Supplies

Latest
additions

to the
SORENSEN

line!

Sorensen Tubeless Mag-
netic Amplifier DC Supplies
are designed for applica-
tions where utmost relia-
bility is required. The four
instruments described
below cover a wide range
of requirements; additional
instruments are under de-
velopment and will shortly
be added to the line.

MODEL MAG640 (illustrated above) MODEL MA65

Input 105-125 VAC, 14, 60v Input 105-125 VAC, 19, 60nv

Output 45 - 7.7 VDC, adjustable o® Output 6 VDC, adjustable =10% o

" ) 5~ Load Rari S~

Load Range 0-40 amperes 6 oad Rarige 0.5 amperes \

Ripple 1% maximum é Ripple 1% maximum é

Regulation +1.09 for any combination of Regulation +1.0% for any combination of
Accuracy line and load conditions Accuracy line and load conditions

Recovery 0.2 seconds under worst conditions Recovery 0.15 seconds under worst
Time Time conditions

Size 17" wide, 1214" high, 15" deep. Size For relay rack mounting —

Can be furnished for relay rack
mounting. Meters, as illustrated,
optional at extra cost.

SPECIAL UNITS

Sorensen is engaged in a heavy program of re- Input
search and development leading to continuous Output
expansion of its standard line of Magnetic Load R
Amplifier DC Supplies. It is accordingly in a oad Range
favorable position to develop special magnetic Ripple
amplifier supplies for use in computer systems Regulation
or other products requiring the utmost in re- Accuracy
liability. If you have special requirements R

1 : ) i 5 Y ecovery
along these lines you will benefit by taking T
advantage of Sorensen’s experience in this . e
power held. Write or call the Applications Size

Engineering Department, and your problems
will receive prompt attention.

WRITE FOR MORE DATA

For further information aobout the Sorensen
line of tubeless magnetic DC supplies, and for
your copy of the latest Sorensen catalog,
write Sorensen & Co., Inc., 375 Fairfield Ave.,
Stamford, Conn. In Europe, address inquiries

b to Sorensen A.G., Gartenstrasse 26, Zurich 2,
Switzerland.

4 Want more information? Use post card on last page.

MODEL MA2850

SORENSEN

375 FAIRFIELD AVENUE,

19” wide, 5V4” high, 12" deep.
A cabinet is available for bench
operation. This is an unmetered
unit.

190-230, 36, 4-wire wye, 60
23 - 32 VDC, adjustable 5”
0-50 amperes qa
3% maximum e
+1.0% for any combination of

line and load conditions

0.5 seconds under worst conditions

1634" wide, 2834" high, 15" deep
Unit is self contained and mounted
on casters. Meters are standard
with this unit.

STAMFORD, CONN.
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The
scientific approach
to

vibration measurement

The D-489 MUIRHEAD-PAMETRADA WAVE ANALYSER

‘ JC}'ITH the Muirhead-Pametrada Wave Analyser thé Jocalization of obscure vibrations can

be carried out systematically. Designed specifically for such measurements, this instrument
covers a range of 19*-21,000c/s with a frequency accutaey of +0.5%, over most of the range. Its high
selectivity enables component frequencies close 0 one another to be measured; the flat top of
the tuning characteristic can be varied to simplify measurements of fluctuating frequencies; and
the 1/3 octave filter characteristic enables predominant vibration components to be rapidly

located. In almost every branch of engineering there is a use for this novel instrument.

FEATURES
Operates as a tuned band-pass filter — not on the hetero- Output frequency is that of the selected component and
dyne principle. is available for oscilloscope viewing.
Frequency accuracy + 1% over most of range. *Additional unit extends useful range down to 2c/s.
High selectivity characteristic for-greétest discrimination
against adjacent frequencies. THIS BROCHURE » s
I/3rd octave filter characteristie for ncise measurement or VIBRATION MEASUREMENT wittrotw anatrss
rapid localization of principal vibration components. AND
Band-pass characteristic for measurements when frequency WAVEFORM ANALYSIS
is fluctuating. : : FREE ON REQUEST
{2
ours

The wave analyser may have possibilities in your industry. For a demonstration

T '{«for Yy
- r‘l ' _at your pﬁgnt, call Muirhead Instruments Inc. — MUrray Hill 8-1633

MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND

Sales & Service, U.S.A.
MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE +- NEW YORK 22 * N.Y.

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 5
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. 1949 1950 1951 1952 1953 1954 1955
Latest Previous Year Latest Previous Year
Month Month Ago Month Month Ago
RECEIVER TV SETS INSTALLED
PRODUCTION (Source: NBC Research Dept.) Jan. '55 Dec. 54 Jan, ‘54
(Source: RETMA) Jan. ‘55 Dec. 54 Jan. 54 Total sets. ............. 33,816,000 32,996,000 27,666,000
Teleyision sets, total ... 654,582 833,423 420,571
With UHF ... .. : 117,095 129,181 120,229 BROADCAST STATIONS
Color sets .......... nr o eiuma (Source: FCC) Jan. ‘55 Dec. 54 Jan. ‘54
Radio sets, total ...... 1,068,146 1,261,575 871,981 TV stations on air 443 439 369
y vn‘:'eth efs-M """"" 2;8’?251; ng’ggg 227‘1‘22 TV stations CPs—not on air 130 137 197
Q SELS . yslmrdhecs ‘ ' .03 TV stations—new requests 19 19 134
Clock radios . ......... 166,885 312,967 159,932 A-M stations on air 2686 2669 2524
Zol{tableetssets """"" 5;‘;’32; 51;’:‘23; 3;2"2121 A-M stations CPs—not on air 1101 ,105 120
ULD SELS e i oot 779 y ! ‘ A-M stations —new requests 174 172 165
F-M stations on air. . .. 545 552 555
RECEIVER SALES E-m sttatti_ons CPs—not on air 10 7 19
(Source: RETMA) Jan. '55 Dec. 54 Jan. '54 "R IR 3 8 4
Television sets, units . 647,585 1,093,702 731,917 COMMUNICATION AUTHOR|ZAT|0NS
Radiol se5 [excent falih) £ 1,158,588 310,623 (Source: FCC) Dec. ‘54 Nov. ‘54 Dec. '53
Aeronautical .. ..... 41,156 40,737 42,455
RECEIVING TUBE SALES Marine . ............. 48,472 48,255 43,703
{Source: RETMA) Jan. ‘55 Dec. 54 Jan. ‘54 Police, fire, etc. ....... 16,931 16,757 14,663
Receiv. tubes, total units 37,144,000 37,908,894 22,133,000 Industrial ..... EECERRE e 22,742 g
" Receiv. tubes, value. ... $26,263,000 $27,391,398 $16,412,000 Land transportation ... 7,206 ey 20
Picture tubes, total units 866,956 1,009,398 557,681 Amateur ... 127,257 126,021 115,518
Picture tubes, value. ... $17,662,000 $20,521,562 $12,174,000 Citizens radio ......... 9336 9.116 2520
Disaster ............. 306 306 254
Experimentai . ........ 643 636 506
SEMICONDUCTOR SALES Common carrier . ...... 1,782 1,771 1,430
Dec. ‘54 Nov. ‘54 Dec. '53
Germanium diodes, units 1 464 559 1494313 o T EMPLOYMENT AND PAYROLLS
Silicon diodes, units s i ! (Source: Bur. Labor Statistics)  Dec.’'54 Nov. ‘54 Dec. '53
Prod. workers, comm. equip. 379,000-p 384,500-r 388,200
————Quarterly Figurese————, Av. wkly. earnings, comm.. . $70.70 -p $71.23 -r $67.49
2 T v Av. wkly. earnings, radio. .. $69.49 -p $69.26 -r $67.03
atest revious ear Av. wkly. hours, comm.. . . 404 -p 40.7 -r 397
INDUSTRIAL Quarter Quarter A " radi )
go Av. wkly. hours, radio. .. .. 404 - 405 -r 39.9
TUBE SALES P
(Source: NEMA) 3rd ‘54 2nd ‘54 1st ‘54 STOCK PRICE AVERAGES
Vacuum (non-receiving) $8,803,740 $8,971,335 $10,400,000 . , P . Feb. '54
N R —— $3,570,586 $4.589.239 $3,300,000 (Source: Standard and Poor’s) Feb. '55 Jan. ‘55 eb.’5
Phototubes . ........ nr nr $700,000
Magnetrons and velocity Radio-tv & electronics .. ... . 437.0 413.4 281.7
modulation tubes ...  $13,112,244 $16,135,274 $10,500,000 Radio broadcasters ......... 496.8 463.7 284.8
Gaps and T/R boxes. .. $1,476,407 $1,517,426 $1,700,000 p—provisional; r—revised

nr—not reported

FIGURES OF THE YEAR

TOTALS FOR THE FIRST MONTH

1955 1954 Percent Change
Television set production 654,582 420,571 +55.6
Radio set production 1,068,146 871,981 +22.5
Television set sales 647,585 731,917 —11.5
Radio set sales (except auto) 474,947 310,623 +52.9
Receiving tube sales 37,144,000 22,133,000 +67.9
Cathode-ray tube sales 866,956 557,681 + 55.5
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Engineers Guide Missile Design

Airframe manufacturers han-
dle more of their own elec-
tronic problems

GROWTH of electronics in the air-
craft manufacturing business is in-
dicated by the number of electronic
engineers employed by such com-
panies. As shown in the chart,
nearly 20 percent, or 6,200 of all
engineers employed by airframe
manufacturers are in the electron-
ics field. This number is expected to
increase to over 11,000 by 1959.
(ELECTRONICS, p 26, March, 1955).

» Breakdown—Over half of the air-
frame electronic engineers, 55 per-
cent, are working on missiles; 43
percent work on piloted aircraft.

The specific duties performed by
electronic engineers are indicated
in the chart. For guided missiles,
about 45 percent are engaged in
developing equipment in company
labs, but for piloted aireraft, the
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proportion is only 20 percent.
While 47 percent of electronic engi-
neers working on piloted aircraft,
are engaged in installation engi-
neering, only 20 percent are so
engaged for guided missiles.

» Companies—The extent to which
individual airframe manufacturers
are in electronic activities is indi-
cated by the number of electronic
engineers employed compared to
total engineering staffs. In Fair-
child’s guided-missile division 60
percent of the engineers are work-
ing in electronics. At Bell Air-
craft, 41 percent of engineers are
so engaged and 34 percent of
Northrup engineers.

For the airframe manufacturers
surveyed, the percentage ranged
from 3 percent of the total engi-
neering staff up to 60 percent. Over
half of the companies had less than
15 percent of their engineers en-
gaged in electronics work. The re-
mainder had more than 20 percent.

Military Will Probe
Spurious Radiations

Both government and industry
are increasing efforts to re-
duce jamming hazards

INCREASING use of the radio spec-
trum has aggravated the problem of
interference. Both government and
industry have stepped up programs
to reduce spurious radiations.

» Research—A contract sponsored
jointly by the Air Force, Army and
Navy has been awarded to Armour
Research Foundation to evaluate
the effectiveness of the radio inter-
ference program of the armed
forces. The investigation includes
all forms of radio interference,
from very low communication fre-
quencies through the microwave
spectrum. Data are obtained
through field surveys at industrial
organizations and military opera-
tional activities.

Results of the study will be used
to provide recommendations for a
long-range program of research and
development and to furnish guid-
ance on measures which can be
effected immediately to improve
field operation and maintenance.

» Cost—Interference control has
become a significant part of the de-
fense program. John W. Klotz of
the Department of Defense, in an
address before the symposium on
radio interference reduction at Illi-
nois Institute of Technology,
pointed out that every area of
equipment development has become
involved in some phase of the in-
terference problem to insure that
the equipment will operate effec-
tively in the field. He said that the
Department of Defense estimates
its annual support of the interfer-
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ence control program to be in excess
of $200 million.

Last year one radar equipment
required a $2-million program of
interference control to make it op-
erate properly in its equipment en-
vironments. The control program
extends to fields such as power gen-
erators, x-ray machines, lighting

fixtures, office machines etc.

» Air—One model of ARC-27,

225 to 400-mc command communica-
tions equipment installed in many
U. 8. aircraft has been known to
radiate harmonics of
mental frequency.
settings,

its funda-
On some fre-

quency these spurious

radiations have interfered with the
radio altimeters operating at 440
mc, rendering them useless or caus-
ing them to read erroneously. The
ARC-27 has on occasion triggered
indicator lights on the instrument
panel, erroneously indicating that
the aircraft has flown over a 75-mc
marker beacon.

TUBES take over in reactor control rooms to regulate the nation’s growing atomic production as . . .

Electronics Firms Plan To Cash In On Nuclear

Growing importance of atomic
energy is increasing sales of
electronic equipment

ATOMIC energy program which
has gained in 15 years net assets
of approximately $7 billion has
swelled the business volume of the
electronics industry. Somewhere
between 5 to 15 percent of this ex-
penditure has been for electronic
equipment. In the nuclear instru-
ment field alone, the volume of busi-
ness done by electronics manufac-
turers has already vreached an
annual rate of over $25 million. It
is estimated that in five years the
yearly volume of this business will
reach $50 million.

» Research—In addition to in-
creasing the volume of radiation in-
struments production, the nuclear
field is fostering a substantial
amount of research and develop-
ment on radiation instrumentation.
Current AEC unclassified research
contracts on radiation instrumenta-
tion include contracts with DuMont
and RCA on multiplier phototube
development.

8

In addition there are contracts
with the National Bureau of Stand-
ards for research on a radiation
monitoring telemetering system and
a basic instrumentation program.
Three educational institutions have
radiation instrumentation research
contracts. New York University is
doing research investigation of cer-
tain physical and chemical dosi-
metric techniques while Notre
Dame is conducting fundamental
research on photomission. St. Pro-
copius College is researching special
problems in nuclear instrumenta-
tion.

The Naval Research Lab has a
research contract for work on dosi-
metry systems employing radia-
tion sensitive solids and New Eng-
land Center Hospital is working on
small G-M and proportional counters
for medical research.

»Design—This month, 29 elec-
tronic equipment and parts manu-
facturers, in cooperation with
RETMA and the Federal Civil De-
fense Agency, will participate in an
atomic blast to aid the industry and
Civil Defense in determining and
evaluating the effects of a nuclear

www americanradiohistorv.com

Power

explosion on civilian communica-
tions equipment.

Firms will supply equipment and
parts to be exposed to a nuclear
detonation test so that data may be
gathered to give indications of the
kinds of post-disaster repair prob-
lems that will face communications
personnel.

» Reactors—Indication of  the
amount of business that the elec-
tronics industry is gaining from
the reactor field is indicated by the
fact that specifications for a 15-
megawatt reactor suitable for driv-
ing a steam power plant provide an
allowance of $85,550 for electronic
instrumentation. This amounts to
over 3 percent of the total $2.5-
million estimate for the complete
nuclear power package with build-
ing, as planned by Ford Instrument
Co.

The itemized list given covers
only the units used on the pres-
surized water-cooled and moderated
reactor and on the primary coolant
loop which transfers heat to the
steam-generating section. The re-
mainder of the plant is the same as

(Continued on page 10)
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BROAD-BA
MIXER CRYST/

TYPE IN286 covering the frequencies from
10,000 1o 22,000 mc¢

Its broad-band characteristics make the new Sylvania
Type IN286 especially useful in tunable radar systems and
counter-measure devices. The IN286 is a coaxial, point-
contact silicon crystal diode designed for use as a mixer in
the frequency range from 10,000 to 22,000 mc.

RF IMPEDANCE

ACTUAL

SIZE
The RF impedance of the IN286 is designed to match a
65-ohm load over its entire frequency range.
SPECIFICATIONS
CRYSTAL HOLDERS Conversion Loss . . ...8.5 db max.
3 f h : Output Noise . . . . ... 2.5 times max.
A variety of crystal holders may be used with the IN286 IF Impedance  250—450 ohms
—standard X, K,, K-band waveguide holders to cover RF Impedance ..3.0 VSWR max.
appropriate segments of the band. Burnout. . . .. 1z .each crystal
—WR-51 waveguide holder to cover the range from EobeEter t:‘ tz(l)onz)vovo(z?
15,000 to 22,000 mc. ' ’
—WR-75 waveguide holder to cover the frequency range For complete details
from 10,000 to 15,000 mc. write to Department D20R.

“ANOTHER REASON WHY IT PAYS TO SPECIFY SYLVANIA”

SyLvania ELecTric Propucts Inc.

B 1740 Broadway, New York 19, N. Y.
’@V In Canada: Sylvania Electric (Canada) Ltd.,
University Tower Bldg., St. Catherine Street,
Montreal, P. Q.

LIGHTING - RADIO - ELECTRONICS - TELEVISION - ATOMIC ENERGY

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 9
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INDUSTRY REPORT— Continued

any other steam plant. Figures are
for a small plant typical of those
under construction or planned.

Reactor Control and Safety Equipment
Fission Chambers (neutron de-$

2

teCtOrs) ..coevviinnininians 900
2 A-1D D-C Preamplifiers........ 309
2 A-1 D-C Amplifiers............. 1,000
2 Log Count Rate Meters. ... ..... ,100
1 Log Count Rate Recorder....... 800
2 Compensated Ion Chambers (neu-

tron detectors) .............. 3,500
2 Logarithmic Neutron Flux Den-

sity Amplifiers .............. 1,500
2 Compensated Ion Chamber Power

Suppli€s 1z e 356 BeaE D 90 - 3 1,000
2 Period Amplifiers (neutron flux

rate change indicators)...... 1,100
2 Sigma Amplifiers (neutron flux

peak alarms) ...........00.. 1,700
3 Magnet Amplifiers (to drive mag-

netic clutches of safety control

rod system) ................. 2,500
1 Logarithmic Neutron Flux Re-

COFAEr . ciiamlbid o o oo cmbe oo i bioks 800
1 Period Recorder (neutron flux) 800
3 Parallel Circular-Plate Ion

Chambers| §5a rer o a tee » 9w 3 1,500

DEW Line Radar To
Cost One Billion

CONSTRUCTION of the Distant Early
Warning (DEW) line of radar sta-
tions across northern Canada is
under way. Western Electric, con-
tractor for the pilot project on
Barter Island, Alaska, (ELECTRON-
ICS, p 8, Nov. 1953) is prime con-
tractor. Cost of the
approach $1 billion.

In November, 1954, the govern-
ments of the U.S. and Canada de-
cided jointly to extend this line
across the northern edge of the
continent. Responsibility for con-
struction and installation is vested
in the U. S.

line may

3 Combined Safety Amplifiers
(Sigma and Magnet)......... 3,600
1 Decade Scaler ................. 500
1 2,000-VA Constant-Voltage B
Transformer . ads b 4a a5 dhed 250

Fixzed and Portable
Radiation-Monitoring Equipment

1 Five-Channel Beta and Gamma
Waste Monitor .............. 2,500
1 Five-Point Waste Monitor Re-
Corder ..........oonevivinens 1,200
1 Twelve-Channel Beta and
Gamma Area Monitor. ....... 2,800
1 Twelve-Point Area Monitor Re-
COLUET: g . 55 e afiwne $ EKE 6w 1,200
2 Rudolphs (fast neutron detec
f {0} o)) N P PRSI P 1,300
3 Cutie Pies (portable gamma-ray
MONItOLS) 36 s swe wicly e f o i a oW b 900
2 Beta-Gamma Survey Meters. ... 500
2 Slow Neutron Survey Meters.... 1,200
Primary Heat Exchanger
Loop Equipment
1 Primary Coolant Qutlet Tempera-
ture Indicator-Recorder-
Controller .................. 1,500
1 Primary Coolant Inlet and Outlet
Temperature Indicator-
ReCOTAEr a7 oo T2 ¢ B e £F 1,500
i
E: |
: 5
o
-
2
od A
0
&..
»

» Contracts—Several subcon-
tractors, including Canadian com-
panies, will participate in con-
struction and equipment manufac-
turing. Western Electric is in the
process of letting subcontracts for
some of the electronic equipment.
A project office has been set up
in New York. This office is com-
posed of representatives from the
Air Research and Development
Command, Air Materiel Command,
Continental Air Defense Command,
Royal Canadian Air Force, The
Canadian Department of Defense
production and Western Electric.

» Line—The DEW line radar net-
automatically sounds an alarm
whenever aircraft approach. The
equipment was inspired by radar
for the Mid-Canada line.

10

1 Reactor Coolant Temperature
Differential Indicator-Recorder 1,600
1 Primary Coclant Flow Indicator-
RecOLAEr "wm: kg 5o 355150k & Fw 344 3,000
1 Pressurizer Water-Level Indica-
tor-Recorder-Controller ...... 1,900
1 Pressurizer Pressure-Indicator-
Recorder-Controller .......... 1,800
1 Demineralized Water Storage
Tank Level Indicator-Recorder 1,900
1 Demineralized Water Flow Indi-
cator-Recorder-Integrator .... 1,700
1 Primary Coolant Conductivity
Indicator-Recorder .......... 1,600
1 Makeup Water Conductivity In-
dicator-Recorder ............ 1,600
1 Reactor Rod Seal Water Leakage
Indicator-Recorder .......... 1,300
1 Makeup Water Storage Tank
Level Indicator-Recorder . 1,700
Installation
Fabrication, Wiring and Testing of
Main Panelboard and Installa-
tion of Elements........... . 24,000
Fabrication, Wiring and Testing of
Desk-Type Control Console. ... 3,000
T e s 1L $85,550

AEROSOLOSCOPE uses multiplier phototube to count airborne particles at the

rate of 100 per second while . . .

Phototube Sales Keep Growing

New applications of the unit
help to keep sales volume on
the upswing

INCREASE in the number of photo-
tubes sold each year by tube manu-
facturers is sizable and steady.
Each year since 1950 the number
of units produced has increased by
about 100,000. Projection of this
rise for 1955 will push total volume
to nearly 900,000 units.

» Volume—Sales to initial equip-
ment manufacturers account for the

wWwWw americanradiohistorv.com

major portion of phototube sales.
These companies make everything
from garage-door openers—increas-
ing in sales due to lightweight over-
head doors—to multiplier photo-

tubes used in atomic energy.
Phototransistors have yet to come
into wide-spread use in consumer
applications although manufac-
turers in the field look to greater
use because of space and weight
savings. Widespread use in auto
headlight dimmer applications has
not materialized but work in this
(Continued on page 12)

April, 1955 — ELECTRONICS



TRAN SFORMERS

NOW YOU CAN CHOOSE from eighteen standard pulse transformers in four major
construction styles, all in quantity production at Sprague. The standard transformers
covered in the table below offer a complete range of characteristics for computer circuits,
blocking os:illator circuits, memory array driving circuits, etc.

These hermetically sealed units will meet such stringent military specifications as

MIL-T-27, and operate at temperatures up to 85°C. Special designs are available for high

acceleration and high ambient temperature operation. In addition, the electrical counter-

4/ Wype 10Z parts of each transformer can be obtained in lower cost housings designed for typical
tusbulew aulse Sransformer commercial environment requirements.

oy SRR T b Complete information on this high-reliability pulse transformer line is provided in

- Engineering Bulletin 502A, available on letterhead request to the Technical Literature
// Section, Sprague Electric Company, 35 Marshall Street, North Adams, Massachusetts.
4

E

i/l ELECTRICAL CHARACTERISTICS OF SPRAGUE PULSE TRANSFORMERS

¢

Type Turns Pulse Width | Rise Time| Primary Leakage Repetition Load and Typical
Na. Ratio 1 seconds | u seconds| Inductance| Inductance Rate Output Applications

Type 15Z .
it BB polbe 1021 5:1 0.1 0.04 | 200 H 5uH 1to2 MC 1(1)8 ;(t)llr;ss

s n .
i i 022 | 41 0.07 003 2000 | 2040 |T2MC| 20v0ls | | goouter 62

100 0hms | [ circuitry for
1023 1:1 [ 0.03 |[125.H 12 uH 1to2MC | 20 volts impedance
200 ohms matching and inter-
104 | 31 : 003 |160.H |[15.H |T1to2MC| 20volts || Stage coupling.
100 ohms | } Pulses are of
1026 | 41 . 008 |2004H | 640 |[Tto2MC| 17volts || S"ewavetype.
100 ohms
10212 1:1 200 uH 2 uH 12KC 100 voits Blocking Oscillator
10213 1:1 240 xH 2 uH 2KC 50 volts Blocking Oscillator
10214 711 1.2 mH| 20 uH IMC 25 volts Impedance Matching
Tvpe 232 1571 31 . 7.5mH| 22 pH 10KC 10 volts Impedance Matching
dravm-shell bathtub pulse 100 ohms and Pulse Inversion
trensformer 1522 2:1 ! 6mH |[15xH 40 volts Blocking Oscillator
1523 5:1 12mH | 70 xH 10 KC 10 volts Impedance Matching
1524 1:14 . ; 16mH | 154H 0.4 KC 15 volts Blocking Oscillator
2021 5 40mH| 03 MH 5 volts Memory Core
Push-Pull 10 ohms Current Driver
2023 6:1 . 18 mH 0.8 MH | 250 KC 21 volts Current Driver
(max.) 200 ohms

2024 6:1:1 | 55 mH 0.3MH |50 KC 22 volts Current Driver and
(max.) 400 ohms Pulse Inversion

2025 | 33331 2 . 28mH| 0.2 MH 2.5 volts T Memory Core

Push-Pull 6ohms | Current Driver
ol S ooty 2026 | 111 . ! 0mH | 02MH [50KC 10volts | Current

RIYA-IN PeIsE Jrons ionmer (max.) 75ohms | Transformer

4071 Al . ! 1.2 mH 1MC 25 volts | Impedance Matching

Sprague, on request, will
provide you with complete
apglicalion engineering serv-
ice for gptimem results in the
use of pulse transformers.

Export for the Americos: Sprague Electric Internationol lid., North Adams, Mass. CABLE: SPREXINT
ELECTRONICS Charter-Year Advertiser
ELECTRONICS — April, 1955 Want mare information? Use post card on last page. 1
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INDUSTRY REPORT— Continued

PHOTOTUBE BUSINESS GROWS

MILLIONS OF UNITS

0 1950 1951

1952 1953 1954 'S5(EST)

field is continuing. A handful of
manufacturers are currently mak-
ing phototransistors and one large
tube manufacturer expects to enter
the field this year.

» New Applications—Two novel
uses for phototubes have just been
announced. The Army-developed de-
vice shown uses a multiplier photo-
tube to count and measure micro-
scopic airborne germs, dust and
moisture particles.

The instrument, called the aero-
soloscope, is capable of counting

Taped Color Moves Toward Markel

and measuring particles ranging in
size from one micron (forty-mil-
lionths of an inch) to 64 microns at
the rate of 6,000 a minute. It is ex-
pected that the instrument will be
helpful in flour mills, cosmetic
plants, paint factories (for measur-
ing pigment particles) and in other
industries concerned with particle
size control or comtrol of airborne
contaminants.

An instrument developed by the
U. S. Navy and manufactured by
the Lewyt Manufacturing Corp.
uses a sensitive infrared tube with
a cesium cathode and a built-in
coated lens to see cbjects in the fog
and dark. The instrument was
originally used by the Navy in sig-
nal operations. It is 14 inches long,
3 inches in diameter and iveighs 5
pounds.

The instrument operates on either
110 or 6 volts d-c. The company
anticipates wide use of the instru-
ment in the future as a transporta-
tion safety device, It can warn auto
drivers of oncoming cars 1,500 feet
ahead in foggy or dark weather.

Gains made in perfecting color video tape recording equipment were demon-
strated with this experimental system by Bing Crosby Enterprises. The system
is the forerunner of new experimental equipment to be demonstrated soon.
According to the company, the mechanical and the foot-per-second use rate
problems have largely been solved. The new equipment will record 16 minutes
of color video on a 15-inch diameter reel of tape. It will be approximately 18
months before commercial equipment can be placed on the market

12
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Manufacturers Plug
New Computer Models

More transistor machines ap-
pear. Three computers for
business men are announced

NEARLY 800 transistors and 11,000
germanium diodes reduce power
consumption and enhance reliabil-
ity of TRADIC, a digital computer
for large aircraft developed for
the Air Force by Bell Labs.

The computer consumes less than
100 watts and in final form will oc-
cupy less than three cubic feet. The
machine may perform chores such
as fire control, bombing and navi-
gational computation. These jobs
are usually done by analog-type
computers. TRraDpIC will do the
work of analog computers with the
accuracy of a digital type. It
handles thirteen 16-digit numbers
and can perform a problem requir-
ing 250 steps in 15 milliseconds.

Another transistor computer po-
tentially useful in airceraft is
TRANSAC whose arithmetic unit
was recently demonstrated by
Philco. The unit performs 600,000
additions a second. It consumes
only 5i watts and employs 1,242
germanium surface-barrier tran-
sistors. By use of Philco’s direct-
coupled transistor circuit the only
other components required are 322
resistors. Components are mounted

on 20 identical etched wiring
boards.
» Baby Computer—Payroll and

other business operations can be
handled rapidly by Underwood’s
Elecom 50. The machine may sell
for under $20,000. It occupies the
space of an office desk. Input is by
a 10-key manual keyboard with
output on ganged accounting ma-
chine carriages.

An 8-in. diameter magnetic drum
stores 50 ten-digit numbers and the
machine adds, subtracts or multi-
plies 10-digit numbers at the rate
of 15 a second.

The computer is programmed by
a metallized control tape having
2,400 steps.

» Electronic Filing—Processing of
(Continued on page 14)
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Page-full of ideas for you

on Scritrnd, Mograly

“OFF-THE-SHELF" ITEMS or
SPECIAL SHAPES to suit your needs

Ry 9 Magnets of sintcred Alnico offer endless opportunitics to designers

} 3 O = who need their useful combination of self-contained power and small
bulk. A wide range of sintered Alnico shapes are carried in stock
for quick shipment. Special shapes to mect an individual design
need can be developed, where the quantity required is large enough

to justify the tooling costs. Arnold sintered permanent magnets

are fully quality-controlled and accurately held to specified toler-
“MAGNETIC MATERIALS CATALOG” ances. @ We'll welcome your inquiries.

Write for your copy waD 5280
C(l)ntains handy data on l\aric)us tfvpes Olf i T
Alnico Magnets, pz li stock 1
ok e NE G W e Rty 'I]]E ARNOLD ENGINEERING COMPANY 4
nent magnet materials. Also includes

valuable technical data on Arnold tape-
wound cores, powder cores, and types

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION

“C” and "E” split cores in various tape ﬂ\\:&. General Office & Plant: Marengo, lllinois
gauges and core sizes. S DISTRICT SALES QFFICES . . . New York: 350 Fifth Ave. ,
ADDRESS DEPT. E-54 NIZ7 Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. -

< b
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up to 100,000 unsorted items of
business data during an 8-hour day
can be accomplished by Remington
Rand’s Univac File Computer. A
building-block plan is used. From
one to ten magnetic drums with
180,000 alphabetical/numeric char-
acters per drum may be specified.
Prices start at $300,000.

Another electronic filing system
is the ElectroData Datareader. The
machine uses magnetic tape to store
400,000 ten-digit numbers and can
automatically replace the data in a
computer’s main memory with an
entirely new set of facts in less
than 8 seconds.

» Key Punching—An electronic
system has been developed for auto-
matic key punching of credit sales
according to an announcement by
Farrington Manufacturing Co.

The account number on the tabu-
lating card is read by the scanner,
checked and verified by the inter-
preter (a digital computer) which
operates the key punch.

TV Transmitter Firms
Size Up Market

New stations going on air
decrease but firms find
new business in power boosts

TELEVISION transmitter buying
declined from its 1953 high during
1954 and may become even slower
this year.

In 1954, about 115 tv transmit-
ters were put into operation while
in 1953 about 218 stations went on
the air. According to RETMA,
sales of transmitting equipment and
accessories were off about 20 per-
cent in 1954.

» Power—Sales of equipment for
higher power has already devel-
oped into sizable business for
transmitter manufacturers. For
the year ending in June of 1954,
90 tv stations increased trans-
mitting power and 100 more
were planning power jumps. Since
then the number of stations plan-
ning more power has increased.
With power increases have come
increases in tower height.

14
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MORE simulators like this Link jet flight model are being sold as . . .

Flight Trainer Business Booms

Commercial airlines and the
military are ordering more
simulators to cut training costs

OPERATING costs of modern-day air-
craft have led both commercial and
military aviation to use more flight
simulators for training pilots and
other air crew personnel. Units for
particular models of military air-
craft have been ordered before the
aircraft itself has been produced.

» Commercial-—Indication of the
volume that has come from com-
mercial aviation for flight simula-
tors is the faect that just one
commercial airline has 14 of the
devices in use and another has 7.
Foreign airlines are buying also.

Total simulator cost per hour in-
cluding depreciation is about $67
while total airplane cost per hour
could run 10 times that. Although
the cost of the units may run as
high as $1 million, they can soon
pay for themselves.

» Military—The Air Force and
Navy represent the simulator field’s
largest customers. Some 150 simu-
lators are now in use representing

www americanradiohistorv com

more than a dozen different models.
Curtiss-Wright recently announced
that the Air Force had placed
orders totaling $6.3 million for
three new types of simulators. In
addition, the military recently or-
dered a substantial number of
navigation trainers. More than 30
of these units are now in use. Over
500 electronic flight trainers also
have been produced.

» Works—Indication of great
amount of electronic equipment
that is included in flight simulators
is indicated by statistics on the
Link simulator. It contains 1,635
electron tubes, 352 transformers,
10,636 resistors and 400 computer
assemblies including 163 summing
amplifiers, 93 servo amplifiers, 26
phase detectors, 9 audio amplifiers,
5 variable frequency oscillators and
4 linear phase detectors.

» Companies—Firms in the flight
simulator field include: Curtiss-
Wright, Engineering Research
Corp., Goodyear Aircraft, Westing-
house Air Brake, Link Aviation,
American Machine & Foundry and
Otis Elevator. The last two com-

(Continued on page 16)
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for modern,
profitable
automatic production . . .

call on KAH LE

s World’s leading
exclusive manufacturer
of production machinery
for the electronics field

If you're making (or plan to make) diodes, transistors,
sub-miniature, miniature, cathode ray tubes, or other
electronic tubes or component parts, take full advantage
of Kahle’s invaluable experience.

With Kahle methods and “know-how”” you’re sure of
getting exactly the right machinery to produce exactly
what you want...accurately, dependably, profitably.

For more than a quarter of a century the leaders in the
electronics field have relied on Kahle for production
machinery. Typical production steps automatically
performed by Kahle equipment include sealing, bulb
making, stem making, exhausting, grid winding,
filament coil winding, lead wire welding.

cathode i
ray tubes : 7 Write today for additional details, equipment

specifications, production data, and quotations.

Get first hand information at our conveniently located plant—
Write for information 15 minutes from Times Square, 5 minutes south of Lincoln Tunnel

on special experimental
and research services -
offered by Kahle. i - EZ) y 4
AL L0 ENGINEERING COMPANY

1307 SEVENTH STREET ¢ NORTH BERGEN, N.J.

@nn

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 15



INDUSTRY REPORT— Continued

panies specialize in navigation-type
simulators. One aireraft firm has

built a flight simulator for its own
use in pilot training.

NEWS-SERVICE facsimile installations and private-wire units are major factors as . . .

Facsimile Sales Record Upswing

TV stations, newspapers and

business men buy and lease
more equipment

IN THE past two years the facsimile
business, which has had more than
its share of ups and downs, has
made sizable and steady sales gains.

About 200 units have been in-
stalled by the news services in
addition to sales to the government
and private business. United Press
has over 100 installations in serv-
ice, INS has 25 and AP about 50.

In addition, UP recently ordered
200 units from Cardwell Electron-
ics for expanded use in its news-
photo service. AP has ordered sev-
eral hundred units from GE.

TV stations and smaller news-
papers have been leading clients for
news service facsimile. UP clients
include over 30 newspapers and 50
tv stations. An additional 20 tv
stations and 16 newspapers have
orders in with UP for the service
which will be installed as soon as
equipment is available. Already,
news service facsimile uses over
4,000 pounds of facsimile paper a
month.

» Business—Big factor in the
commercial facsimile field is West-
ern Union with its Desk-Fax sys-

16

tem. This is a compact machine in-
stalled on the desk of the business
user. Connected to a local office of
Western Union, it eliminates the
delivery and pickup of telegrams.
Approximately 20,000 installations
were in use by the end of 1954..

Western Union has, in addition,
its Intrafax system which is in-
stalled and leased as a complete
system.

Development of Ticketfax by
Western Union permits travelers,
who walk into center-of-city or out-
lying railroad ticket offices and ask
for reservations, quickly to be
handed facsimile duplicates of tick-
ets whose originals are miles away
at the main office. The facsimile
system, which prints a ticket in
eight seconds, is the company’s
latest leased-private-wire service.

» Gear—Hogan Laboratories,
which holds basic patents on fac-
simile, has developed equipment
with transmission speeds ranging
from one inch per minute to four
inches per minute. The scanner and
recorder are capable of operating at
several times this top speed special
circuits would be required to handle
the resulting broad-band electrical
signals. Big advantage of the gear
is that copy can be run continu-
ously without clamping to a drum.

www americanradiohistorv.com

FCC Reveals Actual
Mobile Radio Use

Survey shows 57.5 percent
of authorized transmitters
currently in use

OF HIGH INTEREST to those in the
field of mobile radio communica-
tions is the exact number of trans-
mitters in use. It is customary
to issue a license covering one base
station and several mobile stations.
It may be a long time, if ever, be-
fore the full complement of author-
ized mobile transmitters is put on
the air.

In April 1954, FCC mailed ques-
tionnaires to more than 18,000
licensees. Some 60 percent replied,
representing more than 325,000
transmitters out of a total of 433,-
000 authorized for the Safety and
Special Radio Services.

» Actual Occupancy—Better than
half the mobile and base station
transmitters licensed in these ser-
vices are actually on the air as of
early 1955.

As an example, questionnaires
were sent to 5,507 police licensees
who returned 3,270—a percentage
of 58.5. Total transmitters author-
ized for this service is 107,912.
Total authorized transmitters in-
cluded in returned questionnaires is
67,897. Number of transmitters in-
stalled is reported as 42,176, 62
percent of units authorized.

Survey of Land-Mobile Radio Services

Use Ratio

Nature of Service in P(G!rcent
2

BOlICE e Aumagwl o6 sk oxo'e Mi'nn .
JITE . mperolpmomonom im & @ o w s - - 5 56
Forestry Conservation ......... 73
Highway Maintenance ......... 58.5
Special Emergency ..... L..... Bb
Total Public Safety..... 62.5
BOWER o P sariccnh s s fosa's 62.5
Petroleum ............. ...... b0
Forest Produets .......... .. 40
Motion Picture ... .. 1.0 ... 83.5
Relay Press ........... L 37
Special Industrial ............. 48
Low-Power Industrial ....... 31
Total Tndustrial ....... . . 55
Railroad ............... ... 30
Intercity Bus ........... . . 80
Highway Truck .... 40
Urban Transit ................ 72.5
Taxicab ................ .... B85
Automobile Emergency . ... . 50
Total Land Transportation.... 55
GRAND TOTAL ........ 57.5

The table gives the representa-
(Continued on page 20)
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The range of the popular Type 1021-A
Standard-Signal Generator has been extended
to 2,000 Mc with the addition of a third
oscillator unit, and downward to 40 Mc with
the added 40-50 Mc range of the low-fre-
quency oscillator unit. Now, the complete
frequency range from 40 to 2,000 Mc is cov-
ered by one power supply and three oscillator
units with frequency ranges of 40-250, 250-
920, and 900-2,000 Mc, respectively.

Mo 00 wrearOLEL
i

The new Type 1021-P4 900-2,000 Mc Unit is a grid
separation triode oscillator using a Type 5675 uhf pencil
tube. It delivers relatively high output at uhf . . . is stable
and well shielded . . . has provision for square-wave modu-
lation . . . and is low in cost for a high-performance signal z .
source. Line sections with sliding contacts are used to tgunne Type 1021-P4 Oscillator Unit
plate and cathode— tuning is exceptionally smooth. The SPECIFICATIONS
instrument is remarkably free of noise modulation caussd
by microphonics and vibrations. Frequency Range 900-2000 Mc
Lt s s Frequency Calibration Accuracy Large direct-reading
Addltlonal Osculator Unlts dial with slow motion drive calibrated to 1%
o over 200°

Incremental Frequency Control  Variable resistor in
grid circuit provides small frequency adjustments.

Frequency Drift  Under 0.1% per day

Output Voltage  Continuously adjustable from 0.5 uv
to 1.0 volt open circuit.

Output Impedance 50 ohms +10%

Output Meter Output voltage indications accurate to
better than 20% — meter circuit can be cali-
brated in terms of accurately known 60-Cycle
voltage.

Modulation Provision Square-wave modulation from
100-5,000 cycles from external modulator.

Leakage Stray fields and residual output voltage can-
not be detected with receiver having 2 pv sensi-

§ tivity.
40-250 Mc 250-920 Mc . .
Type 1021-P3B now has added 4050 Tvpe 1021-P2 is a convenient, welk SR MolTeIe IEegfif=t To reduce modulation by
Mc range for television i-f measure- shielded sou:ce of power for tbndgs power irequency.
ments, v-h-f receiver and amplifier and slotted line measurements an : [ +  Only $15.20
development, u-h-f television work. Inexpensive Tube Replacemen by
Frequency Standard-Signal Genenerator Oscillator Unit Power Supply

40— 250 Mc 1021—AYV, $595 1021—-P3B, $400

250— 920 Mc 1021—AU, $615 . . ... consistsof . ... .. 1021—-P2, $420 - and 1021—P1, $195

900—2000 Mc 1021—AW, $845 1021—P4, $650

GENERAL RADIO Company B
275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A, (
st i e el % B

1000 N. Seward Street LOS ANGELES 38

www. americanradiohistornv.com.. e e s— — .
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Collector Enitte-

Cutoff
Volts uh MA

—6
—6
—6

1 —10
1 —-10
1 —-1.0

g
5
B

Base
Current
Ampl.
Factor

0.62
45 0.62
65 0.62

*measured in ci=u't waich will 3e supplied on request

Want more information? Use post card on last page.

14
14
14

32
33
33

18 Q05 0.06
20 0.04 0.05
22 (14174 0.03
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Raytheon presents a new and more efficient

SILICON POWER RECTIFIER
with 95 to 99% EFFICIENCY N

—

~ g

1 Dissipation and
\L | average current

L versus diode cose ‘
me st HIGH CURRENT-to 15A
| ] CK775/CK776

ACTUAL
SIZE

HIGH VOLTAGE RATINGS
15 HIGH TEMPERATURE-175°C

Yo N~ HERMETICALLY SEALED
T MECHANICALLY STABLE
REDUCED COOLING REQUIRED

120V —60V.
-

et Jj‘;:ﬁ EXTENDED FREQUENCY RANGE
OSCILLOGRAM of CK776 at room temperature and 170°C better than 100 kC

g BB Y E i F ST &““‘* G N 1 : ¥ st M ‘*"
L et BAYTH E_ON SILICON 3ROWER*RECTIFI&E'R CHARACTERIS?I@Q@
MAXIMUM VOLTAGE MAXIMUM CURRE!\‘}E . DITSYSI:IP(X\TIION
RMS PEAK PEAK AVERA
TYPE CK775 VOLTS VOLTS AMPERES AMPERES WATTS
CASE TEMP. 30°C* 40 60 50 15 )
CASE TEMP. 170°C* 40 60 15 5 10
NO HEAT RADIATOR
AMBIENT TEMP. 25°C 40 60 6 20 30
AMBIENT TEMP. 170°C 40 60 2.0 0.5 20
TYPE CK776
CASE TEMP. 30°C* 125 200 50 15 40
CASE TEMP. 170°C* 125 200 15 5 10
NO HEAT RADIATOR
AMBIENT TEMP. 25°C 125 200 6 20 30
AMBIENT TEMP. 170°C 125 200 20 0.5 2.0

*maintained by external heat radiator

ADDITIONAL RATINGS (25°C)

Both CK775 and CK776 have maximum drop at 5 amperes of 1.5 volts
CK775 has maximum reverse current at =60 volts of 25 mA
CK776 has maximum reverse current at =200 volts of 25 mA

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 19



INDUSTRY REPORT— Continued

tive percentages for the several
categories of services. Other data
was picked up in the questionnaires,
such as the percentage of inter-
ference occurring in various bands
at different times of day. Answers
have been placed on punch ecards
from which statistical data are
available to organizations or indi-
viduals upon application to the Sec-
retary of the Commission.

Electronics Assets
Continue to Climb

ELECTRONICS ASSETS GROW

5 —_ -
-
o | la=" EST
z
S af —
=
=
2.
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o | |
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i |
27 ]
al (13 COMPANIES) I
Pl |
o |
=7
' l
(o) | [
1950 1951 1952 1953 1954

Representative companies gain
in total assets as expansion
and output gain

TOTAL assets of 13 important manu-
facturers in the electronics field
totaled over $4.5 billion dollars in
1954, up nearly one-half billion
dollars from 1953 totals.

» Chart—In the past five years,
total assets of the 13 companies
have nearly doubled. Although the
increment has dropped slightly for
each year, it has remained over the
$300-million mark and has averaged
about $400 million annually.

» Breakdown—Biggest item in
total assets of the companies has
been inventories which include ma-
terials, supplies, work in process
and finished goods.

»Increase—Sylvania’s total assets
more than doubled in the five-year
period from $92.9 million in 1950 to
over $200 million last year. It regis-
tered the greatest rate of growth of
any company surveyed. In terms of
dollars, the greatest increase was
registered by Westinghouse, which
increased over $500 million.

20

Los Angeles Updates lts Progress

West Coast industry has made
big strides but some growth
problems remain

DOLLAR billing of electronics manu-
facturers in the Los Angeles area
has grown from $47 million in 1941
to an estimated $842 million last
year, according to the city’s
Chamber of Commerce.

In tv set manufacturing, it is
estimated that output rose to
350,000 units in 1954 worth a
total of $52 million. Components
amounted to about $34 million. The
tv industry in the area employed
5,000 workers in final assembly and
2,800 in component manufacturing.

» Problems—Despite this prog-
ress, Los Angeles manufacturers
point out that there are some
growth deterrents. They are chiefly,
higher freight and labor costs and
a need for locally made component
parts of lower cost.

Manufacturers in the area must
absorb higher freight costs to
reach the major markets in the
U. S. than their eastern and mid-
west counterparts. I'reight costs
from the west coast to Chicago run
about 4 cents a pound. However,
relatively recent rate adjustments
have been made so that on most
items the cost to ship out of Los
Angeles is lower than the costs
for shipping into the area.

Labor rates in the Los Angeles
area are as high and in some in-
stances higher than those paid in
the east. A survey made a few years
ago showed that assemblers hourly
wages are 20 cents higher in the
west. It is sometimes cheaper to buy
from the east even after freight
charges are added.

While the electronics industry as
a whole has shown a very healthy
growth in the Southern California
area, the increase in component
manufacturers has not kept the
same pace according to companies
there. There were about 25 com-
ponent parts manufacturers in the
area in 1946 and the number has
grown to approximately 95 firms.
Of these, about 20 are transformer

makers. Thus, the bulk of com-
ponents for tv sets except trans-
formers, cabinets and tuners are
secured from the east.

» Future—Indications are that
most of the present problems of the
Los Angeles electronies industry
are being solved however. An in-
creasing number of eastern com-
panies are setting up plants on the
coast. It is estimated that now over
a dozen east and midwest firms
have manufacturing operations in
the area. Los Angeles electronics
manufacturers expect their total
dollar volume to hit the $1-billion
mark in 1956.

Tones Over Power Line
Control Plant Services

Lights, fans and motors can
be controlled remotely or by
a preselected program

CARRIER current may soon be at
work in offices, schools and indus-
trial plants controlling functions
such as time clocks, fans and blow-
ers, lights and air conditioners. An
electronic supervisor, announced by
IBM, can perform up to 40 on-off
remote switching functions. Tone
signals are sent over existing a-c¢
mains. Cost ranges from $1,100 to
$2,200.

» Tone Signals—The system pro-
vides four control channels each
handling 10 switching functions.
When the channel switch is thrown
there is a 60-second operating cycle
in which all the selected switching
functions of the channel are per-
formed.

Control impulses are sent as
audio tones: 3,500, 4,200, 5,000 and
6,000 cps that provide a i-volt sig-
nal at the switching relay.

Verifier lights on the master con-
trol panel show that the selected
control signals have been sent out
although there is no indication at
the board to show whether the

(Continued on pagc 22)
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BARRY MOUNT

S = ¢ ] Works at any angle

ALL-ANGL BARRY MOUNT

Cup diameter .........occoeei 1 inch

Maximum load ... .3 pounds
Weight ... less thon 1 ounce } i

I <
N g
...with HIGH DAMPING in all directions

Now you can forget all limitations on mounting positions for
delicate apparatus. You can design for easiest installation and best
space utilization, because the new Barry ALL-ANGL vibration isolator
works in any position. Upside down, on a bulkhead, at any slant —
position means nothing to this new BARRYMOUNT.® Damping is
exceptionally high in all directions; transmissibility at resonance is
less than 3. The ALL-ANGL mount is interchangeable with other
miniature BARRYMOUNT isolators.

This isolator is the answer to your toughest vibration-protec-
tion problems. Let us show you what it will do for you; or
write for Bulletin.

707 PLEASANT STREET
WATERTOWN 72, MASS.

SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES

ELECTRONICS — April, 1955 Want more information? Use post card on last page.
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INDUSTRY REPORT—Continued

Industrial tractor is guided by radia-
tion from control wire strung from
overhead beam

function has been performed. Like-
wise there is no indication at the
board to show if someone on the
floor has switched equipment man-
ually although signals from the
master control unit can override
manual operation from the floor.

» Wireless Carrier—Another re-
mote control application is the
operatorless industrial  carrier

shown in the photograph. Pressing
a button on control boxes placed
throughout the plant will bring a
tractor to that point, guided by an
overhead wire.

Manufactured by the Barrett-
Craven Co. of Northbrook, Ill., the
tractor has a detector unit to pick
up radiation from the control wire.
The detector information is used to
control the steering gear to keep
the tractor following the wire.

Electronics Gains In Movies

Both theaters and studios in-
crease use of electronic equip-
ment in new systems

SALES of electronic equipment to
the motion picture industry have
increased substantially in the past
few years. This has been due
largely to increased use of wide-
screen motion pictures and asso-
ciated installation of elaborate
sound systems, Volume is estimated
at $15 million last year.
Electronics manufacturers sold
an increased amount of two-way
radio equipment to motion-picture
studios. Theater television has also
shown substantial growth. Today
about 100 theaters have large-screen
tv installed representing an invest-
ment of approximately $2 million.

» Market—Of the 22,000 theaters
in the U. S. between 15,000 and
16,000 are equipped for wide-screen
motion pictures. But not all of
these have completely redesigned
sound systems. Some have connected
additional loudspeakers to existing
equipment.

The most elaborate are the stereo-
phonic systems installed by class A
movie houses in the larger cities.
About 5,000 theaters in the U. S.
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have these systems which cost up
to $25,000. Another 2,000 theaters
are equipped with magnetic sound
systems which can utilize three
loudspeakers. Nearly 10,000 thea-
ters use the optical system and
bridge additional loudspeakers
across the line.

» Companies—Example of what
wide-screen conversion has meant
to manufacturers in dollars and
cents is indicated in a breakdown
of sales in fiscal 1954 for Ampex
Corp. The commercial sales volume
of the company were almost two
and one-half times that of the pre-
vious year. Almost 70 per cent of
this increase was accounted for by
sales of multidirectional sound
equipment to motion-picture thea-
ters. Three complete lines of thea-
ter sound equipments were de-
veloped by the firm during the year
and sales amounted to $1.4 million.

» Radio—Movie makers have in-
creased their use of two-way radio.
In 1954 the number of transmitters
authorized showed the largest in-
crease of any year on record. The
number rose from 195 to 347. In
past vears the annual average in-
crease was 30 authorizations.

Use of two-way radio sets is

largely limited to operation while
on location in remote areas. The
service is used to connect with the
nearest wire lines for safety of life
and property and to promote more
efficient operation.

Low-power radio equipment is
generally used to coordinate action
taking place on outdoor sets. It
helps minimize retakes.

Testing Laboratories
Utilize Electronics

Wide variety of materials are
tested by electronics but use
is still minor

ABOUT a dozen commercial testing
laboratories and 17 colleges utilize
electronic equipment exclusive of
x-ray equipment for performing
commodity tests it was disclosed by
a new directory of commercial and
college testing laboratories compiled
by the American Society for Test-
ing Materials.

The report covers 278 commercial
testing labs and 86 college labora-
tories.

» Commodities—Testing labs use
electronics to test a wide range of
materials, from paper and paper
products to buildings. The largest
use of electronics is for testing ma-
chinery and vehicles. Over half of
the labs with electronic equipment
use it for this purpose.

Next important use of electronics
is for testing ores, metals and
manufactured products. Scientific
and medical instruments are other
products on which electronic equip-
ment has been used to makes tests.

®» X-ray—Less than 20 of the com-
mercial labs used x-ray, radio-
graphic or radiation dosage for test-
ing commodities, indicating a siz-
able potential market. A larger pro-
portion of the college labs used
x-ray, but there, too, the number
was less than 20.

» Why—Reason for the small
amount of electronic equipment
used by the labs reported is that
many of them specialize in fields

(Continued on page 24)

April, 1955 — ELECTRONICS



(e

B
ARP ¢nclosuzes

zeflect your electzonic skills within

! When it comes to engineered sheet metal fabrications, Karp offers
f::, ';':u Ii‘(’: ble":: you top-quality enclosures, housings and chassis at economies that give
fit from Karp's 30 your product a real competitive advantage without increasing the selling
years of experience. price. Our large collection of tools, dies and jigs keeps your tooling costs
Phone or write for de- at rock-hottom. Karp “know-how” means that production techniques are
scriptive literature. individualized to each job, eliminating high costs, bottlenecks and delays

to save you money. Yet each Karp fabrication is custom-built to highest
quality, with assembly, fitting and bench work performed by skilled crafts-
men proud of their work. And rememher — At Karp, your job is never too
large — or too small.

o

METAL PROOUCTS CO. e 215 63rd STREET, BROOKLYN 20, N. V.
Division of H & B American Machine Company, Inc.
= ]
FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS: in aluminum
or stee! - long run or short = spot, arc, gas or heliarc welding * ony type finish

® Modern plant—3 city blocks long @ U. S. Air Force Certified Welding Facilities

® Thousands of dies avoiloble @ Air-condifioned sproy room...camplete
baking facilities

MOST /COMPLETE
FACILITIES FOR

ENGIIJEERED SHEET M[]'A[FAﬁBRICATION

® Most modern of sheet metal
fobricoting equipment @ Camplete sub-assembly facilities
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INDUSTRY REPORT— Continued

such as food products where elec-
tronic testing is not readily adapt-
able.

The labs listed are only those
commercial and college labs engaged
in testing on a commercial or fee
basis. Labs of consulting chemists,

engineers and metallurgists and re-
search labs of manufacturing com-
panies are listed only when definite
information was supplied that they
test commodities on a commercial
basis. There are nearly 3,000 indus-
trial research labs in the U. S.

FCC Moves In On Ultrasonics

IT was mid-December 1935, when
the Federal Communications Com-
mission requested the assistance of
Cruft Laboratory, Harvard Uni-
versity, in locating the source of a
mysterious interference disrupting
radio services from 8 to 28 mec (p
19, ELECTRONICS, Feb. 1936). In-
vestigations showed (five days
later) that there were some 300
potential sources—each a medical
diathermy machine.

With past history in mind, FCC
is taking no chances on the radio-
interference menace posed by the
tremendously increasing growth of
the ultrasonic technique. Technical
requirements have long since been
established for industrial, scientific
and medical equipment, covering
diathermy and dielectric heating.

» Limitations—Ultrasonic devices
subject to rules include those gen-

erating radio-frequency energy
above 20 ke (generally above the
range of human hearing) utilizing
the energy to drive an electrome-
chanical transducer. The mechani-
cal energy is then used for a variety
of purposes.

For now, at least, FCC exempts
equipments operating below 90 ke
and generating less than 500 watts
from requirements of type approval
or certification.

» Closing Dates—The regulations,
on which technical details can be
obtained from FCC, become effec-
tive March 1. Equipment built after
July 1 must comply with the new
rules, while devices in operation
may either comply with the new
rules or an older set of regulations
governing miscellaneous equipment.
After July 1, 1965, all ultrasonic
equipment must comply.

TV Shows In Every State

TV
(ED TV)

LEGEND

TELECASTING STATIONS

TELEVISION authorizations (like
those for a-m and f-m, ELECTRON-
Ics, p 24, Feb. 1955) have been
made to stations in every state.
Year-end totals show Texas lead-
ing with 47 commercial and 1 edu-
cational.
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California, Pennsylvania and
New York follow with totals of 39,
38 and 37, respectively. Alaska and
Hawaii (not shown on the map)
have 3 commercial tv authorizations
apiece, which equals or exceeds the
number for each of six states.

