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OUR MILLIONTH

TELEMETERING
FILTERS

UTC manufactures a wide variety of
band pass filters for multi-channel
telemetering. lllustrated are a group
of filters supplied for 400 cycle to
40 KC service. Minjaturized units
have been made for many applica-
tions. For example a group of 4 cubic
inch units which provide 50 channels
between 4 KC and 100 KC.

Dimensions:
(3834) 14 x 134 x 2-3/16”,
(2000, 1) 114 x 134 x 153",

CARRIER
FILTERS

A wide variety of carrier filters are
available for specific applications.
This type of tone channel filter can
be supplied in a varied range of band
widths and attenuations. The curves
shown are typical units.

DISCRIMINATORS

These high Q discriminators provide
exceptional amplification and linear-
ity. Typical characteristics available
are illustrated by the low and higher
frequency curves shown,

For full data on stock UTC transformers,
reactors, filters, and high Q coils, write
for Catalog A.

FILTER SHIPPED THIS YEAR. ..

FIL

TYPE CENTRAL FREQENCY
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Dimensions:
(4682A) 115 x 2 x 47

AIRCRAFT
FILTERS

UTC has produced the bulk of filters
used in aircraft equipment for over
a decade. The curve at the left is
that of a nmirictur zed (1020 cycles)
range filter providing highk attenua-
tion betwe2n woice and range fre-
quencies.

Curves at the -ight are that of our
miniaturized €0 and 150 cy:le filters
for glide pzth systems.

Dimensions:
(7364 series) 156 x 158 x 212”
(8649) 112 x 2 « 47,

Dimensions:
(6173) 1-1/1€ x 1% x 3”.
(6174A) 1 x 1Va x 2Va”

4

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N. Y, EXPORT DIVISION: 13 E, 4iZth St., New York 1€, N. Y. CABLES: “ARLAB"
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DIELECTRIC LENS FOR MICROWAVE ANTENNA—Variation of refrac-
rive index is obtained by use of voids in base material. The 4,419 holes
are cylindrical, and { inch in diameter, in this model made by Melpar. (See
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SCARED us too when delivered face up.
Message on back from recently retired
W. C. White of G-E says even in mid-
Africa he can never get very far from a
vacuum tube. He has written many arti-
cles for ELECTRONICS is now seeing
the world with Mrs. White

» THIS ISSUE . . . Like most proj-
ect engineers, we are rarely com-
pletely satisfied with our final de-
sign each month. There is always
the possibility of squeezing a little
bit more output from each stage,
or of obtaining a shade better fre-
quency stability from an oscillator,
to use a couple of similes.

While taking a last look at the
articles scheduled for June, we
were mildly shocked to discover
that the usual vague feeling of
dissatisfaction was different this

electronics
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TALK

month. To our news nose, the scent
seemed nearly perfect.

IFeature articles on analog com-
puters, multiplex f-m broadeasting,
shipboard telemetry for the Ter-
rier, design of dielectric lenses,
simulated radar targets, fabricated
computer disk, the Apple tube, low-
noise equipment design, a vibrating
capacitor inverter, bevatron pulse
system, a personal microwave re-
ceiver, and a transistor modulator
made us feel that Browning was
right about the world.

We then remembered that Leap
Year gave us a few extra days in
our printing schedule at Albany.
We took advantage of this to
squeeze in a few feature articles
that normally could not have been
scheduled until a month later.

» INDUSTRY FEEDBACK ... We
are currently gathering technical
data for a special report.

To streamline the operation we
have devised a stapled eight-sheet
questionnaire. The first sheet con-
sists of a letter describing “Project
Materials” and the other sheets con-
tain 12 questions each about new
materials recently made available oy
soon to be announced for use by de-
sign engineers working in elec-
tronics.

The booklets are now in the mail
to 1,200 companies producing insu-
lating, wiring, alloy, bonding, coat-
ing, potting, conducting, magnetic
and other materials.

One philatelist-wag on the staff

sugygested that the Post Office be
asked to issue a special electronics
stamp for the mailing. This was
licked before it went very far.

If engineering reports, photo-
graphs and other data fed back
from each firm average half-inch
thickness, our pile of material for
Project Materials might be 50 feet
high. Our high-heeled editorial as-
sistants have already acquired a
ladder.

» WE'RE PROUD ... An Award
of Merit has been granted associate
editor John Markus in a competi-
tion sponsored by Associated Busi-
ness Publications.

The article for which the award
was made was “Mechanized Pro-
duction of Electronic Equipment,”
published in September 1955 ELEC-
TRONICS.

» ADD CONFUSION ... Reactions
from readers to the “Little Gem’ in
last month’s Shoptallk show that
the instrument was even more in-
triguing than we had hoped. Sev-
eral pieces of similar apparatus
have since been described to us, but
none has the ability to produce
chaos quite as readily.

Several of the editors put their
heads together and came up with a
modification which they claim will
enhance the usefulness of this de-
vice.

By adding an internal battery
which is automatically switched
into the circuit after the line fuse

is blown, the neon bulb will remain
lit and provide sufficient light to

help locate and disconnect the
“Little Gem” in the ensuing dark-
ness.

Which might mislead some engi-
neers (and the conductor of this
column) to conclude that voltage is
still on the line!

» OLD SOLDIER—As we go to
press, the industry is observing
National Radio Week and we note
with interest the reviews of early
techniques and equipment that have
been described on broadcasts and in
newspapers.

Almost with tears in his eyes,
one of our editors tells us that he
has carefully preserved one of the
first superheterodyne portables,
vintage of the 20’s. For some years
now he has planned to invest in a
lot of batteries and check its opera-
tion against a modern portable.

Comparison of sensitivity, audio
response and other characteristics
would be interesting.

He has carefully saved type 99
tubes for spares, hopes the i-f
catacomb (i-f 30 ke?) hasn’t had
moisture penetrate the pitch, and
is proud of the untarnished gold
appearance of the dials and of the
mother-of-pearl inlaid knobs. The
set has two beautiful brass-plate
tuning capacitors, a curled-up horn
loudspeaker and a rotatable loop
built into the front cover.

Only the leather handle has de-
teriorated.
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MODEL VRSAC750
0-750 VOLT RANGE

FOR RESEARCH LABORATORIES « SCHOOLS + PRODUCTION TESTING
AMPLIFIER GAIN CHECKS « OSCILLOSCOPE CALIBRATION - SERVO TESTING

The Sorensen VRSAC750 Voltage Reference Source is a low cost,
highly accurate regulator primarily designed for calibrating AC
voltmeters in the 0-750 volt range. It is ideal for use with nearly
every power meter commercially available.

Its compact design, simple operation and accurate performance
make it extremely useful to the laboratory or the production
shop. The VRSAC750 is specifically designed for bench-top oper-
ation . . . all controls are within easy reach of the operator,
and the reference meter is clear, easy to read, and placed at
eye level to insure maximum accuracy of adjustment.

Input voltage range 105-125 VAC, 19
Input frequency 60 +0.5 ¢cps
Input current 7 amperes maximum
Output voltage 1-799 volts in 1-volt steps
Output voltage accuracy +0.25% at any voltage in 20°-30°C ambient
Harmonic distortion 1% maximum introduced by the unit

SIZE 205’ high, 193" wide, 12" deep WEIGHT 115 pounds net

VRSAC10 — A versatile instrument for lower voltage applications
featuring high accuracy at extremely low cost.

Ovutput voltage 10 mvto 10vRMS in three ranges
range
Calibration *0.1% at full scale at 60 ¢ps
accuracy
Input voltage 115v *=10%, single phase
Input frequency 50-60 cps; to 400 cps with
slightly less accuracy
Waveform Distortion is negligible
Regulation with load 0.25% max., with load resistance
higher than 0.5 megohm
Regulation with line +0.25% max.

COMPANY, INC., » 375 FAIRFIELD AVE. « STAMFORD, CONN.

CONTROLLED POWER FOR RESEARCH AND INDUSTRY

s et i it e it DD M i
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MUIRHEAD
SYNCHROS EXACTLY To BUOI‘d Spec

115V 400¢/s ) ! &
;-—0-563—-_}-—————I-7|_ T

MUIRHEAD

F11 M-1-A/1 SIZE 11 CONTROL TRANSMITTER U. S. Bureau of Ordnance Number 11 CX 4a MARK 41 MOD. 1.
Supply 115V 400c/s Nominal Rotor/Stater voltages 115 /90V
MECHANICAL DATA

BEARINGS Single row ball journal bearings  ACCURACY {MAXIMUM ELECTRICAL ERROR) 7 minutes
ROTOR CONNEXIONS Silver strip brushes, Silver slip rings  MOMENT OF INERTIA OF ROTOR  0.014 oz in? 2.5 gm cm?
MAXIMUM FRICTION TORQUE (at room temperature) WEIGHT 42 02120 ¢

0.05 oz in 3.5 gm tm
Shaft splined and threaded to enable gear to be fitted.

ELECTRICAL DATA

INPUT Rotor OUTPUT Stator .

WINDING Single phase  WINDING 3-phase star connected
NO LOAD CURRENT 0.03A VOLTAGE BETWEEN TERMINALS {No Load) 90V max

NO LOAD POWER 0.7W  RESIDUAL VOLTAGE AT NULL POSITIONS
IMPEDANCE AT 115V 400¢/s FUNDAMENTAL COMPONENT 45mV max
700 -+ j 3700 ohms TOTAL RESIDUAL 75mV max
D. C. RESISTANCE 445 ohms  IMPEDANCE BETWEEN TERMINALS AT 90V 400¢/s 490 + j 2520 ohms
D. C. RESISTANCE BETWEEN TERMINALS 300 ohms

MUIRHEAD

F11 M-2-A/1 SIZE 11 CONTROL TRANSFORMER U. S. Bureau of Ordnance Number 11CT 4a MARK 24 MOD. 1.
Supply to energizing synchro 115V 400c/s Nominal Stator/Rotor Voltages 90/58Y
MECHANICAL DATA

BEARINGS Single row ball journal bearings  ACCURACY (MAXIMUM ELECTRICAL ERROR) 7 minutes
ROTOR CONNEXIONS Silver strip brushes, Silver slip rings  MOMENT OF INERTIA OF ROTOR  0.014 oz in? 2.5 gm m?
MAXIMUM FRICTION TORQUE (at room temperature) WEIGHT 4202120 g

0.05 oz in 3.5 gm m
Shaft splined and threaded to enable gear to be fitted.

ELECTRICAL DATA

INPUT Stator OUTPUT Rotor

WINDING 3-phase star connected  WINDING Single-phase
SUPPLY FROM TRANSMITTER PER PHASE 90V maximum VOLTAGE ACROSS 20,000 OHM LOAD 1V per degree
CURRENT PER PHASE 12mA initial misalignment

IMPEDANCE BETWEEN TERMINALS AT 90V 400¢/s RESIDUAL VOLTAGE AT NULL POSITIONS
1250 - j 7400 ohms FUNDAMENTAL COMPONENT 30mV max
D. C. RESISTANCE BETWEEN TERMINALS 535 ohms TOTAL RESIDUAL 60mV max
IMPEDANCE AT 58V 400¢/s 680 ~+ j 3200 ohms
D. C. RESISTANCE 370 ohms

Copies of the above data together with mounting instructions may be had free
on request by writing to the address below.

[ MUIRHEAD |

MUIRHEAD INSTRUMENTS, Inc. 677 Fifth Ave., New York 22,N.Y.

United States Sales and Service for MUIRHEAD & CO., LIMITED ® Beckenham ® Kent ® England

ELECTRONICS — June, 1956 Want more information? Use post card on last page. s
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Electronics Output Index

1947 =100

Latest Month

260.0

Mar. '56

Previous Month

264.9

Feb. '56

Year Ago

231.6

Mar, ‘55

-y JFMAMIJASONDSFNANIIASONDI FUAMIIASONDJFMAMIJASONDIFHANIJARSONDJFUANJJASOND J F K A K J J A S 0 N D
1950 1951 1952 1953 1954 1955 y 1956
Latest Previous Year Latest Previous Year
Month Month Ago Month Month Ago
RECEIVER PRODUCTION BROADCAST STATIONS
(Source: RETMA) Mar. ‘56 Feb. ‘56 Mar. ‘55 (Source: FCC) Apr. 56 Mar., ‘56 Apr.’55
Television sets, total ... . 680,003 576,282 831,156 TV stations on air. .. ... 489 488 453
With UHF ... . . 82,805 78,956 115,726 TV stations CPs—not on air 114 109 121
Color sets . . ....... . nr nr nr TV stations—new requests 29 24 18
Radio sets, total ... .. .. 1,360,113 1,093,506 1,482,274 A-M stations on air. . .. 2,872 2,858 2,717
With F-M ... ... ... 833 2,660 23,859 A-M stations CPs—not on air 118 115 98
Auto sets ... ....... 478,272 437,611 774,025 A-M stations—new requests 275 262 201
F-M stations on air. . . . 534 536 539
F-M stations CPs—not on air 13 12 13
RECEIVER SALES F-M stations—new requests 6 4 5
<SoTurlce_: .RETMtA) ) r;n:/;./;i, Zeb. ‘56 M:r. '55 COMMUNICATION AUTHORIZATIONS
elevision sets, units ... 4 30,554 669,794 . , f
Radio sets (except auto) 527,649 454,867 451,049 SORHGE FC_C) LS Feb. 56 i
Aeronautical . .. ....... 45,488 44,570 40,991
Marine .. ... .. ... .... 55,175 54,637 49,212
Police, fire, ete. ....... 20,216 19,971 17,599
RECEIVING TUBE SALES Industrial ....... .. ... 28,454 28,054 23,728
(Source: RETMA) Mar. '56 Feb. ‘56 Mar. '55 Land transportation . ... 8,849 8,726 7,453
Receiv. tubes, total units 42,525,000 37,754,000 41,080,881 é{?.i:;’réd.s """"" 1?222; lfg‘;z; 1?3‘223
Receiv. tubes, value. $34,849,000 530,756,000 $29.922,192 DiSI S - A e o (oo [
Picture tubes, total units 848,055 898,063 882,268 Expaerin:en.téI """""" oth A e
Picture tubes, value.... $15,714,365 $17,136,695 $17,246,843 Common carrier . . . ... 2,185 2,176 1,860
Quarterly Figures EMPLOYMENT AND PAYROLLS
—_— rter 1QUres ————— o g
' : t ) Feb. ‘56 ! ‘
INDUSTRIAL e Previous ¥oar (Source: Bur. Labor Sta lStI.CS eb Jan. ‘56 Feb. ‘55
Quarter Quarter Ago Prod. workers, comm. equip. 385,600-p 389,600-r 358,100
TUBE SALES Av. wkly. earnings, comm. . $74.34 -p $74.70 -r $70.40
(Source: NEMA) 4th ‘55 3rd ‘55 4th ‘54 Av. wkly. earnings, radio. .. $70.67 -p $70.80 -r $68.11
Vacuum (non-receiving)  $9,967,411  $9,027,845  $9,338,181 Av. wkly. hours, comm.. ... 48'3 -P 40.6 40.0
Gas or vapor ........ $3,251,621  $3,438,835  $3.498.123 Av. wkly. hours, radio. .. .. 397 -p 40.0 39.6
Magnetrons and velocity
modulation tubes ...  $13,726323  $10,998,967  $15,249,651 SEMICONDUCTOR SALES ESTIMATES
Gaps and T/R boxes. . . $1,578,767 $1,421,138 $1,788,780 Jan. '56 Dec. '55 Jan. '55
Germanium diodes, units
Silicon diodes, units é 3,300,000 2,690,000 1,700,00¢
MILITARY PROCUREMENT STOCK PRICE AVERA
(Source: Defense Dept.) . 4th ‘55 3rd ‘55 4th ‘54 ) GES
T e o $48477,000 $19,477,000 $44,599.000 (Source: Standard and Poor’s) Apr. ‘56 Mar. ‘56 Apr. ‘55
Navy .ol $20,378,000  $20,054,000 $37,328,000 Radio-tv & electronics ... .. 450.0 465.2 448.0
Air Force . ...$131,938,000 $128,023,000 $92,069,000 Radio broadcasters ... ... .. 524.0 543.2 519.1
Total—Electronics $200,793,000 $167,554,000 $173,996,000 p—provisional r—revised nr—not reported
FlGURES m.' THE YEAR TOTALS FOR FIRST THREE MONTHS 1955
1956 1955  Percent Change Total
Television set production 1,844,632 2,188,252 —157 7,756,521
Radio set production 3,532,243 3,640,144 — 3.0 14,894,695
Television set sales 1,689,178 1,943,992 —13.1 7,421,084
Radio set sales {except auto) 1,513,722 1,246,038 +21.5 6,921,384
Receiving tube sales 120,420,000 117,558,000 + 24 479,802,000
Cathode-ray tube sales 2,638,503 2,639,428 - 10,874,234
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Indusiry Boosts Plant Expansion Plans

Companies plan fo spend more
in each year through 1959
than was spent in 1955

ELECTRONIC and electrical machin-
ery firms plan to spend almost $528
million for new plants and equip-
ment in 1956, a 21-percent increase
over the $436 million spent in 1955,
Plans for 1957, 1958 and 1959
spending are even higher. These
are some of the findings in the an-
nual McGraw-Hill survey of Busi-
ness Plans For New Plants and
Equipment—1956-59.

P Capacity—If plans remain un-
changed, the capacity of the elec-
tronics and electrical machinery
field in 1959 will be more than
double what it was in 1950. Only
four other industries can boast a
similar expansion record. They are
nonferrous  metals, machinery,
transportation equipment and
chemicals.

The industry was operating at
98 percent of capacity at the end of
1955. However, companies prefer
to operate at about 88 percent of
capacity to have a margin of re-
serve.

Firms plan to invest about 30
percent of their total capital ex-
penditure in new construction and
70 percent in new equipment in
1956, about the same ratio as shown
in previous surveys.

» Sales—Electronics and electri-
cal machinery firms expect sales
to be 15 percent higher in 1956
than in 1955, and to increase 33
percent between 1955 and 1959.
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Electronic and electrical com- ing planned for 1956,

panies expect 18 percent of total
1959 sales to be accounted for by
new products. New products are
defined as either products not pro-
duced in 1955 or products suffi-
ciently changed to be considered
new. Development and manufacture
of new products is the reason for a
third or more of the capital spend-

> Research-—Research and devel-
opment expenditures for the elec-
tronics industry is included in the
machinery-industry classification.
In this category expenditures are
expected to rise from $1.3 billion

Aviation Wants More Electronics

CAA forsees expanding
use of electronics in

future traffic control

“WHATEVER the design of future
planes, it is certain that electronics
will play an important part.”” So
said Civil Aeronautics Adminis-
trator Charles J. Lowen in discuss-
ing aviation’s future on the

in 1955 to $1.5 billion in 1956,
to $1.7 billion in 1959.
occasion of the CAA’s celebra-

tion of thirtieth
May 20.

anniversary on

» Traffic—The 1965 traffic control,
according to Lowen, will be built
around four basic components:
radar, radar beacon, automatic data
link and computers.

» Codes—The

radar beacon will
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make targets easier to see and fol-
low on the radar scopes. By use of
codes, the radar target can be
identified as a particular aircraft,
thus eliminating the present time-
consuming identification proce-
dures.

Other radar beacon codes could
be provided to tell the controller
the altitude of the aircraft and
whether the aircraft is under his
or some other controller’s jurisdic-
tion. The aircraft position, altitude
and identification information sup-
plied by the radar beacon, CAA
officials forecast, could be fed to
computers and to large automatic
displays of air traffic.

» Feedback—The automatic data
link may be designed to provide
ground control stations with con-
tinuous position information,
ground speed and altitude, and in
return would automatically feed
back to pilots their traffic control
instructions, by means of visual dis-
plays on the aircraft instrument
panel.

First use of data link, according
to CAA, probably will be for auto-
matic ground to air transmission
on control messages. The second
stage will add automatic transmis-
sion of requests for air traffic con-
trol clearance changes from pilot
to controller and the third stage

Automatic Component Assembly System (Electronics, p 122,

Army Backs Automatic Production

may be automatic transmission of
position from air to ground as a
supplement to radar and radar
beacons. This stage would provide
data for automatic displays at CAA
ground control stations.

» Display—For the controller,
forecasters at CAA look for vastly
improved displays to replace pres-
ent manual posting of flight data
on paper strips arranged on flight
progress boards. They may be large
situation displays covering an
entire control area, representing a
pictorial representation of the traf-
fic combined with supplementary
flight data. Displays may be
developed for the individual! con-
troller, allowing him to examine
specific situations in detail.

Pilots of 1965 will get a high
speed collection and distribution of
weather information by use of
switching centers, magnetic mem-
ory drums and 1,200 wpm printers.

» SWGL — Automatic hands-off
landings in bad weather may be the
rule of the day, with the narrow
beam localizer, the precision local-
izer or the slotted wave guide
localizer. These are three names
suggested for the same equipment.
In any event, the SWGL for slotted
wave guide localizer, coupled with
the FHPTGPP, for flush high pre-
cision touchdown glide path pro-
Jjector, will, when perfected, permit
automatic hands-off landings, in
contrast to present day systems.

» Ground—While on the ground
at airports, aircraft will be con-
trolled by ASDE (Airport Surface
Detection Equipment), another
radar-type equipment already de-
veloped and in use for evaluation
purposes. With ASDE, a picture of
the whole airport is before the con-
troller, complete with moving or
parked aircraft, making ground
control safer and more eflicient.

Navy Examines Industry Capacity

Estimates 1955 sales at

$7.3 billion and production
capacity at $11.2 billion
RECENT survey of the electronics

industry, by the Office of Naval Ma-
teriel shows that production ca-

5 =

: s - S
Nov. ‘55) is readied by

el TR

General Electric engineers for pilot runs of Signal Corps communications equipment
under a $1-million contract recently received by the company. Another Signal Corps
contract, still being negotiated with GE, will cover redesign of the equipments to
adapt them for production on the system. It is expected to cover three equipments

8
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pability on a one-shift basis, has in-
creased from $9.7 billion in 1954
to $11.2 billion in 1955.

» Sales—The number of employees
in the industry dropped slightly
last year from 458,318 to 441,130,
whereas the number of companies
covered by the survey increased
from 509 to 549.

Sales in 1955 increased to $7.3
billion, as compared with $6.6 bil-
lion in 1954. The survey last year
predicted planned production of $7
billion in 1955, which compares
with $7.3 billion sales of that year.
The predicted planned production
for 1956, calendar year, is $8.4 bil-
lion. Of this sum, $3.8 billion will
be military.

» Military—The military backlog
reported as of Jan. 1, 1956 was $4.5
billion which is almost exactly the
same as the total reported a vear
ago. No great change is shown in
prime contracts and subcontracts.

From 73 in 1955 the number of
companies reporting 100-percent
military production increased to 99
in 1956.

The number of companies re-

(Continved on page 10)
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TEIBM ‘giant brain”
withh microsecond memory

...incorporates Sylvania diodes
witlh fast recovery time

The IBM 705 is a “‘giant brain” general
purpose data processing system which
incorporates unique flexibility of input-
output devices. Its Magnetic Core Mem-
ory can recall data at the rate of 9
millionths of a second per character.

To meet the 705°s requirements for
speed, Sylvania Crystal diodes are design-
ed and measured for fast recovery time.

v SYLVANIA

Recovery time tests, conducted on a 100%
basis, are measured for maximum reverse
currentat0.5 microsecondsand 3.5 micro-
seconds. Back resistance is swept dynam-
ically between zero and -70 volts at 60
cycles and 55°C. Tests are also conducted
on the types IN119 and IN120 for mini-
mum drift, flutter, and hysteresis.

Sylvania produces a complete line of

computer diodes, produced and tested
under the same standards as the IN119
and IN120. For applications requiring
high forward conductance with excellent
recovery time, Sylvania offers a complete
line of V.L.I. (very low impedance) diodes.

Write for complete details on these as
well as general purpose Sylvania diodes.
Address Dept. F20R.

SyLvania ELEcTRIC PRODUCTS INC.
1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electric (Canada) Ltd.,

University Tower Bldg., Montreal

LIGHTING « RADIO » TELEVISION - ELECTRONICS - ATOMIC ENERGY
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INDUSTRY REPORT—Continued

porting 100-percent civilian produe-
tion increased from 79 in 1955 to
97 in 1956.

Of the 549 companies surveyed,
393 are classified as small business
and 156 as big business (500 or
more employees).

The military backlog as of Jan.
1, 1956, was $4.3 billion for big
business and less than $200 million
for small business.

» Items—The duta on which the
figures are based has been re-
stricted to electronic end items, sys-
tems, equipments, major assemblies
or subassemblies, and piece parts
produced for direct assembly by the
fabricator. Special effort was made
to exclude data applicable to re-
search and development piece parts
and nonelectronie products manu-
factured by the firms.

ENGINEER checks out Burrough’s electronics printing mechanism as . . .

Tubes Print at 900 Lines a Minute

First machines to be used
in mailing-list maintenance.

Other uses are fore/seen

BIDDING for a slice of the $500-
million-a-year punched-card ma-
chine market, Burroughs has de-
livered the first of its Series G high-
speed printing equipment to Names
Fulfillment, Inc. of Irvington, N. Y.

The customer will use the equip-
ment to print name and address
labels for a newsletter aimed at
members of a credit and courtesy
charge club. Four machines are on
order.

P Savings—The Series G prints
at 900 lines a minute from a
punched-card feed. This means
more than 41,000 characters a min-
ute. It can sort out cards of sub-
scribers whose contracts are up for
renewal and provides an “end-of-

10

town” marker so that address labels
for each location can be conven-
iently packaged for the post office.

The machine is adept at making
changes in mailing lists; users esti-
mate that 30 percent of a mailing
list changes each month. It is esti-

mated that the machine ean provide:

40 percent savings over conven-
tional addressing methods as well
as added speed in getting out circu-
lation audits and management in-
formation. A mailing list of 1.5
million names can justify rental.
The Series G rents from $1,650
to $5,000 a month with Burroughs
providing maintenance. The firm
reports orders worth $2.5 million on
hand from banks, oil companies,
utilities and insurance firms.. De-
liveries are scheduled next year.

»Technical Features—The printer

uses 125 electron tubes and about
8,400 semiconductor diodes. Print-

www.americanradiohistorv com

¥

ing is done by a 3-by-5 stylus setup
controlled by thyratrons—two per
character. The present unit has 48
character printing positions. Cir-
cuits are arranged in printed mod-
ules with four spares provided.
Subsequent printers may include
magnetic-tape input through a card-
to-tape converter. Such a unit is
planned for the Beam data-process-
ing system (Burroughs Electronic
Accounting Machine). Still under
development is an accumulator for
the high-speed printer. This unit
will use Ericsson soft-tube counters.

» Data Processing—A high-speed
electronic data processing system
has been announced by Logistics
Research of Redondo Beach, Calif.
Named Alwac 800, the unit uses 12-
digit decimal numbers and per-
forms 11,000 additions, 2,000 multi-
plications or 13,000 comparisons a
second. It sells for $125,000.

Ten magnetic-drum units can
provide 12-million decimal digit
storage capacity each with four-
millisecond access time. Other
auxiliary equipment may include
punched-card, line-printer, high-
speed paper-tape and electric type-
writer input/output as required.

The computer is constructed on
the building-block plan. Deliveries
are scheduled from 12 to 18 months.

Companies Push
College Recruiting

Competition for college
graduates brings on systematic,
year-round recruiting

STUDY of the college recruiting
practices of 240 firms by the Na-
tional Industrial Conference Board
shows that the average company
sends representatives to 41 colleges
and universities and contacts 12
more by mail and telephone during
the year. The Big Ten, engineering
colleges and Ivy League schools
are the most popular recruiting
centers, but interest in the smaller
liberal arts schools has been grow-
ing.

Although April and May are still

(Continued on page 12)
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EXTENDED
LEFE
ELECTROLYTIC
CAPACITORS

now available for

military electronics
computers

laboratory test instruments
industrial controls

other electronic applications

HERE ARE CAPACITORS OF THE SAME MAXIMUM RELIABILITY which Sprague
has long supplied to the telephone systems . . . now available for your own high reliability elec-
tronic applications.

The use of especially high purity materials . . . utmost care in manufacture, constant obser-
vation and quality control of all operations have made Sprague Extended Life Capacitors out-
standing for their long life and faultless performance.

Type 17D Extended Life Elecirolytics have turret terminals and twist-mounting lugs. A spe-
cial vent construction is molded right into the cover, as are the numbers identifying each terminal.
The aluminum cans are covered with a corrosion-resisting insulating coating.

Nineteen standard ratings, all characterized by low maximum leakage current and remarkable
life test capabilities are available in the new series. Complete technical data are in Engineering
Bulletin 340, available on letterhead request to the Technical Literature Section, Sprague Electric
Company, 35 Marshall Street, North Adams, Massachusetts.

®
‘ world’s largest capacitor manufacturer

Export for the Americas: Sprague Electric Imernational Ltd., North Adams, Massachusetts. CABLE: SPREXINT.
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INDUSTRY REPORT— Continued

the big months for recruiting, only
one company in four believes the
job can be done within this period.
Nearly 26 percent of the firms re-
cruit seven months of the year or
longer, and more than one out of
ten look for men the year around.

The 1955 quotas of 235 com-
panies totaled nearly 19,000 re-
cruits, or an average of eighty re-
cruits per company. About half the
demand was for engineers, while
sales trainees accounted for 20
percent and general business
trainees 11 percent.

Starting salaries for four-year
graduates averaged about $350 per
month in 1955. Most of the execu-
tives surveyed regarded last year’s
offerings as too high, but 80 per-
cent predicted they will go higher.

» Selection—It takes 100 inter-
views to produce 15 likely candi-
dates. These 15 are invited to the
company, shown around and inter-
viewed by officers and department
heads. Eight eventually end up on
the company payroll—the rest
either fail to receive a bid or accept
another firm’s offer.

» Preselection—Nearly half of the
firms try to line up good prospects
before their recruiters arrive on
campus.

Photocell Sets Iris
Automatically

L

Electronics moves further into the ama-
teur movie equipment field with the
inclusion of a servo-controlled iris on the
16-mm Bell and Howell model 200-EE
camera. A photocell energizes a meter-
relay to apply power to motor to posi-
tion iris, Motor and gear train power is
obtained from 6 mercury cells

12

Defense Business Holds Level

WHERE BIG CONTRACTS WENT DURING THE SIX MONTHS

SPERRY RAND
PHILCO

S (/O
RAYTHEON
COLLINS

BURROUGHS
GILFILLAN
ACF
HAZELTINE

MOTOROLA

AMERICAN BOSCH ARMA
MINNEAPOLIS HONEYWELL
WESTINGHOUSE

MIT

STANDARD COIL

LORAL ELECTRONICS

| LEWYT

GENERAL PRECISION EQUIPMENT
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!
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NET VALUE OF PRIME CONTRACT AWARDS IN $ MILLIONS
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Defense Department shows
firms that get top shares of

peacetime procurement

ErreEcT of peacetime procurement
programs on the electronic industry
is indicated in the Defense De-
partment’s latest list of the 100
companies that received the largest
net volume of military prime con-
tract awards. Twenty-five of the
100 are heavily engaged in elec-
tronics.

The awards shown were made
from January through June 1955, a
period, according to the Defense
Department, that should be rep-
resentative of peacetime procure-
ment. Future reports may be ex-
pected to show some shifts in the
companies in the list of 100.

» Portion—Net value of all mili-
tary prime contract awards made
by the Defense Department in the
first six months of 1955 totaled
$8.5 billion. The top 100 companies
accounted for $5.8 billion of this
amount. The 25 electronics com-
panies among the 100, accounted
for 20.4 percent of the total or $1.8
billion. Individually, they accounted
for amounts ranging from 0.1 per-
cent to 4.4 percent of total procure-
ment.

» Comparison—In the five-year

www.americanradiohistorv com

period from July 1950 to June 30,
1955, total net value of military
prime contracts awarded was
$123.2 billion. A total of $19.4 bil-
lion went to 23 companies in the
electronics field, who were among
the top 100 contractors. The 23 ac-
counted for 15.9 percent of total
awards during the period. Seven
of the firms were awarded over a
billion dollars in contracts during
the period.

Railroad Radio Takes
On New Growth

Transmitters increase in number
as more railroads adopt radio

to speed operations

SIXNTEEN more railroads in the
United States used radio services
during 1955, increasing the total
number from 143 to 159. These
new users, helped boost the number
of stations authorized in the 159-
162 me band from 16,327 to 21,943
for an increase of 5,616. The num-
ber of inductive station authoriza-
tions decreased during 1955 from
1,798 to 1,704.

» Transmitter—As shown in the

chart, the number of transmitters
(Continued on page 14)
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vere it is—ho TB0hical, Doty

on SILECTRON CORES . .. all shapes and sizes

This new bulletin contains design information on
Arold cores wound from a grain-oriented silicon
steel, Silectron. Curves showing the effect of im-
pregnation on ccre material properties are pubhshed
for the first time. This 52-page bulletin includes in-
formation on cut "'C” and “'E"’ cores, and uncut toroids
and rectangular shapes. Sizes range from a fraction

am

i
-
S

of an ounce to more thana hundred pounds, in stand-
ard tape thicknesses of 1, 2, 4 and 12 mils.

A new method of tabulating core sizes is intro-
duced, whereby cores are listed in the order of their
power-handling capacity. You'll find this Silectron
core bulletin a valuable addition to your engineering
files—write for your copy.
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in railroad radio rose sharply in
1955 with nearly twice as many
transmitters authorized during the
year as in 1954. Total authoriza-
tions increased from about 18,200
to 21,900. Number of licenses con-
tinued to rise at about the same
rate in 1955 as in 1954.

» Breakdown—Type of railroad
radio service with the largest in-
crease in stations during 1955 was
the mobile station for yard-terminal
use, which increased from 4,253 to
7,117, a growth of nearly 3,000.
Train service mobile stations in-
creased during the year by over
2,000 from 11,020 to 13,435. Base
stations for these units climbed
from 692 to 846,

Inductive type station authoriza-
tions decreased in every category.
Train service base stations dropped
from 244 to 287 and mobile units
dropped from 1,508 to 1,440. Yard
terminal base stations declined
from 15 to 8 stations and mobile
stations, from 31 to 19.

» Users—Only 9 U. S. railroads
are now using inductive equipment,
and each of the nine also has radio
in use. The Pennsylvania is the
largest inductive user with 1,400
train service units.

Largest user of radio is the
Southern with 2,028 mobile and
base transmitters for train service
and 462 base and mobile units for
vard-terminal service. Next is the
Missouri Pacific with 1,219 train
service transmitters and 81 units
in yard-terminal service. It is fol-
lowed by the Great Northern with
707 train service units and 609
units

in yard-terminal service.
RAILROAD RADIO ON UPGRADE
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TV Set Concentration Surveyed

LIGHT NUMBERS EQUAL PERCENT HAVING TV
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DARK NUMBERS EQUAL TOTAL HOUSEHOLDS IN MILLIONS

Figures recently released give
number of tv households by
region, state and county

LISTING total households, number of
tv households and their percentage,
a report by the Advertising Re-
search Foundation will aid the tv
industry to formulate future pro-
duction plans. The figures did not
include information on second sets
and sets in public places (See ELEC-
TRONICS, p 26, April ’56).

» Regions—The survey divided the
U.S. into four regions. A higher
concentration of tv households ap-
peared in the north-central and
north-east regions where the per-
centages ran 72 and 80 percent re-
spectively.

Computer Teams

Data processing opens
several new careers; 170,000
openings seen in 10 years

CAre and feeding of large stored-
program electronic computers will
become the life work of a rising
new group of professional men and
women.

The crew at a typical computer
installation includes 17 people.
Some installations may employ 30
or more. This includes analysts

» City—Urban tv households ran
about 74 percent compared to 67
percent for the nation as a whole.
In rural areas, about 46 percent of
tv households had one or more sets.

» Household—A higher proportion
of tv sets were found in households
with three, four or five persons
compared to the national average.
Four-person tv households ran 79
percent.

For the purposes of the survey
a household included all persons
occupying a dwelling unit such as a
house or apartment. Military estab-
lishments, rooming houses, hotels
and institutions were not included.
& tv household was defined as one
having one or more tv sets at the
time of interview. Sets did not have
to be in working order.

Make More Jobs

who adopt computer methods to the

firm’s operations, programmers
who convert business data to com-
puter language, operators and

maintenance engineers.

According to IBM there will be
about 10,000 stored-program ma-
chines in use within the next
decade. This means jobs for 170,-
000 professionally trained people.

» Training—Although the uni-
versities are offering an increasing
(Continved on page 16)
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KAHLE MACHINES
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For more than a quarter-of-a-century Kahle Machines have been valued pra-
duction portners of many of the World's Leading Electronic Manufacturers

. . . perfcrming thousands of infricate, "highly exacting tasks, quickly and
economicclly . . . with the sureness that stems from perfection of design and
mechaniaal excellence. ;

First hand. intimate kncwledge of the production requirements and techniques
in many industries makes Kahle “applications” engineers better able to
evaluate your specific production problem.

Before you build or buy manufacturing equipment, of any kind . . . Call-on-
Kahle for 2 prompt engineering aopraisal of your needs . . . do it now!

PRECISION MACHINES FOR THE ELECTR.ON}C INDUSTRY
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INDUSTRY REPORT— Continued

number of courses in computer
theory and techniques, most com-
puter personnel are trained by com-
puter manufacturers or on-the-job
at computer installations.

In the past four or five years,
IBM has trained about 400 people.
Their customers have trained about
3,000 in the past two to three years
o staff machines abuilding. IBM
has schools at Endicott and Pough-
keepsie, N. Y. and provides train-
ing at 14 field locations.

Sperry Rand offers courses in
New York and Philadelphia for
programmers and maintenance men
and a course in fundamentals at
several locations throughout the
country. Grand total of courses
completed in the past three years
is 2,551.

» Background—Bulk of the pro-
grammers and analysts are pro-
fessional methods people or people
with prior tabulating machine ex-
perience. Nonetheless, many com-
puter users find it useful to have
one or two people with mathemati-
cal or engineering training on their
staff.

An aptitude test developed by
IBM, MIT and the Educational
Testing Institute of Princeton has
proved helpful in screening appli-
cants for such positions.

» Installation—At Pan American
World Airways’ Long Island City
offices three operators running an
IBM 705 computer will replace 58
employees presently working on
punch-card machines. The displaced
people will be absorbed elsewhere
in the PAA organization.

The operators will be backed up
by five resident IBM maintenance
engineers who will give the 705 a
one to two-hour workout each
morning to detect malfunction or
imminent failure. The engineers
all have had previous experience
on electromechanical equipment
and received 10 months training
on electronic stored-program ma-
chines.

Twenty five top-drawer account-
ing executives and supervisors
from PAA have attended IBM pro-
gramming schools. This cadre will
write programs and integrate the
computer into PAA’s operations.
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Nonprofit Research Shows Growth

Stepped-up research financed
by government and industry
boosts the activity

SUBSTANTIAL part of the growing
amount of research and develop-
ment work sponsored by the elec-
tronics industry and U. S. industry
as a whole is handled by nonprofit
research organizations. There are
about 40 of the organizations in
the U.S. employing over 33,000
engineers and scientists. An esti-
mated $37.5 million was spent with
these foundations in 1951, about 15
percent in electronics, and since
then the amount has increased.
This is indicated by reports from
one organization in the field, Stan-
ford Research Institute.

> Growth-—From 1948 to 1955,
Stanford Research Institute grew
from a staff of 25 to nearly 1,200
and its research volume expanded
forty-fold. Last year 532 projects
were undertaken, 400 for com-
mercial organizations, the balance
for government agencies. At least

25 electronics firms were clients
and over 15 additional firms in the
field are associates of the Institute.

At the end of 1955, contract re-
search was being conducted at an
annual rate of $11.5 million.
Revenue for 1955 was $10.0 million
compared to $7.5 million in 1954,
boosting the organization’s nine
year total to about $35 million.
During 1955, the staff of SRI grew
from 914 to 1,168 and 51,000 sq
ft of working space was added.

» Government—OQOver half of the
total research volume of nonprofit
organizations was financed by the
U.S. government projects in 1951
and although such research is still
an important part of the field, com-
mercial work has increased.

At Stanford, for example, com-
mercial work accounted for about
$5.6 million and government pro-
jects about $4.2 million in 1955
while in 1951 the figures were $1.8
million and $1.9 million respec-
tively. Commercial work has sur-
passed government projects at the
Institute since 1954.

Tubeless Autopilot Flies Light Planes

Under-$2,000 control unit
invades 50,000-plane business
executive and private market

A COMPLETE autopilot unit mno
larger or heavier than a portable

g

Autopilot control box mounts on control
pedestal of twin-engine Cessna. Pilot is
demonstrating adjustment of trim con-
trol at left of turn and pitch controls

WWW.americanradiohistorv: com

typewriter has been demonstrated
in flight, on both single-engine and
twin-engine light and medium-
weight aireraft, by Federal Tele-
phone & Radio Corp.

Reversing usual design trends,

Installing a gyro servo unit in fuselage
after removing rear panel of baggage
compartment. Cables run from sprocket
chains to aileron and rudder controls

June, 1956 — ELECTRONICS



Type

with carrying handie — to be used in
either vertical or horizontal position.
Note manually-operated overload re-
set button and fine switeh which
breaks both sides of the line. Type
W2WT3 is identical except line corg
is 3-wire grounding type.