Plant Maintenance s
$10-Billion Business

MAINTENANCE costs for U. S. in-
dustry have risen from about $5
billion in 1950 to over $10 billion
last year.

GE recently estimated that the
nation’s maintenance bill for 1955
will increase by $1 billion largely
because of increased automatiza-
tion. (ELECTRONICS, p 26, Mar.
1955.) Annual maintenance costs
for all electronics factories are esti-
mated at over $100 million for last
year.

» Men—In 1951, in the radio, tv
and related products industry there
were approximately 230,000 pro-
duction workers. Nearly 5,000,
about 2 percent of the total work-
force, were in maintenance. Last
yvear the industry employed nearly
10,000 maintenance men,

Financial Roundup

COMPANIES in the electronics field
reported on net profits for 1954
and for many firms the year regis-
tered the highest net income on
record. Qutstanding increases were
made by companies such as GE,
IBM, Minneapolis Honeywell, RCA
and Westinghouse. Following are
the net profits of firms in the field
for 1954 or for fiscal periods indi-
cated:

Net Profit
Company 1954 1953
ATET s el dulins $480,277,306 $421,485,570
Barry Controls. . 320,506 252,308
Bendix 3m ..... 5,983,226 4,753,961
Canadian

Marconi  ..... 1,083,590 1,349,243
Carborundum Co. 3,283,704 5,721,558
Clevite << .5 veveas 2,668,648 3,478,611
Cornell-

Dubilier 3m. .. 568,556 598,810
A. B. DulMont. .. 7,697,000
T. A. Edison.. .. 908,000 1,479,495
Garrett 6m ... .. 1,681,000 1, ,000
GE . # e ag hd by 212,613,221 165,727,889
Gen. Prec. Equip. 6,258,219 3,436,349
IBM ieisicna st twem 46,536,625 34,119,210
Litton Industries

M| w-e ey spans 341,000
W, L. Maxson 3m 352,923 370,763
Minn. Honeywell 15,345,203 10,329,825
Philco samamas ik 6,768,965 18,350,577
RCA;, uermysaEqzm 40,525,000 35,022,000
Stewart-Warner 2,757,000 4,081,000
Stromberg-

Carlson ...... 1,981,754 1,667,308
Sylvania ....... 9,480,941 9,536,181
Thompson

Products ..... 11,678,645 9,652,923
Tung Sol ....... 2,077,062 1,780,882
Western Electric 55,836,430 52,604,613
Westinghouse .. 84,594,367 74,322,925

» Securities—ElectroData Corp.
(Continued on page 26)
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Control Engineers tell us the most importart part of any
remote supervisory control system is the “pipeline”—the means
by which data is sent from control point “A” %6 operating

oint “B”. And these same control engineéss tell us our
MULTI-GATE Systems have proven themselv§s as compact,
efficient, and dependable “pipelines.” .

The MULTI-GATE system provides complete‘om—oﬁ’” or
“raise-lower” control and report-back indicatiol of practically
an unlimited number of remote switches for vaiwes, pumps,
lights, power transfer and other functions, as Well as alarm
indication. Pipelines, refineries, chemical plant?ailroads,
ublic utilities and many other industries are ing
MULTI-GATE an efficient, money-saving tool. Alltheir control
operations can be performed over a single
communications circuit. “

When used with telemetering equipment, simulmn‘s control

and remote metering of such quantities as flow, temperature,

pressure and elecirical quantities are available overithe same

circuit—radio, microwave, wire or carrier—because @il Multi-Gate Receiver
operations are performed by audio tones. £

The transmitter and receiver terminals pictured at th‘-ight ‘- Y2 Y .~

are typical of Hammarlund MULTI-GATE equipmentiiThese i %
units, designed for a 42 function system (21 “cn-off” t‘f " ~'
operations), take little space and are . *

readily accessible when mounted in 1 CENTRA“ZED DG TGS O

a standard 19-inch rack. for completely con-
trolling and metering of

®

For details write The Hammarlund 0 = ber of remot

Manufacturing Ce., Inc., 460 West “ PERATIONS :u,,ycﬁ:::“ f:,mo ce:,:; °

34th Street, New York 1, N. Y. operation points

Ask for Bulletin E4. " CONTRB[ for efficiency, speed '
LN

and eczonomy.
trademarks pending) 4
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INDUSTRY REPORT—Continued

plans to file with SEC for the sale
of common stock to raise approxi-
mately $2 million in new capital. A
total of $225,000 will be used to pay
for the cost of building and equip-
ping a new main office and plant
now under construction in Pasa-
dena, Calif. The balance will be
added to working capital.

Moran Electronic Components
field with SEC covering 100 shares
of common stock, no par, and 4,000
shares of 7 percent cumulative pre-
ferred stock, the latter to be offered
at par, $10 per share. Proceeds are
to be used to purchase raw ma-
terials and equipment and for ex-
pansion as warranted.

Granco Products field with SEC
covering 120,000 shares of common
stock, par 50 cents, to be offered
at $2.50 a share. Net proceeds are
to be used to buy machinery and
equipment for further development
and research and for working cap-
ital,

Transistors Aid
Long Distance Calls

— I...N«ME. - r =

NUMBER of transistors used in the

telephone field is increasing as
AT&T installs more card trans-
lators at its switching centers.
Equipment has already been in-
stalled in 16 switching centers
throughout the country and more
will be added this year. When a
long distance call is dialed, a se-
lected perforated card falls into
position. Beams of light shining
through the perforations pick out
and energize a number of photo-
transistors which give the switch-
ing apparatus the information
needed to send the long distance call
automatically over the correct route,
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ApPriL 5-7: Radio Technical
Commission for Aeronautics,
Spring Assembly Meeting
IRE Los Angeles, Calif.

APRIL 13-15: Symposium On
Modern Network Synthesis,
I1 sponsored by Polytechnic
Institute of Brooklyn, En-
gineering Societies Bldg., New
York, N. Y.

APRIL 15-16: Ninth Annual
Spring Technical Conference,
Cincinnati IRE; Engineering
Society Bldg., Cincinnati,
Ohio.

APRIL 18-22: 77th semi annual
convention of SMPTE, Drake
Hotel, Chicago, Ill.

APRIL 19-21: Twelfth British
Radio Components Show,
Grosvenor House, London.

APRIL 24-28: Scientific Appara-
tus Makers Association An-
nual Meeting, The Green-
briar, White Sulphur Springs,
West Va.

APrIL 25-26: Conference on
Automatic Control, ASME,
University of Michigan, Ann
Arbor, Mich.

APRIL 27-29: Seventh Regional
Technical Conference and
Trade Show, IRE, Westward
Ho Hotel, Phoenix, Ariz.

Aprri, 29-30: New England
Radio-Electronics Meeting,
IRE, Sheraton Plaza Hotel,
Boston, Mass.

MAy 2-5: Third Annual Semi-
conductor Symposium of the
Electrochemical Society, Cin-
cinnati, Ohio.

May 3-5: URSI Spring Meet-
ing, National Bureau of
Standards, Washington, D. C,

MAyY 13: Automation, Engineer-
ing For Tomorrow, Sympos-
ium, Engineering School,
Michigan State College, East
Lansing, Mich.

MaAy 16-19: Electronic Parts
Distributors Show, Conrad
Hilton Hotel, Chicago.

May 18-20: Annual National
Telemetering Conference and

FUTURE MEETINGS

Exhibit sponsored by IRLI,
AIEE, 1AS, ISA; Hotel Mor-
rison, Chicago, III.

May 19-21:Global Communica-
tions Conference, sponsored
by AFCA; Hotel Commodore,
New York, N. Y.

MAy 23-25: Ninth Annual Con-
vention of the American So-
ciety for Quality Control,
Hotels Statler and New
Yorker, New York, N. Y.

MAYy 24-26: Ninth Annual
NARTB Broadcast Engineer-
ing Conference, Washington,

May 26-27: Electronic Com-
ponents Conference, Los
Angeles, Calif.

JUNE 2-3: TIRE Materials Sym-
posium, Convention Hall,
Philadelphia, Pa.

JUuNE 3-5:ARRL Hudson Divi-
sion Convention and Amateur
Radio Equipment Show, Hotel
Adelon, Long Beach, N. Y.

JUNE 6-8: Fourth Annual Con-
vention and Trade Show, Na-
tional Community Television
Association, Park Sheraton
Hotel, New York, N. Y.

JUNE 20-25: Symposium on
Electromagnetic Wave Theory
sponsored by URSI and the
University of Michigan, Ann
Arbor, Mich.

Auc. 24-26: 1955 WESCON,
Civie Auditorium and Fair-
mount Hotel, San Francisco,
Calif.

Auc, 26-SEPT. 4: Great German
Radio, Gramophone and TV

Exhibition, Dusseldorf, Ger-
many.
SEpT. 12-16: Tenth Annual

Instrument Conference & Ex-
hibit, ISA, Shrine Exposition
Hall and Auditorium, Los
Angeles, Calif.

SepT. 28-29: Industrial Elec-
tronics Conference, AIEE,
Rackham Memorial Auditor-
ium, Detroit, Mich.

Ocrt. 3-7: National Electronics
Conference, Chicago, Ill.

Industry Shorts

» Sales and revenues of approxi-
mately $20 billion annually for the
electronics industry within the next
decade were forecast by Sylvania.

» New cut in the U.S. listing of
critical occupations and essential in-
dustries which serves as a basis for
draft deferments, doesn’t touch the
electronics industry. Still on the
critical occupational listing are pro-
fessional engineers, all branches,
and electronic technicians.

www americanradiohistorv com

» Radar installations on British
merchant ships totaled 2,271 at the
end of February, 1954, according to
the Ministry of Transport. Present
rate of installation is estimated at
about 450 a year.

» Number of licensed tv sets in
Japan totaled 48,125 in February,
an increase of nearly 10,000 since
the beginning of the year.

» Mistake in hiring a salesman
costs the average company more
than $6,000, according to the Amer-
ican Management Association.
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OSCILLATOR

® Continvously Tunable Thru
Video VHF and UHF Frequencies,
50KC-950MC Range

©® Sweep Widths to 40 MC
@® Single Dial Tuning

Used with a standard cathode ray oscilloscope,
the Kay Calibrated Mega-Sweep will display the
response characteristic of wide band circuits over
the frequency range of approximately 50 ke to
950 me. It features a calibrated dial indication
of the approximate output frequency. The cen-
ter frequency of the sweeping output voltage
may thus be set to an accuracy of about 10%.
The calibrated Mega-Sweep is the ideal instru-
ment for use in alignment of amplifiers and fil-
ters . .. also as an FM source of wide range for
instructional and lab purposes.

SPECIFICATIONS

Freq. Range: 50 kc to 1000 mc.

Freq. Sweep: Sawtooth, adjustable to 40 me.
Repetition rate, 50 to 100 ¢/s.

RF Output: High, approx. 100 mv max. into open
circuit. Low, 5 mv into open circuit.

RF Output Control: Microwave attenuator con-
tinuously variable to 26 db.

Output Waveform: Less than 5% harmonic dis-
tortion at max. output.

Meter: Provides crystal detector current for peak
output.

Regulated Power Supply: 105-125 v., 50 to 60
cps. Power Input, 100 watts.

Send for Catalog 110-A

$495 f.0.b. factory

WIDE RANGCS

Che
CA PI@B@EZI' ED

Mega-Sweep

g_e:f. KAY ELECTRIC COMPANY

14 MAPLE AVENUE PINE BROOK, N. J.

ELECTRONICS — April, 1955
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SWEEPING OSCILLATORS
for every application

KAY

Mega-Sweep

Widest range of the Kay line of sweeping
oscillators. Provides continuous frequency
coverage up through UHF-TV bands —
50 ke to 1000 me. Widely used in radar
system development and in alignment and testini of TV
and FM systems and components, as well as wide band IF
and RF amplifiers and filters. Freq. range, 10 mc to 950
me. Write for Catalog 100-A. Price, $465 f.0.b. factory.

KAY
111-A CALIBRATED

Mega-Sweep

Higher output model calibrated Mega-Sweep, with zero
level baseline. Higher output facilitates frequency response
testing of UHI' converters or tuners. Wider sweep width
permits multi-channel response viewing. Zero level base-
line is convenient means of measuring gain of test circuit.

SPECIFICATIONS
Frequency Range Output Impedance Output Voltage
(Into Load)
1. 10 mc—950 mc 70 ohms unbalanced 0.15 Valts
2. 450 mc—900 me 300 ohms balanced 0.3 Volts

Sweep Width: Continuously variable to approx. 40 mc max.
Write for Catalog 111-A Price, $575 f.o.b. factory

KAY 112-a cauisraten Mega-Sweep
Same as 111-A, except total frequency range is 800 mc to
1200 me. Catalog 112-A. Price, $575 f.0.b. factory.

Want more information? Use post card on last page. 27



reduce c0Sts

SOUTHCO

with

Here’s a low-cost retractable screw fastener to save you
assembly time and to eliminate the frequent need for
costly special design fasteners. Unmatched for fast, eco-
nomical use by assemblers of electronic units and other
paneled cabinets.

“Floating” screw insures easy alignment no matter how
many screws are engaged in a single panel. No special
skills or tools needed; installation fast and simple.

3 head sizes and 3 standard thread sizes available. On
special order, slotted heads, stainless steel screws, and
extra long screws.

Write for complete information. Southco Division,
South Chester Corporation, 233 Industrial Highway,
Lester, Pa.

A SIZE FOR EVERY NEED

3 SIMPLE COMPONENTS

I o

Stand-off is flanged
into panel. Screw is
inserted into over-
size hole in stand-
off and locked in
place by retaining
 STAND- ring, which is
OFF passed over threads
to seat behind last

thread.

4 SCREW

nnf
Il

RETAINING
€ 4gane

SOUTHCO
FASTENERS

OFFICES

WHEREVER TWO QR MORE PARTS ARE FASTENED TOGETHER, STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS

LARGE HEAD
(34”7 diameter)

Screw and stand-off are
brass, nickel plated. Retain-
ing ring is durable vinyl

plastic.

MEDIUM HEAD
(%" diameter)

¥4"”-20 and
12-24 thread

SMALL HEAD
(%" diameter)

il

Choice of stand-offs for
each screw size to accommo-
date panel thicknesses from

X to %

©1955

PAWL « SCREW AND SPRING -
DRIVE RIVETS - ANCHOR NUTS .
ENGINEERED SPECIALTIES

IN PRINCIPAL

28 Want more information? Use post card on last page.
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ENVIRONMENT* CONTROL

is an important part of

QUALITY CONTROL

in the manufacture of all

St N

HOSPITAL-CLEAN conditions minimize danger of contamination
from air borne lint or dust particles that might lead to catastrophic
tube failures.

Long, flat press, glass to metal

% E Nv‘ RONMEN' con'rol at Rayfheon inVOlveS: seals with in-line leads are used in

Raytheon Reliable Subminiatures.

+ filtered intake air in pressurized mount « elimination of "lint-traps" through This means:

« humidity control assembly and parts deliberate employment of no buttons fo crack
reduced glass strain

+ temperature control manufacturing areas smooth floors, walls, ceilings « no lead. burning or corrosion
« lintless clothing for personnel and work area surfaces » easier socketing
X . . « easier wiring
o "air lock” room entrance chambers + restricted material flow . superior adaptability
+ restricted movement of personn 3 ; tojprintedicireuits
strictes i o P. rsonnel| + daily vacuum cleaning of . exlra insurance against
+ elimination of lint-producing paper work area and of containers catastrophic glass failures

Raytheon Reliable Subminiature Tubes include Dual and Rectifier Diodes; High, Medium and Low Mx Tri-
odes; High and Medium Mu Dual Triodes; High Frequency Triodes; Low Microphonic Triodes; Output, RF
Amplifier and RF Mixer Pentodes; Voltage Regulator and Voltage Reference Tubes. Write for Data Sheets.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:

TELECTROMICS — April, 1955 Want more information? Use post card on last page. 29
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HOOP-SHAPED

ColL

UNLIMITED NEW

Random-wound, Layer or Paper-section for

COILS potentiometers, tclephones, brakes and clutches,
clocks and timers, hearing aids, instruments, spcakers,
relays, television, radio and other applications.

TRAN s FO RM E R s Paper-section, Random-wound, Qil-filled, Air-
cooled and High Voltage for distribution, current,
X-ray, tclevision, radio and other applications.

MOTORS Windings for shaded pole, series fields, instruments,

induction and others.

fOdL ot (eiting dm@——ﬂmﬁéz@ O Mkl /
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FLY-BACK COWL

APPLICATI

Redesigning? BONDEZE may provide one answer
to your overall cost reduction program!

BONDEZE is Phelps Dodge magnet wire
with a special thermo-plastic film applied
over the insulation. It offers a quick, eco-
nomical means of bonding wires together,
turn to turn, through single application of
heat or solvents.

*BONDEZE is a Phelps Dodge Trademark

BONDEZE offers unusual opportunities
for redesign of windings and in many cases
influences finished product design with
overall savings to the user.

Any time magnet wire is your problem, consult
Phelps Dodge for the quickest, easiest answer.

PHELPS DODGE COPPER PRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

ELECTRONICS — April, 1955 Want more information? Use post card on last page.
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Transistor Sockets

Subminiature Sockets

UHF Radiation
Sockets

vepsat’
e ey

Printed Circuit
Sockets

High Voltage Sockets
and Color TV Components

Today as a quarter of a century ago, Eby Tube Sockets lead the field with advanced
design and quality workmanship. You can depend on Eby ... keeping pace with
the industry.

TUBE SOCKETS « PLUGS & CONNECTORS « JACKS - BINDING POSTS and other
ELCCTRONIC, COMMUNICATIONS, RADIO and TELEVISION COMPONENTS

HUGH H. CO.

4708 Stenton Ave., Philadelphia 44, Pa.

ELECTRONICS Charter-Year Advertiser
32 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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BRUSH

Announces. ..

NEW D.C.
RECORDING AMPLIFIER
WITH GAIN OF 10,000!

This new Brush Amplifier is outstanding for
stability, high gain and reliability. When
usec. with any of the Brush Oscillographs it
permits instantaneous chart recordings of
both low-level D.C. or A.C. voltages with full
range of frequencies. The use of a chopper-
stabilized feedback circuit eliminates the
need for matched tubes and permits an
extended frequency response. More than

CHECK THESE FEATURES!

M HIGH SENSITIVITY — 10G microvolts per chart mm. ever, Brush Recording Systems provide full
v\""' HIGH STABILITY IN USE—less than Yy chart mm. drift hour range instrumentation for your measure-
"7 | EXTENDED FREQUENCY RESPONSE—1).C. t0 100 cycles per second
2.2 with Brush Direct-Writing Oscillographs. With photographic ment problems.
k\s equipment, frequency range can be extended to 5,000 cps 3
LOW NOISE — less than 26 microvolts equivalent input. Ask your Brush rep‘resentatl‘ve or send
INPUT IMPEDANCE — | nregohm. coupon for complete information. Brush
INTERNAL CALIBRATION —2 millivolts and 1 volt. Electronics Company, Cleveland 14, Ohio.

FULL RANGE
INSTRUMENTATION IR

-
P AL K P

Brush Amplifiers and Oscillo-
graphs provide multi-channel
recording of voltages from D.C.
to 100 cycles per second — or of
physical phenomena such as
stress, strain, torque, force, tem-

peratures, efz.

Brush Recording Systems give
you the greatest flexibility in
measuremen-s. You have a choice
of 8 or 16 chart speeds; ink or
electric writing.

Units can be mounted in stand- Dual-Channel D.C. Amplifier Universal* Amplifier
ard racks, or portable cabinets.

*Trade-Mark

BRUSH ELECTRONICS

i ‘ USE COUPON \
INDUSTRIAL AND RESEARCH INSTRUMENTS . »
PIEZOELECTRIC MATERIALS « ACOUSTIC DEVICES Division of /

MAGNETIC RECORDING EQUIPMENT AND COMPINENTS | Clevite Corporation



FOUR OR SIX
CHANNEL MODELS

MARKERS FOR TIME TO 10” PER DAY.

AND EVENT CORRELATION

g
«‘_&\ﬁ

COVER REMOVABLE FOR
EASY ACCESS TO
WRITING TABLE

y z 16 CHART SPEEDS
¥ AVAILABLE —10" PER SECOND
v%\
== 9
LY

J : SELECTION OF LOCAL
V 4 =2 OR REMOTE CONTROL
| o g,,

FO

TWO WRITING METHODS:
INK AND ELECTRIC

New portable six-channel oscil-
lograph; weighs 48 pounds. All
new oscillograph models are
equipped with electrically con-
trolled chart drive transmissions.

-
! BRUSH ELECTRONICS COMPANY, Dept. K-4 l
I 3405 Perkins Avenue |
| Cleveland 14, Ohio I
I {0 Please have your representative call. l
| 0 Please send bulletins on the following: (check below) |
I New high gein Amplifier. |
[ Portable Recording Systems. |
| -Recording Systems for rack or console mounting. I
|

| |
| |
| |
| I
| |

Name L .
Title . . -
Company . _

Address

Amplifiers can be
equipped with portable
carrying cases or in-
stalled directly in
standard racks. Both
rack-mounting and
portable oscillographs
have the same electri-
cally controlled chart
drive transmissions,

NOW!
PORTABLES

JOIN THE
"NEW LOOK” IN
RECORDING SYSTEMS

® The new Brush Portable Reccrding
Systems are light in weight, easy to
use. In addition, they provide the full-
range instrumentation for portable use
now offered by Brush’s line of rack
and console-mounted systems.

You can record a greater range of
signals with optimum resolution than
with any other direct-writing oscillo-
graphs. These new units hava the
widest chart speed range available—
from 10” per day to 10" per second.
Units can be equipped for both ink
and electric writing.

Brush Portable Recording Systems
are ideal for field tests, are easy to
set up, and do not require skilled
technicians. Find out how thev can
simplify your testing problems—elec-
trical variables, stress, strain, torque,
vibration, etc. Send coupon for book-
let, or call your Brush representative
for complete information.

e

1-{: Re @ R.‘Q-,‘
teo e¢ s o |

“Trade-Mark

—

BRUSH ELECTRONICS COMPANY
INOUSTRIAL AND RESEARCH INSTRUMENTS NN A
PIEZOELECTRIC MATERIALS » ACOUSTIC DEVICES mmm @ B Disision of
MAGNETIC RECORDING EQUIPMENT AND COMPONENRTS I 4R Clevite Corporation




This transformer, one
of 25 is located in the
tube-manufacturing de-
partment on the first
floor. The rating is 220/
8KV C.T. 7.2 KVA. On
the floors above there

are 95 similar trans-

Above photo, with cab-

inet safety door open,

shows NWL Transform-

formers. Elsewhere in er in place. Photo at

this plant NWL Trans-

formers have been giv-

left shows tube-sealex
moachine. Cabinet con-

ing satisfactory service taining transformer is

for 12 years under the shown within circle.

same severe conditions.

NWL Transformers, such as that illustrated ~ machines under high speed production
above, are used to supply high voltage D.C.  chedules, it is imperative that the trans-
current to the tube-sealing machines shown
in lower photo. RCA produces only prod-
ucts of the highest quality. Because of the
extremely accurate work done by these meet these conditions.

formers be completely dependable over

long periods of time. NWL Transformers

From 10 VA to 300 KVA Dry-Type only.

ﬂ Both open and encased. 1, 2, and 3 Phase.
15 to 400 Cycles.
menma LABORATORIES
o P. 0. Box 455 - Dept. 102, TRENTON, NEW JERSEY
ST

Manufacturers of Electrical Transformers—Testing Equipment
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s
DECIBELS

€11 (0 racuans

SPECIFICATIONS

Voltage Range: 0.3 mv to 300 volts. 11 ranges, sclected
with front panel switch. Full scale readings ot:

0.003 volts 0.1 3.0 100
0.01 0.3 10.0 300
0.03 1.0 30

Frequency Rarge: 10 cps to 600 KC.

Accuracy: With nominal line voltage +1G% (103 volts
to 127 volts), overall accuracy is within +2¢ of full
scale, 20 cps to 100 KC, +3G 10 cps to 600 KC.

Calibration: Reads rms value of sine wave. Voltage indi-
cation proportional to average value of applied wave.
Linear voltage scales, 0 to 3 and 0 to 1.0; db scale,—12 db
to + 2 db, based on 0 dbm — 1 mw in 6060 ohms, 10 db
intervals between ranges.

Input Impedance: 10 megohms shunted by 25 yuf.

Amplifier: Output terminals are provided so voltmeter can
be used to amplify small signals or monitor waveforms
under test with an oscilloscope.

Power: 115 /230 volts +10%, 50/1,000 cps, approximately
70 watts.

Dimensions: 111" high, 714" wide, 7" deep (cabinet
mount). Rack mounting available on 19" x 7 panel.

Weight: Net 15 Ibs. Shipping 25 Ibs. (cabinet mount).
Price: $200.00.

Data subject to change without notice. Prices [.0.b. factory.

COMPLETE
COVERAGE

!

— Quality, valye,

- §.4
o5

NEW! -hp- 400AB
10 cps to 600 KC

Ovutstanding value, general application

Model 400AB is a new precision voltmeter offering more util-
ity, dependability and dollar valuc than any audio voltmeter
-hp- has ever built!

Replacing the widely-used Model 400A in the -4p- line, the
new instrument permits measurements from 0.3 millivolts
to 300 volts over the full frequency range. Stability and sensi-
tivity are extremely high, and accuracy is +2% full scale
from 20 cps to 100 KC. Input impedance is 10 megohms to
prevent disturbance to circuits under test. Readings are direct
in voltage and dbm. Special switching arrangements eliminate
switching transients.

BROAD USEFULNESS

Model 400AB is particularly suited for measuring amplifier
gain, network response or output level on audio, carrier cur-
rent and supersonic ranges. In many applications it indicates
hum and noise level directly and will also serve as a null
indicator. It contains an output connector and can be used
as an amplifier. With an oscilloscope, it also monitors wave-
form of a voltage under test. The instrument is modcrately
priced, yet of typical -hp- quality construction throughout
including long-life electrolytic condensers and etched cir-
cuitry. -hp- 400AB is unusually compact, requiring only a
7” x 7” square of bench space.

HEWLETT-PACKARD

34 Want morc information? Use post card on last page.

April, 1955 — ELECTRONICS

www americanradiohistorv.com



-hp- 400D
10 cps to 4 MC
Ultimate quality,
high sensitivity

Model 400D is perhaps the finest
vacuum tube voltmeter built today.

Accuracy is within 2% to 1 MC,
and approximately 56 db of feed-
back in mid-range assures high stability and freedom from
calibration change due to external conditions. An exclusive
switching arrangement in the cathode circuit minimizes
switching transients. Input impedance is 10 megohms; cir-
cuits under test are not disturbed.

-hp- 400D is protected against overloads as great as 600 v
on all ranges. The indicating meter is a special 1%, 1 ma
instrument. Coupling and bypass condensers are sealed;
electrolytic condensers are long-life types. Circuitry and
mechanical layout are clean, permitting easy access to all
parts. A rugged new all-metal case insures easy portability,
and occupies minimum bench space.

SPECIFICATIONS
Voltage Range: 12 ranges: 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3,
10, 30, 100, and 300 volts.
Frequency Range: 10 cps to 4 MC.

Accuracy: Overall =2% 20 ¢ps to 1 MC; =39% 20 cps to 2 MC;
+5% 10 cps to 4 MC.

Long Term Stability: Better than 0.5%, 20 cps to 1 MC.
Calibration: rms value of sine wave. Linear scale.

Input Impedance: 10 megohms, 15 puf shunt, 1 to 300 v, 25
puf shunt, 0.001 to 0.3 v.

Amplifier: Includes output terminals for oscilloscope use.
Power: 115/230 v + 10%, 50/1,000 cps, 70 watts.

Size: 714" wide, 114" high, 113" deep. Wt. 18 lbs.
Price: $225.00.

Duata subject 10 change without notice. Prices f.o b. factory.

INSTRUMENTS

ELECTRONICS — April, 1955

20 cps to 700 MC
industry’s standard
for vhf-uhf

The famous 410B combines
in one instrument an ac volt- .
meter covering frequencies X =
from audio to radar, a dc ’
voltmeter with over 100 meg-
ohms input impedance, and an ohmmeter, capable of measur-
ing resistances from 0.2 ohms to 500 megohms. The instru-
ment covers its tremendous frequency range with an accuracy
of +39 full scale, and has a frequency response flat within
+1 db up to 700 MC. (Good indications to 3,000 MC.)

For ac, -hp- 410B employs a special -hp- diode probe which
places a capacity across the circuit under test of only 1.5 puf.
Input impedance at low frequencies is 10 megohms and res-
onant frequency is approximately 1,500 MC. The probe is
the finest available, and will measure audio, supersonic, rf or
vhf voltages more accurately than any other on the market.
The dc section has an input impedance of 100 megohms with
outstandingly low drift and high calibration stability. The
meter requires only one zero adjustment for all ranges.

SPECIFICATIONS

Ranges: ac: 0 to 300 v, 6 ranges.

dc: 0 to 1,000 v, 7 ranges.

ohms: 0.2 ohms to 500 megohms, 7 ranges.
Accuracy: + 3% full scale.
Frequency Response: Flat within =1 db to 700 MC.
Input Impedance: 1.5 puf capacity, 10 megohms at low frequencies.
Power: 115/230 v £ 10%, 50/1,000 cps, 40 watts.
size: 7”7 wide, 1115” high, 814" deep. Wt. 12 Ibs.
Price: $245.00.

Data subject to change without notice. Prices f.0.b. factory.

JAENEEEEEEEEEEREED,
HEWLETT-PACKARD COMPANY [l

= 3327A PAGE MILL ROAD - PALO ALTO, CALIF. -
. Please send me additional information on -
- 400AB 400D. 410B -
Name S .
Company [ -
Street_ . S .
City. Zone_ State_ .

EEEEEEEEEEEEEnnpY
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Complete instrumentation

New! -hp- 415B
Standing Wave Indicator

o measures SWR with slotted lines

expanded scale for low SWR

output for recorder operation

e measures rf signals with crystal detector

serves as bridge or null indicator

Model 415B is a completely new instrument, similar to the
time-tested —Ap— 415 A Standing Wave Indicator but contain-
ing advanced features never before incorporated in one in-
strument of its type.

Basically a high gain, low noise, amplifier operating at fixed
audio frequency, —/p— 415B presents output on a square-law
calibrated VIVM reading direct in SWR or db for operation
with crystal detectors such as —hp— 440A and 444 A, and —hp—
805 series slotted lines.

Among the many excra-convenience features are an ex-
panded meter scale for accurate measurement of very flat
systems (see Figure 1); a 200 K input for null or bridge
measurements; a bias current for use with bolometers; a 70 db
calibrated range adjustable in 5 db steps so meter may be read
in a favorable portion of the scale. Output connections for
recorder operation are also provided.

© s o 0 J-,:‘;%
v SOUARE LAW DETECTOR ¢ S o
7 0.9,

*", —hp- 415B is normally supplied for operation at 1,000 cps,

LG C:D - but simple “plug-in” units are available on special order for

LS _J other frequencies 315 to 3,000 MC. The instrument is housed
Figure 1. Meter face, ~hp— 4158. Note expanded in a light, compact, rugged metal case.

scale giving full scale indication of SWR as low
as 1.3. All measurements are made in high-
accuracy upper portion of scale.

¥ SPECIFICATIONS
Frequency: 1,000 cps &= 29%. Input: “Bolo” (200 ohms). Bias provided for 8.4 ma bolometer or
Sensitivity: 0.1 uv ata 200 ohm level for full scale deflection. 1/100 amp. fuse; or 4.3 ma low current bolometer.
Noise Level: Less than 0.03 «f ref. to input operated from a 200 “Crystal.” 200 ohms for crystal rectifier.
ohm resistor. “200,000 ohms.” High impedance for crystal rectifier as null
Amplifier Q: 25 = 5. detector.
Calibration: Square law. Meter reads SWR, db. Output: Jack for recording milliammeter having 1 ma full scale
Range: 70 db. Input attenuator provides 60 db in 10 db steps. deflection, internal resistance-of approx. 1,500 ohms.
Accuracy = 0.1 db per 10 db step. Input Connector: BNC.
Scale Selector: ‘Normal,” “Expand,” and “—35 db.” Power: 115/230 v = 10%, 50/60 cps, 60 watts.
Meter Scales: SWR: 1-4; SWR: 3-10; Expanded SWR: 1-1.3; Dimensions: Cabinet Mount: 714" wide, 1114 high, 14” deep.
db: 0-10; Expanded db: 0-2. Rack Mount: 19” wide, 7” high, 11” deep.
Gain Control: Adjusts to convenient reference level. Range Weight: Net 20 |bs. Shipping 35 1bs. (cabinet mount).
approx. 30 db. Price: $200.00.

OOV E HEWLETT-PACKARD

COVERAGE
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for fast, accurate

MEASUREMENTS

Use this equipment with 415B
FOR SLOTTED LINE
SWR MEASUREMENT

~hp- 809B Universal
Probe Carriage

Convenient, all-purpose carriage. Operates
with 6 —bp— slotted sections, waveguide or
coax, covering frequencies 3 to 18 KMC.
Sections interchange in 30 seconds. Precision
construction, calibrated in mm to 0.1 mm;
dial gauge may be mounted. Operates with
—hp— 440,442,444 detectors, probes. $160.00

~hp— 810A/B Waveguide
Slotted Sections

—bp— 810B, for 809B carriage, is a flanged
waveguide section with tapered slots mini-
mizing reflections. Available in 5 bands, 3.95
through 18.0 KMC. —bp— S810A (illus-
trated), complete slotted section including
integral probe carriage, 2.6 to 3.95 KMC
band only. —hp— 810B, (all sizes) $90.00.
—hp— S810A, $450.00.

—hp— 806A Coaxial
Slotted Section

Precision slotted section for SWR measure-
ments 3 to 12 KMC. Mounts in —hp— 809B
Universal Probe Carriage. Used with Type N
connectors, flexible cables. $200.00

~hp— 805A/B Coaxial
Slotted Sections

Coaxial units designed for fast, accurate SWR
measurement. Exclusive parallel plane design,
for operation over all frequencies 500 to
4,000 MC. Identical except —hp— 805A is for
Type N connectors, and flexible cables; —bp—
805B is for rigid 78” RG44/U line. —hp—
805A or 805B, $475.00.

Use this equipment with 415B
FOR CONVENIENT RF DETECTION

—hp— 420A Crystal Detector

Uses a silicon crystal to
& detect rf signals in Type

Eahe 2 N coaxial line. Covers
frequencies 10 MC to 12.5 KMC. Flat fre-
quency response, sensitivity 0.1 v/mw. Uses
modified 1IN76 crystal. $50.00.

—hp— 444A Untuned Probe

A 1N26 crystal plus a small an-
tenna in a convenient, easy-to-use
housing. Variable penetration
depth, no tuning required. Sensi-
tivity equal to single- or double-
tuned probes. Range 2.4 to 18.0
KMC. Mounts in 809B carriage.
$50.00.

—hp— 440A Detector Mount

Simple, convenient
means of detecting rf en-
ergy in coax or waveguide
systems. For coax, operates at any

frequency 2.4 to 12.4 KMC. Uses either
silicon crystals or bolometer. Includes built-in
by-pass. Coax connector for UG21B/U Type
N; BNC output jack. One-adjustment, single
stub tuning. $85.00.

Prices f.0.b. factory.
Data subject to change without notice.

INSTRUMENTS

—hp— 442B Broadband Probe

Provides variable probe penetra-
tion. Probe position held by fric-
tion or locking ring. Type N rf
jack simplifies receiver connection.
Shielded, designed to minimize
spurious response. Fits 809B car-
riage or others with 34" bore. With
—bp— 440A, forms sensitive tf de-
tector for slotted waveguide sections. —hp—
442B. $35.00.

—hp— X421A Detector Mount

Accurate, square-law crystal de-

tector for waveguide reflectom-

i eter measurements. Composed

i of waveguide-to-coax adapter

terminated in a 1N26 crystal

operating into a load resistance

selected for accurate square-law

operation over an input power

range exceeding 40 db. 8.2 to 12.4 KMC;

sensitivity 1 mv/0.01 mw, SWR less than 1.5
full range. $75.00 (including crystal).

OTHER IMPEDANCE EQUIPMENT
—hp— 803A vhf Bridge

Gives fast, direct readings
of any impedance between
50 and 500 MC. Measures
by sampling electric and
magnetic fields in transmis-
sion line. Usable for com-
parative measurements 5 to 1,000 MC. Im-
pedance range 2 to 2,000 ohms. Phase angle
—90° to +90° at 52 MC and above. Also
measures SWR, % reflected power, vhf sys-
tem flatness. $495.00.

—hp— 417 A vhf Detector

T —

For use with —hp— 803A
bridge; or general labora-
tory use. Super-regenera-
tive receiver, 10 to 500
MC. 5 bands. Approx. 5
uv sensitivity over entire
band. Direct reading fre-
quency control; thoroughly shielded. $250.00

See Your —hp- Field Engineer for
Complete Details, or Write Direct

HEWLETT-PACKARD COMPANY
3328A PAGE MILL RD., PALO ALTO, CALIF., U.S.A,
Cable “HEWPACK"’

Field Engineers in All Principal Areas

COMPLETE

COVERAGE

ELECTRONICS — April, 1955
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-hp- 608D vhf
Signal Generator

10 to 420 MC, high-
eststability. Very low
incidental FM or fre-
quency drift. Cali-
brated output 0.1 pv
to 0.5 v full range.
Crystal calibrator fre-
quency check accurate within 0.01% each
5 MC. Master osciflator, intermediate and
output amplificr circuit. Premium quality
performance, direct frequency and output
caltbration. $1,050.00

-hp- 608C vht
Signal Generator

10 to 480 MC. High
power output (1 v
max. ). Master oscil-
tator-poweramplifier
output circuit. Direct
calibration of fre-
quency and output power. Constant inter-
nal impedance, broad modulation capabili-
ties. Ideal for measuring gain, selectivity,
sensitivity or image rejection of receivers,
amplifiers, other vhf equipment. Also drives
bridges, slotted lines, antennas, etc. $950.00

-hp- 612A uht
Signal Generator

450 to 1,220 MC.
Master oscillator

power amplifier gen-
erator for uhfand TV
measurements 1n-
cluding gain, selec-
tivity, sensitivity, im-
age rejection. Directly set and read; no
charts or interpolation. Low incidental FM
high quality broad band sine wave or TV
modulation to 5 MC. Pulse modulation,
good f pulses 0.2 usec or longer. $1,200.00

Direct reading, wide range,

SIGNAL

World’s most complete

e
7z = |l

¢ |
o @ NI

L]
=

. NEW! 15 to 21 KMC

@ @ a

~hp- 628A shf Signal Generator

10 db output. SWR 1.2
l . High accuracy, high stability
Direct output, frequency control

No calibration charts required

Wide modulation, pulsing facilities

+7 db and lower.

Frequency Range: 15 to 21 KMC, one band. Automatic re-
peller voltage tracking and mode selection.

Frequency Calibration: Direct. Accuracy better than =19 .

Output Range: 10 mw to | guw. (+10 Jdbm to —90 dbm,
0 dbm == 1 mw) SWR better than 1.5 at 410 db; 1.2 at

BRIEF SPECIFICATIONS -hp- 628A

Qutput Accuracy: Better than =1 db.
Modulation: Internal or external pulse, FM, square wave.

Sync Out: Signals: 20 to 50 v into 1,000 ohms; rise time bet-
ter than 1 usec.
a. Simultancous with f pulse
b. Advance of f pulse 3 to 300 uscc.

External Sync: a. Sinc wave 40 to 4,000 cps, amplitude 5 to

50 v rms.

b. Pulse: 0 to 4,000 pps, amplitude 5 to 50 v

rms. Pulse width 0.5 to 5 usec, risc time
0.1 to 1 usec.

Modulation:
Internal Square Wave: Vuriable 40 to 4,000 c¢ps

Internal Pulse Modulation: Repetition rate variable 40 to
4,000 pps; pulse width variable 0.5 to 10 usec.

COMPLETE
COVERAGE

| | HEWLETT-PACKARD
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-hp- 614A /616A
¥  uhf Signal
Generators

800 to 2,100 MC
(614A); 1,800 to

Frequency accuracy
+19%, calibrated output 0 to —127 dbm,
output accuracy *= 1 db, —10 to —127 dbm.
Provides intcrnal or external pulse modula-
tion, also FM, CW and square wave output.
Simple operation, direct tuning, no cali

-hp- 618B shf
Signal Generator

i 3,800 to 7,600 MC.

8 Frequency accuracy
beiolll + 1%, 0 to —127
4 dbm. Output accura-

cy £2 db 7 to
—127 dbm. SWR 2. Offers internal and ex-
ternal pulse and square wave modulation,
internal saw-tooth FM sweep, external FM,
and CW. Rep rate variable 40 to 4,000 pps
variable pulse widths, pulse sync circuirs.

bration charts. $1,950.00.

$2,250.00

-hp- 620A shi
Signal
Generator

7,000 to 11,000
¥  MC, output0.1uv

” to 0.071 v into 50
ohm load. Virtually identical to -hp- 618B
in operation, circuitry, convenicnce features.
Carrier frequency directly set and read; no
voltage adjustment during operation. Rf
output also directly set and read; no cali-
hration charts or frequency correction. Com-
pact; quality construction. $2,250.00

high power, outstanding value!

GENERATORS

high quality line

New -hp- 628A is the first commercial signal generator
to bring to this microwave range the wide range, high

vhf versatility for shf

The wide range, high stability and accuracy of -bp- 628A
make it ideal for almost all types of microwave measure-
ments requiring precisely known and controlled shf sig-
nals. The instrument is particularly designed for speed
and convenience in microwave receiver sensitivity meas-
urements, in determining selectivity or rejection, signal-
to-noise ratio, SWR and antenna gain. !

power, direct-reading convenience and accuracy hereto-
fore available only at lower frequencies.

Operation of the new instrument is identical with that
of other -hp- generators. Frequencies are directly set and
read on a single tuning dial. No calibration charts are re-
quired. Output voltage is directly set and read, and the
unique 10 db output is 10 to 20 db better than that pro- Data subject to change without notice. Prices f.0.b. factory
vided by the best spot-frequency generators now avail- i
able. SWR is extremely low—better than 1.5 at full power See your -bp- field engineer or write direct for details 1
up and better than 1.2 at levels of +7 db and down. In-
ternal pulse, fm, or square wave modulation is provided, HEWLETT-PACKARD COMPANY
as well as facilities for external pulse and FM modulation. FIAPASHMID ROAE " i A"f)' CALIFOSNIE W34S

able *“HEWPACK

Field engineers in all principal areas

e ————————
{ HEWLETT-PACKARD COMPANY
Internal FM: At power line frequency, deviation to =5 MC. I 3329A PAGE MILL ROAD - PALO ALTO, CALIF.
External Pulse: Requires amplitude 15 to 70 v peak, pos. or neg.; | Please send information on:
width 0.5 to 2,500 usec. | [ e08¢C [ 608D [ 612A [ 614A
External Frequency: Capacitive coupling to klystron repeller. i [ 616A ] 6188 [0 620A [ 628A
Max. deviation approx. £5 MC. |
Output Connector: 0.590” x 0.335” waveguide WRS51; flat cover | Name
flange. | ¢
Power: 115 v *=10%, 50/420 cps, approx. 200 watts. ] -empany
size: 19”7 wide, 14” high, 13” deep. Net wt. 65 Ibs. | Street
Price: $3,000.00. |
| City Zone___ State
I
|

COMPLETE
COVERAGE

INSTRUMENTS
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AMP
Taper Pins

for wire sizes
26 to 16

sSsS cube

WITH ADDED

A-MP TAPER BLOK

Another, example. of AMPs Creative Appronchy to Botton Wering

40 Want more information? Use post card on last page. April, 1955 — ELECTRONICS

www. americanradiohistorv com



AMP

Taper Tab receptacles
for wire

sizes 26 to 18

and cost
RELIABILITY

TAPER TAB RELAYS

Cubic restrictions have brought about a
whole new concept of wire termination. The AMP
Taper Technique with AMP taper pins,
tab receptacles, blocks and modified miniature com-
ponents will help you take full advantage
of small wire, small insulation and small space for
your wire terminations.

AMP Trade-Mark Reg. U.S. Pat. Off. © AMP

Send today for your copy of
our brochure, AMP’s Creative
Approach to Better Wiring.

AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa.
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 41
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MAGNETIC TAPE RECORDING

Inside this mobile ground station, test flights of the Avro he’ps produce better designs faster

Canada CF-100, RCAF all-weather interceptor for continental
defense, are "'seen’”” and “'heard’’ with Ampex magnetic tape

recorders.

At Avro Canada, as at all major flight test locations in the United
States, all test data transmitted by radio telemetry is permanently —
completely — and accurately — recorded on magnetic tape. This in-
volves 67 separate items of information per second — items such as
temperature, pressure, revolutions, acceleraiion, yaw and roll. The
data is “magnified” on playback at slow speed, permitting Avro engi-
neers and aerodynamists to critically study each parameter in gas

turbine and airframe designs.

AVRO USES AMPEX MAGNETIC TAPE RECORDERS

AM PEX dig”“h‘"e Of &"];ch'on n O/nagneh'c Recorders

CORPORATION ] 934 CHARTER STREET, REDWOQOD CITY, CALIFORNIA

The Aircraft Division of Avro Canada, Malton, Ontario is one of the many
diversified users of Ampex magnetic tape equipment for data recording.

Ampex recorders are widely preferred for special installations requiring
broad frequency response, precise timing, extreme stability of tape motion,
high shock resistance and reliable accuracy on transients. A wide variety of
models are available featuring pulse width, frequency modulated and direct
recording techniques. . . for airborne, mobile, rack-mount or console appli-
cations. .. in any frequency band from zero to 100,000 cycles per second.

Ampex 306 Recorder,
0 to 5,000 cps.

MAGNETIC RECORDING HAS MANY APPLICATIONS
Because magnetic tape data is convertible to any form {e.g.: oscillograph
traces, scope reading, computor feeds, control signals or punched cards),
many practical applications result. Examples are:

¢ Data Computing * Machine Control ¢ Advanced Research
¢ Test Cycling * Process Regulation

LET AMPEX EVALUATE YOUR SPECIAL NEEDS

Without obligation, find out whether “live memory'' techniques can be ap-
plied to your operation, or ask for our 16-page illustrated bulletin. Contact
your nearest Ampex representative, or write or wire Dept. E-1892

BRANCH OFFICES: New York; Chicago;
Atlanta; San Francisco; Dayton; College
Park, Maryland (Washington, D.C. Area).

42

Distributors of Ampex Audio Equipment listed in your phone directory.

Want more information? Use post card on last page.

www americanradiohistorv com

DISTRIBUTORS FOR AMPEX INSTRUMENTATION RECORDERS: Radio Shack,
Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering &
Equipment, Dallas and Houston; Canadian General Electric Company, Canada
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always
sets

new
records

high voltaz= capacitor using
a non:inflan nable impragnant.

Setting the first 4-minute mile record or making the
first miniaturized capacitors are feats that only leaders
can accomplish. Cornell-Dubilier’s miniaturized
capacitor is only cne of hundreds of new capacitor
developments that we have contributed in our

record-making history. high voltage peper capacitor

oil impregnated and filled.

Typical of these “famous firsts” are the three examples shown
here . ..proof that whatever your capacitor requirements may be,
your needs can be filled by C-D. Write to Cornell-Dubilier
Electric Corp., Dept. kK-12, South Plainfield, N.J.

CONSISTENTLY EPENDABLE | )
ELL-DUBILIER CAPACITORS ¥

0RN| r A

s PLANTS IN $O. BLAINFIELD, N, J.; WEW BEDFO1D, WORCESTER AND CAMBRIDGE, MASS.; PRGVIDENCE AND HOPE VALLEY, R. 1 box-type, ceiling-mount-

JinDIANAPOLIS, IND,) SANFORD LND FUQUAY SPRINGH, N. C.» SUBSIDIARY, RADIART CORP,, CLEVELAND, OMIO. lng, ponver capacit)rs.

//;‘/{GT&U 3
\»@ <)
®
THERE ARE MORE C-Ur CAPACITORS IN USE TODAY THAN ANY OTHER MAKE
ELECTRONICS Charter-Year Advertiser
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G-E germanium rectifiers operate at extremely high
current densities—highest output voltage per cell of
all existing metallic rectifiers. A large d-c output is
obtained using fewer cells than other types of rectifiers,
resulting in a smaller, more compact rectifier. In addi-
tion, germanium has the lightest weight per watt output
of existing metallic rectifiers. These features give them
broad application in power conversion wherever size
and weight requirements are at a premium.

(1) Type RA2 has cell mounted on copper cooling fin
—fan-cooled at 200 feet per minute. Ratings from 6
volts, 20 amperes d-c up to 26 volts, 8 amperes d-c.

(2) Type RA3 has cell mounted on copper block with
multiple fins—blower cooled at 1000 feet per minute.
Available in ratings up to 20 volts, 75 amperes d-c.

(3) Sealed type RA1 is convection-cooled with ratings
from 6 volts, 0.5 amperes up to 50 volts, 0.4 amperes d-c.

(4) Convection-cooled type RA2 has cell mounted on
copper cooling fin. Available up to 26 volts, 4 amperes
d-c. G-E germanium rectifiers have extremely low re-
verse leakage and low forward voltage loss. Regulation
is less than five percent when operated at the high
current densities permissible with germanium. Bulletin
GEA-5773B gives details.

Inductrols regulate circuits

up to 600 V, 520 KVA

Where a-c, or rectified d-c, voltage or current is
critical, these induction regulators reduce erratic
performance, increase life of your equipment. Available
for automatic, motor, or hand (akove) operation,
Inductrols feature negligible wave-form distortion,
begin corrections to 19, accuracy within 1 second.
GEC-795 covers single-phase, GEA-5824 the 3-phase models.

G-E voltage stabilizers
give ==1% voltage control

G-E voltage stabilizers reduce the need to derate com-
ponents to compensate for voltage fluctuations. Single-
phase, standard line units from 15 VA to 1000 VA are
available to correct fluctuations between 95 and 130,
or 190 and 260 volts within =19%,. Rapid-response
stabilizers correct for voltage changes in less than two
cycles. Stabilizers limit short-circuit current and help
safeguard the load. Check bulletin GEA-5754A.

—GENERAL @B ELECTRIC—

ELECTRONICS Charter-Year Advertiser
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iﬁ F. 1 NEW |
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| TYPICAL G-E SPECIALTY MOTORS
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DOUBLE-END
BLOWER

New 400-cycle alternator added

to aircraft specialty motor line

Newly developed to withstand the tre-
mendous range of shock, temperature and
atmospheric conditions of guided-missile
applications, this explosion-resistant 400-
cycle alternator meets military specifica-
tions MIL-E 5272 procedure 1. Rated up
to 1500 volt-amperes, 12,000 rpm, for
output of 115 volts, this unit is designed
to be driven by a wide variety of d-c, a-c,
turbine, and jet-air drives.

Rigid testing assures that this alter-
nator—and all G-E aircraft and arma-
ment motors—meet your design needs.
Your specifications are all that G-E en-
gineers need to begin applying their
motor experience to your aircraft and
armament problems. Write for GEA-6269
(new 400-cycle alternator) or GEC-988
(aircraft and ordnance motors).

| electronic tube manufacture,

Two G-E vacuum gages accurately mea- [
sure pressures in such applications as
vacuum
coating and plating.

MOLECULAR VACUUM GAGE is avail-
able in two calibration types—one for
dry air indicates pressures between 0 and
20,00¢ microns; the other type has a
linear scale of 100 uniform divisions
which can be calibrated by the customer
for measuring other gases. There’s no
primary element to burn out or replace—
gage measures absolute pressure of dry
air in direct readings of mm of mercury.
THERMOCOUPLE VACUUM GAGE has
range from 1 to 200 microns and 1 to
1000 microns of mercury. Sensitive to
both condensable and noncondensable
gases, gage does not require recalibration
when tubes are interchanged. For further
information write for bulletin GEC-385C
(Thermocouple Vacuum Gage) and GEC-
986 (Molecular Vacuum Gage)

G-E potentiometer balances to +2 microvolts

G.E’s self-balancing potentiometer con-
verts small d-c voltage to measurable
currents—ideal for analyzing electronic
circuits because it does not appreciably
load the measured circuit. Compact,
portable, and self-contained, unit’s ac-
curacy is =2 microvolts or 0.2 percent,
whichever is greater. Wide range output
of indicating or recording
instruments having resistance up to
1500 ohms. For further information,

permits use

check coupon for bulletin GEC-3678B.

Section B667-30

General Electric Company

Schenectady 5, New York

Please send me the following bulletins

A/ for reference only X

[1GEA-5773B Germanium Rectifiers

1GEA-5754 Voltage Stabilizers

[JGEC-795A Single-phase Inductrols

[JGEA-5824 3-phase Inductrols
[1GEC-367B Self-balancing Potentiometer

for immediate project
[JGEA-6269 400-cycle Alternator

[JGEC-986 Molecular Vacuum Gage

COMPANY.
I oy

e ——————

w=mes TURN PAGE FOR MORE G-E COMPONENT HIGHLIGHTS

ELECTRONICS — April, 1955
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

G-E vacuum gugés measure pressures from 0 to 20,000 mi

[JGEC-988 Aircraft and Ordnance Motors

[)GEC-385C Thermocouple Vacuum Gage
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ACTUAL SIZE

Specify G-E micro-miniature Tantalytic* capacitors
wherever large capacitance is required in small space

G-E micro-miniature Tantalytic capacitors represent
the ultimate in capacitor miniaturization, and are per-
fect companions for the transistor or for use in any
miniaturized assembly. They have found wide applica-
tion in hearing aids, paging systems and other transis-
torized devices. Standard ratings are stocked, and
samples are immediately available.

Production quantities can be supplied 6 to 8 weeks
after your order is received. Ratings range from 4 to
20 volts, and from 1 to 8 microfarads in the 5/16 in.
long case higher capacitance in the 14 in. case size.
Stability of the oxide formation and inert character-
istics of the tantalum metal give long operating life
over a wide temperature range—— 20 C to +50 C. They

GENERAL

may be stored at
is =09 to +2009,.

Micro-miniature capacitors are designed for non-
resonant, non-critical applications such as coupling,
by-pass and filtering where bulk capacity is useful.
Their size—smaller than the head of a match—is an
advantage over paper capacitors wherever space is at
a premium, and their shelf life and electrical stability
is greater than aluminum electrolytic capacitors.

G-E capacitors are completely sealed against leakage
or contamination of the interior and employ only a non-
acid electrolyte. Each unit is identified with a color
code. For further information, contact your nearest G-E Ap-
paratus Sales Office, or check coupon for Bulletin GEA-6065A.

*Reg. Trade-mark >f General Electr ¢ Company.

ELECTRIC

—65 C. Capacitance tolerance

ELECTRONICS Charter-Year Advertiser
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New subminiature transformers

tailored to your needs

G-E engineers designed the new line of
subminiature transformers to meet a
variety of electronic applications. Avail-
able in five case designs, 13/16 in. to
1-7/16 in. high, these new transformers
are metal-clad and hermetically sealed.
The new subminiature transformers
can be designed to withstand high-
potential test voltages of 1250 volts
RMS, or altitudes up to 100,000 feet.

In addition, these units will operate in
ambient temperatures of 125C. Thesmall-
est unit (illustrated) is designed for
printed circuits and has solid wire con-
ductors two inches long for easy, direct
connection to the other components.
Your nearest G-E Apparatus Sales Office
will give you complete details.

Small-size general-purpose relay

High current rating, small size, and ex-
tremely long life make this general-
purpose relay ideal for electronic equip-
ment where space is at a premium and
reliability is of prime importance.
Contact arrangements include DPDT,
DPST, SPST, and SPST-double-break.
Accessories are available for metal- and
compound-base mounting as well as jack
assembly for plug-in applications. Check
coupon for bulletin GEC-257C.

TIMELY HIGHLIGHTS

ON G-E COMPONENTS

Tiny relay withstands vibration

The G-E subminiature relay withstands
vibration of 10g up to 500 cps and
operates at temperatures up to 125 C.
Lightweight and reliable, this relay has
a low capacitance rating making it ideal
for switching high frequency signals or
pulses. Pickup time is 5 milliseconds or
less and dropout time is 2 milliseconds
or less. Coils are available for 400-cycle
a-c voltage. Bulletin GEA-6211.

High-speed polarized relay

This hermetically sealed relay operates
at speeds ranging from 250 microseconds
to 1 millisecond. It can be adjusted for
operating time of less than 250 micro-
seconds, including bounce. Contact com-
binations up to 4PDT are available in a
miniature enclosure 1-7/16 in.x 21/32 in.
x 2-3/22 in—net weight only 5 oz. The
relay meets requirements of MIL-R-6106
and MIL-R-5757B. Bulletin GEA-6212,

e g e e e A
EQUIPMENT FOR Section B667-30 ! :
ELECTRONIC MANUFACTURERS T | I
Schenectady 5, New York I
Fractional-hp motors Development Please send me the following bulletins; |
Rectifi , q 5 -
Components T::e'rs‘e" and Production 4/ for reference only X for immediate project |
Meters, instruments Indicating lights Equipment [1GEA-6065A Microminiature Tantalytic Capacitors |
Dynamotors Control switches I
Capacitors Generators Soldering irons [1GEC-257C General-purpose Relay
Transformers Selsyns Resistance-welding JGEA-6211 Subminiature Relay I
Pulse-forming networks Relays control N I
Delay lines Amplidynes Current-limited high- OGEA-6212 Polarized Relay I
Reactors Amplistats potential tester e S s == I
Motor-generator sets Terminal boards Insulation testers
Inductrols Push buttons Vacuum-tube voltmeter QO PONY oo oir o i e — |
Resistors Photovoltaic cells Photoelectric recorders l
Voltage stabilizers Glass bushings Demagnetizers [ 1 -3 11 1 — e '

ELECTRONICS Charter-Year Advertiser
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Valparaiso, Indiana, April, 1955 — The Indiana Steel
Products Company, world's largest manufacturer of permanent magnets,
has released information on the development of an important new
product...a one—piece wound core.

Called the "Hyflux," its applications are the same as conven-—
tional C—-type cores...distribution, welding, X-ray, lighting, and
special transformers and saturable reactors.

The one—piece core consists of just one piece instead
of two pieces (:: ::} as in the conventional C—type cores.

Because the one—piece core has but one air gap, instead of two,
there is definite improvement in performance...and exciting current
is normally lower, often by a significant amount. Vacuum impreg—
nating is not necessary (only the sides of one—piece cores are
varnished) and resulting electrical losses are eliminated.

Manufacturers using the new cores find that the simplified one-—
piece design cuts down assembly time, and permits important assembly
cost reductions.

With C—cores, the iwo halves must be kept and used together to
insure a flush fit of their ground pole faces...with one—piece cores
there 1s no chance of mixing different pairs of halves. Nor is
there the slight "tilt" sometimes present on the ground pole faces
of C—cores.

Substantial manufacturing economies resulting from the new
design are reflected in the price of the one—piece core.

So convinced is Indiana Steel that its new core will benefit
transformer manufacturers that it has entered the magnetic core
field...after 46 years of specializing in permanent magnets.

Hyflux "one—piece" wound cores are now available in the
more popular 12-mil standard core sizes. You are invited
to write for descriptive literature to: The Indiana Steel
Products Company, Dept. A-4, Valparaiso, Indiana.
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PERFORMANCE IS BUILT

!

INTO THIS CHOPPER

Painted case resists corrosion and is hermetically sealed to the base
so that this chopper operates reliably in any atmosphere from sea level

to 50,000 feet.

Permanent magnet polarizes switching to provide phase sensitive

mechanical modulation of low-level signals.

Drive coil is conservatively rated for 6.3 volts RMS + 10% at 400
CPS + 5%.

Vibrating reed is resonant well above operating frequency to assure
that switching phase of 65 degrees remains within 4 15 degrees for

all operating conditions.
Buffer plate counteracts any tendency to chatter at make and break.

Ceramic insulators provide at least 100 megohms between contacts

and case for use in high-impedance circuits.

Wiping action on fixed contacts, as in all Airpax choppers, help assure

rated life of 2,000 hours.

Miniature 7-pin tube-type base rigidly supports internal assembly of
this Airpax Type 300 chopper so that it withstands shock and vibration.

For complete specifications write to

PRODUCTS

ELECTRONICS — April, 1955

DESIGNERS ENGINEERS

COMPANY

MIDDLE RIVER BALTIMORE 20, MD. ‘

Want more information? Usc post card on last page.
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Into the construction of this coil form
goes C.T.C.s rigid quality control to
highest production standards.

The result is another C.T.C. first — a
miniaturized coil form (%" diameter
by !2” high when mounted) that is
shock-resistant and exceptionally
rugged — shielded against radiation,
electrically, and therefore ideal for
“‘close quarter” use in [.F. strips and
numerous designs where adjacent
mounting is necessary.

C.T.C.’s policy of continuous step-
by-step quality control in the manufac-
ture of every component means guar-
anteed performance. Already certified
materials are doubly checked before
manufacture.

Whatever your component need —
let C.T.C. solve your problem — with
either custom or standard designs of
qualitv-controlled, guaranteed compo-
nents including insulated terminals,
coil forms, coils, swagers, terminal
boards, diode clips, capacitors and a
wide variety of hardware items.

Put your component problem up to

50

C.T.C. now. For samples, specifications
and prices — write today to Sales Engi-
neering Dept., Cambridge Thermionic
Corporation, 437 Concord Ave., Cam-
bridge, Mass. On West Coast, contact
E. V. Roberts, 5068 West Washington
Blvd., Los Angeles 16 or 988 Market St.,
San Francisco, California.

Coil Form Data: C.'T.C.'s LS-9 coil form has a brass
shell enclosing a powdered-iron cup-core, tuning
slug, phenolic coil form and silicone fibreglas
terminal board. Three terminal boards are avail-
able with choice of two, three or four terminal lay-
out. Forms, unassembled, may be had without
windings . . . or wound and assembled to your
specifications.

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

Want more information? Use post card on last page.

Capacitor: New CST-50 variable ceramic capacitor
surpasses range of capacitors many times its size.
Stands only !%," high when mounted, is less than
%4” in diameter and has an 8-32 thread mounting
stud. A tunable element of unusual design prac-
tically eliminates losses due to air dielectric giving
large minimum to maximum capacity range (1.5

to I2ZMMFD).
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CELESTIAL
SECRETS

: <
I |
|
1 T+
N
r . . I L I S B O 2
Valuable information gathered in THHH WL N
. . N (X ol wed o N )
wave propogation studies conducted T 4 wmow

with REL radio equipment have | ;
opened a whole new concept of
communications for commerce and L
national defense—now and

. Mdnt,|| .
in the future. [ \\L*‘"»-___
The REL apparatus pictured is T i

specially engineered and manufactured T
for this field of research. +b “ HH
\h..‘ I

Third in a series describing REL versatility. T L
)

13419x3 71 g 3dA}

RADIO ENGINEERING
LABORATORIES - INC.

36-40 37th St - Lonrg Island City 1, N.Y.
STillwell 6-2100 «Telerype: NY 4-2816
Canadian representative:

Ahearn & Soper Ca., P. O, Box 715, Ottawa

International representativer

Rocke International Cenp., 23 E. 40, N.Y. C.r7

..Jay”dum Jomod 6utpi030s £ 8dAj
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New Mico XXP Laminate Gives You
Much Higher Insulation Resistance

Here at last is a uniform, high-quality
material with the higher insulation resist-
ance you need for many applications in
radar, television, radio, computers, electronic
equipment of all kinds. It's MICO’s Radar
Grade LAMICOID #6229.

Compare for yourself! Test it together

with other laminates under your own test

methods for insulation resistance.
Write today for samples—or ask to have
a MICO Sales Engineer call.

Look at these other outstanding values!

WATER ABSORPTION, (%)
Precond. E-1/105
Cond DI-24/23
Yo" thick
14’ thick
SPECIFIC GRAVITY
Ye' thick

14" thick

FLEXURAL STRENGTH, (psi)
Tested flatwise, Cond. A

Vo thick | cut lengthwise 21,000

]cut crosswise

DISSIPATION FACTOR
AT 1 MEGACYCLE
Cond. A
1/ 1 H .
V@ ushisk {Cond. D-24/23

16,900

0314
.0316

Offices in Principal Cilies
In Canada— Micanite Canada, Ltd., Granby, Quebec

LAMICOID ® (Laminated Plastic)  MICANITE © (Built-up Mica) «EMPIRE ® (Coated Fabrics and Papers) « FABRICATED MICA o [SOMICA®

52 Want more information? Use pest card on last page.

www._americanradiohistorv. com

DIELECTRIC CONSTANT
AT 1 MEGACYCLE

ond. A 4.42

1/ 8 JC
78" thick | ¢ 4. D-24/23 4.63

DIELECTRIC BREAKDOWN, (Kv.)
Parallel to lamination, $/§
Cond. D-48/50

%l{b" thick
124 thick

68.8+
68.0+

PUNCHING QUALITY

Heated 1 min, Good
W' thick {Heated 2 min. Good
Heated 3 min. Good

MICA %ﬁm COMPANY

Schenectady 1, New York
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Get More Microfarads

in Less Space. ..with

MALLORY

SILVERLYTICT CAPACITORS

i . .
P
-Iﬁ
P
- 3
v e b
g ey
For transistor circuits and other miniaturized electronic 0.145"” in diameter by 34" maximum length. They are
equipment, Silverlvtic capacitors will simplify your supplied in two standard ratings of 4 mfd at 4 volts and
problem of getting maximum capacitance into minimum 6 mid at 4 volts, for temperatures from —55 to
space. These subminiature eleetrolyties offer the high- +05° C.

est available ratio of capacitance and voltage to

RNSCasiTE. Silverlytic capacitors are backed by the vears of pio-

neering research, precision manufacturing and intensive
quality control which have made Mallory capacitors
the leaders of the industry. For complete teclmical infor-
mation, write or call Mallory today.

Made with tantalum anodes, they operate with excel-
lent stability over wide temperature ranges. 'They are
so small they can be mounted readily by their axial
leads without danger of vibration troubles. A unique,
rugged scal protects them against moisture. In low
leakage current and long shell life, they equal or exceed | I
the performance of most conventional-size capacitors. | Long-life Mallory Power Supplies I
| for Transistorized Equipment . .. |
6N TAP Qilrordvticre are rated | . p s r . .
1\’_]):’ T4l S_l(l)”rl-‘l,lf's ‘,lr(' rated for l(lllp(‘r‘dllll(f ‘,‘I,Ofn | Mallory Mereury Batteries and Power-Paks provide |
—>55 to +85 C. Their case measures t)nl_\ {2 mn | the constant energy characteristies essential to eflicient ]
diameter by 34" long. They are supplied in values from | transistor operation. Made by Mallory, the original |
2 mfd at 100 volts 10 30 mld at 6 volts. e proflugen ol mliniatTeg markany i

| 2y batteries, they are available in

| : a range of sizes and rypes. Write |

| for data. |

Type TAW Silverlvtics are available in a case only

- —— — — — ————— — ———

*T'rade Marl:

Parts distributors in all major cities

Expect more . .. Get more from

'MALLORY

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

stock Mallory standard components for your convenience

Serving Industry with These Products:

Electromechanical —Resistors ® Switches o Television Tuners e Vibrators

Electrochemical — Capacitors ® Rectifiers o Mercury Batteries

Metallurgical —Contacts e Special Metals and Ceramics ® Welding Materials

ELECTRONICS Charter-Year Advertiser
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G.E. MECHANIZED PRODUCTION
AT LOWER COST...ASSURES

Both types offer high reliability at temperatures

Take a close look at the tran-
sistor values G.E. now offers.
Because production lines are
now mechanized, these tran-
sistors are made in less time
at reduced cost. Machine
methods today assure strictest
adherence to the top quality
standards demanded of all
General Electric Germanium Products.

Mechanization results in CON-
TROLLED CHARACTERISTICS, re-
moving any inaccuracy on the part of
the operator. Narrow limits are built
into production transistors giving

TYPICAL USES: Audio and Intercom Amplifiers,
Servo Amplifiers, Carrier Current Amplifiers,
Test Equipment, Fuel Gauges.

SPECIFICATIONS OF THE 2N43A
and USAF 2N43A

TYPE 2

a more uniform produc’

In military and commercial
applications these G-E tran-
sistors offer precision quality,
topmost reliability at mass-
volume prices!

General Electric’'s P-N-P

e junction transistor, 2N43A, is

NASA the first to be written into Air
Force specifications! MIL-T-25096
(USAF) was actually written around this
G-E product which was developed for the
military. Now it serves an ever-increas-
ing number of commercial as well as
military applications.

 APPLICATIONS AND SPECIFICAT

DESIGN FEATURES:

STURDY CONSTRUCTION...meets critical
military tests for shock, vibration,
bumidity, life.

s ! ! SEALED JUNCTION ... contamination gases

o Absolute Maximum Ratings: permanently eliminated!

¥ C°“e°;"fv°'jge . Do HIGH POWER OUTPUT. .. case design makes

£ 3 (Referred to base) —45 volts possible a collector dissipation of

0y Collector Current —50 ma 150 mw.

‘5‘& ] Collector Dissipation 150 mw ] i

% Storage Temperature 100° C g HERMETIC SEAL...unaffected by moisture.
Collector Cutoff Current ; LONG LIFE...no change in characteristics

(—45 volts) —10 microamps 1 during life of equipment.

ELECTRONICS Charter-Year Advertiser
54 Want more information? Use post card on last page.
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MAKES TRANSISTORS AVAILABLE
CONTROLLED CHARACTERISTICS

up to 100°C...are now available in production lots!

HIGH FREQUENCY TRANSISTOR f

A new, revolutionary manu-

facturing technique, the ex- o

clusive G-E rate-growing

process, coupled with the all- /2
welded hermetic seal, now 4
makes possible extra long -

life, and noticeably-reduced _ TYPE §N78

manufacturing costs by —

@ Making 2000 or more transistors from one
rate-grown crystal.

@ Achieving uniform characteristics in all 2000
transistors—eliminating wasteful rejects.

APPLICATIONS

For pulse and switching circuits, RF and IF ampli-
fiers; high-frequency test equipment; telephone
repeaters.

SPECIFICATIONS
Collector Voltage (Referred to Base) 15V
Collector Current 20 ma
Emitter Current —20ma
Storage Temperature 100° C.
High Frequency Gain at 2 mc 13db

SRS s 4

@® For further details on specifications and prices,
write General Electric Co., Section X445, Germa-
nium Products, Electronics Park, Syracuse, N. Y.

i

Billet of germanium is removed from furnace, prior to
cutting into enough tiny pellets for 2000 transistors.

Progress Is Ovr Most Important Product

GENERAL 76 ELECTRIC

ELECTRONICS Charter-Year Advertiser
ELECTRONICS — April, 1955 Want more information? Use post card on last page. 55



Announcing

A e s

Like all Adlake relays, these new “Mighty Midget” relays
require no maintenance whatever . . . are quiet and chatter-
less . . . free from explosion hazard. Dust, dirt, moisture and
temperature changes can’t affect their operation. Mercury-
to-mercury contact gives ideal snap action, with no burning,

pitting or sticking.

April, 1955 — ELECTRONICS
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“Mighty Midget”

with the revolutionary MOLDED coil!

You expect the very latest from the company that originated
the mercury plunger-type relays—and here is the very latest!
It’s the Adlake No. 1140, with molded coil in epoxy resin.
That neat red coil is exclusive with Adlake, and gives these
advantages:

o Better heat radiation

® Absolutely moisture proof

® Tested by 4 to 5 million operations at maximum capacity

® Guaranteed against coil failure—forever

This new molded coil ""Mighty Midget’ is the newest reason why

it’ll pay you to use Adlake mercury relays

DE-ENERGIZED Plunger
P is floating in mercury M.
External circuit is open be-
cause main body of mer-
cury M is below lip of
ceramic cup CC.

ENERGIZED Coil C pulls
plunger P down into mer-
cury M. Mercury thus dis-
placed completely covers
ceramic cup CC filled with
mercury. This establishes
mercury-to-mercury con-
tact between electrodes E

and EE
DE-ENERGIZED ENERGIZED
This phantom view and operational ‘@
sketches show the simple, depend- \_/

able operating principle of the Adlake
“Mighty Midget” Relay.

e NAMS & Westlake comrmer

Established 1857 « Elkhart, Indiana ¢ New York ¢ Chicago
the original and largest manufacturers of mercury plunger-type relays

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 57
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BOUNTOR MARE COMPAN

The Tvpe 211-A Signal Generator was designed by
Boonton Radio Corporation in cooperation with the CAA
and leading manufacturers of aircraft navigation and
landing receivers. It was designed for specihic application
to the calibration of these receivers to the high accuracy
characteristics required. The CAA system requiring these
receivers guides arrcraft from one location to another and
assists in landing under marginal weather conditions.
The Signal Generator is also useful in testing accurately
tuned communications receivers.

SPECIFICATIONS

FREQUENCY RANGE: 88 to 140 mc. in one Range. Vernier Dial marked
to 10 Ke. division. Accuracy = 0.25%.

R. F. OUTPUT: 0.1 to 200,000 microvolts. Output resistance looking into
output terminals 26.5 ohms.

AMPLITUDE MODULATION: AM 0-30% and 0-100% with internal or
external oscillator. Distortion below 5% at 95% modulation.

INTERNAL AUDIO OSCILLATOR: 400 and 1000 cps.

MODULATION AMPLIFIER: Uniform response within = 0.1 db 90 to
150 cps. and 9.5 to 10.5 Ke. within- = 0.5 db 30 cps. to 11 Kc.

PHASE DISTORTION: Up to 60%, modulation less than 0.25 degrees at
30 cps and 10 degrees at 11 Ke.

SPURIOUS FM: Less than 1 Kc. at 60% FM.

CRYSTAL CALIBRATING FREQUENCIES: 110.100 and 114.900 mc.

= 0.0035%. Calibrations can be made af these and other frequencies
by slipping dial vs condenser shaft pasitien.

PRICE: $1800.00 FOB Baonton, N.J. (Relay Rack not included),

BOONTO

BOONTON-B-J- U-S-A:

ADIO

58 Want more information? Use post card on last page.

EAccur_at@aly Tests and Calibrates Omni-Range

.

~and ILS
Receiving Equipment

SIGNAL GENERATOR
Type 211-A
i Frequency Range 88-140 me.

Output Frequency Crystal Monitored ' |
Amplitude Modulation 0-100% ?
Moculation Fidelity =0.5 db i

30 cycles to 11 kilocycles }
Negligible Spurious FM »

L =

Glide Slope Signal Generator

Type 232-A

Frequency Range 329-335 mc.

The 232-A Glide Slope Signal Gencerator pravides 20
crystal controlled frequencies between 329 and 335 mc for
testing atrcraft landing receivers. One crystal controlled
frequency is provided for the IF amplifier of the receiver.

The 232-A 1s a completely self-contained signal gen-
erator including its own power supply and synchronous
motor driven medulator. 1t 1s a complete test equipment
for Ghde Slope Receivers.

SPECIFICATIONS

FREQUENCY RANGE 329 to 335 mc (20 crystal controlled frequencies).
FREQUENCY ACCURACY: = 0.0065%.

OUTPUT LEVEL: 1 to 200,000 microvolts.

OUTFUT IMPEDAMNCE: 53 ohms unbalanced.

IF FREQUENCY: 20.7 mc (By changing erystal 15 to 20 mc).
MODULATION: 90-150 cps, 1000 cps, external.

PRICE: $1500.00 FOB Factory.

April, 1955 — ELECTRONICS
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A MESSAGE TO AMERICAN

FINANCIAL AID TO HIGHER EDUCATION

INDUSTRY

* FOURTH OF A SPECIAL SERIES

Our Colleges and Universities
Are Living on Borrowed Time

. . . time borrowed from underpaid faculty members

The chart on this page tells a story of profound
importance to every American. It is the story
of the financial beating our college and univer-
sity faculty members have been taking in the
past 14 war and postwar years.

On the whole, this span of 14 years has been
one of great and growing prosperity. But, as the
chart shows, our college and university faculty
members have, as a group, had less than no
share in it.

During this period, from 1940 through
1954, the real income of the average in-
dustrial worker (that is, what his wages
would purchase in goods and services)
has increased by almost one-half. Among
professional groups, physicians have en-
joyed an increase of about 80 per cent in
their real income. Lawyers, far less fa-
vored financially, have had an increase of
about 10 per cent. But faculty members
have not only had no increase at all; over
these years of prosperity their average real
income has fallen by 5 per cent. These
figures do not take account of the increase
in taxes since 1940.

Senior Teachers Hardest Hit

These figures are, of course, averages. For
some groups of faculty members it has been
better; for others worse. It has been particularly

ELECTRONICS — April, 1955

hard on senior faculty members. Between 1941
and 1953 their salaries lost about 8 per cent
of their purchasing power. Being deeply com-
mitted to their careers they could not respond
to alternative employment opportunities as
readily as could their junior colleagues. For
junior faculty members there was some increase
in real income between 1941 and 1953 but only
about half as much as the average for the nation.

What's Happened to College Faculty Salaries®

INDEX (1940=100)
180 180

160

160

140 140

120 120

Lawyers (+1 0%) —

B 100
FACULTY MEMBERS (-5%)

80 80
YEAR YEAR
1940 1954

® Real Income before Taxes.

Source: Council for Financial Aid to Education; U. S. Depy of
Commerce; U. S. Dep’t of Labor.
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Public Colleges Fare Better

There are also marked differences in the aver-
age financial reward received by faculty mem-
bers in different types of colleges and univer-
sities. A recent study by the Council for Finan-
cial Aid to Education indicates that, in the last
academic year, 1953-1954, teachers in privately
endowed, independent colleges and universities
were paid an average salary about $1000 less
than that paid to faculty members in tax-sup-
ported institutions. The same study indicates
that salaries far helow the average are especially
common for faculty members in the small pri-
vate liberal arts colleges. This study found that
during the last academic year the average salary
of all college and university faculty members
was about $4700.

The special difficulties under which the inde-
pendent colleges and universities, and particu-
larly the independent liberal arts colleges, are
laboring to get back on their feet financially
have been discussed in previous editorials in this
series. These difficulties underline the need of
special help for these institutions to which busi-
ness firms are now contributing in increasing
volume. However, the problem of providing bet-
ter salaries is not peculiar to any particular type
of instilution.

Faculty Members Not Greedy

It is not easy to prescribe a precise standard
of fair pay for college and university faculty
members. This is partly because they put less
weight relatively on money rewards than they
put on rewards of scholarly accomplishment and
prestige. Consequently, they have consistently
been willing to work for very modest salaries
in relation to the intellectual ability, education
and application required. Obviously, however, it
is the dictate both of fairness and good judgment
to see that faculty members are given a roughly
proportionate share in the general prosperity.
Indeed, their crucial role in our society could
be made to justify a larger share than this.

There is no way to know with any degree of
precision what the underpayment of our college
and university faculty members over the past
14 years has actually cost the nation in terms
of reduced quality of intellectual performance
of those institutions. One reason is that the dam-
age has been minimized by the devoted services

of many faculty members who have lovally
stuck to their jobs in spite of the great financial
discouragement.

It is obvious, however, that, if no grave
deterioration in the intellectual perform-
ance of our colleges and universities has
occurred so far, it is because we have been
living on borrowed time. It is time bor-
rowed from faculty members who have, in
effect, been subsidizing these institutions
by their financial sacrifice. This arrange-
ment is not only a menace to the cultural
and intellectual life of the nation, it is also
a menace to our national security in a time
when successful national survival may well
depend in peculiar degree on the full de-
velopment and utilization of our intellec-
tual resources. We depend on our college
and university faculties pre-eminently to
provide this development. Adequate finan-
cial reward for such service is an elemen-
tary form of national insurance.

Many of our colleges and universities are
working hard to improve the financial lot of their
faculty members. Business firms are also play-
ing an increasing role of providing the neces-
sary financial assistance. The methods being
used by business for this purpose will be the
subject of another editorial in this series. How-
ever, vastly more must be done, and quick-
ly. to stop the financial beating being taken
by our college and university faculty mem-
bers if the nation’s welfare and safety are
to be properly protected.

This message is one of a series prepared by the
McGraw-Hill Department of Economies to help
increase public knowledge and understanding
of important nationwide developments that are
of particular concern lo the business and pro-
[essional community served by our industrial
and technical publications.

Permission is [reely extended to newspapers,
groups or individuals to quote or reprint all or
parts of the text.

M WM’\
PRESIDENT
McGRAW-HILL PUBLISHING COMPANY, INC,

April, 1955 — ELECTRONICS



CROWAVE
SIGNAL 5.
GENERATORS

with Polarad single dial operation

Four new Microwave Signal Generators covering the range 950-10,800 mcs/sec. All with
famous Polarad single dial operation. Each provides the maximum working range possible in
one compact signal generator. And, additional Polarad Signa! Generators are available to cover 12.8 to 39.7 kmc.

These features on all MSG units assure fast and simple operation: direct reading, single dial frequency control that tracks reflec-
tor voltages automatically . . . direct reading attenuator dial . . . conveniently placed controls, in logical sequence . . . high visibility
on the face of each instrument.

Polarad Signal Generators are built to the same high standards required for military equipment. They are practical for the factory
assembly line—engineered ventilation assures continuous and stable operation of all instrument functions. Components are readily
accessible for easy maintenance. And laboratory accuracy is guaranteed under the most rigorous operating conditions.

Write directly to Polarad or your nearest Polarad representative for details.

950-2400 2150-4600 4450-8000 6950-10,800
Frequency Range MCS/sec. MCS/sec. : MCS/sec. MCS/sec.
(Frequency set by means of a single directly calibrated control) =
Sre——
Frequency Accuracy +1% +1% +1% +1%
Power Output 1 Mw 1MW .2 Mw 2 MW
Attenuator Range 120 db 120 db 120 db 120 db
Attenuator Accuracy +2db +2db +2db +2db
Output Impedance 50 ohms 50 ohms 50 ohms 50 ohms
Input Power 115V+10% 115V+10% 115V+10% 115V+10%
60 cps 60 cps 50-1000 cps 50-1000 ¢cps
Internal Pulse Modulatian:
Pulse Width 0.5 to 10 microseconds
Delay 3 to 300 microseconds
Rate 40 to 4000 puises per second
Synchronization internal or external, sine wave or pulse
Internal FM:
Type Linear sawtooth
Rate 40 to 4000 cps
Synchronization tnternal or external, sine wave or pulse
Frequency Deviation -+2.5 MCS +2.5 MCS +6 MCS +6 MCS
External Pulse Modutation:
Polarity Positive or Negative
Rate 40 to 4000 pulses per second
Pulse width 0.5 to 2500 microseconds
Pulse separation (For multiple pulses) 1 to 2500 microseconds
Output Synchronizing Pulses:
Polarity Positive, delayed & undelayed
Rate 40 to 4000 pps
Voltage Greater than 25 volts
Rise time Less than 1 microsecond .
Size | Approx. welght 17" long x 13%" high x 15%2" deep | 60 Ibs. | 17" fong x 15" high x 19%" deep | 100 Ibs.

*Alsa avallable—MSG 4A: 6,950—11,500 MCS/sec.

ELECTRONICS CORPORATION
43-20 34th STREET o LONG ISLAND CITY 1, N. Y.

REPRESENTATIVES o Albuguerque  Atianta  Baltimore ¢ Boston e Chicago « Cleveland » Fort Worth « Kansas City o Los Angeles » New York
Philadelphia e San Francisco » Seattle e St. Paul e Syracuse e Washington, D. C. » Canada, Arnprior—Export: Rocke International Corporation

“THE FINEST SIGNAL GENERATORS OF THEIR KIND"

Want more information? Use post card on last page. 61
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‘Broadband RF Power Meters'

THE CHOICE OF AlL ARMED SERVICES ,
FOR MICROWAVE POWER MEASUREMENTS R —

POWER : puLse and cw -5,W to 5W average T .
' FREQUENCY ¢ 20Mc — 10,000Mc a =3
ACCURACY 59, Absolute at all ranges, )
frequencies, temperatures
‘easeeo INDICATIONS: Direct Reading
oo oo+ CALIBRATION: Compensates for All Variables
200000 R-F COMPONENTS: 3, 6, 10 and 20db Attenuators,
Bolometer Mount and Elements, R-F Cable
e oo 000 BOLOMETER: Broadband, High Overload Capacity
eoososo PLUMBING: 3%:” and 7" 50-ohm Coaxial
eoeoseo POWER SOURCE: 115VAC +159%,, 50-1000 cps

essoo0o CONSTRUCTION: Rugged, meets all JAN, MIL re-
quirements

TYPICAL APPLICATIONS

Microwave Links . . . Television . . . Communications . . .
Radar . . . Telemetering . . . Signal Generators . . .
Laboratory Standards.

Write for descriptive literature to Department E-4M
Bruno - New York Industries Corporation

DESIGNERS AND MANUFACTURERS OF €LECTRONIC EQUIPMENT 4 £ =
460 WEST 34th STREET . NEW YORK 1, N. Y, X <0 | ;

C

“pIG-TAILORING”

« « . . a revolutionary new
mechanical process for higher
production at lower costs.
Fastest PREPARATION and
ASSEMBLY of Resistors,
Capacitors, Diodes and all
other axial lead components
for TERMINAL BOARDS,
PRINTED CIRCUITS and “PIG-TAILOR" *.
MINIATURIZED ASSEMBLIES.

"SPIN-PIN"".

The “PIG-TAILOR" plus “SPIN-PIN" — Accurately Measures, Cuts, Bends,
Ejects and Assembles both leads simultaneously to individual fengths and
0 000 shapes — 3 minute set-up — No accessories — Foot operated — ] hour
training time.
PIG-TAILORING -provides: PIG-TAILORING eliminates:

1. Uniform component position. 6. Individuo! cut and bend lengths. 1. Diagonol cutters. &, Broken leods.

2. Uniform marking exposure. 7. Better time/rate onalysis. 2. long-nose pliers. 7. Short circuits from clippings.

3. Miniaturization spacing control. 8. Closer cost control. 3. Operotor judgment. 8. 659, chassis handling.

4. "'S” leads for terminals. 9. Invaluable labor saving, 4. 909, operator training time. 9. Excessive lead tcutness.

5. "'U" leads for printed circuits 10. Immediate cost recavery. 5. Broken components. 10. Haphazard assembly methods.

* PATENT PENDING Write for illustrated, descriptive text on “PIG-TAILORING' to Dept. E-4P
BRUNO-NEW YORK INDUSTRIES CORPORATION \

DESIGNERS AND MANUFACTURERS OF ELECTRONIC EQUIPMENT

460 WEST 34th STREET ° NEW YORK 1, H.
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"AUTOMATION PROGRAM

JLE RESISTORS \
) / . Type UPM-45
l"TEn c' nc“ITs - g / - For TV preset control applications. Control mounts

directly on printed circuit panel with no shaft extension
through panel. Recessed screwdriver slot in front of control and
3/8” knurled shaft extension out back of control for finger
adjustment. Terminals extend perpendicularly 7/32"
from control’s mounting surface.

Type GC-U45

Threaded bushing mounting. Terminals
extend perpendicularly 7/32” from control's
mounting surface. Available with or without
associated switches.

Type U70 (Miniaturizec)

Threaded bushing mounting. Terminals
extend perpendicularly £/32"
from cor.trol’s.mounting surface.

Type YGC-BAS

Self-supporting snap-in bracket
mounted control. Shaft center spaced
29/32” above printed circuit panel.
Terminals extend 1-1/32"
from control center.

e

Type XP-45

For TV preset control applications. Control mounts
on chessis or supporting bracket by twisting two ears.
| Available in qumerous shaft lengths and types.

G
1
L

e e
il
-
o

el g%..

R

‘I!-@

T g Hhet

gt i‘;_l -
e ot
N - Type XGC-45
R For applications using a mounting chassis

to support printed circuit panel.

Threaded bushing mounting.

i
S T
By

7

- LE RESISTORS
LDERLESS “WIRE- | Type WEC-45

§ ﬂ“} Designed for solderless wire-wrapped connections

co" " EcTIons ‘\ | with the use of present wire-wrapping tools.
4 - -

Available with or without switch and in
W\

single or dual construction.
o S \ The controls illustrated are typical constructions.

- - CTS' years of engineering and technical experience makes available
==y many other types for your automation needs.

CHICAGO TELEPHONE SUPPLY
Co 2 froealtor

e

v i

Ftoe Excluscve Sheecialisls ere Preciscon Mass Produclion o/ Veariable Resestors




From one pioneer to another . . .

64

*(ongrutulutions! Specializing in

resistors, controls and resistance devices
since 1921, Clarostat has remained a

steady advertiser in ELECTRONICS beginning
with this first advertisement in 1930, Our

business, that of “harnessing™ radio-electronic
tubes, has kept pace with the rapid progress of

the art. And so we are grateful to ELECTRONICS
“for its outstanding editorial efforts in developing,

expanding and ever bettering a great industry.

May such collaboration continue for years and years

Y to come.

Coritiots andl Bosistrss

CLAROSTAT MFG. CO., INC.,, DOVER, NEW HAMPSHIRE

In Canada: Canadian Marconi Co., Ltd, Toronto 17, Ont. Manufactured
under license in Great Britain by A. B. Metal Products Ltd., 17 Stratton St.,
London, W.1, Concessionaires for British Commonwealth except Canada.

ELECTRONICS Charter-Year Advertiser
Want more information? Use post card on last page. April, 1955 — ELECTRONICS



New Improved “SCOTCH” 39

Electrical Tape
..King of’ the paper tapes/

HIGH DIELECTRIC
STRENGTH

LONGER SHELF LIFE

50%
MORE TACK

THINNER

/

HIGH TEAR
RESISTANCE

GREATER SOLVENT

RESISTANCE /
-
- /
TRUE THERMOSETTING
ADHESIVE

Widely used for holding and insulating purposes
on motors, transformers, coils and generators.

3

The term "SEOTCH" and the plaid design are registered trodemarks for the more than 300 pressure-sensitive adhesive tapes made in U.S.A, by Minnesota 2
Mining and %fg. Ca., St. Paul 6, Minn. — alsc makers of "SCOTCH" Brand Magnetic Tape, “Underseal” Rubberized Coating, “Scotchlite” Reflective Sheeting, & Y4
“Safety-Welk™ Non-slip Surfacing, *3M"™ Abrasives, “3M' Adhesives. Export Sales Office: 99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757,3‘ ‘3'
London, Onfario. p>~- 24




Why Use Mechanical Choppers?

NOW AVAILABLE — a high sensitivity magnetic modulator, featuring infinite

life and ultimate reliability as a substitute for the weakest link in the control

system chain.

The General Magnetics ““MAG-MOD"” is designed to convert and amplify low
level dual polarity DC signals into 400 cycle sinusoidal AC voltages of corre-

sponding amplitude and phase sense.

e high shock & vibration resistance

o ultra-stable under severest
environmental conditions

e no rectifier required
« extremely low hysteresis
e fast response time

e clean output fundamental
waveform

e no moving parts or
contacts to fail

160 120 80 40
T T

MODULATOR
MM 3 ~iooo

&

D.C. CONTROL SIGNAL %

= 2

b3
-2
-3
L 4

A.C. OUTPUT

We specialize in control systems and magnetic am-
plitier components for Automatic Flight Control —
Analog Computers — Fire Control and Armament —
Guided Missiles — Nuclear Applications — Magnetic
Voltage Regulators and Power Supplies.

8
/‘YH
_” 6 g_)
/ ¥
54 8
/ <
(7]
// 15
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MICROAMPERES

ACTUAL SIZE

SPECIFICATIONS

excitation: 5 v. rms = 10% @ 300 — 500 cps
exc. winding impedance 10K ohms

output impedance 15K ohms

DC input resistance 1000 ohms

harmonic distortion approx. 15%

null amplitude 20 to 30 mv rms

output phase 0 or 180° - 10%

operating ambient — 70 to +200° C

overall dimensions 1”7 x 11/16” x 1% high

approx. weight 3 oz.

Write on your letterhead for further details

GENERAL

135 Bloomfield Avenue

GM

INC.

>—MAGNETICS

Bloomficld, N. J.
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Waldes Truarc ring reduces valve body |
from 1%, to 1%, eliminates chrome plating

GYRO MIXING FAUCET

s

P

/’
/4

Single-handle kitchen mixing faucet controls hot and cold
water, as well as volume. Radical design has no seals or
spindles to replace. One Waldes Truarc retaining ring al-
lows complete assembly and disassembly from either top
or bottom of unit.

(IRRRARRAILY
(TR AL

Alumihum Truarc Ring (external inverted Series 5108) acts as bearing re-
tainer, insures precise alignment of spout and escutcheon, gives uniform
shoulder with machining. Truarc ring provides shoulder that would otherwise
require machining valve body to 1 5/16” against 1 1/16” used. Also elimi-
nates expensive chrome plating of valve body.

Gyro Brass Manufacturing Corporation of West-
bury, L. I, N. Y., uses a single Waldes Truarc re-
taining ring (Series 5108) both as a positioner
and retainer on their Gyro Mixing Faucet. Alu-
minum Truarc ring not only eliminates expensive
machining, but also does away with a chrome
plating process that would be necessary if the
shoulder were made of the solid material of the
body.

You, too, can save money with Truarc Rings.
Wherever you use machined shoulders, bolts,

snap rings, cotter pins, there’s a Waldes Truarc
Retaining Ring designed to do a better, more
economical job. Waldes Truarc Rings are preci-
sion-engineered...quick and easy to assemble
and disassemble.

More than 5,000 stock sizes of the different
Truarc ring types available. Ninety stocking
points throughout U. S. A. and Canada.

Find out what Waldes Truarc Retaining Rings
can do for you. Send your blueprints to Waldes
Truarc engineers.

For precision internal grooving and undercutting . .. Waldes Truarc Grooving Tool!

| WALDES

RETAINING RINGS

\ Send for new catalog supplement r...__.___.._

-TRUARC

\

brings Truarc Catalog RR 9-52 up to date.
(Please print)

City.. o

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

Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C.1, N. Y.
Please send the new supplement No. 1 which

Gon oy e TS

Business Address.—.....ocoeeeoeeioooe s

WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U. S. Patents: 2,382,948; 2,411,426,
2.411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483.380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2.491,310; 2,509,081,
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries.

ELECTRONICS — April, 1955
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MICRO SWITCH Precision Switches

A PRINCIPLE OF GOOD DESIGN

This switch has
ALL you have asked for
in a sealed subminiature switch!

o

Check these features against
your most critical requirements

Absolutely environment-proof:

Switching element is sealed with an elastomer

plunger seal. This is bonded to both the pin High electrical ratings:

plunger and the metal housing. The switch ele- Electrical rating is 30 volts d-c, 2.5 amperes

ment is embedded in an epoxy casting resin which jnductive, 4 amperes resistive. Maxjmum inrush
also seals the leads. The exterior is of corrosion-

) h is 15 amperes.
resistant, treated aluminum.

Liah iah il si Long life:
ight weight—small size: Minimum mechanical life, 300,000 operations
Unit is 78" long and 11/32” thick. Weight is less

than .03 oz.

under average use conditions.

Wide temperature range:
Designed to give trouble-free operation in a tem-
perature range of from —65° F. to plus 180° F,

There are always new switches and new as-
semblies on the drawing boards arid on test
at MICRO SWITCH. Don’t experiment. Call
MICRO SWITCH first. It is the short cut to
getting THE switch for your application.

\ﬁ A complete line of snap-action switches for aircraft
’ s obee dd B
MICRO SWITCH provides a complete line ot

extremely reliable, small-size, high-capacity,

snap-action precision switches and mercury

switches. Available in a wide variety of sizes,
shapes, weights, actuators and electrical char- | DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY e

acteristics. For all types of electrical controls. HONEYWELL
. l In Canada, Leoside, Toronta 17, Ontasio  » FREEPORT. ILLI NOIS

66 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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Series No. |

KOVAR BASES

WITH NICXEL
SILVER CASES

Three electroce her-

metically s2aled
Kovar bases supplied
with closures. Lead
lengths and pn lay-
outs as illustrated.
Cases are aveilable
in three tepes.
Closures are oress-
fit to bases.

Series No. 3

COMPRESSION
TYPE BASES
& CLOSURES

WITH NICKZL
SILVER CASZS

Compression type
bases availab e in
two, three and four
lead types. Type TC-3
or TC-3A cases, ittus-
trated, can be sup-
plied. Cases are
press-fit to bases.

Series No.

COMPRESSION
BASES

WITH NICKEL
SILVER CASES

Available as illus:rat-
ed. Cases are piess-
fit to bases.

Type TB-6
TRANSISTOR

BASE

AVAILABLE WITH
TC-6 CLOSURE

Type DC-5
GOLD PLATED

With welding projec-
tion. Available as
DC7 without welding
projection.

zoo-| ka8

1l —] |28

1}5—4 218

*PATENT PENDING ALL RIGHTS RESERVED

WAL americantadiohistons.com

ALL CASES .300"_ B
IN LENGTH @3

= 1c.iAa &

| plain @38
TC-18

RSl with hole c'i'?

oy =] TCiCe

52"’ @ Gwﬂh hole &

and dimple
155+

CASES AVAIL.
ABLE WITH OR @
WITHOUT
DIMPLE

TC_3
with dimple

.300" long
n TC-3A
plain

.340" long @

Where Special cases
are required, EI will
quote on your re-
quirements on re-
ceipt of your
drawings or speci-
fications.

QM
1C-5
with dimple ﬁ

i TC.5A
'! plain
TC-58
with .025" hole .
All 325" long
TC-5C
plain .240” long

[:! -

TC-6 CLOSURE
Plain case .300"
in length,

J

HEADQUARTERS
FOR YOUR
HERMETICALLY
SEALED
MINIATURE

{ TRANSISTOR

and DIODE
BASES and
: CLOSURES"

Electrical Industries is your
deperdable source of supply
for all hermetically-cealed
miniature components. Minia-
turized transistor and diode
bases with closures and sealed
components for specialized re-
quirements can be supplied
quickly and economieally. For
samples and quotations on
standard components or recome-
mendations on “specials”, call
or write E-I, today!

ELECTRICAL
INDUSTRIES

44 SUMMER AVENUE
NEWARK 4, NEW JERSEY

DIVISION OF AMPEREX
ELECTRONIC CORP.




SPECIFICATIONS

INPUT
20 to 35V DC
at approx. 5 m.a.

OUTPUT FREQUENCY
400 or 500 cycles

Type 20077
+ —.02% from —65° to -+ 85°C.

Type R2007T

Type W2007T
+ —.005% from —65° to -+ 85°C,

OUTPUT VOLTAGE

5 volts, sine wave.

Substantially uniform

from —65° to -+ 85°C.
LIFE EXPECTANCY

several times that of vacuum tubes

INTERNALLY SHOCK MOUNTED

on Silastic
MAGNETICALLY SHIELDED
HERMETICALLY SEALED

OCTAL BASE
SIZE

4% x 12" diameter

WEIGHT

7 ounces

+ —.002% from - 15° to - 85°C.

FREQUENCY
STANDARDS

These units, which are the result of several years of development
and testing, offer a new standard of simplicity and reliability.
Particularly noteworthy is the uniformity of output signal voltage
with temperature change. Small size and light weight make them

ideal for airborne and portable use.

COMPLETE INFORMATION ON REQUEST

For applications where only higher B voltages are available, a

PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used.

American Time Products, Inc.

580 Fifth Avenue New York 36, N. Y.

MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY

68
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Raytheon —World's Largest Manufacturer of Magnetrons and Klystrons

2K28 KLYSTRON

HELPING ESTABLISH RELIABILITY RECORDS

Raytheon Magnetrons and Klystrons
in proved Gilfillan ASR-1 Radar

Civil Aeronautics Administration reports
record-breaking reliability of Gilfillan air-
port surveillance radar. Boston Interna-
tional Airport had 8,760 hours continuous
performancz with only 7% hours involun-

Check these performance records of
Raytheon tubes in the Gilfillan ASR-1.
Average life, 2J32 Magnetron: 4,000 hours.
Average life, 2K28 Klystron: 2,500 hours.

Your microwave and radar equipment offers

tary outage—less than %o of 1% —from their
Gilfillan installation.

extra reliability when you specify Raytheon
Magnetrons and Klystrons. Use these
rugged, reliable tubes in your present and
proposed systems. Contact Power Tube
Sales to take advantage of Raytheon’s

Condensed Typical Operating Data

Power | Frequency | Reflector | Resonator | Maximum

Output | Range, mc | Voltage | Voltage |Temp. Coef.| Tuning (Cavity Application Engineer Service, without obli-
1200- —140 v. Mech. ation. Write for free Tube Data Booklets.
2K28 | 140 mw 3750 |to —300v.| 300v. *.15 | ductive | Ext. | g

Power | Frequency Anode Anode Pulse

i P.R.R. ’\
Output | Range, mc kv Amps. Width YTH EO N Excellence
2780- . .
32 | 285%w | 3350 20 30 Tpsec | 1,000 \ in Electronics

min. | Fixed freq.

RAYTHEON MANUFACTURING COMPANY, Microwave and Power Tube Operations, Section PL18, Waltham 54, Massachusetts

www.americanradiohistorv.com



* Unretouched photographs.

' RELAY COILS
| to show you why

P&B RELAYS

are the best

These two coil cross-sections illustrate one of the
many reasons why P&B’s engineering skills and
manufacturing facilities have made it first in the
relay field.

The coil at the left was impregnated by the
most universally accepted method.

Note how the varnish failed to penetrate be-
yond the first few strands —leaving air- and mois-
ture-trapping spaces—allowing strands to pull
loose when sawed. This trapped moisture sets up
electrolytic action, causes eventual breakdown.

Note, however, that the P&B coil above has
no such “empty” spaces. All strands are solidly
embedded in varnish—completely protected against
moisture and electrolysis.

Centrifugal impregnation, a method exclusive
with P&B in the relay field, forces varnish com-
pletely through the coil—displacing all air and
moisture—filling all spaces permanently.

It’s one of many excellent reasons why, when
you need a relay . ..of any size, any type, for
any application . . . your smartest move is to P&B
and Sterling Relays.

n)eccscce_

Write

Potter & Brumfield Mfg. Co.,
or Sterling Engineering Co.,
Princeton, Indiana.

Relays

SRR

70 Want more information? Use post card on last page. April, 1955 — ELECTRONICS

www americanradiohistorv.com



Qe

PROPERTY AND APPLICATION DATA ON THESE

VERSATILE ENGINEERING MATERIALS: “ZYTEL,"
“ALATHON." “TEFLON,” “LUCITE.”

NEWS

1955

No. 2

“Teflon” and “Zytel”t
nylon combine to

make a better relay

Type “TQ” miniature telephone-type re-
lays operate at about 150°F. and are
used for power-switching duties — sole-
noids, valves and magnetic motors. The
bobbin is molded of Du Pont “Zytel”
nylon — chosen because of its lightness,
strength in thin sections, and high insu-
lating properties. It will not gas at oper-
ating temperatures.

Miniature telephone-fype relays use “*Zytel’’ nylon
resin for the bobbin, and wire coated with
“Teflon’’, to assure superior performance. Use the
coupon below for complete property information
on these Du Pont engineering materials.

The wire is coated with Du Pont
“Teflon” tetrafluoroethylene resin. “Tef-
lon” is an electrical insulating material
that’s especially suited for tough operat-
ing conditions. It has good thermal ex-
pansion properties and will not gas. The
“TQ” miniature relay pictured here is the
product of Advance Electric and Relay
Company, Burbank, California.

Two-Way Portable Lifeboat Radio
Uses Tough TEFLON® for Antenna Post

This antenna post of Du Pont “Teflon’ tetrafluo-
roethylene resin has high dielectric properties,
resists salt water and can take rough handling.
(Radio manvufactured by Marine Division, Mackay
Radio and Telegraph Company, Inc,, New York
City, New York. Insulator of “Teflon” made by
Tri-point Manufacturing & Developing Company,
Brooklyn, New York.)

These wire supports molded of “Zytel” nylon resin (named “tombstanes’” because
of their shape) can take any size wire bundle and eliminate the disadvantages
of metal clamps. Besides saving many man-hours in installing airplane wiring,
“'Zytel” nylon standoff insulators are lightweight, take stress in all directions
and are impervious to :olvents — including gasoline and jet fuels. “Zytel” is
also fungus-resistant, an excellent insulatcr and won’t carbonize. (Stand-off
insulators are manufactured by the Nylon Molding Corporation, Garwood, New
Jersey, under license of Boeing Airplane Company, Seattle, Washington.)

O *““Lucite”*
materials for_
NAME

Resists cracking and
chipping, won't
corrode from salt spray

Designers have found another use
for Du Pont “Teflon”— as the an-
tenna post on a portable lifeboat
radio. This radio for emergency use
is buoyed up by encased air when
it’s in the water.

Conventional insulating materi-
als tested for this antenna post
failed. Some would chip or crack
under the especially rough service
this radio encounters. Other mate-
rials deteriorated from salt spray.
Only Du Pont “Teflon” had the di-
electric properties, strength and
corrosion resistance to do this job
dependably.

The superior properties of versa-
tile Du Pont “Teflon” tetrafluoro-
ethylene resin find a wide use in the
electronics field. Fill out the coupon
below for full property data about
this versatile engineering material.

NEED MORE INFORMATION? CLIP THE COUPON for
additional data on the properties and applications of these
Du Pont engineering materials.

E. 1. du Pont de Nemours & Co. (Inc.), Polychemicals Department
Room 224. Du Pont Building, Wilmington 98, Delaware

Please send me more information on the Du Pont engineering
materials checked: [
[7J “Alathon”* polyethylene resin; [] “Zytel”’t nylon resin;

“Teflon’"* tetrafluoroethylene resin;

acrylic resin. I am interested in evaluating these

POSITION

COMPANY

STREET.

CITY

STATE

E. 1. du Pont

www.americanradiohistorv.com

TYPE OF BUSINESS

*‘Teflon'’, ““Alathon’ and ‘“‘Lucite” are registered trade-marks of

de Nemours s Co. (Inc.)

t“Zytel’ is the new trade-mork for Du Pont nylon resin.




' GUARDIAN

\ . for every industrial and military use...
TR

Series 120 A.C. Series 150 A.C.
Sensitive Compact
Series 345 D.C. Small Sized General Purpose
Versatile '

Industrial, Aircraft

Series 490 A.C. Series 610 A.C.
Midget Economical
e/ Telephone Type Small Sized
Series 595 D.C.

Midget

Send £ o ' i 1 1
Telephone Type end for your free copy of the all-new Guardian Relay Catalog

Number 11. Illustrations, dimensional drawings, full technical
descriptions and operational data charts combine to present the
most complete relay line available from any single source! Write
today for your free copy, sent post-paid. No obligation.

[ ) ;
YL ror NEW CATALOG NO. 11

Switches — Steppers — Solenoids — Complete Control Assemblies

GUARDIANELECTRIC

16250 W, WALNUT STREET CHICAGO 12, {LLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN (NDUSTRY
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“p”Y .. . s
R”-miniature hi-pressure radial blower
...a pioneer in ils field!

model

Moves 7 ¢.f.m. @ 6inch w.c. » 400¢c.ps. 10 or3 @
Weight 2 Ibs. s 5 inch overall length

For circulafing cooling air over Gyrator in closed air circuit of a
wave guide

ROTRON

ROTRON PRODUCTS ARE EUILT TO A HIGH STANDARD OF QUALITY

ROTRO

EQ U1 P MENT

MANUFACTURING CO., INC.

Y ORK

WOODSTOCK NEW

E ]

ELECTRONIC I ND U S TR

(o}

COO0O1l I NG F R THE

Waat more information? Use post <ard on last puge.
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0.D. of Case............1.000 inch No. of Polés (Motor)............ 6

Case Length............ 3.301 *No Load Speed (Min.)............ 6500 rpm -
i ...7.5 ounces Rotor Inertia............ 1.1 gram-cm?

400 cycles

COMMON CHARACTERISTICS OF ALL TYPE 2131 GEARED MOTOR GENERATOR UNITS /4

*Motor Speed at input to gear train e

ﬂ S
NEW

-~ integral gear head
in small servo motors

OUTSTANDING FEATURES A new line of units has been added to the Kollsman “Special Purpose
OF TYPE 2131 Motors” family combining precision machining, advanced electrical design
GEARED MOTOR GENERATOR and the latest in new materials. An unusual feature of the new line is the
integral gear head unit. Contained within a single case is the gear train
and motor; or gear train, motor and generator. Gear ratios as high as 300:1
can be supplied.
e High torque to inertia ratio to give This new line consists of Induction Motors and Induction Generators
fast response supplied separately or combined in a single case one-inch in diameter.
The new motors have been designed to give the maximum torque per watt
ratio with the minimum rotor inertia. The generators have been designed
to give the maximum output voltage with the minimum residual voltage
o High impedance winding for direct and phase shift.
plate to plate operation available One of the principal features of the Kollsman *“Special Purpose Motors”
is the interchangeability of parts which permits numerous electrically dif-
ferent combinations of motor and generator windings within the same case.

o New methods of manufacture result
in high efficiency

o Available for 115 volt—115 volt two
phase or single ended tube operation

e High generator output voltage with
excellent signal to noise ratio
INPUT PER PHASE ONLY 1.8 WATTS
ELECTRICAL CHARACTERISTICS

e Zero degree phase shift in generator

o All metal parts corrosion resistant OF TYPICAL TYPE 2131 GEARED MOTOR GENERATORS |
e Extremely wide operating temperature MOTOR GENERATOR
PuT
range EXCITATION  INPUT Theoretical _EXCI- OTER
TYPE NO. P STALL acceleration TATION 1000

R
FIXED CONTROL PHASE TORQUE ““At'stall  FIXED INPUT  rpm
Other models

of one inch O.D. units . 2131-0411110 26 26 23 04 25600 2% 18 .51
TYPE NO.  DESCRIPTION Latestpataloe

. and/or complete | 213100412120 26 26 | 40 | 06 38500 26 22 .68

. Induction Motor specification | 213100413120 26 26 . 18 03 1920 26 22 68
2101 Geared Induction Motor drawings will be

2028 Motor Generator sent upon request, | 20104080 115 115 | 40 06 3s00 115 26 Loo

2131-0463600 115 55 4.0 0.6 38500 115 2.6 1.00
2131-0470600 115 p-P 40 | 06 38500 115 2.6 1.00

volts volts  watts 0z-n rad/sec?  volts watts voits

kollsman wsrwen comansmn

80-10A 45th AVE., ELMHURST, NEW YORK ¢ GLENDALE, CALIFORNIA « SUBSIDIARY OF gfdﬂddﬂd COIL PRODUCTS CO, INC.

-
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GERMANIUM GOLD BONDED DIODES
SILICON JUNCTION DIODES

in the new

PS1
DIODE PACKAGE

Q% CLIP-IN UNIT

020" LEADS ATTACHED CO-AXIALLY

ITH .020” CO-AXIAL LEADS

SUBMINIATURE UN

SUBMINIATURE UNIT WITH .020" RADIAL LEADS

/

/ PSI’s revolutionary new package, with advantages
not found'in any ot

/
er commercially available diodes, was designed only

er an exhapistive survey of user requirements. Space limitations, environmental
7/ demards/ even assembly procedures became factors in the final design.
7/ The result: diodes with demonstrably superior performance, greater

/
/
/
/

versatility, top all-around utility.

P

CHECK THESE FEATURES...

1. VERSATILE LEAD ARRANGEMENT...
for maximum adaptability, diodes may
?.e obtained in a variety of configura- -
ions. . i

Typicai PS! Gold Bonded Diode Characteristics @ 25°C

Inverse
Working
Voltage

(volts)
35—l

80
220

Inverse
Current
(1a)

Forward
Current

100 (—20v)
10 (=50v) |
25 (—50v)

200 (—200v)

2, GLASS-TO-METAL SEAL . . . for posi-
tive moisture resistance, PSI uses a
true fusion seal. |,

-

Typical PSI Silicon Junction Diode Characteristics
Es/Et Back Current

Forward

3. WELGED CONSTRUCTION . . . for
greater strength and freedom from

_ contamimation; no low melting point
solders are used.

{volts)

Current
@ 1v

(ma)

at 25°C

at 150°C

30/29

80

.0lpa (—15v)

5ja (—15v)

55/53

40

.01pa (—30v)

5pa (—30v)

150/145

15

01pa (—75v)

and your net benefit from all these i

300/290

5

Spa (—75v)

01pa (—150v)

| 5y (—150v)

features ...

- NEW STANDARDS OF

a: The saturation voltage (Es) is measured at 500;.a; the
transition voltage (Et) is measured at 20pa.

b: Recovery time: after switching from Sma forward current
to 24Es for all these types, back resistance reaches or

RELIABILITY AND STABILITY

exceeds 50K in lusec.

| (Pat. Pending)

:
- 075"

tations, address inquiries

PACIFIC

to Dept. S-11.

10451 WEST JEFFERSON BOULEVARD

CULVER CITY, CALIFORNIA
Want more information? Use post card on last page.
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For complete product specifications, application data and quo-

SEMICONDUCTORS, INC.
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Only 74070/”47/[.’ makes the J-TRAN"’

3/4” LF. Transformer for TV + 4.5 to 45 Megacycles

The J-Tran is the standard LF. Trans.
former of the television industry. It is the
smallest, lowest priced, I.F. Transformer
of highest electrical performance — and
you can get immediate deliveries! It
is used as a Discriminator, Ratio De-
tector, Input Transformer, Interstage
Transformer with traps, and Output
Transformer for use with tube and crys-
tal diodes. J-Trans are also made for
262 KC, 455 KC and 10.7 MC radio
applications.