The new W2 Variacs® are similar in general con-
struction to the recently announczd W5 line except that
current and kva ratings are 403 of the Type W5, and
their dimensions and weights are materially bess.

The basic W2 modzl has an increased rating of 20%
above the Type V-2, which it supersedes.

FEATURING

Higher Rating

& More Rugged Construction . .. base asserbly
is made of two identical stamped pieces of
wrought-aluminum alloy which is much stroager
and more resistant to impact then die-cast trpes

Industrial-Type Cased Models complet2ly
enclosed inwectangular cases . . . can be parel,
behind panel, wall or takle mounted . . . 1zve
standard %" knockouts for 1+” conduit or cble
connectors in all models

Portable Mode! with builkt-in, manually-
reset overload protector, carry.ng handle, >on-
venience outlet, line cord and line switch . . .
equipped with either 2-wir2 ccrd and outlet or

wam

tour standard knockouts ‘oz con
Jult of cable connector . Tom-
pietely enciosed. One srew at
lop mzkes lerminals awa (able
tor wiring after unit is rounted |

announrncing

More NEW

tvype W2 sERIES

Type
W2G3m

<-garg enciosec und, The 2-gang model
idenlical @xcept sherter, Eot have ight conduit
knschote and a3 completely esclased. Two
maunting screws parmit caver to be cemoved lor
all.extern:t conmections

Type
wa62

2-gang Type W for panel, tabie or wall mo nd-
ing. Lnit brushes — 2 G-R exclusive — male
cemoval and rapiacement sirtple. All garges
units supplied wtt dial reading 0 to 10.

rew 3-wire grounding
| ne cerd and 3-terminal
Flug

Caotive and Counter-
talanzed Radiztor As-
sembTes

Duratrek Brush Con-

BctSJrface (Pat. Pend ! the bazic unit, with a 20% in
i1g) . . . disc radiator arotects brush track i e i e

radiator desig1 and revesside panel or

Fo:r Comer Mounting Holes for convenience behind.panel mounting

znd extra rigidity . . . lso 3 interior mounting
Foles to match older Types V-2 and 200-B
oL nzings

All Mour ting Hardware Supplied

Tvpe W2 Variacs

essential dimensions

INPUT OUTPUT
Max. Amperes X i
Volts KVA : Volts : Rated Max.| T=pe Price | Descr ption Diol Calibration
115 0.36 0.-115 2.4 3.t w2 $13.20 Uncas:d 0-115 and 0-135
— | 0135 ! 24 | 24 |
ns | 03 0-115 [ 20 | 26 | WiM 1880 | Cosea wit1 conduit knockouts 0-115 and 0-135
P — 0-135 2.0 2.0
3ench mooel, eclosed, overlood
115 — 0-135* | 20 2.0 2MT 24.060 protecor, convenienze outlet, 0.135*
| carrving hond'e, 2-wire line cord
s — 0.135* | 2.0 2.0 WaN.T3 | 26.00 Som= as V/2MT exzept 3-wire 0-135*
grounded cord ferm nols | l e ————
230 0.72 0-230 24 3.1 wiG2 32.00 Two-gong W2, series circuitt 0-10 | “*;W" _
— 0.270 | 24 | 24 | | [ s _
230 0.6 0.230 20 2.6 W2G2M | 40.00 Two.gang W2 with cose, series circuitt | 0-10
= 0-270 2.0 2.0
230 | 1.25 0230 | 24 | 31 | W2G3 | 4880 | Three gang W2, 3-phose wye circuil i 0-10
230 1.04 0-230 2.0 2.6 W2G3M & 5690 Three-gang W2 with case, 3-phose 0-10
wye circuit
v s e ! - I WE SELL DIRECT
*Note — MT 'models shipped with 0.135 volt output connections. . 1
On special order will be supplied with D-115 volt output for o Better Buy Prices are net, FOB Cambridge
and reversible diol plate calibrated 0135 and 0-135. Better Buy ' ® ar West Concord, Mass.

TCannot be used with grounded locd

GENERAL RADIO Company (¢
BT

90 West Street NEW YORK 6
N 4 8055 13th St., Silver Spring, Md. WASHINGTCN, D. C.
1150 York Road, Abington, Pa. PHILADELPMILA
920 S. Michigan Ave. CHICAGO 5
1600 N. Seward St. LOS ANGELES 38
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The Raytheon Fusion-Alloy Process means
superior electrical performance and relia-
bility. It also means that Raytheon PNP High All Raytheon Silicon

Temperature Silicon Transistors are available Tigmtios. disfnged
. . at 150°C for 100
now in quantities to meet your needs.
0.420° ‘_ . , hours and are cycled
s t' i . Back of that statement is Raytheon’s between 116°C
= ©ﬂm ; unequalled experience in the production of fereomtor I b
73 ?_0.390"_.1 . i millions of fusion-alloy PNP Germanium gauge) and minus
. mox. . " ’ . aype @
5 e : Transistors and Raytheon’s new multi-million 60°C.
3 !
= § ‘ dollar plant devoted exclusively to mass pro-
2 duction of Semiconductors.
“
.

ABSOLUTE MAXIMUM RATINGS AVERAGE CHARACTERISTICS

Types: Reverse Current at —20V Base Collector Noise Collector | Alpha Freq.
L Collector Emitter Resistance Resistance Factor Capacity Cutoff
CK790 « CK791 - CK793 Type A (max.) | pA (max.) ohms kilohms  |db (max)|  pnf KC

Collector Voltage (diode) —~—100 Vde CK790 0.2 0.2 1200 500 30 30 400
Emitter Voltage (diode) —22 Vde CK791 0.2 0.2 1400 500 30 30 600

Emitter Current 50 mAdc CK793 0.2 0.2 1300 500 15 30 500
Collector Dissipation at 135°C 50 mw

Above characteristics are average except where noted and are taken at I = 1 mAdc; Vo = —6 Vdc; Ambient temp. 25°C.

RAYTHEON TRANSISTORS

18 Want more information? Use post card on last page. June, 1956 — ELECTRONICS
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for PRECISELY

matched pairs

and quads
specity

BALANCED

Actual i

Actual size

Matched to as close as :0.25% at any specified
forward current, 25°C — and all matched diodes
are stabilized by heat soaking more than 100

hours.

BONDED DIODES‘

RAYTHEON BONDED SILICON DIODES

Home Office, Boston: 150 California St.

Forward Reverse e Wi
Type P\?gl‘;algg' - +(il.10"\7r2:nin.) at _(llLéf\r/e(nr:‘ax.) at spsg\f/i%??/gtuargr:n(tmax.) Cu?r%crﬂh(ﬁr?ax.) CuRr?g:]Itf fr?\ax.)
25°C 25°C 25°6 25°C 100°C 150°C
1N300 15 Vv 15 mA .001 uA 001 4Aat 10V 40 mA 18 mA
1N300A I 30 .001 .001 10 50 25
1N432 40 10 .005 .005 10 30 15
1N432A 40 20 .005 .005 10 48 22
1N301 70 5 01 .05 50 25 12
1N301A 70 18 .01 .05 50 45 20
1N460 S0 5 .01 .1 75 25 12
AN460A S0 15 .01 .1 75 40 18
1N303 125 3 .01 .1 100 20 10
1N303A 125 12 .01 .1 100 35 16
1N433 145 3 .01 .1 125 20 10
1IN433A 145 10 .01 .1 125 30 16
1N434 180 2 .01 .1 150 18 10
IN434A 180 7 .01 .1 150 25 15
1N302 225 1 .01 .2 200 14 8
1N302A 225 & .01 .2 200 22 13
CK863 300 1 .01 .3 275 12 6
CK863A 300 3 .01 .3 275 20 8
CAPACITANCE vs. REVERSE VOLTAGE
FOR TYPICAL RAYTHEON SILICON DIODES
2°|—* T ‘ 2577
‘ ‘ LAS’UREL ON "Q" METE| r mox,
i f 4.4 MC. ’T - .
5 |o\\ _— | r‘“‘;i w mtg. co.
NS T O
15 ~ »
IS | %
23 | | <
5 \\ ] 3 SEMICONDUCTOR
o . I w
3 ) ~ 4pos z DIVISION
’ \’\\mdu b

5

10 20

TT———IN302A

50 75 100 150 200

REVERSE VOLTAGE — VOLTS

RAYTHEON GOLD BONDED GERMANIUM DIODES

500

Forward Reverse e
Type lnpveearl;e = YSl(;smA = _Cluor\n;e(r[\ytmx.) atRsep'veecri?ieegL\]/;Tte:gte Cuﬁgf\ttlf(lsgx.)
Volts (max.) WA (max.) mA
1N305 60 0.8 2.0 20 xA at —50 Vv 125
1N306 15 0.8 2.0 - 150
1N307 125 1.0 5.0 20 4A at —100 V 50 |

ELECTRONICS — June, 1956

(All data obtained at 25°C)

Want more information? Use post card on last page.
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Newton, Mass. « DEcatur 2-7177

For application information write or call the
Home Office or:

New York:

589 Fifth Ave., PLaza 9-3500

Chlcago:

9501 Grand Ave., Franklin Park, TUxedo 9-5400
Los Angetes:

622 S. La Brea Ave., WEbster 8-2851

SILICON AND GERMANIUM DIDDES
AND TRANSISTORS

SILICON POWER RECTIFIERS



INDUSTRY REPORT—Continued

the unit avoids tubes, transistors or
magnetic amplifiers, instead uses
standard relays between the sensing
switches and the output servo-
motors., A cam-actuated mechanical
feedback system breaks the sensing
contacts after each operation.

»Safety-—Tubeless operation elim-
inates warmup time, permitting full
control immediately after switch-
over. A clutch allows the pilot to
over-ride the autopilot at any time.
Electric power is drawn directly
from the plane’s 12 or 24-volt bat-
tery only when sensing switches call
for correction; no other power sup-
ply is needed. The gyro operates
continuously, but this uses a vac-
uum line from the engine.
Fail-safe relay contact cross-con-

nections maintain the status quo of
the plane if a component fails, giv-
ing the pilot time to take over with-
out dangerous hard-over dives.

» Installed Cost — Single-engine
planes with coordinated aileron and
rudder can use a 2-axis unit (17 Ib),
costing $1,995. A two-engine plane
can use a 3-axis unit (19 1b), priced
at $2,325. Installation costs for
both types range from $500 to $800
additional.

The gyro servo unit mounts be-
hind the luggage compartment in
the fuselage, directly over the
control cables of the plane. The
turn-bank indicator replaces the
conventional unit of this type on
the instrument panel. The control
unit with its knobs and switches

can be mounted anywhere within
reach of the pilot.

» Market Potential-—Very few of
the 48,000 civil aircraft registered
today have autopilots, chieflly be-
cause of cost and weight. Combined
production by Aerocommander,
Beecheraft, Cessna and Piper—the
big four in the field—is estimated
at 5,000 planes for 1956. The cur-
rent market potential is thus around
50,000 units for a dollar volume of
roughly $100 million, plus $10 mil-
lion per year for future production.
Much of this will go for the relays,
servomotors, electric clutches and
gyros used, since assembly involves
little more than bolting the units to
the open aluminum frame and mak-
ing connections to a terminal strip.

Electronics Expands In North Carolina

Missile business leads
parade as firms eye

southern plant sites

NEED for geographical diversifica-
tion of eritical defense manufactur-
ing of such items as guided missiles
has brought about a growing elec-
tronics community in North Caro-
lina.

Availability of labor and hydro-
electricity and remoteness from
smog and possible transpolar
ICBM’s make the Tar-Heel state
appealing as a site for making
electronic equipment and parts.

» Growth—Since 1947, more than
$70 million has been invested in
plants. There are 42 plants in op-
eration or abuilding that will em-
ploy about 25,000 workers and en-
compass more than 5-million square
feet of factory area.

In 1939 there were only three
electronics plants in North Carolina
and these employed only 60 people.

» Companies—Western Electric
began manufacturing operations in
the state in 1946. Foremost prod-
ucts are guidance systems for Nike
and other guided missiles.
King-sized electronic plant was
built by Douglas Aircraft on the
site of the former Charlotte Quar-

20

termaster Depot. This plant is
spawning ground for the Nike.

» Plants and Products—A listing
of leading electronics manufac-
turers in North Carolina shows
seventeen companies operating or
building a total of 28 plants with
a total floor area of 5,678,200

NERVE GAS detector and wide-spaced image orthicon light intensifier are disclosed

Army Adds New Techniques

used as a field alarm for military
personnel, sucks in air and filters it.
Chemically impregnated paper tape

Declassified military equipment
for special uses unveiled

by manufacturer

THREE new electronic devices for
defense were disclosed at the dedi-

cation of an RCA plant at Moores-
town, N. J.

» Detector—A gas detector, to be

wwWw-americanradiohistorv.com

square feet. The plants will employ
25,550 workers. Products will in-
clude: guided missiles, electronic

equipment, communications equip-
ment, electronic parts, capacitors,
resistors, batteries, insulated cable,
radio and tv cabinets, electron-tube
meters and

parts, transformers,
synchros.

moves intermittently past one
phototube, the air stream and an-
other phototube. Nerve gas in the
air discolors the tape, unbalances
the phototube currents and triggers
bells and lights. Units may be used
to protect population and industry.

(Continved on poge 22)
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BARRY ADDS
NEW WEST COAST
FACILITY

Occupies Plant in Burbank

With its purchase of all physical assets
of the United States Sheet Metal Prod-
ucts Company in Burbank, California,
Barry Controls Incorporated estab-
lishes a Western Division for improved
scrvice to the aircraft and missile in-
dustry. Operations of the Western Di-
viston will include an engineering
design section, a shock and vibration
test laboratory, a model shop, and
production of special designs.

The metal-working facilities of this
plant will be used to produce proto-
types of vibration-isolating mounting
bases and for short-run production of
special mounting bases. Stocks of
standard isolators will also be main-
tained here. Barry’s present West
Coast engineering office will become
part of the engineering section of the
Western Division.

With the availability of on-the-spot
engineering consultation and local
model-shop facilities, design and de-
velopment of complex mounting sys-
tems for missiles and jet aircraft will
be speeded and valuable Ilcad-time
gained for production of prototypes.

CHIVERS TO HEAD

(T

A. S. Chivers, Sales Manager of Barry
Controls Incorporated, has been ap-
pointed General Manager of the new
Barry Western Division. A graduate
of Massachusetts Institute of Tech-
nology, Chivers joined Barry in 1952
as administrative assistant with the
sales department. He was made Assist-
ant Sales Manager in 1953 and Sales
Manager in 1955. As General Man-

ager of the Western Division, he will |

be responsible for the direction of all
its activities.

ELECTRONICS — June, 1956

‘ Here's ALL-ANGL Reliability
! n M o !pw

| for JETS and
| MISSILES

ALL-ANGL Mounts inte-
gral with base of relay
‘ interlock assembly built by
Diaphlex Division of Cook
Electric Company for F 86
and F 100.

The attitude gyro of North American Aviation’s

F-100 Super Sabre must give reliable indication

through every flight attitude — or the pilot won’t
know which way is up.

That’s why ALL-ANGL Barry Mounts are chosen to
protect the delicate sensing relays in the interlock assembly
for this vital instrument. Close-tolerance operation in all |
attitudes demands the certain isolation of vibration — I
assured by ALL-ANGL Barry Mounts. Wl

Two added advantages result:

1. Size of the unit is cut 40% by  2.Short leads replace long ca- 4
integrating ALL-ANGL mounts, bles because the Barry Mounts F-100 Super Sabre
upside down, in the base plate. float the assembly within its case. Phete courtesy of North

American Aviation, Inc,

When your problem is protection through all flight attitudes, your
answer is ALL-ANGL Barry Mounts. Write for data sheets giving
detailed information. For recommendations on specific problems, call
your nearest Barry Sales Representative.

Barry’s Western Division, in Burbank, California, will offer engineering
facilities, prototype service, and short-run production of "specials".

BARRY oo

c o N T R o L s SALES REPRESENTATIVES

INCORPORATED IN ALL PRINCIPAL CITIES

707 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS

Want more information? Use post card on last page. 21



INDUSTRY REPORT— Continued

» Orthicon—Detection of light at
levels of between 10 and 10~ foot-
candles, corresponding to a cloudy
moonlit night, is accomplished with
a new image orthicon by increasing
certain element spacing. The unit
plugs into a tv camera and may be
used for night sentry duty by the
military.

» Microphone—A noise-canceling
microphone and headset provide
communication at in-plane noise
levels around 120 db with a 25-per-
cent increase in word intelligibility
over previously available equipment.
Noise discrimination is obtained by
exposing both sides of the micro-
phone diaphragm to sound thereby
canceling its output. Sound close to
the microphone, as from the lips,
puts more pressure on one side than
the other, producing output. Units
may also be applied to industries
with high noise levels.

College Radio
Comes Of Age

Ilvy League campus network
time sales show big
increase in year

STUDENTS at Brown University in
Providence, R. I., founded in 1935
what is now known as college radio.
Since then, many another campus
has been wired for carrier-current
transmission of radio programs
that can be picked up on ordinary
receivers.

> Network Affiliation—In 1948, a
number of the northeast college
radio stations banded together to
form The Ivy Network Corporation.
Through this organization, Ivy
League stations are able to supple-
ment local advertising revenues
with national sponsorship.

The college groups involved in-
clude: Brown, WBRU; Cornell,
WVBR; Dartmouth, WDBS; Har-
vard, WHRB; Pennsylvania,
WXPN; Princeton, WPRU and
Yale, WYBC. By comparison with
commercial revenues, Ivy Network’s
sales of $40,000 during the last year
are merely peanuts. The important
aspect is that they represent a 56-
percent increase over 1954 sales.

22

Radio Astronomy Makes Strides

Lag in our celestial search
development gets push

as radio telescopes increase

MISSILE guidance, which has fos-
tered scientific research from
development of tiny infrared detec-
tors to measuring the exact circum-
ference of the earth, may be adding
impetus to development of radio
astronomy. Several recent papers
have suggested a celestial guidance
system based upon radio signals
from interstellar space.

Early this year, President Eisen-
hower called for additional funds to
build a major radio astronomy
center. He proposed that the appro-
priation of the National Science
Foundation be increuased from $16
million in fiscal 1956 to $41 million
in fiscal 1957. This would provide
$7 million for construction of facili-
ties for basic scientific research in-
cluding the center.

» Lag—Although the foundations
for radio astronomy were laid in
the U. S. by the late Dr. Karl G.
Jansky of Bell Laboratories who
discovered radio waves from outer
space in 1931, the U. S. has not led
in this field.

England has become a world
center of the science and has a
number of installations in opera-
tion. The largest is at Jodrell Bank
Experimental Station of the Uni-
versity of Manchester where a large
parabolic radio telescope is under
construction. It has a 600-ton bowl,
250 feet in diameter and 62.5 feet
deep at the focus.

The Jodrell center also has several
radio telescopes 20 feet to 35 feet
in diameter and a 225-foot fixed
tvpe in operation. At other centers
in England there are several 24-foot
radio telescopes in operation and a
large interferometer array.

> U. S.——A large parabolic radio
telescope now in operation in the
U.S. is Harvard Observatory’s 60-
foot parabola that was dedicated in
April. The big dish supplements the
University’s 24-foot unit. The 50-
foot unit at the Naval Research

Harvard University’s new
60-foot radio telescope

Lab in Washington, D. C. is another
large U.S. instrument.

Within another year the Harvard
unit may be exceeded in size by two
90-tfoot parabolas at the California
Institute of Technology. The school
recently began operation of a new
32-foot parabolic reflector. Its radio
astronomy program has support in
excess of $400,000 from the Office of
Naval Research. Another 32 foot
unit is also planned for next year.

Eventually, these telescopes will
be exceeded by a parabolic type
with a diameter of 140 feet. It is
reported that a U. S. radio telescope
with a diameter of 500 to 600 feet is
contemplated.

Other parabolic units in opera-
tion in the U. S. include a 24 footer
at the Carnegie Institution, a 24-
foot at Cornell University and a
24-foot unit at the Bureau of Stand-
ards in Boulder, Col. Ohio State
University has announced that con-
struction will begin late this spring
on a reflecting type radio telescope
with an eventual size of 700 feet in
length by 75 feet high. Also, the
University of Michigan is planning
a 28-foot radio telescope and other
telescopes of comparable size are
planned in New Mexico and Alaska.
Stanford Research Laboratory also
has a sizable radio astronomy pro-
gram underway.

» Other Countries—In the Nether-

lands, there are two 24-foot para-
(Continued on page 24
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A. W. COOLIDGE of General Electric, design engineer on thyratron tubes, checks a
bank of the new thyratrons shown operating on extended life test.

Warranty hours increased 166% on new
G-E thyratrons that replace Type 5543!

ONCLUSIVE life-test results

back up General Electric’s
8000-hour warranty of the new
GL-6808 and GL-6809 motor-
control thyratrons. Predecessor
Type 5545 carried only a 3000-
hour warranty.

Radically improved tube features
account for the increased depend-
ability and long life that have been
proved in tests of the new thyra-
trons. Check the illustration of the
GL-6808 at right for three of these
advancements in design!

As important as the new tube
features, are General Electric im-

provements in metal-glass bonding
and other manufacturing processes
that bring @ /ower tube price For . . .
in addition to a warranty nearly
tripled in hours, increased rugged-
ness, far greater reliability
General Electric’s new long-life
thyratrons come to you at a price
which is substantially less than that
of Type 5545!

Ask for full particulars! If you
wish, a G-E tube engineer will be
glad to consult with you on specific
motor-control applications. Twbhe
Department, General Electric Com-
peny, Schenectady 5, N. Y.

Frogress [s Ovr Most Important Product

GENERAL ELECTRIC

162-184

'l. Anode terminal is brazed solidly to the
lead, won’t come off.

2 Qutside air cools anode and grid by direct
* thermal contact; orevents tube overheating,
keeps down grid emission.

3 New, strong cement anchors cathode base
* firmly in place.

GL-6808, shown above, is bracket-
mounted, with flying-lead base ter-
minals. GL-6809, below, has spade-lug
terminals. A third new type—GL-6807
—has pin terminals. Tube design and
construction of all three types are
identical; ratings same as Type 5545.




INDUSTRY REPORT— Continued

bolas and a new 80-foot parabola
in operation. In Australia, the
Radio Physics Lab at Sydney has
several units in the 20 to 36-foot
range and is starting design of a
200 to 250-foot parabola.

France has two radio telescopes
of 20 and 35 feet in diameter in
operation. In Germany an 80-foot
parabola is planned or under con-
struction. It is believed that several
up to 20 feet in diameter are oper-
ating in the U. S. S. R.

There are radio telescopes in a
few other countries. Some are con-

verted from abandoned German
radar antennas of World War II.

» Cost — A 30-foot parabola, all
mounted, costs about $40,000, a
60 to 80 footer from $150,000 to
$200,000 and a high-precision 150
footer from $2.5 million to $3 mil-
lion. Some companies in the elec-
tronics field have garnered a sub-
stantial share of this business.
D. S. Kennedy & Co. in Massa-
chusetts is a supplier of radio tele-
scope antennas and is building
several for operation in the U.S.

OPERATOR pushes button to instruct magnetic tape unit, right, where to discharge
box as . . .

Tape Controls Materials Handling

Air Force adopts tape
controlled conveyor system

to speed warehousing

SEVEN Air Force supply depots
have adopted a magnetic-tape-con-
trolled conveyor system that auto-
matically discharges packages in
any desired sequence at from two
to 20 stations. The system has re-
sulted in savings of more than
$100,000 a year per unit.

Called ASSET, Automatic Se-
lected Station Electronic Timer,
the units have been developed and
installed by A. J. Bayer Co. of Los
Angeles, conveyor manufacturers.

Some 35 units are in operation.
They have reduced time necessary
to handle a typical warehouse job
from 40 hours to four or five hours.

» Sequence—When the operator
decides the area of the warehouse

24

to which a package should go, he
pushes a selector button for the
branch conveyor leading into that
area. This energizes the recording
head in that conveyor’s tape chan-
nel.

As the package passes a photo-
cell at the timing line, an impulse
is automatically recorded in the
selected channel. As the package
progresses down the main conveyor,
the impulse on the tape moves to-
ward the playback head. When the
package reaches its discharge point
the tape signal trips a relay op-
erating a pneumatic pusher which
sweeps the package off the main
conveyor onto the discharge con-
veyor,

» How It Works—The system con-
sists of a magnetic-tape scale model
of the actual conveyor layout. An
endless loop of magnetic tape rep-
resents the conveyor belt. The con-

www.americanradiohistorv com

veyor and tape are in synchroniza-
tion, but the tape is geared down
6-to-1 so that the conveyor speed of
48 feet per minute is represented
by a tape speed of only eight feet
per minute.

Longest conveyor systems are
500 and 750-foot systems at Hill
AFSD, Ogden, Utah.

To enable the system to handle
more than one discharge conveyor,
five recording heads—one head for
each discharge conveyor—are lined
up across 35-mm tape. Each head
has its own channel on the tape.

Original Documents
Feed Computers

Data readers and encoders
may supersede card punches
as computer input devices

ONE bottleneck in application of
computers to business is feeding
data to the machines. It still re-
quires a battery of typists to pre-
pare punched cards which are then
fed to card-to-tape converters as
a first step in electronic data proc-
essing.

» Dot Patterns—The Stanomatic,
used for more than a year at the
First National Bank of Chicago
where it helps reconcile 20,000 to
30,000 travelers checks daily, pro-
vides an approach to the problem.
Standard Register of Dayton, Ohio
is readying an updated Stanomatic
for the First National.

The unit senses check number,
amount and agent bank. Data is
recorded on the check as code dots
at the time the check is imprinted
with the name of the agent bank.
The presence or absence of code
dots in a predetermined pattern
stands for numbers 0 to 9. To de-
termine whether dots are present
or not the machine uses a bank of
sensing heads each of which uses a
balanced-bridge circuit.

The new machine will use over
1,000 electron tubes and will handle
15,000 decimal digits a minute. Be-
sides reconciling travelers checks,
the device can be used to keep track

of airline tickets or department-
{Continued on page 26)
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e HAMMARLUN D SP-600-JX

COMMUNICATIONS RECEIVER

When requirements for performance, dependability and accuracy

are most critical, you need the very best — PERFORMANCE!

the Hammarlund SF-600-)X Communications Receiver.

The SP-600-)X is designed for professional reception of AM tadio

telephone, CW telegraph, AM-MCW telegraph signals, and for diversity

applications in the range of 0.54 MCS to 54 MCS. It may be used with °
either earphones or loudspeaker. Qutput is approximately 2.0 watts. The

SP-600-JX has negligible radiation making it ideal for multi-receiver

installations and complying with requirements for shipboard installations. o

There are so many fine, and outstanding features about the SP-600-JX only

the complete technical specifications can tell its unusual story of C
outstanding performance. Everything that can be done to provide the

very best in communications receivers has been done in the SP-600-JX. N

)

For complete technical information,
write for Bulletin E656.

Sensitivity—2.3 uv or better at
all frequencies within range of
receiver

Signal-to-Noise Ratio—10 db at
20 milliwatts output with RF
gain at maximum

Image Rejection Ratios—better
than 74 db throughout fre-
quency range

IF Rejection Ratio—at 600 KCS:
2700 to 1

AVC Action—maintains output
constant within 12 db when in-
put is increased from 2 to
200,000 uv

cnd BAMMARLUND MANUFACTURING COMPANY, INC., 460 West 34th Street, New York 1, N. Y.
Established 1910 INTERNATIONAL DIVISION: 13 East 40th Street, New York 16, N. Y.
ELECTRONICS — June, 1956 Want more information? Use post card on last page. 25
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INDUSTRY REPORT— Continued

store purchases and transactions.

» Magnetics—Also in the banking
business is ERMA, built by Stan-
ford Research Institute for Cali-
fornia’s Bank of America. ERMA
reads as numbers bars printed in
magnetic ink across the backs of
checks. The device has 8,200 elec-
tron tubes and keeps track of 55,-
000 commercial checking accounts.

ERMA will be made General
Electric’s new industrial computer
section. New models will ineor-
porate transistors.

The Postroniec bookkeeping ma-
chine developed by National Cash
Register also operates from mag-
netic-ink patterns on the backs of
business forms. NCR has plans for
regular production this year.

» Other Systems—Burroughs has
field tested a photoelectric device
that reads printed characters di-
rectly. Similar machines have been
built up by Intelligent Machines
and by Laboratory For Electronics.
Burroughs is also working on a ma-
chine that senses a coded phos-
phorescent-dot pattern on the origi-
nal documents. IBM is working on
direct character reading of syvmbols
printed with magnetic ink.

» Computer News-——Guided mis-
siles gave emphasis to much com-
puter activity this month. Logisties
Research of Redondo Beach, Calif.
delivered an ALWAC medium-sized
computer to North American. Pro-
duction for the year will be 24
machines,

Berkeley division of Beckman In-
struments has a $700,000 contract
to deliver 14 special digital com-
puters to various Convair locations
for handling guided missile test
data.

Burroughs has announced that it
is making ground computers for the
guided-missile program,

An all-transistor digital differen-
tial analyzer is under development
at Stevens Institute of Technology
in Hoboken. The unit will be used
at the school’s towing tank to study
design of ships, aireraft and guided
missiles.

The unit will supplement, and be
about 250 times as fast as, the ETT-
100, an electron-tube computer built
at the school.

26

FUTURE MEETINGS

JUNE 4-6: Second Annual Ra-
dome Symposium, Ohio Union,
Ohio State University, Colum-

bus, Ohio.
JUNE 5-6: Radio Technical Com-
mission for Aeronautics,

Spring meeting of Assembly,
with Boston sections of IRE
and TAS, Statler, Boston.

JUNE 6-8: Tenth Annual Con-
vention, American Society for
Quality Control, Montreal.

JUNE 11-15: Seventh National
Plasties Exposition, Coliseum,
New York, N: Y.

JUNE 17-23: Second Internation-
al Congress On Acoustics,
Harvard, MIT, ASA, Cam-
bridge, Mass.

AvuG. 20-21: National Telemeter-
ing Conference, IRE, AIEE,
IAS, ISA, Biltmore Hotel, Los
Angeles, Calif.

Auc. 21-24: 19566 Western Elec-
tronic Show and Convention,
Pan-Pacific Auditorium, Los
Angeles, Calif.

Auc. 22-SErT. 1: The 23rd An-
nual British National Radio
Show, Earls Court, London.

AvuG. 24-26: Seventeenth Annual
Summer Seminar, IRE, Em-
porium, Pa.

SerT. 10-12: Information Theory
Symposium, IRE, MIT, Cam-
bridge, Mass.

SEpT. 11-12: Second RETMA
Conference on Reliahle Elec-
trical Connections, University
of Pennsylvania, Philadelphia.

Industry Shorts

»RETMA in response to requests
from electronics manufacturers,
officially defines automation as “the
technique of improving human pro-
ductivity in the processing of ma-
terials, energy and information by
utilizing, in various degrees, ele-
ments of self-control and of auto-
matically executed product pro-
gramming’”’.

» Thompson Products officially re-
vealed that its affiliate, Ramo-Wool-
dridge, is technical director for the
Air Force intercontinental and in-
termediate range ballistic missile
program.

SEPT. 14-15: Sixth Symposium,
Mellon Institute, Pittsburgh.

SEpT. 17-21: Eleventh Annual
International Instrument-
Automation Conference and
Exhibit, ISA, New York
Coliseum, New York, N. Y.

Sepr. 24-25: Industrial Elee-
troniecs Conference, IRE,
AIEE, Hotel Manger, Cleve-
land, Ohio.

SepT. 26-30: New York High Fi-
delity Show, New York Trade
Show Building, New xork.

Oct. 1-3: IRE Canadian Con-
vention, Automotive Bldg. Ex-
hibition Park, Toronto.

OcTt. 1-3: Twelfth Annual Na-
tional Electronics Conference,
Hotel Sherman, Chicago.

Ocr. 8-9: Second National Sym-
posium on Aeronautical Com-
munications, TIRE, Hotel
Utica, Utica, N. Y.

Oct. 9-10: Third Annual Com-
puter Applications Symposi-
um, Armour Research Foun-
dation, Chicago, Ill.

OcT. 10-12: Symposium On Ap-
‘plications of Optical Princi-
ples to Microwaves, IRE,
George Washington Univer-
sity, Washington, D. C

Oct. 15-17: Radio Fall Meet-
ing, IRE, RETMA, Hotel Syr-
acuse, Syracuse, N. Y.

Ocrt. 16-18: Conference On Mag-
netism & Magnetic Materials,
IRE, AIEE, APS, AIMME,
Hotel Statler, Boston, Mass.

» Data Inserter, developed by
Skiatron, permits an operator to
superimpose data upon an incoming

radar image for transmission
simultaneously over a telephone
line.

» Puerto Rico’s Economic Devel-
opment Administration in New
York now offers U. S. electronics
companies a manufacturing cost
analysis comparing Puerto Rico
with any other site named, with-
out cost or obligation.

» Nearly a third of the 14.9 mil-
lion radios sold in 1955 were re-
placements for older, worn out sets,
according to CBS-Columbia.
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Now...
A 50 Megacycle
Vacuum Tube Voltmeter

and Video Amplifier

with the new

~
DECimEy

)
LAY BECTRC L3

Microlter |

WICE BAND . . . HIGH FREQUENCY . . . LOW LEVEL
VACUUM TUBE VOLTMETER PERMITS 250 MICRO-

SPECIFICATIONS VOLT MEASUREMENTS AT 50 MEGACYCLES!
Frequency Range:
100 cycles to 50 megacycles. Threcugh the use of a unique new design, the new Kay
Direct Reading In Voltage Or Decibels. Microlter permits measurement of extremely low voltages
Accuracy: at frequencies higher than all existing vacuum tube volt-
=+ 5% of full scale reading. meters — yet reduces all steady state changes and line
Freq. Response: voltage variations.

*+ 1db.

Voltage Range:

. _ Tuning Required
1 millivolt to 1 volt full scale in 7 ranges. ginele Mo Qpsrgte=No Toming=ienyire

Sensitivity: The Microlter permits complete ease of operation by most
Will measure down to 250 microvolts. personnel. No tuning is required and the meter is direct
Input Impedance: reading. A single 7-position switch provides full scale steps
Capacitance 5 micromicrofarads, resistance of 1,.3,.1, .03, .01, .003, and .001 v., with the lowest

loading dependent upon frequency (1 megohm at 1

. . i
megacycle fo 30,000 ohms at 50 megacycles). reading at 250 microvols!
No Tuning

May also be used as a wide band video amplifier, max-

imum output approximately 0.5 volts at 75 ohms. Gain

A high impedance probe employing a subminiature tube as
a cathode follower is used to drive the wide-band amplifier.

of over 45 db. The resistive component of the impedance for low fre-
Price: quencies is approximately 1 megohm, decreasing progres-
Model 50. $495. FOB Plant. sively with frequency to 30,000 ohms at 50 megacycles.

Probe may be soldered to unit under test.
WRITE FOR NEW KAY CATALOG

KAY ELECTRIC COMPANY ) wirovewe o swone .

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 27
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IF YOUR COMPANY NAME APPEARS HERE...

There is a FREE 5-amp High Efficiency Germanium Rectifier
Reserved for your Chief Engineer— Write for it!

A.C.F. Electronics, Inc.

A.R.F. Products, Inc.

Acme Electric Corporation

Adler Communications Laboratories

Air Associates, Inc.

Aircraft-Marine Products, Inc.

Airpax Products Company

Aicor Electronics Corporation

Alden Electronic & Impulse Recording
Equipment Company

Allied Engineering Division, Allied
International Inc.

Amerac, Inc.

American Television & Radio Company

Anton Electronic Laboratories, Inc.

Approved Electronic Instrument Corp.

Arga Div., Beckman Instruments, Inc.

Atomic Instrument Company

Authorized Manufacturing Co., Inc.

Avion Instrument Corporation

Barker & Williamson

Bart-Messing Corporation

Bomac Laboratories, Inc.

Bradley Laboratories, Inc.

Bristol Company, The

Browning -Laboratories, Inc.

Brownthorn Electronics, Inc.

Bruno-New York {ndustries Corporation

Buck Engineering Company, Inc.

Burroughs Corporation, Electronic
Instruments Division

Caledonia Electronics &
Transformer Company

Carter Motor Company

Chatham Electronics Div. of Gera Corp.

Clark Crystal Company

Communication Measurements Lab., Inc.

Computing Devices of Canada, Ltd.
Condenser Products Company
Cornell-Dubilier Electric Corporation
Cubic Corporation

Daystrom Pacific Corporation
DeMornay-Bondardi, Inc.

Dormitzer Electric & Mfg. Co., Inc.
Douglas Radio Laboratories
Dressen-Barnes Corporation

Dumont Laboratories, Inc.

Eastern Precision Resistor Corporation
Electrical & Physical Instrument Corp.
Electro Engineering Products
Electronic Research Associates, Inc.
Elm Laboratories

El-Tronics, Inc.

Empire Devices Products Corporation
Endevco Corporation

Entron, Inc.

Essex Electronics

Fansteel Metallurgical Corporation
Farnsworth Electronics Div. of IT&T
Federal Mfg. & Engineering Corp.

Federal Telephone & Radio Company,
A Division of IT&T

Fluke Manufacturing Company, Inc.

Ford Instrument Company, Division Of
The Sperry Corporation

Franklin Electronics, Inc.

Freed Transformer Company, inc.
Furst Electronics

Gates Radio Company

General Magnetics, Inc.

General Precision Laboratories, Inc.
General Radio Company
Gramer-Halldorson Transformer Corp.

Gray Research & Development Co., Inc.

Gyro Electronics Company

Harrison Laboratories, Inc.
Harvey-Wells Electronics, Inc.
Heath Co., A Sub. of Daystrom, Inc.
Hermetic Seal Transformer Company
Hewlett-Packard Company
Industrial Test Equipment Company
Instrument Development Labs., Inc.
Interelectronics Corporation

James Vibrapower Company

Jersey City Technical Laboratory
K-V Transformer Corporation

Kahn & Company, Inc.

Kay Electric Company

Kay Laboratories

Kearfott Company, Inc.

Keithley Instruments

Kepco Laboratories

Keystone Products Company
Krohn-Hite Instrument Company

L. M. Electronics, Inc.

Langevin Manufacturing Corporation
Lenkurt Electric Company, Inc.
Levinthal Electronic Products, Inc.
Link Aviation, Inc.

Lynmar Engineers, Inc.

Magnetic Research Corporation
Magnetics Research Company
Mallory & Company, Inc.
McColpin-Christie Corporation
Measurement Engineering, Ltd.
Mercury Electronic Company
Mid-Century Instrumatic Corporation
Millen Manufacturing Company
Millivac Instrument Corporation
Model Rectifier Corporation
Moloney Electric Company
Multi-Products Company

National Union Electric Corporation
New Jersey Electronics Corporation
New Rochelle Tool Corporation

New York Transformer Company, Inc.

North American Philips Company, Inc.

Northeast Electronics Corporation
Northeast Scientific Corporation
Northeastern Engineering, Inc.
Nucleonic Company of America
Omega Laboratories, Inc.

Opad Electric Company

Ortho Filter Corporation

Otis Elevator Co., Electronic Division
Perkin Engineering Corporation
Permoflux Corporation

Peschel Electronics, inc.

General Electric has reserved a new high-efliciency germanium

rectifier for the chief engineers of the 161 companies listed here.
Each firm makes a product which may benefit greatly from new

G-E germanium or silicon rectifiers.

Test It Yourself. To prove the superiority of new G-E rectifiers,
test the sample unit in your design lab. See the results for your-
self. Please send the name of your chief engineer, and mention the
product for which your sample rectifier is desired when writing.

A Full Line Of Semiconductors. G.E. offers a wide line of semi-
conductors for industrial and military circuits. See your G-E Semi-
conductor Specialist for full technical details. Or, write today:
General Electric Company, Semiconductor Products, Section X 466,

Electronics Park, Syracuse, New Yorlk.

Phebco, Inc.

Pitometer Log Corporation

Plastic Capacitors, Inc.

Polarad Electronics Corporation
Polytechnic Research and Development

Company, Inc.

Power Equipment Company
Power Transformer Company, Inc.
Precise Development Corporation
Precise Measurements Company
Process & Instruments
Production Research Corporation
Pulse Techniques, Inc.

Radiation, Inc.

Radio Corporation of America,

Engineering Products Division
Raytheon Manufacturing Company,

Equipment Marketing Division
Rowe Industries
Servo Corporation of America
Servomechanisms, Inc.

Sola Electric Company

Solartron Electronic Group Ltd.
Sorensen & Company

Southwestern Industrial Electronics Co.
Spencer-Kennedy Laboratories, Inc.
Sperry Gyroscope Company,

Division of the Sperry Corporation
Standard Electronics Corporation
Suffolk Products Corporation
Technical Apparatus Builders
Technical Measurement Corporation
Technical Operations, Inc.
Telechrome Inc.

Teletronics Laboratory, Inc.

Topp Industries, Inc.

Varian Associates

Varo Manufacturing Company, Inc.
Vibration Research Laboratories, Inc.
Victoreen Instrument Company
Westinghouse Electric Corporation
White-Rodgers, Electric Company
Wickes Engineering & Construction Co.

Progress Is Ovr Most Important Prodvct

GENERAL 3 ELECTRIC

28 Want mote information? Use post card on last page.

4JA3011 Germanium Rectifier

Medium power, 5-amp rating
of 200 volts at 55°C. Ex-
tremely low power dissipa-
tion and forward voltage drop
for excellent efficiency and
regulation. Low leakage cur-
rent meets exacting magnetic
amplifier specifications.