One of its many superior features is
the hollow, supported, threaded, hexag-
onal core which permits either double or
single ended tuning and allows great lati-
tude in chassis organization. It is the
only TV transformer with positive
threading and controlled torque. It is
supplied also with terminals for printed
circuit chassis.

76

SMIELD-
//

= BEARING

By e
SURFACES 5
)i
MOUNTING CLIP ﬂp
#1041 | I
e o

An outstanding mechanical advantage
is the clip mounting method, which
greatly reduces assembly time. This

MANYFACTURING

R P

method of mounting assures a perma-
nent, non-oxidizing contact — so strong
that a heavy chassis can be lifted by
gripping only the J-Tran, without tear-
ing the metal shell.

To become fully familiar with all the
superiorities of the J-Tran for TV, write
for a copy of the J-Tran* — K-Tran*
Manual. It will be invaluable to you in
your electronic designing.

*T.M. Reg. U.S. Pat. Off.

MASS PRODUCERS OF
ELECTRONIC COMPONENTS

Every part Automatic uses
... Automatic makes.

RUVERNEUR ST.,, NEWARK 4

Want more information? Use post card on last page.
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A sintered metallic oxide of excellent physical
and electrical characteristics, Alite offers the
electronic design engineer a new material with

intriguing possibilities.

For example, Alite is one of the very few mate-
rials which maintain excellent low-loss charac-
teristics over a wide frequency range— from
power frequencies throughout the entire spec-
trum into the super high frequencies. (The
power factor at GO cycles is .0005 and increases
to no more than .0008 at 10,000 megacycles.)

Of equal importance is the ability of Alite to
maintain its excellent dielectric characteristics
at high temperatures. Its volume resistivity at
room temperature is 10'* ohm c¢m and at 1000°C
is 10°, far superior to electrical porcelains or

steatites.

Outstanding electrical characteristics, coupled
with high mechanical strength and relative ease
of making vacuum tight Alite-to-metal scals
greatly expands design possibilities in electron
tubes as well as in a host of other electrical
applications.

Write for detailed technical data

Akron 9, Ohio ; A

pgin

NEW YORK CHICAGO

ELECTRONICS — April, 1955

HOUSTON

PROPERTIES OF COMPOSITION
AE-212

Alite Composition AE-212 has been de-
veloped specifically for electronic applica-
tions. Additional Alite formulations are
available for other specific purposes.

ELECTRICAL
ALITE
AE-212
Dielectric Constant @ 60 cy. 9.2
@ | me 9.0

@ 1000 mc 8.6
@ 10,000 mc 8.4

Dielectric Strength  (volts per mil) 250

Power Factor @ 60 cy. 0.0005
@ 1 mc 0.0005
@ 1,000 mc 0.0006
@ 10,000 mc 0.0008
Loss Factor @ 10,000 mc 0.0067
Electrical Resstivity @ 25°C 1018
@ 200°C 1013
@ 400°C 1010
@ 600°C 108
@ 900°C 108
MECHANICAL
Tensile Strength 26,500 psi
Modulus of Rupture (14” rod) 48,000 psi
Compressive Strength 285,000 psi
Modulus of Elasticity 43 x 108
Specific Gravity 3.62
Density (1bs./cu. 1n.) 0.131
Water Absorption 0.00
Porosity Vacuum tight
Hardness (Moh's) 9
Color White
Working Temperature (Max.) 1600°C
2912°F
Specific Heat .19
Coefficient of Thermal Expansion
(25-200°C) 6.58x 108
(25-400°C) 7.20 x 10%
(25-600°C) 7.65 x 10°®
(25-800°C) 8.07 x 10°®
(25-1000°C) 8.45x 107

Thermal Conductivity
Btu/hr./sq.ft./°F/in. @ 100°F 130

Want more information? Use post card on last page.
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The unique construction of the fly’s eye, with
numerous tiny lenses on a convex surface, gives
the insect an extensive visionary area, in all di-
rections.

o fol
1 1%
the Breasican

No:ural History

Wider than a fly can see

Unlike most of nature’s children, man’s endeavors have
carried him far beyond the use of his natural endow-
ments. Spurred on by mental development, human
efforts have created a dynamic way of life, demand-
ing the most versatile mechanisms man is able to de-
vise.

Scientists at Airborne Instruments Laboratory are
constantly at work, creating electronic devices to aid
industrial progress. In the Wide Range Power Oscil-
lator, they have achieved an instrument, excellent in
performance and quality, for testing over the wide
frequency range of 300 to 2500 mc.

Write for descriptive literature. Equipped with a self-contained rectifier power
supply and a single tuning contro! for grid-cathode and
AIRBORNE grid-plate l.irnes, fh.e Wide Rc.nge Power Oscillator is
representative of Airborne’s high standard of achieve-
INSTRUMENT ment in research, development and production. Here
is another example of individual design, resulting in
the universal appeal of AlL products.

LABORATORY

N T

160 OLD COUNTRY ROAD 4 MINEOLA, NEW YORK

78 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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I Herm{etlc mechaj,

Every production step saved is money saved! And production
savings increase steadily with every Hermetic Mechanical
Assembly used. The integrally glassed assembly terminals

eliminate the soldering of terminals to enclosure covers. To
the manufacturer, this means a profit increase!

Hermetic Vac-Tite* Seals are available in an unparalleled
selection of mechanical designs that provide maximum econ-
omy and mounting security.

if requirements call for unit headers —Hermetic can supply
them with studs attached, shaped to fit enclosures or cans,

Hermetic Seal

FOREMOST

R ST

F AND

ELECTRONICS — April, 1955

=

e nical
7

Products Company

31 South 6th Street, Newark 7, New Jersey

Want more information? Use post card on last page.

For problems concerning terminal strips — Hermetic can
provide terminal strips with or without studs and special
mounting features, with integrally glassed terminals
that offer the advantages of the arc-resistance of glass,
and one-piece assembly, modular construction.

Whatever the problem in mechanical assemblies, whether it
be color-coded terminal plates, lock-ring safety seals, or at-
tached bracket seals — specially designed Hermetic Vac-Tite*
Seals can furnish the money-saving solution to your problem.

Write for engineering assistance, data, and prices.

*Vac-Tite is Hermetic's new vacuum-proof, l
compression construction glass-to-metal seal. 5

O N
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Which Aluminized Picture Tube is Best?

COMPETITIVE TUBE — This photomicrograph magnifies
the inside reflective surface of an aluminized picture tube
200 times. You can see clearly its uneven hill-and-valley”
coating which causes some light to be lost within the tube,

cuts down on brightness.

WESTINGHOUSE TUBE — Here’s a photomicrograph of
the Westinghouse aluminized tube manufactured with
the exclusive Westinghouse *’Flow-Filming”’ process, taken
under the same conditions. Note the smoother, more even

aluminum coating. It means you get maximum reflection,
sharper, more detailed images.

Here’'s New Proof of Westinghouse Superiority!

For the first time, here’s actual proof
of the superiority of Westinghouse
“Flow-Filmed” aluminized picture
tubes.

In a dramatic compariscn test of a
Westinghouse aluminized picture
tube against the tube of another well-
known manufacturer, it was proved,
beyond any doubt, by photomicro-
graphy — not guess work — that the
Westinghouse aluminized picture
tube was superior. Here’s what the
comparison shows:

WESTINGHOUSE ALUMINIZED TUBE _
Look at the photomicrographs. The
one on the right is smoother, more
even. The aluminum layer has been
applied to produce maximum reflec-
tion; it provides the viewer more light
— usable light — that gives an image
more brilliance, more clarity. This
superior aluminized screen is a result
of the exclusive Westinghouse “Flow-
Filming” process of manufacturing,

80

COMPETITIVE TUBE — Notice the high
peaks and crevices on the competitive
tube (left). Light gets lost among
them, is reflected backward and to-
ward the sides, not toward the face
of the tube. The Westinghouse alu-
minized tube’s coating “caps” every
exposed phosphor crystal, makes it
an almost perfect reflector and directs
the light onto the viewing arca. This
produces more detailed images, better
contrast.

“Flow-Filming” is simply a better
way of making aluminized picture
tubes. It drastically reduces emission
failures, caused by chemical residues,

you CAN BE SURE...IFITS

which occur under other manufactur-
ing methods. “Flow-Filming” also
virtually eliminates the “mottled” or
“spotted” effect common to other
brands of aluminized picture tubes.

WHAT CAN “FLOW-FILMED’* WESTING-
HOUSE ALUMINIZED PICTURE TUBES
MEAN TO YOU? Just this: Fewer line
rejects in your plants. Fewer field re-
jects. And — in the final analysis — a
better, lower cost, easier-to-sell tele-
vision set. You’ll want to know more
about Westinghouse aluminized pic-
ture tubes. So see your Westinghouse
representative or drop a note today
to the address below.

ET-95067

Westinghouse

S———

RELIATRON TUBES

1 WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DIVISION, ELMIRA, N. .
= : 5 - LA - T

ELECTRONICS Charter-Year Advertiser

Want more information? Use post card on last page.

WwWWwWw americanradiohistorv-com
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quality. By this, we mean such tolerances as +.0000” —.0002" (ABEC 5)
or better. Materials include chrome steel, stainless steel and beryllium
copper. Counting the sizes and types made from these materials, about
150 different items are available.

Q)Mf@n Swmce
Technical information on bearings in
general is available in the form of
Engineering Bulletins covering such
subjects as Torque Testing, Load Ca-

pacity, Inspection, Lubrication, Pack-
aging, and others.

W iM&M Most everyone knows that we sell precision ball bearings of sustained

S

Not everyone realizes the amount of
engineering necessary to establish the
best bearing in a design. Both in the
Plant and Field we have a staff of
qualified engineers who can help ac-
complish this.

Our Engineering and Sales personnel are constantly providing customers with
the best bearings at the lowest possible cost. An example of this is the con-
p 7 SR Y

version of many applications to retainer bearings at lower prices and better

performance than full types previously used. !
Some expensive machining operations are omitted in the manufacture of re- | :
tainer bearings, and they perform better than the full type in many cases, ¢ o
with substantial savings to customers. CONTINUOUS COST STUDIES ASSURE ' v}

QUOTATIONS AT LOWEST CURRENT PRICES. SENE.L

o
-

Equipment used in manufacture and gauging of MICRO bearings is the most
modern available. Machines dating back further than 1950 have been either
retired or relegated to special uses not involved in standard production.

: Because of improved techniques, overall costs in the past year have been re.
74 duced by 30% on the average.

% ’:_».'a"—t iy &
Our Engineers are continually studying . _ The roller bearing on the left solved the
new and better ways to solve basic « . = problem of unusually high capacity for
problems. Many special requirements  © ; small size. Deliveries and bearing sizes
can be accommodated feasibly. . 4 can be changed to meet customer require-

ments within the limits of practicability.

4 Sales and Engineering service can be obtained from our offices in New York, Boston,
& Detroit, Chicago, Los Angeles and Dallas. Personnel at these locations and in the
Plant consider it their responsibility to provide correct information PROMPTLY.

e, oo

NEW HAMPSHIRE BALL BEARINGS INC.

MICRO CIRCLE « PETERBOROUGH, N. H. o« TELEPHONE 424

ELECTRONICS — April, 1955 Wart more information? Use post card on last page.
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yacuum Tub
yoltmeter

TYPE TF 1041
FREQUENCY RANGE
20 cps to 700 mc

The TF 1041 measures up to
300 volts a.c., unbalanced, in 6
ranges and up to 1000 volts
d.c., balanced or unbalanced, in
7 ranges. There are also 7 ranges
’} for measuring resistances be-

. tween 0.2 ohm and 500 megohms.

MARCONI INSTRUMENTS

VACUUM TUBE VOLTMETERS « FREQUENCY STANDARDS « OUTPUT METERS - SIGNAL GENERATORS
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS

23-25 BEAVER STREET *- NEW YORK 4 - HANOVER 2-0198
ENGLAND: HEAD OFFICE: MARCONI INSTRUMENTS LIMITED, ST. ALBANS HERTFORDSHIRE
CANADA:CANADIAN MARCON! COMPANY, MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL
Managing  Agems in Export MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2.

TC60R
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TYPE 5C22
MADE 1N U.S.A

THATHAR ELECTRONIE |

ks

o “

A three electrode zero
bias thyratron with peak
power handling capacity
to 2.6 megawatts

ELECTRICAL DATA

MIN.  BOGEY  MAX

HEATER VOLTAGE ... . 58 6.3 68  Volts
HEATER CURRENT @&.3V. 9.6 10.6 116  Amps
CATHODE HEATING TIME 300 Sec.
ANODE VOLTAGE DROP, PEAK 100 150 200  Volts

For detailed characteristic data request sheet DSW-104-1

 CHATHAM
TYPE VC-1257

" Hydrogen filled, ’ "
zero bios thyro- |
tron with hydro- l
gen reservoir for
generationof

. pulse power up

: 1o 33 megawaotts.

CHATHAM
TYPE 5948/1754

Hydrogen filled,
zero bios thyra-
tron with hydro-
gen reservoir for
generation of
peak pulse
power upto 12.5
megawatts.

CHATHAM

HYDROGEN
THYRATRON

MAXIMUM RATINGS — Absolute Values

Maximum Peak Anode Voltage
Inverse.... : -
Forward.........

Minimum Peak Anode Voltage
Inverse.......... . .
Forward........comcrcncn

Maximum Cathode Current

Maximum Operating Frequency (Note 1
Minimum Peak Trigger Voltage.
Maximum Peak Trigger Voltage.
Maximum Heating Factor (Note 2
Maximum Current Rate of Ris
Maximum Anode Delay Time
Maximum Time Jitter.........

Ambient Temperature........— e

NOTE ): This is not necessarjly the u

represents the highest repetition rate for oresent life test

requirements.

NOTE: 2. Heating factor is the product (epy x prr x ib)s

CHATHAM
TYPE 5949/1907
Hydrogen 'lillo'-d;" i
zero bias thyra-

reservoir for gen-
erotion of peck
pulse power up 10
6.25 megowaolts.

e B

tron with hydrogen | Bl

TYPE VC-1258

Zero blos miniature
hydrogen thyreo-
‘tron for the gen-
_erotion of peak pulse power
up to 10 KW. Also available
with @ 28 v heoter and in o
super ruggedized type for

- extreme vibration,

ELECTRONICS — April, 1955

Chatham Hydrogen Thyratrons are the prod-
uct of many years of concentrated experience
in this specialized field. Embodying the most
advanced developments in the art, the tubes
illustrated offer uniformly high performance

Chatham Electronics
DIVISION OF GERA CORPORATION — LIVINGSTON, NEW JERSEY

when employed in the generation of pulse
voltages in the order of microseconds.
For complete data and specifications on
Chatham Hydrogen Thyratrons, call, write or
wire today — no obligation.

Want more information? Use post card on last page.
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The popular GATES HF-10 High
Frequency Transmitter is available in five
different models for applications in broad-
cast, voice communications, high speed te-
legraphy or combinations of these services.
These fine transmitters have gained world
wide recognition for their complete relia-
bility and excellence of signal quality. They
are daily handling a sizeable quantity of
the intercontinent communications between
nations, both government and private.

High level Class B modulation is em-
ployed for all voice or broadcast models.
The low plate voltage (5000 volis) assures

GATES RADIO COMPANY

reliability in line with high efliciency.
Rated at 10 KW (telegraph) from 2-22 Me.
and 8 KW (telegraph) at 24 Mc., or 10 KW
100% modulated 2-18 Me., 714 KW at 22
Me. and 6 KW at 24 Mec. These rugged
transmitters are worth investigating for
your future. Write for full descriptions and
specifications.

Center cubical of
GATES HF-10 Trans-
mitter illustrates husky
tank circuit design for
high efficiency coverage
over entire frequency
range.

QUINCY, ILL., U. S. A

Manufacturing Engineers Since 1922

Houston, 2700 Polk Avenue

New York, 51 East 42nd Street Llos Angeles,

Washington, D. C., Warner Bldg.
72501 Sunset Blvd.

Atlanta, 13th & Spring Sts.
Montreal, Canadian Marconi Co.

«New York, Internatiomol Div., 13 East 40th St.

Want more information? Use post card on last page,
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Up to the last split second of impact, Bendj¢-Pacific
telemetering systems continue to furnish information which
would never be obtained with other instrumentation methods.

Virtually every condition encountered while an airplane

or missile is under flight test — flutter — strain — vibration
— temperature - pressure — acceleration — voltages —and
motion can be accurately and continuously relayed

from lightweight, compact airborne equipment by a crystal
controlled r.f. link to an airborne or ground based
receiving and recording station.

While a flight is in progress, test results can be observed
remotely and flight conditions varied by radio communication.
The crew is free to concentrate on flying the airplane . ..
dangerous conditions can be averted . .. or where a crash is

e unavoidable, the complete story is permanently
W available for detailed analysis.
A number of airframe companies are speeding up flight
testing and cutting costs by using Bendi¢-Pocific

telemetering systems. We can aid you, too, in your flight
test problems through this method of remote instrumentation.

Pl o

Typical universal airborne
package is provided

with plug-in components
to facilitate changes

in test program.

STies
Good positions
available for

_ ¢ Circuit Design

" ’ ‘ and Test

( l f Equipment Design
&

Engineers at all

4 levels. Contact
y W. C. Walker,

PACIFIC DIVISION « Bendix Aviation Corporation

11600 Sherman Way, North Hollywood, California

East.Coast Office: Dayton, Ohio Washington, 0. €. Canadian Distributors: Export Division:
475 5th Ave., 1207 American Blvd,, Suite 803, Aviation Electric, Ltd., Bendix International e il Engineering
SNY 17 Dayton 2, Ohio 1701 “K” St,N.W.  Montreal 9  205E.42nd St, N.Y.17 l L
ELECTRONICS — April, 1955 Want more information? Use post card on last page. 85
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AEROCOM'S 1046 H.F. TRANSMITTER e

OWER - STABILITY

1000 WATTS WITH .003% STABILITY

Rugged, versatile general purpose H. F.
transmitter— Aerocom’s 1046 packs 1000 watts
of power and high .0039, stability under
normal operating conditions (0°to +50°C.).
Excellent for point-to-point or ground-to-
air communications.

Multi-channel opcration on telegraph Al,
or telephone A3 with GM-8A modulator . . .
new Aerocom 1046 can be remotely controlled
with TMC-R at control position and uses only
one pair of telephone lines. In A3 operation,
the local dial control panel! is located in
modulator cabinet.

Transmicter cabinet has 834 inch panel
space available for either local dial control
panel or frequency shift keyer.

Model 1046 operateson 4 crystal-controlled
frequencies (plus 2 closely spaced frequen-
cies) in the band 2.0—24 Mcs. Operates on
one frequency at a time; channeling time
2 seconds. Operates into either balanced or
unbalanced loads. Operates in ambient -35°
10+50° C. Power supply: nominal 220 volts,
50-60 cycles, single phase.

Complete technical data on request

3090 S.W. 37th AVENUE MIAMI 33, FLORIDA

86 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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High Frequency Transistor

PHILCO a°

SB

(SUrface Barrier

TRANSISTOR

l“d“S"Y X Flrst

o Available Now! /

See Next Page For Details »



For the First Time...
High Frequency Circuits Can Be

COMPLETELY TRANSISTORIZED

«—.450—>
«.325"—>

Philco SB Transistors are
available in the sizes shown

here —stondord and miniature,

Today, Philco’s new SB Transistor opens
up a completely new field of commercial,
industrial and military applications for the
electronics design engineer. With vastly
superior performance assured to 50mc and
above, many basic circuits can now be
completely  transistorized. Video bandpass
amplifiers, wide band low-pass amplifiers,
high frequency oscillators and high speed
switching are only a few of the innumer-
able circuits which the design engineer can
produce quickly, easily, efficiently with the
revolutionary new SB Transistor.

UP TO 10 TIMES BATTERY LIFE

The Philco Surface Barner Transistor operates
efficiently with power consumption of less than
one milliwatt ! This extremely low power drain
resules in up to fen times the battery life obtain-
able with junction transistors, vastly reducing
operating costs. Hermertically sealed, the SB
Transistor has greater inherent characteristics
of stability, longer life and higher efficiency
than any other type of transistor.

HIGHEST UNIFORMITY YET ATTAINED

Due to Philco’s unique design and precision
production methods, the SB Transistor reaches
a degree of uniformity and unvarying quality
never before achieved with transistors. This
remarkable quality permits design engineers to
specify the Philco SB Transistor with full
assurance of superior performance.

Now being produced in quantity this new
Philco SB Transistor is available for your
current projects and immediate shipment
can be made to you.

For complete technical information on the PHILCO SB Transistor

write Dept. E

PHILCO CORPORATION

OVERNMENT
NDUSTRIAL

A ND
DIVISION

PHILADELPHIA 44,
PENNSYLVANIA

In Canada: Philco Corporation of Canada Limited, Don Mills, Ontario




Radio Engineering Laboratories uses Eimac
klystrons in high power, beyond-the-horizon
communication equipment

EXTENDED RANGE COVERAGE at frequencies pre-
viously limited to low power has been achieved
in a new high power beyond-the-horizon UHT
communication system. Radio Engineering Labo-
ratories designed and manufactured 30 REL type
826 FM radio terminal equipments for a special
system employing Eimac high power klystrons in
the final amplifier stage. Eimac klystrons were
selected not only because of reliability and high
power, 10kw /CW power output with a minimum
gain of 26 db, but also for their practical design
which permits economical transmitter construction
and minimizes replacement problems. Completion

of this revolutionary communication system which
Eimac 3K50,000L klystron in klystron

section of REL 10kw power amplifier. iS now in Operation

— confirms that 1) high
= T power, extended range
} :ngl 3 UHF and microwave
-. , i | ® coverage is practical,
' .
bl -l 'J%En} i 3 and 2) Eimac klystrons
Q) y L.
(“ 0 / ﬁi ; are the most efficient,
i i X powerful and reliable
{ | .
tubes for the job.
§ | :
| § .

; i : For further informa-
] tion on Eimac high

| e saamee o) Bz
o power amplifier kly-
g — strons, contact our

Lo — ‘ P e . .
f— kS - REL FM Radio Terminal Amplifier employing Eimac kly- TeC/)IIlC{Zl Ser’l/lc‘es De-

e stron has frequency range of 400-1050mc.

partmeut.

EITEL-McCULLOUGH, INC.

S A N B R UNO L C A LI F ORNIA

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 89



Jor fast-rise applications

(12 MILLIMICROSECONDS) : |

Tektronix Type 545 and Type 541
CATHODE-RAY OSCILLOSCOPES |

FYPE 545 OSCI{IOSCOP(
¢ "Ll e @

MAIN SWEFP
2

TYPE 54 5—This new high-speed
laboratory oscilloscope, in com-
bination with the new Type
53K/54K Fast-Rise Plug-In Unit
-..opens the way to quicker, cas-
ier analyses of tast-rising waveforms . . . pro-
viding faithful displays and accurate measurement facilities

|

well beyond the range of previous oscilloscopes of its size
and cost. The Type 545 -Type 53K/54K combination offers
a vertical-amplifier passband of dc to 30 mc (12-millimicro-
second risetime) at calibrated sensitivities to 0.05 v/cm, with

noGENG iy
.

LA X N

"
o

PO esustie K e

a full 4-cm linear vertical deflection. A wide range of cali- {3‘% b2 o
brated sweeps, with calibrated sweep delay from 1 ysec to S N R prnme s
0.1 sec, and high accelerating potential, 10 kv, fully comple- da 5 -
ment this greatly extended vertical-amplifier range. L T =Sy

The Type 545 is the most versatile oscilloscope ever made, R | EEE | S
for it can be quickly converted to many other applications. o T i
By merely plugging in the appropriate Type 53 /54 Plug-In o

2L T onice
Preang)liﬁer you are ready for wide-band, wide-band high ® @ @ 5 W,
gain, dual-trace, high-gain’ differential, microvolt-sensitivity, - SR wJ
or wide-band differential apﬁlications. It's a rare oscilloscope | iz D 0'@ % o
application that isn’t easily handled by this modern method. - T e

Type 545 Oscilloscope Characteristics

s t.-‘_-'?t-:‘- ”

with Type 53K/54K Unit Plugged In

Transient Response ~—Risetime, 12 millimicro-

seconds.

Frequency Response-—Passband, dc to 30 mc

{(down 3 db = , db at 30 m¢,
only 6 db at 45 mc),

Input impedance 20 yuf, 1 megohm.
Sensitivity —0,0S v /cm to 20 v/cm in
9 calibrated steps.

Price —$125

J =
LOW INPUT CAPACITANCE
With Accessary Probes for Type 53K/54K

Probe Input Impedance

Moximum
Sensitivity

P405 11.5 uuf, 5 megahms 0.25 v/cm

P410

1v/em

P450 2.5 uuf, 10 megohms 2.5v/em

P4100 2.5 puf, 10 megohms

7.5 puf, 10 megohms 0.5 v/cm
P420 4.5 uuf, 10 megohms

5 v/cr-n )

90

magnifier extends calibrated range to 0.02
usec/cm. Continuously variable frem 0.02
usec/cm to 12 sec/cm.

Wide Sweep-Delay Range

Additional delaying-sweep circuitry provides
conventional, or triggered jitter-free delay,
1 usec to 0.1 sec in 12 calibrated ranges,
Range accuracy within 2%, Incremental
accuracy within 0.2% of full scale.

Versatile Triggering

Infernal or external, with amplitude-level
selection or AUTOMATIC TRIGGERING.
High-frequency synchronizotion up to 30 mc,

Square-Wave Amplitude Calibrator
0.2 mv to 100 v in 18 steps, accurate
within 2%,.

[ Wide Sweep Range New Cathade-Ray Tube { g
. Y et 24 Calibrated sweeps from 0.1 usec/cm to Tektronix T54P 5” precision metallized crt =
Vertical-Amplifier Characteristics 5 sec/cm, accurate within 3%. Accurate 5-x provides 4-cm vertical and 10-cm horizontal LT

linear deflection. 10-kv regulated accelerat-
ing potentiol.

Balanced Delay Network
0.15 usec vertical signal delay.

DC-Caupled Unblanking
Uniform unblanking at all sweep speeds and
repetition rotes,

Electronic Voltage Regulation
All voltages affecting calibrations are fully
regulated.

CRY Beam Position Indicators

Type 545 —%$1450 plus price of desired
plug-in units,

Type 541 — Same characteristics, less
delayed - sweep facility — $1145 plus
price of desired plug-in units,

Prices f.o.b. Portland
(Beaverton), Oregon

Please call your Tektronix Field Engineer or

Representative for complete specifications.

Tektronix, Inc.

P. O. BOX 831A
CYPRESS2-2611

Want more informgtion? Use post card on lgst page.

PORTLAND 7, OREGON
CABLE: TEKTRONIX
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FOR TODAY’S PROJECT ... TOMORROW’S PLANS...

the industry’s smallest (1”7 dia. x 2" long),
lightest (4.5 oz.) Hermetically-sealed
Integrating Gyro . . . developed, tested,
and now in production by Greenleaf.

HIG-4
the amazingly accurate “‘big
brother” of the new HIG-3
... now being delivered in
production quantities.

Actual Size

DIRECTIONAL
GYRO

drift rates as low as 1° per hour make
this precision unit versatile for

a wide range of applications. May
be modified to meet your needs.

RATE GYRO
designed for versatility because
of its broad range of
modification possibilities.
A “special” rate gyro.

Whatever your gyro needs,
Greenleaf has the answer. A
telegram or phone call will put us
in touch with you immediately.

ENGINEERING ¢« DEVELOPMENT ¢« PRODUCTION
MANUFACTURING COMPANY

7814E W. Maplewood Industrial Court * St. Louis 17, Missouri
Where quality control works on the production line . . . producing the new

HIG-3, the HIG-4 and Rate Gyros, Transducers, Accelerometers, Synchros,
Air Speed Indicators, Actuators and many other precision-built components. 22

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 9]



Not Getting The

Right Answers?

Install Hubbell Interlock Plugs
To Solve Your Wiring Problems

Computers are just one of the many modern electronic

units that depend upon small component parts for

accuracy of operation. The wiring of connections

to sources of power, as well as between elements

within the unit, must be dependable and must be

designed for fast, easy rearrangement and

maintenance. Hubbell Interlock Plugs meet all

these requirements and actually provide an extra
margin of dependability.

You Can Be Sure Of A |
I Positive Connection :

Tests Prove It!

By actual laboratory test, the
Hubbell Interlock Type “A”
Plug, capacity 10 amperes,
withstands a 47 pound pull
without disconnecting; the
Type “B” Plug, capacity S
amperes, a 16 pound pull;
Type “C”, capacity 1 ampere,
47 pounds; and the heavy
duty Type “S” Plugs, capacity
15 amperes, up t0 222 pounds.

Unlike other terminals, Inserlock
Plugs are designed with a lock-
ing mechanism that permits con-
tact on rwo surfaces and provides i
a constant low contact resistance. .

Interlock plugs lock automatically %
in their eyelets or jacks, can be
quickly disconnected when in-
tended, yet cannot disconnect
accidentally — — and they're
designed to withstand unusual
strain and vibration!

HARVEY HUBBELL, Inc.

92 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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added Evide™° 1 Everyone Can Count

—— VEEDER-ROOT

For moderate counting duty, where extreme long
life is not required, this new small reset counter
is completely reliable. Compact and easily con-
nected, this counter may be actuated by any
type of switch, relay or photoelectric unit.
Recommended speed is 700 counts per minute.
Power consumption is low . . . and so is the

&

VEEDER-ROOT INCORPORATED 2\\.

i

HARTFORD 2, CONNECIFICUT ®

price . . . but still the same Veeder-Root high
quality. So here again is proof that you can
count on Veeder-Root for any type of counter
.. electrical, mechanical or manual . . . for
any type of duty in any field from atomics
to electronics. What do you need to count?
Write:

Chicago 6,1l « New York 19, N. Y. Greenville, S. C.
Montreal 2, Canada + Dundee, Scotland
Offices and Agents in Principal Cities

‘“The Name that Counts’’

|
)

ELECTRONICS — April, 1955 Want more information? Use post card on last page.
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imdd. the Newest Answer, 1o

CORROSION

ooooooooooo‘oo.oooO0a0ooooooooooooooooooo00oooooooooooloooooooooooooooo

C

NTROL

in this 20=-page REI--F’
Dispersions Manua.i'l '

Learn how you can get the advan-
tages of KEL-F fluorocarbon plas-
tic: corrosion and heat resistance,
anti-adhesion, abrasive resistance,

excellent electrical properties,

moisture resistance 171 a

dispersion coating,

Jor application by
spraying, dipping

or spreading

® Registered trademark of The M. W. Kellogg Company’s fluorocarbon polymers

‘M‘ 1 am interested in Dispersion Coating Applications for: )
KEllosc [ trailer tanks [[] calendering rolls

w [] tankcars [] forming dies
[] storage tanks [[] guide rolls
THE M. W. KELLOGG COMPANY ] pipe lines [C] mattress molds
Chemical Manufacturing Division ] pumps [] tire molds
P. ©. Box 469, Jersey City 3, N. J. [J mixers [] ribbon blenders
[J valves [[] cone blenders

Please send me my copy of the new Kellogg Manual,

“Application Techniques for KEL-F® Fluorocarbon Poly- [ flowmeters L hoppers
mer Dispersions.” [] reactors [[] casting molds
N [] shipping containers [] coated glass tape

ame [[] waste neutralizers [] miniaturized stators
Title [ agitators [] distribution transformers
Company [J miniaturized relays
Address Other applications (please list)
City State

=

i m-m--mmmmmmmwmmmmmmmm!ﬁmmmm%@ﬂﬂ-—-
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To help you speed assembly of
circuit boards, Centralab developed...

Centralab Plug=Iin
Printed Electronic Circuits®

with Twin-Tapered Tab Leads

They give you the usual advantages
of Printed Electronic Circuits:
Uniformity of circuit performance.
Saving in size — and cost — of circuit chassis,
Saving of soldering time,
Elimination of wiring errors.

...plus these special advantages:

TWIN Fast assembly.
TAPER .. N R
Positive positioning.
FLAT FOR Positive solder connections inside or outside of
SCLDERING

chassis holes.

Write for delailed engineering bulletin EP-40R.

*Trademark
J— 900000000000000000000000000000000000000
-
: WOUIdEYou like to win an
4 vinrude 3-h
More proof that Outboard Motor?
- - ’ H ;
if it's a job Enter this month's
- ] H !
for electronic components, |4 il I‘N‘KWIZ*
. —_———\
its a job for Centralab Answer this question in 50
§ WO'rd.S, more or less: [n your
°P'"'"°"I, what electronic de-
velopment in recent
) ears
, Cethrala.lD s as made the gremesy' im-
creative engineering pPact on commerciqj appli
and production cations — and why? i
methods pay off for A leading editor will
many users of Pick the winner of this
standard and special month’s major prize
electronic components Mail your entry.to us
before April 30,
Capacltors Switches Printed Ceramics TNothing to buy. Employces of Centralab and their advertising
Blectronic agency not eligible. Duplicate prizes awarded in case of tic.
I l é Y-552
| [ Y 1 £ p & &
N vhdhaaa A ANAR AR A Db abiah A8 heh gk il
M |- h.‘,g\?\?mn oF mlome.wiiom s | ||!)
i ¢ 4 v 3 A" 1 € 1 y
[ LA . i gﬂ o ! '
?' H i 914D E. Keefe Avenue o Milwaukee 1, Wisconsin ‘W \

In Canada: 804 Mt. Pleasant Road, Toronto, Ontario

SINCE 1922, INDUSTRY'S GREATESY SOURCE OF STANDARD AND SPECI!AL ELECTRONIC COMPONENTS

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 95



Durability against vibration
assured by SPERRY designers

Lo with a s/mke-testz'ng program on

MB VIBRATION EXCITERS

oMPANIES quick to take advan-

tage of newest techniques for
development and testing are gen-
erally also those known for out-
standing products. Such a concern
is the Sperry Gyroscope Company.
It maintains well-equipped vibra-
tion testing laboratories where
searching tests are performed on
all designs subjected to vibration
in service. Vibration is ruled out
as a trouble-maker in vital prod-
ucts and components.

VIBRATION TESTING SPEEDS DATA

With vibration now recognized as
an archenemy of produet life and
performance, it pays to learn early
in the game whether corrections in
design are needed. MB Shakers
can help you to do just that. In a
few short hours, the equipment
can reproduce the ravages of years
of vibratory service conditions.
Within minutes, it can show you
visually the vibratory response of
a product to a whole range of fre-
quencies.

The result: savings in engineering
time and work, and a better prod-
uct.

WHY MB VIBRATION EXCITERS?

Engineered by vibration special-
ists to deliver maximum perform-

In a Vibration Test Section of Sperry Gyroscope Company, an MB Vibration Excitar Model C-5
is being used to fulfill requiremants of MLL-E-5272 ind other specification tests.

ance, MB Shakers can be counted
on for pure table motion and de-
pendable operation to full rated
capacity. Moreover, MB’s line of
vibration testing “tools” is com-
plete—from small specialized-duty
shakers to the largest in existence

1060 STATE STREET, NEW HAVEN 11, CONN.

THE MB MANUFACTURING COMPANY, INC.

today; also automatic cycling sys-
tems, vibration pickups, meters
and other accessories.

Like so many well known com-
panies, why not make MB your
headquarters on vibration?

BULLETIN TELIS MORE
Contains specifications, oper-
ating information and help-
ful hints on usages of the
complete line of MB Exci-
ters. Write for Bulletin
1-VE-5.

HEADQUARTERS FOR PRODUCTS TO ISOLATE VIBRATION...TO EXCITE IT.. . TO MEASURE IT

96 Want more information? Use post card on last page.
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RIGHT: extensive insrumentation is used to test tube electrical quclities
shat closely offect operaticn in computer circuits. Zero-bias plate
zurrent; cut-off performance : any difference in cul-off between twin-

triode sections—the:e are three of many characteristics checked. }

has developed during inactivity.

G-E Computer Tubes are specially tested for
qualities that safeguard computer reliability!

General Electric pioneered special tubes for
computers ... also developed tests such as those
above, which assure that G-E tubes in your
computer circuit can be relied on to meet de-
signers’ aims in all respects.

The tests are specific in purpose. Each covers
one or more tube characteristics important in
computer use, and which closely influence the
accuracy and reliability of the equipment.

There is no substitute for G-E computer-tube
qualsty, which starts with special tube design—
extends through precision manufacture—con-
cludes with exhaustive tube tests that relate
directly to computer service.

Also . . .
range of special computer tubes now 712 produc-

there is no counterpart to G.E.’s

tion. You have a choice of proved G-E types

available for your present circuit needs, with
new tubes constantly being added.

Ask for “G-E Computer Tubes And Their
Applications” (ETD-1140). 54 pages—just
off the press. A book every designer and builder
will find useful! Twbe Department, General Elec-
tric Company, Schenectady 5, New York.

® G-E computer-tube development is a con-
tinuing process, with new types being added
regularly for faster, more advanced equipment,
or to meet special customer requirements
where volume warrants. Five types— proved,
popular—already are in full production:

GL-5844 GL-6211
GL-5965

GL-5915A GL-6463

Pragress /s Our Most Important Product

GENERAL ELECTRIC

162-1C1

‘ LEFT: G-E computer tubes undergo a cut-off life fest. The tubes are
operated for long intervals with their grids biased to cut-off. Period-
ically the tubes are given a cathode interface check, to make sure no
“sleeping sickness", or failure fo respond to changed grid voltage,




Timers that Control
the Pulse Beat of Industry

Interval Timers

MOST COMPLETE LINE OF INDUSTRIAL

TIMERS for
automation

The individual requirements of each automation
problem are best met by selecting timers designed to
perform specific functions. Whatever your timing-
control problem, Industrial Timer Corporation can
meet it with one of its standard timers, @ combination
of its standard units, or by designing an entirely new
timing element. Our Engineering Departraent not only
originates new designs, but also develops modifica-
tions to meet our customers requirements.

L
UMER:)

RATIO

Want more information? Use post card on last page.
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We manufacture a complete line of timers in these
4 broad classifications:

TIME DELAY TIMERS -

RE-CYCLING TIMERS
INTERVAL TIMERS « RUNNING TIME METERS

Our large stocks of 17 basic types from which we
have developed over 640 combinations to date, en-
ables us to make rapid deliveries in most cases . .
and excellent deliveries on special orders. Our auto-
mation timer specialists will be happy to discuss your
automation timer requirements. Your inquiries will
receive prompt attention.

INDUSTRIAL TIMER CORPORATION

OGDEN STREET,

NEWARK 4, N. J.

April, 1955 — ELECTRONICS



NUMBER 2 OF A SEFIES

S AN

INTEGRATELp

ELECTRC ,,( *‘

AN : ;

WINDING PRECISION COILS THE IMAGINATION FOR RESEARCH + THE SKILL FOR PRODUCTION

Three complete plants with a total of 240,000 square feet

are devoted exclusively to precise military electronics

and electro-mechanical production. These facilities are staffed
and equipped to design, develop, test, and manufacture
equipment ranging in size from miniature trans-ceivers to heavy
shipboard fire control weighing more than two tons.

Hoffman Laboratories is equipped with a completely integrated
manufacturing operation with sheet metal, machine shop,
plating, welding, assembly, and test departments.

Navigational Gear
Missile Guidance &

Control Systems
Radar I-IGH:“] an Constant quality control and inspection procedures assure
Noise Reduction the highest equipment efficiency ... equipment that
Countermeasures (ECM) meets and exceeds requirements.
Communications

Terminal Equipment
Transistor Application

LABORATORIES, INC.

Write the Sales Department for your free
copy of “Report From Hoffman Laboratories’’

A SUBSIDIARY OF HOFFMAN ELECTRONICS CORF

CHALLENGING OPPORTUNITIES FOR OUTSTANDING ENGINEERS TG WORK IN AN ATMOSFHERE OF PRACTICAL, CREATIVE ENGINEERING.
WRITE TO DIRECTOR OF ENGINEERING, HOFFMAN LABORATORIES, INC., 3761 SOUTH HILL STREET, LOS ANGELES 7, CALIFORNIA

ELECTRONICS — April, 1955 Want more information? Use post card on last page. 99
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IF YOU ARE LOOKING for /igh uniformiry molybdenum
to help you reduce vacuum tube costs—Sylvania is now
your dependable source!

Sylvania’s exacting quality control assures you of
excellent uniformity, in both physical properties and
dimension—today or a year from today. Every step in
the production of molybdenum . . . from crude oxide to
finished form . . . is carried on in Sylvania’s own plants.
Your orders are filled to your exact specifications by
Sylvania, and Sylvania alone.

The superior elongation, ductility and machinability
of Sylvania molybdenum has made it a preferred metal

Want more information? Use post card on last page,

for many vacuum tube applications support,
mandrel and grid wires; heat shields; heating elements.
It has an outstanding recerd of success in heavy emis-
sion tube types where high heat resistance is essential.

Sylvania’s engineering department will gladly help
you explare the advantages o’ molybdenum for your
specific applications.

Write for complete information.

SyLvANIA ELECTRIC PRODUCTS INC.
1740 Broadway, New York 19, N. ¥.
In Canada: Sylvania Electric (Canada) Lid.
University Tower Bldg., St. Catherine St., Montreal, P.Q.

wWWW. americanradiohistorv com
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Arsuncement &y sty

SILIGON PowWER
RECTIFIERS

AVAILABLE FOR THE FIRST TIME
IN PRODUCTION QUANTITIES

* These units are ideally suited for aircraft and guided
missile requirements. Other typical applications that
can benefit from their superior characteristics are
2 power rectifiers in commercial equipment, magnetic
-E amplifiers, clipping, meter protection and counter cir-

§ cuits. Anxiety over temperatures is completely elimi-

4’05 1892 ° nated when they are used in digital computers. Automa-
tion and control engineering suggest additional fields.

WO\ ELg,
\S 0}47

Performance:

Rectification Efficiency Over 99%

Forward Voltage Drops Averaging 1.5 Volts at 200 MA
Peak Inverse Voltages to 1,000 Volts

. Operates Continuously up to 200°C.

. Leakage Current as Low as 10-10 amperes

. Rectification Ratios as High as 10°

. Practically Flat Zener Characteristics

NOOhWN =

S aaion:

1. HIGHEST EFFICIENCY

FORWARD CURRENT M,

2. HIGH CURRENT
e 3. HIGH VOLTAGE
4. HIGH AMBIENT OPERATION

5. HERMETICALLY SEALED
6. SMALL IN SIZE
‘ e 7. LIGHT IN WEIGHT
v
— o 8. RUGGED — ALL WELDED
STATIC I-E 9. LOW FORWARD DROP
el 31 CHARACTERISTICS 10. LOW LEAKAGE
& TYPE 25J 20 . )
: JETEC NO.IN3I8 Write for fully illustrated and
Lo informative Bulletin SR-18-2
Jetec No. TYPE |Forward Drop| Forward Current | Power Current | Peak Inverse
@ 200 MA Continuous Peak
IN316 | 255 | 2V Max 200 MA 2A 50V
IN317 | 25310 | 2V Max 200 MA 2A 100V
IN318 | 25420 | 2V Max 200 MA 2A 200V
IN319 | 25330 | 2V Mox 200 MA 2A 350V
IN320 | 28050 | 2V Max 200 MA 2A 500V

Units with peak inverse rating of 850 volts available in sample quantities.

ELECTRONICS — April, 1955
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YOU CAN SAVE TIME AND TROUBLE
BY/?I'ANDARDlZING ON BUSS FUSES!

Whatever your fuse
requirements may be —
you can turn to BUSS and select the right fuse
for the job.

The complete BUSS line includes fuses in any
size from 1/500 up, plus a companion line of fuse
clips, blocks and holders.

You'll find that relying on this one, dependable
source for fuses helps to simplify your buying, stock
handling and records — and resulis in profit-saving
efficiency.

Every BUSS fuse is
electronically tested to assure
“trouble-free " protection. V
To make sure that BUSS fuses will operate
properly under all service conditions — every BUSS
fuse normally used by the Electronic Industries is
electronically tested. A sensitive device automatically

rejects any fuse not correctly calibrated, properly
constructed and right in all physical dimensions.

102 Want more information? Use post card on last page.

If you should have a special problem in

electrical protection . . . the world’s largest fuse
research laboratory and its staff of engineers are
at your service — backed by over 40 years of
experience. Whenever possible, the fuse selected
will be available inlocal wholesalers’ stocks, so that
your device can be easily serviced.

For more information on BUSS and Fusetron
small dimension fuses and fuse holders . . . Write for
bulletin SFB. ELRC-455

PRISETRON

TRUSTWORTHY NAMES IN
farm, commercial, electronic and industrial yse, FLECTRICAL PROTECTION

Makers of a complete line of fuses for home,

B BUSs 48

BUSSMANN MFG. CO. (Div of McGraw Electric Co.)
University at Jefferson,  Sti. Louis 7, Mo.
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Look .....7o _Irangitron

SILICON RECTIFIERS AND DIODES

designed for specific applications

SILICON POWER RECTIFIERS

Rated for 125°C operation,
Transitron’s silicon rectifiers
provide high power handling
ability and reliability at high
temperature. They are specif-
ically designed for magnetic
amplifier and power supply
applications. Send for Bulle-
tin TE-1321.

Transitron’s silicon junction
diodes are characterized by
superior forward conductance
and reliable operation up to
150°C. They are specifically
designed for applications re-
quiring extremely high
inverse resistance at high
temperatures. Send for Bulle-
tin TE-1322.

Specifications and Ratings at 125°C

POWER SUPPLY TYPES

MAGNETIC AMPLIFIER TYPES

PIV.* ide** AV Ide** .
TYPE (volts) {ma) TYPE (volts) (ma) r
1N341 400 400 1N332 400 400 ]
1N343 300 400 IN334 300 400
1N345 200 400 1N336 200 400
1N347 100 1000 1N338 100 1000

* Peak Recurrent Inverse Voltage at full load
** Maximum Average Forward Current at full load

ACTUAL
SIZE
SILICON JUNCTION DIODES
Forward Maximum
Current at Im;etrg:egiufgznt \\fllolrtkmg
Tpe | TIV(ma) Voitage (ua) olts) :
at 25°C at 125°C {
IN137A 3 03 at 20V = 36 ;
1N138A 5 01at 10V - 18 |
1N1378 20 03 at 20V 5 at 20V 36 .
1N1388 40 01at10v 2at 10V 18 {
1N350 20 | .03ateov 5 at 60V 70 |
1N351 8 | 03at100v | 5at100V 120 ~
IN352 5 | 05at150v | 10at150v | 170
1N353 3 | .10at200v | 20at200v | 225
1N354 1 | .10at300v | 20at300v | 325 agruas

SILICON BONDED DIODES

Transitron’s silicon bonded
diodes are specifically de-
signed for high frequency
and very fast switching ap-
plications at high tempera-
tures. They are particularly
useful in detector, discrimi-
nator and pulse circuitry.
Send for Bulletin TE-1308.

Trangitron ccceronie

=

Glass Diodes Siticon Dio

ELECTRONICS — April, 1955

Forward {nverse Current Inverse
Current at at Specified Breakdown

TYPE +1V (ma) Voltage (va) Voltage |
S4 i 1at 10V 15 ]
S5 1 Jdat 10V 20
S6 4 SHatsv 10 -
S7 2 lat1ov 20 1]
S8 1 1at 10V 10 |

Operating frequency range 0-500 mc.

Average Shunt Capacitance 0.8 uutd

ACTUAL
SIZE

Transitron’s special engineering group is available to
assist you with specific applications. Inquiries concern-

ing your particular design problems are invited.

des

Germanium Diodes

corporation ® melrose 76, massachusetts

Transistors

Want more information? Use post card on last page.
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GENERAL ELECTRIC ANNOUNCES

Vac-u-%e.

RECTIFIERS

New Line of G-E Component Rectifiers Achieves 3 Performance Highs

® 63 VOLT PEAK INVERSE
® 60,000 HOUR

General Electric’s new line of Vac-u-Sel Component
rectifiers offer greater application flexibility than any
other rectifiers in history. You can now obtain a rec-
tifier cell with a peak inverse rating of 63 volts, or a
rectifier which will operate up to 130 C ambient tem-
perature, or a rectifier which has a life expectancy of
60,000 hours.

New G-E Vac-u-Sel rectifiers now make it possible
to match performance requirements for life expect-
ancy, ambient operating temperature, and atmos-
pheric protection, as well as electrical characteristics.

THREE NEW RECTIFIER CELLS make up the new line
of Vac-u-Sel rectifiers; a 26-volt low temperature cell,
a 26-volt high temperature cell, and a 45-volt high
temperature cell. All three are produced by the
vacuum evaporation process described at the right,
but special variations in the manufacturing give them
distinctly different electrical characteristics.

26-VOLT LOW TEMPERATURE CELL is the standard
industrial cell, used on applications where ambient
operating temperature will not exceed 55 C. Rectifiers
using this cell have a life expectancy of 60,000 hours
at normal current rating.

¢ 130 C AMBIENT OPERATION
LIFE EXPECTANCY

26-VOLT HIGH TEMPERATURE CELL can meet operat-
ing requirements up to 130 C at full voltage. Current
need not be derated where shorter life is acceptable.
Life expectancy at 130 C is 1000 hours.

45-VOLT HIGH TEMPERATURE CELL has a 63-volt
peak inverse voltage. Unlike most 45-volt rectifiers,
this is a true, long-life industrial cell. Frequently this
rectifier may be substituted for ones employing 26-
volt cells. Since fewer cells are required, savings of up
to 30% in cost, and up to 35% in the size of the
stacks are possible. Life expectancy of this 45-volt
cell is 40,000 hours, and the cells can be used at
ambient temperatures up to 110 C.

ALL VAC-U-SEL RECTIFIERS operate with exception-
ally low forward voltage drop and low reverse leak-
age, and their margin of superiority in these char-
acteristics increases in service. All Vac-u-Sel rec-
tifiers undergo extensive testing and grading, and
matched cells are used in assembling stacks. A
variety of finishes and mounting arrangements are
available to meet virtually any requirements.

MORE INFORMATION on these new Vac-u-Sel rec-
tifiers is available from your nearest General Electric
Apparatus Sales Office, or by writing Section 461-36,
General Electric Co., Schenectady 5, N. Y.

ngress ls Ovr Most Important Prodvet

GENERAL @B ELECTRIC

RECTIFIER DEPARTMENT

METALLIC RECTIFIER COMPONENTS FOR PRACTICALLY EVERY DC REQUIREMENT

VAC-U-SEL

GERMANIUM

COPPER-OXIDE

SELENIUM

ELECTRONICS Charter-Year Advertiser

104
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WHAT IS VAC-U-SEL?

Vaz-u-Sel is the General Electric
trademark for a new line of metallic
component rectifiers with exceptional
electrical characteristics. The name
Vac-u-Sel is used because these new
rectifters are produced by a vacuum
evaporation process.

WHAT IS THE VAC-U-SEL PROCESS?
In the Vac-u-Sel process, cells are
loaded on the inside of a sphere and a
vacuim of over one/millionth of an
atmesphere 1s drawn on the sphere.
Selerdum is then evaporated inside the
sphete onto the -ectifier plates.

WHY USE A VACUUM?

Tte vacuum permits greatest con-
trol over contaminants which affect
the squality of the finished rectifier.
Ther= are more than 100 variables in-
volved i1 making selenium rectifiers.

WHY IS THIS PROCESS BETTER?
Vectum evaporation provides great-
er uriformity between individual cells
and stacks. It produces a more even
deposition over the entire surface of
each cell, eliminating cracks and thin
spots. The electrical characteristics of
a rectifier are highly dependent on the
thick ness of the deposit, and vacuum
evaporation permits greater accuracy
in ccntrolling this thickness. In addi-
tion, it fosters better crystalline orien-
taticn, allowing natural rather than
prested formation.
ARE VAC-U-SEL RECTIFIERS BETTER?
The electrical characteristics of new
General Electric Vac-u-Sel rectifiers
are greatlv superior to ordinary com-
mercial selenium rectifiers. Full de-
tails of Vac-u-Sel rectifier performance
are given on opposite page.

i U

GENERAL & ELECTRIC
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Tuning in for radio transmission.
of equipment is not much bigger than a suitcase.

A leapfrog telephone system
for the Armed Forces!

A new communications system, which takes to the air when water or
rough terrain prevents the stringing of wires, lias been developed for the
U.S. Signal Corps by Bell Telephone Laboratorics.

The system uses cable and radio relay interchangeably over a 1000-
mile range. It is casily portable, unaffected by climate, and rugged cnough
for global use. Twelve voices travel at once over a pair of wires or radio
waves —as clearly and naturally as over the regular telephone system.

This is the first time a completcly integrated wire and radio system
of this large a channel capacity has been available for tactical use by the
Armed Forces. It is alrcady in production at Western Elcctric, manufactar-
ing and supply unit of the Bell System.

The new system is a joint achievement of the Signal Corps, Bell
Laboratories and Western Electric ... onc of the many results of long and
fruitful co-opcration. It shows again how techniques which the Laboratorics
develop contribute to our national strength.

Bell Telephone Laboratories

Improving telephone service for America provides careers
for creative men in scientific and technical fields

Amplifiers like this are used
every 5% miles in the cable por-
tions of the system. They are
weatherproof, can be used on a
pole cr the ground, and will even
work under water. The system
uses a spiral wound cable devel-
oped by the Signal Corps.

Easily raised antennas
send or receive for the radio links.

Want more information? Use post card on last page.
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THE PRODUCTION UNIT

IS LIKE THE ENGINEERING

SAMPLE a« EACH PRODUCTION
UNIT IS LIKE THE OTHER. ..

electrically and meclanically

Available in a complete line of types,

sizes and shapes for today’s engineer-
ing needs. Write for Bulletin RC-9A

STACKPOLE

Electronic Components Division
STACKPOLE CARBON COMPANY, St. Marys, Pa.

ELECTRONICS — April, 1955 Want more information? Use post card on lost page. 107



INCOMPARABLE Frequency Stability. ..

for Airborne X-Band Radar Receivers

Now — at a New Low Cost — Varian announces the rugged VA-203 . . .
most advanced reflex klystron ever developed for airborne radar and
beacon local oscillator service. The exclusive brazed-on external tuning

GUARANTEED SPECIFICATIONS
8500 to 9600 mc VA-203 VA-201

cavity provides frequency stability obtainable in no other klystron. This Resonator Voltage 300V | 250V
construction provides outstanding stability during shock, vibration and Heater Voltage 6.3V 6.3V
temperature cycling .. . takes pur}ishing. 50 to 100 G shocks ond p{ovides T N 848 Amn| 12 Amp
absolutely reliable operation at high altitude WITHOUT pressurization.
Power Output 20rer, lSan,
For Super-Rugged Service (Shocks to 250G) . . . Varian offers the VA-201 Min Ain
klystron. This tube is equipped with integral molded silastic leads, is similar Electronic Tuning 30 Mc, | 30 Mc,
to the VA-203 and performs with the same absolute reliability. el - o'
Vibration FM 1M, | 0.2 Mc,
. - ]"00'00" & p-p, Nc\ax PP, M;x
All these exclusive Varian features. ..
% Unique brazed-on external tuning cavity assures exceptional fre-
quency stability. . GET COMPLETE TECHNICAL DATA and
* Rellablg operation at low voltage and from poorly regulated power supplies. specifications on the outstanding new VA-203
* Negllglble microphonics. and its companion VA-201 . . . finest kly-
% Slow tuning rate . . . long tuning life . . . single shaft tuner adapts easily strons made for airborne radar. Write fodOUf
g Applications Engineering Department today.
to motor tuning. PP 9 9 Yep Y
* Withstands 50 to 100 G shocks (up to 250 G's for the VA-201)
%* VA-203 weighs less than 4 ounces. Both tubes mate directly to standard

waveguide flanges.

THE
MARK OF
LEADERSHIP

Representatives in all principal cities

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, RF. SPECTROMETERS, MAGNETS,
STALOS, UHF. WATERLOADS, MICROWAVE SYSTEM COMPONENTS, RESEARCH AND DEVELOPMENT SERVICES

108 Want more information? Use post card on last page. April, 1955 — ELECTRONICS
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G.E's IMPROVED 6CDG6-GA SWEEP TUBE IS
COMPACT, STURDY...HAS NEW, HIGH RATINGS!

1. New bulb is straight-side,
smaller and sturdier.

X-RAYS SHOW SUPERIOR

DESIGN

—

ol ' .

6CD6-G NEW 6CD6-GA

L]

Redesigned, more shock-
resistant tube structure.
Redesigned plate, with
larger area.

o

Bottom mica, as well as
top, now contacts the
alass, for greater rigidity.
Both micas are com-
pletely redesigned to
minimize arc-overs.

. N ur
Button-stem base gives "
shorter and better-sepa-
rated leads; improves
heat conduction.