June, 1956 — ELECTRONICS



PERRKIN... THE LEADER

PERRKIN
DC POWER SUPPLIES

2.-36 VOLTS @ 15 AMPS SPECIFICATIONS

Regulation; 5-32 Volt Range: +=v%%
2.5 Voit and 32-36 Volt Range: +2%
AC [nput: 105-125 Volts, (for 2-32 V.DC), 110-125
V, (for 32-36 V.DC), 1 phase, 60 cps
(8 amps)
Ripple: 1% rms max. (@ 36 volts and full load.
Increases to 2% @ 2 volts and full load).

Remote Sensing ¢ Vernier Control

0-32 VOLTS @ 25 AMPS SPECIFICATIONS

Regulation: -+ 1% @ 28 Volts (Regulation increases
to 2% over range of 24-32 volts; does
not exceed 2 volts over 4-24 volt range.
Not stabilized for AC line changes.)

AC Input: 115 Volts, 1 phase, 60 cps (12 amps).

1% rms (@ 32 volts and full load —2%
rms max. @ any voltage above 4 volts).

S-40 VOLTS @ 30 AMPS SPECIFICATIONS

Regulation: ~+19% (over entire 5-40 volt range)
AC Input: 100-130 Volts, 1 phase, 60 cps

Ripple: 1% rms
Molel i .

MR1040-30A

24-32 VOLTS @ 30 AMPS SPECIFICATIONS

Regulation: + %%

AC Input: 100-125 Volts, 1 phase, 60 cps (20 amps).
(Unit rated for DC output of 28 volts
+10% for 95-130 volt input.)

Model 1% rms

28-30 WXM

24-32 VOLTS @ 100 AMPS SPECIFICATIONS

Regulation: +15%

AC Input: 208, 230 or 460 Volts, +10%, 3 phase,
60 cps (14, 12 and 6 amps respectively).
230 volt input will be supplied unless
otherwise specified.

Madel Ripple: 1% rms
MR2432-100XA

PERKIN SALES OFFICES:

Mew York area Mimnezpolis
N.J.—~MAkt 3-1454 Ml 4-7884
Fhiladelphia Seattle
600 MO 4895

B8R 5-2
()licago“3 Albequerque
Di 8-6885 5-9632 = -
. Louis Atlznta PEFRKI
PA 5-7701 E. 302
Kansas City, Mo. Miami "

VA 1-5330 MO 5-1563
| T LEADER IN TUBELESS MAGNETIC AMPLIFFER REGULATION
Cenver Winston-Salem
MA 3-0343 4-0750
San Francisco area Boston
(Palo Alto) Mt 8-0756 4
DAvnpt 5-6136 Carada PEXKIN ENGINEERING CORPORATION
Los Angeles Pgincourt
F.ngl’Bma Cntario
ittsburg -R-
WA 1-2959 &

ELECTRONICS — June, 195% Want mora information? Use post.card on last page.




or manufacturers of electronics
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including many notable OAK “firsts”

that have set the standard

in switch making through the yesars.
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experience works for you at QA K

whatever your application —simple, complex,
commercial or military —you can always be
certain that wider experience is working for
you in the development and production of

switches to meet your special requirements

i
g
i
E

when you bring your switching problems to OAK.

there is an OAK switch for every low capacity application. ..

_____________ )
rotary | ) o
: . radio e television e radar
slider i
lever | aircraft navigation aids
pushbuuon» for computers e servo-mechanisms

plug and | intercommunications e vending machines

rotary-slider electronic timers e control panels

switches

a wealth of designing and engineering experience, plus
the production facilities of OAK’S four modern factories,

are all available to you. We invite your inquiry.

|
I
|
l
|
|
I
|
l
l
|
|
|
J

I___—_‘—'—_'_——_—_——_'__»———«—'——— S ——— S S E— w—

OAK MFG. CO
MOhawk 4-2222
L L]

cable: OAKMANCO

1260 clybourn ave. « chicago 10, illinois

also manufacturers of OAK choppers, television tuners, avtomobile radio tuners and vibrators



A new, low-cost dependable insulation tubing that is
permanently transparent and offers high-heat resist-
ance — that’s BH Flextrude-105. Made of 1009
extruded vinyl, it was designed especially for insulat-
ing electric motors, transformer leads and other
instances where high cut-thru resistance is important.
Now used in these scrvices without contamination of
oil and with high heat and oil resistance. BH
Flextrude-105 is UL approved for continuous
operation at 105°C.

A quality product in every respect, BH Flextrude up-
holds the high standards established by BH Fiberglas
Tubings and Sleevings. Now, there is a complete line
of BH Tubings and Sleevings for clectrical insulation.
Choose from 100% extruded vinyl; vinyl and silicone
coatings over supporting Fiberglas braid; or 100%
Fiberglas braid, specially treated to prevent fraying.

There is only one cficctive way to know if BH insula-
tions will improve your products — se.d for samples.
Give us a few facts — temperatures and/or special
conditions to be encountered — we'll send you pro-
duction samples of the BH insulation best fitted for
the job.

BENTLEY, HARRIS MANUFACTURING COMPANY
1306 Barclay Street
CONSHOHOCKEN, PaA. TELEPHONE: TAYLOR 8-0634

BENTLEY, HARRIS

Drudeel

TUBING

*TM Owens-Corning Fiberglas Corp.

32 June, 1956 — ELECTRONICS
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ways bette

Twin Hexagonal
10 x 32 brass nuts,

Panel insulator of
durable phenolic,
molded over bross
core frozen to center
shaft. Flatted insert
for locking to panel.

Hex thumb nut
with insert
captive with stud.

Sliding parel-mounted insulator.

Hole in center shaft
Flatted insert for locking to panel.

for wire up to size
No. 12

ways to bind

A A A

%ﬁiﬂﬁﬂ}

Wire (up to No. Clamped spade
12} permanently lug connection
clamped
through hole

Wire looped
around shoft
and clamped

Plug-in for
standard %47
banana plug

Clip-lead to
shaft

See SUPERIOR ELECTRIC’s Mobile Display of

voltage ‘and light control equipment when it visits your area.

SUPE RIOR

" B-way

| BINDING POSTS

/' Better Circuit Identification
y~ More Beautiful Panels

The SUPERIOR 5-WAY Binding Post has been the first choice
of electrical and electronic equipment designers because it pro-
vides flexibility, rugged construction, and assurance of com-
plete insulation. Now you have your choice of SUPERIOR
5-WAY Binding Posts in 5 colors that will help you design
more beautiful panels and will aid in easy circuit identification.
Write for Bulletin BP456.

14663 Titus St., Van Nuys, California » P, O. Box 946, 2881 El Camino Real, Red-
wood City, California « 482-B Eglinton Ave., West, Toronto 12, Ontario, Canada
2217 Biscayne Blvd., Miami 37, Florida « P. O. Box 48, 721 So. Bivd.,, Oak Park
lilinois » 4033 W. Rogers Ave., Office #2, Tippett Bldg., Baltimore 15, Maryland
250 Park Ave., Rms. 502-504 Postum Bldg., New York 17, New York « P. O.Box 132,
101 Public Sq., Medina, Ohio * 4515 Prentice St., Room 201, Dallas 6, Texas.

THE

SUPERIOR ELECTRIC

COMPANY
206 MIDDLE STREET, BRISTOL, CONNECTICUT

Please send me your 5-WAY Binding Post Bulletin BP456.

Company Name. .
Address. ... .. ... .. ...........

b DR LELLELEET T P Y P E e T T
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OW ARE YOUR COMMUNICATIONS ?

Do the booklets, pamphlets, and manuals you usc really work for you?
Are these vital publications, that tell the story of your products and your
company, as cilective, readable, well designed and illustrated as they can
ber Today more than ever, your entire operation is judged by cach annual
report, employee manual, and public relations piece that you produce.
Have you examined your communications lately? If you have any doubt
as to the impact of your instructional and promotional literature,
remember . ..

COMMUNICATION IS OUR BUSINESS

For a good many decades McGraw-Hill has stood lor complete coverage
in the business literature ficld. Now the McGraw-ill TECHNICAL WRITING
Servicek offers a new approach to your publication problems — an inte-
grated writing, editing. illustrating, and printing service lor the custom
production of: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS,
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES,
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial
and graphic experts are at your disposal, ready to prepare high-quality
matcerial to your own or government specifications. Save time, save money

. and make your communications work! Let owr staft be your staff for
technical and business publications.

McGraw-Hill Book Co. TECHNICAL WRITING SERVICE

Write or phone Technical Writing Service, McGraw-Hill Book Co., Inc.
350 West 42nd Street, New York 36, N. Y. e LOngacre 4-3000

This service is available through ad agencies.,



in volume
production

backed by 5 years’ know-how and over 10,000 units in service

[ON GYROS oy ‘Acves

SINGLE AXIS, VISCOUS DAMPED

No manufacturer can show a matching record of precision engineering achievement
in this most exacting department. .. or better our record of PROVED service in
the field. Reeves was one of the first to achieve quantity production to high precision
standards of the HIG-5 Gyro . .. the “work-horse” of the gyro field.

Now Reeves has stepped up volume on the new HIG-4 to meet both military and
commercial needs. .. with these exceptional features:

EXTREMELY LOW DRIFT: Trimmed drift rate less than 3° per hour.
FULLY FLOATED: Will withstand over 100 G's shock.

MASS UNBALANCE: Less than 0.5 dyne-cm.

WIDE RANGE: Signal generator sensitivity and torque generator sensitivity.
EXTREMELY COMPACT: Only 2” dia. x 3”long.

Reeves is now ready to meet your requirements with a full range of single-degree-
ol-freedom, viscous damped rate and integrating gyros and accelerometers, volume
produced to exceptional standards in one of the finest gyro facilities in the world.
Outline your needs for our recommendations.

REAC Anclog Precision
Computers Floated Gyros.
Precision Servo 'eeu“
Resolvers and Mechanical INSTRUMENT CORPORRTION

Phase Shifters of Parts

REEVES INSTRUMENT CORPORATION

A Subsidiary of Dynamics Corporation of America

8RVS56 201 East 91st Street, New York 28, New York

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 33
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reduce c0Sts

with sou'rnco

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.

3 SIMPLE COMPONENTS A SIZE FOR EVERY NEED
m EASILY LARGE HEAD MEDIUM HEAD SMALL HEAD
@]]]]mm” ” .lNSTALLED (34”7 diameter) (%" diameter) (#s” diameter)
: Stand-off is flanged
l into panel. Screw is
|| 4 SCREW inserted into over- | :
== size hole in stand- -g\: p
= off and locked in '
place by retaining
- ) hu . U
4 STAND- L, O ';h ;s %"-20 and
OFF passed over threads 12-24 thread
to seat behind last |====— = e T O, -
thread. Screw and stand-off are Choice of stand-offs for
RETAINING brass, nickel plated. Retain- each screw size to accommo-
4 pine ing ring is durable vinyl date panel thicknesses from
plastic. %" to %
-----------------------------------------

©1955

PAWL . SCREW AND SPRING -

SOUTHCO
F A s T -Etﬂ gﬁé _ DRIVE RIVETS - ANCHOR NUTS «
: .. ENGINEERED SPECIALTIES

OFFICES IN PRINCIPAL CITIES

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

%%

o
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Raytheon — World’s Largest Manufacturer of Magnetrons and Klystrons

——

Excellence in Electronics

RAYTHEON MANUFACTURING COMPANY
Microwave and Power Tube Operations, Section PT-48
Waltham 54, Massachusetts

Raytheon makes: Magnetrons and Klystrons, Backward Wave Oscillators,
Traveling Wave Tubes, Storage Tubes, Power Tubes, Receiving Tubes, Transistors

WAL Americantadiohistoni-Co R
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: on TIMERS
, for automatic

i control?

The more automatic control problems we get, the better we like
it. For while it's true each automatic control job is a bit different from the
rest, the record shows that our 19 years of timer experience has given us

INPUSTRIAL TINER CIIPORATICH
wrwans ko JBA

the special knowledge it takes to give you the right answers, and in near-
record time.

If one of our standard timers won't do your job — or one of the 721 com-
binations we have thus far developed from our 17 basic units — our engineers
will go right to work to develop a new combination that's the one for you.
That's the way we grow — and we like it.

We manufacture a complete line of timers in these 4 broad classifications:

TIME DELAY TIMERS < INTERVAL TIMERS
RE-CYCLING TIMERS « RUNNING TIME METERS

And since we maintain large stocks of our 17 basic units, we can assure

you of rapid deliveries — of excellent deliveries even on special orders. So
whatever your automatic control problem, you have everything to gain by
submitting it to our timer specialists. They'll give you a profitable answer —
almost with the speed of automatic control itself.

Running Time Meters

Timers that Control /‘”\ INDUSTRIAL TIMER CORPORATION

- the Pulse Beat of Industry 1409 McCARTER HIGHWAY, NEWARK 4, N. J.

Want more information? Use post card on last page. June, 1956 — ELECTRONICS



Engineers...look before you leap?

O flight control systems

Automatic altitude controllers
Automatic approach couplers
Automatic Mach number controllers
Automatic pilots tlightplane)
Automatic pilots (high-performance)
Automatic pitch, yaw, and roll dampers
Automatic rudder controllers
Automatic wing flap systems

Missile control systems

Test equipment

g flight reference systems
No-gimbal-lock vertical gyro indicators
Stable platforms
Test equipnment
Three-axis gyro indicators
Vertical gyro indicators

Y navigational systems
Automatic radio direction finders
Glide slope receivers
High-latitude gyro compass systems

Integrated apF-magnetic compass systems

Localizer receivers
Marker beacon receivers
vitF Omnirange receivers

¢ electro-mechanical systems

Artificial feel systems

Camera positioners

Canopy control systemis

Carburetor air door controllers

Cowl flap positioners

Convertiplane rotor positioning systems
De-icing valve positioners

Engine throttle controllers

Gas, hydraulic, fuel, valve positioners
Inlet screen retraction systems

Inlet vane angle controllers

Jettison systems

Landing gear lock systems
Mechanical advantage ratio changers
Oil cooler flap controllers

Parachute door systems

Precision remole positioning systems
Supercharger blower shifters

Test equipment

Throttle friction controllers

Trim tab positioners

Turbo-prop clutch valve controllers
Wing flap positioning systems

A electro-mechanical components

Linear actuators
Rotary actuators

Servo actuators

Power units

Actuator controls
Alternators

Capstans

Freewheeling clutches
Friction clutches
Magnetic clutches

Slip overload clutches
Electromagnetic brakes
Flex drive n's, hex’s, L's,and 1's
Flexible shafts
Gearboxes

Handcranks

Motors (ac and oc)
Enclosed fan motors
Explosion prooi motors
Gearhead motors

High frequency motors
High temperature motors
Miniature moters
Pneumatic motors
Servo motors

Torque motors
Screwjacks

Load limil switches
Position limit switches
Programming switches

U

instruments

aoF indicators

Attitude indicators. 2-axis
Attitude indicators, 3-axis
Directional indicalors

15 indicators

Integrated apr-magnetic indicators
Trun indicators

Tuning melters

Omnirange indicators

‘U. instrument components

Altitude transducers

Vacuum tube arnplifiers
Magnetic amplifiers

Prinied and etched circuit amplifiers
Transistor amplifiers
Displacement gyros

Dynamic pressure transducers
Gravity-sensing switches
Magnetic modulators
Magnetic powder elutches

ac and ne servo motors

Lear has highly attractive engineering openings right now

in Grand Rapids, Michigan,; Santa Monica, California;
Elyria, Ohio; and in Arizona. Send your technical
qualifications immediately to Don Cook, 3171 South Bundy

Drive, Santa Monica, California. Your letter and inlerview

will be handled confidentially

ELECTRONICS — June, 1956

by a Lear engincer.
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o
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Electric gyro motors
Flag motors
High-frequency motors
Torque motors

Power converters

Rate generators

Rate gyros

Resolvers

Synchros

Synchro repeaters

communications systems

UHF, VIIF, 1F, MF, and LF receivers
VHF transceivers

VvHF, HF, and mM¥ transmitlers

ADF receivers

Airport traffic transceivers
Monitoring transeeivers
Portable transceivers
Telemetering receivers

Test equipment

communications components
Audio frequency amplifiers
Vacuum tube amplifiers
Magnetic amplifiers

Power amplifiers

Printed and etched circuit amplifiers
Transistor amplifiers

Aircraft broadband antennas
Ground plane antennas

LF-MF whip antennas

Loop antennas

Mobile antennas

Trailing wire antennas
uvitr-vitF whip antennas

vitF Omnirange antennas
Antenna fairleads

Antenna reels

Antenna tuning coils

Cable assemblies

Coil assemblies

Crystals

Dynamotors

Headsets

Loudspeakers

Amplifying loudspeakers
Noise-cancelling mierophones
Radio noise filters

fluid handling equipment

Absolule pressure switches

Bombsight and instrument desiccatlors

Canopy sea! pressurizing kits

Cooling units for electronic assemblies

-
3 (5 L4
<
-

—e
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This is a partial list of Lear products. It shows at a glance

why Lear offers exceptional opportunities to the ambitious
engineer, fledgling or veteran. The great variety of Lear projects
—plus a constant, soundly-programmed expansion of new
developments—assure you of plenty of room to grow in, as

well as ample rewards at the very start of your career with Lear.

Dchydrators

Fuel flow dividers

Pneumatic actuators
Pressurizing control panels
Alcohol pumps

Anti-detonant injection pumps
Ballast pumps

Bilge and refueling pumps
Dry air pumps

Electric motor driven pumps
Ethylene glycol and coolant pumps
Ethylene oxide pumps

Fuel pumps

Fuel booster pumps

Fuel filter de-icer pumps
Fuel transfer pumps

Hand operated pumps
Heater fuel pumps

Hydraulic pumps

Hydraulic oil booster pumps
Hydrogen peroxide pumps
Lube oil and scavenge pumps
Multiple-element pumps

Ol transfer pumps

Scavenge pumps

Smoke pumps

Subnierged fuel booster pumps
Vacuwin pumps

Water pumps

Radar pressurizing kits
Airrelief valves

Check valves

Hydraulic valves

Hydraulic servo valves
Pressure regulaling valves

¢ test cquipment

Bench test cable assemblies

Electronic test sets

Field strength meters

Pressurizing test kits

Universal electro-mechanical test stands
Universal motor test stands

ar miscellaneous

Airborne television installations
Airplane brake modernization kits
Auxiliary power supplies
Electronic chassis assemblies
Executive airplanes

Periscope prisim selectors
Precision remote positioners
Printed circuits

Radomes

Wire harnesses

>

-. s o .

produces for the precision needs of aviation

CP.16 A

37



The British Electronics Industry is making
giant strides with new developments in a
variety of fields. Mullard tubes are an
important contribution to this progress.

For medium power equipments

British high fidelity experts choose the

The Mullard range of high fidelity tubes is accepted
in Britain as the standard by which others are judged.
This is because many years of research and develop-
ment have been spent in producing a range that will

meet the requirements of high fidelity sound repro-
duction in all respects. Take the Mullard E1.84 for
example. A pair of these tubes provide a power out-
put of 10W at a distortion level of less than 19.
Furthermore, their transconductance of over 11,000
umhos results in an exceptionally high sensitivity.

The EL84 may be used for higher powers too. Two
tubes in push-pull will provide outputs of up to Principal Ratings
17W at an overall distortion of 4%,

X X Lo . Heater . .. 6.3V, 0.76A
At maximum ratings one EL84 has a plate dissipation Max. plate voltage 300V
of 12W and gives an output of 5-6W for an input P ) ‘g )
. Max. plate dissipation 2w

signal of less than 5V r.m.s.

R . L. Max. screen voltage . 300V
Supplies of the EL84 for replacement in British =N ;

; A i Max. screen dissipation (max. signal) 4W

equipments are available from the companies

| Max. cathode current . .. 65mA
mentioned below,

Base

Small button noval 9-pin

Supplies available from:—
In the U.S.A. International Electronics Corporation,
Dept. E6, 81 Spring Street, N.Y.12, New York, U.S.A.

In Canada Rogers Majestic Electronics Limited,
Dept. 1), I1-19 Brentcliffe Road,
Toronto 17, Ontario, Canada.

Mullard

MULLARD OVERSEAS LTD , CENTURY HOUSE, SHAFTESBURY AVE., LONDON, ENGLAND

Mullard is the Trade Mark of Mullard Ltd. and is registered
in most of the principal countries of the world. NA
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YOUR DRAFTING TIME
AND COSTS WITH

CLEARPRINT
“'FADE-OUT’’ PAPER

quickly rendered to scale with the
accurate blue grid lines to guide you.

THIS IS APRINT . . . 7

the grid lines disappear completely, y/ \)

giving sharp, easy-to-read copies. /
i\

\J ’\

Leading engineers and designers o

report that Clearprint Fade-Out | ' ‘ \ \ '\
TN

Paper speeds up their drafting 10 g \\
to 15% . . . cuts their costs pro-
portionately. And Fade-Out Pa-
per gives them prints which are
sharper and easier to read, be-
cause grid lines do not reproduce.

Clearprint’s perfect working sur-
face invites pencil and pen — lines
are sharp and clean. It withstands @
repeated erasures, too, without
the slightest ghosting.

((((((«.y))))

. . . for drawings of any desired size (in 24",
30", 36”, 42" widths)

See how Clearprint Fade-Out
Paper can solve your drafting
problems. Order a trial roll now,
and apply it to your various draw-
ing needs.

|
Available with grids ruled ﬁ

.. . the sizes you need for ready use (42” wide
by any length)

4x4, 5x5, 8x8 and 10x10 . . . for fast sketches and calculations

lines to the inch.
Printed on CLEARPRINT — America’s Finest Technical Paper

r CLEARPRINT PAPER CO. EL
1482 - 67th Street, Emeryville, Calif.

[0 Please send me sample Clearprint “Fade-Out” sheets, with prices.
[0 Send me Clearprint samples, with prices, for the following uses:

A— =
CLEARF=INT
-y

!
I
|
““FADE-OUT’’ PAPER
I
!

{1 Have your representative call at my office.

THERE 1S NO SUBSTITUTE
Demand Watermarked Clearprint

SEEILH is BELIEVING!

Ask your dealer for samples, or send coupon |.

o — T o ot S iy p————
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Where precision is essential...
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Oscillator Turret

W o

THE HEWLETT-PACKARD COMPANY of Palo Alto, Cali-
fornia, as a manufacturer of elecironic equipment,
has found that PLASKON Alkyds molding com-
pounds can and do meet all of their exacting speci-
fications!

In the VHF Signal Generator pictured above, for
instance, a material was needed that could guarantee
absolute dimensional stability to a component part,
thus assuring the instrument’s unfailing accuracy.
It had to be strong enough to hold silver inserts
withoul loosening during a life of 50,000 cycles. It
had o have a low coeflicient of thermal expansion,

Want more information? Use post card on last page.

be readily molded and offer high resistance to heat
and arcing.

According to Hewlett-Packard, glass-reinforced
PLASKON Alkyd molding compound is “the only
plasticthatmetallourrequirements.” Inotherinstru-
ments, H-P has had equal success with PLASKON
Products using both mineral-filled and glass-rein-
forced alkyds.

We pass this “success story” on to you, with the
thought that what PLASKON Products can do for
others, they can do for yd too.

WWW.americanradiohistorv-com

s AR
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1. Transformer Terminal

“PLASKON Alkyd molding compounds’
fast cure has cut our costs considerably,”
says Ralph E. Lee, production engineer
at Hewlett-Packard. “We also get appreci-
able savings by molding parts such as probe
body insulators which formerly had to be
machined. PLASKON Alkyd molding com-
pounds’ outstanding electrical properties
result in higher quality for our components
too.”

1. PLASKON Alkyd molding compounds
give these transformer terminals high in-
sulation and moisture resistance.

2. Transformer bobbins have high strength,
even when walls are molded as thin as .040”.

3. Probe body insulator has a resistance
of at-least 100,000 megohms between ter-
minals, with dimensional stability over
long periods at 150°F'.

4. Through using PLASKON 422 Alkyd
molding compound H-P cuts costs by
building only one cavity mold for coil cases
instead of many.

- ]J RSO

For further information on PLASKON Plastics and
4. Coil Case Resins address BARRETT DIVISION, Allied
Chemical & Dye Corporation, 40 Rector

St., New York 6, N. Y. Hanover 2-7300 %ﬁd

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 41
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MICRO

§ -
T
Fi{ ' ;}

L\“N—gﬂ“:r_ P '\';l
A i

High temperature switch

L

High inrush
capacity

Small, high capacity

...THEIR USE

mercury switch

Two-circuit
double-break i

Sensitive

A continuous flow of
Precision Switch developments

anticipates designers’ needs

Whatever your requirements for an ex-
tremely reliable precision switch, there
is—or can be—a MICRO SWITCH product
to meet it. It makes no difference whether
your switch must control sensitive elec-
tronic devices, instruments or heavy
automatic machinery. Experienced de-
signers save time and money by check-
ing with MICRO SWITCH—pioneer manu-
facturer of precision switches.
Illustrated are a few examples of the
wide range of MICRO SWITCH units to
meet design requirements. These in-
clude hermetically sealed switches,
switches for control of multiple circuits,
switches resistant to high temperatures,
heavy duty switches with high elec-
trical capacity and very small switches
—all for extremely precise operation.
A High temperature switch. This switch
will operate satisfactorily in a tempera-
ture range of from —50° F to plus
1000° F. Originally designed for use in
jet aircraft applications, on or near the
after-burner, the switch is equally use-
ful for industrial applications which re-
quire high temperature components.

B - Two-circuit double-break switch fills
the need for a small, two-circuit double-
break switch for controlling two isolated
circuits. This allows greater flexibility
and simplicity of circuit design. A snap-
action spring provides quick make and
break of both circuits in each double-
break circuit.

42

C-High capacity, sealed plunger switch.
Compact, easy to mount precision snap-
action switch which combines long life
and reliability with the capacity to
make and break steady state currents
of 20 amperes and to handle inrush cur-
rents as high as 75 amperes.

D-V3 small, high-capacity switch: MICRO
V3 switches have exiremely high elec-
trical capacity for their size. They were
developed to meet exacting design re-
quirements for an extremely small
switch wilh no sacrifice of quality. V3
switches are available with a wide vari-
ety of circuit arrangements, operating
characteristics and actuators.

E-Sensitive mercury switch with }4° op-
erating angle. Small Honeywell Mer-
cury Swilches are designed to meet the
demand of small load circuits and appli-
cations where space and economy are
critical factors. Ratings may often be
extended successfully down to micro-
volt milli-ampere ranges.

IS A PRINCIPLE OF

GOOD DESIGN

NEW!

An “Electrical Memory”
Toggle Switch

Here is the first in a new series of “‘electri-
cal memory’’ toggle switches. It is a four-
pole assembly with one pole to indicate
which circuit was last operated. It prom-
ises to simplify and perhaps revolutionize
some basic circuit designs of complicated
ground radar units, computer devices, air-
craft control panels and other types of
remote control equipment.

LEVER POSITION NO. 2
(MAINTAINED POSITION)
>

LEVER POSITION NO.1
(MOMENTARY POSITION,

LEVER POSITION NO. 3
(MOMENTARY POSITION)

SWITCHES
NO.[AND 2

MICRO | queres
|¥no 3in0's
L

Lever Position  Lever Position  Lever Position
No. 1 No. 2 No.3

Switch No.1 N0 ToC. N.C.ToC. N.C.ToC.
Circuit Made Circuit Made Circui! Made
Switch No. 2 NO.ToC. N.C.ToC. N.C.ToC.
Circuit Made Circuit Made Circuit Made
Switch No. 3 N.C. To C. N.C. To C. NO. ToC.
Circuit Made Circuit Made Circuit Made
Switch No. 4 N.C.To C. & N.O.ToC.
Circuit Made Circuit Made

*N.C. To C. Circuit Made if Lever Last Moved To Lever Position No. 1
*N.0. To C. Circuit Made if Lever Last Moved To Lever Position No. 3

The assembly uses three single-pole, dou-
ble-throw functional basic switches and
one single-pole, double-throw ‘“‘memory”’
switch.

In application the “memory” switch indi-
cates through a pilot light or buzzer which
circuit was last operated.

The three functional switches operate at
three lever positions: maintained center
and momentary from eachextreme position.
Electrical rating of basic switches: 5 amperes
125 or 250 volts a-c. The d-c rating at 30
volts: inductive—3 amperes at sea level
and 2.5 amperes at 50,000 ft.; resistive—
4 amperes at sea level and 4 amperes at

50,000 fee!; maximum inrush—15 amperes.

For complete information on any of these switches or the complete
MICRO SWITCH line, call the MICRO SWITCH branch near you.

MICRO SWITCH

A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY

In Canada, Leaside, Toronto 17, Ontorio

Want more informafion? Use post card on last page.

FREEPORT, ILLINOIS
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Safety in
all weather

L S skt

with

. ~ TACAN REQUIRES INTEGRATED SKILLS
HOFFMAN makes the complete airborne i = \ -

portion of the TACAN system—another example Yy N 4 =
of Hoffman integrated electronics at work

.'/ 1

TACAN is the trustwarthy electronic navigation system that
unerringly guides pilots through fair and foul weather every
second of the flight. Two compact dials on the instrument panel
automatically show the pilot his exact distance and direction
from a fixed ground station with an accuracy never before
attained. Result: greaier safety in any weather, any place.

Some of TACAN’s advantages over other systems include :
three times greater accuracy; handles more airlane traffic —
allows planes to fly safely at closer intervals; permits starting
landing approaches further out—minimizes “stack up” of
planes waiting to land; meets military requirements for rug-
gedness, compactness and mobility.

The same teamwork, experience and facilities at Hoffman
Laboratories that put TACAN into full scale production are
available for you to use—whatever the size or complexity of : S9
your electronic needs. Why not discuss your specificsystems en- .: e ik o -
gineering problem with a Hoffman Labs’ representative soon? elops etec

G

A subsidiary of
Hoffman Electronics e - - T E s s
Corporation =

=g 8 8 9 5 5" LABORATORIES, INC.

L.+ .. Engineers: For challenging opportunities write: Director of Engineering,
Hoffman Laboratories, Inc.. 3761 South Hill Street, Los Angeles 7, California
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 profitable industrial
voltage regulation
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COMMUNICATIONS

COMPUTERS

Performance of electronic equipment depends on proper voltage

Help assure customer satisfaction;
Install G-E Inductrols™ on your equipment

A G-E INDUCTROL
FOR EVERY NEED

AUTOMATIC INDUCTROL—
Applied where constant voltage
is desired, as on radar equip-
ment, electronic computers,
induction heaters, rectifiers,
welders. Available for single-
or three-phase circuits, 600
volts and below.

HAND- OR MOTOR-OPER-
ATED INDUCTROL — Provide
stepless variable-voltage out-
put over any desired range. For
testing, heating, or illumina-
tion control, and similar ap-
plications. Single- and three-
phase—600 volts and below.

INDUCTROL POWER PACK—
This is a load center unit sub-
station for a-c power and
lighting service. Unit includes
a transformer, Inductrol, circuit
breakers, and  distribution
ponel board. Generally ap-
plied in three-phase circuits
600 volts and below—indoor
service.

Yes, even small variations in the voltage supplied to sensitive elec-
tronic equipment can result in inaccurate operation, inefficiency,
and drastically reduced life (a 109, overvoltage can reduce vacuum
tube life by 70%!). However, many users do not realize they have
a voltage problem, and when their electronic equipment fails to
operate properly, the reputation of the original equipment manu-
facturer usually suffers.

G-E Inductrols (induction voltage regulators) provide a reliable,
economical means of maintaining rated utilization voltage without
introducing harmful waveform distortion. Installed on your equip-
ment, G-E Inductrols assure proper operation even under adverse
voltage conditions. Inherent high short-circuit strength and elimina-
tion of brushes make G-E Inductrols a simple, economical solution
to voltage problems.

For complete information and application assistance, contact
your nearest General Electric Apparatus Sales Office, or write
Section 425-2, General Electric Company, Schenectady 5, N. Y

*G-E Induction Yoltage Regulators

Progress fs 00( Most Important Prodvct

GENERAL @3 ELECTRIC
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10 Waldes Truarc rings speed assembly—
Eliminate parts and machining in precision co’ntrol

Kahn Rotary Speed Control
7 Ml Kahn and Company, Inc., of Hartford, Conn., use a total of 10
/ A | Waldes Truarc Retaining Rings in this new mechanical-electric
translator for automatic control of rotary speed. Truarc rings
act as positioners and retainers to eliminate parts, simplify
-5 : operations, save labor, and speed assembly.

5

. % =
Rotor Installation. In the old way, ball bearing was retained Flyweight Assembly. Formerly, 2 holes had to be drilled in
by a threaded shoulder and threaded bearing cup retainer. each of the 4 pivots, and 8 cotter pins were required.
New way, using two Truarc Rings (Series 5100 and 5000) elim- The new way, using 8 Truarc E-Rings (Series 5133), replaces holes
inates 4 threading operations, bearing shoulder and threaded with grooves, reduces pivot size, leaves no projecting parts. Rings
bearing cup. Assembly is quicker and easier, two ounces lighter. snap into place, speed assembly time by three minutes per unit.

Whatever you make, there’s a Waldes Truarc Retaining Ring  sizes within a type...5 metal specifications and 14 different
designed to improve your product...to save you material, finishes. Truarc rings are available from 90 stocking points
machining and labor costs. They’re quick and easy to assemble  throughout the U. S. A. and Canada.

and disassemble, and they do a better job of holding parts
together. Truarc rings are precision engineered and precision
made, quality controlled from raw material to finished ring.

More than 30 engineering-minded factory representatives and
700 field men are available to you on call. Send us your blue-
prints today ... let our Truarc engineers help you solve design,
36 functionally different types...as many as 97 different assembly and production problems. .. without obligation.

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

r—_———— — [ ———

Waldes Kohinoor, Inc., 47-16 Austel Place, 1. .C. 1, N. Y.

Please send the new supplement No. 1 which
brings Truarc Catalog RR 9-52 up to date.

(Please print)

Send for r{ew catalog supplement

WALDES

TRUARC

RETAINING RINGS

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;
2,944,631; 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.

(A e e = e R
I
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PHELPS DODGE SODEREZE"
CUTS

FIRST FOR LASTING QUALITY—FROM MINE TO MARKET!
e —— e ——r—mmesT T T T
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ENDS STRIPPING, CLEANING-—
SOLDERING COSTS!'!

Sodereze— Phelps Dodge’s 1socyanate-type* magnet wire—provides:
Low temperature soldering—no damage to copper conductor.

A balance of physical, chemical and electrical properties
permitting replacement of existing film wires.

Resistance to heat and solvent shock for safer wax or varnish
treatment.

Excellent resistance to alcohol and most solvents.

Phelps Dodge Sodereze was designed to keep pace with industry’s
growing need for magnet wires that handle easily, reduce
over-all costs and fit a variety of exacting design requirements.

The versatility of Sodereze not only permits its use wherever
solderable wires are required, but allows replacement of
conventional film wires.

* Isocyanates, when combined with other resins, form Polyurethanes that can be balanced in
properties to give the maximum in performance as a magnet wire insulation. Several years
of research have been spent on Phelps Dodge Sodereze to accomplish this result. A patent
application covering Phelps Dodge isocyanate-type muagnet wire has been filed.

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

PHELFS DODGE COPPER PRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA
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Two Metals
are often
hetter

than One

COPPER 8
=t
ALUMINUM

COPPER
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...and General Plate Division

ALCUPLATE"

(Copper clad aluminum)
is a case in point

CUTS COPPER COST BY 15 TO 30%
CONSERVES CRITICAL COPPER

ALCUPLATE, made by permanently bonding solid copper
to one or both sides of less expensive aluminum, has virtu-
ally the same physical and electrical properties as solid
copper — at much lower cost.

ALCUPLATE can be stamped, drawn, or formed in a
work-hardened state — without annealing — and the cop-
per provides an ideal surface for soft soldering or electro-
plated finish. This permits fabrication of many parts and

e Printed circuits
® Household utensils
@ Costume jewelry and giftware

If you are seeking metals with useful characteristics
that can’t be found in a single metal or alloy — look to
General Plate Clad Metals. If you want stronger or lighter
components — or better electrical and mechanical proper-
ties — or fewer corrosion problems — or if you are in-
terested in conserving critical metals or reducing parts
costs, you should be investigating General Plate Clad
Mezrals.

Catalog PR-700 covering base to base and precious to
base clad metals, TRUFLEX® Thermostat Metals, com-
posite electrical contact, buttons and rivets are yours for
the asking. New PR-226A folder with clad metal samples
also sent free. Write for it.

You can profit by using I

products, at savings of 15% to 30%, over solid copper. General Plate Composite Metals! |
Here are typical products in which ALCUPLATE is now - -

saving money:

@ Electrical terminals, clips and shims

® Small motor hcusings

@ Electronic component cases, cans, brackets, and chassis
® Heat transfer assemblies

o Fin and tube-type radiators

Want more information? Use post card an last page.

METALS & CONTROLS CORPORATION
GENERAL PLATE DIVISION

36 FOREST STREEY, ATTLEBORO, MASSACHUSETTS
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HUGHES
MEMOTRON

A NEW TYPE OF
CATHODE RAY TUBE

MAINTAINS brilliant traces indefinitely.

Now you can examine nonrecurrent
phenomena without resorting to
photography. The Memotron, a direct
display cathode ray storage tube, retains
transients — permits leisurely examination
on the tube face itself.

There is no blooming or fading.

And the high tube brilliance permits its
use without a hood, even in
well-lighted surroundings.

DISPLAYS successive transient writings.

Even the most complex patterns can be
superimposed or shifted in position. The
Memotron tube thereby enables you to
mauke convenient comparisons

and analyses.

INSURES supcrior file records.

When a file record is nceded, photography
is greatly simplified because all displays
occur at a constant, uniform

brightness regardless of differences in
writing speeds. Therefore, a single camera
exposure setting is suflicient.

FUNCTIONS as curve plotter.

An oscillograph equipped with a
Memotron combines, into one instrument,
pen-recorder pertormance at low
frequencies and oscillograph performance
at high frequencies. Successive writings

may be stored to produce a family
of curves.

TYPICAL APPLICATIONS: Asarcad-
out device for the display of solutions
FOR TRACES THAT STAY.
Tilustrated: a technique for

plotting a family of curves, - ’ - )
representing o coupled circuit testing . . . in medicine for electro-

produced by an analog computer. . . for
recording shock transients during shock

with varied paramcters. cardiography and vector-cardiography.
Our engineers are available for

consultation on special Memotron
applications.

HUGHES PRODUCTS GENERAL SPECIFICATIONS

RESOLUTION... 50 to 60 written iines per inch.
A DIVISION OF THE HUGHES 4IRCRAFT COMPANY WRITING SPEED...O to at least 100,000 inches/
second (selected tubes in excess of 100,000 ips).

BRIGHTNESS... 50 foot-lamberts.

For descriptive literature and information on commercially USABLE SCREEN DIAMETER...4 inches, maximum.
available oscilloscopes featuring the Memotron, please write: DiIMENSIONS . ..
Over-all length: 181/2 inches, £ 1/2-inch.
Bulb diameter: 55/g inches, maximum.
Neck diameter: 21/4 inches. * 3/32-inch

IHUGHES PRODUCTS
ELECTRON TUBRBES

© 1956, H.A.C. Los Angeles 45, California
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Why 371 U. S. manufacturers

PN IS statement, I shall try to explain
Puerto Rieo’s cconomic position as
frankly as T would to any manufacturer
or labor leader who met me face to face.
Puerto Rico is currently making a de-
termined effort to stand squarely on its
own economic feet. At present we do not
have nearly enough jobs to support our
people. We are therefore directing every
energy to create more jobs at home, and
to curtail migration to the States.
That is precisely why we are going
all out to altract every new plant we pos-
sibly can. But. to date. we are still pro-
viding only 259 of the new jobs we need
each year to keep pace with our expand-
ing labor force. T shall go into details
later. But first T want to make two points
of my Government’s policy absolutely
clear:
1. Puerto Rico has no intention of
winning industries arcay from any-
where. We do not grant 1ax conces-
sions to runawcay pl:lnls.
2, Puerto Rieo’s Industrial Devel-
opment Plan is based on a combi-
nation of absolntely ethical incen-
tives, We do not and never will hold
out low wages as an attraction to
business. My Government’s firm
philosophy is that wages should rise
as rapidly as our economic develop-
ment pcrlnils.

Let me now deseribe our basic problem

in more detail.”

Our Problem

“When people talk of over-population as
Puerto Rico’s biggest headache, they cer-
tainly don’t exaggerate.

50

Our unemployment is high. Our income
level is still low —only 259 of the U. S.
average. And every year 20,000 more
workers swell our under-employed labor
forces.

But this is probably putting the cart
before the horse. Our real problem is not
over-population but under-development.
What then is our best solution?”

Our Solution
“I ain convinced that the answer ean
only lie in more and more industry.
ITence we are pinning our major hopes
on our industrial development program,
as the main pull of what we call Opera-
tion Bootstrap.