NEW 6CD6-GA

No price increase! Now one economical tube
will serve in hoth menochrome and color TV sets!

NEW high-rating tube performance, arc-overs
cut 'way down . . . yet price stays the same
as the prototype 6CD6-G! Plate positive-pulse
voltage now is 7,000 volts, against 6,600 volts.
Plate dissipation has been increased one-third
from 15 watts to 20 watts.

Every 6CD6-GA gets an arc-over test at abso-
Jute max ratings. This built-in, tested-in freedom
from tube arcing, with high-capacity performance
as shown by the new ratings, makes G.E.’s new
sweep tube equally suitable for color TV along
with black-and-white.

Consequently, you need specify and stock only

one tube for monochrome and color. You save on
inventory . . . and save substantially on tube cost,
at the 6CD6-GA’s low price. Also, TV quality
benefits. Fewer arc-overs mean less horizontal
picture streaking.

To high-rating tube performance, add impor-
tant structural improvements. These make the
new 6CD6-GA more shock-resistant—far longer-
lived. The tube also takes up less chassis space
than before. Side-by-side X-ray pictures above
show details of Type 6CD6-GA’s new design.

Ask for complete information! Tube Depart-
ment, General Electric Co., Schenectady 5, New York.

Also available: NEW 25CD6-GB. Same improved design and performance as 6CD6-GA,
but has heavy-duty 600-ma heater with ‘‘series-string’ warm-up time.

Progress Is Ovr Most Important Product

GENERAL @3 ELECTRI

C
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VHF TUNER

interference-free at a down-to-earth price

Here’s the ideal vhf tuner choice for hot competition in
today’s t-v market. Radio Condenser’s new T-31

Series gives you the high quality for which R/C tuncrs are
famed . . . even meets all RETMA spurious

radiation requirements. Yet it is the lowest cost vhf t-v
tuner Radio Condenser has ever made.

Like all R/C t-v tuners, the T-31 Series is characterized

by fine i-f and image rejection for high selectivity . . . good
noise figure and drift characteristics. The compact

twelve position, four-wafer switch pentode tuner illustrated
is just one of the many variations available in this Serics.
All, of course, have been rigorously tested in the field . . .
are ready for proved performance in the sets you manufacture.

Get Complete Engineering and Performance Data.
Write Radio Condenser for your free copy of Bulletin T-31.

RADIO CONDENSER Co.

Davis & Copewood Streets « Camden 3, New Jersey
EXPORT: Radic Condenser Co., International Div,, 15 Moore St.,, N.Y, 4, N.Y. CABLE: MINTHORNE

Want more information? Use post card on last page. April, 1955 — ELECTRONICS



A BILLION OPER

o o o« With mo maintenance whatsoever

«++ from NEW CLARE
Mercury-Wetted Contact Relays

e Cutaway view showing sealed-,
in-glass, mercury-wetted contact
switch, surrounded by the oper-
ating coil and encased in a metal
housing mounted on an octal base.

Type HG Relay Type HGP Relay

This first announcement of the new CLARE Mercury-
Wetted Contact Relays is of especial importance to designers
of high-speed switching machines and devices which de-
mand accuracy and dependability of a high order.

In these relays, with their unique electrical and mechani-
cal stability, you will find exactly the qualities this kind of

CLARE Type HG and HGP Relays
are built to meet
the exacting requirements for—

i ek R apparatus requires—
;gg::::nrr;g machines gii:rlz-alsi;;;egel;?!ei:g relays — Long life (over a billion operations)
All kinds of high-speed switching devices —High speed (up to 60 operations a second)
—High current- and voltage-handling capacity
Outstanding features of (up to 5 amperes, and up to 500 volts)
CLARE Type HG end HGP Relays —Bounce- and chatter-free contacts
— Extraordinary uniformity of operation
These distinctive characteristics are achieved by the use of
LONG LIFE: Conservativa life expectancy of platinum contact surfaces, continuously wetted with mer-
o asb""°" operations when operated within cury by capillary action, and the hermetic sealing of a
- magnetic switch in a protected glass capsule, filled with
HIGH SPEED: Give consistent performance pressurized hydrogen.

at speeds up to 60 operaticns per second. . ;
cLARE Type HG Relays comprise a switch element and

HIGH CURRENT —and voltage-handling ca- d X =~ =
pacity (up to § amperes, and up to 500 volts). an operating coil. CLARE Type HGP Relays are similar
but can be factory-adjusted to provide either biased or

UNIFORMITY  Operating time varies by only i . .
about 0.1 miliisecond under constant drive polarized operating characteristics.

conditions. For complete information on the new CLARE Type HG and
CHATTER-FREE: Merzury dampens arma- HGP Mercury-Wetted Contact Relays, contact your nearest
ture vibration end bridges mechanical chatter CLARE representative or address C. P. Clare & Co., 3101
between metal contact surfaces. Pratt Blvd., Chicago 45, Illinois.

Send for CLARE Sales Engineering Bulletin No.120
MECHANICAL FEATURES
e GLARE RELLVS

® Convenient plug-in mounting

e Environment-free . "FIRST IN THE INDUSTRIAL FIELD

® Tamperprook 1 i
@ High sensitivity o -
o Maintenance-free

@ No contact wear

® Adjustment zannot change




,{illy way you Figure If...

,;///M\W GENERAL PLATE TRUFLEX®

N

~
NP7

“

N

f your products re-
quire temperature control . . . indica-
tion or compensation, General Plate
TRUFLEX thermostat metals and fah-
ricated elements and assemblies give
you reliable, accurate performance
and at the same time cwz your costs.
Here’s why — Advanced General
Plate production methods coupled
with the best equipment available in-
sure positive consistency in thermal
and mechanical performance and
maintain close dimensional toler-
ances. Every lot, whether it is 10
pieces or 10,000, is a duplicate of the
original, thus eliminating rejects and
costly adjustments in assembly.

112

General Plate TRUFLEX fabricated
elements and assemblies ready for in-
stallation in your products are en-
gineered and manufactured to vour
exact specifications. You get accurate
and consistent performance, because
every order comes to you a faithful
duplicate of the original. Costly fab-
rication problems . . . needless ex-
pense for special calibration equip-
ment . . . and time consuming as-
sembly adjustments are eliminated.

General Plate TRUFLEX thermo-
stat metal and assemblies are made to
meet your specific requirements for
temperature range, electrical resist-
ance, corrosion resistance, erc. If you

Want more information? Use post card an last page

Thermostat Metals and Assemblies
Add up to Performance and Economy

prefer to make your own elements,
General Plate will produce TRUFLEX
thermostat metal strip to “your ma-
terial specifications. Write for TRU-
FLEX thermostat metal catalog and
engineering assistance.

You can profit by using
General Plate Composite Metals!

METALS & CONTROLS
CORPORATION

GENERAL PLATE DIVISION

34 Forest St., Attleboro, Massachusetts

April, 1955 — ELECTRONICS



NEW LINE OF
BROADBAND MICROWAVE
COMPONENTS

MICROWAVE TEST ANTENNAS

Covering 1,000 to 26,600 mc. Rugged, portable units built espe-
cially for field intensity measurements, antenna pattern recording, mopEL Ne. FREQUENCY RANGE MAX. VSWR

leakage measurements and other communications use. Supplied AL 1,000 to 2,300 m¢ 3:1
complete with triped mount, adjustable pan head, and convenient A-S 2,150 to 4,600 m¢ 2:5
carrying case. A Teoleizdome 27
Each of these Polarad test antennas is highly directional with A-KU  12/400 to 18,000 m¢ 1.5:1
excellent front to back ratio, and is supplied with flexible wave- AK 18,000 to 26,000 mc 1.5:1
guide or coax couplings.

BROADBAND-PASS FILTERS

Covering 650 to 13,000 mc. These Polarad Broadband-Pass filters M,?DSESLO L F%gg"f"‘igoko‘:,‘éi
are the first of their kind commercially available. They feature F 1100 1,100 — 2,200 m¢
sharp skirt selectivity and low pass band insertion using standard l; %ggg ;.ggg - ;.igg me
50 ohm co-axial connections. Curves showing typical bandpass oY) L) il
characteristics are available on request. il GICOS [3000Ime
MICROWAVE WAVEMETERS

Covering ?00 to 4000 mc. Precision, adjustable, cavity-type meters

designed for measuring frequency with = 0.2% accuracy over the

range 500 to 4000 mc. Each meter in the series has a 2:1 fre- M'}?zﬂ Fgggu_zcho:'r‘n"cci
quency range. Specific frequency metering is accomplished by FL 1,000 — 2,000 mc
adjustment ¢f micrometer head until a dip of at least 20% in FS 2,000 — 4,000 m¢

output occurs when input or output impedance is nominal 50 ohms.
Micrometer head readings are easily converted to frequency by
using calibration chart furnished with each instrument. Utilizes
Type “N"" coax connectors.

MICROWAVE ATTENUATOR—-Model SI)

Covering 4,000 to 12,400 mc. A continuously variable, stub-tuned, ~ SPECIFICATIONS:

mutual inductance attenuator (waveguide beyond cut-off) designed ~ fTeauency Range:  gi1o 124 kme

for external use in making microwave measurements with spec-  Attenuation Range: 130 db

trum analyzers, signal sources, receivers and for power measure- ~ Minimum Insertion )

ments. The Mode! SIJ can be used as a standard calibrated attenu- Loss: Ahproximately 10 db
ator; for circuit protection; or for monitoring and measuring. it epending on frequency.
will insure RF circuit isolation. It may be used to convert signal

source or laboratory oscillator into a signa! generator.

AVAILABLE ON EQUIPMENT LEASE PLAN

FIELD MAINTENANCE SERVICE AVAILABLE
THROUGHOUT THE COUNTRY

L W.N 7.\ ELECTRONICS CORPORATION

43-20 34th STREET « LONG ISLAND CITY I, N. Y.

>
» it
OVven gerrastt

REPRESENTATIVES » Albuquerque * Atlanta o Baltimore * Boston « Chicago  Cleveland ¢ Fort Worth » Kansas City ¢ Los Angeles » New York
Philadelphia » San Francisco » Seattle « St Paul » Syracuse * Washington, D C. « Canada, Arnprior—Export: Rocke International Corporation

ELECTRONICS — April, 1955 Want more information? Usc post card on last page. 113
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Shown
TWICE
Actual
Size

g,
\\‘\\\\ ! 4/’7 ",

Here's the new Simpson Core-Type Meter Gl <,
Movement. It's a more compact, more sensitive,
self-shielding movement that gives electrical
maosurements with laboratory accuracy, yet
has the ruggedness to withstand severe
shccks. Its accuracy specifications are so rigid
that Simpson engineers had to devise
unusval production techniques.

Let Simpson engineers design panel meters
using the new core movement to your
special instrument requirements. Simpson
continues to maintain its large stock of
standard panel meters in over 700 sizes and
ranges, availeble through distributors.

RUGGEDIZED METERS

Simpson's 2% " and 3% Panel Meters are
available in sealed, ruggedized models to
meet specifications MIL-M-10304-(Sig. C).
Movements are sealed against moisture and
other adverse atmospheres, and are
spring-mounted to absorb excessive vibration.

SEND FOR NEW CATALOG 17

&
DC AMFERES
.3 mOr0mC ALY
nooer 52

INSTRUMENTS THAT STAY ACCURATE

: 5217 W. Kinzie St., Chicago 44, lllinois, Phone: EStebrook 9-1121
! in Canada: Bach-Simpson, Ltd., London, Ontario

K -
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MODEL

260

MULTI-TESTER

outsells all others combined!

More technicians are using the Model 260
than any other high-sensitivity VOM, Over half
a million Model 260°s have been sold to

date! 20,000 Ohms per volt. You'll find it
wherever quick, accurate, electrical checks
are needed. It's so handy, so dependable, so
sensibly priced. Ask your jobber to show &
you the Simpson Model 260. Only $38.95,
including Adjust-A-VYue Handle.

Carrying cases from $6.7 5.

ADJUST-A-YUE
Handle

=it

the new vom with a 7" meter

20,000 Ohms per volt DC, 5,000 Ohms per volt AC. 33 RANGES

DC YOLTAGE: 0-1.6, 0-8, 0-40, 0-160, 0-400, 0-1600, 0-4000 valts
{20,000 ohms per volt sensitivity)

AC VOLTAGE: 0-3, 0-8, 0-40, 0-160, 0-800 velts {5,000 ohms per:

volt sensitivity)

AF OUTPUT YOLTAGE; 0-3, 0-8, 0-40, 0-160 volts {0.1 microfarad
internal series capacitor)

VOLUME LEVEL IN DECIBELS: —12 1o +45.5 DB in 4 ranges.

Zero DB Fawer Level, .00T wott in 600 ohms. Rl /
DC RESISTANCE: 0-500 ohms {4.5 ahms center); 0-5,000 ahms-{45 ohms centerk ﬂ
0-50,000 ohms {450 ohms center); 0-500,000 ohms (4,500 ohms center); !

0-5 megohms (45,000 ohms center); 0-50 megohms (450,000 ohms center)
DC CURRENT: 0-80, 0-160 mncrocmperes, 0-1.6, 0-16, 0-160 m»lhumperas,
0-1.6, 0-16 amperes {267 millivolts maximum drop)
MODEL 262 complete with 2 test leads with removabie SEE [HEM A'g YOUR jOBBER OR wR“'E
alligator clips, 4,000 v. DC multiplier L G
Dealer’s Net Price, including Adjust-A-Yue
Hondle. .$59.50 Carrying Case. .$9:95
Accessory High Yoltage Probe

far 16,000 volts DC. .$11.50, ELECTRIC COMPANY i
dioconENs BE -2 $ 1237 WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT

5217 W. Kinzie St., Chicago 44, Illinois, Phone: EStebrook 9-1121
In Canada: Bach- Slmpson Ltd., Londor, Ontario
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How to make a Magnetic Core

that’s really small? Use PERMENDUR!

AT

R T A AL

Write for

your copy
“*MAGNETIC MATERIALS”

This 32-page book contains valu-
able data on all Allegheny Ludlum
magnetic materials, silicon steels
and special electrical alloys. Illus-
trated in full color, includes essen-
tial information on properties,
characteristics, applications, etc.
Your copy gladly sent free on
request.

ADDRESS DEPT. E-64

116

When the conditions of service
make it imperative for you to hold
the size and weight of magnetic
cores at an absolute minimum, that’s
the place to use Permendur. With
it you can push the flux density up
to 20 kilogausses, and practically
eliminate weightas a consideration.

Along with its suitability for cores
wherever the premium 1s laid on
compactness, Permendur is just the
thing for sonar magnetostriction
applications, too. We maintain
proper annealing facilities for this

STEELMAKERS to the Electrical Industry

Allegheny Ludlum

Want more information? Use post card on last page.

alloy. Write for technical data on it,
and let our engineers help you to
cash in on its possibilities.

In addition to Permendur, we
offer a range of high-permeability
alloys, oriented silicon steels and
other electrical alloys that is un-
matched in its completeness. Our
services also include the most
modern facilities for lamination
fabrication and heat treatment.

Let us supply your requirements.
Allegheny Ludlum Steel Corporation,
Oliver Building, Pittshurgh 22, Pa.

®

STeeg o THE
tecrronic AGE

WaD 5443
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\"Whats important
to remember
about these ?

These are just three of countless mile-
posts marking the closely parallel
growth of two great industries —elec-
tronics and plastics.

You'll recognize the epoxy resin
potted coil. The cellular polyethylene
TV lead-in. The phenolic laminate
printed circuit. Each typifies new proc-
esses and materials that have wrought
basic technological changes affecting
the design, quality and cost of such
things as radar, TV, and computers.

BakeLiTE has long been especially
identified with the steady growth of
electronics. Almost historicallv classic
are the panels, knolis and dials of early
home radios made of BAKELITE Brand

Phenolic Plastic . .. the first molded
plastic radio cabinets.

But as electronics became truly com:
plex and critical, BakeLITE developed
other basicully new plastics that actual-
Iy became one with circuits themselves.

Today the number and variety in-
clude not only BAkeLITE Brand Phenol-
ics, but Styrenes, Vinyls, Polyethylenes,
C-11's—and the even newer and ex-
tremely versatile Epoxies, Fluorothenes,
and Cellular Polyethylene.

What's important to remember? Sim-
ply that BakeLrTe’s leadership in plas-
tics will continue to keep pace with the
growth of the electronics industry—
with still better plastics as needed.

BRAND

Plastics and Resins /

BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation (d44 30 East 42nd Street, New York 17, N. Y.
The term BakeriTe and the Trefoil Symbol are registered trade-marks of UCC

ELECTRONICS — Aprif, 1955

ELECTRONICS Charter-Year Advertiser

Want more information? Use post card on last page.
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NEW RCA TRANSISTOR RCA-2N104
(FOR LOW-POWER AF SERVICE)

Hermetically sealed type for low-power af
service . . . features extreme stability and
excellent uniformity of characteristics—
initially and during life.

This new germanium alloy-junction transistor
(p-n-p) type is intended for low-power af
service. It utilizes an insulated metal enve-
lope and a lineotetrar 3-pin base. Maximum
noise factor—cnly 12 db. The design of the
2N104 features low base-lead resistance
which minimizes ohmic losses, improves
frequency response, and insures high input-
circuit efficiency. In a common-emitter cir-
cuit, the 2N104 has a collection-to-base
current amplification ratio of 44, a matched-
impedance, low-frequency power gain of
40 db, and a collector-to-emitter alpha fre-
quency cutoff of 700 kc.

NEW RCA STORAGE TUBE
(FOR COMPUTER SYSTEMS)

Designed especially for use in binary-
digital computer systems, this 3-inch
storage tube is of the single-beam type,
has electrostatic focus and deflection,
and employs “redistribution writing” and
“capacitance-discharge reading’’. Out-
standing design features of the tube
include: a storage surface having rela-
tively uniform secondary emission to pre-
vent “bad spots" on which information can
not be stored; a focused beam having an
exceptionally small effective area includ-
ing the fringe o° low-density beam current
and a well-defined boundary; and a sep-
arate external connection for the collector
to permit flexibility in circuit operation.

Want more information? Use post card on last page.

NEW RCA MULTIPLIER PHOTOTUBES
(FOR HEADLIGHT DIMMER SERVICE)

Having instantaneous response to light, RCA-
6328 and 6472 are your answer for “road-
proved” multiplier phototubes that meet the
exacting timing requirements of headlight
control. Both tubes have high luminous sensi-
tivity—for operation with amplifiers of rela-
tively low input impedance. Both combine
stability with long life. Identical in character-
istics to the 6328, RCA-6472 is built with
flexible leads—for use in printed circuits.

-

(Fo)

YOUR CHOICE OF COMPUTER
TUBES RCA-5915, 5963, 5964,
5965, 6197, 6211 . .. Dependable
performance, a must in computer appli-
cations, is accomplished in these six
RCA tubes—by using production con-
trols correlated with typical electronic
computer conditions. RCA computer
tubes feature controlled cutoff for
switching applications, low-grid current
for applications utilizing high values of
grid resistance, high zero-bias plate
current, special cathode material to
minimize interface, and low leakage.

RCA HIGH-VOLTAGE THYRATRON
(FOR DC POWER CONTROL AND
LOAD-CIRCUIT PROTECTION)

Having a negative control characteristic, this high-
voltage 3-electrode, mercury-vapor thyratron is pri-
marily designed for dc power-control applications,
but is also useful in load-circuit protection. For
example, in power-control application, three RCA-
5563-A’s in a half-wave, 3-phase circuit can handle
up to 45 kw—at a dc output voltage up to about 9500
volts. Six of these tubes in a series, 3-phase circuit
can handle up to 143 kw at a dc output voltage up to
19,000 volts {approx.). In protection applications, the
5563-A may be operated as a grid-controlled rectifier
to remove the dc load voltage by blocking action of
the grid, or as an electronic switch across the rectifier
output for instant removal of the load voltage in case
of a load fault.

ELECTRON TUBES — SEMICONDUCTOR DEVICES— BATTERIES —
TEST EQUIPMENT — ELECTRONIC COMPONENTS

ELECTRONICS Charter-Year Advertiser
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RCA SMALL-SIZED UHF
POWER TUBES

Well-suited for fixed and mobile uhf applica-
tions up to 470 mc, these unique twin beam
power tubes offer designers unusual advan-
tages—as balanced push-pull rf power ampli-
fiers or frequency triplers. JCA-6524 delivers
approx. 20 watts (ICAS) in push-pull ciass C
amplifier service—at 462 mc! Max, plate
dissipation: 25w (ICAS). RCA-5894 delivers
approx. 55 watts (CCS) at 470 mc. Max.
plate dissipation: 40 watts (CCS).

RCA “PENCIL’"" TUBES FOR UHF

Aai able n a choice of types for uhf applicaticns, RCA “Pencil Tubes’ are designed to have mini-
mrum transit -ime, low lead inductance, end low interelectrode capacitances. Features include small
size, l.ght weight, low heater wattage, and good thermal stability. RCA-6263 with external plate
rediator i< in-ended for rf power amplifier and occillator services; 6264 is like the 6263 but is well-
s Jited for f-enuency-multiplier service. Additional RCA"Pencil Tubes” include 5674,5794,5876,6173.

NEW 5 PROJECTION KINESCOPE
(FOR CLOSED-CIRCUIT INDUSTRIAL TV)

For technical information, W“_te_ﬁw@ Providirg a clear, bright, projected picture about eight feet
tube types in Nh.lCh you are u}terested—‘to by six feet when used with a suitable reflective optical sys-
RCA, Commercial Engineering, Section i tem, th2 RCA-5AZP4 is especially useful for closed-circuit
D19R, Harrison, N.J., or call your RCA ' industrial TV. Contributing to the brightness of the “audi-
Representative: N toriun -size” picture of high-efficiency, aluminized screen
EAST Humboldt 5-3900 I§ having, wery good color stability ur_lder varyi_ng conditions of

- 744 Broad Si. i # screer current, and an unusually hl_gh operating ultor voltage

Newark, N. J. : (40,000 volts max.) for a tube of this type.

MIDWEST WHitehall 4-2900
589 E. lllinois St.
Chicago 11, 1IL.

WEST______ Madison 9-3671
420 S, San Pedro St. : RADIO CORPORATION of AMERICA

Les Angeles 13, Calif. FYUBE DIVISION NARRISON, N.J.

®
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TAYLOR

Laminated Plastics
Vulcanized Fibre

Stop Talk

TAYLOR

FIBRE CO.

Plants in Norristown, Pa. and La Verne, Calif.

PHENOL —MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD

Tips for designers

Furniture can make good use of the mar-
resistant, tough surface afforded by Taylor
Vulcanized Fibre plywood
table tops.

combination

Terminal strips for high-precision elec-
tronic instruments benefit by the excellent
insulating properties of Taylor XXXP-301
hot-punch phenol laminate.

Heavy bumper blocks for steel mill use,
made of Taylor Built-Up Fibre several
inches thick, give long service under severe
shock and abrasion.

@

Selenium rectifier plates are insulated by
washers made of Taylor Grade 353
phenol laminate . . . chosen for its dimen-
sional stability and mechanical strength.

TAYLOR FABRICATING
FACILITIES

Your production can be simpli-
fied . . . schedules safeguarded

. inventory headaches cured

. and overall costs reduced by
having Taylor fabricate finished
parts to your specifications.
Efficient, modern facilities are
ready to serve you. Get in touch
with Taylor about your specific
requirements.
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High strength, light weight, excellent insulating and corrosion-resistant qualities make Taylor Epoxy Glass
Base Laminate the ideal material for tubing in an aircraft fuel gage tank unit made by Avien, Inc.

When service conditions are tough -

use Taylor special-purpose laminates

Designing for severe service? Then
take a look at what Taylor special-
purpose laminates can do. Taylor’s
resin chemists have developed spe-
cial formulations of melamine, sili-
cone and epoxy resins . . . for combi-
nation with a variety of base mate-
rials. The result is a line of laminates
which offer the plus performance
that your new designs may require.

Taylor epoxy laminates. Retain su-
perior mechanical properties after
exposure to high temperatures (above
430 I") ... have outstanding electrical
characteristics, moisture resistance
and resistance to corrosive chemicals

. . setting these laminates apart as
a means of solving difficult design
problems.

Taylor melamine laminates. Excellent
resistance to arcing, electrical co-

Want more information? Use post card on last page.

www americanradiohistorv com

rona, flame and chemical attack
characterizes these materials . . . use-
ful in many electrical applications.

Taylor silicone laminates. These with-
stand temperatures up to 500 F . . .
provide insulation where other lami-
nates thus far cannot be used. They
alsopossesshighmechanicalstrength,
low power factor and low moisture
absorption.

Sheets, tubes and rods of these ma-
terials are available in a range of
sizes that will give you maximum
economy of material in your manu-
facturing processes.

To help you in the application of
these specialized materials to your
specific product, Taylor offers the
service of its experienced engineering
staff. Call on Taylor for a consulta-
tionon your individual requirements.
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IT OPENED MY EYES. These fellows have actually
mass-produced Regulated Power Supplies! If you're
thinking they made a single, expensive “Universal” . .,
guess again! They’'ve got 64 different models... you
buy only as much power supply as you need, and you
can have it right off the shelf.

| wrote for thig new eatalog and woke up!

HOW? 1It’s all right here in the catalog. The 64 models
are not 64 designs. They’ve standardized on two, and
build all 64 models on only #hree chassis. While they
were at it, they cooked up two good new ideas: a four-
way dual, and an ultra-dependable type using only

—= [ 10,000 hour components.
» Q\\ And the prices...The lowest I’ve ever seen!
= =

Send for yr copy of “A Sensible Approach to Reg-
ulated Power Supply Design”. Full price and per-
formance data on the industry’s most complete line
of regulated plate supplies.

NEW JERSEY ELECTRONICS CORP.

345 Carnegie Avenue, Kenilworth, New Jersey

Competent Engineering Yepresentation Everywhere

D T

STANDARD caape

-
premmprr=T Y
-

Rapid, complete,
competitive custom
quotes from 500 amperes
(low voltage) to

100 KV (low current).
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Neie strip-type Mallory controls are avail-
able in single, dual and triple sections.

NEW MALLORY

Multiple

ontrols

Can Cut Your Production Costs.

,JUST added to the Mallory line of carbon controls
is a new, completely different series that make
possible real economies in your production. By
means of a unique strip-type design, side-by-side
dual and triple units are now available in a form
that takes only as much labor to mount as a
conventional single unit.

In addition, because of the radically simplified
design, Mallory is able to offer multiple units at
materially lower cost than that of corresponding
numbers of conventional single controls.

WIDE VARIETY OF MODELS

The unusual flexibility of the new design makes
it possible to offer many adaptations. .. at low

cost. Mounting arrangement can be twist tabs

Puarts distributors in all major cities stock
Mallory standard components for vour convenience.

Serving Industry with These Products:

Electromechanical—Resistors e Switches ¢ Television Tuners e Vibrators
Electrochemical — Capacitors e Rectifiers o Mercury Batteries
Metallurgical—Contacts  Special Metals and Ceramics ¢ Welding Materials

or holes punched for riveting. Terminals can be
solder lugs or wire wrap solderless types. Phenolic
hex shafts are available in lengths up to 74" FMS,
in 1< increments, with screwdriver slot for ease in
adjustment. Resistances from 250 ohms to 10 meg-
ohms are available. Rotational stops, ground ring
or provision for a flexible lead can be provided.

A Mallory control engineer will be glad to consult
with you on how these new controls can be applied
to your present or future equipment. For technical
data, write or call Mallory today.

Rear view shoiwes simple, rug-
ged design, with resistance
wafer attached directly to
phenolic panel.

Expect more. .. Get more from

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

ELECTRONICS Charter-Year Advertiser
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electron}ics

W. W. MacDONALD, Editor

CROSS

APRIL + 1955

» THE NEXT 25 YEARS . . . With this issue,
ErecTrRONICS begins its 26th year of publication.

The magazine and the industry have grown up
together and we like to think that our initial
broadness of purpose provided a rallying point
for men who right from the beginning visualized
much more versatile application of the tube than
just radio alone. We also like to think that our
continued broadness of purpose will stimulate
such men to develop still more ways to harness
the electron.

The art of electronics has always been dis-
tinguished by its versatility and there is every
reason to believe that it will continue to be so
distinguished. While it is true that more and
more development is the result of teamwork there
is plenty of room for the ideas of the individual
and the next quarter century will surely contain
its share of standout names.

Looking into the future is a difficult job but
some things seem certain.

Semiconductors will open up more markets to
electronics, either by performing tasks that could
not satisfactorily be performed before or by
handling existing applications more econcmically.
Magnetic amplifiers will follow a similar path.
More mechanized production of all kinds of elec-
tronic equipment will have a profound effect upon
the industry’s economics.

Broadcast radio will continue to serve the listen-

ELECTRONICS — April, 1955

TALK

ing public and radio’s point-to-point communica-

tions applications will be greatly expanded.
Microwaves will provides the channels and new
long-range propagation techniques will expand
their usefulness. Wire will give way to radio at an
accelerated pace. Color will provide a brand-new

replacement market for television. And tape
recordings will furnish pictures as well as sound
and perhaps other services in the home.
Industrial applications of electronics will be
stimulated by an increasing need for automatic
control of manufacturing processes. Many cler-
ical jobs will succumb to a similar approach,
bringing our products heavily into the business
office. More controls of a work-saving nature will
find their way into the hands of the general public.
Military, scientific and medical uses now
scarcely a glimmer in some designer’s mind will
cross the horizon as spectacularly as did radar.
Men as well as missiles will be more automatically
guided through space, physicists will gaze still
deeper into the fundamental nature of matter,
and important new instruments for diagnosing

the ills of mankind and perhaps even curing them
will be developed.

These are just a few of the most obvious appli-
cations of electronics that lie ahead. They are
enough to indicate that no matter how interesting
and profitable the last quarter century has been
the next twenty-five years hold at least equal
promise,
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ENGINEERS involved in the de-
sign of electronic equipment
should be familiar with the eco-
nomics of their amazing field. The
accompanyving graphs show some of
the strides that electronics has
taken in becoming a major indus-
try.

Any complete review of advances
made in the last 25 yvears would
require several hundred pages. But
highlights of the beginning of the
electronics era are interesting in at
least two ways. They show, by con-
trast, what is now being done and
what might have been done earlier,
and they show things done in the
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25 Years

Expanding technical principles, ideas and applica-
tions familiar to engineer-readers produced growth
rate that suggests logarithmic progression. The busi-

ness side of the industry moved rapidly ahead by

capitalizing on engineering knowhow

early days that still seem to be the that year. The overall electronics

best way today. These serve as business totalled 350 million
cuides for the future. dollars.
. Receivers designed for home use
Radio

were “all-electric” and usually em-

The art and industry in 1930 re- ployved a line-up of tuned-radio-fre-

volved around radio. Broadcasting
was nine years old and 600 stations
served the country. Commercial
communications had been well es-
tablished for a much longer period.
Some photoelectric equipment wus
in use but industrial electronics
was still in the cradle stage. Even
so, about twelve million dollars
worth of electronic equipment was
purchased for industrial purposes

quency stages, a plate-circuit de-

tector and two audio amplifier
stages. Some superheterodyne re-

ceivers were available with 175-ke
intermediate stages.

Modern design of the day in-
cluded electrodynamic loudspeakers
and push-pull output stages using
transformer coupling. Some loud-
speakers went as high as 12,000
cveles. Interstage r-f coupling and
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of Electronics

antenna coupling were problems
then, the latter in view of the wide
variation of L and C of the antenna
that the consumer might use. Three
and four-gang capacitors were the
usual but five gangs were not
uncommon.

The most evident new technical
idea at the Trade Show in Atlantic
City was the tone control.

Radio receiver sales in 1930 were
3.7 million sets. There were 29
million homes in the U. S. and only
12 million had radios. Of these only
7,700,000 had a-c sets; 4.3 million
homes had battery sets. Muany of
these had been “electrified” with B
eliminators and trickle chargers.

The RMA Annual Convention
was held during the Trade Show.
Some 200 companies exhibited in
30,000 sq ft of space. Officers of
RMA for the year were: president,
Morris Metcalf, American Bosch
Magneto Corp.; vice presidents,
Joseph L. Ray, Radio Corp. of

ELECTRONICS — Aprii, 1955

America, Ben G. Erskine, Sylvania
Products Co., and Arthur L. Walsh,
Thomas A. Edison Inc.; treasurer,
E. A. Rauland, Rauland Corp.;
Bond Geddes was re-elected execu-
tive vice president.

Tubes of the Day

Designers of home radio receiv-
ers were favoring type 27, 24 and
45 tubes but some older types, 714,
26, 10 and 50, were still found in
new models. Types 30, 31 and 32,
2.0-volt filament tubes, were
brought out for battery portables.
The 30 was a triode, the 31 a power
triode and the 32 an r-f sereen-grid
type.

Screen-grid tubes in those days
were often rated in amplification
factor. The 32 had a factor of
440 and a mutual conductance of
550 micromhos.

Pentodes were at the drawing-
board stage. A subcommittee of
RMA consisting of five receiver de-

By VIN ZELUFF and

Managing Editor

WILLIAM G. ARNOLD

Assistant Editor

signers and five tube engineers was
appointed to collect and study all
data on the five-element tube and
to formulate pentode standards.
The first issue of ELECTRONICS
had an article on the split-anode
magnetron by W. C. White (just
now retiring in 1955) of the
Vacuum Tube Engineering Dept.
of General Electric. The tube was
a water-cooled version and provided
an output of 2.5 kw at 75 mega-
cycles. A smaller tube provided
about 10 watts at 400 megacycles.
Both were operated as oscillators.
Hot-cathode mercury-vapor recti-
fier tubes had been available for
about two years. The 866 was
being used in broadcast station
transmitters and is still a popular
tube today, 25 years later. Its re-
ceiver counterparts, the 82 and 83,
were smaller double-diode types.
These were needed for the class-B
audio systems designed for home
receivers in the early thirties. They
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EARLY RADAR

]922 Reflection of radio signals from steel buildings and ships

noted

1930
1934
1936
1938
1941

in flight

craft tested

500 yards

York

Day

Discovery that radio signals were reflected from aireraft

Experimental pulse radar system for detection of air-

Range achieved of 40 miles over land and resolution of

First service radar for marine use installed on USS New

20 radar sets in operation in the Fleet on Pearl Harbor

dropped out of wide use quickly
along with that type of audio de-
sign for home sets.

Development of the hot-cathode
gas diode led to the grid-controlled
gas triode, the thyratron. It went
to work in 1930 in motor-control
circuits.

Broadcasting

Eight clear-channel broadcasting
stations were operating at 50 kw
and 28 stations applied to the
Federal Radio Commission (pre-
ceded FCC) for permission to go
to that level. WGY and KDKA
planned to go to 200 kw and 400
kw respectively for experimental
purposes.

Poland was building a trans-
mitter using six 100-kw water
cooled tubes to combat propaganda
broadcasts from Moscow.

Tallest of the new style of verti-
cal antennas for a-m stations was
being built for WABC, Wayne, N. J.
Its height was 676 feet.

Amplion Corp. announced a
transverse-current microphone in
which current was forced to cross
the face of the device by the pro-
vision of two carbon electrodes,
located near the periphery of the
diaphragm, diametrically opposite
each other. Between these elec-
trodes a shallow channel was cut
and filled with granules.

A fifty-kw American-built broad-

126

cast station, then the largest in
Europe, was operating in Rome,
Italy.

Industrial Electronics

Selsyns and thyratrons were
used in tube control of stage light-
ing at the Chicago Civic Opera
House.

In several cities, electrical dis-

play sfigns were being lighted at
dusk each evening by phototubes.
In steel mills, red-hot billets as they
came from the rolls were being
reversed by photoelectric controls.

Carrier current dispatching sys-
tems were being used on power
lines by utility companies. The
longest line in regular use was 445
miles.

One company at least was
marketing a packaged photoelectric
relay. It contained a phototube, a
sensitive relay, a contactor, and an
amplifier tube and was designed
for operation of counters, control
of mechanisms and for starting
and stopping machinery.

A Westinghouse vice-president
in charge of engineering placed a
tiny model corner stone in position
and actuated phototubes, relays
and motors that caused a large
crane in synchronism to swing into
place the actual corner stone. The
work was done at the site of a new
$2 million laboratory.

Automatic door openers operated
by phototubes were demonstrated
at a railway supply convention in
1930.

Measurements

An electronic colorscope for
analyzing hues and matching sam-
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ples, even miles apart, was shown.

Sonic and x-ray tests of steel
welds were demonstrated-at Lehigh
University. An amplifier and loud-
speaker reported strains by charac-
teristic sounds when the wall was
struck in the sonic test. The x-ray
revealed hidden faults visually.

Vacuum-tube voltmeters and sig-
nal generators were battery oper-
ated.

Sound Reproduction

Audiophiles may take some com-
fort from the fact that the ad-
vantages of push-pull versus single-
ended output were shown in curves
of power and distortion published
in May 1930. Push-pull output was
found to be double that of a single
tube provided the proper load was
used, and distortion was roughly
one-sixth that of a single tube.

A new phonograph pickup design
featured reduction of weight on the
needle to 4 ounces, while keeping
the pickup head weight high
enough to insure the inertia of the
head would not be overcome due to
needle vibration.

The number of manufacturers of
sound equipment totalled 154 and
sales in 1929 were 125 million dol-
lars, largely to the movie industry.
The motion picture industry sup-
plied 22,600 theatres in the United
States, of which 9,500 were
equipped for sound. About 5,000
more were equipped during 1930.

Amplifier loudspeaker systems
were used in factories for radio
programs, phonograph records and
to enable the boss to address all
hands without leaving his desk.

Large-Screen Movies

Wide film for panoramic pic-
tures was used to some extent and
it was estimated that universal
adoption of the panoramic picture
would cost the industry one half as
much as the introduction of sound.
“Grandeur” film was being pro-
moted by Fox Film Corp. and a
film, “Happy Days”, was shown at
the Roxy Theater, N. Y. on a screen
21 by 42 feet. Sound track on the
70-mm film was 250 mils in width
compared to 100 mils for standard
film.

It was expected that if binaural
recording and reproduction became
feasible that the wide sound track
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INDUSTRIAL TOE HOLD

1922
1930
1930
1930

track protected

Locomotives first used 32-volt pliotrons to amplify block-
signal-code impulses inductively picked up from tracks

4,500 locomotives were so equipped and 7,000 miles of

Thyratrons controlled 200 color-changing projectors in
floodlighting of building

0il burner control by grid glow and amplifier tubes was

operating in several hundred homes

1931
1931

paper

1931

over telephone line

Control of cut-off knives in wrapping waxed paper on
cereal boxes was established in food industry

Continuous sheet processes were using electronic oscilla-
tors for measuring thickness of rubber, and moisture in

Steam valve for power plants was controlled by audio

would be split to allow recording
and reproduction of two separate
systems from the same film.

Use of color film was growing
and Technicolor, Photocolor, East-
man-Sonochrome, Multicolor and
Harris were overcoming technical
difficulties.

Television

Although there was no television
broadcasting except sporadic trans-
missions of an experimental nature
around 100 meters, attempts were
made to interest the fans of the
day in purchase of equipment for
closed-circuit experiments or re-
ception of the occasional broad-
casts.

At the transmitter units, a Nip-
kow disk scanned light from the
object being televised across the
sensitive surface of a phototube to
obtain the video signal. At the re-
ceiver, a similar disk was synchro-
nized to scan the light from a neon-
filled lamp. Picture size for direct
viewing was one or two inches on a
side, the dimensions of a flat plate
in the neon lamp.

The technique provided a recog-
nizable face with 50 lines, while
72 showed marked improvement in
detail. Even with the latter, the
detail was insufficient to show the

division between normal teeth in
a close-up of a face. It was felt
that one hundred lines might con-
stitute a television service of good
quality for reproducing faces.
Viewed ten to fourteen inches
from the eye and one inch square, a
hundred-line reproduction was said
to be the minimum which might be
expected to attract and hold public
attention.

A typical televisor was that of
Jenkins Television Corp. The kit
consisted of motor-control rheo-
stat, television lamp house and a
Faraday induction motor which
drove a scanning disk at synchro-
nous speed. The disk was obtain-
able in 48, 60, 24, and 45-hole types
with corresponding rotors for the
desired number of pictures per
second. Kit and television lamp
(picture tube) retailed for $50,
and up.

To provide amateurs and experi-
menters with a basic television
transmitter and receiver, Insuline
Corp. of America brought out a
complete unit selling under $300.
The transmitter consisted essen-
itally of a motion-picture projector,
utilizing standard 35-mm safety
film. A synchronous motor oper-
ated the projector through a suit-
able gear reduction and the same
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motor also operated a transmitting from San Francisco to Schenec-

scanner.
An optical focusing system was
mounted in front of the reel hous-
ing, while a condensing lens
focused the scanned diverging rays
into a photoelectric cell. Closed-
circuit connections were made from
the photocell to the receiver, which
consisted of a four-stage, resist-

ance-coupled amplifier, working
into a neon lamp.
Large-screen television was

demonstrated by E. F. W. Alex-
anderson. The size of six by seven
feet for the images was made pos-
sible by use of a high-intensity arc
and a light valve. The latter, a
Karolus cell, changed the plane of
polarization of the light beam
going through it by means of an
electrostatic field. The system
employed a scanning disk, too.

Communications

Regular radiotelephone service
was available in 1930 to London,
Paris, Buenos Aires, Havana and
Mexico.

Police and fire departments of 30
American cities had transmitters
operating and 22 other cities held
construction permits.

Facsimile reproduction of a
newspaper page was accomplished
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tady within three hours of issue
from the printing press. Radio im-
pulses were used to transmit type-
written messages from Washington
to Hampton Roads, Va.

Then operated by the Depart-
ment of Commerce, the Federal
monitoring station opened at Grand
Island, Nebraska.

Some interesting  techniques
were disclosed in patents granted.
One covered a method of cutting off
one side band of a modulated car-
rier by varying the transfer admit-
tance as a function of frequency.
Another described a system of
transmitting broadcast matter over
wires to several subscribers, using
modulated radio waves and hetero-
dyne frequencies.

Measurements of echoes on tele-
phone lines received attention. A
method of transmitting color pic-
tures was described in another
patent.

Other patents covered a remote
metering system and a method of
effecting grid modulation by using
a transformer in the grid return
circuit of an r-f stage.

Early Diathermy

While working on high-frequency
oscillators, GE engineers noticed

that their feet heated rapidly,
especially when they were standing
on metal plates. The company
physician found that when working
with a six-to-eight-kilowatt gener-
ator producing 20 to 30 meter
waves the blood temperature was
slowly raised when the men were
close to the equipment.

IFurther experiments deliberately
produced actificial fever in man. A
high-frequency oscillator was built
using two 500-watt tubes and feed-
ing two large metal plates mounted
vertically on a table. The plates
were connected to the ends of the
tank coil. The patient was sus-
pended on cotton tapes stretched
across a wooden frame made of
two-by-six timbers. Sheets of half-
inch thick Celotex further sur-
rounded the body to form a fairly
airtight chamber around it.

Temperature rises to 104 F were
common and, in one instance, a
temperature of 106.5 F was re-
corded. Best results were obtained
at 10 megacycles.

Dielectric Heating

Using an r-f generator of similar
power, a live mouse was subjected
to increasing field intensities, with
consequent increases in  body
temperature. Soon the mouse lost
its tail, but apparently without dis-
comfort. It was a case of dehydra-
tion; the short waves had driven
out the moisture and the tail
shriveled and dropped away.

Using the same equipment, in-
sects were Kkilled, metals were
melted, rats responded to insensi-
ble heat, moisture was driven out
of procelain, and hibernating fruit
flies were vevived despite zero
temperatures.

Science

A. A. Michelson repeated his
famous speed-of-ether-waves ex-
periment in a mile-long evacuated
pipe laid on the ground near Pasa-
dena, Calif.

The concept of electrons as wave
motions rather than corpuscular
bodies assembled in atomic solar
systems was argued before the
American Philosophical Society.

Electronic synthesis of heavy
atoms from light ones was demon-
strated before the American Chem-
ical Society.
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Military

Japanese soldiers at the Tokyo
military college were conducting
experiments in operating pilotless
army tanks by short-wave control
from behind the lines.

A squadron of British bombing
planes flew 400 miles by radio con-
trol. Pilots were aboard for take-
off and landing but kept hands off
controls during ground-station con-
trol.

Transmission of sketch maps and
pencilled notes by facsimile was ac-
complished from a Signal Corps
plane flying along the west coast.
Part of one message transmitted
was “located two subs approaching
Golden Gate”.

Aeronautics

The 5th annual convention of the
IRE was held at Toronto in 1930.
The liaison committee on aeronau-
tic radio research reported to the
Assistant Secretary of Commerce
for Aeronautics the value of radio
to aviation and the material progress
of aeronautics that could be accom-
plished by research in several perti-
nent problems. It recommended,
particularly, research in the fields
of transmission data on medium
and high frequencies, radio re-
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sign and location of receiver, spark-
plug shielding, drag of wind-driven
generators and engine-driven gen-
erator problems, including ripples
and voltage variation.

A television syvstem was applied
to airplanes in flight so that the
pilot might locate his position and

see the landing field below him
despite fog.

Now Assistant Secretary of
State, Herbert Hoover, Jr. was

elected president of Aeronautical
Radio, Inc., formed to operate the
radio divisions of the principal
aviation companies.

Such was the status of the elec-
tronies industry 25 years ago. The
accompanying graphs show the
growth of the whole industry since
then. Particularly outstanding is
the progress of the past five years.
The present level, if level is the
right word, greatly exceeds that of
the wartime peak.

That this is only the beginning,
and that the next 25 years will
show even greater growth, is in-
evitable. Much of the progress in
this field will continue to be due
to the efforts of engineers in devel-
oping new techniques and equip-
ment for new applications of elec-
tronies.
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Inner conductor of grid cavity with sliding extension (left) and

external conductor (right)

Teflon-insulated tuning-line section used within the plate cavity..

Only one is used. Different views show construction

High-Power UHF-TV

UMMARY ——— Search for less expensive kilowatts at uhf leads to new water

and air-cooled beam-power tube combined with unconventional plate cavity

that provide power up to 15 kw on sync peaks. Output to antenna line is

coupled directly from cavity step-down transformer through d-¢ blocking

capacitor. Stored wattless power is held to minimum

DESIGN of a novel uhf-tv power
amplifier employs the type
6448 beam-power tube' in grounded-
cathode operation for visual service
up to 15-kw peak of syne output with
a power amplification factor of 15
and, for aural service, with a power
amplification factor of 50. This de-
velopment of high power-outputs
with grid-controlled tubes at ultra-
high frequencies depends in great
measure upon the unconventional
plate-cavity construction used.

New Problems

Some of the problems faced dur-
ing the development of the uhf
high-power amplifier differ from
those found at lower carrier fre-
quencies. Although the voltages in
the input cavity are of moderate
level and consequently do not require
the application of basically new tech-
niques, the output-circuit design
must solve the following problems.
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Space available in the output cavity
is inherently small; thus it is not
practicable to apply conventional
load-coupling elements. High d-c
and r-f voltages increase the diffi-
culties. Stored wattless power must
be kept low to obtain required band-
width and to reduce power losses.

Both problems are solved by a
plate cavity that acts as step-down
transformer between tube and load.
Thus no conventional load-coupling
element is used; the output line is
directly connected to the power-tube
plate through a d-c¢ blocking capaci-
tor. Inherently, this type of volt-
age-step-down cavity stores only
the minimum amount of wattless
power.

It is an important economical re-
quirement that a wide tuning-range
must be covered with a minimum
of component changes in the cavity.
The same type of plate cavity can
be applied for class-B linear r-f

www americanradiohistorv com

visual amplifiers or for a grid-
modulated visual-amplifier stage
and also for the class-C amplifiers
for the f-m sound-channel.

Plate Cavity

A half-wavelength resonator is
used for the plate cavity. It is not
feasible with the type 6448 tube to
use a quarter-wavelength plate cav-
ity for the uhf range.

An important element of the cav-
ity is a sliding-line section that acts
as a tuner and also as a coupling
reactance between the tube and an-
tenna. This work was partly based
on previous results of L. W. Haese-
ler and S. A. Watson® and of T. M.
Gluyas with cavities including slid-
ing capacitors as tuning elements
and on L. S. Nergaard’s® studies on
cavities.

Figure 1 represents a typical
form of the cavity. Figure 2 shows
the voltage distribution in the cav-
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ity. The cavity sees in the tube an
r-f generator and a capacitive re-
actance. The cavity, which must
show an inductance for the tube
for resonance, is built from two
electrically uniform line sections
Z.,and Z,. Into Z, is inserted slid-
ing line clement Z... In the first line
section the inner-conductor of the
coaxial cavity is the tube-anode
block, in the second section the in-
ner conductor is the cavity line that
contacts the tube plate. To assure
an equal surge impedance in both
line sections, the external conductor
of the cavity follows the diameter
changes of the inner conductor.
There are, however, two discon-
tinuities. One is the d-c¢ blocking
capacitor for the plate voltage. This
Teflon-dielectric capacitor is built
into the cavity center-conductor;
consequently it is in series with the
Z.. line. This capacitor shows low
reactance for the Z,, line and can
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thus be neglected. The other dis-
continuity is a capacitance C, that
is parallel with the Z, line. It is
formed between the tube-plate con-
tacting edge and the external con-
ductor of the cavity. This capacitor
is close to the low-voltage plane of
the cavity: thus it has only an in-
significant effect. At the low-volt-
age plane is the end of the first
quarter-wavelength section of the
cavity.

The second - quarter-wavelength
section is substantially confined in
low surge-impedance line section
Z... This section slides on contact
springs. The position of the sliding-
line section determines the length
of the half-wavelength resonator;
thus it tunes the carrier fre-
quency. The Z., section is a Teflon-
insulated line with a typical surge-

Assembled plate and grid cavities as
used in transmitter

wwweamericanradiohistorv. com

131



Inner conductor of plate cavity and insulated water pipe nor-

mally inserted therein

impedance of 2 ohms. The surge
impedance of this sliding section
and the surge impedance of the
line in which the Teflon line slides,
Zy, are selected to obtain at the
end of Z, the necessary voltage,
which must be applied across a ficti-
tious resistor (R, in Fig. 2) that
equals the Z, line surge impedance,
to produce the rated power output.
At the end of the Z,, sliding line
element is the end of the second
quarter-wavelength section of the
cavity. Impedance Z, is trans-
formed by a tapered section into
50 ohms, which is the surge im-
pedance of the antenna line. The
tapered section, when sufficiently
long, introduces only an unsignifi-
cant reflection.

Plate-Cavity Details

Lengths of the coaxial-line ele-
ments for the plate cavity are de-
termined from the requirement for
resonance, which calls for an elec-
trical half-wave resonator, open cir-
cuited at the tube end and at the
load end. The tube, as an oversim-
plification, is replaced by a uniform
line element of 4.8 centimeters, with
the average surge impedance Z,, —
10.63 ohms and with the terminat-
ing capacitance C = 45 puf as
shown in Fig. 2. The rest of the
line elements are in the cavity and
can be selected by the designer.

The r-f generator action of the
tube can be considered to be concen-
trated in one plane, which is desig-
nated as ;. This plane is at a dis-
tance of 1.2 ¢m from the end of the
anode block. A fictitious loading re-
sistor R, is reflected into this tube
plane by the antenna. Another fic-
titious resistor R, is applied at the
end of the half-wavelength section
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are disassembled

of the cavity. Between the 50-ohm
antenna line and R, the cavity is
interconnected as a transformer.
The transformer ratio is deter-
mined by the selected line surge
impedances and by the electrical
length of the Z, line. A typical
voltage transformer ratio is 6.5
between the tube plane o, and
the R, plane. It is about 3.5 be-
tween the tube plane and the an-
tenna, which is represented by a
50-ohm line.

Experimental data indicate that
the optimum plate load for the
type 6448 beam-power tube in
class B, television picture-channel
operation is R, = 700 to 1,100
ohms and for class-C sound-channel
operation 1,000 to 1,300 ohms. Ad-
justment of R, sets R, within the
proper limits. On the selection of
R, depends also the bandwidth.

Voltage at the end of the sliding
line E, is very low. This minimizes
the stored (wattless) power in the
cavity and helps to obtain a broad
bandwidth. The cavity stores only
about 20 percent of the overall watt-
less power; 80 percent is stored in
the tube. The voltage is stepped
down first by the sliding Z. line
section to a lower value than re-
quired for the 50-ohm line. The
tapered section steps up the voltage
for the 50-ohm line without sub-
stantially increasing the stored
wattless power.

Grid Cavity

The grid cavity shown in Fig. 3
i1s a #-wavelength resonator. The
first quarter-wavelength section of
the resonator and also one part of
the second quarter-wavelength sec-
tion are entirely in the tube. The
reason for this is that the grid-to-

External conductor of plate cavity. Cylindrical and tapered parts

ground capacitance is in the order
of 300 puf; thus the first quarter-
wavelength section becomes very
short. The tube shows inductive re-
actance to the cavity, the value of
which is between 1 and 3.5 ohms
within the uhf band. Thus, the cav-
ity must represent a capacitive re-
actance for resonance,

A capacitive low-impedance coax-
ial-line element follows the coaxial
grid structure outside the tube.
This low-impedance section has a
sliding, telescopic extension. The
position of the sliding extension is
set to produce the required capaci-
tive reactance at the grid-contact
plane for grid tuning. The low-im-
pedance line is fed by a high-
impedance line-section that is
substantially a quarter-wavelength
resonator. For broad-band opera-
tion the coaxial capacitive line
section should have a low surge-im-
pedance and the feeding, quarter-
wavelength section a high im-
pedance. Typical surge impedance
values are 2 ohms for the low-im-
pedance section and 50 ohms for
the high surge-impedance section.

The high-impedance section is
excited from a driver stage with an
adjustable capacitive coupling. If
the power amplifier is in visual
class-B service, the bandwidth of
the grid circuit must be broad. One
step toward this end is to add a
swamping resistor to the grid cav-
ity with another adjustable coup-
ling plate. This increases the re-
quired power output from the ex-
citer stage, generally by the factor
of two. The typical power-amplifi-
cation factor, the ratio of the
power-amplifier and exciter-stage
outputs, is 15 in a linear class-B
color-picture amplifier service; in
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FIG. 2—Voltage distribution in the plate
cavity shown graphically

aural class-C f-m service, where no
swamping load is applied, the power
amplification factor may reach 50.
Peak sync power of 15 kw can be
obtained from a typical tube with
1-kw driver power. Voltage distrib-
ution in the grid cavity is shown
in Fig. 4.

Loading Control

If no impedance transformer is
connected between the 50-ohm out-
put line of the plate cavity and the
terminating 50-ohm antenna load,
the only possible R, value is identi-
cal to Z., of Fig. 2. The surge im-
pedances and the length of the slid-
ing section are selected to approach
this ideal case at the proper tube
plate loading R, and at the required
bandwidth. In this ideal case the
line between the end of the Z,, sec-
tion and the antenna is properly
matched.

Such an ideal condition cannot be
obtained for all the frequencies in a
cavity where tuning within wide
carrier-frequency limits is a re-
quirement., It is possible, however,
to approach the ideal condition suf-
ficiently. To correct deviations
from the ideal case, a resistance-
transforming device is necessary in
the 50-ohm output line, as shown
in Fig. 5. This device must intro-
duce a moderate standing wave into
the tapered cavity-section and by
this means the value of R, can be
adjusted to a value that is different
from Z,.

Two quarter-wavelength line ele-
ments of a lower surge impedance
than 50 ohms are utilized in the
form of sliding slugs in the 50-ohm
line for load adjustment‘. Care
must be taken, however, that

ELECTRONICS — April, 1955

this impedance-transformer system
shows a pure resistive load to the
end of the sliding section, which is
denominated a., in Fig. 2 and 5.
To attain this condition, it is neces-
sary to find a plane in the output
line that is at an electrical half-
wavelength distance, or a multiple
thereof, from the end of the tuning
element.

This plane is designated as plane
1 in Fig. 5. The center-line of the
two slugs, plane 3, must be at 51/8
or 3 /8 distance from plane 1. The
position of plane 3, which is the
symmetry line between the two

distance C/2 from plane 3 must be
adjustable. If the distance between
plane 1 and plane 3 is 5A/8, an in-
crease of C/2 from zero up to A/8
increases the Joad resistance at the
ax, plane. If the distance between
plane 1 and plane 3 is 3\/8 an in-
crease of C/2 decreases the Joad
resistance. If C/2 = 0, R, = Z..

Experimental Data

For picture-transmission test a
one-kilowatt uhf television trans-
mitter was used as the modulated
exciter. The grid cavity of the pow-
er amplifier must match the input

slugs, must be unchanged; the slug line at the carrier frequency. It
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has not been found necessary io
match for the whole tv sideband
spectrum. There is considerable ad-
vantage in working with a nar-
rower grid bandwidth, adjusting
the input line-length and by this
means the vswr for the sidebands,
so that a peaking of the grid-re-
sponse up to about 2 db is observed
at the +4.2 megacycle sideband
frequency, as shown in Fig. 6A.
This adjustment permits the use of
a relatively narrow plate-cavity
bandwidth, about 8.5 megacycles
for the —3-db points.