From the cconomie standpoint, Oper-
ation Bootstrap has but one simple aim
—to develop industry, and in doing so.
to encourage U. S. manufacturers to
expand their operations to Puerto Rico.
Operation Bootstrap is, in fact, a bold
attempt to inerease the well-being of our
whole Commonwealth—workers and em-
plovers alike. And lest anyone should
fear that my country’s program might
injure the U. S. cconomy, lel me now
sound a reassuring note:

1. The U. S. already has 65 million
cmployed. Puerto Rico only needs
to ereate 150 thousand new jobs 1o
solve its present problem.
2. One hall of one percent of nor-
mal U. S. industrial expansion
would achieve our whole economie
program,
I hope these comparisons help to put
Puerto Rico’s modest needs in proper
perspective. But, for good measure, let

Wont more information? Use post card on last page.

now enjoy 100% tax

Governor Munoz tells why Puerto Rico offers such

“‘".?j amazing incentives to new or expanding munufacturel‘s.
= =

me quote a few more figures to show how
important a prosperous Puerto Rico is
to U. S. business itseli :
In 1955, Puerto Rico’s purchases
from the U. S. rose 10 $580,000,000.
Without Puerto Rico as a eustomer,
New York’s gross sales would have
dropped by $67.000.000; Califor-
nia’s by $54.000,000; New Eng-
land’s by $53,000,000.
So much for statistics. Now just a word
about my people, without whose willing
co-operation Operation Bootstrap would
merely be a sterile dream.”

Bootstrap Underway
“Pay us a visit and I think you will be
impressed immediately by the whole-
hearted faith we Puerto Ricans place i
Operation Bootstrap.

We believe in it deeply and thoroughly
—and, with practically no exceptions,
support its policies right along the line.
Thus, T can promise the same cager,
cheerful co-operation to every U. S. man-
ufacturer who expands his industry to
our Commonwealth.

Scarcely & month goes by that I am
not visited by the Mavors of a dozen
Puerto Rican towns, all asking for plants
to be erected in their areas. There’s not
a communily in all Puerto Rico that
would not enthusiastically welcome the
arrival of a new factory.

For we all realize that though we have
made a pronusing start up the long, long
hill to economic prosperity—the summit
1s not 1n sight yel. But the Puerto Rican
people have squared up to their chal-
lenge aud are meeting it in good heart.”

June, 1956 — ELECTRONICS



i Puerto Rico

freedom

©«YTART A NEW plant in Puerto Rico and
S vou are not only free from Federal
income taxes (they don’t apply)—you
can be exempt from local income laxes
too. Your freedom from Federal taxes is
not a concession. It is a Constitutional fact
whiel stems logically from that historic
without

American prineiple “Taxation

How you gain

1. A better return, l.ocal tax conces-
sions, freedom from Federal taxes, and
lower operating costs will all reflect fa-
vorably in your company’s halance sheet.
See table ahove.

2. Abundant, skillful labor. Puerto
Rico’s labor force totals 644,000. The
Commonwealth operates an ambitious
vocational lraining program, which will
even screen workers and teach them spe-
cially to operate your machines. The
adeptness of the Puerto Rican worker in
learning precision skills may be judged
by the fact that the following famous
companies now have operations in
Puertn Rico:
Remington Rand. St. Regis PPaper.
Beaunit Mills. International Latex.
Carborundum Company. Shoe Cor-
poration of America. United Tool
and Drill. Sunbeam Electrie. Univis
Lens. Weston Electrical Instrument
Company.

3. No currency or customs problems.
Puerto Rico 1s & Commonwealth freely

ELECTRONICS — Jjune, 1956

H your net profit
after U. S. Corporate

H your income after
U. S. Individual

Corporate Tax Exemption

Your net profit
in Puerto Rico

Income Tax is : would be :

$ 29,500 $ 50,000
53,500 100,000
245,500 500,000
485,500 1.000,000

Dividend Tax Exemption”

Your net income in
Puerto Rico

Income Tax is : would be :

% 7.760 $ 10.000
15,850 23,000
25.180 20,000
51,180 200.000

#Dividends are tax-free only if paid to res-
idents of l'uerto Rico by a tax-exempt
corporation. xamples are based on Fed-
eral rates (Jan. 1, 1956) for single persons.

(not runaway plants) get tax exemption.

representation is tyranny.” Puerto Rico
has no vote in Congress, and therefore
no Federal mcome laxes — corporate or
personal.”

Protected by Two Constitutions

“Your business is not only protected by
the Commonwealth Constitution, it is

assoeiated with the United States. It is
an integral part of the U. S. economic
svstem. You have none of the problems
of cperating from a foreign country.
Movement of goods. inoney and people
hetween Puerto Rico and the U. 8. is
as free as it is between the states of the
Union. There’s no duty on trade and the
U. S. dollar is currency,

4. Low capital investment. New sin-
gle-story, low-rental factories are ready
to cecupy. The government will even
builid a special one for you on a very
small down payvment. Abundant eleetrie-
itv, gas and waler are just waiting to be
connected.

5. Ideal location. Puerto Rico 1s served
by 30 ocean lines and 8 aivlines. It is only
5V hours by air from New York — less
than 4 from Miami. Goods are actually
made in Puerto Rico one day and are
delivered in Los Angeles the next. The
climate is perpetual Spring. Tempera-
ture stays around the balmy 70’s most of

Want more information? Use post card on last page.

Beardsley Ruml tells how new or expanding industries

permanently guarded by all the guaran-
tees of the U. S. Courts and Conslitu-
tion, too.

As for your local income tax exemp-
lion, this 1s an added incentive, offercd
by the Commonwealth Government to
altract new plants that Puerto Rico’s
cconomy needs so urgently.”

from a new plant in Puerto Rico

the vear. Swimming, sailing and fishing
are superb. Domestic help is plentiful.

Is Your Company Eligible?
To find out if yvour compuany is eligible
for tax exemption in Puerto Rico, call
our nearest office:
New York . MU 8-2960 ....579 5th Ave,
Chicago ... AN 3-4887 .79 W.Monroc
Los Angeles . WE 1.1225 5525 Wilshire

Or mail coupon for free booklet

[FE-r ===y =i = = T )

Commonwealth of Puerto Rico

Economic Development
Administration

579 Fifth Ave., New York 17, N. Y.

Dept. EM-61

Mail me “Facts for the Manufaeiurer”

your report of the advantages of Puerto

I

I

|

|

|

|

Rico for plant location. |
: i
Name. S I
I

I

i

i

Company

Product_ B

Address_

U
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UNMATCHED MICROWAVE TUBE FACILITIES AND EXPERIENCE

ready to go to work for you at

Presetting cavity resonant frequency.

What do you need in klystror tubes?

Makes no difference how complex or unusual
vour microwave application is. Nor how big or
little your order may be. In any case. we have the
specialized equipment and know-how to turn out
tubes that can do a better job for vou.

Ournicrowave people have successfully designed
and built Klystrons of all types— thermally-tuned,
external cavity, integral cavity, mechanically-
tuned and ruggedized. An example of one of our
latest developments is a ruggedized, mechanically-
tuned, K-band reflex oscillutor that utilizes the
many advantages of dielectric rod tuning . . . and

that can be readily scaled up or down in frequency.

Went more information? Use post card on last page.

4 L i
. co

All tubes get complete electrical test,

-xg;;'w?
2

Aging and life testing facilities.

Ii' no existing tube meets your needs, we’ll be
glad to quote on a special tube to do the job. For
information, write RED BANK DIVISION, BENDIX
AVIATION CORPORATION. EATONTOWN, NEW JERSEY.

West Coast Sales & Service: 117 E. Providencia Ave., Burbank, Calif.
Export Sales and Service: Bendix international Division, 205 E. 42nd St., N.Y. 17, N.Y.
Canadian Distributor : Aviation Electric Ltd., P. 0. Box 6102, Montreal, Quebec

jree i ,
- >y M
o

znijl/

AVIATION CORPORATION
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Reliable products
through Advanced-Engineering.

ELECTRONICS — June, 1956

six new CBS

bonded junction
diodes

HIGH FORWARD CONDUCTANCE
HIGH BACK RESISTANCE
EXCEPTIONAL STABILITY

These data on the CBS 1N497-1N502 speak
for themselves. Check the low inverse cur-
rents at the rated voltages . . . and the low
{orward voltage drop at 100 ma.

The very low capacitances of these low-
impedance diodes provide high rectification
efficiency at high frequencies. Other ad-
vanlages are fast pulse recovery time . . .
subminiature size . . . ruggedness . . . and
hermetic sealing. Serupulous cleanliness
throughout manufacture and special proc-
essing of the bonded junction help 1o assure
unusually fine stability.

Widespread applications for the CBS 1\497-
IN502 include computers, military equip-
ment, control devices, and instruments.
Diodes with exceptionally fast recovery time
are also available on request. Write for data
and application Bulletin E-206 on these
latest additions to the growing line of CBS

...l.....l...................l.......................
.

Characteristic 1N497 | 1N498 | 1N499 | IN500 | IN501 | 1IN502 *

.

T

Max. continuous inverse 20 40 50 60 80 100 :
waorking voltage (volts)* .

.

- T - .

Max. reverse current @ max. 20 25 30 40 40 40

| inverse voltage (pamps) :
—— 1" —t— —

Max. torward voltage drop 1 1 1 1 1 1 :

@ 100 ma (volts) .

*Max. operable recurrent peak voltages are 25% higher. :
...................l...............l....'...l......ll

diodes.
] duct
CBS-HYTRON, Danvers. Massachusetts
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC.
Want more information? Use post card on last page. 53
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New trends and developments
in designing electrical products ...

Why General Electric Magnets clad in die-cast aluminum

sheaths offer important design and cost advantages over
the conventional methods of fabricating magnetic assemblies

THE MAN in the picture below is
removing a section of a radar
magnetron tube magnet from a piece
of equipment that goes by the im-
posing title of “Lester-Phoenix Hori-
zontal Cold Chamber H-HP-3X

400-Ton Die-Casting Machine.”

This machine is in our Edmore,
Michigan, magnet plant, and its sole
function is to cast aluminum sheaths
on General Electric Alnico Perma-
nent Magnets.

These alclad magnets offer design-
ers seven major advantages over
conventional methods of {abricating
magnetic assemblies.

1. Die casting strengthens the mag-
net structurally.

2. Whole assemblies can be de-
signed and built as a single
“package,” speeding the final as-
sembly job at the plant.

3. Design of mounting arrangements
is simplified because pins, holes,
and screws can be cast into the
sheath, instead of the magnet.

4. Responsibility for the entire as-
sembly is centered in a single
source, simplifying purchasing
procedures, and eliminating costly
in-plant assembly operations.

5. Complete magnetic assemblies
can be purchased premagnetized
and/or pretested.

6. Die casting provides a consistent,
more attractive finish for appli-
cations where appearance is im-
portant.

7. Die casting is a convenient, low-
cost mass-production technique
for magnetic assemblies that
eliminates the problem of attach-
ing crystalline cast magnets to
other components.

The following examples will illus-

trate how these advantages can be

turned to practical use.

54

Figure 1 is a relay drag magnet
assembly, typical of those used in the
meter and instrument industry. Be-
fore the manufacturer switched to
this casting, it was necessary to cast
a magnet against a piece of steel,
bend the steel into the proper shape,
and weld the ends together.

Figure 1

Now, however, magnet, mounting
pin, and steel return path are as-
sembled in a single operation —
eliminating the difficult 3-stage fab-
rication job. This assembly — one of
the most complex handled by the
die-casting machine — illustrates the
equipment’s tremendous versatility.

Figure 2 is a generator rotor, con-
sisting of eight G-E Alnico magnets
held in position on a camshaft by
the cast-aluminum matrix.

Figure 2

The casting supplements the strength
of the magnets (which are subjected
to high rotary speeds). And it elimi-
nates difficult grinding, assembly,
and banding operations.

The four radar magnetron tube
magnets in Figure 3 give some idea
of the wide range of sizes the
machine is capable of handling. The
smallest magnet (bottom, right)
weighs only 1 lb,, while a quarter
section of the largest magnet weighs
more than 11 lbs.

P
g

& %L i
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3 k

-l &

-~

Figure 3

Here, the aluminum sheath improves
magnetic stability by preventing
direct contact between magnet sur-
faces and steel objects. In addition,
the mounting brackets cast in the
sheaths eliminate inserts normally
cast in the magnets which would
weaken its energy and structure.

Aluminum-sheathed magnets are
often far less expensive than con-
ventional magnets . . . especially on
long production runs. And, in many
of the cases where the unit cost of
alclad magnets is higher, the tre-
mendous advantages gained by die
casting have more than offset the
price difference.

The one best way to find out
whether or not die casting is feasible
on your application, is to check with
a General Electric Magnet Engineer.

You can do this-- or obtain in-
formation on any other problem in
the realm of permanent magnets —
by dropping a note to: Carboloy
Department of General Electric
Company, 11137 E. 8 Mile Ave.,
Detroit 32, Michigan.

Frogress Is Ovr Most Important Prodvct

GENERAL &3 ELECTRIC

Want more information? Use post card on last page.
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VARIABLE
RESISTORS

EAST COAST OFFICE
Henry E. Sanders

130 N. Broadway

Camden 2, New Jersey
Phone: Woodlawn 6-1668
TWX No. Camden NJ 380
Phila. Phone: Market 7-3129

WEST COAST OFFICE
Robert A. Stackhouse
928 S. Robertson Blvd.,
Los Angeles 35, Calif.
Phone: Crestview 4-5931
TWNX No. BEV H 7666

SOUTHWESTERN U.S.A.
John A. Green Company
6815 Oriole Drive

P.O. Box 7224

Dallas 9, Texas

Phone: Dixon 9918

CANADIAN DIVISION
C. C. Meredith & Co., Ltd.
Streetsville, Ontario
Phone: 310

SOUTH AMERICA
Jose Luis Pontet

Buenos Aires, Argentina
Montevideo, Uruguay
Rio de Janeiro, Brazil
Sao Paulo, Brazil
OTHER EXPORT
Sylvan Ginsbury

8 West 40th Street

New York 18, New York
Phone: Pennsylvania 6-8239

275,000 sq. ft. plant area . . . 1500 employees . . .
making ALL TYPES of variable resistors by the million . . . for
ALL TYPES of military and commercial applications.

Dependable delivery. Exceptionally good delivery
cycle due to enormous mass production facilities.

A CTS control can be tailored to your specific requirement.
Refer your control problems to CTS specialists today.

CHICAGO TELEPHONE SUPPLY
%Q/Wza/m

ELKHART = INDIANA
FOUNDED 1896

Ftee Exclusive Sfrecialiss in Precision Mass Production of Variable Resislors

BURTON BROWNE ADVERTIS!
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DC

DC Digital Voltmeter().01% ac-
curacy. Automatic operation, in-
cluding calibration; operates
printer.

RATIO

Digital Ratiometer DCto0.01%.
AC to 0.01%. Operates printer.

GO/NO GO
SYSTEMS

AC, DC, o, f.

because
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fit

In-Line Counters Events-per-
unit time. = 1 digit accuracy; 100
ke; operates printers. Timer: Uni-
V(‘I'Slll C()lllltCl'-Till'\CI'.

AUTOMATION
SYSTEMS

Sequential input scanner. Auto-
matic print-out with AC, DC, ¢ f.

E-I offers the only complete line of digital instru-
ments and svstems. .. and leads the state of the
art in digital instrumentation ... proved by the
long list of firsts in-the field. Reliability of E-I
instruments has been established through hun-
dreds of applications. If vou want to quickly and
automatically measure voltage, frequency, or re-
sistance, I2-1 engineers will be happy to answer
vour inquiries regarding the application of E-I
instruments to vour specific problems.

Engineering field offices in major U.S. and

Weant more information? Use post card on last page.

Where accuracy,
simplified read-out,
automatic operation,

automatic print-out
are required
for measuring...

or where
complete digital
automation systems
are specified...

| |
I |
| |
| < |
| ]
I @ |
| |
: AC-DC i n
| AC-DC Digital Voltmeter (.1 % l Digital Ohmmeter Accuracy to
| AC, 10 ke. 0.019% DC. Auto- i 0.01%. Automatic operation;
| matic calibration; operates | operates printer.
[ printer. |
_________________ _|+_._____________.____
s&iﬁ“ |
|
|
|
v V l
|
|

YREF IR

¢

il

%

‘[-’ L

=)

DIGITAL TESTERS
ACto0.1%.
DCto 0.01%.

@ t00.01%.

The Complete Line
of Digital Instruments

ErLecTro
INnsSTRUMENTS

INC,
3794 Rosecrans Avenue

San Diego, California

Canadian cities.
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! - Long
 Life

F: w1 i Here is a miniature 60-CPS chop-
s&;? i ; per of proven life. Manufactured
. under rigid controls that assure
i§§ : $ you of uniformity, Type 175 chop-
T 5 pers are still operating in the field
g oF 2 after 10,000 hours. Life naturally
gz;:& : depends on operating conditions;
L : : our experience is available to you
’7{_ in planning your circuit to take full
& : L advantage of the characteristics

listed below.

1Ll \
2l
1 o
&_.‘._
- ﬁézae
&g%@
i E 1 ;ﬁ?ﬁgi
i L.L 1
\V
Operates
in any
Position Low

Quasiresonant drive mechanism Noifise

operates in any position. As a : .
Noise level is inherently low. For

consequence, you can mount this
. . still quieter operation, drive-coil
versatife chopper as is most con-

wenisnils [PaEkaging JeuR Sauip= leads can be brought in through
ment. Where space is limited, use  the top. All types are also avail-
a unit with solder-lug terminals. able on special order with mu-
The chopper is hermetically seal- 0y o
ed. Fumes and moisture cannot

degrade performance.

Frequency

Voltage

S

Dwell Time

Balance

x) Phase angle

Voltage

Current

o

Noise

o

m.w;ygm;w« " MW T

ent of 23 C.
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S

4 Chopper Ratings

Drive
60 + 6 CPS
6.3 + 0.6 RMS volts

Contacts
165 + 15 electrical
degrees
15 electrical degrees
20 + electrical
degrees
O to 100 DC volts
O to 2 MA in resistive
cireuit
50 RMS microvolts
average

Above ratings are for operation in an ambi-

G g
e E
G e 0
Euidn e )
G i
o S

S . 7

Chopper Application

The chopper is a basic component; a SPDT switch that runs
continuously and in synchronism with its drive voltage. It
is an excellent modulator; requires no bias to maintain a zero
null; produces 100% modulation. It is an equally fine syn.
chronous detector. Choppers are used in such equipments as
autopilots, machine controls, test equipments, and stabilized

DC amplifiers.

For further details write to

ey  DESICMERS
1 o - il
G B i
e . - 0
S e MIDDLE RIVER

Want more information? Use post card on last page.

www.americanradiohistorv.com
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CAPACITORS
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10 seconds or 10,000 hours, wnatever the life span
required, G-E pulse-forming network capacitors are
engineered for the specific job. The life-test data
accumulated over morz thaa twelve years helps G-E
engineers meet your special ~ond.tions exactly.




o
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impregnant: —55 C to +85 C with

12 years of test data hack your selection
of General Electric pulse-forming networks

Capacitor service life requirements from 10 to 10,000 hours filled for hundreds
of radar and guided missile applications by accumulated data

Whatever service life your application calls for
and whatever the conditions of operation, Gen-
eral Electric can deliver a capacitor pulse-form-
ing network that will give the finest performance
for your radar and missile needs.

The reason is the wealth of data accumulated by
G-E engineers through twelve years of continuous
life tests carried out on capacitor pulse-forming
networks of practically every type, operating
under widely varying conditions of temperature,
voltage, and other service factors. From this
data and experience, General Electric has
established life limitations that enable networks
to be produced that will match almost any
specification—whether it calls for a service life
of 10 hours or 10,000 hours. In addition, to the
exacting needs regarding pulse width, rise time,
number of pulses per second, and ripple, special
requirements also can be met. These include
multiple width networks and size reductions
based on forced air circulation.

The secret of G-E network performance lies in
quality manufacture. Capacitor sections are
constructed of low-loss kraft paper and high
purity aluminum foil. Inductance coils are
wound on threaded forms for stability of induct-
ance throughout the life of the unit. Highest
quality mineral oil is used for impregnation.
Rugged, hermetically sealed cases help protect
all components.

G-E pulse-rorming networks have already proved
their dependability in thousands of military
installations on aircraft, ships, and on the
ground, as well as in highly specialized missile
applications. The engineering facilities of the
Capacitor Department, Hudson Falls, N. Y., are
at your disposal. Your local G-E Apparatus Sales
Office will see that you receive application
assistance with your network problems. Or write
for bulletin GEA-4996 to the General Electric
Company, Section 442-32, Schenectady 5, N. Y.

Progress s Our Most Important Product
GENERAL @3 ELECTRIC

A FULL LINE OF CAPACITORS FOR THE ELECTRONICS INDUSTRY

METAL-CLAD TUBULAR CAPACITORS
for all d-c uses where utmost reli-
ability is required. Ratings: .001 to
1.0 uf, 100-600 v. d-c. Tol: =59,
+=109%, or =209, Temp. range:
-55 C to 4125 C with solid

mineral oil. Write for GEC-987. for GEA-6258.

125 C TANTALYTIC* CAPACITORS —for high speed
aircraft and missile systems where quality, long
life, and small size are main requirements. In
plain or etched foil, and rectangular or tubular
designs. Ratings: .25 to 180 uf, 10 to 100 volts.
Tolerance: 4209, (plain foil), —15 to +75%
(etched). Temp. range: —55 C to +125 C. Write

*Reg. trade-mark of General Electric Co.

MIL-C-25A CAPACITORS for filter,
by-pass, and blocking in military
equipment. Built to MIL-C-25A
specifications. Ratings: .05 to 15 uf
at 100 to 12,500 v. d-c in case styles
CP50, CP60, CP70 series. Temp.
range: —55Cto +85C,and —55C
to +125 C. Write for GEC-810.

WWW.americanradiohistorv.com
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how August

1l electronics
merchiandises your
nroducts and services

at the Wescon Show

Advertisers in August, electronics enjoy
three-way merchandising of their prod-
ucts and services during the August 21-
24 Western Electronic Show and Con-
vention in the Pan Pacific Auditorium
and Annex, Los Angeles. (1) Adver-
tisers announce booth numbers and pre-
view their displays because buyers study
the August issue to plan ahead their
activities before the hectic show days.
(2) Advertisers not exhibiting receive
maximum attention for their products
and services because all the important
HOW BIG IS WESCON ? people at the Show spend hours with the

. advertising pages ofelectronics. (3) Ad-
vertisers in August, electronics who are
; WESCON exhibitors will receive hand-
to the 670 booths at this year's WESCON. some advertising merchandising dis-
Giant tents outside the Pan Pacific Audito- plays — the same that made such a hit at
this year’s IRE Show.

More than 30,000 are expected to be drawn

rium will house the overflow of exhibitors,
who number 100 more than last year. The Plan your August, electronics advertise-

Convention will present its program at the ment now for best merchandising re-
sults. The issue will be in the mail July

H tl ith th
Ambassador Hotel concurrently wi e 26th. well before Show time.

Show. 1956 WESCON represents big doings

and big business for the electronic industry.

Closing Dates: copy set by publication—June 25th
complete plates—July 1st

ot 1220 alactronics ..

A McGRAW-HILL PUBLICATION, 330 WEST 42ND STREET, NEW YORK 36, N. Y.

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 61



NOW...G-E SERIES-STRING
SMALL TV PO LES WITH

New 300 and 450-ma types mean

Dimensions of series-string TV sets arz conpared by R. V. Bontecou
(lef), marketinz managzr, and L. B. Davi:, general maniger, G-E
receiving tubes. General Electric series-string tubes make possible
new small size in portab.e TV receive-s—also meet rcurt needs up =
thrcugh table models te «caso’e sets. Chassis shown in tae illustra-

tion have 9-, 14-, and 2Z-&r ch p_cture tubes.
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TUBES MAKE POSSIBLE
LOW HEAT DISSIPATION!

reduced temperatures, minimum cabinet space!

Series-string tubes for television were pioneered by General
Electric, so that designers could match cost-saving with reli-
able TV performance. Over 50 G-E 600-ma scries-string
types with uniform warm-up time already are available for use
in larger models of television receivers.

Now General Electric targets the needs of the fast-growing
market for small second sets and portables with new 300-ma
and 450-ma series-string tubes. Power requirements are
lower, and less heat is generated. As a result, cabinets can be
smaller and lighter than ever before.

The 22 new 450-ma types listed below, include among
them a full tube complement for medium-to-small-size series-
string receivers. Designers of still more compact sets—down
to 8-inch portables—will find that the 8 new 300-ma series-
string types plus a 1V2 high-voltage rectifier can be used to
make up a complete television circuit.

Ask for G-E series-string tube recommendations to cover
your new, small sets now in the drawing-board stage! Address
Tube Department, General Electric Co., Schenectady 5, N. Y.

B ; ; SEEE

NEW G-E 450-MA SERIES-STRING TUBES NEW G-E 300-MA SERIES-STRING TUBES ;‘
TYPE PROTOTYPE TYPE PROTOTYPE TYPE PROTOTYPE TYPE PROTOTYPE. H
3AF4-A 6AF4-A 6U8-A 6uU8 6AUG-A 6AUb 9uU8-A 6Us
4BCS5 6BC5 8AUS 6AUS 6CES5 (Note 1) None 10C8 (Note 2) None .
4BN6 6BN6 8BH8 6BH8 6CB6-A 6CB6 17H3 (Note 3) None
4BU8 6BUS 8CG7 6CG7 7AU7 7AU7 18A5 (Note 4) None
4CB6  6CB6 8CM7 6CM7 ;
5BQ7-A 6BQ7-A 8CN7 6CN7 L
5877 6BZ7 9AU7 12AV7 2. Miniature triode pentode, for use in vertical
6AQ5-A 6AQS5 17AV5-GA 6AV5-GA deflection circuit.
6BK7-B 6BK7-A 17AX4.GT 6AX4-GT 3. Miniature damping diode.

4,

6J6-A 636 17Cs 50¢Cs5 Octal-base beam pentode. Horizontal sweep
678-A 678 17DQ6 6DQ6 tube.

Improved version of 6BC5.

Progress /s Ovr Most Important Prodvet

GENERAL ELECTRIC

182-1A4

www.americanradiohistorv.com



Variable -width — width of each of 5
pulses can be adjusted independently.
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CODE MODULATED
MULTIPLE-PULSE

MICROWAVE
SIGNAL GENERATOR

Model B 950-10,750 mc

Generates multi-pulse modulated carrier

for beacons, missiles, radar.. . provides § independently
adjustable pulse channels, 4 interchangeable r-f oscillator
heads, precision oscilloscope, self-contained power supplies
... all in one integrated mobile instrument.

The Polarad Model B is an essential instrument for testing beacons, missiles, radar, navigational

systems such as DME, Tacan, H. F. Loran, etc., where multi-pulse modulated, microwave frequency
energy with accurately controlled pulse width, delay, and repetition rate is required for coding.

Four Interchangeahle Microwave Oscillator
Units — all stored in the instrument . .. each
with UNI-DIAL control...precision power
monitor circuit to maintain 1 mw power output
reference level. .. keying circuit to assure
rapid rise time of modulated r-f output...
non-contacting chokes.

Five Independently Adjustable Pulse Channels
—each channel features variable pulse width
and delay; has provisions for external pulse-
time modulation.

Precision Oscilloscope with Built-In Wide Band
RF Detector for viewing the modulation en-

SPECIFICATIONS

— Frequency Range:
i - Band 1...950 to 2400 mc
Band 2...2150 to 4600 mc

i |

Band 3 ...4450 to 8000 mc

o

H Tk ! Band 4 . . . 7850 to 10,750 mc
y 1 ] i Frequency Accuracy ... *=1%
nad LY RF Power Output . . . 1 milliwatt maximum (0 DBM)

Attenuator:

Output Range . .. 0 to ~127 DBM

Output Accuracy ... *2db

Output Impedance . .. 50 chms nominal

RF Pulse Characteristics:

a. Rise Time . . . Better than 0.1 microsecond
as measured between 10 and 90% of maxi-
mum amplitude of the initial rise.

b. Decay Time ... Less than 0.1 microsecond
as measured between 10 and 90% of maxi-
mum amplitude of the iinal decay.

¢. Overshoot . . . Less than 10% of maximum
amplitude of the initial rise.

__ Pulse-time modulation—input provided
~— in each cf 5 pulse channels for external
- pulse-time modulation. ‘

igEpipipipENpnlpSn iyl

Variahle repetition rate—repetitior rate
of each group of pulses can be veried.

A fully integrated self-contained equipment with these features:

velope and accurately calibrating the r-f pulse
width, delay, and group repetition rate.
Equipped with built-in calibration markers.

Self-Contained Power Supplies—Model B
operates directly from an AC line through an
internal voltage regulator. The coded multi-
pulse generator is equipped with an elec-
tronically regulated low voltage DC supply.
Klystron power unit adjusts to proper voltage
automatically for each interchangeable band.

Contact your Polarad representative or write
to the factory for detailed information.

Internal Pulse Modulation:
No. of Channels . .. 1 to 5 independently on
or off
Repetition Rate...40 to 4000 pps
Pulse Width ... 0.2 to 2.0 microseconds
Pulse Delay . . . .0 to 30 microseconds
Accuracy of Pulse Setting . . . 0.1 microsecond
Minimum Pulse Separation . .. 0.3 microsecond
Initial Channet Delay . .. 2 microseconds from
sync. pulse
tnternal Square Wave . .. 40-4000 pps (sepa-
rate output)
Pulse Time Modulation:
Frequency . . . 40-400 cps any or all channels
Required Ext. Mod. . . . 1 volt rms min.
Maximum deviation ... *0.5 microsecond
Power Input (built-in power supply) 105/125 v,
60 cps 1200 watts.

FIELD MAINTENANCE SERVICE AVAILABLE
paians o sammey e

[ 4 1
Oven gerrastt’

KEPRESENTATIVES - Albuquerque - Atlanta - Baltimore - Boston - Buffalo - Chicago » Dayton
Fhitadelphia - San Francisco + Syracuse . Washington, D. C. - Westbury - Winston-Salem -
64 Want more information? Use post card on last page.

» Englewood -
Canada, Arnprior, Taronto

P’OLARAD ELECTRONICS CORPORATION 43.20 34th STREET, LONG ISLAND CITY 1, N. V,

Fort Worth + Los Angeles - New York

June, 1956 — ELECTRONICS
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EIMAC X600 Klystron covers
1700-2400mcs at 10kw/cw

with less than one watt drive

Delivering 10 kilowatts at 1700-2400mcs.,
the Eimac X600 opens another portion of
the spectrum to high power ferward-scatter
communications. This new four cavity
klystron operates at 40% efficiency with
power gains up to 50 db.

Exceptionally wide range tuning over
700mec., giving one tube coverage between
1700 and 2400 megacycles, and a large,
conservatively rated oxide cathode are
bonus features of the Eimac X600. The
exclusive Eimac modulating anode makes
it desirable for pulse and amplitude modu-
lation applications.

As is the case in all Eimac UHF klystrons
RF circuitry is completed outside the
vacuum envelope giving equipment manu-
facturers the exclusive advantages of read-
ily adjustable input and output coupling
and individual intermediate cavity loading.
Users benefit through accessible tuning
elements, ease of maintenance and operat-

ing economy.

=3\

For information on the X600 and
other Eimac klystrons for high power
tropospheric scatter and MTI radar
systems, contact our Application
Engineering Department. . ShEe &

o
e

EITEL-McCULLOUGH, INC.
SAN BRUNO e CALIFORNIA

The world’'s largest manufacturer of transmitting tubes

ELECTRONICS — June, 1956 Want more information? Use post card on last page.
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Life tests of Westinghouse selenium stacks
prove lowest forward aging rate in industry

This is another way Westinghouse assures you of product reli-
ability. Life tests are conducted at not less than 35°C zmbient.
The standard Westinghouse life test method is to operate the
stacks continuously at 110% of rated voltage and current output.
During the first two years of these tests, practically no increase
in forward resistance has occurred. Some stacks have actually
decreased in forward resistance during this period.

Such tests establish the quality of the product and the uniformity
of cell production. They also prove the superiority of the
Westinghouse evaporative process for applying selenium to the
cells. This is your assurance of consistent performance for the
life of the selenium stack.

For all the facts, call your Westinghcuse sales engineer. He’ll
show you other reasons why it pays to specify Westinghouse
selenium stacks. J-21949

WATCH WESTINGHOUSE'!

WHERE BIG@ THINGS ARE HAPPENING TODAY!

Waont more information? Use post cord on last page. June, 1956 — ELECTRONICS



SYSTEM DESIGNERS

now specify VA-800 series klystrons for

FORWARD SCATTER COMMUNICATION

This VA-£00C klystron is installed in a forward scatter
transmitter built by Varian for the Massachusetts
Institute of Teehnology’s Lincoln Laboratory.

i « H
-

—~

VARIAN KLYSTRONS HELP SOLVE SYSTEM
DESIGN PROBLEMS in long range microwave
communication, cw radar and illuminator service.

First with 10 kW power in the important 2000 Mc range
is the Varian VA-800 Klystron series, Two tubes cover the
range 1700—2400 Me, the VA-800C for higher frequencies

... the VA_-800A for lewer frequencies. These klystrons offer
reliability backed by a 1000-hour warranty, simplified design
that permits easy installation without demounting any com-
ponents and superior performance that extends microwave
propagation far beyond previous limits.

@ Career Opportumities at Varian
are well worth the consideration of THE
engineers and scientists .. . a MARK OF
Tletter to our Personnel Director LEADERSHIP

will bring full details.

Why not write today for complete specifications
and technical data on the VA-800 series and other
Varian high-power klystrons? Contact your near-
est Varian representative or address Applications
Engineering Department F1

VARIAN associntes

CALIEFORNTIEIA

PALO ALTOQO,

Representatives in principal cities

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

ELECTRONICS — June, 1956

Want more information? Use post card on last page,

WWWeamerncanradiohistorv.com
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Adlake relays require no maintenance whatever...are quiet and
chatterless...free from explosion hazard. Dust, dirt, moisture and
temperature changes can’t affect their operation. Mercury-to-mer-
cury contact gives ideal snap action, with no burning, pitting or
sticking. Time delay characteristics are fixed and non-adjustable.
For more information about Adlake Relays, write The Adams & j@@
Westlake Company, 1171 N. Michigan, Elkhart, Indiana S \;\5}3&\
] vear %
The Adams & Westlake Company Pratay.

Established 1857 . ELKHART, INDIANA . New York . Chicago
the original and largest manufacturers of mercury plunger-type relays

Want more information? Use post card on last page. June, 1956 — ELECTRONICS
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R.MS.YOLTS

-hp- 400AB, for general ac
measurements. Covers 10 cps
to 600 KC, 0.3 mv to 300 v.
Accuracy * 2%, 20 cps to 100
KC. 10 megohm input imped-
ance plus 25 upf shunt insures
circuits under test against cis-
turbance. Readings direct in
volts or dbm. $200.00

-hp- 400D, highest quality,
wide range, maximum uscful-
ness. Covers 10 cps to 4 MC,
0.1 mv to 300 v. New amplitier
circuit provides 56 db of feed-
back, (mid-range} for ultimate
stability. 10 megohm tnput im-
pedance prevents disturbing
circuits. Sealed or long-life elcc-
trolytic condensers; rugged,
trouble-free. $225.00

-hp- 410B, industry's stand-
ard for vhf-uhf voltage meas-
urements. Wide range 20 cps
to 700 MC, response flat within
1 db full range. Diode probc
places 1.5 puf capacity across
circuit under test; this plus 10
megohm input impedance pre-
vents disturbance. Instrument
combines highest quality ac
voltmeter with dc voltmeter
(122 megohm input imped-
ance) and ohmmeter covering
0.2 ohms to 500 megohms.
$245.00

New -/p- 400H Vacuum Tube Voltmeter combines
broadest usefulness with wide voltage and frequency
coverage, and the greatest accuracy ever offered in a

multi-purpose voltmeter.

On line voltages of 103 to 127 v, accuracy is 4= 1% full
scale, 50 ¢ps to 500 KC; = 2%, 20 cps to 1 MC,
5%, 10 cps to 4 MC. Readings are direct in db or volts
on 5” mirror scale meter; 12 ranges cover 0.1 mv to 300
v. High 10 megohm input resistance minimizes loading
to circuits under test. Stabilized amplifier-rectifier with
feedback loop gives high long-term stability; line volt-
age changes as great as - 10% cause negligible varia-
tion. Overvoltage protection is 600 v on all ranges. High-

est quality, rugged construction throughout. $325.00.

CALL YOUR -hp- REPRESENTATIVE
FOR COMPLETE DETAILS

HEWLETT-PACKARD COMPANY

3691A PAGE MILL ROAD ¢« PALO ALTO, CALIFORNIA, U.S.A.
CABLE ““HEWPACK'" * DAvenport 5-4451
Field Engineers in all Principal Areas

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

@ Quality, value, complete coverage in voltmeters

Want more information? Use post card on last page. 69
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EXTERNAL FIELD REDUCTION OF 10 TO 1 is measured, above, using a formers, &5 a static-magnetic regulator, has no moving parts and requires no
magnetic pickup coil and a meter. The housing cover is removed exposing the ianual adjustments or maintenance. It provides automatic, instantaneous
terminal board. This new stabilizer, like all Sola Constant Voltage Trans- voltage regutation within *1%, even with primary voltage swings of +=15%,.

New Sola Constant Voltage Transformer
Reduces External Field by 909

An improved Sola Constant Voltage Transformer usually magnetic shields may be eliminated.
design retains all the advantages of the Sola CV principle ) ;
while providing a 90%, reduction in external field and up .The new housing has a §mooth overall contour which
to 539 lighter weight. minimizes dust accumulation. It is finished in attractive

J— . . . gray hammerloid.
In applications employing “magnetic field-sensitive”

electronic equipment, such as high-gain audio circuits, The new Standard Type Sola CV transformer is avail-
the new Sola CV design offers important advantages. able in 3 capacities—250, 500, and 1000va. For specific
Cathode ray tubes—high-gain amplifiers— microwave advice on your particular application, contact your Sola
plumbing—may be mounted close to the transformer; representative listed below.

Write for Bulletin CV-170D
SOLA ELECTRIC CO.
4633 W. 16th Street
Chicago 50, Hlinois

SOLA i

7 = —— == = - =" STy

I CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrica! Equipment ¢ LIGHTING TRANSFORMERS for All Types of Fluorescent
i and Mercury Vapor Lamps. ® SOLA ELECTRIC CO.. 4633 West 16th Stree?, Chicaco 50, lllinois, Bishop 2-1414 e NEW YORK 35: 103 E.
[ 125¢h S4., TRofalgor 6.-6464 ® PHILADELPHIA: Commercial Trust Bidg., RiMenhouse 6-4988 ¢ BOSTON: 272 Cenire Street, Newton 58, Mass.,
Blgelow 4-3354 o CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 ‘@ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 ® LOS ANGELES 23:
3138 E. Olympic Blvd., ANgefus -9431 e TORONTO 17, ONTARIC: 102 Laird Drive, Moyfair 4554 e Representotives in Other Principal Cities

b e

70 Want more information? Use post card on last page. June, 1956 — ELECTRONICS
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Standard Heavy-Duty Stacks
9.3

Extremely long life . ..with no maintenance
problems. Thousands of voltage/amperage com-
binations available. Sizes from 11/16” square
cells to giant 6” x 10” plates . .. Federal can
provide a power rectifier for almost every type
of industrial and military equipment.

High-Voltage Stacks

250 to 5000 volts/5 to 40 milliamps. Encased
in paper, glass, Bakelite, nylon, or metal tubes.
Simple fuse-clip mounting of ferrule terminal
types. Also, hermetically-sealed types. Uses:
CRT high-voltage supplies, photoflash, insula.
tion testers, etc.

High-Temperature Stacks

For maximum operating life at ambient tem-
peratures up to 150° C. A full range of voltage/
current combinations for medium and high
temperatures, Ideal for aircraft and military
equipment.

KLl N PR TS e W A

Magnetic Amplifier
Rectifiers

Selenium cells and stacks precisely manufac-
tured, tested, and selected to assure a high de-
gree of stability and very low reverse current,
For use with saturable reactors, regulated DC
power supplies, etc,

Federal Telephone and Radio Company
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
COMPONENTS DIVISION » 100 KINGSLAND ROAD + CLIFTON, N. J.

In Canada: Standard Telephones and Cables Mfg. Ca. (Canada) Ltd., Montreal, P. Q.
Export Distributors: International Stondard Electric Corp., 67 Brood St., New York

ELECTRONICS — June, 1956

Encapsulated Rectifiers

i : i ’
| [

Maximum resistance to impact, acceleration,
and vibration. Complete protection from harm-
ful atmospheric conditions. Other electronic
components may be encapsulated with recti-
fier to form a rugged, replaceable ‘“‘potted”
circuit.

INDUSTRY and DEFENSE

wox 1o fdpral

FOR THE FINEST IN
SELENIUM RECTIFIERS

Selenium
Contact Protectors

Extend contact life by over 1000 times. Used
in inductive circuits to prevent erosion of
switch contact surfaces . .. to suppress arcing
and rf transients. Minimum effect on release
time, Hermetic sealing meets JAN specs. For
relays, electromagnets, and telephone systems.

LET US KNOW your AC-to-DC
conversion problems. For further
informationon FederalIndustrial
Rectifiers, call NUtley 2-3600,
or write to Dept. F-813A

Wart more information? Use post card on last page.

WAMAA-aRericanradiehistanscom

Pioneering
Leadership

Federal is the original supplier of
selenium rectifiers in the United
States . .. leading the field in re-
search, development and produc-
tion.

Facilities
and Service

Federal’s facilities can handle the
largest and most complex orders
...satisfy the rush requirements of
customer production peaks. Every
order—large or small—is processed
through a skilled engineering staff.

Quality
and Economy

Federal’s modern fabrication
methods, mass production, inten-
sive quality control, and rigid test-
ing assure a product of highest
quality and greatest economy.

A D!VISION OF

71



SJPZRIDR IMPACT, tHOCK, AHWD VIBRATION
p "tection is assured b IRC's :pec ally-compourded
coctngs and housings. Mult ole 'ayers of spacial
varn shes, plus molded housings ccmbine to provide
excallen insulating progerties and inpact resistcnce,

Extra

EXCESSIVE HUMIDITY AYMD EXTREME TEM-
PERATURE CONDITIONS iave minimum effect
usar the resistance vciue of RC r=sistors. Resistive
e erent: and protectiv2 coalings are combined ‘o
gve excellent moisture resinanc2 and heat dissi-
paisn—properties that m=un short and long-
term stability.

In a sense, a resistor is sim-
ply a mechanical device for
packaging ohms. So it’s easy
to see why the materials
entering into the mechani-
cal package are extremely
important to resistor per-
formance. That’s why more
than one-third of the 200
technicians at IRC are occu-
pied in developing insulat-
Ing coatings and housings
that give extra protection

® resistor protection pays off

against mechanical damage,
humidity effects, and tem-

perature variations.

Out of this never-ending
activity come coatings and
molding compounds that are
custom-tailored for each and
every type of resistor. As a
result, every IRC resistor
gives far more protection
from damage and ambient
conditions than any other of
its type!



molded
resistors

varnish
coated
resistors

Fixed
Composition Resistors

Deposited and Boron

Carbon Resistors

resistors give added protection

Insulated
Wire Wound Chokes

Molded Deposited and
Boron Carbon Resistors

Insuloted Wire
Wound Resistors

Plostic campounds used in IRC molded resistors ore oll specified by IRC to combine
excellent insulating properties, moisture resistance, and impact resistonce.

%:::M >

High
Frequency Resistors

High

Veltage Resistors Frequency Resistors

Where mechanical damage isn't a major problem, IRC resistors give excellent
protection at lower cost through the use of IRC-developed varnish coatings. Because
several layers are applied and cured under specially contralled conditions, these
reslstors offer superior humidity and temperature characteristics.

cement
insulated
resistors

Small Insulated
Power Resistors

Power Wire
Wound Resistors

The special cement coatings vsed to insulate IRC
power resistors give excellent mechanical pro-
tection. Type PWW Resistors, for example, withe
stand a transverse pressure of 25 pounds. These
exclusive IRC cements also permit maximum heat
dissipation and give superior moisture protection.

Insuloted Composition Resistors o
Deposited and Boron Corbon
Precistors ¢ Power Resistors o
Voltmeter Multipliers ¢ Ultra HF
and Hi-Voltage Resistors.

Llow Wattage Wire Wounds o
Resistance Strips and Dises o
Selenium Rectifiers and Diodes
e Hermetic Sealing Terminals «
Insulated Chokes « Precision Wire
Wounds.

HYCOR, Division of International Resistance Co.,
Sylmar, Los Angeles County, California
Subsidiaries :
Circuit Instruments Inc., St. Petersburg, Florida
Hycor Company, Inc.,, Vega Bajo, Puerto Rico

-~ e =R
A, e ' BS) “6‘\9-
< - i ‘
» ’ 3 )
: impregnated $
Precision

Wire Wound Resistors Encapsulated Precision

Wire Wound Resistors

Type WWJ Resistors feature a special compound that
thoroughly impregnates the winding and remains
stable ot varying temperotures. This compound not
only gives moximum mechanical protection, but also
serves as an insulating barrier ond minimizes mois-
ture effects. In IRC e lated resistors, the same
epoxy resin Is used for bath the care and the auter
housing, thus minimizing the effects of expansion
ond contraction due te various temperature candi-
tions. This epoxy resin alse imparts excellent insulat-
ing ond moisture-resistant propertics to the housing.

and

encapsulated
resistors

INTERNATIONAL RESISTANCE COMPANY

Dept. 234, 401 N. Broad St., Philadelphia 8, Pa.
In Canada: International Resistance Co., lid., Toronto, licensee

describing | Fixed Compositions
Low Power Wire Wounds [_] Power
High Frequency Types [] Insu-

technical bulletins

Deposited and Boron Carbons
Wire Wounds [_] High Voltage Types
lated Chokes

Piease send

Precision Wire Wounds |_| Encapsulated Precisions

Name _

Company —. S S

Address— — —

City— s o
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Block diagram of a typical FM carrier record-

playback system,

utilizing electronic wow

and flutter compensation.

ELIMINATING WOW and FLUTTER

in magnetic tape data recording

“brute force vs. compensation”

The careful transport design
that reduced wow-and-flutter to
a negligible factor in audio re-
cording met with little success
in critical data recording . . .
despite superhuman efforts di-
rected toward “perfect” trans-
port design.

It isn’t too difficult to see that
even if a perfect transport were
devised, it would be extremely
costly, and limited to operation
under only the most highly con-
trolled conditions. That’s why
Davies bypasses this ‘“head-on”
or ‘“brute-force” approach com-
pletely, and uses, instead, the
surprisingly simple technique of
electronic wow and flutter com-
pensation.

As incorporated into a Davies
magnetic tape data recording
system, compensation uses wow

74

and flutter to eliminate itself. A
constant frequency reference
signal is recorded simultane-
ously with the data signals on an
adjacent channel. Any tape
speed irregularity frequency-
modulates the reference signal.
On playback, the discriminated
reference signal is merely added
out of phase to the data signals,
almost eliminating first order
wow-and-flutter problems.

With compensation, overall
system performance is never de-
pendent on the transport. For
that matter, many a job for
which 0.1% rms wow and flut-
ter recording without compen-
sation would not prove sufficient,
can easily be accomplished with
a 0.5% rms machine.

The illustration shows a sine

Want more infermation? Use post card on last page.

Oscillograph of sine wave, without (left)
and with (right}) compensation signal sub-
tracted.

wave, recorded on a transport
with deliberately introduced 1%
peak-to-peak wow and flutter.
The uncompensated sine wave
1s to the left, and the compen-
sated sine wave to the right of
the line.

Further information on the
role of compensation in mag-
netic tape data recording is pro-
vided in Bulletin 2901, “Wow
and Flutter Compensation In
Magnetic Tape Data Recording
(FM Carrier Systems)”, avail-
able on request to Davies Labo-

ratories, Inc.
LABORATORIES

@ INCORPORATED

4705 Queensbury Road ¢ Riverdale, Maryland
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Epoxy strengthens accelerometer

For violent
arcrall maneuvers

The RAM acceleremeter is a uniquely-

designed, extremely low-triction =ype.

Hermetic sealing with Rezolin com-

pounds of Bakevrrre Epoxy Resin pro-

vides @ constant self-damping factor

This accelcrometer or transducer is vital to the fire control mecha- over a wide altitnds temperature range.

. £ hiohos 1 Fiiil. Tircrst. A% e GF qutomati In cross section above, vertical white
nism ot high-speed military aircraft. As part of an automatic com- lines marking cylinder walls are formed

puter, it measures rate of velocity change. The job demands absolute by thousands of fine wire windings
del)en(lul)i]ity, firmly embedded in epoxy.

To withstand the mechanical and thermal shocks of aircraft oper- SO S
ation, the accelerometer is encapsulated in a hermetically -sealed hous- aicam.
ing made from a Rezolin compound based on BakeLite Brand Epoxy
Resin. Thousands of fine wire windings are held firmly and safely in
position because this resin is compounded to match the thermal
expansion characteristics of the assembly’s working elements.

Encapsulation and sealing with compounds based on BakeLiTe PATIO
Epoxy Resin is a fast, simple operation; the liquid resin, mixed with ACCELEROMETER
S — e TR

its liquid hardener, is poured into place. It quickly cures into a hard,
strong structure with outstanding dimensional stability.

Other advantages of BakerLite Epoxy Resins include excellent
adhesive properties, resistance to chemicals and moisture, high

040

dielectric strvnglht and a wide operating temperature range. As u MEGRS.
result, these materials are finding incercasingly successful uses similar PIN £3)93-3

to the one described here.

RAN-METER
iNC.

BAKELITE

BRAND

EPOXY RESINS

t

Testing vibration characteristics of accelerometers at the Ram Meter factory. Compounds
formulated by Rezolin, Inc., Los Angeles 45, Calif., for Ram Meter Inc., Ferndale 20, Mich.

BAKELITE COMPANY, A Dicision of Union Carbide and Carbon Corporation [[d8 30 E. 42nd St., New York 17, N. Y.
The term BakeLiTE and the Trefoil Symbol are registered trade-marks of UCG

WWW.americanradiohistorv..com



This MARCONI

F.M./A.M. Signal Generator

COVERS ALL MOBILE COMMUNICATION BANDS

The new Marconi Signal Generator type 1066/1
meets all requirements for the design and main-
tenance of f.m. equipment in the range 10-470
Mc. Here is a precision Marconi instrument for
an exacting job.

The oscillator works on fundamentals through-
out and there are no spurious submultiple out-
puts; its temperature compensation and fully-
regulated plate and filament supplies give
excellent frequency stability. A magnetically-
biased ferrite frequency modulator ensures rock
steady deviation characteristics. Other major
features are the Marconi-patented contactless
range turret and a 50Q piston attenuator which
is truly resistive. Engineers will appreciate the
separate incremental frequency controls with
meter calibration; these enable precise f.m. car-
rier shifts of as little as 1 kc in 450 Mc without
readjustment of main frequency control.

F.M./A.M. SIGNAL GENERATOR TYPE 1066/1
Abridged Specifications

Frequency Range: 10 to 470 Mc in five bands—all on fundamentals ®
Frequency Stability: Bester than 0.0025% per 10 minutes period after
warm-up ® Modnlation, F.M.: 0 to 20 and 0 to 100 kc deviation moni-
tored and continwously variable ® Modulation, AM.: 0 to 20 and 0 to
809, depth, monstared and continuously variable ® Modulation Frequen-
cies: I and 5 kc ® Distortion due to Modulator: Less than 19 ® Outpur:
0.1 pV to 100 mV across a 500 termination ® Qutput Accuracy: Incre-
mental, 0.2 dB; within 2 dB overall ® Leakage: Negligible; allows full
use of (.1 uV output ® Incremental Frequency Controls: Variable, 0 to
+100 ke, Stepped, == 5, 10 and 15 kc. o Tubes: 524G, 6AKG6, 6CDGG,
65AKS5, OB2, 5861, 6C4, 6L6G, 12AT7.

MARCONI F.M. DEVIATION METERS 791C AND 934 ARE COMPANION INSTRUMENTS

7

/

MARCONI
INSTRUMENTS

Mascond - sence (897

44 NEW STREET -+ NEW YORK 4

l CANADA: CANADIAN MARCONI COMPANY,
MARCON| BUILDING, 2442 TRENTON AVENUE,
MONTREAL.

ENGLAND: Head Office: Marconi Instruments Ltd., St. Albans, Herts, Managing Agents in Export: Marconi’s Wireless Telegraph Co. Ltd., Marconi House, Strand, London, W.C.2

76 Want more information? Use post card on last page.
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When specifications call for—

N\ 9 MAJOR DESIGN
N ADVANTAGES

O CUSHIONED GLASS CONSTRUCTION
® DESIGN STANDARDIZATION ©® HIGH
DIELECTRIC STRENGTH © VACUUM
TIGHT SEALING & MINIATURIZATION
® SUPER DURABILITY @ VIBRATION
RESISTANCE O MAXIMUM RIGIDITY
© ECONOMY AND PROMPT DELIVERY

Check your requirements with sealed terminal specialists!
Electrical Industries specializes in the design and manufac-
ture of sealed terminations for all types of electronic and
electrical components. Both standard and custom terminals
can be supplied quickly to meet every design specification
and the severest environmental condition. In most cases,
specifications can be met with standard types that offer
maximum economy and fast delivery!

Consult E-I First
— for Compression Seals, Multiple Headers, Sealed Ter-
minals, Condenser End Seals, Threaded Seals, Transistor
Closures, Miniature Closures and Color Coded Terminals —

one dependable source for all hermetically sealed terminal
requirements!

. ELECTRICAL
y INDUSTRIES

I DIVISION OF AMPEREX FLECTRONIC CORPORATION
! 44 SUMMER AVENUE, NEWARK 4, NEwW JERSEY

*PATENT PENDING — ALL RIGHTS RESERVED

www._americanradiohistorv.com



¥ou’ll make out better if you let
CTC make your terminal boards. Why?
The answer is simple.

CTC is equipped to produce quality
terminal boards economically. The
two key words in that sentence are
“quality”’ and ‘“‘economy.” Here’s how
CTC can guarantee both.

QOur swaging machines use tools we
designed ourselves that prevent cracked
boards and ‘‘cracked” rivets. Each
terminal is fastened securely and
carefully. CTC terminal boards have no
“weak spots’’.

Our finishes and coatings are applied
smoothly. There are no wrinkles or
heavy deposits. CTC terminals are se-
lected from certified stock that is free
from defects. CTC guarantees the ter-
minals themselves — even to the thick-
ness of platinrg!

The result of this is you are sure of
the finest terminal boards in the quan-
tity you want them in — and at a price
you couldn’t duplicate if you made
them yourself. Get all the facts. Write
for specifications and prices. You’ll

78

agree, you’ll make out betier if CTC
makes your boards. Cambridge Therm-
ionic Corporation, 437 Concord Ave.,
Cambridge 38, Mass. On the West
Coast contact E. V. Roberts and
Associates, Inc., 5068 West Washington
Blvd., Los Angeles 16, and 61 Renato
Court, Redwood City, California.

A LARGE VARIETY OF CTC SOLDER TER-
MINALS is available ranging from the miniatur-
ized to the larger regular type. Each can be
obtained in a variety of shank lengths and finishes
and coated with water dipped lacquer for pro-
tection during storage.

CAMBRIDGE THERMIONIC CORPORAITION

makers of guaranteed electronic compenenis
custom or standard

Want more information? Use post card on last page.
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PROPERTY AND APPLICATION DATA

ON THESE VERSATILE ENGINEERING MATERIALS:
“ZYTEL,”” “ALATHON,” “‘TEFLON,’” “LUCITE.”

NEWS

Type-U clamps manufactured by Dakota Plastics
Co., Compton, California.

Type-U clamps of “Zytel”
save time and money
in wire bundle installations

Combining the characteristics of heat
stability, flexibility and impact
strength, Du Pont’s “Zytel” nylon resin
is now being molded as a clamp as-
sembly for holding wire bundles. This
clamp makes it unnecessary to tie the
bundles, a practice which often re-
sulted in cutting through the insulation.

These clamps cut installation and
rewiring costs by simplifying applica-
tion and reducing tool requirements.
Fuel resistance of “Zytel” makes these
clamps especially useful in aircraft and
automobile manufacture,

Du Pont “Zytel” may be just the
material you need to solve a design
or operation problem. Further data on
this engineering material—property
tables, typical applications, and pro-
duction techniques — are available.

NEED MORE
INFORMATION?

CLIP THE COUPON for
additional data on the
properties and applica-
tions of these Du Pont en-
gineering materials,

Superior capacitor dielectrics made possible
hy unique properties of TEFLON®

" " T R

These typical capacitors of “'Teflon” range in
size from .001 mfd at 24,000 volts to .0004 mfd
at 6,000 volts. (Manufactured by Condenser Prod-
vcts Co., Division of New Haven Clock and Watch
Co., New Haven, Connecticut.)

Standoff and feed-through terminals of
“Teflon” are constructed in both miniature and
sub-miniature sizes. They provide economy by
reducing installation time and assembly costs.
These terminals of “Teflon' are one-piece con-
struction and can be simply and permanently
mounted into chassis holes by press fitting, using
an inexpensive insertion tool—no other hardware
is needed. (‘Press-Fit” terminals manufactured
by the Sealectro Corporation, New Rochelle, N. Y.}

E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Department
Room 226 Du Pont Building, Wilmington 98, Delaware.
In Canada: Du Pont Company of Canada Limited, P.O. Box 660, Montreal, Quebec

Please send me complete Name

The physical, chemical, and elec-
trical properties of Du Pont “Teflon”
tetrafluoroethylene resin offer high
insulation resistance at high tem-
peratures. “Teflon” remains flexible
through a wide temperature range,
from a high of 500°F. to —450°F.
It is inert to virtually every commer-
cially employed chemical or solvent.

“Teflon” has zero moisture ab-
sorption by A.S.T.M. test, good
mechanical strength, low dielectric
absorption, small voltage-derating
factor for high-temperature opera-
tion, high insulation resistance, and
a low loss factor. In combination
with other materials, “Teflon” is
used for power and transmitting ap-
plications and for pulse-forming
networks.

The properties of “Teflon” are
applicable to a variety of uses in the
electronic field — in applications
where miniaturization and compact-
ness of design are essential, and for
uses where equipment is exposed to
corrosive action. “Teflon” is unaf-
fected by sunlight or outdoor weath-
ering. Specific electrical uses include
insulation and molded parts for all
types of motors, transformers and
other equipment; and coaxial cables
for radar and television.

Complete property and appuca-
tion data on this versatile Du Pont
engineering material are available.

property and application
data on Du Pont “Teflon” (1

“Zytel” [J Position

Firm Name__

I am interested in evaluating
these materials for

Type of Business__
Street Address

State

City

WWW.americantadiohistornv-com



RAYBESTOS-MANHATTAN, INC., Asbestos Textiles . Laundry Pads and Covers »

80

What are you striving for—product improvement?—
better equipment performance?—a more economical
process? A product made of ““Teflon” by R/M could
well be the missing link you’re seeking. For R /M has
been working with this wonder plastic ever since it
was produced and, with it, has solved some of the
very toughest problems encountered in recent years
by electrical and electronics engineers.

It is quite conceivable that R/M has already
faced your particular problem and come up with a
solution to it. So take advantage of the skill, ex-
perience and unmatched help that R/M can offer

RAY B

ESTOS-MANHATTAN,

PLASTIC PRODUCTS DIVISION, Manheim, Pa.

FACTORIES: Manheim, Pa. « Bridgeport, Conn. « No. Charteston, S.C. « Passaic, N.J. « Neenah, Wis, e Crawfordsville, Ind. « Peterborough, Ontario, Canada

you. The many different products pictured indicate

R/M’s versatility in “Teflon” manufacture. We

can fabricate to your own specifications or supply
you with *Teflon”” in the form of rods, sheets, tubes
or tape in 13 colors conforming to military standard
color code. For further information, write today.

Properties of “Teflon’’: High dielectric strength « Mois-
ture absorption zero ¢ Unaffected by weather s Excellent
heat stability up to 500° F. in continuous operation s As
tape, leaves no carbon residue along the discharge path
¢ High impact resistance » Nonadhesive » Stretches easily
» Tensile strength 1500-2500 psi. *Dy Pont trademark

INC.

Packings « Brake Linings e Brake Blocks « Clutch Facings o Fan Belts « Radiator Hose

Rubber Covered Equipment e Industrial Rubber, Engineered Plastic, and Sintered Metal Products e Abrasive and Diamond Wheels « Bowling Balls

Want more information? Use post card on last page,
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BEST COMPONENTS
for
BEST PRODUCTS

Specity
Moloney HyperCores for
electronic applications which require

cores of exact performance characteristics

plus size and weight advantages. The lower
losses and greater flux carrying capacity of
Moloney HyperCores guarantee performance

which has become the standard of the industry.

Specify Moloney HyperCores to complement

your product. Production in quantity is

available—if vou require smaller size

and less weight in your electronic cores

MEBS-1

MOLONEY ELECTRIC

COMPANY

ew CORE
HYPERCORE M TArggE:RZOb...
ER... CA
SEI.ECTOMET AL
1ght-inch creular slide rule, so.cr- Srqo'\g e 2 | _
b e?d that after dialing the desnr':i =%
¥ _~ cmwlding Chqradgrisﬁcs, ) i
c'or;eosv‘:odﬁimen- sizes, weights, fist
on { vane-
i < prices anc 4
S'Of‘t yf':lvl:igg):f, tity discounts on HyperCorss
: -
o“nU:net ;‘)rice can cores for ellfc
be read directly- tronic opspen
Write today for cchons.r o
' froe HyperCore for yo'u Al
Selectometer | copy tocay

Power Transformers o Distribution Transformers » Load Tap Changing Transformers » Reguloting
Transformers » Step Voltage Regulators e Primary Unit Substations e Secoadary Unit Substation Transformers s Nstwork
Traniformers o Serles Street Lighting Tromformers o Subway Transformers o Industrial Dry Type Tramsformers o Cop

itors » Magnetic C

9 P ts for Electronics
SALES OFFICES IN ALL PRINCIPAL CITIES ¢ FACTORIES AT ST. l})UlS 20, MO. AND TORONTO, ONT.. CANADA

ELECTRONICS — June, 1956
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Disc Type Varistor
BNR No. 551
1/4" diameter; 1/16’ thick

' 4
‘

1 4
r
»

#

¥ f
4 4
e §

‘Rod Type Varistor
 BNR Nq. 435
1% dlameter; 5’ tong

Amplifiers to X-rays...
GLOBAR' Varistors solve circuit problems

FROM AMPLIFIER VOLTAGE control to X-ray equip-
ment protection, it takes a wide range of body sizes to satisfy
all of the circuit applications for voltage sensitive resistors.

TYPICAL OF THE RANGE of body sizes available in
GLOBAR® Type BNR Varistors are the two varistors pictured
above. The miniature disc varistor, Type 551BNR, is used
in low voltage control circuits. . . the large rod varistor, Type
435BNR, in magnetron test equipment.

WHEN YOU HAVE a circuit problem where a voltage sen-
sitive resistor may supply the answer, why not take advan-

gives complete specifications and uses
for GLOBAR® Type BNR Varistors.

Ask for Bulletin GR-2. GLOBAR engineers
will assist you in circuit design
applications...without obligation. Send
complete details of your problem

to The Carborundum Company,

Dept. E 87-611, Niagara Falls, N.Y.

Want more information? Use post card on last page.

tage of Globar Division’s experience in design for all kinds
of circuit applications!

GLOBAR® VARISTORS ARE USEFUL IN
ELECTRONIC AND ELEGCTRICAL CIRCUITS FOR:
e Reduction of arcing at relay or motor governor contacts.

o Stabilization of rectifier circuits by limitation of
peak voltages.

@ Voltage control in electronic circuits.
e Protection of solenoids in direct current circuits.

Ceramic Resistors

by GARBORUNDUM

REGISTERED TRADE MARK
87-611

June, 1956 — ELECTRONICS
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capacitors

Good-All capacitors with MY LAR™ dielectric

comhine SPACE SAVING SIZE with
remarkably HIGH INSULATION RESISTANCE

Other outstanding characteristics include STABILITY WITH LIFE, LOW POWER
FACTOR and HIGH HUMIDITY RESISTANCE. Good-All MYLAR dielectric capacitors
are widely used in tolerances of 1%, 2% and 5% because of the assurance that later
shifts will not wipe out the advantage of initial precision. Shelf life is inherently
superior to that of paper dielectric capacitors.

MARBELITE SERAMELITE

TYPES 620M & 621M TYPES 6205 & 6215

L1

it

MYLAR Dielectric. Cased in plastic impregnated MYLAR Diclectric. Housed in glazed ceramic tubes
tubes and end-filled with tough, durable thermoset- for use under extremely severe humidity condi-
ting plastic. 620M—-extended foil const. 621M is tab. tions. 6208—extended foil construction. 6218 is tab.

*DuPont's trademark for polyester film.

Insulation resistance.

Greater than 20,000 Megohm Mfds. at 25°C. High IR is retained at elevated .temp.

Power factor..................Less than 0.59%. from +25°C. to + 85°C. Less than 1.5% from +25°C to +150°C.

Temperature range......_... May be operated at rated voltage —65°C to+85°C and to + 125°C without derating.

Tolerances available........ 1%, 2%, 5%, 10% and 209%.

Humidity resistance.......... These types easily meet the humidity requirements of RETMA specification REC-
118-A, Section 2.38.

Physical size........c........... The miniature size of these types is illustrated in the table below.

DIMENSIONS OF SELECTED VALUES

Cop. 620M 621M 6205 6215
{mfd.) 200V 600V 200v 600V 200V 600V 200V 600V
01 223x 27732 | 223x 27732 223x 11716 223x d1716| 215x 27732 215x 27/32 | 215x 27/32 215x  27/32
022 243 x  27/32 | 243 x 27732 | 243 x 11716 | 243 x 11/16] .312x ) 312x 1 312x 1 312 x1
.047 363 x 27732 | .450x 31732 | 283 x 27/32 | .363x 31/32| 312x1 360 x 1 312x1 360 x 1
A 363x  31/32| 450x 1 1/4 363x 27732 .450x1 /8 360 x 1 A38x 1 1/4 360 x 1 438 x 1 1/4
22 450x 1 3/16 | .610x 1 172 450x 1 1/16 ¢ 610x 1 3/8 438x 1 1/4 531 x113/16 | 438x1 1/4 531 x113/16
&7 450x 1 5/8 .798x 1 1/2 450 x 1 172 718x1 3/4 | 531x1 9/|6i 625x1 7/8 |.531x1 9/16 | 625x1 7/8
TEMPERATURE — DEGREES CENTIGRADE TEMPERATURE—DEGREES CENTIGRADE
w
g on
. < +B%
‘é‘g soo0l | z b 7
gE e - o +4%|— CAPACITANCE CHANGE VS TEMP /,/
w | TEMP. < 2% Il 1 1 | I It
X ol INSULA‘I:ION RlES STA:ICE vsl Fi —— h % i i i I =
-
2 I O B—— ®_ gl [ ———t—T"1 |
35 45 55 (1] 75 85 a5 106 us 12% -7% -30 -25 =] 25 50 15 100 126

Our engineers are ready o work with you on special applications.
Write or wire for specifications and quotalions.

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 83
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Be sure of dependable
electrical protection —

Standardize on BUSS Fuses

Here'’s why —

To assure you of safe and trouble-
free electrical protection — BUSS
fuses are tested in a sensitive elec-
tronic device. Any fuse not correctly
calibrated, properly constructed and
right in all physical dimensions is
automatically rejected.

That’s why you can rely on BUSS
fuses to operate properly and protect
completely. This unfailing depend-
ability under all service conditions
helps safeguard the good name of your
product against loss of customer
goodwill.

One source for all types and
sizes of fuses =

It’s easy for you to select the fuse
to meet your requirements. The com-

Makers of o complate line of
fuses for home, farm, commercial,
electronic, automotive and indus-
trial wvse.

TRUSTWORTINY WAMES 1
SLICTRICAL PROTICTION.

plete BUSS fuse line includes: stand-
ard types, dual-element (slow blow-
ing), renewable and one-time types —
in sizes from 1/500 amp. up . . . plus
a companion line of fuse clips, blocks
and holders.

If you have an electrical
protection problem —

Let our fuse engineers help you
select the right fuse or fuse mounting.
If your protection problem is still in
the engineering state, tell us current,
voltage, load characteristics, etc.
Our engineers are always at your
service.

Be sure to get the latest information
before your final design is crystallized.
Write for bulletin SFB.

BUSSMANN MFG. CO.

(Div. of McGraw Electric Co.)
UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO.

Want more information? Use post card on last page.
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The Dictionary says “Service” is “The Act of Helping
another or promoting his interests in any way.”

With
The

Applying the dimension of time to this defirition, the answer becomes obvious:
— SERVICE IS AS LONG AS THE LENGTH OF TIME IT IS RENDERED.

. intelligent sales service actually begins BEFORE the sale through the
sound recommendations of qualified FIRST SIX engineers.

. intelligent sales service CONTINUES with authoritative, technical as-
sistance both in the selection of proper instruments — and in their practical
applications.

. . intelligent sales service further EXTENDS to back each sale with an ex-
perienced service department factory-trained to provide efficient maintenance.

e e ey T No doubt about it, service reaches its LONGEST dimension
CEaan o SARionpaL stacime. e when you're being helped by the FIRST SIX.
strumantation in_ indusiry. Put that advantage to work for you!
A. CROSSLEY ASSOC., INC. S. STERLING CO. | HORMAN ASSOC., INC.
Chicago, Il Detroit, Mich. Washington, D. C.
Dayton, Ohio : Cleveland, Ohio i
St. Paul, Minn. Dayton, Ohio
THE 1. E. ROBINSON CO. J. D. RYERSON ASSOC., INC. YEWELL ASSOC., INC.
Philadelphia, Pa. — (Upper Darby) Syracuse, N. Y. Waltham, Mass.
Camp Hill, Pa. . Bridgeport, Conn.

Asbury Park, N. J.

ELECTRONICS — Junel 1956 Want more information? Use post card on last page. 85



!

7

LY

eoeo 'he “nive

Science has irkocked a vast new frontier —
the limitless erees of space, man’s most daring
and intriguing ezploration yet, Leading in the
race to conquer these new worlds are Amer-
ican sciemtists and engineers .. . descendants
of the “axt-so-Img-ago” pioneers who devel-
oped our great country.

The scientists and engineers at Remington Rand Uni-
vac are leading the field and are part of the team that
is setting “new standards for others to follow.”

Because of these great new opportunities many open-
ings have been created at our laboratory at South Nor-

Send complete resumé to

® Registered in U. S. Patent Office

__
NS 7

:

-

Wilson Avenue

=

NN

1d UNIVAC

5

walk, Connecticut. Here the most
modern facilities and equipment are
available for your use. You will be liv-
ing in a charming Connecticut town
located on Long Island Sound. Here
recreation and social activities con-
' tinue on a round-the-vear basis and
there are excellent education facilities for your children.
At South Norwalk we have immediate openings for
Mechanical and Electro-Mechanical Engineers with a
bachelor’s degree in Engineering. Extensive mechanical
design background may substitute for some college.
Men selected will do basic preliminary design and lay-
out of small mechanisms. Work will require the devel-
opment of original ideas and the ability to apply legical
analysis to design problems.

\

Mormvington Fand UWnivac
DIVISION OF SPERRY RAND CORPORATION
Attention Mr. A. L. Crable

e South Norwalk, Connecticut
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DL MICROVOLTMETERS
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ZERO-CENTER METER
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KAY LAB DC MICROVOLTMETERS are ideally suited to zhe measurement and amplification of exceptionally small DC voltages and currents. Their wide
range makes them indispensable as a general purpose laboratory and production tool. KAY LAB’s unique chopper circuitry assures unequalled per-
formance. Chopper amplifiers convert small DC voltagss to proportional AC carrier signals, practically eliminating drift. These signals are amplified,
synchronously rectified at a high level, and applied tc the meter circuit. Large amounts of feedback stabilize the system.

Model 203 provides full scale voltage ranges from 100 pv to 1000 v and current ranges from 100 pya to 100 ma. Model 202A provides wide range
of voltage measurement and amplification from 300 gv to 1000 v.

APPLICATIONS:: Electronic, medical, chemical, metallurgical research and development ... calibration of thermg couples.. . as a null detector, recorder
driver amplifier... and wherever small voltages and currents are measured or amplified.

SPECIFICATIONS MODEL 202A MODEL 203
Voltage Range (full scale s 300 pv to 1000 v 100 pv to 1000 v
Current Range (full scale) . 100 ppamps to 100 ma
Input Impedance . 10 megohms below 10 mv, 30 megohms at 30 mv, 100 megehms on other ranges; - 1.57
Accuracy on all ranges . 3% full scale 3% full scale
Maximum Gain as amplifier . 70 db 80 db
Output Rating 2 1 v across 2000 ohms 1 v across 1000 ohms
Output Impedance 5 less than 2 ohms less than 2 ohms
Drift (after 15 min. warmup) . 15 pv 10 pv
Price . $350.00 $550.00
Rack mounting available.

e Sl

KAY LAB staswary QU 2.4/ 0 /

WITH CHOPPER AMPLIFIERS

Representatives in all major cities.
5725 KEARNEY VILLA ROAD + SAN DIEGO 12. CALIFORNIA + BROWNING 7-6700
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A WAY TO MEASURE PULSE RATE

Circuit
Using Magmeter
Shows Pulse Rate

MAGMETER is an instantaneous frequency

Lt TD Te Ep detector; it produces an output proportional to
0O the frequency of its input. This characteristic
| ¢nables the Magmeter to be used in direct read-
(A) t Ep ing pulse rate meters.
The operation of the Magmeter requires that
+ E} its input contain negligible direct current. Also,
©0 t the Magmeter must be driven sufficiently hard on
I (8) To " E2 each half cycle to completely saturate. The block
diagram shows a way to develop the required
drive for a Magmeter from a pulse.
+
0o Input pulse (A) triggers a bistable flip-flop to
I (¢) EP t produce a balanced square wave (B) having a
Es frequency half the pulse rate. The skeich of wave
forms shows these signals. The square wave
enters a voltage divider, which limits the voltage
+ (C) applied to the Magmeter.
1)
I t
(D) The Magmeter in turn develops a pulse of fixed

volt-second area once each cycle. This area-
limiting action of the Magmeter enables the
overall circuit to retain its accuracy despite
fluctuations in supply voltages. The Magmeter
drives a d’Arsonval meter. With Type F-948
MRFN Magmeter and a 500-microampere instrument
in the above circuit, full scale deflection corre-

ENGINEERS DESIGNERS

sponds to a pulse rate of 1000 pps.

Wave Shapes in Pulse Rate Circuit Shoun Above

i

MIDDLE RIVER BALTIMORE 20, MD.
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A MESSAGE TO AMERICAN INDUSTRY « SECOND OF A SPECIAL SERIES

THE SHORTAGE OF SCIENTISTS AND ENGINEERS:

Are We Losing
the Race with Russia?

THERE is new confidence in the Kremlin. One
key reason is expressed in a recent boast of
Communist Party Secretary Khrushchev: “The
capitalists always regard our people as
being backward, but today we have more
engineers and more supporting engineer-
ing technical personnel than any capital-
ist country.” He promised that this lead
would be widened and that communism would
be victorious withoul war.

This boast cannot be dismissed as communist
propaganda. Admiral Lewis L. Strauss, chair-
man of the U. S. Atomic Energy Commission,
has warned: ““In (ive years our lead in the
training of scientists and engineers may be
wiped out, and in ten years we could be
hopelessly outstripped. Unless immediate
steps are taken to correct it, a situation,

Engineering Graduates in the United States and Russia

THOUSANDS 1946-1960
100

;"| ' J
ao—z—“L ."‘w
oo} T af |

RUSSIA
1

|
40 [ ——
i Q:\DDq
. o Q
204 } . ~+
’ I | ! UNITED STATES
o . |
1946 1948 1950 1952 1954 1956 1958 1960

Source: Nicholas De Witt, Soviet Professional Manpower;
U.S. Otfice of Education; McGraw-Hili Dept. of Economics
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already dangerous, within less than a dec-
ade could become disastrous.”

This second editorial in a series on the short-
age of scientists and engineers is designed to
explore as cavefully as possible the facts and
the implications of the new emphasis on techni-
cal training in the Soviet Union. It draws
heavily from the authoritative hook Soviet Pro-
fessional Manpower, prepared for the National
Academy of Sciences and the National Research
Council by Nicholas DeWitt of the Russian Re-
search Center of Harvard and released recently
by the National Science Foundation.

Trend Is Against Us

If the Soviet Union already has a lead in
technical manpower, it is not very great. Both
the United States and Russia now have around
a million scientists and engineers. Ahout a third
of the Russian engineers were trained on in-
ferior pre-1935 standards. It’s the trend —
shown in the chart — that is alarming.

Over the last five years we have turned out
only 142,000 engineers, compaved to an esti-
mated 216,000 in Russia. In 1955 our output
was around 23,000 compared to their 63,000.
Over the next five years our projected output is
153,000, against at least 400,000 in Russia.
There will be an additional 150,000 or more
in the satellites and Red China.

In Russia, 309 of the college students are in
engineering, compared to 8% here. Another
30% or more lake degrees in natural sciences.
Moreover, unlike ourselves, the Russians are
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ploughing back a large proportion of their
science graduates into teaching, which implies a
rapid huildup in the future.

Quality As Well As Quantity -

It would be foolhardy to assume that these
new Russian graduates are inferior to ours in
the quality of their technical training. They
start out with much more intensive mathemati-
cal and scientific preparation at the high school
level. They study harder and longer in college,
with more laboratory work and more practical
training. Their courses and textbooks seem to be
as thorough as ours. Even though the Russian
graduates may be overspecialized, they get
results.

These results have been striking. The Rus-
sians developed both A-bombs and H-bombs
faster than we expected, and it’s not certain
that they had to rely much on espionage. They
pushed ahead of us for a while in jet fighter
design, and they showed up with a fleet of long-
range hombers well ahead of schedule. They
are crowding us on nuclear power, electronics
and automation. There ave grave fears that they
have established a lead in the vital field of mili-
tary rockets.

The goal of Soviet scientific manpower policy
includes not only weapon supremacy but also
leadership of the neutral and uncommitted
areas of Asia, Africa and the Middle East. The
Soviet leaders may be blufling in their offers to
export capital, but they are preparing to export
Russian scientific and technical know-how in a
big way.

How They Do It

The Russians are determined to win the race
for scientific supremacy, and they do not count
the cost. They pay their scientists and engi-
neers salaries that seem fantastic when
compared with other Soviet incomes.

Senior professors, research scientists and top
engineers are s major segment of the Russian
elite. Their incomes are frequently six to ten
times the average industrial wage. (In the U. S.
six to ten times the average industrial wage
would be $25.000 to $40,000 a year.) Housing
and other privileges are correspondingly lavish.
While preaching equality, the Soviets use capi-
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talistic incentives far more boldly than we do.
Indeed, practicing engineers and scientists have
been complaining about the exalted status of
professors and top research people, and salary
scales are now being adjusted to give greater
emphasis to practical results.

The Russians are also generous in their
aids to education. Tuition has just been made
free at all levels. Undergraduates receive 200 to
500 rubles a month and graduate students 800
rubles (about equal to an industrial wage) to
cover living expenses. The biggest stipends go
to science and engineering students. College
students are deferred from military service, and
engineers and scientists often enjov continued
deferment even after graduation.

Finally, the Soviet leaders can channel
engineers and scientists — and all other
human and maiterial resources — into any
area they choose. And the areas the Soviet
leaders choose are predominantly those that con-
tribute to military or political objectives, rather
than to a better life for consumers.

What’s Our Answer?

We are certainly not going to adopt
Soviet methods. We do not want scientifie
robots, but free men. able to understand
and add to our democratic heritage. At
the same time, our world leadership in
technology — and perhaps even our sur-
vival as a nation — will be threatened if we
allow ourselves to lag far behind Russia
in the training of scientists and engineers.
Ways to keep the United States in the race will
be discussed in a later editorial in this series.

This is one of a series of editorials prepared by
the McGraw-Hill Department of Economics to
help increase public knowledge and under-
standing of important natiomeide develop-
ments of particular concern to the business
and professional community served by our
industrial and technical publications.

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

MWC)@W
PRESIDENT
McGRAW-HILL PUBLISHING COMPANY, INC.
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TYPES for

TRANSISTORIZED SETS,

100! similar to standard Stackpole minia-
ture “F'"" Controls, but designed for low
hop-off on the order of 2.0 ohm maximum,
as compared to the higher values of con-
ventional types. And they're electrically
quiet!

1 . . ey
NLY 0.637 in diameter, Stackpole “F” controls
combine quiet, dependablc operation with the smaller
physical stze needed for automotive radios and similar

equlpment now undcrgomg miniaturization.

“F” Controls are conservatively rated at 0.3-watt for
values up to 10K ohms, and at 0.2-watt for higher values.
Each can be equipped with new Stackpole “B”-Series line
switches for practically any switching arrangement. Stand-
ard mounting types suffice in most cases—but where they
don’t, suitable adaptations can be produced economically

for quantity users.

ENGINEERING SAMPLES availuble to quantity users . ..

Ask the Stackpole field engineer in your locality

[ YOUR QUICK GUIDE to STACKPOLE CONTROLS

.......

In Canedo: Canadian tackpole Limited, 550 Evans Ave., Etobicoke, Toronto 14, Ontario

,,,,, VARIA'EL\T’
= w® ""Eu
<, Yew® " -
' I'exsTong'

rﬁnﬂ, 8 B e

This chart provides essential engineering data

-
............
i
.
.
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on all standard Stackpole Variable

Resistors in handiest
possible form. Designed
for either wall or file use.

Write today for your copy.

SO0

STACKPOLE

FOUNDED 1906

Nn



magneto
manufacturers
find

CRUCIBLE PERMANENT MAGNETS
provide maximum energy... minimum size

The consistently higher energy product of Crucible Alnico permanent magnets
enables manufacturers to use smaller, more powerful magnels in the magnetos
of outboard motors, power mowers and other gasoline-powered equipment.

In fact, ever since Alnico alloys were first deteloped, Crucible has been
supplying them to manufacturers of permanent magnel magnelos, generalors
and motors and all types of magnet-equipped devices.

Pioneers in magnet design and production, Crucible’s magnet division is
backed hy a half-century of fine special steelmaking. So when you have a magnel
application it will pay you to call Crucible. Crucible Steel Company of
America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa.

cn u c I B LE first name in special purpose steels

Crucible Steel Company of America
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SHOWING TREMENDOUS POWER FOR RELATIVE WEIGHT, THIS 3.0Z. B

80 volts
10.5 amp min.
15 0z, 22 cu. in.