If in the plate cavity the carrier
is offset by one megacycle toward
the lower sidebands the overall re-
sponse becomes nearly flat between
the —1.5 and +4.2-megacycle side-
band limits, which is satisfactory
for color-picture transmission. Fig-
ure 6B shows the frequency re-
sponse in the output line of the
amplifier. A uhf-tv sideband re-
sponse analyzer® was used to pro-
duce the sideband pictures in Fig.
6.

Step-Wave Test

The curve in Fig. TA represents
a step-wave modulated -output,
sampled from the power-amplifier
output line. A burst of 3.58-meg-
acycle color subcarrier frequency
is on the steps. The input signal to
the modulator of the exciter stage
was produced with a linearity
checker®’. The output envelope was
detected with a diode. Figure 7B
represents the same information
after passing it through a low-pass
filter and (C) shows what happens
to signal (A) after sending it
through a high-pass filter. These
curves indicate that the transmitter
has a satisfactory linearity in the
low-frequency region and also in
the region of the color information.

A color signal analyzer measure-
ment gave additional information
based on the demodulated output
(Fig. 7C) which was sent through
the high-pass filter”. The 3.58-mega-
cycle color subcarrier bursts, modu-
lated on the uhf carrier at different
amplitudes (different luminance-
levels) may show different phase
relationship to each other. Such a
phase-vs-amplitude distortion in-
troduces color error in the picture
so this distortion must be kept very
low.

With increasing screen-grid volt-
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age the phase-amplitude distortion
decreases and almost disappears at
the 1,000-volt sereen-grid voltage
region. Comparative laboratory
measurements on the phase rela-
tionship between the bursts in the
input and output of the power am-
plifier indicated 3-deg phase ditfer-
ence between the bursts of the law-
est and highest power level, which
is satisfactory. A further control
on the phase-amplitude distortion
can be applied at the modulator of
the exciter stage. Thus, it is pos-
sible to keep the overall phase-am-
plitude distortion at 1 deg. The

promising test results were con-
firmed with practical color trans-
missions.

Losses in the cavity and the tube
can be determined by cold test on
the system. The expression P =
P, Qy/(Qy — Q) gives the relation
between the real output from the
cavity P, and the electronic output
P produced by the tube. The val-
ues @y and @, are the unloaded and
loaded Q-values of the plate net-
work. For the measurement of @y,
the load and also the tapered sec-
tion of the cavity (Fig. 1) must
be decoupled. Otherwise a high
standing-wave ratio is built up in
the taper, which operates at low-
standing-wave ratio when the cavity
is loaded. The circuit loss is com-
puted by P —P,, which includes the
r-f losses in the tube-transmission-
line (Fig. 2) and in the cavity.
Measurements indicate that about
95 percent circuit efficiency can be
obtained with the described cavity
system at the middle of the uhf
band.

¥

Efficiency

In a typical operation at lower
carrier frequencies, the plate-power
efficiency is about 40 percent at the
peak output of the sync pulses. Be-
cause the 6448 is a grid-controlled
tube, the plate-input power changes
proportionally with luminance dur-
ing picture transmission.

The author is indebted to T. J.
Boerner and W. P. Bennett for val-
uable discussions and to M. W.
Duris, R. N. Clark, F. C. Blancha,
G. J. Rogers, R. L. Meisenheimer,
D. H. Eberlin, J. W. Chasteen, T.
Douma, R. E. Wolf, N. J. Oman,
J. E. Joy, E. M. Coombs and T. N.
Newman for their co-operation,
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Plug-in transistor chopper, pnp transistors
used and comparable mechanical choppers

Experimental d-c amplifier setup in which plug-in transistor pair at left performs
functions of contacts in electromagnetically driven mechanical chopper

Transistor Choppers for
Stable D-C Amplifiers

UMMARY —— Two fused-junction transistors driven at power-line fre-

quency approximate the ideal switch for converting weak d-c input signals

into proportional square-wave a-c signals. Circuits are simple. Life expec-

tancy is long even with 300-ke switching rate

By R.

MALL IN SIZE and high in relia-
bility, it was natural indeed
that transistors should find early
use in d-c¢ amplifiers, Transistors
can be utilized as choppers which
are linear down to a fraction of a
millivolt and which, in low-imped-
ance circuits, will operate over an
extremely wide temperature range
without compensation. This device
makes possible completely transis-
torized low-level d-c amplifiers
which have inherently slight tem-
perature drift.
The family of characteristic
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curves of a transistor when oper-
ated as a switch is shown in Fig. 1.
The npn fused-junction transistor
is in the common-emitter connec-
tion.

The nearly vertical segments in
the first quadrant represent the
linear range and are the character-
istics commonly published. In
switching operation the base input
signal is sufficient to swing the
operating point from beyond cut-
off (point C) to a point far inte
saturation (point S). The applied
polarities may place the operating

www._americanradiohistorv com
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point in any one of the four quad-
rants.

Note how closely a transistor
approximates a switch at moderate
or low-power levels. The char-
acteristics of an ideal switch would
simply be two lines coincident with
the axis, the one along the current
axis corresponding to a closed con-
tact and the one along the voltage
axis corresponding to an open
circuit.

If the base voltage applied to the
transistor is switched from —1 volt
to +1 volt, the small-signal collec-
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ADVANTAGES OF
TRANSISTOR CHOPPERS

® No contacts to pit or get dirty

® Not affected by vibration

® Will operate at high speeds with
little phase shift

® Linear down to 0.1 millivolt

Small temperature drift when used
with low-impedance inputs

Small size

Light weight

Low power consumption

Long life

tor-emitter characteristics are two
lines which are nearly parallel to
the axis but which do not intersect
at the origin O, but rather at a
point P (I,, V,) in the first quad-
rant. In other words, the transis-
tor is nearly equivalent to an ideal
switch in series with a battery V,
and shunted by a current source I,.
This battery and current source
impose a practical lower limitation
on the power level of a load circuit
that can be satisfactorily controlled
by a transistor switch. The closer
this point P can be brought to the
origin O the lower the satisfactory
operating level becomes.

It was first found experimentally
and later verified theoretically that
if the collector and emitter termi-
nals were interchanged, the result-
ing characteristics have an inter-
section that is much closer to the
origin than the common-emitter or
normal connection. This connec-
tion has been termed the inverted
connection and is the one recom-
mended for low-level operation.

The normal connection for an
npr transistor and its equivalent
circuit are shown in Fig. 2A, while
the inverted connection and its
equivalent circuit are shown in
Fig. 2B.

Inverted Connection

Although the equivalent circuits
are the same for the normal and
inverted connections, the magni-
tudes of V, and I, are markedly
different. Whereas typical values
of V, and I, might be 30 millivolts
and 15 microamperes for the normal
connection, these are reduced to
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about 1.0 millivolt and 1.0 micro-
ampere respectively in the inverted
connection at room temperature.
Voltage V,, varies somewhat with
temperature, but in general re-
mains between 0.5 and 2 millivolts
over the range —50 C to 90 C.
Current I,, increases exponentially
with temperature at about 8 per-
cent per degree C. Figure 3 is a
plot of the temperature dependence
of V,, of six randomly selected ex-
perimental npn germanium tran-
sistors.

The values of the coordinates V,
and I, are given more exactly by

Normal connection (comnon-emitter
connection)
iy =
a;
1
Von = 0.025In 1)
Inverted connection
Po L =By
an
1
Vi = 0.025In 2)

Qn

where e, is the current gain nor-
mally published, e, is the current
gain with collector and emitter in-
terchanged, and I, is a constant
for any particular unit.

For most commercial fused-junc-
tion transistors, «, is much nearer
unity than a,, typical values being
o, = 0.99 and «, = 0.5. Substitut-
ing these values in the above ex-
pressions gives I,, = 1.0 I, and V,,
= 0.69 (0.025) for the normal con-
nection, and I,, = 0.01 I, and V,, =
0.01 (0.025) for the inverted con-
nection. Thus the coordinates of
the intersection P for the inverted
connection may be orders of magni-
tude smaller than those for the
common emitter.

Switch Circuits

A switch should have the prop-
erty of conducting regardless of the
polarity of the voltage when it is
closed, and should block regard-
less of the polarity when it is
open. The transistor switch per-
forms these functions well. The
curves in Fig. 1 show that the
switch will conduet with either
polarity of emitter-collector voltage,
but it will only block if the base is
more negative than both the col-
lector and the emitter.

The simple circuit shown in Fig.
4A illustrates this condition. If
the source voltage E becomes
greater than 1.5 v, the switch will
not block. Figure 4B shows how
this can be overcome by using two
transistors to form a switch which
is capable of blocking or conducting
on either polarity., When the bases
are negative, the transistor whose
collector is positive will block the
circuit; when the bases are posi-
tive, the transistors can conduct in
either direction and the circuit is
closed.

Since a transistor operated in the

- Vv, 2
s | —?;g W05 Vy1+10
+ v +104
Vi <
= = NC
RL
+05+
S
ve+05¢.0  Vllp d
ofl 1, lg —o=
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—%05 4 s
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2 -10

FIG. 1—Characteristic curves for oper-
atien of npn fused-junction transistor
as switch
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FIG. 2—Equivalent switch circuits for
the two types of transistor connections
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FIG. 3—Curves showing relative free-
dom of transistors from temperature
effects
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inverted connection so closely ap-
proximates an ideal switch, one of
the interesting possibilities of us-
ing a transistor switch would be to
replace the mechanical vibrator or
chopper in the input of d-c ampli-

fiers. A d-c amplifier employing a
chopper-type input is shown in
Fig. 5.

D-C Amplitiers

To amplify a d-c signal in a man-
ner which is free of the drift and
instability of d-c amplifiers, a
mechanical switch converts the d-c
input into a square-wave a-c signal

*
—‘E, l %
+E-
(a) (8)

FIG. 4—Two-transistor circuit arrange-
ment will block or conduct on either
polarity

gga?UT TRANSFORMER
!

INPUT 1 SYNCHRONOUS
CHOPPER TRAlNSFORMER \ R%‘&EL'JETR
—o-D-C Ll /
T INPUT AMPLIFIER ! }

D-C METEI

FIG. 5—Conventional chopper-input d-¢
amplifier arrangement

A-C

R

18)

FIG. 6—Comparison of electromagnetic
and transistor chopper circuits

'D-C
INPUT

FIG. 7—Two-transistor chopper circuit
using only two transformers and one
resistor
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which can be easily amplified by an
a-c amplifier. After amplification,
the signal is converted back to d-c
by a suitable output rectifying
system.

A chopper may also be used to
obtain an a-c output signal whose
phase and magnitude are functions
of the polarity and amplitude of a
d-c signal. The amplified a-c signal
may then be applied to the control
winding of a two-phase servo motor.
In these applications it is important
that there be no a-c output signal
present with zero d-c input signal.
Commonly used static electronic
chopper circuits have difficulty
meeting this requirement.

Transistorized Chopper

A schematic of an electromag-
netically-driven mechanical vibra-
tor chopper is shown in Fig. 6A,
and a direct substitution of the
vibrator switch contacts with tran-
sistor switches is shown in Fig. 6B.

Direct substitution of Fig. 6B
would not satisfy the requirement
of zero a-c output signal with zero
d-c input signal since the V, values
of the two transistors are applied
to the output transformer in such
a direction as to add, producing an
a-c signal whose peak-to-peak am-
plitude is equal to their sum. This
could be compensated for by using
the back-to-back transistor pair
shown in Fig. 4B in place of each
single transistor. The V, values of
each pair are in opposition and will
tend to cancel, the degree of cancel-
lation depending upon how well the
V, values of each transistor match.
It is easily possible to match to
within better than a tenth of a
millivolt over a temperature range
of —50 C to +90 C.

Two-Transistor Chopper

Another circuit which will per-
form the function of a chopper is
shown in Fig. 7. Here only two
transistors are used, which cancel
the V, values. A square-wave a-c
voltage is applied to the bases of
transistors A and B, causing them
to alternately conduct and be open-
circuited. On one half-cycle the
input is connected to the output
transformer through transistor A,
transistor B being open. On the
alternate half-cycle, transistor 4 is
open-circuited, isolating the input

circuit, while transistor B is closed,
short-circuiting the output trans-
former, With zero d-c input sig-
nal, the V, values of A and B ap-
pear across the output transformer
in the same direction; if they are
equal, the output is d-c and contains
no a-c component.

Source Impedance

Since the equivalent circuit of
the transistor switch was shown in
Fig. 2 to include a current gener-
ator I, it is important to operate
with a low-impedance source to as-
sure that this leakage current will
not cause an appreciable drop that
will appear in the output. Match-
ing of both the V, and I, values is
possible, but in general it is much
simpler to keep the input impedance
low and match only the V, values.

Advantages

One of the big advantages of
transistors over mechanical chop-
pers is that they are inertialess de-
vices. As such they can be oper-
ated at any line frequency without
loss in performance. They have
practically zero phase shift up to
about 10 ke, as contrasted to phase
shifts of from 30 deg to as high
as 90 deg for mechanical choppers.
In addition, mechanical choppers
are usually designed for a specific
frequency or a narrow range of
frequencies and cannot suffer much
change in frequency without intro-
ducing additional phase shift in the
output signal.

The fact that the transistor chop-
per can be operated at all frequen-
cies up to hundreds of -kilocycles
makes possible its use as a carrier
for rapidly varying d-c signals or
even a-c signals, as well as steady
d-c signals. Operation at high
chopping frequencies opens up the
possibility of servos with extremely
fast response times.

Conclusions

This article has illustrated only
one of many possible circuit appli-
cations of transistors as switches at
low power level. -Although data has
been presented on only npn fused-
junction transistors, any high-gain
fused-junction pnp trangistor, such
as the Westinghouse 2N54, will
prove equally satisfactory for this
application.
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UMMARY —— Comprehensive classification of equipment now being
used in four major branches of the industry. Subgroups make listings

more convenient for reference purposes when considering further diver-

sification of products
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Markets for
Electronic Equipment

EacH major branch is broken
down into subgroups with individ-
ual items listed alphabetically.

Industry

AERONAUTICS

Aircraft Vibration Analyzers

Airport Lighting Controls

Airspeed Indicators

Angular Rate & Displacement In-
dicators

Anticollision Radar

Automatic Pilots

Communication Systems

Electronic Regulators

Engine Analyzers

Fire Detection Systems

Flight Recording Units

Flight Trainers & Simulators

Fuel Flow Totalizers & Indicators

Horizon Indicators

Manifold Pressure Gages

Solid State Physics

Circuit Theory

e

Navigational Aids:

Automatic Direction Finders
Compass Locators
Consol Systems

Continuous Wave Navigation

Systems:
Decca
Raydist

Distance Measuring Equipment

Flight Path Control Devices
Fluxgate Compass Systems
Flux Valve Compass Systems
Gee Systems

Gyromatic Compass Systems
Gyrosyn Compass Systems
Instrument Landing Systems
Loran Systems

Navaglobe Systems
Omnirange Distance Systems
Radio Direction Finders
Radio Magnetic Indicators
Radio & Radar Altimeters
Radio Range Markers
Rho-Theta Systems

Teleran Systems

4 By JOHN T. MILEK

Consulting Engineer,
Los Angeles, California

Terrain Surveillance Systems
VHF Omnidirectional Ranges
Visual Aural Radio Ranges
Zero Readers

Propeller Synchronizers

Radar Air Traffic Control:
Airport Surface Detection Unit
Airport Surveillance Radar
Ground Control Approach
Precision Approach Radar
Traffic Delay Predictor

Radar Altimeter Surveyors

Telemetering Devices

BUSINESS MACHINES

Analog Computers
Analog-to-Digital converters
Bookkeeping Machines
Currency Counters
Differential Analyzers
Digital Computers
Electronic Information Handlers
Function Plotters

Memory Devices
Punched-Card Calculators
Tele-ldentification Systems

Electron Theory

RN

S

Wave Prop;gation

Information Theory



Teleplotters

CERAMICS
Automatic Fuel Controls
Automatic Weighing Devices
Color Comparison Units
Dielectric Heating Units
Electronic Thermostats
Electrostatic Precipitation Units
Fire & Smoke Alarms
Flaw Detection Units
Furnace Controls
Grinding Mill Controls
Humidity Controls
Infrared Drying Units
Kiln Controls
Liquid Level Controls
Materials Handling Systems
Powder Level Controls
Process Controls
Radiation Pyrometers
Slack Controls
Temperature Recorders
Tile Sorting Devices

CHEMICALS
Analytical Instruments
Chemical Reaction

Equipment
Color Densitometers
Conveyor Controls
Counters
Cutoff Machine Controls
Diaphragm Valve Controls
Dielectric Heaters
Dust Measuring Equipment
Electronic Flow Meters
Electronic Manometers
Electronic Thermostats
Electronic Timer Controls
Emulsification Units
Filling Machine Controls
Flame Failure Safeguards
Foam Controls
Footage Totalizers
Gas Detectors
Gel-time Meters
Gloss Meters
Induction Heating Equipment
Industrial TV Systems
Inspection Devices
Label Cutoff Machines
Leak Detectors
Liquid Degassing Units
Liquid Level Controls
Liquid Metering Devices
Moisture Meters
pH Meters
Plastics Molding Press Controls
Smoke [ndicators
Smoke Precipitation Units
Sorters
Weighing Equipment

ELECTRIC & POWER
Alarm Systems
Battery Chargers

Catalysis
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Boiler Furnace (light off) Devices
Boiler Water Level Controls
Cathode Ray Synchroscopes
Carrier Current Controls
Circuit Breakers
Conductivity Meters
Electric Load Controls
Fault Detectors

Flame Failure Devices
Flowmeters

Frequency Conversion Units
Gas Analyzers & Detectors
{llumination Controls
Industrial TV Systems

Inverters

Motor Control Systems
pH Meters

Power Factor Meters
Rectifiers

Relays & Reactors
Servomechanism Devices
Smoke Stack Controls
Street Lighting Controls
Telemetering Devices
Thermocouples
Transients Analyzers
Voltage Stabilizers

ENTERTAINMENT
Carrier Current Equipment
Electronic Musical Equipment
Electrostatic Air Cleaners
Elevator Controls
Facsimile Systems
Fire Detectors
Humidity Controls
IHlumination Controls
Intercommunicators
Limit Controls
Magnetic Recording Systems
Phonograph Recorders
Photoelectric Controls
Photoelectric Door Openers
Public Address Systems
Radio Broadcasting Systems
Radio Garage-Door Openers
Radio Receivers
Radio, Two-Way Systems
Recorder, Quantities
Remote Controls
Smoke Detectors
Sorters
Stage Lighting Controls
Television Systems
Temperature Controls
Timers

FOOD, BEVERAGE & TOBACCO
Chocolate Homogenization Units
Conveyor Jam Detectors
Counters

Egg Candling Units
Emulsification Units

Filling Machine Controls

Flame Failure Safeguards

Foam Controls

Food Dehydration Units

Food Grading Units

Food Preservation Equipment

Food Sorting Devices

Food Sterilization Equipment

Industrial TV Systems

Inspection Devices

Label Cutoff Machine Controls

Liquid Level Controls

Liquid Metering Devices

Metal Detectors

Microwave Cookers

Milk Homogenization Units

Moisture Meters

Packaging Machine Register Con-
trols

pH Meters

Seed Sorting Units

Smoke Indicators

Sugar Indicators

Stroboscopes

Surface Analyzers

Tachometers

Ultrasonic Hops Extractors

Weighing Equipment

Wine & Spirit Ageing Equipment

METAL WORKING
Arc & Electric Furnace Controls
Automatic Fuel Controllers
Capacitive Micrometers
Conductivity Meters
Conveyor Jam Detectors
Counters
Creep Testing Equipment
Cutoff Machine Controls
Dielectric Core Baking Ovens
Dilatometers
Electron Drills
Electronic Comparator Gages

Aeronautics

Food, Beverage
& Tobacco

¢ Business Machines
b4

Metal Working

Ceramics

Paper & Textile

Chemical

Photography

Electric Power

Printing

Entertainment

Land & Sea

Transportation

INDUSTRY
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Flame Failure Safeguards

Flaw Detectors

Foundry Ladle Pouring Controls

Gas Cutting Controllers

Grinding Machine Controls

Grinding Tolerance Warning De-
vices

Heat Treating Furnace Controls

Height Indicators

Honing Machine Controls

Hot Strip Mill Width Gages

Hydraulic Press Controls

Induction Brazing Units

Induction Heat Treating Units

Induction Soldering Equipment

Industrial TV Systems

Machine Controllers

Machine Safety Controls

Machine Tool Contour Controls

Metal Detectors

Metal Fatigue Testing Units

Motor Controllers

Oil Mist Precipitators

Oven Conveyor Alarms

Paint Spray Gun Controls

Punch Press Protection Systems

Radiation Pyrometers

Radiographic Inspection Units

Rolling Mill Controls

Scales

Sheet Metal Footage Totalizers

Smoke Indicators

Sorters

Steel Mill Drives

Strain Recorders

Stroboscopic Frequency Meters

Surface Analyzers

Synchro Indicators & Controls

Temperature Recorders

Tension Controls

Thickness Gaging Systems

Tinplate Reflow Machines

Tracing Devices

Ultrasonic Metal Cleaning Units

Ultrasonic Metal Drilling Units

Ultrasonic Soldering lrons

Ultrasonic Tinning Pots

Variable-Speed Drives

Weld Inspection Equipment

Welding Controllers

PAPER & TEXTILE
Counters & Sorters
Cutoff Machines
Electronic Colorimeters
Footage Totalizers
Humidity Controls
Hydraulic Press Controls
Infra-red Drying Units
Liquid Level Controls
Liquid Metering Devices
Metal Chip Detectors
Paper Hole & Flaw Detectors
Printing Controls
Seam Detectors

ELECTRONICS — April, 1955

Shearing Machine Controls

Side Position Regulators

Smoke Detectors & Indicators
Tenter Hook Guides

Thickness Measurement Devices
Thread Break Indicators
Ticketing Machine Controls
Towel Racking Machinery

Web Guide Controls

Winding Controllers

Yarn Irregularity Gages

Yarn Tension & Speed Controls
Yarn Torsion Measurement Units

PHOTOGRAPHY

Automatic Exposure Controls
Film & Emulsion Processors
Color Film Printing Machines
Darkroom Exposure Meters
Densitometers

Electronic Photoflash Equipment
Electronic Printers

High-Speed Cameras

Light Flux Meters
Microphotometers

Oscilloscope Recording Cameras
Photoelectric Aperature Controls
Sound Movie Cameras

Sound Movie Projectors

PRINTING
Electronic Halftone Engravers
Electronic Stencil Cutters
Electronic Typesetters
Photoelectric Register Controls
Photoelectric Web Controls
Printing Press Speed Controls

LAND & SEA
TRANSPORTATION

Automotive:
Battery Chargers
Cavitometers
Dynamometers
Electrostatic Paint Sprayers
Engine Cam Contour Inspec-
tion Units
Engine Detonation Indicators
Engine Test Stand Devices
Fuel Evaluation Units
Headlight Dimmer Control
Ignition Monitors
Mobile Telephone Units
Radiator Soldering Units
Road Testing Equipment
Spark Plug Testers
Tire Tread Noise Analyzers
Traffic Speed & Signal Controls
Ultrasonic Tire Testers
Marine:
Autoalarm Equipment
Depth Sound Equipment
Direction Finding Equipment
Gyro Compasses
Loran

Radar Navigation & Surveil-
lance

Radio Navigational Aids

Radio Telegraph Equipment

Radio Telephone Equipment

Ship-to-Shore Radio

Sonar

Railroad:
Automatic Train Controls
Block Signal Controls
Closed TV Systems
Communication Systems
Rail Fault Detectors
Signalling Equipment
Train Makeup Systems
Train-position Indicators

Communications

RADIO BROADCASTING
Amplitude Modulation
Frequency Modulation

RADIO COMMUNICATION
Air-to-Ground

Amateur, Citizen, Civil Defense
Disaster, Fire

Forestry, Highway

Microwave Relay Transmission
Military

Mobile Communication
Point-to-Point Communication
Police

Ship-to-Shore

Traffic Controls

TELEGRAPHY SYSTEMS
Carrier Telegraph

Electronic Multiplexers
Radio Telegraphy

Telegraph Printers
Underwater Cable Repeaters

TELEPHONY

Carrier Current Equipment

Power Line Carrier

Sound Powered Telephones

Intercommunication Systems:
Hospitals, Hotels, Offices
Schools, Stores

Radio Telephony Systems:

Radio Brocdccstingi

i

Telegraphy

s

:Television Broadcasting

Telephony

Radio Communications

Systems

COMMUNICATIONS
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Airliner, Auto, Ship, Train
Telephone Repeaters
Transoceanic Radio Telephony
Facsimile Systems
Magnetic Recording Systems
Public Address Systems
Signalling Devices
Telemetering Systems
Teleplotters, Teleprinters
Telescribers

TELEVISION BROADCASTING
Black & White
Color

Teievision Relay Systems
Video Tape & Film Recording

Science

ACOQUSTICS
Electronic Organ
Noise Level Meters
Sonographs
Sound Analyzers
Sound Level Meters
Sound Recorders
Sound Spectrographs
Stroboscopic Spectrometers
Ultrasonic Generators
Ultrasonographs

ASTRONOMY
Cosmic Ray Measuring Units
Crystal Clocks
Galactic Radio Wave Receivers
lonosphere Sounding Equipment
Meteor Tracking Equipment
Moon Radar Systems
Photoelectric Photometers
Radio Telescopes
Solar Radio Wave Receivers
Sun Spot Measuring Equipment
Telescope Servo Drives

BIOLOGY
Bacteria Destruction Devices
Bioelectric Amplifiers
Cardiotachometers
Electron Microscopes
Electron Sterilizers
Historadiographs
Oscilloscopes & Oscillographs
Pneumotachographs
Recording Photofluorometers
Spectrophotometers
Ultrasonic Tissue Disintegrators

CHEMISTRY
Analytical Balances
Colorimeters & Turbidimeters
Conductivity Meters
Electroanalyzers
Electrometers
Electrometric Titrimeters
Electron Diffraction Equipment
Electron Microscopes
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Electronic Recorders
Fluorimeters

Gas Analyzers

Leak Detectors

Mass Spectrometers
Mercury Vapor Detectors
pH Meters

Polarographs
Spectrographs
Spectrophotometers
Spectroscopes

X-Ray Diffraction Equipment
X-Ray Photometers

CRIMINOLOGY
Infrared viewers
Lie Detectors
Projectile Velocity Measuring
Devices
Spectroscopy
X-Ray Analyzers

GEOPHYSICS
Airborne Profile Recorders
Earthquake Recording
Gauss Meters
Geiger-Mueller Counters
Geophysical Prospecting:

Radar Mapping
Radio Surveying
Magnetic  Airborne
meters
Metal Locators
Oil Drilling Rig Brakes
Scintillometers
Well Logging Equipment

INSTRUMENTATION &
METROLOGY
Acceleration Measurement Units

Amplifiers, Analyzers

Attenuators, Barreters

Autometers (Dust Pollution)

Bolometers, Calibrators

Chronographs

Chronoscopes

Comparators

Counters, Detectors, Meters

Decibel Level Instruments

Delay Lines

Displacement Measurement

Elapsed Time Meters

Electronic Fringe Interpolators

Electronic Gages

Electronic Timers

Frequency Changers

Frequency Standards

Humidity & Moisture Measure-
ment Units

Integrators, Modulators

Noise Measurement Equipment

Oscilloscopes

Power Supplies

Pressure Measurement Devices

Quartz Clocks

Radar Signal Spectrographs

Magneto-

Radio Time Signal Systems

Recorders, Monitors

Regulators

Signal Generators

Signal Tracers

Stress-Strain Measurement Units

Stroboscopes, Synchroscopes

Tachometers

Temperature Measuring Units

Thermocouples, Rectifiers

Time Intervalometers

Tuners, Indicators, Bridges

Vacuum Measurement Units

Velocity & Flow Measurement
Equipment

Vibration Measurement Devices

Watch Rate Recorders

MEDICINE
Acoustic Stethoscopes
Anesthesia Control Equipment
Anoxia Photometers
Ballistocardiographs
Betatron Therapy
Blood Conductivity Meters
Blood Pressure Recorders
Blood Sterilizers
Bone Density Computers
Chronaximeters
Cine-Radiographers
Corticle Stimulators
Dermal Radiometers
Echoscopes (Ultrasonic diagnosis)
Electrocardiagraphs
Electrocauterizers
Electrocoagulation Units
Electrodesiccation Units
Electroencephalographs
Electrofulguration Units
Electrohysterographs

Acoustics

Instrumentation

AtroBomy & Metrology

Medicine

Biology

Meteorology
Chemistry

Nuclear Physics

Criminology

Oceanography

Geophysics

Physics

SCIENCE
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Electromyographs

Electron Microscopes

Electronic Cane (for Blind)
Electronic Depilation Devices
Electronic Fluoroscope

Electronic Polyneumographs

. Electropsychometers
- Electroretinographs
Electrosedative Generators
Electroshock Machines
Electrosurgical Units
Fluoroscopes

Gastromanometers

Heart & Brain Wave Analyzers
Hemoglobinometers

lonization Therapy Equipment
Medical Audiometers
Neurostimulators

Oximeters

pH Meters

Phono Electrocardioscopes
Photoelectric Hemoglobinometers
Photoelectric Plethysmographs
Pneumotachographs
Psychogalvanic Reflex Indicators
Psychogalvanometers
Sanguinometers

Scintillation Counters & Detectors
Stethographs & Stethophones
Sudomotometers

Surgeon’s Metal Locators
Thermostromuhr Apparatus
Ultrasonic Therapy Units

X-Ray Diagnosis & Therapy Units
X-Ray Intensity Meters

METEOROLOGY
Acoustic Anemometers
Cloud Height Measurement
Equipment
Computers
Electronic Psychrometergraphs
Flood Warning Systems
Hygrometers
Radar Storm Warning Equipment
Radioactive Snow Gages
Radiosondes, Rawinsondes
Rotating-Beam Ceilometers
Sunspot  Noise Measurement
Equipment
Water-Level Telemetering Units
Wind-Finding Radar Systems
Wind-Run Indicators

NUCLEAR PHYSICS
Atomic Clocks
Betatrons, Bevatrons
Capacitrons
Cosmotrons
Counting Rate Meters
Cyclotrons
Electrometers
Electrostatic Generators
Geiger Counters
lonization Chambers
Linear Accelerators
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Omegatrons

Proportional Counters

Proton Synchrotrons

Radiation Meters

Remote Television Manipulators
Scalers

Scintillation Counters
Synchrocyclotrons

Synchrotrons

OCEANOGRAPHY
Echo Depth Recorders
Hydrographic Surveyors
Iceberg Detection
Ocean Depth Indicators
Ship-to-Shore Radio
Underwater Gaussmeters
Water Height Recorders
Wave Pressure Recorders

PHYSICS
Absorptiometers
Bolometers
Densitometers
Electrometers
Electron Micromanometers
Electroscopes
Infrared Spectrometers
Mass Spectroscopes
Microwave Spectroscopes
Photoelectric Interferometers
Photometers
Pyrometers
Radiometers
Scintillation Spectrometers
Spectrophotometers
Thermopiles
X-Ray & Radiology Equipment

Military

ACOUSTICS
Echo Ranging Sonar
Hydrophone Equipment
Sonobuoys

FIRE CONTROL

Control Systems
Gun Ranging Systems

MINES
Acoustic Mines
Degaussing Equipment
Detectors
Detonators

NAVIGATION
Bombing Systems
Flight Simulators
Loran
Sofar Systems
Navigational Aids
Naval

ORDNANCE
Gun Barrel Crack Detectors
Projectile Velocity Measuring
Equipment

YN
b=

Ordnance . .

Acoustics

Radar .
Fire Control
Radio - -

Mines

"

Remote Control

Navigation

Special Devices

MILITARY
Ultrasonic Rocket-powder inspec-
tion

RADAR
Anti-Jamming Equipment
Automatic Tracking
Defense Systems:
Air Interception
Ground-Controlled Interception

Gun Directors

Height Finders

IFF Systems

Jamming Devices

PPl Repeaters

Search Systems

RADIO
Airborne Communication Systems
Anti-jamming Equipment
Ground Communication Systems
Jamming Devices
Radio-Controlled Drones
Radio-Controlled Tanks
Shipborne Communication

REMOTE CONTROL
Guided Bomb Controls
Guided Missile Controls
Rocket Controls
Searchlight Controls
Telemetering Systems
Torpedo Control Devices

SPECIAL DEVICES
Countermeasure Devices
Electronic Code Machines
Homing Devices (target seekers)
Proximity Fuzes:

Rescue Devices
Sniperscope & Infrared Devices

Some items of electronic equip-
ment such as tube testers, vtvym’s and
so forth are used under every classi-
fication and have therefore not been
listed—The Editors.
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Operator merely sets dial fo desired micromicrofarads per foot

Insulated conductor emerging from capacitance-sensing electrode

Controlling Extrusion

UMMARY — Capacitance of expanded plastic insulation on wire is main-

tained constant by running output of extruder through liquid electrode con-

nected into a-c bridge circuit. Associated control circuit acting with servo

varies wire speed to achieve uniform product

By R. D. GAMBRILL

Development Engineer
Western Electric Co., Inc.
Baltimore, Md.

N THE MANUFACTURE of telephone
Icables, capacitance to ground,
equal capacitance of a pair of wires
to other pairs as well as uniform
distributed capacitance to the cable
sheath are important to minimize
interferences to transmission.

The capacitance between the
metallic conductor and the outside
of the insulation of the individual
conductors should be held as con-
stant as possible. With sclid dielec-
trics, the diameter of the insulation
is quite precisely related to the
capacitance so that either diameter
or capacitance gaging may be used.

With the new expanded plastic
insulations, however, neither di-
ameter nor weight measurements
or a combination of these two have
a suitably precise relationship to
capacitance because the percentage
of gas and the size and distribution
of the gas cells are factors in de-
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termining capacitance. It was nec-
essary, therefore, to develop a
means of continuously measuring
the conductor capacitance and auto-
matically controlling the extrusion
of the expanded plastic insulation
to hold capacitance within limits.
The system used, shown in Fig.
1, utilizes a special sensing probe
as one arm of a capacitance bridge
which is normally balanced with
respect to a 10-kc oscillator signal.
The oscillator output is then com-
pared with the bridge unbalance
on an oscilloscope and in a mixer
which defermines the directional
error. The output of the mixer is
amplified to control a servo-motor-
driven rheostat, which in turn
controls a variable-speed drive me-
chanically coupled to the wire-pull-
ing capstan. The speed of the wire
as it leawes the extruder is varied
to hold capacitance within limits.

Details of Circuit

The measuring circuit consists of
an equal-ratio-arm bridge with os-
cillator and detector connected

www americanradiohistorv.com

across the diagonals of the mesh.
The sensing electrode is conrected
across one of the lower arms and
a calibrated variable capacitor is
connected across the opposite arm.
Two conductance arms comprise
the remainder of the bridge.

The sensing electrode is a meas-
ured length of special water trough,
permitting water to make contact
around the periphery of the insula-
tion to form one side of the un-
known capacitor. The metallic
conductor is grounded at the ex-
truder wire supply stand to form
the other side. The oscillator is a
phase-shift type utilizing a single
6AU6. A 6L6 beam-power tube
steps up oscillator power to the re-
mainder of the circuit through a
transformer.

The output from this transformer
feeds directly to the bridge and to
the d-c bias control, and feeds
through a phase-shifting network
to a grid of the 6J6 mixer tube
and to the X-amplifier of the cath-
ode-ray oscilloscope.

By deriving all of these voltages
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FIG. 1-—Method of measuring and controlling wire capacitance

FIG. 2—Capacitance-sensing circuit used to drive servo amplifier

of Foam Plastic on Wire

from the oscillator, the effect of
variations in oscillator voltage is
minimized. When an unbalance in
the bridge occurs, the voltage ap-
pears across the primary winding
of the bridge transformer and is
stepped up by the transformer and
fed to a second grid of the 6J6
mixer tube and also to the Y-ampli-
fier of the cathode-ray oscilloscope.

The output of the mixer will then
be the algebraic sum of the in-
stantaneous oscillator and bridge
unbalance voltages, so that there
will either be an increase or de-
crease in the a-c component of the
6J6 plate current, depending on the
direction of bridge unbalance. This
a-c component is then rectified by
crystal diode V, to provide a d-c
signal to ground. This d-c voltage
is biased by another d-c signal
which is derived by rectifying a
portion of the oscillator voltage
through crystal diode V, and ap-
plied across a 200-ohm potentiom-
eter in series with a 5,000-ohm
variable resistance. These latter
two resistances were initially ad-
justed until the voltage across the
10,000-ohm converter input resistor
was zero with the bridge balanced.
Then the voltage across this 10,000-
ohm resistor will be positive for one
direction of unbalance and negative
for the opposite direction of unbal-
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ance. Any bridge unbalance will
then result in a polarized d-c signal
being fed into the standard con-
verter servo amplifier, so as to
energize one phase of a two-phase
servo motor and thus cause the
motor to run in one direction if
high capacitance is indicated and in
the opposite direction for low ca-
pacitance.

The servo motor drives a rheostat
through a gear reduction and a slip
coupling so as to vary the grid

voltage of a control tube in a vari-

able-speed drive to change the
speed of the take-up capstan motor.

The X-amplifier of the cathode-
ray oscilloscope is fed a voltage
derived from the oscillator shifted
in phase to give a horizontal line
when the bridge is balanced and to
point upward or downward, depend-
ing upon the direction of unbalance.
Should any failure of the insulation
occur, the oscilloscope will show an
elliptical pattern.

Since the indicator and controller
circuits are substantially independ-
ent of each other, the indicator pro-
vides a continuous check on the
controller operation and informs
the operator as to when automatic
operation may be begun after start-
ing.

All of the panels of the capaci-
tance indicator-controller are elec-

trically interconnected by means of
plugs and jacks so that the panels
may be readily removed and re-
placed with spares should any fail-
ures develop.

Operating Procedure

The extruder is started and the
capacitance indicator-controller is
turned on, with the AUTOMATIC-
MANUAL control in the MANUAL
position. The dial of the calibrated
capacitor is set to the desired num-
ber of uuf per foot and the manual
controls of the extruder are oper-
ated until the horizontal line pat-
tern is indicated on the oscilloscope.
The AUTOMATIC-MANUAL control is
then switched to AUTOMATIC, con-
necting in the second-phase winding
of the servo motor so that capaci-
tance will be automatically con-
trolled. Should anything develop
within the process to cause the con-
troller rheostat to run to its maxi-
mum position, the slip coupling will
function and a cam will operate a
switch to light a panel lamp, calling
the operator’s attention to the con-
dition so that he may take the
proper corrective action. A dial is
provided on the front of the panel
to indicate the position of the rheo-
stat to the operator; under normal
operating conditions this dial will
indicate only limited variations.
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Silicon

Power Rectifiers
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THE FRONT COVER—Single power rectifier
cells undergoing tests appecr as shown here

before and after mounting

Four-unit full-wave bridge assembly shown approximately actual size at left. Low-
current full-wave double.diode assembled in potted case at right occupies only Va

cubie inch

UMMARY ——— Tiny single-cell units having large-area alloy-type junc-

tions give up to 98 percent efficiency at 400 v peak inverse voltage, permitting

construction of miniature rectifiers operating directly from a-c line at ambient

temperatures up to 125 C. Low inverse currents improve sensitivity and stabil-

ity in magnetic amplifier applications

HEORY SHOWS that silicon rec-
tifiers can operate at current
densities 1,000 times higher than
those customary with copper-oxide
and selenium rectifiers, and with
much better forward and inverse
characteristics. This promise of im-
proved practical devices has been
realized in new silicon power rec-
tifiers having alloy-type junctions.
Present production of the silicon
power rectifiers described here has
been concentrated on units designed
for currents of 100 ma to 1 amp and
inverse voltage of 100 to 600 v. The
400-v cells, which thus withstand an
inverse voltage of 135 v rms each,
can be operated directly from the
117-v power line with either induc-
tive or capacitive loads and filters.
Dry-disk rectifier cells such as
selenium are excellent for ratings
up to about 36 v rms. Thisis equiv-
alent to about 100 v d-c inverse
voltage. Such units must be con-
siderably derated above 85 C, how-
ever, and have short life under these
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conditions. Customarily 5 to 6 cells
are put in series to provide a 135-v
rms rectifier stack, and these have
forward voltage drops 5 to 6 times
the value of a single cell, with effic-
iencies of around 7Q percent.

Germanium power rectifiers have
shown many advantages at room
temperature, where they have good
forward and inverse characteristics.
However, it is difficult to manufac-
ture single cells with peak inverse
voltages exceeding 65 v rms. Ger-
manium power rectifiers must be
considerably derated above 55C,
and generally cannot operate above
75C at any power level. In contrast,
the silicon rectifiers here described
will handle useful power levels at
125C and will, with further develop-
ment, be capable of cperating at 200
C. Other silicon rectifiers, not yet
in quantity production, can operate
at currents of hundreds of amperes
or at voltages up to several thousand
volts.

The heart of the new rectifier is

www_americanradiohistorv com

a wafer of single-crystal silicon less
than %-inch square, having contacts
fused to either side. As shown in
Fig. 1, one side of the silicon wafer
has a fused aluminum alloy contact.
This provides the semiconducting
barrier which determines the prop-
erties of this junction rectifier. A
soldered contact is made to the other
side of the silicon wafer, the sand-
wich is soldered to a copper base
and an anode lead is attached to
the aluminum. A Kovar hermetic
seal is placed over the copper base
and the unit is sealed together.
Hermetic sealing has been found
preferable to plastic filling, as the
slightest contamination can give
leakage currents. In fact, unless
the unit is very carefully cleaned,
washed and dried during process-
ing, the minute leakage due to con-
tamination would provide shorter
life than the thousands of hours to
which such units have already been
subjected.

Since the copper base provides
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for A-C Line Operation

Complete miniaturized power supply,
with single silicon rectifier cell on top.
Equivalent dry-disk stack is at right

By GUNTHER RUDENBERG

Director of Research and Development
Transitron Klectronic Corp.
Melrose, Massachusetts

heat conduction in addition to serv-
ing as the cathode connection to the
silicon, the base should be mounted
firmly either on a chassis or a
bracket. This can be done by means
of thin, large-area mica insulators,
arranged as in Fig. 2. These mica
washers offer a low resistance to
the flow of heat but are excellent
electrical insulators. Alternately,
a cooling fin may be mounted on the
stud projecting from the copper
base to provide for convection cool-
ing.

Electrical Characteristics

The 1N341 silicon power rectifier
has been designed for power appli-
cations in medium-powear rectifiers
and in magnetic amplifiers, as
shown in Fig 3. The forward char-
acteristics are relatively unaffected
by temperature in the useful
medium-current and high-current
ranges, where the voltage drop is
a few volts at an ampere. Only at
very low currents is the effect of
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temperature appreciable. In most
cages this amounts to a forward
drop reduced by 22 mv for every
10C rise in temperature.

At currents in the 1 to 10-amp
range, the forward characteristics
vary among units. Some show a
slight rise of forward resistance
due to the increase of resistivity
with increase in temperature.
Others show a reduction of forward
resistance due to an increase of in-
jection depth at the junction at in-
creased temperatures. No aging of
the amount experienced with dry-
disk type rectifiers has yet been
found on these silicon rectifiers.

The inverse characteristics show
clearly one outstanding feature of
all silicon rectifiers, namely, the
increase of breakdown voltage
with increased temperature. This
amounts to a 10-percent increase
in brezkdown voltage for a 100C
increase in temperature, which is
more than sufficient to allow the
same peak inverse voltage ratings
for a hot rectifier as for operating
at room temperature. The fact that
the peak inverse voltage does not
have to be reduced with increasing
temperature is an important prac-
tical property of silicon power recti-
fiers. The absence of any appre-
ciable inverse leakage current
increases the posible output voltage

KOVAR

- ALUMINUM

SILICON
-SOLDER

< J
~ COPPER BASE
“(CATHODE)

THREADED
MOUNTING
SCREW —— 7«

FIG. 1—Cross-section of new hermetic-
ally sealed silicon power rectifier cell.
Diameter is only Y2 inch

in rectifier applications.

The inverse currents of good sili-
con devices are extremely small, but
increase exponentially with temper-
ature. The initial inverse currents
at room temperature are the order
of fractions of a microampere, so
that even at 125C, many units show
inverse currents less than 100 pa
at inverse voltages of several
hundred volts. Such leakage cur-
rents are small enough to be com-
pletely negligible for rectifiers oper-
ating at a 100 to 1,000-ma level.

Certain types of silicon power
rectifiers, such as the type 1N332,
carry additional specifications on
the averaged inverse current. Such
specifications would be preferable
for applications such as magnetic
amplifiers, where maximum inverse
current determines the limits of
amplifier stability and gain.

Rectifier Applications

With a bridge circuit comprising
four type 1N3438 300-v rectifier cells
operating directly from the 115-v
a-c line, the no-load, unfiltered out-
put voltage of 102 v drops only to
97 v with a 1-amp load and to 94 v
at 2 amp, as shown in Fig. 4. The
peak voltage drop from the bridge
is thus quite small, so that the regu-
lation due to the rectifier bridge is
excellent. With practical filter cir-
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FIG. 2—Cell may be mounted directly
on chassis as at left or on bracket
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FIG. 3—Voltage-current characteristic
of typical 1N341 unit at different am-
bient temperatures
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FIG. 4—Output voltage of bridge circuit
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cuits and transformers, however,
the internal resistance of the trans-
former and filter choke would result
in an additional voltage drop.

Of considerable interest for di-
rect line voltage operation are the
half-wave rectifier of Fig. 5 and
the voltage doubler of Fig. 6, using
type 1N341 units. In both cases the
rectifier output approaches the
theoretical ideal for a high-capaci-
ance capacitor-input filter. The in-
ternal resistance of these silicon
power rectifiers is so low that a
surge-limiting resistor (5 to 15
ohms) must be placed in series with
the power source to reduce capacitor
surge currents to safe values when
the rectifier is switched on.

Heat Sink Mounting

The electrical efficiency of silicon
rectifiers is extremely high, even at
low current levels. This is due to
the almost complete absence of in-
verse dissipation at voltages below
the peak inverse voltage. Figure 7
shows the efficiency of the rectifier
in an unfiltered single-phase bridge
circuit as a function of rated load
current. Even at rated currents
of the order of 1 amp where 100
watts of output power are supplied,
the efficiency is still as high as 94
percent. This means that the units
in the bridge circuit of Fig. 4 dis-
sipate 6 watts, or 1.5 watts each,
and it is necessary that this power
be conducted through the copper
base of the silicon unit without
exceeding the maximum junection
temperature of 150C. For a unit
of such small physical size, this
requires that it be mounted on a
good thermal conductor such as
an aluminum chassis of reasonable
area, or on a well-designed fin to
provide adequate convection.

Various mounting alternatives
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FIG. 5—Regqulation characteristic of
half-wave arrangement

have been developed to provide ade-
quate cooling for such rectifiers.
Properly mounted, a bridge circuit
can supply loads of 100 watts even
at ambient temperatures as high as
125 C. Proper mounting of the sili-
con power rectifiers is a thermal
problem which closely affects the
electrical dissipation permissible
with these rectifiers.

An idealized maximum power rat-
ing has been determined which re-
fers to the rectifier mounted on
what is called an infinite heat sink.
This means a plate of large thermal
conductivity held at the ambient
temperature referred to by means
of any satisfactory cooling method
such as an air blast or a liquid.
Under these conditions the rectifier
will dissipate a power determined
by the outside case temperature
(the same as that of the infinite
heat sink) and a maximum allow-
able junction temperature, in this
case 150C,

Since the internal temperature
drop of 1N341 silicon power recti-
fiers is well under 10 degrees per
watt, a derating curve as shown in
Fig. 8 is readily obtained. This
curve shows the absolute maximum
power dissipation permissible as a
function of case temperature.

For use with practical dissipat-
ing structures, such as fins or
brackets or direct connection to a
chassis, the thermal power con-
ducted away by such a mounting
structure under the external ambi-
ent conditions will set the rectifier
case temperature and therefore the
internal dissipation allowable for
each condition.

An L bracket used with mica
washers on a #-inch-thick aluminum
chagsis 6 inches square reduces the
ratings to one-half. The thermal
resistance of the bracket is 6 deg

FIG. 6—Requlation of voltage-doubler
arrangement using capacitor-input filter

per watt, and that of the chassis is
4 deg per watt. However, when
maximum power output is required,
it is usually better to design a
thermal path and heat sink best
suited to the application. The
thermal resistance of the mounting
structure in degrees per watt is
added to the thermal resistance of
the rectifiers, and from this the per-
missible power rating is obtained
for an allowed junction temperature
rise to 150 C.

Production Test Method

Assembled rectifiers are meas-
ured for direct current specifica-
tions and temperature-tested. It
seemed desirable to set up a load
test which could regularly be used
as a production test on completed
rectifiers. However, even at pres-
ent production rates, simple load
resistors would absorb considerable
power, all of which would be dissi-
pated as heat.

A simulated load test has been
developed with a synchronous
switch operating from the 60-cycle
power line. During half of the 60-
cycle alternating current, forward
voltage is supplied to the rectifier
under test as shown in Fig. 9, from
a low-voltage high-current trans-
former, and the average load cur-
rent is measured on an ammeter.

During the second half-cycle, this
forward transformer is switched off
and inverse voltage 1is applied
through the same switch from a
high-voltage, low-current trans-
former. The inverse characteristic
is generally observed on an oscil-
loscope, although it could readily be
measured on other test instruments.
As a result, the two transformers
need supply only the internal losses
of the rectifier, yet the load tester
simulates a high-power resistive
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FIG. 7—Variation of efficiency with
rated current for full-wave bridge

load of specified forward current
and inverse voltage. Both these
parameters can be separately ad-
justed by autotransformers and are
set to the specifications of the
various units of rectifiers in produc-
tion.

In addition to these tests, some
life tests have been in progress since
the first units were manufactured
over a year ago. Circuits using
capacitive filters have been switched
on and off every day in order to de-
termine the life of the rectifier cells
under normal operating conditions.
A miniaturized rectifier employing
a half-wave circuit with a 50-uf
filter capacitor has been in opera-
tion for over a year, supplying
120-ma output current.

Magnetic Amplifier Applications

The extremely low inverse cur-
rents up to nearly the full break-
down voltage make this silicon
power rectifier attractive for mag-
netic amplifier applications. A self-
saturated magnetic amplifier uses a
pair of rectifiers in a positive feed-
back circuit, so that the leakage cur-
rent of these rectifiers is equivalent
to a signal or control current. The
sensitivity and stability of such
a self-saturated magnetic ampli-
fier can be limited by the maximum
rectifier leakage currents.

For silicon power rectifiers oper-
ated somewhat below their inverse
breakdown voltage, this leakage cur-
rent amounts to only a few micro-
amperes at excursions of several
hundred volts. Considerably im-
proved performance can be obtained
from magnetic amplifiers utilizing
these silicon power rectifiers. As
the forward and inverse character-
istics of the 1N341 are specifically
designed for 117-volt power sup-
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plies, the 1N333 through 1N340 are
more suitable if low inverse leakage
currents are important,

Conclusion

The d-c characteristics of new
silicon power rectifiers show minute
leakage currents and high inverse
voltages. The inverse voltage
ratings allow direct operation of a
single cell from 117-volt a-c lines
even with capacitive loads at am-
bient temperatures up to 250 F or
125 C.

Junction temperatures of 150 C
are practical. Typical units rated
for 135-volt maximum rms a-c input
will deliver 150 ma in half-wave
connection to capacitor-input filters
at 125 C. Similarly a typical bridge
circuit will deliver 800 ma to a
choke-input filter at 125 C or 1.5
amperes at room temperature.

Performance data on rectifier cir-
cuits, such as voltage doublers,

choke input rectifiers and bridge

circuits, show excellent regulation
due to low internal resistance of
the silicon rectifier cells, and due
also to the fact that a single cell,
rather than a large series stack, is
used. With rectifiers of such low
forward voltage drop, some surge
current protection is needed for di-
rect line voltage operation. A few
ohms of source or filter impedance
are generally sufficient, so that this
restriction does not affect regula-
tion with capacitor-input filters.
With choke-input filters, regulation
is excellent,

Both series and parallel operation
of these rectifier cells is feasible.
Series operation is safe because the
sharp voltage breakdown character-
istic prevents over-volting one of a
series of units. Parallel operation
requires a slight selection of units

FIG. 9—Production test circuit for silicon
power rectifiers

to avoid serious unbalance of cur-
rent between paralleled units.

Rectifier test methods have been
devised to allow testing silicon
power rectifiers on the production
line at full rated cell power without
dissipating ten to fifty times that
power into a resistive load. The
test circuit applies separate forward
and inverse voltages and currents to
simulate operation at full power
output. Cooling problems are
solved in many cases by chassis
mounting through a copper stud. In
other cases finned units can be air-
cooled from a blower, or convection-
cooled in still air. In all cases, the
high efliciency of these rectifiers re-
duces the surface required for cool-
ing over that required for less
efficient rectifiers supplying similar
loads.

Operation of the power rectifiers
in electronic equipment having high
ambient temperatures requires con-
siderable care to provide for ade-
quate dissipation of the power
losses in the rectifiers. Some in-
crease of the 125C rating is possible
for room temperature operation.
The peak inverse voltage can be
kept at full value throughout this
temperature range. Since the dif-
ference between the ambient
temperature, the rectifier case
temperature and the internal recti-
fier junction temperature becomes
important above 100C, tight me-
chanical and thermal contact and
good heat flow must be designed into
each application.

The rectifiers described here have
been developed by Transitron Elec-
tronic Corp. Certain types are be-
ing perfected to military specifica-
tions for the Signal Corps Supply
Agency of the United States De-
partment of the Army.
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Precision Calibrator

By R. DONALD SINISH

Staff Engineer
Farnesworth_ Electronics Co.
Fort Wayne, Ind.

Top view of radar range cabbrator shows quartz-crystal delay line at lower left in

temperature-controlled oven.

ADAR RANGE is perhaps the most
R accurate information that can
be obtained from present radar
systems. In system calibration, ex-
treme precision of the test equip-
ment for measuring range is a
necessary requirement. The radar
range calibrator described in this
article was developed to fulfill the
need for a precision instrument and
differs from previous designs. It
includes internal circuits to allow
the range calibration of beacon
function in navigational radars as
well as ordinary radar circnits.

The range calibrator operates es-
sentially as a transponder. Input r-f
pulses from the radar being cali-
brated are introduced either by con-
nection to the directional coupler on
the radar system or using the ex-
ternal pickup horn included in the
test set. For each input pulse fed
into the calibrator, a series of r-f
pulses is fed back to the radar
system., They are displayed as a
series of artificial targets whose
range is accurately contrclled. In
normal radar operation, the return
pulses are at the same frequency
as that of the radar transmitter. In
beacon operation, the retnrn pulses
are at the nominal 9,310-mc fre-
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Radio-frequancy head end at center

quency of X-band radar beacons.

The test equipment was designed
to be operable with pulsed radar
sysfems in the X band, having peak
power outputs ranging from 5 to
250 kilowatts, pulse widths from 0.3
to 3.0 microseconds and pulse repe-
tition rates from 300 to 3,000 pulses
per second. Maximum input r-f
power required for guaranteed ac-
curacy is 35 microwatts average.
At this input power level, the re-
turn r-f pulses are within 200 ke
of the input r-f frequency and the

beacon return is within =2 me of
9,310 me.

The block diagram of the range
calibrator is shown in Fig. 1. Micro-
wave energy is introduced into
the input waveguide. A portion of
this power is taken through a 30-
db directional coupler and intro-
duced into the afc mixer where it
is combined with the output of
the radar local oscillator. The
radar local oscillator is tuned 40
me below the input radar fre-
quency.

Unit Functions

A variable 65-db attenuator per-
mits setting level of the input radar
r-f power to the afec mixer to pre-
vent saturation of the mixer crys-
tals. The two mixer crystals are
types 1N23C and 1N23CR. Use of
the reversed-polarity crystal per-
mits a push-pull input to the radar
afc chassis with the same con-
figuration of the ecrystal holders.

The afc chassis generates the afe
error voltage to maintain the fre-
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FIG. 1—Overall interconnection of range calibration equipment
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Checks Radar Beacons

UMMARY

Radar-ranging and beacon-return effectiveness depend upon

pre01s10n of field calibration. Portable equipment now checks range accuracy

+5 yards. Spacing between subsequent calibration pulses is +2 yards.

Circuits include ultrasonic quartz-crystal delay. phantastron sweeps and stagger-

tuned amplifiers for testing

X-band radar

quency of the radar local oscillator
40 mec below the input r-f frequency
and also furnishes the 40-mc pulse
to the ultrasonic delay line. The
delay line produces a series of echo
pulses, the first pulse occurring at
the approximate one-way delay of
the line, with subsequent pulses
occurring at intervals of approxi-
mately twice the one-way delay of
the line. This series of 40-mc pulses
is amplified in a broad-band 40-mc
amplifier and fed to a 1N23C crystal
in the modulator mixer.

Also fed to the modulator mixer
is the c-w output of either the radar
or beacon local oscillator. The mix-
ing action is such that r-f pulses are
fed from the mixer, through the t-r
tube and back to the radar under
calibration. This form of modula-
tion results in two frequencies of
output pulses, the frequency of the
local oscillator plus and minus 40
me. As the local oscillator is held 40
mec below the input radar, one pulse
output is at the same frequency as

the radar while the second pulse
output is 80 mc below.

On beacon operation, the radar-
beacon waveguide switch allows
only the beacon local oscillator out-
put to be injected into the modula-
tor mixer. The beacon local oscil-
lator is held by the beacon afc
circuits to a nominal frequency of
9,350 mc or 40 mc higher than the
X-band beacon frequency. The re-
sultant r-f output pulses from the
modulator mixer are thus at 9,310
me and 9,390 mec.

R-F Assembly

Balanced magic-T mixers are
used throughout the assembly. A
solenoid-operated shutter in the in-
put waveguide section provides 40-
db insertion loss to protect the
mixer crystals when the range cali-
brator is not in operation. A second
attenuator in the input afc arm,
has a range of 0 to 65 db to set the
level of the sampled input radar
pulse to the afc mixer. This control

is required when the range calibra-
tor is used with high-power radars
to prevent crystal-mixer saturation
with subsequent loss in fidelity of
the output pulse from the range
calibrator. The sampled input radar
pulse is fed to the E-plane arm of
the afc mixer while the c-w output
of the radar local oscillator is fed
into the H-plane arm of the afc
mixer. The two mixer crystals are
mounted in the symmetrical arms of
the mixer. The resultant 40-me out-
put pulses from the mixer crystals
are connected by coaxial cables to
the radar afe chassis.

The radar local oscillator output
power is fed into the H-plane arm
of a modified magic-T mixer. A
0-to-20 db attenuator sets the out-
put-power level. The symmetrical
arms of this mixer are connected to
the afec mixer and radar-beacon
switch.

The radar-beacon switch contains
a movable vane loaded with poly-
iron. Tts mechanical action is such
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FIG. 3—Beacon automatic frequency control employs Wien-bridge oscillator

that in the radar position, c-w
power from the radar local oscil-
lator is fed to the modulator mixer.
In the beacon position, the vane is
switched to present a terminating
load to the radar local oscillator and
at the same time permits ¢-w power
from the beacon local oscillator tube
to be fed to the modulator mixer.
The 30-db isolation provided by this
shutter prevents interaction be-
tween the radar and beacon local
oscillator tubes.

As a further precautionary step,
when the range calibrator is in
radar operation, the repeller of the
beacon local oscillator is returned
to —300 volts which prevents the
tube from oscillating. Removal of
the —300-volt potential by the
action of the radar-beacon switch
permits instant operation of the
beacon local oscillator tube with no
additional warm-up time.

The modulator-mixer is a bal-
anced magic T with the two 1N23C
crystals mounted in the symmetrical
arms. Local-oscillator power is fed
into the H-plane arm while the out-
put signals resulting from the mix-
ing action are transmitted out
through the E-plane arm. The 40-
mc pulses are applied to one of the
crystals. The second crystal allows
for external modulation. This al-
lows the use of either sine wave,
square wave or noise modulation of
the output pulses. It may also be
used when it is desired to use the
range calibrator to produce a simu-
lated one-way target signal in con-
junction with an external pulse
generator. A type 1B63A t-r tube
is used to protect the modulator-
mixer crystals from burnout by
high-level input radar pulses.

The beacon local oscillator feeds
into a modified magic-T mixer to
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split the output power, one portion
of which goes through the radar-
beacon switch to the modulator
mixer, the other part going to the
9,350-mc beacon reference cavity.
Normal frequency tolerance is =0.3
mc while the maximum deviation
from nominal over the temperature
rangeis =0.4 me. A 1N23C crystal
detector is used with the cavity to
feed input error signals to the bea-
con afc chassis.

Radar AFC

The radar afc employs the basic
phantastron sweep type of auto-
matic frequency control shown in
Fig. 2. The two input pulses from
the afc mixer are combined in a
broad-band degenerative pi network
and fed to the grids of the cathode
follower V., and the first i-f ampli-
fier V.. The cathode follower is
used to drive the ultrasonic delay
line. It has a gain of approximately
0.8 and an overall bandpass of 20
mc centered at 40 mc. Tubes V,
and V, are in conventional i-f
amplier stages, used to feed the
Weiss discriminator V, and associ-
ated circuits. Tunable coil L, is
used to adjust the crossover fre-
quency of the discriminator to 40
me, while L, balances the diserim-
inator output.

The positive-going peak of the S
curve occurs at 38.4 mec while the
negative-going peak occurs at 41.6
mc. To prevent overload of the i-f
amplifier stages, age voltage is de-
rived from the negative-going por-
tion of the discriminator curve.
This voltage is amplified in one sec-
tion of V, and applied to the second
section, which operates at fixed bias.
When the amplified voltage is suf-
ficient to overcome the bias, age
voltage is developed across C,. After

filtering it is applied to the erids
of the two i-f amplifier stages.

Phantastron Circuits

The output of the discriminator
is fed to a direct-coupled inverse-
feedback-pair video amplifier V..
This amplifier has a high gain at
low signal levels and low gain at
high signal levels to furnish the re-
quired dynamic range. The ampli-
fied video signals are connected to
a peak-limiting amplifier, one sec-
tion of V,. The second section of
V. is used as the stopper tube for
the phantastron V,. The negative-
going signal at the output of the
limiter tube is connected to the
cathode of the stopper tube. Stop-
per tube action charges C, nega-
tively. After filtering, the negative
charge is applied to the input grid
of the phantastron.

The phantastron operates as a
free-running saw-tooth oscillator at
a frequency of approximately 2
cycles a second. This saw-tooth
sweep voltage is applied to the re-
flector control of the radar local
oscillator tube, where the frequency
excursion due to the saw-tooth volt-
age is approximately 60 mec. A
control is provided to set the d-c
level on the reflector.

The bias voltage from the stopper
tube effectively lowers the trans-
conductance of the phantastron to
the point where it stops sweeping,
at which point the phantastron acts
as a d-c amplifier maintaining the
correct d-c level of the radar oscil-
lator. When the afc-manual switch
is in the manual position, a poten-
tial of —300 volts is applied to the
screen of the phantastron to pre-
vent sweeping. At the same time,
the d-c level of the plate of a thy-
ratron is set to its average sweep
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FIG. 4—Amplifier for 40-mc pulse compensates losses in delay line

level by the bleeder network of R,
and R., thus allowing the same ex-
ternal control to be used in both afc
and manual operation.

Beacon AFC

An absolute-frequency type of
afc is used to maintain the beacon
local oscillator at 9,350 me, the fre-
quency of the beacon reference cav-
ity. Again, a phantastron-type
sweep circuit is employed. A 10-
ke signal is superimposed on the
sweep voltage and slope detection in
the cavity is utilized to furnish the
afc error voltage. The circuits are
shown in Fig. 3.

Tube V, and its associated cir-
cuits serve as the phantastron. The
saw-tooth voltage output, modulated
with 10 ke, is applied to the repeller
of the beacon local oscillator, thus
causing the output frequency of the
local oscillator to sweep through the
frequency of the beacon reference
cavity. The sweep frequency is ap-
proximately 13 cycles and the total
sweep excursion of the local oscilla-
tor is approximately 50 mec. As the
beacon local oscillator is preset to
one frequency, no external controls
for this local oscillator are required.
Internal adjustments consist of R,
to set the d-c level of the reflector
and an internal attenuator to set
the injection level.

Tube V., comprises the 10-ke
Wien-bridge oscillator. The 10-ke
modulating voltage is taken from
the cathode of V. and coupled
through C; to the beacon local oscil-
lator sweep voltage. A 10-kc refer-
ence voltage is taken from the plate
of V, and fed to the second grid of
coincidence tube V.. Capacitor C,
and resistor R, comprise a phase-
shift network to correct for the
phase difference between the cur-
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rents in the plate and cathode resis-
tors.

The resulting frequency-modu-
lated output of the beacon local os-
cillator is fed through the beacon
reference cavity which has a mini-
mum Q of 1,500. By slope deflec-
tion in the cavity, the frequency-
modulated output is converted to
amplitude-modulated power, with
the phase of the 10-kc amplitude
modulation reversing as the local-
oscillator frequency sweeps through
the cavity resonant frequency.
When the beacon local oscillator fre-
quency is higher than the cavity
frequency, the 10-ke modulation is
in phase with the cavity output.

The 10-ke modulation is detected
in a 1N23C crystal and applied to
the 10-kec amplifiers in the beacon
afc chassis. The overall gain at 10
ke of the three stages is approxi-
mately 20,000. The amplified 10-kc
error signal is applied to the control
grid of the coincidence tube V..
When the 10-ke error signal and the
10-ke reference signal are in phase,
the coincidence tube conducts, dis-
charging C, through R, C, and C..
The voltage developed across R, is
rectified by V., and applied to C,
and R,. After filtering by R, and
C., this voltage is applied as bias to
stop the sweep action of the phan-
tastron.

Delay Line Oven

The delay line is a hermetically
sealed unilateral unit approximately
1 inch in diameter by 3 inches long.
The delay element is either Z
or X-cut quartz. Physical length of
the quartz determines the delay
through the line. A 40-mec trans-
ducer crystal is bonded to each end
of the delay bar, converting from
40 me r-f to ultrasonic waves and

back again to 40-me r-f pulses. The
input 40-me pulse from the cathode
follower of the radar afc is used to
shock-excite the delay line. The
first pulse is propagated through
the line and picked up by the output
transducer crystal. A portion of
the pulse energy is reflected back
through the line to the input trans-
ducer crystal where it is again re-
flected back to the output crystal.
This process is repeated until the
energy is dissipated.

The second and succeeding pulses
are spaced at intervals approxi-
mately twice the one-way delay of
the line. The total number of use-
ful pulses is in the vicinity of 15 to
20 depending on the particular
lengths of delay bar used. Each
succeeding pulse is of smaller am-
plitude than the preceding pulse,
thus effectively adding to the
realism of the pulse simulation of
remote radar targets. The band-
pass of the delay line is a minimum
of 12 me centered at 40 mc. The
insertion loss measured at the tenth
pulse is approximately 55 db down
from the input pulse.

Delay-Line Amplifier

The 40-mc amplifier necessary to
overcome the losses of the ultra-
sonic delay line consists of three
pentodes and a twin triode. The
circuit shown in Fig. 4 uses a stag-
gered-triple design followed by a
broadband grounded-grid amplifier
preceding the cathode-follower out-
put stage. The amplifier has a 10-
me bandpass centered at 40 me and
an overall gain of 37 db.

It was required to maintain the
inherent signal delay of the 40-mec
amplifier fairly constant over a
wide variety of input conditions
since this delay is the major portion
of the calibrated equipment delay.

Development and subsequent pro-
duction of this range calibrator was
done under Air Force Contract
AF33(604)-5819, J. J. Pokorny of
the Armament Laboratory, Wright
Air Development Center, Dayton,
Ohio, serving as project engineer
for the Air Force. Credit is also
due E. L. McDirmit, G. A. Richards,
R. A. Saxe, D. E. Fisher, R. W.
Harpel and L. D. Stewart, all of
Farnsworth Electronics, who parti-
cipated in the development of this
equipment.
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UMMARY —— Exact and accurate division of any frequency from sub-

audio to 450 ke by any whole number from 1 to 10,999, including prime

numbers, is accomplished by a direct-reading four-decade divider utilizing

binary counter circuits

By G. K. JENSEN and J. E. McGEOGH

Naval Research Laboratory, Washington, D, C.

D

IVISION by any integer includ-
ing prime numbers is accom-
plished by a direct-reading four-
decade frequency divider that does
not become frequency sensitive be-
low its upper operating frequency.
The actual division ratio may be

read directly from dial settings.

To simplify circuit explanation,

Fig. 1.

conduction by either section.

The divider uses triple coinci-

Four-Decade

a two-decade divider is shown in
Each decade contains four
bistable binary dividers in cascade.
Each divider consists of a double
triode connected so that one section
will conduct while the other is cut
off and a stable state will exist for

dence of positive signals from the
binaries to cause reset of the bi-
naries to a known starting polarity
at a selected count; the reset pulse
will occur at the desired division.

Division is accomplished by
counting the number of units digits
in the selected division ratio in a
triple-coincidence mixer called the
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FIG. 1—Block diagram of direct-reading two-decade divider, which contains circuits necessary for a four-decade unit
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Four-decade frequency divider showing use
of thousands decade (right)

Frequency Divider

variable mixer. This mixer is then
disabled and the decade will count
by ten in a second triple-coincidence
mixer called the fixed mixer.

Although both mixers are re-
quired in the input decade, only the
variable mixer is necessary in the
output decade. In a four-decade
divider, decades 1, 2 and 3 are iden-
tical to the input decade of a two-
decade divider. The last decade is
different regardless of the number
of decades. A pulse signal is fed
from the input to the output decade
after each group of ten input sig-
nals. The output decade counts the
number of these as indicated by the
tens digit of the division ratio and
resets the variable-mixer circuit of
the input decade.

Other decades, used as in a four-
decade divider, each contain both
variable and fixed mixers. Tables
I and II show the reset or reference
polarities and the resulting polari-
ties at subsequent input cycles for
the output and input decades. A
different reference polarity was
chosen for both input and output
decades.

Three positive binary plates,
which have not previously been
positive at the same time, may be
chosen for any count between one
and ten.

A selection was made for each
count of one through ten for both
types of decades; the selected plates
are encircled in Tables I and II.

Where the encircled plate is nega-
tive, amplifier inversion will pro-
duce a positive polarity at the
triple-coincidence mixer. Coupling
between binary plates and each in-
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of decade subchassis (left), underchassis view of input of units decade (center) and output

put of the mixer is made through
a selector switch so that the divi-
sion ratio may be selected from the
front panel. In the input-type de-
cade, one of the mixers is used for
division by ten only and therefore
the inputs are permanently con-
nected. This selection is shown in
Table II where squares enclose the
selected plates.

Division by 10 through 110

In a two-decade divider one
counting procedure applies for
division by ratios of 10 through 110
and a second for counts of one
through nine.

Division is accomplished by set-
ting the selector switch of each
decade to the desired ratio. Coinci-
dence at the input-decade variable
mixer will occur when the selected
number of units counts has been
reached. The mixer output result-
ing from coincidence will reset the
binary dividers to starting polarity
through loop 1 consisting of the
variable mixer, gate, variable one-
shot multivibrator, delay amplifier,
unidirectional coupler, binary reset
amplifier and binary reset keyers.

In the reset process the gate is
disabled and when the units count
again occurs no signal will pass
through loop 1 to reset the binaries;
hence they will continue until the
tenth pulse following reset by
loop 1.

Coincidence then occurs in the
fixed mixer, which resets the units
binaries through loop 2, consisting
of fixed mixer, fixed one-shot multi-
vibrator, fixed output amplifier,
unidirectional coupler, binary reset

amplifier and reset keyers and pro-
vides a signal to the input of the
next decade.

The units decade continues to
provide one output pulse for every
ten input pulses and the units
binaries are reset after each group
of ten through loop 2 until a master
reset signal is derived from the
second decade.

The switch selection of the out-
put decade determines the number
of input pulses at which coinci-
dence occurs in the variable mixer
of this decade. At coincidence, the
binaries of this decade are reset
through loop 3, which consists of
the variable mixer, master one-shot
multivibrator and reset keyers.

Simultaneously, the one-shot-mul-
tivibrator output resets the units-
decade gate through mauaster reset
loop 4, which contains master re-
set amplifiers 1 and 2 and the
gate reset keyer. This returns the
gate to starting condition. The two-
decade divider will continuously re-
peat the cycle to provide continuous
division by the selected ratio.

Division by T through 9

An additional switch in the out-
put decade is required for division
by numbers less than 10. The units
decade operates in the predescribed
manner and coincidence occurs in
the variable mixer at the selected
count. The signal, however, not only
resets the binaries through loop 1,
but also provides a signal through
loop 5 to trigger the master one-
shot multivibrator. This initiates
reset of the wunits-decade gate
through loop 4 prior to the next
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input pulse. Loop 5 consists of the
gate, variable one-shot multi-
vibrator, delay amplifier, binary
reset amplifier and one-shot keyer
returning to the units gate through
loop 4.

The frequency divider operates
from subaudio frequencies to
about 500 kc. To provide this fre-
quency range without tuning, the
input signal must be shaped into a
negative pulse of fast fall time,
have an amplitude above the re-
quired minimum and have less than
the maximum permissible width.

Time constants in the binaries
have been minimized for high-fre-
quency operation. These short time-
constant circuits, however, will not
pass low frequencies in amplitudes
sufficient for binary keying unless
the low frequency is converted into
a pulse which contains the re-
quired high-frequency component.
Pulse fall time should be 0.4 micro-
second or less. The desired input-
pulse amplitude is in excess of 50
peak volts.

The upper frequency deter-
mines the maximum allowable
width of the input pulse. This
width must be less than the
time between input cycles at the
upper operating frequency. If the
input pulsewidth is greater than
the time delay in loop 1 (Fig. 2A),
the input keying signal and the
bihary reset signal may attempt
simultaneously to trigger the
binaries in opposite directions and
pulse bucking will result in erratie
operation. The maximum allowable
input pulsewidth is less than 0.6
microsecond for a high-frequency
limit of 500 ke.

Loop 7

Signals to the three grids of the
variable mixer in the input decade
(Fig. 3) must be shaped and ampli-
fied for best divider operation. At
the mixer grids, the time of the
rise and fall must be rapid or a
change in the mixer-grid bias volt-
age will change the time at which
coincidence occurs and the binary-
reset delay time for loop 1.

The screen grid requires more
driving power than the other grids
of the 6AS6 mixer, but the aver-
age power may be minimized by
operating the screen grid from the
narrowest pulsewidth signal. The
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signal coming from the first wafer
switch is differentiated and is the
narrowest of the coincident pulses.

The variable suppressor amplifier
reduces delay of the mixer-signal
rise and fall. The amplifier permits
the input signal to be obtained from
a tap on the binary-plate load re-
sistor reducing the capacitive load
on the binary plate.

Control Grid Amplifiers

Two amplifiers couple binary
signals to the mixer control grid
and permit use of the positive bi-
nary signal to cause coincidence at
the mixer without excessive binary
loading. A double amplifier utilizes
the positive binary signal that has
a slow rise time to drive the mixer
control grid positive and uses the
first amplifier, which is normally
nonconducting to insert a delay.

Table II shows that this delay
will add directly to the reset time
of loop 1 and reduce high-frequency
response only when count 1 or 5
is selected. Thus the delay is
minimized in positions 1 and 5 by
reducing the delay-circuit bias volt-
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FIG. 2—Timeé sequence of input and re-
set pulses (A) and delay-amplifier sup-
pressor-grid pulse (B)

age, which is normally obtained
from a fourth wafer switch in the
units-type decade. Delay is not re-
quired for counts 1 and 5.

Delay-circuit operation provides
crystal-diode gating with freedom
of swing within the gate in excess
of the cutoff value of the first-
amplifier control grid (Fig. 2B).
The amplifier is normally biased be-
yond cutoft, and the grid is allowed
to swing only by the magnitude of
the gate width.

An increase or decrease in the
gate width, however, is accompanied
by a corresponding increase or de-
crease in delay. A 0.4-microsecond
delay was found most satisfactory
for counts 3, 7 and 9 on which delay
is primarily required.

Since reset is made to the output
plate of the third binary, the nega-
tive pulse at reset will couple from
this plate to the positive plate of
the fourth binary stage. The first
of the cascaded mixer control ampli-
fiers is operated as a normally non-
conducting stage and the spurious
negative pulse does not affect the
amplifier output signal.

The time of the rise and fall for
signals at the mixer grids is greatly
improved by crystal-diode limiting
in both the positive and negative
directions. By returning a 1N34
crystal diode directly to the bias
bus, the negative swing is limited
at the bias-supply potential and
back biasing is prevented. The
swing in the positive direction is
limited by a crystal diode returned
from the control grid to the cathode
bus and by a diode from the sup-
pressor grid to the cathode bus. The
time of rise and fall is better than
0.1 microsecond.

The mixer screen grid has a
crystal diode to prevent back bias-
ing by returning the screen grid to
the bias supply. By eliminating the
back bias the screen may be driven
more positive and the mixer output
voltage pulse is consequently of
greater amplitude.

Reset Pulse

To permit stable reset over a wide
range of bias voltages, the signal
at the keyer grids must be at least
50 volts. It must have a rise and fall
time of the order of 0.2 micro-
second. The start of the pulse must
be delayed sufficiently to assure full
keying of the gate before the bi-
naries are reset and before the
mixer grid signals are removed.
The reset pulsewidth must be no
less than 0.8 microsecond. If it is
less when the reset pulse dis-
appears, the third binary reset plate
will continue to fall and retrigger
the fourth binary to the incorrect
starting polarity. The width must
not exceed approximately 1.0
microsecond. When added to the de-
lay time, this width determines the
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FIG. 3—Schematic diagram of units or input-type decade containing reset loops 1 and 2 and portions of loops 4 and §

response time and the correspond-
ing upper frequency limit of loop 1.

Gate Signal

The circuits operated from the
gate output signal must respond to
signals predominately positive for
counts 1 through 9, as well as sig-
nals predominately negative for
counts above 10. To avoid apparent
polarity reversal, the gate signal is
fed through a differentiating cir-
cuit to grid key the variable one-
shot multivibrator. The grid con-
tains a crystal diode returned to
ground and connected to prevent
back biasing. The grid is normally
cut off so that only positive spikes
from the differentiating circuit will
key the multivibrator.

The multivibrator provides an
output pulse of constant width de-
termined by the cross-coupling
time constant and stray capaci-
tances. The rise of the output plate
is relatively slow. Output of the
second one-shot multivibrator plate
is fed to the delay amplifier where
the delay is introduced in the grid
circuit. The amplifier is cut off by a
relatively large bias voltage which
requires about one-half of the multi-
vibrator output amplitude to cause
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conduction. The delay time in
reaching this amplitude has been
set for the required circuit delay.

Reset Amplitier

The delay-amplifier output is fed
to the reset amplifier through a
unidirectional coupler consisting of
three crystal diodes arranged so
that only a negative signal may be
coupled to the amplifier grid and

same grid through loop 2 will
not be coupled back to the delay-
amplifier plate circuit. This pre-
vents excessive loading of loop
2 and is used also as a gate circuit
to prevent baseline feedthrough
from reaching the binary reset
amplifier grid. Only that part of
the negative signal in excess of
the 1.5-volts bias will be coupled
to that grid circuit.

negative signals applied to the The reset amplifier is zero biased
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loops 4 and §
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Table I—Binary Plate Polarity for
Thousands Decade
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and uses two sections of a dual
triode in parallel to supply the
necessary rise time and driving
power required in driving the com-
bined capacitive loads of the reset
keyer grid bus and the zero-bypass
output cable. The keyer grid bus is
coupled to ground through a crystal
diode to prevent back biasing that
would normally accompany over-
drive and add to the keying time.
To utilize the maximum bias range,
the signal on the grid bus must be
free of extraneous signals. De-
coupling resistors in the two loads
prevent clamping in either load
from affecting the other.

Each binary divider requires a
keying time of 0.075 microsecond.
The longest keying time of the
mixer will occur on counts 1 and 5
where the change in polarity of the
third and fourth binaries are re-
quired to fulfill the conditions of
mixer coincidence. On count 5, the
fourth binary rises in 0.8 micro-
second, the mixer delay is about
0.1 microsecond and the shaper and
keyer delays total 0.2 microsecond.
Overall delay for loop 1 is then 0.6
microsecond. If the reset pulsewidth
is 1.0 microsecond, the delay plus
pulsewidth becomes 1.6 micro-
seconds and the top frequency limit
of loop 1 will be 10°/1.6, or 600 ke.

Loop 2

The mixer of loop 2 (fixed mixer)
is permanently connected for divi-
sion by ten. Thus, the control-grid
input delay ecircuit used in the
variable mixer is not required since
the counts at which delay is essen-
tial are not utilized; a-c¢ coupling
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can be used in the control-grid cir-
cuit without an amplifier and mixer
keying time will be unaffected since
the control grid rises at the fifth
input pulse. A connection to the
direct plate of the binary is neces-
sary for sufficient voltage swing;
vet resistance decoupling must be
used in preventing capacitive load-
ing of the binary plate to avoid un-
stable operation.

The fixed one-shot multivibrator’s
pulse width determines the width
of the reset pulse, which at the re-
set keyer grids must be about equal
in width, rise time, fall time and
amplitude to the pulse produced at
that point through loop 1. Here,
the delay between the one-shot mul-
tivibrator and the reset grid bus
need not be as great as in loop 1.

The delay necessary to assure
full keying is obtained in the uni-
directional coupler of loop 2 and
follows the fixed-circuit output
amplifier. The input erystal diode of
the coupler is returned to the 14-v
keyer bias bus allowing only that
part of negative signals in excess
of this voltage to feed through to
the reset amplifier grid. This delay
should be 0.2 microsecond or less.
The remainder of loop 2 coincides
with loop 1.

Loop 3

The variable mixer, master reset
and one-shot multivibrator of loop
3 are common with loop 4 (Fig. 4).
Here it is imperative to minimize
reset time.

The mixer circuit is different
from those of the units-type dec-
ades because the suppressor and
control grids are directly coupled
from the binary output plates
through a network similar to the
cross coupling within binaries.

The mixer functions as plate
keyer for the multivibrator. To as-
sure full keying by the multivibra-
tor before the binaries are reset,
a delay circuit is inserted between
the multivibrator and the reset
keyer grid bus.

The keying times of loop 4 are
of prime importance whenever the
input decade is set to one. The gate
of the input decade must be reset
in a time about equal to the time
between input pulses of the highest
frequency for this count selection.
The input pulse which initiated

Table II—Binary Plate Polarity for
Units, Tens and Hundreds Decades

No. of |

Input Putses |11 P2 [P PyiPs PPy By
O (Reset Ref) |— ‘ T =
! [+ O+ O- @ +
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3 ' O +|- ®- +
4 © +0O +|- ®- +
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¢ + Ot -0 +® -
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master reset is delayed in each

units-type decade by the first binary
keying time, fixed-circuit mixer de-
lay, fixed multivibrator delay and
output-amplifier delay.

In the output decade, the binary
and mixer delays vary with count,
but the longest will be for a setting
of eight. These output-decade de-
lays and the multivibrator keying
delay will be added to the master
reset time. The delays and pulse
width in master reset loop 4 are
also added. The gate keyving time
through the variable mixer of the
input decade is small but adds to
the allowable time in which master
reset must occur. This delay may be
subtracted from the overall master
reset time delay.

Loop 5

Loop 5 is the zero-bypass circuit
utilized in a multiple-decade divider
whenever a decade is set to zero at
the same time preceding digits of
the division ratio are also zero. This
condition occurs when the first sig-
nificant digit in the division ratio
follows the digit of the division
ratio corresponding to the decade
in question. In a two-decade divider,
loop 5 is used only when the thou-
sands decade is set for zero.
The thousands binary and mixer
circuits are bypassed; the output
of the units decade derived from
the binary reset amplifier is fed
into the thousands decade to key
the one-shot multivibrator keyer
and initiate master reset.

Short reset times are obtained
because little or no delay is con-
tributed by the by-passed decade.
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Trigger Adapter for
Transient Oscillograms

UMMARY —— Accessory unit for existing cathode-ray oscilloscope equip-

ment provides single sweep and unblanking of beam, initiated by transient

to be captured. Indicator shows when the signal has been recorded. Satis-

factorv oscillograms are obtained with instantaneous-type camera at sweep speeds

of 2 to 5 milliseconds per screen width

By LAWRENCE FLEMING*

Instrument Consultant
Falls Church, Va.

SCILLOSCOPE PHOTOGRAPHY of
transients meets with certain
difficulties when the magnitude and
wave shape of the transient signal
is not accurately known beforehand
and the exact time of its occurrence
is not precisely under control of the
operator.

Signals of this kind are encoun-
tered in studies of noise in elec-
tronic components and insulation, in
chatter of switch and relay contacts
and in a large area of mechanical
and ballistic measurements. Dura-
tions of signals in this type of work
are commonly of the order of milli-
seconds.

Transient Oscillograms

The usual general-purpose oscil-
loscope is designed primarily for
repetitive sweep and presents in-
conveniences that lead to lost rec-
ords in transient type of applica-
tion. Recording is most conven-
iently done with a single-sweep
oscilloscope and a still camera, be-
cause a moving-film camera will
waste a great deal of film between
useful records.

The accessory unit described here
will eliminate these difficulties and
enable good photographs to be ob-
tained with a high degree of relia-
bility and a minimum of critical ad-

»Work described was done at Diamond
Ordn]%nces Fuze Laboratories, Washing-
ton,
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Upper chassis view shows simplicity of trigger and sweep accessory used to
record transients from a separate oscilloscope

justment and operating skill.

The oscilloscope beam should be
blanked off and the sweep inopera-
tive until the signal appears. There-
upon the beam should be bright-
ened, swept once across the screen
and then extinguished. An oscillo-
scope with internal blanking and a
driven sweep will suffice if the sig-
nal can be produced at will, to per-
mit adjustment of the oscilloscope
sweep controls.

However, only the most expensive
commercial oscilloscopes have driven
single-stroke sweep circuits that
will trigger reliably over a wide
range of input levels; excessive sig-
nal will cause the sweep to repeat
itself several times before stopping,
producing a confused record. Insuf-
ficient signal level will fail to

trigger tne sweep. If the control is
set to trigger on small signals it is
usually critically close to the repeti-
tive sweep condition. Many driven
sweep circuits, moreover, must exe-
cute a retrace before beginning the
sweep.

Basic Elements

Figure 1 shows the general ar-
rangement. Basically it comprises a
one-shot multivibrator that will
trigger positively and only once
upon receipt of an input signal. Its
output is a positive-going step wave
of the order of 30 volts increment.
The step is coupled to the first grid
of the cathode-ray tube in the oscil-
loscope, to unblank the beam.

This same step wave is integrated
by means of a simple B-C cireuit to
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produce a sweep voltage, applied to
the horizontal input terminals of
the oscilloscope. Since these two
functions are derived directly from
the same source, there is no uncer-
tainty or delay whatever about the
initiation of the sweep once the
trigger has functioned. A preampli-
fier and a phase-inverter and full-
wave rectifier complete the system.

Circuit Description

In Fig. 2, the dual triode V, is a
conventional preamplifier, with -its
gain stabilized and adjusted to a
value of 100 by means of negative
feedback. A two-position attenuator
is provided at the input to handle
large signals. Bandwidth is approxi-
mately 10 cycles to 100 ke.

The output of this preamplifier
feeds both the vertical input ter-
minals of the-external oscilloscope
and the control circuits for the in-
ternal trigger,

Trigger control includes dual tri-
ode V. and dual diode V.. The first
section of V, is an amplifier, the
second a split-load phase inverter.
The inverter feeds the full-wave
diode rectifier V.. Thus the output
of diodes V, is the same negative
polarity regardless of the polarity
of the transient signal applied to
the input to the system.

A variable bias is applied to the
diodes V, through a panel control
potentiometer P.. Thus no output is
obtained from the diodes until the
signal level exceeds the delay bias.
Control P, is so set that triggering
does not occur on minor noise that
may be present in the input, but
only on the desired signal. Its set-
ting is not critical.

The negative triggering signal
from the output of full-wave diode
Vs is direct-coupled to the grid of
one of the tubes (V,) of the d«c
trigger pair or flip-flop.

The bistable pair is a Schmitt
trigger circuit, comprising tubeg
V. and V. The plate of V. is
direct-coupled by the potentiom-
eter or Nyquist circuit to the grid
of V. Back coupling is effected
through the common cathode re-
sistor R,. Tube V, is normally con-
ducting and V, normally cut off,
Thus the d-c output level at the
cathode of V, is normally 1 or 2
volts positive to ground.

When the diode signal cuts off
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FIG. 1—Transient accessory is represented by circuits in four blocks

V., tube V, suddenly conducts and
the output at the cathode, point B,
rises suddenly. The output at point
B is thus a 30-volt positive-going
step function.

Once this bistable circuit has
been triggered, it will not respond
in any way to further signals from
the vertical input channel. Such sig-
nals always appear as negative-
going voltages at the output of dou-
ble diode V. Since, after trigger-
ing, the next tube V, is cut off,
this tube is no longer affected by
any further negative signals applied
to its grid. Thus, the bistable cir-
cuit V., and V. will never trigger
more than once on any input signal.

Bias Level

A screwdriver adjustment P, is
needed in the d-c interstage cou-
pling network between the tubes of
the bistable pair V, and V.. This
merely sets the bias level for proper
operation; if its resistance is too
low, the flip-flop circuit will run
repetitively and if too high the
circuit will not trigger. Once set it
rarely requires readjustment.

A portion of the step voltage gen-
erated at point B by the bistable
circuit is applied to the Z axis or
crt grid terminal of the external
oscilloscope. The magnitude of this
portion of the step is adjustable by
means of control P,.

In operation, the brightness or
intensity control on the external
oscilloscope is set for the beam to
be just, or nearly, extinguished.
Brightening adjustment P, is then
set 8o the crt beam is brought up to
full intensity without defocusing
when the trigger is actuated.

It is not necessary that the step-
wave be direct-coupled to the first
grid of the cathode-ray tube unless
very slow sweep rates are used,
Normally the R-C time constant in
the grid-coupling cireuit is long
enough to allow uniform brightness
over the sweep.

Because this device is used only
with transient signals, it is neces-
sary to have some kind of indicator
to show that a transient has been
recorded and a reset button to re-
turn the circuits to their original
state, ready to record another
transient.

The firing indicator is a neon
lamp mounted in the panel. It is
lighted through an auxiliary tube
V.. This tube is normally biased
to cutoff and is rendered conducting
by the positive-going step at point
B, which is applied to its grid. The
extra tube is employed, instead of
simpler means, to insure that the
neon lamp does not affect the func-
tioning of the flip-flop circuit,

The reset button merely operates
a switch connected across the
cathode load of the bistable pair.
Momentary closing of the switch re-
turns the circuit to its unfired state
in which it remains.

Integrator

The step function is converted
into a linearly rising voltage by a
simple R-C network R, C,. When
the step appears, C, immediately
starts to charge through R, The
rising voltage across C, is applied to
the horizontal input terminals of
the external oscilloscope and sweeps
the beam across the screen.

Only the initial portion, 10 per-
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PREAMPLIFIER
12AY7 OR I12AT7
10 CPS TO 100 KC
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FIG. 2—Recording adapter uses regulated voltage on preamplifier and separate dry-disk rectifier for bias

cent or less, of the rising voltage is
used to insure linearity. The later,
nonlinear portion of the rise is
thrown away since the beam is off
the screen. Since this is a transient
device, the duration of the unused
portion of this voltage is of no con-
sequence.

The horizontal speed of the sweep
may be adjusted conveniently
merely by changing the horizontal
gain-control setting on the oscillo-
scope. There is no advantage in
providing a continuous or fine ad-
justment of sweep speed in the ac-
cessory unit since the gain-adjust-
ment method is quite valid.

The values of R, and C, shown are
good for a speed range in the order
of roughly 1 to 10 milliseconds per
screen width on a standard high-
gain oscilloscope, such as the Du-
Mont 304H. Other ranges are ob-
tainable by providing a switch to
cut in other values of capacitance
at C..

The recharging of C, back to its
initial value (retrace) may be has-
tened by connecting a diode across
resistor R, poled so its anode goes
to the upper terminal of C.. A vac-
uum diode is preferable to a crystal
because the back resistance of a
crystal is usually low enough to dis-
turb the time constant.

Regulation is employed on the
preamplifier to keep out line voltage
transients. It is not necessary in
the high-level stages. An auxiliary
negative supply is required for the
interstage coupling system used in
the bistable pair V, and V, Total
B supply drain is under 50 milli-
amperes.

To one accustomed to using an
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oscilloscope only on repetitive sig-
nals, transient techniques tend at
first to appear difficult. All that is
needed, however, is mental reorien-
tation, which comes with a little
practice.

A source of calibrating signals is
required and some means of intro-
ducing the signal into the recording
system without switching tran-
sients. The most convenient cali-
bration source is a pulse generator.
The string of pulses provides not
only time-base and amplitude cali-
bration, but also an accurate check
on time-base linearity and on the
system delay time in brightening
the trace and starting the sweep.

Time Delay

In the particular application em-
ployed, 25 usec pulses at a 1-ke
repetition rate were used. No short-
ening of the first pulse was discern-
ible, the stray time delay being less
than 5 microseconds, or in the order
of 0.02 percent of a typical sweep
length.

The problem of switching or turn-
ing-on a calibrating signal being
introduced into the system was
found to present difficulties. When
injecting the output of a contin-
uously-running pulse generator, it
is desirable that the sweep be trig-
gered by the first pulse that comes
along after the switch is closed.
Most ordinary electronic switching
circuits produce a pedestal or
switching transient that triggers
the sweep device immediately, so
that no known pulse is available at
the beginning of the trace to pro-
vide a measure of the system delay.
Straight contact-type switching was

found to be practical. It requires a
switch of simple construction.

It was found that ordinary snap-
action switches chatter and that
lever, rotary and knife switches
scrape. A telegraph key was better
but had some chatter. The best
switch was found to be a small leaf
of spring bronze about 1% in. long
and % in. wide, pressed against a
stationary contact by the finger.
The leaf is made light enough, for
example 0.01 in. thick, so that effec-
tive mechanical damping is pro-
vided by the operator’s finger and
there is no extraneous mechanical
structure coupled to the leaf to in-
duce mechanical resonances.

The cro gain controls must be set
to give a convenient display of the
transient signals expected; then a
calibrating signal is introduced of
suitable amplitude and repetition
rate.

Extended use of this device in
recording transients of similiar
magnitude has shown that frequent
calibration is not necessary; once or
twice a day is sufficient.

Satisfactory  photographs at
sweep speeds of 2 to 5 milliseconds
per screen width were obtained on
Polaroid film at a lens opening of
£/2.8. The oscilloscope had a P11
screen and 3,000 accelerating volts.

Elmer Ellsworth, who built and
operated the device, contributed
many valuable suggestions,
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Variable-Speed Control

Variable-frequency supply controls speed of ball-bearing-race
grinder drive motor

Motor-control power supplies in production. Variable-frequency

supply chassis are at top and rectifiers are at center level

By E. G. COWIE and J. H. GREGSON

M ULTIFREQUENCY-OUTPUT power
supplies are useful where a
number of motor speeds are re-
quired.

High-speed bore-grinding ma-
chines requiring many different
fixed speeds are supplied by the
equipment shown. It provides a
choice of six fixed frequencies from
480 to 1,660 cps available at four
independent 3-phase outlets. Line
voltage is variable up to 300 v and
approximately 5 kva is available at
each of these outlets to give the
required speed range of 20,000 to
100,000 rpm. The four channels ob-
tain their high-voltage plate sup-
plies and control-circuit voltages
from a common power-supply unit.

Frequency stability of the units
at any frequency is better than 2
percent and the voltage regulation
is approximately 5 percent for mo-
tors operating between idling and
full-load conditions.

High-Frequency Channel

The block diagram of a high-fre-
quency power channel is shown in
Fig. 1. The output of a Wien-bridge
oscillator is fed into the phase-
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Canadian Westinghouse Company Limited
Hamilton Omntario, Canada

splitting and voltage-regulating
circuit. Three output voltages from
this stage feed three identical
amplifiers consisting of a 6F6 class-
A preamplifier, class-AB, push-pull
807 driver and class-B push-pull
833A output stage.

Secondaries of the output trans-
formers are connected in delta for
three-phase output. Taps permit
load matching,

Any one of six predetermined
frequencies may be obtained from
the oscillator by switching to the
appropriate R-C combination in the
Wien-bridge cireuit. This frequency

switch also adjusts the voltage-
equalizing and phase-shift circuits
so that when frequency is changed
a minimum of additional adjust-
ment is required. The output volt-
age is adjusted to the desired level
by the potentiometer in the input
circuit of the regulator stage.

The first half of the 6SN7 in Fig.
2A is the voltage regulator and the
second is the phase-splitting circuit.

The regulator circuit relies on
the variable-mu characteristic of
the 6SN7 and is similar in operation
to the ave circuit used in radio
receivers. The tube is normally self-

WIEN ~BRIDGE CLASS-A CLASS-AB, CLASS-B
- - r——1 2
OSCILLAYOR PREAMP DRIVER POWER AMP
&
N :
@
" (=]
W
VOLT. REG AND CLASS-A CLASS-AB, CLASS-B g
B -ty —_— ;
PHASE SFLIT, PREAMP DRIVER POWER AMP 2
5
[
o
CLASS-A CLASS-AB, CLASS-B
S . — z
PREAMP DRIVER POWER AMP

FIG. 1—Complete control unit has four independent zections of type shown

www americanradiohistorv com
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for Integral H-P Motors

UMMARY - Five-kva electronic power source has six preset frequen-

cies to control speed of synchronous and induction a-c

phase output with line voltage variable up to 300 volts

is better than 2 percent

motors.

Unit has 3-
Frequency stability

biased at the high-gain portion of
the characteristic curve for zero-
signal operation. The control bias,
which is derived from the output
voltage, is adjusted by negative
feedback so that the stage gain is
inversely proportional to the output
voltage. Input to this stage is ad-
justed to give the desired voltage at
the output (motor) terminals. Out-
put-voltage fluctuations caused by
load variations are almost com-
pletely compensated by this circuit.

Phase Shifting

Phase shifts required to supply
8-phase operation are obtained by
the LCR network in the phase-split-
ting circuit. One C-R circuit pro-
vides voltage OD leading by 60 deg.,
the other voltage OC lagging by 60
deg., as shown in Fig. 2B. The in-
ductor provides two equal out-of-
phase voltages, OF and OF.

Since the full-load demand of the
largest motor used on the grinder
approaches the rated output of the
high-frequency channel, across-the-
line starting is not possible, for the
demand on the channel would then
exceed its capacity. Furthermore,
sudden application of the motor

load to the channel sets up trans-
ients, which are destructive to in-
sulation,

Reduced-voltage starting is ob-
tained by applying the filament volt-
age to the 6SNT while full a-c drive
voltage. is applied to the grid. Since
this tube supplies voltage for all
three phases, the three phase volt-
ages are equal throughout the start-
ing cycle.

Rate of rise of output voltages
can be matched to the speed of the
largest motor by inserting resistors
in series with the filament of the
6SN7. This filament circuit is en-
ergized when the motor start button
is pressed.

Resistances in series with the
motor reduce inrush currents and
provide a better impedance match
between the output tubes and the
load. A resistance of 3 ohms was
found to be best. This resistance is
shorted out when the motor reaches.
synchronous speed. The series re-
sistors also limit any negative-
sequence current which may be
generated on starting the motor.

Correcting the load for unity
power factor on starting is un-
satisfactory for it introduces com-

plicated starting problems; how-
ever, sufficient capacitance is con-
nected in parallel with each motor
to give unity power factor at full
load.

Operation

To set up the equipment, the
drive voltages to the 833A tubes are
equalized. The individual phase-
shift circuits are then adjusted for
equal phase voltages across the
output of the high-frequency power
channel. The main gain control is
then adjusted for the required out-
put voltage.

The equipment operates from a
440-volt, 60-cycle, 3-phase line. The
line voltage is converted to 4,000
and 600 volts d-c for the power-
output and driver stages of the
high-frequency channels and to 115
volts a-c for blowers, filament trans-
formers and control circuits.
Power transformers are connected
3-phase double-Y, which results in
a 360-cycle ripple on d-c. Since the
driver and output stages are push-
pull, no d-c filtering is necessary.

Acknowledgement is due to the
late J. T. Thwaites who conceived
the plans for this power unit.
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FIG. 2——Voltage regulator and phase-splitter circuit uses negative feedback to maintain line-voltage regulation of 5 percent
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Phase-Controlled

UMMARY

Crystal oscillator pulses key high-order harmonic generator

to provide series of outputs in vhf-uhf range without selective amplification.

Simple compact unit employs single triode for both fundamental and phase-

controlling oscillator functions

ENERATION of any one of an un-

broken series of harmonically
related frequencies is possible with
the oscillator type to be described.
It consists of two sections: a erystal
oscillator operating at the funda-
mental to the desired output fre-
quencies and an oscillator that is
periodically phase-controlled by the
fundamental oscillation. The oscil-
lator output-frequency spectrum
contains only harmonics of the
crystal oscillator frequency. The
oscillator operates simultaneously
in the range of the desired output
frequency and at the crystal-con-
trolled fundamental to it. Spec-
trum energy is concentrated about
the harmonic nearest to the fre-
quency of the periodically phase-
controlled oscillator.

Circuit Operation

Figure 1 shows the circuit dia-
grams of two periodically controlled
oscillators. In the crystal oscillator
section the crystal is connected be-
tween grid and cathode and the
plate circuit is tuned. The phase-
controlled oscillator is a Colpitts
type. Feedback is determined by
the electrode capacitances of the
vacuum tube and the cathode-to-
plate capacitor. The uhf tank cir-
cuit (right) is paralleled by a
network consisting of the tuned
plate-circuit of the erystal oscillator
section and a choke that makes the
shunt impedance of this network
high at the ultrahigh frequencies.

Grid-capacitor reactance is suffic-
iently high at the fundamental fre-
quency to separate the tank cireuit
of the phase-controlled section from
the quartz crystal. The choke used
to keep the grid above ground po-
tential at uhf is chosen small
enough not to disturb oscillation at
the crystal frequency.
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Simultaneous self-excitation of
oscillations at two or more inde-
pendent frequencies requires that
their frequency ratio be large. For
operation at each one of these fre-
quencies, all circuits tuned to the
other frequencies must be of neg-
ligible influence.

The phase-controlled oscillator
section is tuned to the desired fre-
quency and keyed by pulses gener-
ated in the crystal-oscillator sec-
tion. These pulses bias the grid so
that generation of oscillations is
restricted to the pulse duration.
Thus, the pulse repetition interval
is divided into a regenerative and
a degenerative period. During the
initial part of the regenerative
period, the oscillations build up

exponentially.
These oscillations decay ex-
ponentially in the degenarative

phase due to the pulse-controlled
decrease of the oscillator-tube
transconductance below the value at
which the phase-controlled section
is oscillatory. The time constant

FIG. 1-—Periodically-controlled oscilla-
tors covering the 20 to 30-mc range in
I-mc steps (A) and covering the 250 to
900-mc range in 5-mc steps (B)

of the buildup function depends
upon the negative resistance and
upon the amplitude of the harmon-
ics of the keving voltage near the
oscillator frequency.

Operating conditions of a peri-
odically phase-controlled oscillator
are illustrated by the oscillograms
of Fig. 2. Phase control occurs at
the time of the voltage step. The
time interval between two suc-
cessive voltage steps corresponds to
a pulse repetition rate of 100 ke.

If the regenerative period is suf-
ficiently long, the oscillation ampli-
tude will be limited due to the non-
linearity of the tube characteristic.

The amplitude envelope of the
output spectrum is peaked at the
frequency at which the oscillator is
free-running between two suc-
cessive voltage steps. The spectrum
envelope is peaked at a harmonic
of the keying frequency in Fig.
2A. The envelope peak shown in
Fig. 2B is located between two ad-
Jacent harmonics, resulting in two
output signals of similar ampli-
tudes.

It is essential that the output
wave shape be periodic at the pulse-
repetition frequency. Periodicity
is most easily obtained if the oscil-
lations disappear in the noise level
before the next pulse arrives. The
oscillator output may consist of
relatively large-amplitude pulses at
the end of the decay period. Their
phase-control requires harmonics
that are large in amplitude com-
pared to these residual oscillations.

Desired Bandwidth

To obtain a minimal bandwidth
spectrum, it is necessary to make
the constant-amplitude period long
compared to the build-up and de-
cay periods. This operating condi-
tion requires that most of the
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Multichannel Oscillator

energy be available at the desired
output frequency. It requires ex-
tremely steep buildup and decay
slopes of the output waveform. To
shorten the time constant of the
decay, a low circuit-Q is required.

By periodically loading the tank
circuit with a pulse-controlled diode,
the constant amplitude condition
can be extended over a large part
of the pulse-repetition period.
Above 300 mc little advantage is
gained by use of this method be-
cause of the lower negative resist-
ance during the build-up period and
reduction of the tuning range re-
sulting from addition of the diode.

At 300 me, the circuit-Q and
harmonic content of the keying
voltages are higher than at 500 mc.
This results in reduced bandwidth
of the spectrum envelope and in-
crease of the output at the desired
frequency to about 1 mw.

The spectrum envelope is not
symmetrical about the frequency to
which the uhf tank circuit is tuned.
The unsymmetry is caused by the
frequency variation of the peri-
odically phase-controlled oscillation
during the pulse-repetition interval.
Another effect of frequency varia-
tion during the pulse repetition in-
terval is the broadening of the en-
velope peak. It permits an increase
of the long-time frequency insta-
bility of the oscillator circuit with
little deterioration of the degree of
undesired harmonic suppression.

Adjusting Oscillators

Restricting the spectrum band-
width leads to increased require-
ments on the accuracy with which
the oscillator has to be tuned to the
desired harmonic. It is therefore
important to know the shape of the
spectrum envelope between two ad-
jacent harmonics. To determine it,
either the frequency of the phase
controlled oscillation is varied while
maintaining the crystal frequency
or the first one is kept constant and
the frequency of the keying voltage
varied. The results obtained with
a 250 to 900-mc oscillator that was
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crystal controlled at 10 mec are
shown in the oscillograms of Fig. 3.
The boundary between light and
dark is the envelope observed dur-
ing a sweep of the fundamental fre-
quency of approximately 20 ke
about the center frequency of 10
me. The oscillogram in Fig. 3A
gives the relative amplitude of the
30th harmonic as a function of the
tuning of uhf tank circuit. When
tuning the same oscillator about a
center frequency of 500 mc, the
envelope in Fig. 3B is produced.
These oscillograms were obtained at
different receiver sensitivities,

Frequency Accuracy

Accuracy and stability of the
phase-controlled oscillator section
depend upon the level of undesired
harmonics that is permissible. A
detuning of the oscillator from the
frequency, equal to an exact in-
tegral multiple of the fundamental
frequency, causes a decrease of the
desired-frequency amplitude. To
keep adjacent harmonics below 1/10
of the amplitude of the desired out-
put frequency, the uhf oscillator
would have to be accurate to =750
ke (=+=0.25 percent) at 300 me.
To maintain a 20-db suppression
of the undesired harmonics at
500 me, a frequency drift of ap-
proximately 1 mc can be allowed
toward the higher frequencies. Ow-
ing to the unsymmetry of the spec-
trum envelope a 2-mc frequency
drift toward the low-frequency side
can be tolerated.

To approach the power output of
a conventional crystal oscillator the
periodically controlled oscillator has
to be followed by one stage of se-
lective amplification. The resulting
output spectrum is illustrated in
Fig. 4.

The contributions of L. Bat-
tersby, E. Christian and E. Conover
are acknowledged.
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FIG. 2—Waveforms and output spectra
of a periodically controlled oscillator
tuned 1o an integral multiple of the
repetition frequency (A) and with fre-
quency halfway between two integral
multiples of the repetition frequency (B)
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FIG. 3—Spectrum envelopes at different
settings of the uhf-oscillator tank circuit.
The peak amplitude at 500 mc is Y
of the amplitude at 300 mc
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FIG. 4—Output spectrum of 20 fo 30-mc
oscillator followed by one stage of am-
plification. Zero db level corresponds
to 3 volts across 50 chms
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FIG. 1—Kicker circuit gives improved grid requlation for AB; operation from cathode-follower driver stage (A). Equivalent circuit of
one side of push-pull circuit aids analysis of regulating action (B)

Circuit Design Factors for

UMMARY —— New amplifier circuits feature high power output with low

intermodulation distortion. Kicker-type circuit closely regulates plate supply

of cathode-follower driver stage. Improved versions of Williamson and ultra-

linear amplifiers are included

HILE setting up a develop-

ment program for a line of
audio amplifiers, several new de-
sign configurations were evaluated,
using both triode and beam power
tubes.

Standard output and power trans-
formers were used. To obviate use
of a special grid-driving trans-
former, a cathode follower was em-
ployed to drive the output stage into
the positive grid voltage region.

When a cathode follower drives
the following stage into the grid-
current region, flow of grid current
is from the driven-stage cathode or
filament to its grid, through the
cathode of the driver stage to the
plate of the cathode-follower driver
and back through the plate supply
of the driver stage to ground. The
plate supply to the cathode-follower
plate circuit must supply all the
grid current which appears on the
grid of the driven stage. This
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means the cathode-follower plate
supply must have perfect regula-
tion if the cathode-follower is to
provide a low-distortion signal.

Regulation

To keep costs to a minimum, it
is generally possible to have only
one well-regulated, positive high-
voltage supply. Low cost, high g.,,
high-perveance tubes suitable for
cathode-follower use in this funec-
tion are limited in dissipation and
plate-to-cathode voltage so some
type of voltage-dropping circuit is
required to secure the necessary 200
to 250 volts from the high-voltage
plate supply. An R-C filter has poor
regulation characteristics. Better
regulation is available with a volt-
age-regulator tube used with an
L-C filter or a cathode-follower type
of degenerative regulator, but a
more positive type of regulator was
required for these amplifiers.

The kicker circuit of Fig. 1A was
devised to obtain the required regu-
lation of the cathode-follower plate
supply. The cathode-follower stage
supplied by this circuit is capable
of driving the output stage grids
into the positive grid current region
with good linearity and excellent
stability. The regulation circuit
may be analyzed with reference to
Fig. 1B, which is an equivalent cir-
cuit showing one side of the push-
pull circuit of Fig. 1A.

Prior to the time V, is driven
positive, the plate current through
cathode follower V., and regulator
tube V., whose dynamic plate re-
sistance is shown as 7,., is constant
and the voltage at the plate of Vi,
is steady. When V, is driven posi-
tive, S is effectively closed and the
grid-cathode dynamic resistance
shown as 7, (which may drop as
low as several hundred ohms) is
thrown into the circuit, which for
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Typical piototype chassis for 11, 24 and 33-watt amplifiers described in text: power

supply is built on same chassis

Audio Amplifiers

by M. V. KIEBERT, Jr.*

Convair

A Division

of Gencral Dynamice

Corp.

Pomona, California

a given value of e,y requires a
greater plate current through Vi,
to attain equilibrium. This normally
results in a drop of plate voltage at

*T'ormerly Chief Engineer, P. R. Mallory &
Co., Inc., Indianapolis, Indiana

V.. with attendant positive-peak
flattening off of the driving voltage
to the grid of V.. In Fig. 1A, how-
ever, diode CR immediately senses
the instant when V, starts to go
positive.

As a result of the connection of
CR through C to the grid of V.,
7,5 of V. may be simultaneously
decreased to maintain the plate of
V.. at a constant voltage to permit
driving V. to large positive voltages
while maintaining excellent lin-
earity. The origin of the kicker
cognomen is thus seen.

Use of cathode-follower drivers
may also reduce component costs
and/or help the frequency response
and phase shift performance of the
driving cirecuit, if full advantage is
taken of the high-input-impedance
characteristic of the cathode-fol-
lower connection. Figure 2 illus-
trates the proper connection of
this interstage circuit for maximum
value of the input time constant RC.

Low-Impedance Driver

The apparent input-circuit time
constant is 0.56 sec compared to
0.056 sec for conventional circuits.

To obtain the best possible driven
grid-voltage waveform (and lowest
driving impedance) it is possible
and desirable to employ feedback
over several of the preceding stages.
Another advantage in doing this is
establishment of equal gains, inde-
pendent of tube characteristics, on
each side of the push-pull circuit
provided that R, R’ and R. R,
in Fig. 3 are carefully balanced.
This permits the use of feedback
from the primary of the output
transformer to preceding push-pull
stages. This also permits feedback
to be applied across the sides of
the push-pull circuit, which reduces
cross-modulation and distortion to
a very low value.

The cross-coupled push-pull pri-

=87y

-40V
10
POWER
STAGE
~40Y
K= X1.800
+200¥

FIG. 2—Input coupling for large R-C time
constant: output impedance is 225 ohms
and maximum output 180 v peak to peak.
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FIG. 3—Low-impedance push-pull driver amplifier has gain of 40 db with 12.db
feedback. Resistors R, R, and R:R’: must be balanced. Sufficient drive is available

for operation of push-pull 807 tubes.
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mary feedback amplifier (where a
low leakage reactance transformer
is used) is a special feedback case
analogous to the situation where a
tertiary transformer winding is
used in a single-ended amplifier.
Its equivalent circuit is shown in
Fig. 4!