1.5 volis
5 amp min.
8oz, 1.7 cu.in.

nil I,

WHERE CAN YOU USE. ..

G.E.’s New Water-activated Batteries
with High Power-to-weight Ratio

G.E.’s new water-activated batteries are
designed to give maximum power for the
least possible weight and volume per
unit. In many applications, these silver-
chloride/magnesium batteries will furnish
up to TWICE the output of silver-
oxide/zinc batteries and up to FOUR
TIMES that of lead-acid batteries of
corresponding size and weight.

FOR USE NEARLY ANYWHERE, G-E
water-activated batteries are activated
by immersion in water. In land or air-
borne applications, activation is accom-
plished by other saturation methods. This
versatility makes them an ideal power
source for many specialized applications.

THE COMPLETELY DRY CONSTRUCTION
of G-E water-activated batteries sim-
plifies many storage problems. Since they
contain no water during storage, danger
of freezing and power loss is eliminated.
With normal precaution against moisture,
length of storage will not alter their come-
up time—They still reach operating volt-
age within two seconds after activation!

THE WIDE VARIETY OF DESIGNS pos-
sible with G-E water-activated batteries,
ideally suits them to the power require-
ments and space limitations of certain
equipment now using bulky, heavier
power supplies. If your power needs can
be satisfied with a water-activated bat-

Progress ls Ovr Most Important Prodvct

GENERAL @3 ELECTRIC

6.3 volts
158 amp min.
6 02, 5.7 cu. in,

L i . i o

ATTERY DELIVERS 2.5 AMPS

1.3 volts
375 amp min.
3 oz., 3.6 cu. in.

3 volts
10 amp min.
43 0z., .6 cu.in,

S -

AT 6.3 VOLTS FOR 16 MINUTES.

tery, investigate G.E.’s line today. And
remember, though a wide range of rat-
ings and sizes is available, G-E water-
activated batteries can be designed to
your specific needs. For detailed infor-
mation, contact your G-E Apparatus
Sales Office, or send coupon below for
free descriptive bulletin.

General Electric Co., Section D223-3
Schenectady 5, N. Y.

Please send me Bulletin GEA-6238A on
Water-activated Batteries

| am requesting this information

[0 For immediate project
[0 For reference only

Name.

Position.

Company

State .

City Zone

e

i i o Moo 2™




testing components with Burroughs pulse control systems

modern methods for testing relays

L) delay delay
(see note 1) l {see note 2) l l

pulse = £

generator ! ERERGIZE i B
4 . I TEST RELAY L

Jd l (D-C OPERATED) y Y

1
- DE-ENERGIZE i
fip]tlop <& > TEST RELAY O ey
——I—> 4 — 4 ¢ = g
gate ENERGIZE o
J, delay gt TEST RELAY N
; {PULSE OPERATED) - N

gate

9

1 gate b 23%
Lo g™
2
RELAY CONTACT

UNDER TEST

NOTE 1: GOVERNS TIME ALLOWED
FOR RELAY TO OPEN AND CLOSE & ERRORS-—OPEN

-NOTE 2: GOVERNS TIME RELAY IS TESTED = ERRORS—CLOSED

' W@ @%&9 Small-signal sensitive relays, the backbone of many of today’s

Wy high-speed computers, instruments, and other electronic devices,
must meet exacting specifications of uniformity and performance.
Until now, the testing of such relays has often been complicated by
procedures which require time-consuming processing before results
are known. This has generally reduced comprehensive testing to a
sample basis rather than individual testing, a courageous procedure
considering the possible down-time cost incurred by the equipment
in which such relays are installed.

Burroughs Pulse Control Systems are minimizing this short-coming
for leading relay manufacturers and users by providing a simple
means of comprehensively testing each relay produced or purchased.
Such factors as closing time, opening time, bounce, etc., are
checked against a set of operating characteristics to a precise degree
by digital methods which automatically indicate acceptance or rejec-
tion of the relay. When conditions require a change in relay operating
characteristics, the Burroughs Testing System can be changed at
will to meet new requirements.

TOOLS FPOR ENGINEERDS

Shown here is a typical example of how some of these manufac-

. turers use a Burroughs Pulse Contro! System to test ultra-sensitive

Burroughs fast-acting relays. An interesting booklet describing relay testing

in greater detail is yours for the asking. But if you have another

component which you think can be tested better, faster, by digital

techniques, just tell us about it. We'll be glad to work out a Pulse

BURROUGHS CORP. » ELECTRONIC INSTRUMENTS DIV. Contro! Testing System, at no cost, and show you how to avoid
Department C o 1209 Vine Street e Philadelphia 7, Penna. hours of engineering time and production headaches.
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ready for many jobs...

KOLLSMAN

synchronous
differential & &

. . . 1 production : ,

(L e I o< fm '1 Hhw "
® compact—only 234 x 41 inches. i
® lightweight — 28 ounces. OUTPUT
N, = N,
® inherently accurate — driven by _““2‘_

synchronous motors
in one package—a half-speed synchroscope

@ for many 60 cycle and 400 cycle applications i H’igh Sensitivity plus Lusable torque_j'

® operates from single or polyphase sources This versatile half-speed synchroscope mates two tiny

. ) hysteresis-type synchronous motors of variable frequency, with
® maximum torque — 1.0 oz./in. o . . . .
an unusually efficient differential gearing system—all in one

compact unit. The output shaft rotates at a speed equivalent to

Kollsman's control engineering specialists % the difference between the speeds of the two synchronous
are ready to work with you on your specific motors.

application. Write for information Thoroughly tested and perfected for military use, the Kollsman
today and tell us your needs. precision SYNCHRONOUS DIFFERENTIAL is now available for a

wide range of commercial applications in speed and position
control, flow control in process industries, and computer appli-
cations — to suggest but a few.

CAREER OPPORTUNITIES: We have openings for mechanical and electro-
mechanical engineers and senior techmicians. Write us if interested.

k0||sman INSTRUMENT KOLLSMAN MOTORS
CORPORATION AND SYNCHROS

)
\-
4 Servo motors ¢ Rate generators
KOLLSMAN PRODUCES: Flight Instruments o Precision Computers and Servo motor-generators
Components « Engine Instruments « Optical Systems and Components e Synchronous motors e Synchros

Navigation Instruments e Precision Flight Controls  Motors and Synchros

e Precision Test Instruments for Aviation and Industrial Laboratories M. generators

80-08 45th AVE., ELMHURST, NEW YORK o GLENDALE, CALIFDRNIA ¢ SUBSIDIARY DF gl‘aﬂc{@cl COIL PRODUCTS CO. INC
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THE

1s COUNTROL

important in every business today?

Countless times a day, every business needs to know

OF “how many? . . . how much? . . . how far? . . .”” and
many other questions that can be answered ounly by
facts-in-figures. But how to get these figures . . . from so
many different machines, processes, operations and

( I (12((3( systems? Veeder-Root Counters are doing it
> every day, by means of:

MECHANICAL COUNTING

Small Resets count strokes, turns, or pieces . . .
are used by thousands for moderate duty in
parts inspection, quality control, conveyors,
machine tools, light presses, etc.

HAND COUNTING

Where objects or units cannot be counted elec-
trically or mechanically, hand-operated count-
ers like this Hand Tally do the job. For in-
stance, quick spot checks of production or
performance, traffic count, inventory, etc. Fits
palm of hand, counts one for each pressure of
thumb lever, resets to zero by turning knob.

Insist on Standard

VEEDER-ROOT
COUNTERS

from your Industrial
Supply Distributor

Fid
G
S

Want more information? Use post card on last page.

ELECTRICAL COUNTING

These remote-indicating counters bring your
production machines as close as your office
wall. AC or DC, they can be connected in series
with any simple switch, and will transmit pro-
duction figures instantly over any distance.
May be panel-mounted in groups.

CONTROLLING

Set it for the exact number of turns, pieces, or
operations required . . . and this Predetermin-
ing Counter will control the run exactly . . . pre-
venting over-runs and shortages. When the
predetermined number is reached, counter will
light a light, ring a bell, or actuate a stop-motion.

IN SUM: If it can be counted or controlled . . .
coun! on Veeder-Root to do it. Get in touch with your
Industrial Supply Distributor for standard counters
for application to your production machines and proc-
esses. And get in touch with Veeder-Root for counters
to be built into original equipment. Veeder-Root
Inc., Hartford 2, Connecticut.

June, 1956 — ELECTRONICS



Everything offered by previous CEC Leak De-
tectors . . . plus new simplicity, new convenience,
and a startlingly low price. That’s the story in a
nutshell of Consolidated’s new Type 24-210 Leak

here’s new cnnvemence, Detector, newest instrument from the company that

new economy in

made mass-spectrometer leak detection practical.

It’s usable wherever perfect seals are essential in

DOSItIVE Iéak dete‘;ﬁon .e the production of electronic components, in testing

glass-to-metal seals, checking welded or soldered

joints, locating or determining the size of leaks in

- . ,
COIISO"datEd ) any evacuated or pressurized system. It is extremely
new type 24-210 simple to operate . . . just plug it in and start it;

leak detector

Accessories 10 increase
the 24-210's conven-
ience and usefulness

include: Sampling
Probe (right) for
pinpointing leaks in
pressurized systems;
Audio Alarm (above
right) which provides
audible signal whose
pitch varies with the 5
size of the leak: §i
Mobile Workstand
{extreme right)
which carries instru-
ment, provides work
table, drawer fucility, and lower shelf for
mounting auxiliary vacuum system,

Send today for a
) complete description
wen o7 of CEC’s new 24-210
Leak Detector.
. Ask for Bulletin
§ w CEC 1830-X6.

ELECTRONICS — June, 1956

there is no extended pump-down period, and no

special training or experience is needed.

In research, maintenance or production,
to combat leaks safely, positively, and
economically, check these features of the
new 24-210 Leak Detector

®No cold trap, no charcoal trap . ..requircs no attention,
no filling with refrigerants.

“Positive interlocks . . . to prevent instrument damage
duc to improper operation.

“Highly sensitive . . . detects one part of helium probe
gas in 300,000 parts air.

®Convenient . . . all controls on front panel; all elec-
tronic components readily accessible.

| Highly simplified . . . ctched circuits for compactness
| and reliability; only six tubes in entire chassis.

®Compact and portable . . . measures only 182" wide x
| 22" deep x 20% " high; weighs only 145 lbs . .. per-
fect for bench-top operation; plugs into 115-volt,
60-cycle line.

“Economical . . . uses little power; helium gas only op-
erating supply needed.

“Low cost . . . achieved through advanced design; qual-
ity, dependability maintained at highest level.

Consolidated Electrodynamics

CORPORATION
formerly Consolidated Engineering Corporation

300 North Sierra Madre Villa, Pasadena, California
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL

Sales and Service Offices in: Albuquerque. Atlanta, Boston, Buffalo. Chicago, Dallas,
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C.

Want more information? Use post card on last page. 97
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Inter Continental Ballistics Missiles are Leing developed in the heart of the Rocky Mountain Empire by the

Joremost scientists and engineers in Americe, the research team of The Glenn L. Martin Co., Denver Division.

. and vou are invited to become a part of this team that

has produced so many other Martin “firsts” in rescarch
engineering and development of weapon systems.

The job is a challenging one. Furthermare, it is
permanent, And Martin is providing the finest
engineering, laboratory and production facilities
available. Salary levels, of course, are commensurate
with experience and ability.

But the really wonderful advantage that engincers
have at Martin’s Denver Division is that of rapidly
advancing onesell professionally while enjaying one
of the most beautiful and stimulating environments
in the world . . . Colorful Colorado.

Here’s what you’ll find: Brilliant sunshine over 300
days each year; unlimited recreational faeilities in

Write to:

Emmett E. Hearn. Employment Dir.. Dept. H4. P.O.Box 179. Denver 1. Cola,

Want more information? Use post card cn last page.

winter as well as summer; healthy, mountain air that’s
crisp. Tresh and exhilarating: cool summers, mild
winters, modern schools and shopping centers, and
relaxed living for every member of the family.

Martin is developing arother “first™ in Denver. So
why not take your vacation in Colorado, and while
you're enjoving the beauty of the Rockies, take time
to stop in and talk 1o the people al Martin. It might
be a turning point in your life and you’ll wish vou

were here Loo . . . PERMANENTLY,

Martin extends this invitation to Aeronautical,
Mechanical, Electrical, and Structural Engineers and
Technicians and to Mathematicians and Physicists. 1
you have alreadv made other vacation plans however ...

NV A FET I N

[DODENVE R DIVIS/ION

www_americanradiohistorv com
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ULTRA-HIGH POLYSTYRENE

PRE

L

Leading engineers know that S. E. C. pio-
neered the current polystyrene capacitors in
Guided Missiles and Analog Computers.
S. E. C. test data and engineering experience
is based on years of research and constant
improvement of product.

S. E. C. products have proved the answer to
many tough engineering problems by such
leading analog computer manufacturers as;
Electronic Associates, Reeves Instrument,
Beckman Instrument, Mid-Century Instru-
matic, Goodyear Aircraft, Donner Scientific,
Boeing Airplane Company and such military
contractors as Northrop Aireraft, Gilfillan
Brothers, North American Aviation,
Convair, Motorola, Farnsworth Electronics,
Bendix Aviation, Federal Tele-Communica-
tions and many others.

R. & D. establishments as M.I.T., Jet Pro-
pulsion Labs, Cornell Aeronautical Labs,
Battele Memorial Inst., Sandia Corp., and
many others have chosen S. E. C. engineered
components for their prototypes.

CCISION CAPACITORS

Check these outstanding features for yourself:
» Tolerances as close as 0.1%

¢ Insulation Resistance as HIGH as 1 x 10*
* Dielectric Absorption as LOW as.0001
 Dissipation Factor as LOW as.0002

¢ Temperature Coefficient...100 PPM per ° C.
* Stability as close as .05 drift in 1 yr.

+ Voltage derating ... none to 170°F

o Hermetically sealed for enduring
accuracy!

= n:cmomcs
=l 8 20

.1 MFD—200v

S
aNge
¢&° }

1 MFD-200V

Tubular .1 MFD—200V

10 MFD =+ 1% 200V
4-7/16x 3-1/16 x 2-1/8

For your most exacting requirements—always specify S. E. C.

SOUTHERN
ELECTRONICS
%i/w?faﬁ'an

ELECTRONICS — June, 1956

239 West Orange Grove Avenue

Burbank, California
PIONEERS IN CUSTOM PRECISION CAPACITOR ENGINEERING

Want more information? Use post card on last page. 99
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a LINT IS A TROUBLE-MAKER! The unretouched micro-
photo above shows a strand of lint which easily can
cause an inter-electrode short-circuit. Dust par-
ticles within a tube have the same harmiul effect.

ENLS NTRY
HEE B WR SES
‘ l"'ﬂ B .
Illl ll&ﬂl

a MANUFACTURED “UNDER GLASS"! For optimum cleanliness, 6829’s are assembled under
glass-paneled protective hoods. All G-E employees who build 5-Star Tubes wear rubber
finger cots, and their uniforms are lint-free Nylon and Dacron. These precautions are
-aken to ward off lint and dust, most frequent causes of intermittent tube “‘shorts”

FIRST GENERAL ELECTRIC
HAS LINT-FREE

w 1200 WORKERS ASSEMBLE 6829's AND OTHER HIGH-RELIABILITY TUBES in this 5-Star build-
ing, located apart from the rest of G.E.’s Owensboro, Ky., tube factory. Because of the
special white lintless uniforms, plus immaculately clean working conditions, ‘‘Operation
Snow White” is aptly used to describe G-E 5-Star Tube manufacture. The entire assembly

and inspection area is pressurized, with air that has been filtered, dehumidified and cooled.




a SPECIALLY TESTED ... BIASED TO CUT-OFF FOR LONG INTERVALS!
Life tests of G-I computer tubes under cut-off conditions, are
made in order to be sure no ‘‘sleeping sickness”, or failure to
respond to grid input pulses, develops during inactivity. This
is determined by means of periodic interface checks.

o CHECKED FOR COMPUTER-SERVICE CHARACTERISTICS! G-E com-
p 1ter tubes are specifically tested for those electrical qualities
that closely affect tube operation in computer circuits. Amongthe
characteristics checked are zero-bias plate current . . . cut-off per-
formance . . . difference in cut-off between both triode sections.

5-STAR COMPUTER TUBE
MANUFACTURE FOR ADDED RELIABILITY

Shock-resistant design — comprehensive cut-off tests —further establish Type 6829
as the most trustworthy tube you can apply in military computers!

General Electric, first to design and build a new
line of tubes for computers, now pioneers the first
5-Star high-reliability tube for computer circuits

analog and binary—where airborne, gunnery,
or field-transport conditions call {or resistance to
mechanical shock and vibration.

Type 6829 has the many 5-Star design features
that give added strength, such as a compact,
sturdy tube cage . . . double mica spacers . . . a
double-staked getter. In addition, tube assembly
is carried on in immaculate surroundings free

from lint and dust, while special tests assure those
electrical qualities that are essential in achieving
computer dependability.

A 9-pin miniature, the 5-Star 6829 has similar
cl:aracteristics to standard computer Type 5965.
The new tube is designed for high-speed circuits—
has high perveance, balanced, sharp cut-off quali-
ties, and low heater power requirement (.45 amp).

Get the complete performance story! Write to
Tube Department, General Electric Company, Sche-
nectady 5, New York.

FProgress [s Ovr Most [mportant Prodvct

GENERAL @3 ELECTRI
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Ucinite Magnetron Connectors

Ucinite manufactures a variety of special
connectors for the heater and heater-
cathode terminals of magnetrons. Many
of these have been adapted for special ap-
plications as to size and function to meet
the sealing and mounting requirements of
high temperature and high altitude opera-
tion and other special conditions.
Connectors are coaxial in construction
and can be supplied with built-in capaci-

" Newtonville 60, Mass.
of Uhited-Carr::::Fastéer éorp.

Want more information? Use post card on last page.

tors for added protection. Connecting
leads of any length can be furnished to
customer’s specifications.

With an experienced staff of design en-
gineers, plus complete facilities for volume
production, Uctnite is capable of supplving
practically any need for metal or metal-
and-plastics assemblies. Call your nearest
Ucinite or United-Carr representative for
full information or write directly to us.

Specialists in

www_americanradiohistorv.com

ELECTRICAY. ASSEMRLIES,

RADIO AND AUTOMOTIVE

June, 1956 — ELECTRONICS



LOCK TEENUTS.

PATENT APPLIED FOR

NEW \/-
@ self-locking

® vibration-proof

® one-piece construction

The upper portion of this precision - made Teenut incorporates
a V-type notch with the circumference cf the barrel compressed
inwardly toward the axis to form a permaaent set. This makes it a
re-usable, prevailing-torque-type, self-locking nut.

It is a one-piece, self-contained unit in which the self-locking device
is an integral part of the design. No non-metallic materials or stamped
parts are used so that the V-lock Teenut is not affected by heat or oils
and has high tensile strength.

As the V-lock Teenut does not rely on base load to obt.am its friction — L—__T_/M@(;%
grip, it may also be used as a stop nut. (Indentations in base flange T T
are welding bosses).
UNLIMITED VARIETY
% V-lock Teenuts can be engineered in var-
i ious shapes and sizes to suit customer’s
\ 5\ GRIPPING AREA specifications. Can be manufactured in vo/-
3 r wme. . . in brass, bronze, stainless steel, alu-
22 " minoum, etc....with unified screw threads,
‘<——-‘ EVERY THREAD IS LOAD CARRYING

class 2B, in both coarse and fine thread
l series. Finishes: zinc, cadmium, chrome,
! NORMAL CLEARANCE parkerized, ete. to customer’s specifications.

| Bolt spins freely into nut until it reaches grip-

ping area. Then, spring action creates strong,

metal-to-metal wedging force, locking threads of bolt and

nut together to make assembly virtually vibration-proof.

Bolt may be removed and replaced many times without
loss of effectiveness in nut.

The V-lock Teenut is but one of thousands of special purpose fasteners designed
and manufactured by United-Carr to help speed assembly, cut costs and improve
product performance. For further information on the V-lock Teenut or for help
with any other fastening problem, consult your nearest United-Carr field repre-
sentative or write us for his name and address.

UNITED-CARR FASTENER CORPORATION

31 Ames Street Cambridge 42, Mass. ';
MAKERS OF FASTENERS
ELECTRONICS — June, 1956 Want more information? Use post card or: last page. 103
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PRESENTS

! sz'gm'ﬁ'mnt new data
magnetic tape

Versatility of the Ampex FR-100
permits it to serve virtually any
data requirement in the entire
D-Cto 100,000 cycle/sec. range.

Magnetic tape is inherently the

most versatile of data-record-

ing mediums and the FR-100
makes broadest use of this
scope.

ANY DATA— Within its frequency
range, the FR-100 can record any
data that either originates in elec-
trical form or can be transduced
into electrical signals.

IN ANY COMBINATION — Any
numbers of the FR-100's available
tracks can be apportioned to high-
frequency data, low-frequency
data, transient phenomena and
quasi-static measurements. Each
will use tape space economically.
All will share a common time base.

A CHOICE OF RECORDING
METHODS — Different types of
data are accommodated by plug-in
interchangeable amplifiers. These
permit each of the FR-100's 2 to 14
tracks to be used for direct record-
ing, FM-carrier recording, or pulse
width modulation as needed.

A SELECTION OF 6 TAPE SPEEDS
— Every FR-100 tape transport pro-
vides tape speeds of 60, 30, 15,71/,
33/4 and 17/ inches per second for
optimum balances between record-
ing time and frequency response.
They also permit slow-down or
speed-up of data in various ratios.

DATA REDUCIBLE TO ANY
FORM —The FR-100's output is
usable in numerous forms: visual

records by oscillograph or pen re-
corder; visual study by oscilloscope;
avtomatic computation by data
conversion devices or computers;
and regulation or activation of me-
chanisms by electrical controls.

"americanradiohistorv.com. e L



THE modular FrR-100

recovder since Ampex fz'rst pz’aneered
for instrumentation

Performance specifications on the FR-100
are the best of any magnetic tape re-
corder now in production. Such accuracy
adds to the FR-100's versatility. It also
makes it the best choice for many well
defined applications where quality of

7:::?;’:0“@ qfene ImtQexcriteria fomses The Ampex FR-100 gives your engineers and
) scientists a freedom to experiment. In one ma-
IMPROVED STABILITY OF'TAPE MOTION chine it affords a high portion of all the broad-
— The closed loop tape drive and short un- ly useful capabilities of magnetic recording.
supported tape length reduces peak-to-peak
: It encourages development of the most effec-
flutter to 0.1% cumulative to 100 cycles or . . .
tive data recording techniques for your par-

0.2% cumulative to 1000 cycles at 60 in/sec.

PRECISE TRACK-TO-TRACK TIMING — Re-
cord and reproduce head stacks permanently

ticular specialized needs.

CAPACITY FOR BRILLIANT AFTERTHOUGHTS —

aligned with all gaps within a 1/10,000-inch The Ampex FR-100 will serve the well defined initial
band and azimuth within 0°1". With FR-100's purposes for which it is acquired. But it also pro-
sicbl'e i'cpe helilely 'h's prpvudes lowest dy- vides for the inevitable changes of direction that
namic mlerchcnnel hm}e-dlsplccemenr error occur as any research, development or testing pro-
ever available commercially.

gram progresses.

*MIL CONSTRUCTION" THROUGHOUT —
Mil specification E-4158-A components, hard-
ware and finishes are used throughout.

AN OVER-ALL ECONOMY — The combined char-
acteristics of the Ampex FR-100 are the equivalent
AMPEX -TO - AMPEX COMPATIBILITY — of dozens of different modified tape recorders built
Recorded data is interchangeable between by Ampex in past years. One Ampex FR-100 may
all Ampex FR-100s, and 300 and 800 series
machines (provided tracks are the same type
and tape speeds the same).

SIMPLIFIED OPERATIONAL MAINTEN-
ANCE — Modular design of the FR-100 re-
duces most operational maintenance to a
simple plug in of spare assemblies with no

eliminate need for purchase of a succession of spe-

cial machines.

loss of operating time.

For complete description and specifications on the Ampex FR-100, write Dept. E 2750

INSTRUMENTATION /

DIVISION
iAM]PEX FIFST IN MAGNETIC TAPE INSTRUMENTATION

( ORPORATION 934 Charter Street *+ Redwood City, California

District Offices: Atlanta; Chicago; Dayton;

Moniclair, New Jersey; Redwood City, Californio;

Silver Spring, Maryland.

Distributors: Southwestern Engineering and Equipment Co.,
Dalles and Houston; Technical Apparatus Co., Boston;

Bing Crosby Entferprises, Los Angeles;

Ampzx-American in Canoda.




More than 1 times actual size.

NOW! even smaller air trimmer capacitors

For every type of electronic equipment—printed wiring board or con-
ventional chassis—Radio Condenser’s new Series 75 trimmers mean more
circuit in less space. Measuring just 25/64” x 7/16” x 17/32" behind
mounting surface, they’re the tiniest trimmers ever made in the United
States.

Three capacitance ranges are available, as tabulated below. Each is
equipped with plug-in tabs for printed wiring board insertion, as well as
two holes for conventional screw mounting. The sturdy low loss ceramic
body, brass plates soldered and silver plated, assure a rugged unit, able
to take extreme shock, vibration and temperature change. Capacitance
is easily varied by means of a screwdriver slot in the rotor shaft.

Insulation resistance, “Q’’ and thermal stability characteristics are
excellent.

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

Complete Engineering data and specifica-
tions for the new Series 75 Subminiature
Trimmer capacitors are provided in Bul-
letin TR-123, available free on request.
Write Radio Condenser now for your copy.

RADIO CONDENSER
MINIATURE AIR TRIMMER CAPACITORS

Type Min. |Effective Max. | Air No.
No. |Cap. uuF| Cap. puF Gap | Plates

875001 12 5 014 9
875002 1.2 10 .008 11
875003 15 15 .008 15

RADIO CONDENSER CO.

Davis & Copewood Streets

EXPORT: Radio Condenser Co.. International Div.. 15 Moore St. N.Y. 4. N.Y..
CABLE: MINTHORNE

CANADA: Radio Condenser Co. Lid. 5 Barmondsev Rd.. Toronto. Ontario

e Camden 3, New Jersey

June, 1956 — ELECTRONICS
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TV

s e‘ec ves it is — at OTIS

(a) To calculate in an electro-mechanical computer, the gears
must be machined to an accuracy of .0007 inch.

(b) To simulate a radar beam, the ultrasonic generator must per-

forr- to the highest possxble accuracy as demanded by a scale
reduction of 200,000:1

(¢) To simulate radar distance, the “plumbing” produces wates
with purity of two parts per million of calcium carbonate and
temperature constancy of 1° F.

Here is the science of mechanics pushed to wizardry pre-
cision and wedded to the most advanced electronic circuitry
whizh creates the vital and critical weapons systems now so indis-
pensable for our national defense

This is what Otis has accomplished during the past 3
yeavrs — and is accomplishing now.

To those who need the performance-proven resources of
an organization having comprehensive and diversified experi-
enc2 in the research, development and manufacture of large-
scabe complex electro-mechanical equipment and systems. in the
tields of:

s ssile guidance and ¢oiitrol ultrasonics

am nfire control computers

raxdar and counter measures servomechanisms

s mnulators and training aids magnetic amplifiers
communication testing instrumentation

special electronic devices electro-mechanical components

— investigate Otis. Write on your letterhead for 32-page history
and facilities report.

ELEVATOR COMPANY

35 KYERSON STREET, BROOKLYN 5, N. Y.

ELECTRONIC DIVISION



A HANDFUL OF CHIPS...

tells the COST-CUTTING story of
Chase’ FREE-CUTTING Brass Rod!

Take a close look at the tvpical chips
machined from Chase Free-Cuiting Brass
Rod. See how short, brittle and tightly
curled they are. They could only have
come from rod that permits really high
cutring speeds and heavier feeds without
gumming or jamming!

Such remarkable chips also indicate
the quality at low-cost of finished pieces
machined from Chase Free-Cutting Brass

Rod. Smoother, cleaner pieces that l1ake
precision threads and sharp knurls—
require less polishing—and simplify
lacquering, enameling or plating.

The Chase warehouse near vou stocks
standard mill lengths in many different
cross-sections. Special shapes that save
even more machining time can be made
to order.

Write, wire ar phone today!

Chase #

BRASS & COPPER CO.

WATERBURY 20, CONNECTICUT
SUBSIDIARY OF KENNECOTT COPPER CORPORATION

The Nation’s Headquarters for Brass & Copper

Atlanta Baltimore Boston Charlotte Chicago Cincinnati- Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles
Milwaukee  Minneapolis Newark New Orleans New York  Philadelphia  Pittsburgh  Providence Rochester  St. Louis  San Francisco  Seattle  Waterbury
108 Want more informaticn? Use post card on lust page. June, 1956 — ELECTRONICS
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Tenth in a series describing REL versatility

polevault

REL accomplished the near-impossible on
Project Polevault, the first forward propaga-
tion tropospheric scatter system in opera-
tion anywhere, and to date the world's
longest and largest.

Need was desperate for this link from Far
Northern radar warning networks to defense
command centers in Canada and the United
States. REL managed to conceive, design,
and produce all the radio equipment between
February and September of 1954, This
included the 10 kw Klystron amplifiers, the
driver transmitters, the dual diversity
receivers, and the radio test equipment.

This Herculean achievement enabled the
system to operate over its entire lengtlt only
365 days from receipt of the original
authorization by REL.

Radio Engineering
Laboratories- Inc.

36-40 37th St Long Island City 1,N.Y.
STillwell 6-2100 © Teletype: NY 4-2816

Canadian Representative:

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

Creative careers at REL await a few exceptional engineers.
Address resumes to James W. Kelly, Persounel Director.

ELECTRONICS — June, 195¢ Want more information? Use post card on last page. 109
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Additive Process

Plating Through
The Holes

Circu.its on
Both Sides of Board

General Electric “Thru=-Con’’ Boards
give positive connections through the holes

“Thru-Con” insures accurate solder
filleting top and bottom for extreme
strength and easier assembly,

Original Design Features. Original Gen-
eral Electric additive-method produc-
tion techniques provide continuous
copper plating through the holes. Posi-
tive connections do away with separate
staking pins, assure perfect circuits.
Costly rejects due to diflicult soldering
problems are eliminated. If desired,
G-E “Thru-Con” boards may provide
patterns on both sides, further reducing
size and weight.

“Thru-Con’ Boards Serving Many Indus-
tries. Important economies afforded by
dependable G-E ““Thru-Con’’ boards
are helping manufacturers cut costs
and improve profit pictures. Producers
of lamps, radios, fans, street lighting

and traflic control units, television re-
ceivers, appliances, and control equip-
ment are using ‘“Thru-Con” now.

Full Production Facilities. The G-E
“Thru-Con” plant is devoted to full-
time production of printed -circuit
boards. New, specially-designed equip-
ment is capable of producing thousands
of boards each day. The combination
of custom wiring patterns, sizes, and
shapes is virtually limitless.

Investigate G-E “Thru-Con" Boards, To-
day. It will pay you to look into the
savings ‘“Thru-Con’’ boards make pos-
sible in manufacturing techniques. For
a full discussion of your printed circuit
program, and a sample ‘“‘Thru-Con”
board, call or write: General Electric
Company, Electronic Components De-
partment, Section X466, Auhurn, N. Y.

ADVANCED COMPONENTS FOR THE ELECTRONICS INDUSTRY

* Printed Circuit Boards * Ferrites

* Distributed Constant Delay Line

* Ceramics

Progress /s Our Most /mpor/a‘m‘ Product

GENERAL @ ELECTRIC

110

Want more information? Use post card on last page.

G-E “Thru-Con" Printed Circuit Boards offer
positive connection through the holes, with-
out staking pins. patterns on both sides
if needed. Printed circuitry cuts assembly
time; eliminates product bhulk, weight:
reduces inspection time, parts inventory.

G

Positive Proof. This new transistorized port-

able radio features a full printed ecircuit
using a G-E “Thru-Con”’ Board. Combin-
ing other advances in electronics with a
“Thru-Con” circuit makes possible sweep-
ing changes in size, weight, and stvling.

June, 1956 — ELECTRONICS
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\\\ /// WITH THE UNIQUE COAXIAL PACKAGE

Hughes makes transistors with avial leads—quite a rugged arrangement of internal transistor elements.
departure from lhc.com'entlo'n:ll, smglc—c{n‘d' configura- BECAUSE: no matter how mounted, this package per-
tion of l'ﬂO)Sl)tf‘lenr%l‘SIOFS LR th‘ n?‘”l‘d' This 1s mits the dissipation of more heat, thereby ensuring
done for several reasons, all of which add up to one consistent performance throughout the temperature

paramount fact: the new style package offers many

. range of operation.
advantages. It is a better package . .. ° P

CHARACTERISTICS: high gain. .. nearly negligible

BrCcAUSE: the small, tubular body with axial leads is alpha crowding, even when current is high [
just right for horizontal mounting. It saves space, sim- power output at any given ambient temperature . . .
plifics the physical arrangement of electronic circuitry. high frequency performance at increased power levels.
BECAUSE: all mountings (horizontal, vertical, heatsink, APPLICATIONS: Designed for low-to-medium
SOCtht’ clip-in) can be made extremely rigid, thor- power operation, these devices perform exceliently in:
oughly shockproof. COMPUTERS ® SWITCHING CIRCUITS * AUDIO AMPLI-
BECAUSE: the coaxial configuration assures a more FIERS ® I-F AMPLIFIERS ® OSCILLATORS.

For the address of our nearest sales engineering office,
or for descriptive literature, please write:’

HUGHES [ e -

—  f4e}. | HUGHES PRODUCTS |

SEMICONDUCTORS } __________________________________
HUGHES FRODUCTS ) A DIVISION OF THE HUGHES AIRCRAIFT COMPANY i
]

© 1956. 11. A C. Los Angeles 45, California Lo el _}
ELECTRONICS — June, 1956 Want more information? Use post card on last page. 1M1
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Standard Chroro-Tach shown front and center in “dech freeze ¢

LOOK TO THE INS

(Conrtesy of Thom pson Products, Inc.)

TRUMENTS USED

ngine testing laboratorsy.

FOR DEPENDABLE END RESULTS

In almost every rescarch and testing labotatory the in-
formation needed to obtain a specific end result depends
upon knowing, to an accurate degree, the speed of revolv-
ing shafts, motors, governors or other rotating equipment.

And it’s a well-known fact that the end resalt can be no

more reliable than the instruments that are uscd.

That’s why the Standard Chrono-Tachometer plays
such an important role in so many industrial, govern-
mental and educational laboratories. Built for continuous
service, it 1s a test instrument of extreme accuracy, in-
valuable wherever the precise measurement of speed of

rotation is required.

Write for Engineering Bulletin #218

ELECTRIC
97 Llogan S

trect

/’——‘\\

ANALOGUE COMPUTERS

—

! ELECTRIC CLGCK S

112

Want more information? Us

TIME COMPANY

Springfield 2, Massachusetts

WEOER | =
CEGERYS

T=/ 001

S IS S
® " "
| |
=0 S
LABORATORY PANELS

® (44

|
|

YSTEMS PRECISION TIMERS and TACHOMETERS

e post card on last page,
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Use the MAGN/IVOLT,
either portable or
eas/ly rack mounied,
as a dependeble
D-C voltage source
in such demanding
applications as
these...

ELECTRONICS — June, 1936

strain-gage excitation

d-c amplifier filament supply
computer filament supply
incoming parts inspection
production-line testing
calibration reference
standard light-source power

radio and radar research

regulated
D-C power
supplies

Here’s a closely regulated D-C Power
Supply accurate enough for the most
exacting laboratory use, yct sufficiently
rugged to usc out in the plant for
production testing and quality-control
work. Back of this unusual combination
is the Leach MAGNIVOLT’s construc-
tion . . . it uses only static components,
contains no vacuum tubes or other
fragile parts. Heart of the unit is a
design based on magnetic amplifiers
and selenium rectifiers, assurance of
stability today and long, maintenance-
free dependability for years to come.

CORPORATION

PERFORMANCE SPECIFICATIONS
ACInput. ............. 120 volts, 60-cycle, single phase

D-C Output. ... ..... 3-32 volts (continuously adjustable)
at 0 to full-rated amperage

Ratings Available. . . ............ 5 to 30 amperes (max.)

Voltage Regulation. .. + %% from 24 to 32 volts for load
change of no-load to full-load and for suppy-voltage
change from 105 to 125 volts

RIDDIEL. 55 5wy = s srmmm wisis 3w g pmsmen less than 1% r.m.s.

Recovery Time. ..less than 0.2 seconds to reach 1% of
regulated voltage
{no-load to full-load or full-load to no-load)

MAGNIVOLT models are available for immediate delivery

INET-PALMER DIVISION

4441 SOUTH SANTA FE AYENUE + LOS ANGELES 58, CALIFORNIA

DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U. S. AND CANADA

Want more information? Use post card on last page. 113
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For the most dependable printed circuits, you need
the high bond strength, workability, heat-resistance

of G-D-F DILECTO™ METAL-CLAD LAMINATES

HIGH BOND STRENGTH—C-D-F's special adhesive for metal-
clad Dilecto bonds the copper foil to the plastic without affecting
the laminate’s superior clectrical properties. Heat-resistance, dissi-
pation factor, dielectric constant, dielectric strength. and insulation
resistance of the Dilecto basc remain unaffected. The closely-
bonded foil can be etched cleanly and dipped in hot solder to
450°F. for ten seconds with a guarantee of no blistering or separat-
ing. Mctal-Clad Dilecto can be punched or machined either before
or after etching.

EXCELLENT WORKABILITY—On all four Dilecte metal-clad

grades, you can solder, punch, saw, and assemble components

either by hand or automatically. Thanks to the inherently superior

workability of the plastics laminate over that of ceramic-type

materials, Dilecto can be dropped, jammed into tight chassis, and
4 otherwise treated roughly on the assembly line and in service.

HIGH HEAT-RESISTANCE-—Metul-Clad Dilecto Laminates are

| made of phenolic, epoxy, or Teflon™ resin for various conditions
of service and assembly, and have either cellulosic paper or woven
glass-fabric base. All are idecally suited to printed-circuit applica-
tions in which heat-dissipation is a major problem. Continuous
exposure to high ambient operating temperatures in enclosed elec-
tronic cquipment has no significant effects on Dilecto’s electrical
and physical properties.

e

UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable
source of supply, can help you get the most tor your printed-circuit
money by reducing rejects, lowering fabrication costs, assuring
dependable quality every time. Send us your print or problem. and
we'll gladly supply appropriate test samples free. See our catalog
in the Product Design File (Sweet’s) or send tfor the new 20-page
Dilecto catalog. Let your nearby C-D-F sales engineer (listed in
Sweet’s) help you right from the design stage!

s ,v
Pr'infed circuits based on C-D-F materials are being used
with great success in military electronic equipment, commer-
cial television and radio scts, telephone switchboards—even

sub-miniature radiosonde equipment and hearing aids,
Photos courtesy of Photocircuits, Inc., Glen Cove, N.Y.

- TYPICAL PROPERTY VALUES -
Copper-Clad ~ Copper-Clad Copper-Clad ~ Copper-Clad
PHENOQLIC PHENOLIC EPOXY TEFLON*
- B (Grade XXXP-26) (Grade XXXP-28) (Grade GB-181E) (Grade GB-112T)
BOND STRENGTH—0.0014" foil
(Lbs. reqd. to separate 1” 7toll 5t09 81to 12 4108
width of foil from laminate) ) ! - ) ) )
MAXIMUM CONTINUOQUS
| OPERATING TEMP. (Deg. C.) B 2 2 0
DIELECTRIC STRENGTH
(Maximum voltage per mil.) N iOO - | 800 650 700 )
INSULATION RESISTANCE (Megohms)
96 hrs. at 3§c C & gq% BH B 7 50,000 B 25,000 20,000 Over 106 me@nls
_ DIELECTRIC CONSTANT 106 Cycles 420 4.20 4.54 28
DISSIPATION FACTOR 106 Cycles 0.026 - 0052 0018 | 00006
ARC-RESISTANCE (Seconds) 1o 5 L 120 180
TENSILE STRENGTH (psi.) N 16,000 x 13,000 112,000 x 10,000 48,000 x 44,000 23,000 x 21,000
| FLEXURAL STRENGTH (psi.) 21,000 x 18,000 ~ 18,000 x 16,000 65,000 x 55,000 13,000 x 11,000
1Z0D IMPACT STRENGTH edgewise
_(ft.Ibs. per inch of notch) 0.40 x 0.35 0.40 x 0.35 _ 13.5x11.5 6.0x5.0
?&T)PRESSIVE STRENGTH flatwise 28 000 22,000 62,000 20,000
i - Medium-weave, Fine-weave,
BASE MATERIAL OF LAMINATE Cotton rag paper Cotton rag paper medium-weight medium-weight
— - | glasscloth | glasscloth
 COLOR OF UNCLAD LAMINATE | | Natural greenish Natura! Brown J ~ Natural J ~Natural
All these standard grades are available with 0.0014'", 0.0028'", 0.0042", or thicker electrolytic or rolled copper foil
on one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*duPont Trademark

¢

CONTINENTAL DIAMOND FIBRE

CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC.

NEWARK 16, DELAWARE

Want more information? Use post card on last page.

14 June, 19556 — ELECTRONICS



PANEL

T S e

from Texas Instruments
on firm delivery!

T

Exacting TI production line methods have now been applied to the widely

known Burlington instruments .. .to give you the TI-BURLINGTON LINE of

ac and de ammeters and voltmeters in a wide range of styles, shapes, and sizes . ..
economical panel instruments with permanent precision . . . in greater

quantity and on earlier delivery than ever before.

TI-BURLINGTON direct current instruments use a permanent Alnico V magnet
moving coil meter movement with high torque-to-weight ratio for minimum

error and unvarying responsc. TI-BURLINGTON alternating current

instruments use an iron repulsion vane meter movement with Alnico V damping
magnets plus a special aluminum alloy damping vane for accuracy

in all commercial frequencies.

Long service life is assured by careful design and manufacture. Texas Instruments
plant atmosphere is air conditioned for cleanliness, temperature, and

humidity. Cadmium-Cronak plating protects the component parts from corrosion.
Rigid 100% inspection includes microscopic examination of pivots,

PANEL INSTRUMENTS | PRECISION DEPOSITED CARBON

FOR PRECISION
COMPONENTS AND
INSTRUMENTS,

jeweled bearings, and hair w

RESISTORS | SUBMINIATURE AND ELECTRONIC TRANSFORMERS | TEX AS IN STRUMENTS

CUSTOM CAPACITORS | DELAY LINES | PULSE NETWORKS INCORPORATED

POWER SUPPLIES | SPECIAL TRANSFORMERS | AND OTHER
RELIABLE ELECTRONIC UNITS

ELECTRONICS — June, 1956 Want more information? Use post card on last page.

6000 LEMMON AVENUE
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SMALL?

use Al

that’s really

PERMENDUR

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-78

116

When the conditions of service
make it imperative for you to hold
the size and weight of magnetic
coresatanabsolute minimum, that’s
the place to use Permendur. With
it you can push the flux density up
to 20 kilogausses, and practically
eliminate weight as a consideration.

Along with its suitability for cores
wherever the premium 1is 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 inforimation? Use post card on Jasf 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, Pittsburgh 22, Pa.

®

STerts por THE
Bectronic AGE
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Dual Directionai Couplers
for reflectometer measurements on coaxial systems

4 all-new couplers!

Complete coverage, These new -hp- couplers save your time by making
216 to 4,000 MC possible, for the first time, convenient reflectometer
measurements on coaxial antennas, transceivers,
counter-measures and TV equipment, etc. Each unit
centers on a major band but offers 2:1 frequency
coverage. Directivity is high, units handle powers to
Flat response, high directivity SO watts cw, and insertion loss is low for permanent
installation. The couplers can be used to measure
forward or reverse power or to adjust system flatness.

Ideal for power measurements

Low 5WR, wide band
performance -hp- 760 series couplers are compact, sturdy,
and precision built of highly heat stable materials
for long-term accuracy.

SPECIFICATIONS

-hp- 764D -hp- 765D -hp- 766D -hp- 767D
Frequency Range: 216 to 450 MC 450 to 940 MC 940 to 1,900 MC 1,900 to 4,000 MC
Coupling Attenuation: 20 db 20 db 20 db 20 db
Coupling Accuracy: +1db +1db +1db +1db
Max. Prim. Line SWR: 1.10 1.15 1.20 1.25
Max. Second. Line SWR: 1.10 1.20 1.30 1.35
Minimum Directivity: 30 db 30db 26 db 26 db
Prim. Line. Insert. Loss: Approx. 0.15 db Approx. 0.20 db  Approx. 0.25 db Approx. 0.35 db
Price: $125.00 $125.00 $125.00 $125.00
All models: Fower handling capacity 50 watts CW or 10 Kw peak. Primary
(oot T TRl St T G el A i vomd - it catromin, 5
take -hp- 420B. Size afl units: 9 long; weight 2 Ibs. Prices f.0.b. factory. Sales engineers in ol principal areas

Data subject to change without notice, Cable ""HEWPACK' <+ DAvenport 5-445]

@ ighest quality, value, complete coverage

ELECTRONICS — Jure, 1956 Want more information? Use post card on last page. 17
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Phosphors for Color TV ?

Sylvania is your source!

When you standardize with Sylvania picture tube
phosphors, you gain in two important ways: You
get peak performance from each color, and you get
dependable uniformity and high purity always.

All Sylvania tube phosphors are rigidly inspected
for particle size, brightness and uniformity of color.,
There is a wide range of Sylvania phosphor formu-
lations—both color and black-and-white—to meet
your requirements, including special blends for
maximum cross-burn resistance.

To help you secure long-lasting screen brightness

and good color, Sylvania also produces high-purity
potassium silicate. Exacting control of potassium
oxide-to-silica ratio assures maximum wet-screen
strength.

For the complete story, write for: “Sylvania Phos-
phors for Color Television, Black and White Television,
Radar and Oscilloscope Tubes.”” This 24-page publica-
tion contains specifications and performance charts
on phosphors for every application.

Syrvania EvLecrric Probucets INc.
1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electric (Canada Ltd., University Tower Bldg., Montreal

TUNGSTEN ¢ MOLYBDENUM ¢ GERMANIUM ¢ SILICON « WELDING ELECTRODES e CHEMICALS

v SYLVANIA =

Ligltimg ¢ Radio + Eleclionics o Television. o At‘.’om’c,Eneng,q

118 Want more information? Use post card on last page.
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QUESTION: WHO 1S THIS MAN?

ANSWER: He’s an electronics engineer. Works for a well-known
airframe manufacturer. Senior project leader . . . assigned to a tough
telemetering problem. Tight schedule. Lots of headaches. Lots of
responsibility.

QUESTION: What's he grinning about?

ANSWER: Feels good. Something worked out well . . . for a change.

QUESTION: Good deal' What happened?

ANSWER: Needed three very tricky power supplies. Needed them fast.
Could have designed them himself, and sweated them through draft-
ing, pounded them through the shop, coaxed them through the lab—
you know the routine.

QUESTION: Isn’t that incfficient?
ANSWER: Very. But he didn’t. Got smart just in time.

QUESTION: What'd he do?

ANSWER: Decided that /iis problem was telemetering. Went to NJ E
—power supply specialists. They knew just what he needed—saved
him time (and money) by pulling out a similar design they’d made
for a computer outfit. Suggested some sharpening of the spec, too—
something he’d overlooked at first glance.

QUESTION: Lucky, hm?

ANSWER: Not luck—experience. They build more custom power
supplies than anybody clse in the business. They’re geared for quick
action—largest stock line in the industry, too. Over 800 models.

QUESTION: Did he get his supplies in time?

ANSWER: What a question! Think we'd have run this ad if he didn’t?

N J E LEADS THE POWER SUPPLY FIELD.

Electronic
Development corporation 345 CARNEGIE AVENUE, KENILWORTH, NEW JERSEY
& Manufacturing

Competent Engineering Representation Everywhere o Rapid, complete, competitive custom quotes from 1000 Amperes (low voltage) to 250 KV (low current).

WWW. americantadiohistorv.com



EVOLUTIONARY design improvements in the

latest model Mallory vibrator reduce

mechanical hum to the lowest level ever attained
in a commercial vibrator.

A look inside the vibrator will show you some of
the new ideas that have gone into this outstand-
ing product. Most important is a bell-shaped
liner which holds the mechanism from the coil
end, eflectively isolating the vibrations of the
reed element from the case and mounting plug.
Combined with an improved design for the cup
at the plug end,
“shake”

regardless of the vibrator’s mounting position.

this liner keeps mechanical
from being transmitted to the chassis

Parts distributors in all major cities stock Mallory
standard components for your convenience

Serving Industry with These Products:

Electromechanical—Resistors ® Switches ® Television Tuners ® Vibrators
Electrochemical—Capacitors ® Rectifiers ® Mercury Batteries
Metallurgical—Contacts ® Special Metals ond Ceromics ® Welding Moteriols

120 Want more information? Use post card on last page,

SQUELCHED
AT ITS
SOURCE

—in Mallory’s 25th

Anniversary Vibrator*

Even the lead wires have been re-designed to
minimize transmitted noise.

The resultis that this improved vibrator actually
produces less mechanical hum than the elec-
trical hum coming from the speaker of most
auto radio sets.

Equally important to the designer, this premium
fa-aiin g

performance is available without premium cost.
Price is identical with previous Mallory models.

Plan to take advantage of this new standard of
quietness in vibrator operation, in the new
equipment you are designing or in circuits you
now have in production. Our Technical Bulletin
gives full electrical details . . . write to Mallory

for yvour copy today. « Patent Pendlng

Expect more...Get more from

ALLO Y

P. Rc MALLORY & CO., inc., INDIANAPOLIS 6, INDIANA

June, 1956 — ELECTRONICS



W. W. MacDONALD, Editor

electronics

» MERGERS . .. Called on a cou-
ple of small electronics companies
that had been taken over by larger
ones not primarily in the business,
talking with original personnel.
Said they liked the reduced pres-
sure, missed privilege of moving
fast.

Called on some parent companies
to check the other side, found them
pleased with what they had ac-
quired technically, puzzled about
luck of market statistics with which
to judge potential of new ideas.

Conclusion: Few marriages work
petrfectly in the first year.

» RELIABILITY . . . The cryptic
abbrevations “Tel. Qual.” have
been noted on component parts for
some time but it wasn’t until just
the other day that something
jogged our bump of curiosity and
triggered off an inquiry concern-
ing their meaning.

Said one parts maker who often
helps us keep our ear to the
ground: “Telephone Quality” is a
higher degree of reliability than
the customary JAN or MIL specifi-
cations for equivalent field duty.”

Very flattering indeed to the
telephone people, and the first
inkling we have had that some-
body has been pushing even
harder, though more quietly, than
the military for reliability. More
important, our inquiry elicited the
information that it is already
possible to produce some compo-

ELECTRONICS — June, 1956

CROSS

TALK

nent parts that are even better
than “Tel. Qual.”
What to call them?

» STALEMATE . . . Here’s an im-
pression current in the field:

Engineers want management to
test the civilian market with ideas
developed while working on gov-
ernment contracts. Management
wants very tangible evidence of a
market before taking the plunge.

Result: Somebody else, not as
conscious of the pitfalls (or more
of a gambler), takes a fling at it
and opens up new business.

» REMINDER . . . Business needs
electronic data-processing devices
having large and not too finicky
funnels at the input, many pigeon-
holes at the output and not too
much brain in between.

LOOKING AHEAD . . .

JUNE e 1956

» COLOR CODE . .. Understand-
ing of the engineering mind was
indicated during a recent technical
exhibit when a nearby oasis offered
certain beverages in bottles with
banded necks; blue (75¢), red
(85¢), yellow (90¢), green ($1)
and white ($1.30).

» LURES . .. Obviously bothered
by the pull of sunny climes, a north-
eastern manufacturer urges engi-
neers to “come to and enjoy
all four seasons; the warmth of
summer, the crispness of autumn,
the pleasures of snowy winter eve-
nings, and the green freshness of
spring.”

A little farther south, another
offers $500 reward for a competent
electronics engineer, payable when
the man is hired. Offer does not
specify “dead or alive.”

More automobile record players expected soon. Will probably
be compatible with home equipment, turning at some standard

speed

Radio communications barrier may exist around objects
moving faster than Mach 10; atmosphere piles up, becoming
highly ionized, creating “manmade Heaviside layer”

New airport-traflic-control radars will have higher resolution,
showing people as well as taxiing planes, runways versus grass,
perhaps even where grass has been mowed
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Analog computing facility, showing plotting boards to left and right of main computer

ANALOG COMPUTERS

UMMARY —— Development of new aircraft, guided missiles and automatic

control systems for industry further nourishes 10-million-dollar business.

Manufacturers offer electronic computers of varying size and complex1ty———

ranging from desk-top to room size

LECTRONIC ANALOG COMPUTERS
E are used extensively in the
solution of differential equations
which play an essential role in
aerodynamics, heat transfer prob-
lems and circuit design.

There are about 400 analog com-
puters presently in use. Many of
these are used by aircraft manu-
facturers in the design of air-
frames, guided missiles and jet
engines. The analog computer in-
dustry derives much of its present
impetus from the government’s
drive for better and better military
aircraft and missiles.

Industrial Applications

Analog computers are used also
by petroleum companies, atomic en-
ergy plants and laboratories and
other research and development
activities. Vast potential applica-
tions lie in the field of industrial
process control, design of automo-
biles and other metal-trades prod-
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By JOHN M. CARROLL

Associate Editor, RLECTRONICS

ucts, and even in automatic high-
way traffic control.

During 1954 sales of analog
computers amounted to $6 million.
In 1955 sales totaled $10 million.
However, the 1955 figure included
one large and possibly nonrecur-
ring item—a $1.5-million analog
computer installation for Wright
Air Development Center. Sales
estimate for 1956 is about $8 mil-
lion.

The basic unit of an electronic
analog computer is the operational
amplifier. Computers may be ranked
as to size by the number of opera-
tional amplifiers used. Computers
range in size from small desk-top
units having 24 amplifiers or less to
room-gized installations with up to
200 amplifiers. In addition to op-
erational amplifiers, an analog com-
puter contains control equipment;
nonlinear equipment such as multi-
pliers, resolvers, rate generators
and function generators; and read-

wWWwW-americanradiohistorv-com

out equipment such as strip-chart
recorders, digital voltmeters and
x-y plotting boards.

Although computers are avail-
able for under $1,000, a commonly
used rule-of-thumb for pricing a
computer is $1,000 an amplifier.
This figure includes associated
equipment. Computers can cost
$250,000 and up depending, to some
extent, on research and develop-
ment costs. The average computer
uses 36 to 48 amplifiers while a
computer with 72 amplifiers or
more may be considered large. Some
of the larger computers include:
Project Typhoon at Naval Air De-
velopment Center, Johnsville, Pa.
and installations at White Sands
Proving Grounds; Holloman Air
Force Base; Westinghouse Air Arm
Division; Allison Division of Gen-
eral Motors; Redstone Arsenal; and
Convair in San Diego, California.

The term analog computer as
used here refers specifically to

June, 1956 — ELECTRONICS



General-purpose analog computer. Potentiometer controls cluster around plugboard

for the ENGINEER

general-purpose problem-solving
machines. Several such machines
with their pertinent characteristics
are listed in Table I. The computers
differ in the number of operational
amplifiers, which affects the num-
ber of wvariables which can be
handled and the order of differen-
tial equations the machine can
solve, Two representative large
general-purpose problem-solving
computers are shown in photo-
graphs on the first two pages of this
article.

Differences

Some machines offer more than
others in the area of nonlinear de-
vices such as multipliers and func-
tion generators. Differences exist
also in the degree of automaticity
provided. Some machines have
servos for setting potentiometers
from a central location and servo-
operated digital voltmeters. Others
use manually adjusted potentiom-
eters and have common d’Arsonval
calvanometer voltmeters for moni-
toring.

Other special features available
with some machines may include
punched paper tape input that pro-
vides a form of automatic program-
ming and interchangeable pre-
patched plugboards that supply a
stored-program feature. A re-
movable plugboard is shown in a

ELECTRONICS — June, 1956

photograph.
Almost every computer has warn-
ing lamps associated with each

operational amplifier to detect am-
plifier overloading. In some ma-
chines, self-checking features
include extremely sophisticated
built-in problem checks.

Output from the computer can
be displayed on strip-chart re-
corders which may have six chan-
nels or more. Other output devices
include digital printers, cathode-ray
tubes and x-y plotting boards that
vield answers in Cartesian coordi-
nates., Meters, either digital ov
dial-type, permit monitoring the
various computer operations.

Also listed in Table T are a few
special-purpose analog computers.
These machines may be designed
either to solve problems of a special-
ized nature or to furnish continuous
output as part of an automatic con-
trol system. Special applications
may include calculating gas-flow
problems in natural gas pipelines,
solving special stress-strain rela-
tionships, aerodynamical problems
or geophysical field problems. One
class of analog computer, not rep-
resented in this article but none-
theless important, is the network
analyzer used by electric utilities to
solve problems in the distribution
of clectrical power. The dynamic
load dispatcher designed for the

WWWeamericanktadiohistornvscom
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Removable plugboard

electric-utility industry uses tech-
niques taken from the field of gen-
eral-purpose machines.

Many analog computers are de-
signed as integral parts of weapons
systems and other military equip-
ment. The computers are used
aboard military aircraft for navi-
gation, bombing and fire-control for
both guns and missiles. One com-
puter listed in Table I solves prob-
lems peculiar to high-speed aircraft
in flight.

Design Trends

A relatively few companies manu-
facture general-purpose problem-
solving computers. Even in the
case of packaged machines, most
analog computers sold have a plur-
alitv  of custom features. One
customer may want as many opera-
tional amplifiers as the computer
can handle while another may
sacrifice amplifiers to gain more
nonlinear equipment to accommo-
date his particular class of prob-
lems. Analog computing devices
can be supplied in plug-in form
with which a customer can build up
a computer tailored to his specific
requirements. Analog computers
are available in the form of build-it-
yourself kits,

The accuracy of an analog com-
puter is a difficult quantity to state
categorically. In all cases it de-
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Table [—Analog Computer Characteristics

Accuracy Power | )
Manufacturer Model Description Price in percent Consumption Size
in watts
) — el _
Berkeley Division EASE Large general-purpose From 0.1 0.5 amp 2X2X6-f1
Beckman Instr. 1032 automatic computer with  $10,000 (computing per cabinets:
2200 Wright, Ave. building-block compounents) | amplifier minimum
Richmond, Culif. construction 2 cabinets
|
EASE Same as 1032 but, CFrom oo | m. von P
1031 manually controlled | 86,000
| T _ e |
FEASE |Console-controlled large | To oor : ............
1200 |general-purpose automatic | $230,000
computer; solves 50th order| (completely
|differential equations | filled)
Boeing Airplane Co. BEAC |General-purpose computer; $4,133 I (computing | 1,000 | 233/ 19%
Seattle, Wash. 7000 isolves 12th-order differ- | components) 8134 in.
lential equations ‘ !
- S S —— —— | | || .
Donner Scientific 130 Desk-top general-purpose | $995 1 350 v-a 21 X183 X
2829 Tth St. computer: solves 10th ' 12 in.
Berkeley, Calif. order linear differential
equations | !
Eleetronic Assoc. IPACE Large gencral-purpose | From . e 3 @ ||| e o ey e '
Long"Branch, N. J. 16-31R compitter with butlding- | &7,500
iseries block construction !
| i
1
J { - ] o
Goodyear Aircraft GEDA Linear analyzer; £13,500 0.1 1,000 30X34X72in.
Akron, Oliio IGN215-13  |large general-
| purpose computer;
solves 12th order
|differential equations |
GEDA ’Nonlinear analyzer $8,000 ’ 0.1 1,000 30X3EX72in.
IGN215-N3 up |
,  [— 1 s ! ! |
‘GEDA {Large general-purpose 820,000 | 0.0l 1,000 72 in. high;
A-14 autormatic conrputer up up area from
6 sq ft
R e | | i
Hall-Seott, Inc. | ... . . Desk-top or portable | ... . - - W | [ | .
Electronics Division computers; multiplier |
2950 N. Ontario St. land function fitter | I '
Burbank, Calif. | vailable , ! J
— p— {
Hathaway Tnst. (Div. [RCC-10 }]’rincipul-stmin computer | $£20,000 2 ' 1.000 \ 6X10X5 ft
of Hamilton Watch) using dynamometer to to | |
1315 S. Clarkson St. solve square root. of $75,000 w
Denver, Colo. lsums of squares
Heath Co. 'ES—100 Desk-top general-purpose f About oo B .
(Subs. of Daystrom) icomputer in kit form | $700 |
Benton TTacbor, Mich. | | 1
Link Aviation AEROLOG Three servos solve for lift | $17,500 | 0.1 730 3TX31X53 in.
]

(Subs. of GPE) 211 coellicient, angle of climb,
Binghamton, N. Y, and rate of climb ov thrust
for level flight; handles LI
linput variables
Mid-Centary MC—-400 [Small general-purpose
Instrumatic computer; auxiliary
611 Broadway equipment available
New York, N. Y.
MC-500 'General-purpose
jcomputer;
lauxiliary equipment
|available
|
W, Miiler Tnst. MILAC Passive-clement type

325 N. Halsteod
Pusadena, Culif.
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Control
Provisions

; Checking
IFeatures

Plughoards,
pushbuttons,
servo-set pots

Overload lamps;
laudible alarm

Output
Devices

'Vin with digital null
system—optional:
oscillograph recorders,
|x-y plotters, digital

jvm and printers

Operational
Ampliticrs

50 per control
[unit

‘ Provision for
Analog Multiplication

Time-division
multiplier

Servo
Components

Multiplication of 5
variables by a 6th;
sine-cosine pots avail-
lable. Coordinate-
itransform units

1 optional
Manual operation, ... ... ol .. A o eor.... .|| . oo S P —— | .
manual pots ‘ |
Serial-type Overload indication; |6-channel chart [[Tandles 160 Over 30 [Over 16

keyboard,
punched tape input

Liuilt-in problem
check; automatic
Itape checkout

recorder; digital
voltmeter;

|

| —

Front-punel
patching, plug-
hoard optional

Overload lamps

Meter only

|
12 and 8 for
sign changing

1

Pulse-width, pulse-
height multipliers;
iservo multipliers

e
;vl linear pots;

1 d-¢ tachometer

Detachable plug-
bouard with plug-in
components

Plugboard and
automatic
programming

Automatic plugboard

Overload lamps;
metering all outputs

verification;

problem check system;
automatic printer
readout

Meter, terminals for
recorder or oscilloscope

x-y plotters,
recgrders, oscilloscope,
digital print out

i
110

‘/\s required
|

Accessory tine-
division multiplier

|Servo multipliers:
\time-division mullti-
|plier; quarter-square
I(liode multiplier

I

|Uses Dynalysis units
|
i

Available as required

|Servo multipliers;

Removable Overload lamps, 6-channel chart 24 Provide multiplication,
plughoard stabilization circuits |recorders x-y plotters time-division function generation &
multipliers sine-cosine resolution;
N3J has built-in d-¢
amplifiers for inversion

Controlled Onverload lamps, 6-channel chart As determined |Servo multipliers; Same as above

from GN215-13

stabilization circuits

recorders
x-y plotters

by GN215-L3

time division
multipliers

Removable
plugboard

Storage-type overload
detectors; self-checking
stabilizer amplifiers;
marginal checking

6-chanmel chart
recorders
x-y plotters

Any required
quantity

Servo multipliers;
Itime-division
|multipliers

Servo multipliers;
servo function
generator;

servo resolver

_[Plug-in units;

building-block
plan

Plugboard and Automatic Meter Up 1o 15 ‘ ............................
manually set pots  loverload hold |
[ i
Switched Meters and lamps Servo-driven dials 123 tServo multipliers 1 product resolver;
resistance dividers |for overload \ ‘ 1 sine-cosine unit;
indication | 3 rate generators
i | ‘
.................. e .. ........[Servo-driven dials 12 |Accessory a-m/f-m [1 indicating servo
i anultiplier
Control panel Overload lamps; J]\Tetors, 6-channel 130 Provision for 3 1 indicating servo

provides for
automatically
inserting initial
conditions; remon -
able plugboards

ELECTRCNICS — June,

metering

Indicating lamps
and meters

1956

|chart recorder
lavailable

\

Servo multipliers

provision for 3
servo multipliers

Dual log wide-band
vin with sign-
indicating lights,
meters, dual-beam cro

132 in lab model; /10 arbitrary function

las required in
custom
installations

multipliers
(lab equipment)
I
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Table I—Analog Computer Characteristics

Accuracy Power
Manufacturer Model Description Price in percent Consumption Size

| | in watts
G. A. Philbrick K2 |Plug-in electronic comput- $500 ‘ 01to1l 200 t0 10,000 | ............
230 Congress K3 iing devices; expandable in to |
Boston, Mass. 'standard relay racks to $100,000

‘make up complete {

| \computers
Reeves Inst. REAC General-purpose computer;| Several Depends on 1.000 to 20 X 77-in.
(Subs. of Dynaniics 100 {large custom-made hundred prohlem 80,000 cabinets;
Corp. of Amer.) | icomputers availahle to about | 1to 70
215 E. 91 St. £1,000,000 | cabinets mnay
New York, N. Y. be used

|

Southwestern Ind. DRF-1 Solves nonlinear $2,000 1 150 2X2X1 ft
Electronics algebraic equations to
2831 Post Oak $3,000
Houston, Texas |
Topp Industries 10801-500 Aircraft angle of attack and| ... . ... ... 0.1 deg I Weighs
5255 W 102nd side-slip computer; 111b 8 oz
Los Angeles, Calif. furnishes continuous output ‘
Weber Aircraft {om 5 emie o General-purpose computer; $8,000 r
2820 Ontario accessories available
Burbank, Calif. | ‘

l |

pends upon the problem being run
on the computer. When a com-
puterman refers to accuracy, he
may refer to the accuracy of the
computing components. Many en-
gineers feel that 0.01 percent rep-
resents the ultimate that can be
achieved using analog techniques
and that further refinement must
entail introducing digital tech-

niques. Thus a great deal is heard
today about digital differential
analyzers. Nevertheless a median
value for precision computers of
the analog type is 0.1 percent ac-
curacy. In the field of smaller ana-
log machines 1-percent accuracy
seems desirable for the type of
work to be done.

There seem to be two trends in

!‘ ‘l*
C

Console for large machine has centralized control, checking and output features

126

analog computer design. Activity is
evident in the area of computers of
24 amplifiers or less arranged in
desk-size consoles or designed for
desk-top use.

There is also a trend toward ex-
tremely sophisticated control con-
soles. In this case, the customer
first obtains a console supplied
with many self-checking features,
convenient centralized control—
equipped, as far as possible, for au-
tomatic operation—and provision
for adding 100 or more operational
amplifiers, additional nonlinear de-
vices and a variety of output units
as computational requirements in-
crease. A computer console fea-
turing centralized control, checking
and output equipment is shown in
a photograph.

Background

Basically, analog computation in-
volves setting up a physical model
of the problem under consideration.
It is from this characteristic that
the name analog derives. The analog
computer has the advantage of be-
ing able to solve problems in real
time, handling a continuous flow of
input data as acquired. Analog
computers can likewise furnish a
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Control
Provisions

Checking
Featlures

Output

Operational
Devices

Amplifiers

Analog Multiplication

Servo
Components

Provision for

Any desired Any desired

Overload lamps;
master overjoad light
and audible alarm;
static and dynamic
problem check, time-
iscale check; vivimn;
printer readout;
iplugbourd verifier

Plugboa r(—l

Jacks for null
|galvanometer

Permanently
programmed

Any desired

Any desired

‘Triangular-wave
multipliers

None

Digital v, 12 to
eelectric typewriter,
tape punch,

6-channel recorders

'Servo multipliers;
several hundred|quarter-square diode
Imultipliers;
|time-division

Multiplying and
resolving servos
available

multipliers

| |
|
|

Flow meter, strip-‘ |3
chart recorder, digital |
volume indicator

i \

Conlinuous input  |.. ..

lTakes logs, sums
’and takes antilogs

1 trapsistor
lamplifier |

Servo multipliers

1
Servo-driven pots,
transistor servo

Prepatched ‘Overload lamps

plugboard
available

continuous output to a recorder.
Analog and digital computers
should not be thought of as com-
petitive. In many cases they com-
plement one another. When both
types of machine are available, a
problem can first be run on the
analog computer to obtain an ap-
proximate graphical answer. The
form of the result can guide the
programmer in preparing to run
the problem on the digital com-
puter to obtain a set of numerical
results of required precision.

Problem Checking

Conversely, an analog computer
can provide a check on the truthful-
ness of results obtained when a
problem is worked on a digital
computer. It is like doing a prob-
lem on an electric calculator and
checking the results with a slide-
rule,

At Project Cyclone, a large
Navy-sponsored analog computing
installation in New York, an
Elecom 100, a medium-sized digital
computer, is used to obtain spot
checks as a problem is run on the
large analog machine which com-
prises the main equipment at the
installation.
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FIG. 1—High-gain operational amplifier is
shows one-half of dual unit

The next step in computer de-
sign may be the hybrid computer:
a combination analog-digital ma-
chine. Besides convenient cross-
checking the machine would have
other functional advantages. One
of the more difficult operations to
perform by analog is multiplication.
in a hybrid computer, multiplica-
tion could conceivably be performed

chopper-stabilized to cancel drift. Schematic

bv digital computing equipment.

The analog computer has been
called a calculus machine. Integra-
tion, so important in solving dif-
ferential equations, is accomplished
by operational amplifiers. This de-
vice is what makes the analog com-
puter electronic. Electronic analog
computers became important in
1947 when they were used to plot
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trajectories for guided missiles
under development.

An operational amplifier is an
electronic d-c amplifier character-
ized by extremely high gain and
low drift. Other desirable features
inclnde low noise, good linearity,
adequate bandwidth and sufficient
output. Several types of operational
amplifiers are listed with pertinent
characteristics in Table II,

Depending upon its inputs and
the type of feedback impedance em-
ployed, an operational amplifier can
be used to multiply by a constant,
sum several variables or integrate.

Amplifier Circuits

The dual chopper-stabilized op-
erational amplifier, one channel of
which is illustrated in Fig. 1, in-
corporates many of the refinements
built into analog computer ampli-
fiers. The d-c amplifier section con-
sists of a twin-triode input V,, two
pentode amplifiers V, and V, and a
triode-connected cathode follower
V.. Average gain of such a section
is approximately 240,000.

To reduce integrator drift, grid
current in the first stage is reduced
by operating the stage at half its
rated filament voltage. Circuit
stabilization techniques are concen-
trated on the first stage since drift
occurring here is most damaging
to overall amplifier performance.

Under ideal conditions the ampli-
fier output is zero when its input is
zero. Tendency of the amplifier to
drift causes a spurious output. A
corrective signal derived from the
spurious output can be fed back
to the input to cancel out the ef-
fects of drift.

In the case of a positive-going
drift, the signal at the output is ap-
plied to one contact of a 94-cps
synchronous vibrator. By alter-
nately grounding the input, the
drift signal is changed to a ree-
tangular wave. The signal is am-
plified through V, and V.. The out-
put of V, is applied to a second set
of vibrator contacts and converted
to pulsating d-c. The signal is
filtered and coupled to the grid of
the second half of input tube V,
which acts as a cathode follower,
applying its output to the cathode
of the first half of V.. The negative
voltage on the cathode yields a
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Table II—Analog Computer Amplitier Performance

Manufacturer Tube Complement ’ Stabilization Gain
i I R
!
Berkeley 14 5963 cath foll, 12AX7 voltage| Chopper 1108
amp, 12AT7 voltage amp & phase|
splitter, 12AU7 output amp, 14 '
12AY7 cath foll, 14 12AY7 chop-
per amp, 15 6U8 voltage amp, 14|
6U8 overload amp | |
Boeing | 6SN7 phase inverter, 6SN7 high-| ............ 1X1t¥
gain amp, 6SN7 dual cath foll
Donner | 6AU6 input amp, 6BQ7A output| ... ... .. ... 1X10¢ to
cath foll, OA2 voltage regulator. 3x10¢
15 12AU7 constant-current gen
Electronic 5691 input amp, 6SJ7 and 6AC7/ Chopper 6108
Associates amp, 5881 cath foll, 2—6SJ7 total
chopper amp
Goodyear { 6SN7 input; 2—68SL7 interstage| Stabilized 3 X107
= 6V6 output
Goodyear 5814A input, 2—12AT7 inter- | Stabilized 1108
A-14 stage, 5087 output
Heath 6U8 input amp, 12AU7 amp &| 5X104
cath foll, 6BI6 constant-current|
gen
Mid-Century | ... Chopper <5 X107
total
Philbrick K2-\W. 12AX7 input, 12AX7| Requires 1.5 104
amp and cath foll K2-p
K2-X 12AX7 input, 6AN8 i Requires 3 X104
amp and cath foll K2-p
K2-P (stabilizing amp) | 1X103
12A X7 chopper amp |
K2-B (booster amp) | ... ..., 0.8
12BHTA, OB2 '
Reeves 12AX7 input diffamp, 6AU6 volt-| Chopper 6X107
age amp, 5687 cascode power out-
put, 12AX7 a-c balance amp [
Weber | 1108

negative voltage at the plate which
is applied through the feedback
element to the summing junction of
the amplifier, where it cancels the
original positive-going drift voltage.

Analog Multiplication

Besides operational amplifiers
and servo amplifiers, electronic eir-
cuits are also important in analog
multiplication of two or more vari-
ables. Methods for accomplishing
multiplication of variables vary
widely in different analog com-
puters.

Servo multipliers are based on
the two-potentiometer principle.

The potentiometers are frequently
positioned by feedback servo-mech-
anisms. The servo systems can be
designed to use either a-c or d-c
servo amplifiers. Often inductive
potentiometers are used as the com-
puting elements. Servo multipliers
can be built to obtain the product
more than two variables as well as
to handle trigonometric functions.
The so-called quarter-square ana-
log multiplier is based upon the
mathematical relationship

ky = [(x + )2 — (x — )?/4

Addition and subtraction of the
variables are performed by opera-
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Frequency Noise Linearity Drift Phase Grid Output
Response in mv in percent inv Shift Current Inpedance Out put
in ke in deg in amp in ochms
| ) i _1
25 5 (rms Better than 1X10 | 10 (4 ke) 1Xx 10712 <0.01 15 or 50 ma
at grid) | 0.01 per day ‘ +100
|
10 5 (rms) 0.1 1X10 3 (1 ke) 1Xx101° Iossentially 10 ma, £ 50 v
in & hr zero at d-c
1 <1X107* 1 (10 ke) <1x1071° 1 5 ma,
per hr + 120 or 100 v
5 (peak) 1Xx10 6 X101 2 ma, + 200 v
per sec 13 ma, + 100 v
20 ma, + 100 v
33 ma, 4+ 100 v
2 (0.5db) 2 Negligible 5X10~ 0.5 5X10-1 <20 5ma, = 100V
nonlinearity in 30 days (100 ¢cps) 15 ma, + 100 v
\ (max)
20 (3 db) 2 (p-to-p) Negligible 5% 105 0.0l C1x1071 <20 25 ma, «+ 100 v
nonlinearity (100 cps) ‘
.............. 1 (1.2 ke) 10 ma, + 120 »
to 10 5 0.02 210~ 02(1ke) | <75X107 ... 10 ma, 4+ 100 v
per 8 hr 20 ma, £+ 100 v
0o CUEX10 <1 I, = 50 v
per day
250 510 <0.2 2 ma, + 100 v
per day
............................ 2.2 X107
....... 300 20 ma, + 55 v
10 3 (rms) 0.01 <2.6 X107+ 17.5 3X1071t 1,000 20 ma, £ 100 v
per day (5 ke) (nonfeedback)
>1 <IX107! 1 (1 ke) <1x1o™w .. 125 ma, £ 100 v
10 ma, &= 150 v
tional amplifiers. The squaring Another type of multiplier uti- taking circuit. Logarithmic multi-

operations are performed by square-
law devices. The desired square-law
curve can be approximated by
straight-line segments produced by
diode clippers.

In a time-division analog multi-
plier, one of the input variables
controls the duty cycle of a pulse
train. The second variable controls
the pulse amplitude. The average
or d-c level of the output waveform
is a voltage proportional to the
product of the two input variables.
A similar type of electronic analog
multiplier uses one variable to con-
trol pulse height and the other to
control pulse width.
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lizes the a-m/f-m principle. One
variable controls the {frequency
deviation of an r-f carrier. The

second variable governs the degree
of amplitude modulation of the f-m.

The triangular-wave multiplier
is an all-electronic device that uses
operational amplifiers and limiters.
The inputs are the two variables
and a symmetrical triangular
wave. Output from the triangu-
lar-wave multiplier is a trapezoidal
wave whose average value is the
product.

Analog multiplication can also be
performed by using a log-taking
circuit, a summer and an antilog-

plier circuits have been built that
depend for their operation on the
logarithmic characteristic curve of
certain electron-tube triodes.

In addition to the computers des-
cribed in this article, there are a
great many other analog computing
devices and special-purpose com-
puters used in military equipment
and for specialized engineering and
scientific work. Their manufac-
turers include: Avion, Ford Instru-
ments, General Electric, General
Motors, Gerber, Librascope, Maxon,

Oerlikon, Reflectone, Texas Com-
puters, Texas Instruments and
Feedback Controls.
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MULTIPROGRAM F-M

UMMARY

Three additional entertainment programs are sent out on

subcarriers located 28. 29 and 67 ke above the main broadecast carrier.

Receivers in the coverage area pick up only the regular program. Paid pro-

grams are intercepted with special receivers for advertising or background

music in stores, restaurants or factories

ULTIPLEXING makes possible
M simultaneous transmission
of four programs on the main car-
rier of an f-m broadcast station.
The main simplex program con-
tinues to bring high-fidelity sound
to listeners who have standard f-m
receivers. The two or three addi-
tional multiplex programs can only
reach listeners through special re-
ceivers that are generally leased to
them by the station.

Triple Service

For example, one of the multiplex
programs can be sold as background
music with no announcements to
restaurants, stores, factories or of-
fices. Another multiplex program
can furnish background music and
special advertising announcements
to a chain of supermarkets.

A third multiplex program might
carry stock reports, facsimile or
other special services to selected
users. Extra income derived from
providing these extra services can
supply the economic resources
needed for improvement of regular
simplex programming.

Multiplexing consists in simul-
taneous addition of frequency-
modulated ultrasonic subcarriers to
the main carvier of the f-m station.
This permits the addition of three
programs to the simplex program
already being transmitted as shown
by the division of the frequency
spectrum from 0 to 75 ke in Fig. 1.

Bands Available

The audio program occupies 0 to
15 ke of the spectrum while the
subcarriers are allocated 10-ke
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By WALTON N. HERSHFIELD

Harkins and IHershiield
Phoenixr, Arizona

Oscillogram shows 100-kc saw tooth mod-
ulated by 100-cycle signal

& siMPLEX  28KC 49KC 67KC
8 .
2 ‘ |
207 77 J Z:
% 7 t
2V 7 ! {
T 1 -
0O 10 20 30 40 S0 60 70

FREQUENCY IN KC

FIG. 1—Division of the audio spectrum
for multiplexing

bandwidth each and a guard band
of 8 to 10 ke. A study of two-tone
frequency-modulation Bessel fune-
tions will indicate that there are
carrier sidebands extending beyond
this range and the adjacent sub-
carrier could create interference.
However, if the index of modula-
tion AF/f is kept below 23 degrees.
the f-m components of the sub-

carrier then consists of cnly the
main carrier and two significant
sidebands. These sidebands differ
from amplitude modulation only in
the matter of polarity.

The complete broadcast multiplex
system consists essentially of three
units of equipment. A subcarrier
generator shown in Fig. 2 uses a
beat-frequency oscillator, to pro-
vide a frequencyv-modulated ultra-
sonic tone at the frequency desired.
This is coupled to the special exciter
unit in Fig. 3.

Using a balanced modulator in
this unit, subcarrier sidebands are
added to the main carrier. A special
subcarrier receiver (Fig. 4) recap-
tures the entire f-m program in-
cluding subcarriers. The desired
subcarrier is then selected by tuned
stages and discriminated to recover
an audio signal that can be ampli-
fied and used.

In Fig. 5 is the complete sche-
matic of a single-channel subcarrier
generator. Other channels are iden-
tical except that the multiplication
may be different for interference
reasons. The Serrasoid modulator
comprises oscillator V., and the
modulator section V. V. and V.
modulated by audio-frequency am-
plifier V,, and V.. The Serrasoid
produces a clipped saw-tooth wave
of which the amplitude is varied.
This in turn varies a pulse in time,
thereby exciting the multiplier
chain (V, through V,) with a fre-
quency-modulated signal.

Sawtooth Modulation

The photograph of an oscilloscope
screen shows the 100-ke saw tooth
modulated by a 100-cycle audio sig-
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BROADCAST SYSTEM

L

Back (left) and front (right) chassis views of receiver using printed circuit techniques
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aupio_| aupio | [serrasop| K¢ [TRiPLER| [TRIPLER] [TRiPLER| | TRIPLER] L [1s7 -6 | [ono1-F DISCRM,__
INPUT™| AMP | IMODULATOR| aF* | 300KC || S00KC | | 2700KC a,moxcf] esxoanc"‘M"‘ERj_’ho7 Mc o7 me ““'TERL"“ 07 Me
75CPS Rt c
' f -
| BEAT- FRTEQ‘ XER BAND PASS|45kC oUT 'CRYSTAL{ LF RE L | ummer| /DG MW SUBCARRIER
%SICLLgLAxgﬂ]'—' M Sl AMPLIFIER |7 6KC 0sc | agkc 49KC 49 KC AUDIO QUTPUT
FIG 2—Subcarrier is generated in a separate unit FIG. 4—Receiver block diagram showing one subcarrier output
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FIG. 3—Exciter unit of main transmitter unit takes subcarrier input at a point beyond which broadcast modulation is initiated

nal. This illustrates the knee of the
clipped saw tooth moving horizon-
tally in time to produce frequency
modulation. Frequency multiplica- ke,
tion is necessary to provide ade-
quate frequency deviation of the
100-ke signal from the modulator.

Its deviation is only +=75 cvcles,

the signal
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which is not sutlicient to provide
+5 ke needed for subcarrier signal.
When multiplied 81 times to 8,100
there is a deviation of 6,075
cycles, which is adequate deviation.