Use of feedback in audio ampli-
fiers operated in part over a non-
linear portion of the output tube
characteristic may improve the
overall performance of push-pull
amplifiers.?

Tests indicate that use of the
kicker circuit and 12 db of feedback
from the driver grids, with an addi-
tional 12 to 20 db of cross-connected
feedback from the output tube
plates to an earlier stage, will per-
mit design of an efficient amplifier
which will supply a large output
with low distortion. This arrange-
ment is shown in Fig. 5.

Automatic Balancing System

To maintain the output stage in a
statically balanced condition, the d-c
servo type of automatic balancing
system shown in Fig. 6 has been
devised. This circuit employs a

d-c differential sampling amplifier,
each section of which is followed by
a cascode stage for securing the
proper phase relationships and max-
imum servo gain while permitting
ready static adjustment of the out-
put stage through adjustment of
the cathode-follower driver bias
voltages. In addition to the self-
balancing feature, this circuit may
be adjusted and operated to permit
automatic control-bias variation® to
secure optimum output-stage oper-
ation at all power levels. The kicker
modification may also be used.

Modified Williamson

In the past, the basic Williamson
circuit has been widely followed.
Care must be used in the operation
of this unit because of the severe
distortion that occurs when the
grids of the power output stage are
driven positive. An improved
version of the Williamson type
amplifier is described in the litera-
ture.* Since then, simplification
and improvements have been made
for the purposes of further reduec-
ing distortion, minimizing the
effects of the wide range of tube

P

AdA

A

H|I[H—
1+

FIG. 4—Equivalent circuit of one side of cross-coupled push-pull feedback amplifier

Top view of chassis for amplifiers of
Fig. 7. 8 and 9 shows component layout

characteristics normally encoun-
tered, simplifying construction and
reducing the cost of the amplifier
system.

The new amplifier shown in Fig.
7 employs parallel 5V4 tubes in the
power supply to provide automatic
time delay for the high voltage
while maintaining the low power-
supply impedance necessary for
such a wide-band amplifier. Low-
frequency performance is aided by
improved decoupling circuitry and
longer time constants in some net-
works. Low-frequency stability
characteristics have been improved
by reducing interstage time con-
stant between the 12AY7 and the
5687.

Intermodulation Distortion

Since publication of the improved
Williamson circuit, greater atten-
tion has been paid to optimizing the
intermodulation characteristics of
the input and driver stages by em-
ploying circuit values which will
tolerate normal variations in tube
characteristics as will oceur from
one lot of tubes to the next. Also,
tests indicate that the 12AX7 may
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FIG. 5—Low i-d push-pull amplifier has balanced feedback and

balanced output
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FIG. 6—Servo-balancing system automatically keeps output

stage in static balance
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serve as a replacement for the
12AY7, with but slight deteriora-
tion in performance. Circuit values
for this improved input circuit are
shown in Fig. 7.

It was found that the inverter
section of the 12AY7 makes a large
contribution to the intermodulation
distortion of the amplifier. This
results from too low a plate-supply
voltage being generally employed in
this stage. If the i-d is to be kept
low in the first stage, the optimum
cathode resistance should be ap-
proximately 270 ohms.

Cross checks were made with a
6SNT7 in this part of the circuit
and exactly the same results were
experimentally verified. Accord-
ingly, the new circuit employs a
higher voltage for the plate supply
to the inverter section of the 12AY7
and utilizes a 270-ohm resistor in
the cathode of the input section. It
was possible to get 3 volts rms out
of each side of the inverter without
measurable i-d, even when four sets
of tubes from three manufacturers
were interchanged.

Hum Reduction

A 2-ohm resistance in series with
the filaments of the 12AYT7 input
stage helps to stabilize the d-c
coupled operation of this stage and
reduces hum susceptibility over a
considerable variation in tube char-
acteristics.

The 5687 driver stage was
checked next, but the original cir-
cuit values proved to be optimum
from the i-d point of view.

After evaluation of the driver
stage, the triode output stage was
examined carefully and adjustments
were made to determine the opti-
mum bypass point on the cathode
resistor. This was found to be at
a point 140 ohms down from the
cathodes. This value applies only
to the triode circuits of Fig. 7. The
entire cathode must be bypassed in
the tapped beam-power connection
of Fig. 8.

The output transformer was next
investigated. Two outstanding units
were found, General Radio 942-A
and the Freed 18777. The Peerless
S-268Q, the ACRO, UTC and prob-
ably others would exhibit similarly
excellent characteristics had they
been available for test. These units
all have low distortion, reasonably
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high primary inductance, low leak-
age reactance and good power-
handling capability at both ends of
the spectrum. Tight coupling is
particularly required to minimize
switching transients.

These modifications bring the
Williamson circuit of Fig. 7 up to
its finest point and provide &n
amplifier with i-d held to 0.1 percent
at T-watt equivalent single-signal
output, to 1.0 percent at 11 watts.
Like all amplifiers drawing grid
current, the distortion goes to high
levels as the grids are driven posi-
tive.

When the 807 power-stage grids
are driven positive, the driving-

point (source) impedance of the
5687 is approximately 1,000 ohms
on positive peaks with consequent
flattening off of the positive peaks.
Matters are made even more acute
when the 1,000-ohm series parasitic
resistors are considered. An ampli-
fier of this type will only exhibit
extraordinary cleanness provided it
is never required to deliver a high
energy peak.

Ultra-Linear Circuit

A modification of the circuit of
Fig. 7 to utilize the ultralinear con-
nection is shown in Fig. 8 At an
i-d level of 0.1 percent a power out-
put of 13.7-watt equivalent single
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F!G. 7—Improved Williamson amplifier has 11-watt output. Qutput transformer is
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FIG. 8—Improved ultralinear amplifier has 24-watt output.

Tube heaters are

biased about 35 volts above ground to reduce hum modulation
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amplifier uses power supply similar to that in Fig. 10.
Total output transformer primary impedance is 2,800 ohms. Second tube is 5687

signal is obtained while at an i-d
level of 1.0 percent a power output
of 24 watts is obtained, a very real
gain in performance.

Approximately 20-db feedback is
utilized in the triode version and
approximately 24 db with the ultra-
linear version. The ultralinear
version has greater gain because of
the quasi-beam-power connection,
but also a slightly increased amount
of feedback because the feedback
resistors are left unchanged. In
this case the net circuit gain is
about equal to the original triode
circuit. Under these conditions,
the following comparison of mid-
range output damping was meas-
ured with a 15-ohm load, 6-volt
level at 500 cps: 807 tubes triode
connected, output = 0.54 ohm; 807
tubes ultralinear connected, out-
put = 0.39 ohm.

The circuit of Fig. 8 was next
modified to use a straight beam-
power connection as shown in Fig.
9. At an i-d level of 0.1 percent, a
power output of approximately 14
watts equivalent single signal was
measured while at an i-d level of
1 percent a power output of 33
watts was obtained. The 24 db of
feedback did not cause instability
and the output damping was just as
satisfactory as in the other two
cases.

New Amplifiers

A new series of amplifiers was in-
vestigated and carried to a point
near completion. Power output,
simplicity and cost were the design
objectives in this evolutionary pro-
gram. In each case, care was taken
to provide excellent i-d perform-
ance as well as output-damping
characteristics in the range of 20
or 30 to 1.

The first amplifier built under this
program is shown in Fig. 10. This
unit employs a cathode-follower
driver. Fixed biasing of the out-
put stage combined with a negative
high-voltage supply provide approx-
imately 650 volts for the plate sup-
ply to the high-level voltage-ampli-
fier driving stage. This amplifier
provides 15 watts output at a i-d
level of 0.1 percent and 45 watts at
the 1.0 percent i-d level.

Fig. 11 shows a beam-power con-
nected counterpart of the amplifier
of Fig. 10. In this case, approxi-
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mately 14 watts are available at a
0.1-percent i-d level and 70 watts
at the 1-percent i-d level.

To check more closely the grid-
regulation problem and the desira-
bility of the triode connection, the
configuration of Fig. 12 was evalu-
ated and provisions made to use
the kicker circuit of Fig. 1A. The
improved grid regulation was ap-
parent. At a power level of approxi-
mately 21 watts the i-d was 0.1
percent, while 65 watts were avail-
able at the 1.0-percent i-d level.

Figure 13 embodies a number of
the circuit techniques previously
discussed. This design pushes the
output, from only two conventional
tubes operated at rated levels, to
about the maximum power level
available from these tubes when
operated at nominal receiver volt-
ages and in conventional circuits.
It is essential that the high-voltage
power supply have good regulation
so that peak plate currents of 290
ma, from a static level of 135 ma,
will entail only a negligible drop in
high-voltage supply. A beam-power
connection was used due to the
lower grid voltage required and
greater gain available with this con-
nection.

Recording Amplifier

As a result of a meeting with
BBC engineers and the acquisition
of one of their acetate cutters,
which required 87 volt-amperes to
obtain a cutting level which was
still about 10 db below direct cut-
ting levels ordinarily employed in
this country, it was necessary to
design an amplifier of greater out-
put capability.

This amplifier, shown in Fig. 14,
has a normal rated output of 100
watts, but is capable of putting out
200-watt instantaneous peaks with
negligible intermodulation distor-
tion. The output stage efficiency is
maintained at a relatively high level
over a wide power range as the
output stage gradually changes
from class A operation to class AB,
operation with an electronic, servo
type of automatic balancing of the
output stage static plate currents
and simultaneous automatic opti-
mum-bias adjustment.

Resistor R, is adjusted for total
final-output quiescent plate current
of 300 ma. Parasitic-suppression
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FIG. 14—Recording and/or distribution amplitier has 100-watt output and will
deliver 200 watts on instantaneous peaks. Output transformer has total primary

impedance of 1,650 ohms

chokes in final-output-tube plate
circuits are 20 turns of 32 wire on
each associated 100-ohm, 3-watt
resistor. Values of C,, C., C; and C,
depend on circuit wiring and trans-
former characteristics. The sta-
bility of this circuit is affected by
the wiring and the power supply
impedance.

The Freed 18777 transformer
was specifically designed for use in
this amplifier.

In the design of high-level audio
equipment one important point be-
comes apparent. Cathode emission
of cathodes or filaments is quite
sensitive to operating temperature
(voltage) if distortion is to be held
to reasonable levels on peaks. At
a point about two to four percent
below rated voltage, emissivity
starts to limit on peaks. Overvolt-

age reduces tube life and may give
difficulty as a result of increased
grid current.

Conclusion

The foregoing covers a consider-
able range of equipment. For home
use, however, there seems to be
no need or justification for an am-
plifier with an output rating in
excess of 10 to 20 watts at an i-d
level of 1 percent or less.
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S PERFORMANCE requirements of
A servos increase, inner loops
need better response at high fre-
quencies and their characteristics
have to be measured at frequencies
which were not important a few
years ago.

In the tester to be described, a
phase-shift oscillator, covering a
range of 0.25 to 300 cps (1.5 to
1,900 rad), provides an output volt-
age to drive the unit under test as
shown in the block diagram, Fig. 1.
The oscillator also provides a two-
phase output which is added and
phase shifted to null against a volt-
age taken off the device being
tested. Phase shift and attenuation
are read directly from dials on the
front of the tester.

Phase-Shift Oscillator

The phase shifting circuit is the
key to the compactness and wide
frequency range of this device. It
provides a constant-amplitude sig-
nal having a phase shift equal to
the number of degrees of rotation
of a dial and yet is independent of
frequency. The signal can be shifted
+180 deg from the reference with-
out quadrant switching. This al-
lows use of an electronic oscillator
to provide the signal in place of the
usual two motor-driven synchros
or potentiometers. These devices
were limited to low frequencies or
short life by contact wear.

The phase-shift oscillator is
tapped so that it puts out two volt-
ages which are 90 deg out of phase
as shown in Fig. 1:

a, = A sin ot
@, = A sin (ot 4+ 90) = 4 cos ot
These two voltages are sent through
phase inverters and cathode follow-
ers to a pair of sine potentiometers
whose arms are coupled together
but 90 deg apart. Their outputs are
e, = F, sin (8§ + 90) = E, cos 6

e, = F,sin §
if B, = Asinotand E, = 4 cos wf,
and if e, and e, are added together
in a network of gain B, then e,,, =
B (e, + e.) = A B sin (ot + 6)

Equation 1 shows that the output
of the phase shifter is constant in
amplitude and its phase is shifted
by an amount equal to the degrees
of rotation of the sine potentio-
meters. It can be shifted smoothly
+180 deg from the reference and is
independent of frequency.
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Use of electronic oscillator to provide servo driving voltage results in a compact
analyzer unit. Null-phasing sine potentiometers are on plate at top right

Servo Analyzer

By F. E. DICKEY

Sysiems Development
Aeronautic & Ordnance Systems Division
General Electric Company
Schenectady N. Y.

Figure 2A shows the output of
the analyzer at several different
frequencies. Figures 2B and 2C
show 60 and 400-cps suppressed
carrier output when a modulator
is used to convert the sine wave
into a modulated signal.

The complete circuit of the tester
is given in Fig. 3. Tube V,, is the
oscillator using four R-C networks

Wwww americanradiohistorv.com

to cbtain 180 deg phase shift from
plate to grid. Both sections of V,
are buffers to remove loading from
the networks so that there are 90
deg phase shift per pair. They also
provide the output voltages.

The 10,000-ohm cathode poten-
tiometers adjust the outputs to zero
volts d-c. The 500,000-ohm linear
potentiometers are ganged and

April, 1955 — ELECTRONICS
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FIG. 1—Drive voltage and nulling voltages are obtained from same

oscillator in servo analyzer

Servo analyzer supplies driving and nulling voltages for measuring

performance of servo systems

FIG. 2—Output of analyzer (A) at 0-5 cps, top; 10 cps, center and 200 cps, bottom. Modulator unit provides 60 cps carrier (B) and 400
cps carrier (C). Modulation frequencies are 0.5, 3 and 10 cps, top to bottom for 60-cps carrier and 0.5, 5 and 40 cps for 400-cps carrier

for Wide-Range Testing

UMMARY -

Phase-shift oscillator supplies driving and nulling voltages

for servo-system testing over range from 0.25 to 300 cps. Modulator unit
can be added to convert output to 60 or 400 cps suppressed-carrier a-m

signal

driven by the frequency setting dial.
Resistor R, is ganged with the fre-
guency-changing resistors so that
tube bias changes with frequency
and the output remains more nearly
constant. Bias resistance is de-
creased for the high-frequency
scale. The output voltage varies *+1
db over the 5-to-1 frequency range
on each scale. However, since the

ELECTRONICS — April, 1955

driving voltage and the nulling volt-
age change in exactly the same
manner this change is cancelled out.

One phase of output voltage goes
through a variable attenuator,
shown in detail in Fig. 4, to Vi,
which provides an output voltage
of 15 volts rms max. With high-
gain servos, the driving signal will
be small to prevent saturation. If

this signal is only a few milli-
volts, there will be some noise
present from V..

Switch S, permits attenuation of
the output of V,, by 20 db. The
variable attenuator must then be
reduced by the same amount to
compensate, thus effecting a 20-db
increase in signal-to-noise ratio.

If load impedance is over 10,000
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ohms, the output may be applied
directly. For a lower impedance
switch S, is set to the low position
adding 10,000 ohms in series with
the output.

Both output phases are fed
through phase inverters and cath-
ode followers, V,, V,, V, and V,, to
the sine potentiometers, Their out-
puts are added and sent through a
variable attenuator to the nulling
network. The output of the null net-
work is fed to an oscilloscope or re-
corder,

The signal from the servo loop is
fed through S, into the null net-
work. For feedback signals greater
than 15 v rms, S, provides 20-db
attenuation.

Frequency Dial

The frequency dial turns only
180 deg so there must be a 1% to 1
step-up of its motion. This allows
the five-gang potentiometer to turn
at least 300 deg to give a 5-to-1
change in frequency on each scale.
Since this tester was designed to
measure characteristics of networks
and filters as well as servos, there
had to be some compromise in the
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FIG. 4—Variable attenuator for servo
tester provides up to 100-db attenuation
in 1-db steps. The 60-db unit is similar
in construction except that no steps past
60 are used

manner of reading the phase-shift
dial. Connections to the sine poten-
tiometers are made so that the dial
reads zero when the output of the
phase shifter is in null with the
driving voltage. Increasing read-
ings mean leading angles and de-
creasing readings indicate lag. This
makes the feedback voltages from
servos read 180 deg when there is
no phase shift in the system. For
use only on servos, the dial can be
arranged to read zero deg for pure
negative feedback signals.

Nulling

At frequencies above three cps,
it is easy to null two voltages by
putting the null signal on the Y axis
of a cro using a sweep slow enough
to give several cycles on the screen.
At lower frequencies or in the
presence of distortion at any fre-
quency, it becomes very difficult to
null by this method. Under these
conditions a better null system con-
sists of putting the output of the
null network on the Y axis of a long
persistence cro as before, but using
the variable-phase voltage (before
it is attenuated) as the sweep sig-

27K

OSCILLATOR BUFFER INVERTER B+
7 z:{oa}zwkol oaoedon) fospapeso) Lo %oﬂ
TT Y2 6SNT
TTT| T1 II 7
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33K
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500»(%’ 5oox%ng 2 500%(
I >
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FIG. 3—Four phase-shift networks in oscillator circuit provide 180-deg phase shift in variable output without quadrant switching
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FIG. 5—Oscillograms show amplitude null (&) and phase null {B). False null (C) obtained when signals are 180-deg out of phase can
ke easily detected since adjusting aitenuator will not change slant of pctic:n

nal. This requires d-¢ amplifiers for
both axes of the scope. The variable
rhase voltage is brought to output
terminals for this purpose.

Figure 5 shows typical patterns
obtained with this system in the
presence of distortion. The phase
shift dial is turned until the pattern
closes as in Fig. 5A. Then the at-
tenuation of the variable phase is
adjusted until the pattern is hori-
zontal as shown in Fig, 5B. If the
variable phase voltage is too large
the pattern will slant in one direc-
tion and if too small the pattern will
slant in the other direction.

If the phase-shift dial is turned
180 deg, the pattern will close and
a false null will be obtained as in
Fig. 5C. However, it is discernible
as a false null because no adjust-
ment of the variable-phase attenua-
tor can reverse the slant.

Since the input and output of the

tester have a common ground, it is
sometimes necessary to use re-
sistor networks to add signals into
servo loops or to buck out d-¢c com-
ponents of feedback voltages.
Figure 6 shows a method by which
closed loop tests were run on a
large electrohydraulic servo.

Self Checking

For cross checking this device,
it is necessary only to feed the out-
put back in as the signal from the
servo. The attenuators should read
the same at null. The phase dial
should read zero deg at all fre-
quencies. For further checks, an
R-C lead or lag network can be con-
nected between input and output
and its measured characteristics
compared with the calculated.

Figure 7 shows a modulator con-
verting the tester output to either
60 or 400-cycle modulated signals

as shown in Fig. 2B and 2C. Since
the synchro output is a suppressed-
carrier amplitude-modulated volt-
age, it is necessary to use a modu-
lator which will give that typne of
signal. With no modulation signal,
the 500-ohm potentiometer in the
cathode of V, is adjusted so that
carrier voltage is balanced to zero
in the output. When modulation
voltage is brought in, the only sig-
nals in the output are f..... plus
and minus f.... The capacitors
across the interstage transformer
are used to compensate for phase
shift in the transformers and
should be adjusted so that the
modulated output, with f.... very
low, is in phase with the carrier.

The author wishes to thank J. C.
Hobbs, B. A. Tietjen and E. H.
Cabaniss for their assistance in the
development and J. E. Moulton
who did the construction.
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FIG. 6—Test setup for using servo analyzer to measure overall
response of closed position loop with series added fesdback
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FIG. 7—Modulator unit converts output of analyzer to 60 or 400-cps
suppressed-carrier a-m signal
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Dielectric Mixture Chart

UMMARY —— Nomograph determines dielectric constant of mixture of

two dielectrics when their respective dielectric constants and proportions

are known. Computation is useful for filled resins used in encapsulation

PLASTIC materials used for en-
capsulation are often mixed
with filler material such as glass
fibers, asbestos, silica or alumina
to reduce shrinkage and increase

By ELIO SION

Airborne Instruments Laboratory, Inc.
Mineola, N. Y.

dimensional stability. The di-
electric constant of the resulting
compound can be determined
from the nomograph given here.

The law governing the di-
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electric constant of a mixture of
two different dielectrics is

log £ = p, log &i + p. log e
where F is the dielectric constant
of the resultant mixture and p,
and p, are the percentages by
volume of substances with di-
electric constants ¢, and ¢, re-
spectively. For convenience, this
nomograph assumes ¢, to be the
additive and to have the higher
di-electric constant,

To find the dielectric constant
of a mixture, find the ratio ¢,/e,
and enter the left-hand scale at
this value. Draw a line joining
this value with the percentage
by volume of ¢, to be added on the
intermediate scale. The inter-
section of this line with the right-
hand scale yields the factor K
which is the value by which e,
is to be multiplied to give the
dielectric constant of the new
mixture; that is, Ke, = E.

For example, to find the re-
sultant dielectric constant of a
mixture containing 10 percent
rutile (Ti0,) by volume for which
&, = 110, and 90 percent poly-
styrene for which ¢, = 2.54, enter
the left-hand scale at ¢/e —
110/2.54 = 43.4, join the inter-
mediate scale at 10 percent and
extend the line finding K = 1.46.
Hence the dielectric constant of
resultant mixture is £ = K¢, —
1.46 x 2.54 = 3.7.
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TV 110 VOLT
DISCONNECT

...0ne piece pin with solder tail is featured in the 110 volt TV
lead in. Underwriters approved.
Eliminates intermittents. The new one
piece pin with solder tail m m
insures positive electrical ‘

Saves scarce materials . . . eliminates one
piece of insulation and two soldering fugs.
Saves solder and soldering operations.

flow through plug to set by eliminating
old style pin-lug riveted joint.

QUANTITY PRODUCTION OF
LOW LOSS MICA COMPONENTS

... Magnal and Diheptal;
molded of high dielectric
black or low loss mica-filled
phenolic material. Full floating
CINCH solder coated phosphor bronze
contacts insure easy insertion of tube and pro-
vide excellent electrical connections.

Finest molding machines and equipment operated
under most experienced guidance and engineering
supervision with adequate and unequaled facilities
has advanced CINCH to the foremost in production
of low loss Mica components in quantity.

Consists of main casting with required
number of contacts assembled. Insulator
is assembled in position but not
fastened. Supplied with two

screws, two nuts and two lock

washers. Available with 062 steel
mounting ring as shown.

Cinch components are availble
at leading electronic jobbers—
everywhere, oI . . :

Cinch automatically assembled parts assure the uniformity and

quality mandatory for use in AUTOMATION in the end users

“PTE CONSULT CINCH!
Q’\t\\‘-\\ CINcH MANUFACTURING CORPORATION

cIROWE
A\ 1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass,



[ J o
Phase-LlneaIIt N the design of video ampli-
fiers, i-f amplifiers, delay
lines and similar circuits, it is
desirable to obtain uniform gain
and linear phase shift over the
o m o g r a p desired passband.

This condition of phase shift
proportional to frequency may
also be defined as constant time
delay. If phase shift in radians
is expressed as ¢ = 2rn ft, the

UMMARY - Chart relating time delay, phase expression ijm also be written
. e . as t = o/2xf.
shift and frequency facilitates testing of phase- If ¢ is proportional to fre-

quency f, the right-hand member

of the second equation is a con-

video amplifiers and other pulse circuits stant. Thus, ¢, the time delay
is a constant.’

Large angular measurements
may be simplified if frequencies
corresponding to principal angles
are measured. At these angles

By JOSEPH F. SODARO the cro pattern is a straight line

Fos dmyelcmeols or circle. Small angles can be

measured by the intercept
method in which the phase-angle
sine equals the ratio of y-inter-
cept to maximum-deflection

shift, band-pass and delay time characteristics of

s t f values. From this, the angle can
6000+ 1591590 —— 100110 - 2 '
5000 T bl e A T be calculated. |
000" ‘ As frequency is varied and |
3000 | 50500 | -— ’

; T 20020 angular difference observed on

2,000 o 300430 | the cro the amount and con-

1©0+100 * 400--40 l stancy of time delay can be de-

oL =g o 50050 termined from the nomograph.

700 2 2 700170 | Select angular difference on the
P T 41000600 &  scale in degrees.

§8§2 . (o | Draw a line to the frequency

60" | .

300- w 0575 al on the right-hand scale. Read
270 2 N 277200 . : .
294 @ 1 | time delay where the line inter-
180 i O|—:o|oMois* 3=3C0 seets the ¢ scale on right or
4 4-+400 Q
© 544}500 left-hand scale corresponding to
9ol 8 o 0051500 | > Bl 1 d. As f
e = 1 } o 700 the f scale used. s frequency
] - = + el | |o§:—-|000 b, is varied, pivot a straight-edge
igj § 3 0011-10¢ 5 " 1 about the time-delay value to

Bl o 3 0005--50 « ’ other ¢ and f combinations.

e + g2 | Observe the deviation from a

g d agemEn 303 constant time delay to determine

' FLO00suS 0 o 4074 bandpass limits of the circuit
5015
-] I3 © = 7L under test.
w a5 « qs . . .

T » T By providing limit lines on
5—| —- 10010 X the ¢ scale in accordance with
“‘l S 1 test specifications, this chart can
3_) < SO0 2oo—Lzo be used by production test
2~ - 3ooiao personnel.

I 1070l 400140 REFERENCES

) 514005 500750 (1) A. A. Barco, Measurement of

£ 70070 | Phase Shift in Television Amplifiers,

2-+0.02 J RCA Rev, Apr. 1939. i

05— 159-00159 ¥~ Y000 100 L (2) J. F. Sodaro, Phase Shift by

CRO, ELECTRONICS, D 192, May 1953.
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Vibrators Ever

Mechanical hum has been reduced to a new low,
in the latest vibrators developed by Mallory.
A product of Mallory’s 25 years of pioneering
research and manufacturing experience in the
vibrator field, this new model makes it possible to
design automobile radios and other battery-pow-
ered electronic equipment for lower hum levels
than ever before possible.

“FLOATING” DESIGN. The secret of this vibrator’s
exceptional pcrformuncc 1s a new construction in
which the vibrator mechanism ““floats’ inside the
case. Transmission of mechanical hum or shake to
the outside of the can or base is held to an
absolute minimum.

QUIET IN ANY MOUNTING POSITION. Noise output
remains consistently low regardless of the position
in which the vibrator is mounted ... actually is

IN POWER SUPPLIES BE SURE TO USE. ..
Mallory FP Eleetrolytic Capacitors . .
capacitor, I'P electrolytics have for many years been built for con-
tinuous operation at 85° C. Famous for long shelf and service life.

Parts distributors in all major cities
stock Mallory standard components for your convenience.

Serving Industry with These Products:
Electromechanical —Resistors ® Switches e Television Tuners e Vibrators

Electrochemical—Capacitors e Rectifiers o Batteries

Mercury
Metallurgical— Contacts ® Special Metals and Ceramics ® Welding Materials

;;MALLORY

99349

i |BRATOR
wy DEVELOPME%NT

lower in level than the electrical hum emitted by
most auto radio speakers.

PREMIUM PERFORMANCE WITHOUT PREMIUM COST.
The new, extra-quiet Mallory vibrators cost no
more than previous models. They are now the
standard type, in most instances bearing the same
part number.

For quiet operation, long life and eonsistent per-
formance, you will find these Mallory vibrators
your best choice . . . both for new designs and for
the units you now have in production. I'or special-
ized consultation on your power supply problems,
call on the experience which Mallory has gained
during a quarter century of leadership in vibrator
development and application. Write today for our
Technical Bulletin, or for a call by a Mallory
representative.

. The original fabricated plate

Expect more . .. Get more from
P.R. MALLORY & CO.Inc.

MALLORY

P. R. MALLORY & CO., inc., INDIANAPOLIS 6§, INDIANA

ELECTRONICS Charter-Year Advertiser
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Electrons At Work

Edited by ALEXANDER A. McKENZIE

Cesium Frequency Standard Controls Accurate Atomic Clock

§ ﬁ

Model of the new time standard so accurate that it might be only a half-second
wrong in 2,000 years is viewed by Jerrold R. Zacharias of MIT

ACCURATE SYNCHRONISM of events
in different places anywhere on the
earth is possible with the aid of the
cesium atomic frequency standard
developed under the direction of
Jerrold R. Zacharias at DMassa-
chusetts Institute of Technology.
Similar tc the MASER (micro-
wave amplification by simulated
emission of radiation) recently an-
nounced by Columbia University
but operating on a different princi-

ple, the device depends upon cscilla-
tion of electrons in the cesium
atom.

As an electron revolves around
the nucleus of an atom, it wobbles
very slightly at a constant rate.
This unvarying rate of oscillation is
reflected in the frequency of waves
emitted.

The element cesium has a fre-
quency of about 9,192.632 me that
serves as the time unit in the atomic

clock. One one-hundredth of a
gram of cesium is enclosed in a
metal crucible. When heated to
about 100 C, the cesium shoots a
stream of atoms through a hcle in
the crucible. The atoms strike a
detector screen and their frequency
is determined in the apparatus.

Since the cesium loses only about
a millionth of a gram a day, the
clock is, for all practical purposes,
perpetual. The ordinary primary
standard of frequency that depends
upon oscillations of a quartz bar is
checked by astronomical measure-
ments and is accurate to 1 part in
10°. At the present stage of de-
velopment, the cesium standard is
accurate to 1 part in 10" but is
capable of accuracies of 1 part in
107,

Applied to navigation problems,
astronomy, geophysics and com-
munications, the new time standard
will permit very much more accu-
rate measurements that can lead to
more exact knowledge.

Associated with Dr, Zacharias in
the work have been James G. Yates
and Robert D. Haun. Support has
come from Signal Corps, Office of
Scientific Research, Air Research
and Development Command and the

Office of Naval Research.
(Continued on p 182)

Threefold Gain In Military Telephone Channels

g e .2 (s i

Terminal units of 12-channel carrier tele-
phone system that can be extended to
200 miles. Three times as many conver-
sations over a single cable are handled
on the new system as compared with
Korea and World War 11 systems. Equip-
ment is made by Western Electric

180

Laboratory test of unattended repeater
designed for use in 12-channel earrier
telephone system. Watertight unit in
cylindrical aluminum casing is required
every six miles to restore transmission
levels. Bell Telephone Laboratories did
the development work

www americanradiohistorv.com

Portable Army Signal Corps telephone
system uses electronic methods to han.
dle four conversations at a time over a
single cable. The repeater (above) is
one of several that can be used in the
hundred-mile circuit that is now possible
in the field
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X-ray Television Shows Inside of Operating Engine

At a recent demonstration staged by the Nationa!l Bureau of Standards, working paris of an operating engine were shown by
means of venetrating x-ray energy and a closed-circuit television systen. A small one-cylinder engine was placed between a beta-
tron and a large thallium-activated sodium jodide crystal. The visible replica of the x-ray image was picked up by the camera of
a closed-circuit television system. Using x-radiation from a 180-mev synchretron, the technique allows observations through 6 feet

of concrete or 12 feet of water

Scanner Compares Cancer Cells Against Normal Cells

GRANTS totaling $100,000 have
been awarded Airborne Instruments
Laboratory of Minneola, N. Y. for
continued development of an optical
electronic device known as the Cyto-
analyzer. Its purpose is to detect
cancer cells obtained from body
fluids by the Papanicolaou method
—the reading and interpretation of
cell properties exhibited by smears
of fluids from natural body open-
ings.

An experimental model of the
machine views microscope slides
prepared from Papanicolaou smears
and a scanning technique irans-
forms the picture into an electric
signal. A computer distinguishes
between normal and cancer cells.

Four characteristics measured in-
clude cell color, cell size, diameter of
the cell nucleus and optical density
of the nucleus. If, as is believed,
these characteristics are sufficient
to discriminate, the electronic scan-
ner will be able to sort out slides
rapidly. Data gathered on normal
and cancer cells from over 100
patients will provide criteria for the
initial testing of the technique.

At present, trained technicians

182

Experimental form of the Cytoanalyzer in operation under the direction of Walter E.
Tolles, physicist at Airborne Insirument Lab, Mineola, N. Y.

examine slides under a microscope.
Suspicious specimens are referred
to a pathologist. The Cytoanalyzer
would separate slides almost as fast
as they could be fed into the ma-
chine. The technical staff would
then examine only those selected

WwWww americanradiohistorv.com

electronically as abnormal, reducing
the human task to about 5 percent
of its routine lsad. This would
allow millions of additional exami-
nations without training hundreds
of additional technicians.

(Continued on page 184)
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time on our hands

Here’s a handful of microtime. .. doled out in hundredths of a millimicro-
second, It’s our new HELIDEL* delay line.

It’s precise...wide-band . .. continuously variable. This is not an adwriter’s
pipedream...it’s an engineer’s, come true.

Which means that definitions are in order.

Precise =delay increments of only 2 x 10-1 sec; resolution 0.019 and

better; linearity “better than +19,”...actually, so fine it can’t be measured.

Wide-band = transmission of pulse signals up to 20 mc with negligible
phase-distortion, overshoot, or distortion of waveshape.

Continuously variable =a distributed-constant, electromagnetic type. ..
dreamed up in 1946. .. developed in helical form since 1951, by Helipot
and DuMont.

The HELIDEL is already used successfully in color-Tv broadcasting and
oscilloscopes. . .and as a trimmer in transmission systems.

What can you dream up?

To help you dream,

A '\ \ G there’s a 10-page technical

'HHIH}I" | I 0 paper on the HELIDEL,

NBOABAN / first in precision potentiometers presented at the 1954
2

ELECTRONICS — April, 1955

WESCON. . .and a new data

Helipot Corporation/South Pasadena, California sheet, with complete specs.
E'ngineer;rhcg'r'e*presentatﬁ)le"s 'Lln gJTr;nczéJai cities iy L e
a division of BECKMAN INSTRUMENTS, INC. for Data File 401.

444 *TRADEMARK

Want more information? Use post card on last page.
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Theory For Formation Of Thunderstorm Electricity

DOWNDRAFT

(S
%+++

\
4+t

Normal positive charge above the earth is carried by convection up into cloud
(left) resulting in attraction of negative ions that are swept towards the base

of the cloud by downdrafts.
strokes (right)

ACCORDING to presently accepted
theory, precipitation particles such
as rain, snow, hail or sleet somehow
become charged with one sign,
while air or slower falling particles
become charged with the opposite
sign. Difference in the rate of fall-
ing thereby creates a separation of
charge that results in lightning.
Understanding the mechanism of
generating static electricity is im-
portant in the fields of weather,
navigation and communication. A

Aligning TV Receivers by Pulse-Cross Display

By HarrY E. THOMAS

Federal Telecommunication Labs.
Nutley, N. J.

TELEVISION RECEIVER circuit analy-
sis can be facilitated by use of the
pulse-cross display. The pulse cross
or hammer is a presentation on the
picture tube of the sync and blank-
ing portions of a tv signal through
simple adjustment of the receiver
controls. This display, when ad-
justed correctly, serves to analyze
synchronization faults in the sys-
tem.

There are two types of pattern
used when adjusting a receiver for
such an analysis. In the vertical
pulse-cross display, the vertical hold
control is adjusted until the picture
rolls and stops at approximately the
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Difference of potential finally results in lightning

new theory has recently been ad-
vanced by Bernard Vonnegut of
Arthur D. Little, Inc., Cambridge,
Mass.

In brief, it is proposed that elec-
trification in thunderstorms results
from strong updrafts and down-
drafts (as shown in the illustra-
tion) that cause multiplication of
the small space charge normally
found in the lower atmosphere. Be-
cause the lower air contains a slight
positive space charge, clouds formed

from it have a small positive charge
and produce an electric field.

Negative ions under the influence
of this field move down from the
upper atmosphere. They do not
neutralize the cloud as might be ex-
pected because they are caught in
downdrafts that carry them to the
lower part of the cloud where they
accumulate to form a large region
of negative space charge.

When it becomes large enough,
this charge produces a large posi-
tive space charge by corona from
points on the ground beneath the
cloud. Air containing this increased
positive space charge is carried by
updrafts into the top of the cloud,
causing it to become even more
positively charged.

This effect increases rate of
growth of the center of negative
charge and finally the charges be-
come great enough to produce light-
ning.

There is some historical and re-
cent observational evidence to indi-
cate that tornados may be formed,
under certain conditions, by this
type of action as a result of that
heat released by successive light-
ning strokes.

T
/ HORIZONTAL
BLANKING

FRONT PORCH s ——

START OF VERTICAL
BLANKING
1

e HORZONTAL SYNC

—=————+———<HBACK PORCH

START OF

- VERTICAL

SYNC PULSES

[EQUALIZER
PULSES

Pulse-cross expanded vertically about six times for easier viewing

halfway position on the viewing
screen as shown in Fig. 1. At this
point there will be a dark gray

horizontal bar across the face of
the tube. If the contrast control
is then adjusted there can be seen,
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Droved cw Serucce!

for high
pulse-peak
emission

o |. l In the Los Gatos 719A
nine | Ives p Uus all internal insulators

across high voltage points

Ample czzhcde for high pulse- i ed. Effici
peak emission makss the Los Gatos 2] EliMIRALEL, Stiigient
719A diode idezl for clipper use

i1 radar and similar pulse applica-

heat dissipation is provided
by the black-body

. y " o Sintercote® anode.
tions, wherz lcng service life is

importarz. Lewis and Kaufman

tube engitezring emphasizes
longevity at every critical point.

LEWIS and KAUFMAN, Ltd. \

LOS GATOS CALIFORNIA K

Ezport Representafie2s - in Canada :
MINTHORNE INTEENATBONAL CO., INE. RADIO VALVE COMPANY, LIMITED
1% Moore St., N.Y. s N.Y, Cadle: Mintharne 189 Dufferin Street, Toronlo 1, Ontario, Canada
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ELECTRONS AT WORK (continued)

superimposed on this bar, another
black horizontal bar extending

across the screen with a short wide
section or head located slightly to
the left of center. This super-
imposed bar resembles a double-
headed hammer with the handle
extending to the right-hand side of
the raster. If the shading differ-
ence between the gray of the wide
bar and the black shading of the
hammer are not distinct enough
from each other, receiver contrast
control can be adjusted until the
hammer just becomes black; the
wider part of the bar should then
be at its correct shade of gray.
Next to the hammer head toward
the left side of the raster there is
a gap in the pure black area. Fol-
lowing this gap the handle section
of the black area continues to ex-
tend to the left across the picture
to the edge of the raster.

This display gives information
about the vertical synchronizing
and blanking pulses that are being
transmitted from the tv transmit-
ter. In studio practice, since these
pulses are generated in the syn-
chronizing generator, the display
immediately tells whether this
equipment is functioning correctly.
The pulse-cross display is accord-
ingly included on most studio moni-
tors. In a receiver the display tells
whether the synchronizing pulses
are reaching the picture tube at
the correct levels or whether they
have been distorted or clipped in
passing through the video circuits.
This becomes apparent when it is
impossible to adjust for a black
hammer.

Interpretation of the vertical dis-

HANDLE FOR
NEXT HANNER

I "\ HANNER
HORIZ SYN \ i
BLWKSANDC \HEAD LEADING
VIDED EQUALIZING
’ p L/ PULSES

———da VERT
_=I— SYNC
ey L\‘sucx \PULSES
PULSES |, - S5 usEeE :
FOLLOWING

FOLLOWING EQUAL  PULSE
PULSES, INTERVAL PULSES INTERVAL

FIG. 1—Composition of vertical pulse-
cross display from standard RETMA tv
waveform
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How Graflex, Inc., cut production costs

with a Kodak Contour Projector

If you've been thinking of optical
gaging only in terms cf toolroom
measurement or final inspection,
see what it does when linked to
production operations.

GRAFLEX, INC., was producing a com-
plex precision part in which spacing
of 40 holes and 12 bosses had to be
held to £.001".

To solve this tolerance problem,
Graflex used a Kodak Contour Pro-
jector because: (1) mechanical gages
would have been too costly for the
required run; (2) optical gaging would

Graflex, Inc., used a Kodak Contour Pro-
jector, Madel 2A, for this operation. The
Model 2A is completely equipped for
precision micrometry. In addition, it has
a magnification selector, built-in surface
illuminator, and permits the staging of
parts in any plane. As with all Kodak
Contour Projectors, it requires no hood.

ELECTRONICS — April, 1955

be faster; (3) the Kodak Contour Pro-
jector gave a quantitative as well as
qualitative check.

Here’s how this helped cut production
costs and speed the work:

Optical gaging made it possible to
check parts as they were run, to dis-
cover errors before more time and
labor were spent on the part; no ex-
pensive machining was wasted on
parts later found to be out of toler-
ance. It assisted in assembly opera-
tions, too, since the exact condition
of the parts was known. And the
part could be quickly rechecked at any
point during production when a ques-

tion of tolerance or condition arose.
A Kodak Contour Projector was
also used in final inspection—doing
in 20 minutes a job estimated at 434
hours by surface plate inspection.
When the runwas completed, the com-
parator was available for another job.
Perhaps you have production prob-
lems that can be solved by fast, ac-
curate, complete measurement and
inspection. There’s a field representa-
tive in your area who can evaluate
your needs for you. To get in touch
with him, or for a copy of the illus-
trated booklet “Kodak Contour Pro-
jectors,” mail the coupon below.

the KODAK CONTOUR PROJECTOR

EASTMAN KODAK COMPANY

Special Products Sales Division, Rochester 4, N. Y.

(7] Please send me a copy of your booklet “The Kodak Contour Projectors.”

[_] Put me in touch with your representative.

|
|
|
|
|
|
| NAME
|
|
|
I
|

COMPANY
STREET.
vy,
|

Want more information? Use post card on last page.

wwww. americanradiohistorvy. com.
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DECADE RESISTANCES
& VOLTAGE DIVIDERS

delivered from stock

Accuracy: 10 ohms and Temp. Coeff.: 4-0.002% perdegree C.

above: #+0.1%

1 ohm: +0.25% Maximum Load: 1/,-watt per step

0.1 ohm: *=1% Frequency Limit: Non-inductive
0.01 ohm: %57 to 20KC
DECADE RESISTANCE BOXES
Total
Type Dials Ohm Steps Resistance—Ohms Price
3 0.01 1A $60.00
3 0.4 m 51.00
3 1 1,110 56.00
3 10 11,100 60.00
3 100 111,000 63.00
3 1,000 1,110,000 77.00
3 10,000 11,100,000 120.00
4 0.01 111 75.00
4 0.1 1,111 71.00
4 1 11,110 77.00
4 10 111,100 79.00
4 100 1,111,000 92.00
4 ¥,000 11,110,000 139.00
5 0.1 11,111 94.00
5 1 111,110 101.00
5 10 1,111,100 113.00
5 100 11,111,000 155.00
6 0.01 11,1111 105.00
[ 0. IRRARA] 109.00
[ 1 1,111,110 121.00
[ 10 11,111,100 169.00

UNMOUNTED DECADE RESISTANCES

Total
Dials Ohm Steps Resistance—Ohms Price
435 1 0.4 1 $12.00
436 1 1 10 13.25
437 1 10 100 13.25
438 1 100 1,000 15.00
439 1 1,000 10,000 16.00
440 1 10,000 100,000 18.50
441 1 100,000 1,000,000 32.50
442 1 1,000,000 10,000,000 60.00

DECADE VOLTAGE DIVIDERS (Potentiometers)

Total
Type Dials Ohm Steps Resistance—Ohms Price
845 3 1 1,000 98.00
837 4 0.1 1,000 126.00
835 4 1 10,000 132.00
836 4 10 100,000 14600

SHALLCROSS MANUFACTURING COMPANY

522 Pusey Ave., Collingdale, Pa.

ELECTRONICS Charter-Year Advertiser

Want more information? Use post card on last page.
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ELECTRONS AT WORK {continued)

play is aided by reference to the
standard RETMA television signai
which specifies accurately the
values, percentages and timing used
in transmitting synchronizing in-
formation. The standard signal is
shown in Fig. 1.

The vertical blanking interval
covers a space-time area of 18 to 21
horizontal lines, or from 1,140 to
1,330 microseconds. The level of
this area is below the sync level so
that if the sync tips were black,
the vertical blanking level would be
gray. The blanking area thus con-
stitutes the widest part of the over-
all display.

Below the top edge of the gray
band, at a distance of six lines
downward, is the start of the main
vertical sync pulses. These consist
of six broad pulses and appear at
the black level at which the contrast
control has been set. They form the
handle of the hammer. They are
separated by an interval known as
the serration which appears as a
gap at the left side of the hammer
head. The serration is 5 microsec-
onds long.

The hammer head area is formed
by equalizing pulses. In the tv sig-
nals there are six of these preced-
ing the vertical-sync pulses; they
start with the beginning of the
blanking interval and proceed down-
ward from the start of the gray
area. They are narrow, being only
2.5 microseconds in duration. Be-
ing at sync-tip amplitude they form
part of the black area. Six more of
them follow the completion of the
vertical syne pulses, thus making
up the bottom part of the hammer
head.

In analyzing receiver perform-
ance the pulse-cross display tells
by its relative shading and the
shape of the various areas where
sync troubles are occurring. For
instance, if there is no gradation
between the darkest area of the
sync pulses and the blanking pulses,
showing that the sync is being
stripped, restoration of proper
shading by changing the contrast
control, agc action, or amplifier
gains can be used to trace the
trouble.

In case the blanking pulses are
no darker than the darkest picture
elements there may be some defi-
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capacitors  [MYLAR pisLecTRIC

*Dy Ponts Trade Mark for its Pglyester Film

TYPE-620S

ETITIVE PRICES

MFD.

OOA’AH— SERAMELITE capacitors

MODELS 620S and 621§

... combine the excellent electric characteristics of “MYLAR” with the
superior humidity resistance properties of ‘“‘Seramelites” to produce a
completely new capacitor for exacting applications at reasonable prlces

These competitively priced new miniature capacitors closely approxi-
mate the performance of expensive hermetically sealed units. They are
designed to cover the entire capacitance and voltage range.

CHARACTERISTICS: CONSTRUCTION FEATURES:
@ Insulation resistance 20,000 megohm-microfarads| @ Tubular Ceramic Enclosure

® Power Factor is Less than 1% ® New Plastic End Seal

@ Operating Temperature —55° Cto +125° C ® Inserted Tab or Extended Foil
@ Generally smaller than RETMA Standards ® Miracle X Impregnated

® Tolerances as close as 2 of 1%

OTHER GOOD-ALL "MYLAR” CAPACITORS
FirMm-X (Hermetically Sealed) ¢ MARBELITE (Plastic Impregnated Paper Tube)

Available for printed circuit or other applications in all mounting styles.
Built to your specifications.

So S"Pein" . .. They are being used extensively by leading
Electronic, TV, and Radio Manufacturers throughout America,

iy o
Good-ALL
ELECTRIC MFG. CO. 120 FIRST ST ¢« OGALLALA, NEBRASKA capacitors

ELECTRONICS — April, 1955 Want more information? Use post card on last page.
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" INFRASONIC

{Ultra-Low Frequency per LR.E. "Standards on Blectroacoustics, 1951")

Voltage Measurements
with the NEW

FREQUENCY RANGE
0.05¢ps to 30KC
down to 0.01cps with corrections

VOLTAGE RANGE
0.02 to 200V peak to peak
lowest reading corresponds to
7.07mv rms of a sine wave

ACCURACY

3% throughout ranges
and for any point on meter

IMPEDANCE

10 megohm by an average
capacitance of 30 ppf

OPERATION

Unaffected by line variation
100 to 130V, 60 cycle, 45 watf

APPLICATIONS

The Ballantine Infrasonic Voltmeter
Model 316 has been introduced to
satisfy a growing need for an instrument
to facilitate the measurement of ultra-
low frequency potentials as are encoun-
tered in low frequency servomechan-
isms, geophysics, biological research,
and in loop analysis of negative feed-
back amplifiers. Among many other
uses, it will serve as a very satisfactory
monitor for the output of commercially
available ULF signal generators most
of which are not fitted with an output
indicator.

FEATURES

e Pointer “flutter” is almost unnoticeable dewn to 0.05¢ps, while al
0.01eps the variation will be small compared to the sweep observed
when employing the tedious technique of measuring infrasonic waves

with a de voltmeter.

® A reset switch is available for discharging “memory” circuits in order
to conduct a rapid series of measurements.

PRICE: $290

® The reading stabilizes in little inore than 1 period of the wave.

® Meter has a single logarithmic voltage scale and a linear decibel scale.
® Accessorics are available for range extension up to 20,000 volis and

down to 140 microvolts.

For further information on this and other Ballantine instruments

write for our nete catalog.

BALLANTINE LABORATORIES, INC.

100 FANNY ROAD, BOONTON, NEW JERSEY

190 Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)
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FIG. 2—Make-up of horizontal pulse-
cross display

ciency in low-frequency response,
either in the video amplifier or in
poor alignment of the rf or if
stages. In the latter case, the pic-
ture carrier may be adjusted too
low on the slope of the response
curve. If the gradations are essen-
tially correct and syne troubles still
persist, the trouble must lie in the
sync separator and sweep circuits.

In the same way that the vertical
syne signals can be phased, the hori-
zontal signal can also be phased by
means of the horizontal-hold con-
trol so that its sync pulse produces
a display on the picture tube. This
adjustment appears on the view-
ing screen as a vertical bar. Figure
2 shows the display formed by phas-
ing the horizontal-syne pulse at
180° from its normal position. The
result is a vertical bar having two
shadings when the contrast control
is correctly adjusted. One is a wide
section of gray and the other a
narrower superimposed black bar.

As in the vertical case the wide
bar represents the blanking pulse
and the black bar the sync pulse.
The horizontal - blanking pulse
should ideally be 11.4 microseconds
long and, since it is at the same
video level as the vertical blanking
pulse, it should have the same gra-
dation of gray in its makeup. The
horizontal sync pulse forms a dark-
er vertical bar of 5 microseconds
length, and is located at 1.3 micro-
seconds beyond the start of hori-
zontal blanking.

This step, or delay of the sync
pulse is called the front porch. The
remainder of the time from the
end of the sync pulse to the end of
blanking is the back porch. In many
pieces of equipment it is important
that the time interval of these
pulses be precisely preserved since
other operations such as clamping
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SPRA

SPRAGUE ELECTRIC COMPANY
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This power-type wire wound axial-lead
Blue Jacket is hardly larger than a match
head but it performs like a giant! It’s a
rugged vitreous-enamel coated job—and
like the entire Blue Jacket family, it is
built to withstand severest humidity per-
formance requirements.

Blue Jackets are ideal for dip-soldered
sub-assemblies . . . for point-to-point wir-
ing . . . for terminal board mounting and
processed wiring boards. They’re low in

cost, eliminate extra hardware, save time
and labor in mounting!

Axial-lead Blue Jackets in 3, 5 and 10
watt ratings are available without delay

in any quantity you rcquirc. * % %
SPRAGUE WATTAGE 'DIMENSIONS  MAXIMUM
TYPE NO. RATING ' L (inches) D RESISTANCE
151E 3 1% 1% 10,000 £
27E 5 . % 30,000 Q
28E 10 7% %« 50,000 £

Standard Resistance Tolerance: 5%

miniaturized axial-lead wire wound resistor

¢

35 MARSHALL ST.

WRITE FOR ENGINEERING BULLETIN NO.

ELECTRONICS Charter-Year Advertiser

Want more information? Use post card on last page.

NORTH ADAMS, MASS.
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PERKIN...HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED

IMMEDIATE DELIVERY!!

MODEL
MR 532-15
57032y,
@ 15 AMP.
{1118}

MODEL
ME0 VMC
0T032V.
@ 25 AMP.
(CONT.)

MODEL_
MR1040-30
107040 V.
@ 30 AWP.
(CONT.)

MODEL
MR2432-100X
247032V
@ 100 AMP.
(CONT.)

ENGINEERING CORP.
345 KANSAS ST. « EL SEGUNDO, CALIF. « ORegon 8-7215 or EAstgate 2-1375

e

o W

PERKIN

TUBELESS!!

MAGNETIC AMPLIFIER
REGULATED DC

POWER
SUPPLIES

REGULATION: * 1% (a) from 5.32V
DC (b} from 1.5 to 15 amps. (c] from

- 105-125V AC. (single phase, 60 cps.)

S RIPPLE: 1% rms @ 32V and full load,
= increases to max. of 2% rms @ 5V and

full load. RESPONSE: 0.2 sec.
METERS: 4, AM and VM; 2% accuracy.
MOUNTING: Caobinet or 19' rack panel.
FINISH: Boked Grey Wrinkle,

- WEIGHT: 150 lbs,

DIMENSION: 227 x 17" x 141, "

. REGULATION: * 1% * (a] at 28V DC;

increases to 2% max. over the range
24-32V; does not exceed 2V regulation
over the range 4-24V DC (b} from 1/10
full load to full load {c) at a fixed AC

= Input of 115V.
- RIPPLE: 1% rms @ 32V and full load;

2% rms max. @ any voltage above 4V
AC INPUT: 115V, single phase, 60 cps.
FINISH: Boked Grey Wrinkle.

WEIGHT: 130 Ibs.

DIMENSIONS: 22 x 15" x 14"

REGULATION: * 19 (a) from 10 to 40V
DC (b} from 100 to 130V AC (c) from 3
to 30 Amps DC. RIPPLE: 1 % rms.

AC INPUT: 100-130V, 1 phase, 60 cycles.

RESPONSE: 0.2 sec. METERS: 4, AM
and VM.

MOUNTING: Cabinet with 19" rack panel.
FINISH: Baked Grey Enamel.

WEIGHT: 200 Ibs.

DIMENSIONS: 22 x 15" x 23"

~ REGULATION: * ', % (a) from no load

to full load. (b) from 24-32V DC. (¢} for
230* (or 460) V = 10%.

~ DC OUTPUT: 24-32V @ 100 amps.

AC INPUT: 230 or 460V * 10%, 3
phase, 60 cycles.

RIPPLE: 1 % rms. RESPONSE TIME: 0.2 sec.
MOUNTING: Cabinet or 19" rack panel,
WEIGHT: 250 lbs.

. DIMENSIONS: 25" x 15" x 15"

*This unit will be supplied for 230V AC Input
unless 460V is specified.

power supplies

192 Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)

and gating are often timed to occur
during this interval.

Composite Display

In many receivers it may be im-
possible to adjust for the vertical
bar because the horizontal-control
circuits jump into and out of sync
without the possibility of inter-
mediate phasing. When it is pos-
sible to adjust both vertical and
horizontal oscillators for simulta-
neous bar displays there is the com-
plete pulse-cross display illustrated.

In this display, the interrelation
of the horizontal and vertical pulses
can be better seen since the display
from a studio monitor has been ex-
panded about 6 to 1 in the vertical
direction.

Highly Regulated R-F
Voltage Supply

By L. G. SroaN, R. W. RAIBLE and
M. K. TESTERMAN

University of Arkansas
Engineering Experiment Station
Fayetteville, Arl.ansas

A PLUG-IN type power supply pro-
viding a highly regulated r-f out-
put with low level second and third
harmonics is shown in the photo-
graph. The design of the unit is
based on circuits"® using simple
components, but has a regulation
about six times better than that of
previous units,

Low harmonic content of the r-f
voltage output at approximately
5 volts rms is obtained by a con-
ventional crystal-oscillator circuit
operating on the fundamental fre-
quency of the crystal and using
high-Q components in the plate tank

Radio-frequency power
structed as plug-in unit

supply con-

April, 1955 — ELECTRONICS



(TR e

200

MICROVOLTS

s =
G =N
3 =

= HNE
- t‘\'&gﬂf %Y;SKILLOGQAE_‘M

.. . and this amazing sensitivity is only
one of many outstanding characteristics of the
_mlm.-,,...w,, ! entirely new DuMont Type 324 cathode-ray
oL T oscillograph. New standards of stability,
= . low noise and hum level assure full use of the
Type 324 for d-c to 300 kc measurements even in
the microvolt region. Furthermore, the Type 324
is completely calibrated to read time and amplitude
directly. There are so many features incorporated
" in this new instrument we can’t begin to give you
the whole story here. Write us for complete specifications,
or better still, ask for a demonstration of the

o3

NEw DUMONT TvPE 324

For further information write to:
Technical Sales Department « ALLEN B. DU MONT LABORATORIES INC. 760 Bloomfield Ave., Clifton, N. J.
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Hincature

in cooperation with
Squier Signal Lab-

e

e HIGH Voltage - LOW Current

oratory, Signal
=l POWER SUP
Laboratories, Fort
4 Monmouth, New
Lg Jersey. g
P . e d
ot 2 The ATR HIGH Voltage - LOW Current Power Supplies N
,';‘r‘- vtilize ATR miniature vibrators and are ideally svi