At the final multiplied frequency,
beats with a tripling,
crystal-controlled oscillator

which the multiplied frequency is
28, 49 or 67 kc higher than the
frequency from the Serrasoid mul-
tiplier chain. This provides a fre-
quency-modulated subcarrier, which
is amplified by V,, and then filtered
to remove any of the &,100 k¢ fre-
V. of quencies. This filter also helps to
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FIG. 5—Modulator equipment for one program with indication of equipment necessary for a second channel

provide an sine-wave
form.

The exciter handles the simplex
program in the conventional man-
ner, The schematic shown in Fig. 6
does not include the final, which
comprises a 5763 doubler and 815
tripler followed by an 815 power

amplifier at final frequency.

Main Channel

The simplex channel operates in-
dependently of the balanced modu-
lator section consisting of V, V.,
Vi, and V,. Failure of any of these

improved

tubes will not impair the main
channel. Tube V, through the 100,-
000-ohm resistor removes a small
portion of the r-f energy. This
energy is amplified, phase-shifted
and fed into balanced modulator
tubes ¥, and V,,. Into these same
tubes is fed the phase-inverted sub-
carrier signals. In this unit the
subcarrier sidebands are generated
and fed into class A amplifier V..

The ratio of the subcarrier to
the main carrier signal when it
reaches the balanced modulator is
20 to 1. With proper phase shifting

of the weak main carrier and phase
inversion of the subcarrier beat
frequencies occur that are phase
modulated to provide the necessary
sidebands on the main carrier.

After the subcarrier sidebands
have been added, it is necessary to
prevent any phase shift that may
cause cross-modulation between the
individual programs. This is ac-
complished using special phase-
linear bandpass filters to couple
succeeding multipliers and r-f am-
plifiers.

For flexibility a unitized con-
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FIG. 6—Transmitter exciter takes input from modulator and also subcarrier
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Fig. 7—Main channel receiver with audio amplifier
struction system is used in the re-
ceiver. The chassis is divided into v| v2 Va

five compartments as illustrated.
For reasons of economy and reli-
ability, printed circuit techniques
are used in construction. The unit
may include either a large or small
power supply to operate a 3 or
8-watt audio amplifier. It can be
used as a tuner to feed an external
amplifier.

In Fig. 7 is shown the receiver
with a 3-watt amplifier. The bal-
anced-modulator principle is used
to provide balanced mixing. This
mixer prevents the strong signal of
the oscillator from reaching the in-
termediate-frequency stages and,
thereby, causing cross-modulation.
It is also possible to correct for
phase shift in the receiver by ad-
justment of the balanced input and
output coils.

Broad Band Response

Standard broadband i-f trans-
formers are used with swamping
resistors to provide increased band-
width. Frequency correction is not
used in the ouput of the discrimi-
nator since this would attenuate
the subcarrier frequencies. Instead
the total output is fed into the sub-
carrier receiver for selective ampli-
fication of the desired subcarrier.

ELECTRONICS — June, 1956

V3
LIMITER 250~ DETECTOR

68 ppuF 6AU6 ZSO)L)J.F 68 F 6AU6 250}L)LF 6AU6 ZSO}ﬂLFy 6BN6 0005
;Y kel Tkl 7K N L 127K 27K
3 g EE:! gt 1t B % §L B
2K Q L|_J 28010 i E| é ey \OO)J.}LF
L 119 X3 I
. T ~ f ' 2| X5 b outpur
S5 | 8 {” 4] i [isouuF
= v : L L Ik
B+l IB- 00! 00! ‘47K &K 601 20

FIG. 8—Subcarrier demodulator is attached to output of main receiver

In the subcarrier receiver (Fig.
8) the first-stage 6AU6 is a plate-
starved amplifier to provide selec-
tivity but little gain. The following
stage and limiter are conventional,
except that they are operating at
ultrasonic frequency. The 6BNG
discriminator is a phase and fre-
quency-sensitive device. The grid
coil is in quadrature with the in-
coming signal and is directly cou-
pled, because the interelectrode ca-
pacitance is not sufficient for the
tube to operate as designed for tv
use at 4.5 me.

The output of the receiver is fil-
tered by a bridged-T network to
prevent the subcarrier frequency
from entering the audio amplifier.
This filter provides 22-db rejection.

Overall performance of the re-
ceiver has been such as to result in
sensitivities in the order of 2 and
3 microvolts for full limiting in the

Receiver used to reproduce subcarrier sig-
nal requires minimum number of controls

subcarrier receiver. This sensitiv-
ity results from an action similar
to double conversion in the conven-
tional a-m receiver. While the input
signal may drop below that neces-
sary to provide full action on the
first limiter, the subcarrier receiver
rejects the increased noise, ampli-
fies the weak subcarrier signal and
then provides adequate limiting in
the subcarrier limiter.
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FIG. 1—8implified block diagram of complete telemetering system
used to feed the two magnetic tape recorders

FIG. 2—Time sign

al set is triggered by contact that closes momen-
tarily when missile leaves launcher, to generate required signals

Shipboard Telemetering

UMMARY

By WILLIAM §S. BELL

Vitro Corporation of America
Silver Spring, Md.

Automatic

and
The J. P

f-m/{-m

CLARENCE W. SCHULTZ

Seeburg Corporation
Chicago, Ilinois

telemetering

system  serving both

launchers on U.S.S. Mississippi provides magnetic tape recordings of in-

eJternally derived data for fleet evaluation of production-type Terrier missiles

without interfering with missile fire coutrol system. Six channels accommo-

date six missiles simultaneously

HE LEVEL OF performance of

the many complex systems
within an expendable guided mis-
sile can most reliably be determined
by radio telemetry, because inter-
nally derived data stored on some
recording medium within an ex-
pendable missile is invariably lost
or partially destroved upon flight
termination.

System Requirements

In  equipping the battleship
U. 8. S. Mississippi to perform
fleet evaluation of production-type
Terrier missiles, the basic require-
ments of the telemetering system
were determined to be:

(1) Collect and store quality con-
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trol data for analysis at & shore-
based data reduction center.

(2) The overall system error per
data channel should not exceed 5
percent from the missile data input
point to the reduced graphic rec-
ords.

(3) The telemetering system
should not complicate the missile
fire control system nor be a factor
in determining missile flight readi-
ness.

(4) The vreceiving equipment
should be capable of simultaneously
receiving a total of six telemetering
signals and capable of providing 30
minutes of recording time.

(5) The receiving set should be

capable of unattended operation and

should automatically record all
tlight data as well as be capable
of presenting crude data graphi-
cally in real time without the use of
photographic processes.

(6) All timing and identification
of information must be derived
within the telemetering equipment

and should be automatically re-
corded with the flight data.
(7) The telemetering antennas

must be kept to a minimum in size
and number and must be weather,
blast, shock and vibration proof
while assuring reception regardless
of the attitude of the missile an-
tenna.

Developmental experience had
shown that the internal perform-
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Complete telemetering installation on U.8.8, Mississippi. Starting from left, eight racks are: 1—time signal set; 2, 3-—telemetric data re-
ceiving set; 4, 5, 6—telemetric recording set; 7, 8—second telemetric data receiving set

for TERRIER Missiles

ance of the production missile could
be determined by eight continuous
channels of information with an
allowable error not to exceed 5 per-
cent. The permissible errors for
the various data conversion points

in the system were assigned as 2
percent to the telemetric data
transmitting set, 2 percent to the
shipboard receiving and recording
set and 2 percent to the data reduc-
tion process.

FIRING SIGNAL FROM WEAPONS CONTROL CENTER

I

CONTROL CIRCUIT

RELICEL [ENTENIZ RECENERS INPUT TO INDICATOR [*] = | TO CAMERA START
SIGNAL sonac s [Lawps & Tive (15| SR oV
WPUTS |ANTENNA RECEVER-| | NOICATOR | DELAY CIRCUIT g
MULTI~ RIGHT &
COUPLER MISSILE SIGNAL MONITOR [ & READY
8 [}
INPUTS ) P
LAUNCPF*ER RECEIVER- | CAMPe N OCCUPIED
IDENTIF I- LEFT WEAPONS
INPUT | CATION WSSl || Wearons
FROM UNIT SoNIIZg
TIME
SIGNAL ——
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& STOP CONTROL _| 4| CAPSTAN MOTOR
& 1]
SIGNAL TARGET i &) CAPSTAN
INPUTS RiGHT | T MOTOR
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<{
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MISSILE | €
EVENT 8 TIMING SIGNAL INPUT w/| TO AUTO
z | RESET OF TiIME
PLAYBACK START & STOP CONTROL ©| SIGNAL SET
)
b v v
TARGET  RIGHT LEFT TIME
CHANNEL  MISSILE MISSILE  CHANNEL

The total error is not the simple
arithmetic sum of the various as-
signed tolerance values in the sys-
tem. Records from the U. S. S.
Mississippi have repeatedly indi-
cated that the total system error

FIG. 3—Detailed block diagram of one of receiving sets, showing provisions for handling

three missiles in flight simulianeously with one tape recorder
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Three-turn helical antenna used on target-tracking radar mount, shown with protective
radome housing. Three melamine supports attached to ground plane hold helix

does not exceed 2.5 percent for the
telemetered information.

The complete electronic installa-
tion aboard the U. S. S. Mississippi
is shown in Fig. 1. One telemetric
data receiving set is assigned to the
forward missile launcher and the
second set is assigned to the aft
launcher. The two receiving sets
and the time signal set are con-
trolled by a signal from the weap-
ons control station. This firing
signal to any missile will start the
magnetic tape recorder of the as-
signed receiver,

Missile Launching

At the time of first motion of
the missile, contacts on the launcher
close momentarily to provide a zero
time or event signal to the time
signal set. The zero time signal
applies 100-per-second timing sig-
nal pulses to the time channel of
the tape recorder so that timing
markers are recorded simultane-
ously with missile flight data.

After a tape recorder set has
been started, it will continue to re-
cord on that particular channel
until approximately 5 seconds after
missile telemetering carrier signal
ceases. The set then reverts to
standby and provides a telemeter
ready signal.

If one or more missiles are in
flight when another missile is
launched, an event marker is re-
corded with the data channels of
the first missiles so that all data
can be correlated in time between
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the various missiles. Lamps for
ready and occupied conditions indi-
cate availability of a channel.

Identification

The method of deriving the vari-
ous time signals from a 100-ke
crystal is shown in Fig. 2. A binary
code is inserted after every tenth
timing pulse by the time signal set
to permit elapsed time between mis-

sile events to be easily determined
during data reduction.

Each telemetric data receiving
set consists of a helical beam an-
tenna, an antenna multicoupler,
three f-m radio receivers, a four-
channel magnetic tape recorder, a
launcher identification unit and the
necessary power and control units,
as shown on the diagram in Fig. 3.
Three tracks on the magnetic tape
record the telemetric data from the
output of the three receivers and
the fourth track records all time,
event and identification informa-
tion. Launcher identification is
made by a choice of different tone
frequencies of the recorded timing
markers. Individual missiles are
identified by assigning a given tape
track on the recorder to a given
arm on the launcher.

Antennas

Each antenna is located on the
target-tracking radar mount and
consists of a three-turn helix
mounted on an extended ground
plane to provide a beam width of
70 degrees at the half-power points
and a gain of 9 over the band of
215 to 235 me. A Plexiglas radome
housing avoids the short-circuiting
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FIG. 5—Antenna multicoupler circuit arrangement used with single antenna (bottom cen-
ter) to feed three receivers tuned independently in 215.235 mc band
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action of salt spray and stack gas
deposits across the base insulator of
the helix. The radome also provides
adequate protection from adjacent
gun and missile blast effects.

A matching stub located in the
base of the antenna provides an
impedance of 50+j0 ohms at the
center of the frequency band. This
impedance is maintained to a de-
gree necessary to keep the standing
wave ratio below 1.1 out to the tele-
metering band limits.

The axis of the antenna is ele-
vated 35 degrees to avoid large
variations in signal strength owing
to combining of line-of-sight and
missile-to-sea-surface-to-antenna
transmission paths that occur with
low-flying missiles. A typical an-
tenna pattern, in Fig. 4, indicates
that adjacent ship superstructure
and sea reflections have no appre-
ciable effect on the received signal.

Multicouplers

Because of space limitations a
single antenna has to provide sig-
nals for three radio receivers,
necessitating development of the
antenna multicoupler unit. To per-
mit independent tuning of the three
radio receivers in the specified 215-

=
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20 | VOLTAGE GAIN |

1
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~’BanD 7
e e e ] -

LEVEL IN DB
~

NOISE FIGURE

— (OVERALL INCLUDING ~

o | F-M RECEIVER) |

185 205 215 225 235 245
FREQUENCY IN MC

FIG. 6—Response curve of multicoupler
and noise figure of complete receiving
channel

235 me band it was necessary to
provide this bandwidth in the multi-
coupler. Another requirement,
owing to intermodulation between
receivers, was adequate isolation
between input terminals of the
three receivers. A third require-
ment was that the signal-to-noise
ratio of each receiving channel
should not be seriously reduced as a
result of parallel operation of the
three receivers from one antenna.

A passive coupling network did
not oifer a ready solution between
the conflicting requirements of ade-
quate isolation and bandwidth. The
solution of this problem was found
in the use of a high-¢, planar
triode in a grounded-grid arrange-

Construction details of antenna multicoupler unit, showing planar triode in lower left
quadrant and unique chassis construction used for shielding purposes
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ment. This tube has a rated trans-
conductance of 50,000 micromhos
and an equivalent noise resistance
of approximately 80 ohms’, and was
originally designed for use in
microwave repeater stations. It
was found to be satisfactory at the
lower frequency when the internal
cathode-to-cathode-shell  capacitor
was supplemented externally
throuch the cathode base pin of the
planor triode tube.

As shown in Fig. 5, the type 416A
planar triode tube is operated as a
grounded-grid amplifier supplying
signals to three isolating pentodes™
The three 6AK5W grids in parallel
presented a loading resistance of
430 ohms and only the high trans-
conductance of the first tube pre-
vents noise figure deterioration in
the pentodes. Tubes such as the
6BQT7A have since been made avail-
able for use in a cascode circuit
with good results®.

The multicoupler response and
the overall noise figure of each re-
ceiving channel are shown in Fig. 6.
The noise figure of the receiver
alone is approximately 10 db, and
therefore the multicoupler actually
improves the performance of all
three receiving channels. Isolation

between receivers is 25 db and
attenuation of the receiver local

oscillator signal at the antenna is
more than 60 db.

The system has served as the
basis for telemetric data storage
design on the first tactical guided
missile ships, the U.8.S. Boston and
the U.S.S. Canberra.

The equipments described were
provided by the J. P. Seeburg Corp.
under Contract NOrd 11878, with
the exception of the time signal set
which was provided by Electronic
Engineering Corp. of California.
System studies and design and com-
ponent specifications were prepared
by the Vitro Silver Spring Labora-
tories, Division of the Vitro Cor-
poration of America under Contract
NOrd 10378.
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DESIGNING DIELECTRIC

NDIVIDUAL LENSES, in conven-

tional optical designs, have a
constant refractive index and lens
action is obtained by shaping the
surfaces. In microwave optics de-
sign, the possibility of a variation
in index from point to point with-
in the lens is available, offering
the designer another degree of
freedom. For example, if it is de-
sirable to minimize the thickness
of a lens, focusing can be achieved
partly by the lens surface and
partly by a variation in the index of
the material forming the lens.

Lens Materials

Materials available for lens de-
sign in microwave optics include
low-loss dielectric materials such
as polystyrene and Teflon. Alumi-
num-flake or carbon particles in a
low-density foam dielectric achieve
considerable weight reduction with
a slight increase in lens loss. For
all of these materials, the index of
refraction is the square root of the
dielectric constant, so in describ-
ing lens designs either of the terms
refractive index or dielectric con-
stant can be used.

The most straightforward tech-
nique for constructing a microwave
lens which possesses a variation in
refractive index involves the use
of many different materials, each
of which has a different refractive
index. For example, a spherical
lens can be made up of a small
spherical  core, together with
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spherical shells of increasing radii.

The material in each shell can
have a different value of dielectric
constant or refractive index. By
using a sufficient number of shells,
the desired lens can be obtained
to a reasonable approximation.

The major difficulty in this tech-
nique is obtaining the variety of di-
electric materials and maintaining
the desired dielectric constant from
one production run of the material
to the next. Most dielectric ma-
terials have a variation in dielec-
tric constant of at least 3 percent
between various samples. The finite
error in dielectric constant places
a practical limit on the degree of
approximation to the desired re-
fractive index.

Artificial Dielectric

Another technique involves arti-
ficial dielectrics obtained by using
the fact that microwave wave-
lengths are of the order of a few
inches, so that obstacles can be
formed which simulate the mole-
cules of a real dielectric. As long
as these obstacles have small di-
ameters and spacing compared to
wavelength, the analysis of the
artificial dielectric can be closely
related to that of the real dielec-
trie.

The most practical obstacle for
general applications has been found
to be of spherical shape. For such
an obstacle, the refractive index is
independent of the direction of the

wave passing through the lens.

It is possible to analyze the effec-
tive dielectric constant on the basis
of the sphere diameter and the
center-to-center spacing. These
parameters can be replaced by a
concept of fractional volume, that
is, volume occupied by the spheres
alone, compared to that occupied
by the spheres and adjacent
medium. The spheres considered
were metallic or dielectric ma-
terials in a low-dielectric medium
or voids in a base dielectric.® From
the results of this study and a con-
sideration of the mechanical prob-
lems involved in forming a lens,
void-dielectric material was found
best.

The dielectric constant A of an
artificial medium comprised of a
cubical lattice of spherical voids is’

K/K, = (1 +2FC)/(1 — FC) (1)
Fractional volume F is the volume

of the voids in unit volume; thus,
F involves the void diameter and

CURVED CORRZITED
PHASE | b (PLaNnE)
/ FRONT PHASZ “20ONT
a—
UNCORRECTED HALF

HORN MAXWELL LENS

FIG. 3--Indication of phase-error correc-
tion through use of half-Maxwell lens
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UMMARY - Data for Maxwell, Luneberg, Eaton, Kelleher and modified

types of variable index-of-refraction lenses aid antenna designers. New

dielectric materials provide considerable weight reduction with slight increase

in lens loss. Typical design example for Luneberg lens is covered

By K. S. KELLEHER

Falls Church, Virginia
Melpar, Inc.

MICROWAVE LENSES

the void density in number per unit
volume. Constant C is character-
istic of the base medium,
C=(01—-K)/(1+2K) 2)
where K, is the dielectric constant
of the base medium. It has been
found experimentally that Eq. 1 is
valid even when the diameter and
spacing of voids exceed /4.

Cylindrical Voids

For maximum flexibility in de-
sign and ease in machining, eylin-
drical voids can be used to replace
spherical voids.

An experimental program deter-
mined the relationship between the
cylinders and spheres. Typical
measured data is shown in Fig. 1.
The solid curve is calculated from
Eq. 1, with K, =2.515 (for poly-
styrene).

The points are experimental and
apply to samples having eight cyl-
inders per unit cube (measuring

0.936 inch on a side) and a cylinder
length equal to cylinder diameter.
Similar data was obtained for
length-to-diameter ratios of 23.
Maximum fractional volume for the
two latter ratios was 16 percent.
The largest cylinder diameter for
which data is shown is approxi-
mately 0.172.

With the exception of a single
point at large fractional ‘volume,
the maximum deviation of the
measured dielectric constant from
the value which would be predicted
on the basis of spherical voids hav-
ing the same fractional volume is
one percent. This value is of the
order of the experimental error.
Larger cylindrical voids having a
diameter of 0.344 were also tested.

A Jlimited amount of data was
taken ‘because of the long length of
sample which is required, but even
with this very large element, the
measured data was within 18 per-
cent of that expected from the

FIG. 4—Spherical Luneberg lens before (left) and after (right) foam binder application
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spherical void theory. From these
measurements, it is concluded that
Eq. 1 is applicable within a few
percent to all cases investigated, ir-
respective of the orientation of the
cylinders.

Metal-Plate Media

A third technique for obtaining
a variation in refractive index uses
metal-plate media. The refractive
index is obtained by considering
the increase in phase velocity,
which occurs when a wave polar-
ized parallel to a set of parallel
plates passes through the plates.
This technique has been used suc-
cessfully in the design of metal-
plate lenses where the refractive
index is known to depend on the
spacing between plates.

If two metallic surfaces are ar-
ranged so there is a variation in
spacing between the surfaces and
if an electric field is introduced
approximately parallel to the
plates, then the phase velocity, and
therefore the refractive index, will
vary from point to point in the re-
gion petween the metallic surfaces.
The index approaches one when the
spacing between plates is large
compared to a wavelength and zero
as the spacing is reduced. This
technique for obtaining a variation
in refractive index is limited to a
two-dimensional lens or a three-
dimensional structure.

If the spacing between plates is
measured always normal to the
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FIG. 5—Radiation patterns of Luneberg
and standard parabolic lenses

particular tangent plane containing
the electric-field vector, the index
of refraction is related to spacing
a and the signal wavelength by

n =v1 — (7\/2a)?
If the spacing between plates is

filled with a dielectric of constant
K, the index is given by

n =vEK — (\2a)
Spherical Lenses

Once techniques are available
for obtaining a variable index ma-
terial, consideration can be given
to the design of microwave lenses
having properties superior to those
of conventional lenses.

One of the most useful families
of variable-index lenses is that in
which the lens surface is a sphere
with the transmitting or receiving
element mounted on the spherical
surface. In such an arrangement,
it is possible by use of different
lens designs to obtain a formation

FIG. 6—Two-dimensional Eaton lens. Feed
is mounted at left
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of the transmitted spherical wave
into many different wavefroats,
such as spherical surfaces,’ toroidal
surfaces® and conical surfaces.’'

Lenses which have been of most
interest up to the present time are
elements which yield spherical,
plane and ecylindrical surfaces;
these are the Maxwell, Luneberg
and Eaton. Cross-sections of these
lenses, together with the ray paths
and design equations, are given in
Fig. 2.

Maxwell Lens

The Maxwell lens has been found
useful in microwave applications
as a correcting element in a sharply
flared feed horn. In such a horn,
the phase front across the aperture
has the quadratic form shown in
Fig. 3. Radiation patterns from
this horn have, in general, high
side-lobe characteristics.

To reduce these lobes, lenses of
the dielectric or metal-plate type
have been successfully used; how-
ever, one-half of the Maxwell lens
offers improved possibilities in
side-lobe reduction. This can be
understood by considering the ray
paths through such a lens.

In a sphere of unit radius (Fig.
2A), the ray leaving the feed at
angle « intersects the aperture at
a distance d from the axis given
by tan (a/2). This means that the
rays, upon passing through this
lens, tend to concentrate at the
center of the aperture so there is
a tapering in the illumination
across the aperture.

Since tapered illumination pro-
duces low side lobes, it can be
expected that better radiation pat-

terns can be obtained from a cor-
recting lens of the Maxwell form
than could be obtained with the
conventional constant-index lenses.

Luneberg Lens

The most important lens in
terms of application is the Lune-
berg. This spherical lens accu-
rately focuses an incoming plane
wave into a point on its surface.
Because of its spherical symmetry,
it can focus plane waves arriving
from any direction, a characteris-
tic not shared by any other known
optical device. Figure 4 shows a
Luneberg lens constructed from a
void dielectric.

It is useful to compare the Lune-
berg lens to a paraboloidal re-
flector with circular aperture. If
the diameter of the paraboloidal
aperture is equal to the diameter
of the Luneberg sphere, then a
direct comparison can be made.

Figure 5 shows a typical pattern
from the paraboloid, together with
a pattern from a Luneberg sphere.
Neither pattern represents the best
that can be obtained from either
antenna. However, they do indicate
that the Luneberg lens has a nar-
rower beamwidth than the re-
flector, but that the reflector shows
some improvement in side-lobe
level. These pattern characteristics
arise from the fact that the paths
followed by the rays in a Luneberg
lens tend to concentrate energy to-
wards the aperture edges.

The ray making angle « at the
feed (Fig. 2B) intersects the aper-
ture at a distance d from the axis
of sin a«. This reduction in illumi-
nation taper is known to cause an

a
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FIG. 7-—Radiation pattern of Eaton lens
shown in Fiq. 6

FIG.

ness lens

8—Cross-section of constant-thick-
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increase in side-lobe level and de-
crease in beamwidth.

Consequently, the Luneberg lens
cannot be used for extremely low
side lobe applications. However, for
applications requiring side lobes
of the order of 22 db, this lens can
be used and, in such an instance,
its symmetrical structure gives it
a wide-angle performance not at-
tainable by the normal paraboloidal
reflector.

The wide-angle performance of
the Luneberg lens indicates two
general applications. The first of
these is for wide-angle scanning.
The lens structure can be fixed
and a lightweight feed horn ro-
tated so that it always touches
the surface of the lens. The beam
from the horn-lens combination is
swept through an angle equal to
the angle of the horn rotation.

Another application utilizes a
single lens with multiple feeds.
Each feed has a corresponding
beam in a direction given by the
line joining the feed to the center
of the sphere, A number of these
feeds can be used to provide cover-
age over a wide sector of space.

Eaton Lens

The Eaton lens produces a twin-
beam radiation pattern from a
single source mounted on the
spherical surface as in Fig, 2C.

Consideration of the required
index variation, that the refractive
index be equal to the normalized
radius, indicates the difficulty in
constructing an Eaton lens. Since
the normalized radius varies from
zero to one, the refractive index
must have the same variation.

Such values of refractive index
cannot be achieved with normal or
with artificial dielectrics. The only
possibility is the use of a metal-
plate medium. Such a medium has
only restricted application to the
Eaton lens, since it is based on the
almost parallel plates previously
mentioned. Use of parallel plates
restricts the lens to two dimen-
sions, so the complete sphere can-
not be realized.

A two-dimensional Eaton lens
has been constructed and evaluated.
Fig. 6 is a photograph of the lens
and Fig. 7 shows a typical radia-
tion pattern. This lens operates
over a limited frequency band.
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Since the formula for index of re-
fraction contains the operating
wavelength, the index of refrac-
tion varies when this wavelength
is changed.

Disk-Shaped Lenses

Another useful lens shape is the
short ecylinder or disk shown in
cross-section in Fig. 8.  These
lenses have a preferred direction
or optical axis, whereas spherical
lenses perform equally well for
waves from all directions. The op-
tical axis of these disk lenses coin-
cides with the cylinder axis, caus-
ing the unusual situation of lenses
with plane surfaces.

Although the disk-shaped lenses
do rot have the wide-angle per-
formance typical of the spherical
lenses, they have found application
in the microwave-optics field. One
lens has been used as a feed-cor-
recting element with good results.®
This corrector is a lens first de-
seribed by Luneberg. Its index of
refraction varies only with the
radial coordinate, according to the
expression n = n, sech [=r/(2T)],
where n, is the axial refractive
index and T is the thickness. Note
that the index required is a fune-
tion of the disk thickness; a change
in thickness would alter the lens
performance.

The ray making an angle a at
the feed intersects the aperture at
a distance d given by (2T /x) arc
sech (cos a). As indicated in the
cross-section, the rays spread at
the aperture edges to produce an
illumination taper. This taper has
been shown to be an approximation
to a Gaussian distribution which
produces very low side lobes.” The
exact distribution depends on the
lens thickness and the maximum
value of a.

It is of interest to compare this
lens with the Maxwell lens, which
can also be used as a feed cor-
rector. The incident signal in the
waveguide can be easily matched
into a Maxwell lens with an index
of unity at the lens surface. The
constant-thickness lens, on the
other hand, has an index require-
ment which indicates a value of the
order of two along the lens axis,
with decreasing index away from
the axis.

The waveguide transmission line
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FIG. 10—Radiation pattern of Kelleher

lens of Fig. 9

then has the problem of matching
a section of air-filled line to a di-
electric-filled line. Both lenses have
the normal matching problem at
the aperture.

The constant thickness lens per-
mits a greater control over the
illumination taper and, hence, bet-
ter control over the side lobes from
the corrected feed. Moreover, the
depth of the corrected feed can be
minimized in the constant thick-
ness design, whereas the best ratio
of feed depth to aperture is a
value of % for the Maxwell lens.
Both lenses are superior to the con-
ventional correcting lenses in that
such lenses always have a ratio
equal to or greater than unity.

Kelleher Lens

This lens has the same geometri-
cal form as that of the previous
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FIG. 11—Cross-section of modified Lune-
berg lens

disk; the major difference is that
the source is placed on the axis
of the cylinder at some distance
from the lens. This is the only
variable-index lens designs now
available, which does not have the
source adjacent to the lens surface.
In this respect, it is most closely
allied to the conventional lenses
utilizing a constant index of re-
fraction.

The ray paths through a cross-
section of this lens are given in
Fig. 9. It can be seen that the
source has an image at infinity.
The expression for the required
radial variation in refractive index
is more complex than those previ-
ously given. This variation is
T(nt — 2/3sin? ) =

(n? — sin? 0)12(n,T — sec 6 + 1)
where 7, is the index at the axis, T
is lens thickness and ¢ is the angle
between the axis and the radius
vector from the source point to a
eeneral point of the adjacent lens
surface.

This lens has been compared to
a constant-index lens with shaped
surfaces. A typical pattern, shown
in Fig. 10, indicates that the beam-
width from this lens is narrower
than that expected from an aper-
ture of this size. This is probably
due to the existence of a trapped
field about the periphery of the disk,
which tends to produce a greater
effective aperture.

A comparison of the off-axis
characteristics of the two lenses
showed that the variable-index lens
was superior. Analysis involving
ray tracing has also shown that
good off-axis performance can be
expected.

An interesting feature of any
disk lens is that it can have a
periodic structure as the thickness
is increased. Any lens with feed
adjacent to a surface has ray paths
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which are curved to focus at an
image point within the thicker
lens, then diverge, and again curve
to form a second image point and
so on until the second lens surface
is reached. The radiation pattern
obtained depends on the point in
the cycle where the second lens
surface is introduced.

In the Kelleher lens, a similar
periodic structure is obtained by
doubling the lens thickness so the
rays are curved to form an image
at a point symmetrical with the
source point. Additional lenses of
equal thickness can be introduced
at the correct positions to continue
the periodic-ray variation.

Other Lens Shapes

Besides spherical and disk-shaped
lenses, several others have been
studied in the microwave-optics
field. One of these is a modification
of the Luneberg lens to minimize
lens thickness. This modification
permits a reduction in the radius
of the lens in the region of the de-
tecting system.

A cross-section through this lens,
together with typical ray paths, is
given in Fig. 11. A source at in-
finity is imaged perfectly at the
corresponding point on the surface
of reduced radius. Three existing
expressions for the modified Lune-
berg lens are listed below for com-
parison:

(1) m2 = (2a — r®)/atfor0 2 r < aand
nt= (2 —r)/rfora 2r 2 1;
2 dan® =
(1+P)[Vo(1+a)+ {4 P41 —a)} 2

(P++/3a)?

for0ZrZaand rPn2=1458(1 —r)(r—a) for
aZr<1 where P=1—7%x2 and & is a con-
stant;

3) n2=(1+4a?—r?)/a? where a is the
radius of the lens in the reduced region.

Typical Lens Design

Design of any of the lenses de-
scribed is relatively simple since
the index varies only with one co-
ordinate.

A typical design involves the
spherical Luneberg lens whose index
varies with radius as n*=2 — 7.
At this point, it should be observed
that the index squared is equal to
the dielectric constant, so it is pos-
sible to relate the lens-design equa-
tion directly to dielectric-constant

values. The design technique found
most practical uses the void dielec-
tric of Eq. 1 and 2. The desired
sphere is formed from a collection
of disks of varying radius, placed
one above the other, to approxi-
mate a spherical form similar to
that in Fig. 4.

There are four steps in the de-
sign.

(1) Select base material of di-
electric constant K, and obtain the

coefficient C=(1—-K)/(1+2
K)); using polystyrene with
K, =252 C = —0.252. (2) Write

Eq. 1 using values of K, and C to
obtain a relationship between void-
dielectric constant and fractional
volume; K =252 (1—0.504 F)/
(1 4+ 0.252 F). (3) Combine the
lens equation relating dielectric
constant to coordinate value with
Eq. 1 to obtain a relationship be-
tween coordinate value and frac-
tional volume; 2 — »* = 2.52 (1 —
0504 F)/(1 + 0.252 F). (4) Com-
pute fractional volume as a func-
tion of the position within the lens.

To use the disk assembly tech-
nique, note that »* = d* + ¢’ where d
is the distance of the disk from
the lens center and a is the radius
coordinate within the disk. The
fractional volume is then given by

g 02 te e
i 3'97{7.04 - d?-}

For a disk at a given distance d
from the lens center, the fractional
volume at any disk radius is
known.

In practice, each disk is divided
into annular rings of width less
than A/4 so no void will be large
in terms of a wavelength. The de-
sired fractional volume in each an-
nular ring is determined from the
above equation. This void volume
is then obtained by drilling the
correct size and number of holes.
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Variable delay line is on upper shelf, with adjustable-speed motor drive at its right. Fixed
delay line on middle shelf and additional line on lower shelf can be connected in series
with variable unit to give greater delays

Construction of corner reflector, which is
moved through tank by a cable drive.
Screws behind hinged vanes adjust angle

Variable Delay Line
Simulates Radar Targets

UMMARY

- Two quartz transducers and movable corner reflector in

31.foot water-filled copper tank give time delays ranging from 72 to 1,400

microseconds for simulating moving targets during tests of new radar

By S. A, GITLIN

Staff Engineer
Electronics Research Laboratories
Columbia University Engineering Center
New York, N. Y.

EVELOPMENT OF a new radar
target detection system re-
quired a delay device which could
vary continuously the time delay of
a frequency-modulated 5.5-me sine

wave from about 1,400 microsec~

onds down to as small a delay as
possible. This device was needed to
simulate a moving target.

It was decided that the only prac-
tical method of satisfying these re-
quirements, at the time, was by
employing an ultrasonic delay line
with a liquid medium, the delay

ELECTRONICS — June, 1956

being varied by changing the ultra-
sonic path length.

In an ultrasonic delay line, elec-
trical energy is converted to acous-
tical energy by an electromechan-
ical transducer. The acoustical wave
is propagated through a medium
at a velocity dependent upon the
physical constants of the medium.
The wave is then converted back to
electrical energy using a trans-
ducer identical to the first. Large
time delays can be achieved due to
the low velocity of an acoustical
wave through a medium as com-
pared to electromagnetic propaga-
tion velocity. For frequencies in
the megacycle range, quartz crys-
tals are the most satisfactory trans-

WWWeamericanradiohistons.com

ducers because of their excellent
stability and low electrical loss.

Liquid Lines

Before designing a delay line it
is necessary to consider several im-
portant characteristics of the me-
dium itself and when used with
quartz transducers. The only liquid
media which have ever been used
in practical delay lines are mercury
and water. Time delay depends al-
most entirely on the medium. The
delay in distilled water is 204 mi-
croseconds per foot, while the delay
in mercury is 216 microseconds per
foot.

The attenuation in db of an ultra-
sonic wave in liquids is propor-
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tional to the frequency squared. At
a frequency of 5.5 mc the attenua-
tion in mercury is 0.49 db per foot
of path length, while for water the
attenuation is 4 db per foot of path
length.

Equivalent Q of Line

Equivalent electrical circuits of
ultrasonic delay lines have been de-
rived by many investigators. Among
other things a knowledge of the
equivalent circuit helps determine
frequency bandwidth and trans-
ducer attenuation and is useful in
the design of delay lines. An equiv-
alent Q, which has the same defini-
tion as the Q of a simple series
resonant circuit, has been formu-
lated for a transducer-medium in-
terface. For a mercury-quartz
combination @ = 0.6; for a water-
quartz combination @ = 7.5. Thus
at a center frequency of 5.5 me, the
3-db bandwidth of a mercury-quartz
combination is 9.2 me, while for
water-quartz, the 3-db bandwidth
is 740 ke. Since the maximum devi-
ation of the frequency-modulated
5.5-mc sine wave was considerably
less than 740 ke, the use of water as
a medium was satisfactory in this
respect. To achieve a delay of 1,400
microseconds with water meant a
path length of about 7 ft,

Variable Delay

By using a system of ultrasonic
transmission and reflection as
shown in Fig. 1, the total length
of the delay line container (a cop-
per tank in this case) was reduced
to 3% ft. By varying the position
of the corner reflector, the delay
could be varied. The attenuation
in 7 £t of water path is about 28 db

SENDING CORNER REFLECTOR

INPUT CRYSTAL (MOVABLE ALONG

1 TRANSDUCER ~ LENGTH OF TANK)
p— G s - S|

CRYSTAL T

DRIVER |3} — — — —— e 11

o

AMPLIFIER v‘g,]b ________ ) | £
Y

WATER-FILLED
COPPER TANK

RECEIVING
CRYSTAL
TRANSDUCER

FIG. 1—Ultrasonic delay line and associ-
ated amplifiers

and the attenuation of the two
quartz-water transducer combina-
tions was calculated to be 28 db,
for a total of 56 db at maximum
delay.

Lighter weight, ease of handling,
availability, lower cost and resist-
ance to shock as compared to mer-
cury led to the selection of water
as the medium. A smooth, continu-
ous variation in the delay was
achieved by driving the corner re-
flector with an adjustable-speed
motor to adjust the rate of change
of delay.

Crystal Circuits

To achieve the bandwidth neces-
sary to pass the frequency-modu-
lated signal without distortion, it
was necessary to load down both
the sending and receiving crystal
transducers electrically. This load
was found to be 1,700 ohms.

Since the amplitude of driving
voltage was required to be about
100 volts rms, so that the receiv-
ing crystal output voltage was not
at too small a level, the class-C
tuned power amplifier in Fig. 2 was
considered necessary to drive the
sending crystal. The input capaci-
tance of the crystal is tuned out
by a tuned circuit in the driving

8 TURNS NO. 22 WIRE O-?Q OUTPUT
WRAPPED AROUND
100 OHMS (1/2 W),

+300V-a %',670
‘ 27 =
K * SuH
- -20-125

680 25K

L AuF
Z32 TOO pa"Tune
00T
INPUT - [ Of;
I 00I 100
PULSE !
INPUT 0.05 +300v
0.00|I ‘ =

K =X 1,000

FIG. 2—Driver circuit used to feed transmitting crystal in water tank
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source. The 6CL6 is used to supply
grid power to the 6146.

With a positive pulse applied to
the PULSE INPUT jack and with
proper bias adjustment of both
tubes, a pulse-modulated carrier is
available at the output. This may
be used in measuring the delay
and spurious response of the line.

There are tuning adjustments at
the outputs of each stage. The gain
of the 6146 may be adjusted by
varying the grid bias or sereen volt-
age. Six noninductive 10,000-ohm,
2-watt carbon resistors in parallel
are used at the output as the band-
width-broadening load. The crys-
tal driver circuit is completely
shielded.

As the deluy is varied, the ampli-
tude at the receiving crystal out-
put varies. From maximum to min-
imum delay, the total amplitude
change was about 23 db. To reduce
this change to about 1 db, the auto-
matic gain control amplifier of
Fig. 3 was added. It consists of
three stages of remote-cutoff pen-
todes and an output power pentode.
The interstage coupling networks
are synchronous single-tuned tanks.
The output voltage is rectified with
a crystal diode and the d-c voltage
is applied to the grids of the three
remote-cutoff tubes. A switch is
provided so that the age may be
turned off when aligning the am-
plifier.

The single-tube preamplifier of
Fig. 4 is used to raise the input
level of the age amplifier so the
range of input voltage is extended
for a given output change of 1 db.

Changing Frequency

The frequency range of the de-
lay line and associated amplifiers
is approximately from 5.25 to 5.75
me, giving a bandwidth of about
500 ke between the 3-db points. The
center frequency can be changed
by replacing the crystal transducers
with others of different frequency.
The only requirements on the crys-
tals are that they fit the crystal
holder and have metal-plated faces.

For fundamental-frequency op-
eration at low powers, the upper
frequency limit of practical quartz
crystals is about 30 me. With over-
tone crystals it is possible to gen-
erate ultrasonic waves at frequen-
cies as high as 500 me, although
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Rack centaining delay line amplifiers
and associated power supplies

the power output is extremely
small. The tremendous attenuation
in liquids at these frequencies
would make them impractical for
use in a delay line.

When changing center frequency,
the driving and receiving amplifiers
must be retuned. The upper fre-
quency limit of the amplifiers, de-
termined by construction and
wiring, is about 15 me. The lower
frequency limit of the system is de-
termined by practical limits in the
physical sizes of the crystal trans-
ducers and tuned circuit compo-
nents in the amplifiers.

Minimum Delay

The minimum time delay pos-
sible depends on the minimum path
length between the two crystal
transducers. If the corner refector
is brought up as close as possible to
the crystal heclders, the total path
length is about 43% inches. With the
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FIG. 3—Amplifier and agc circuits for receiving channels of target simulator

delay in water being 16 microsec-
onds per inch, the minimum delay
is approximately 72 microseconds.
By removing the corner reflector
and having the two crystal trans-
ducers face each other, the path
length can be reduced to % inch
whick corresponds to a delay of 8
microseconds. To have the delay
vary smoothly from & microseconds
up, the mechanical arrangement
must necessarily be altered.

Waveforms

The pulse source which was used
had width and repetition rate con-
trols. Width of the pulsed carrier
output could be varied from about
1 to hundreds of microseconds, the
maximum width being limited only
by the maximum power output and
the output impedance of the pulse
generator. The maximum repeti-
tion rate was limited only by the
maximum rate of the pulse source
and the actual frequency of the
carrier. Pulses could be applied at
as low a rate as desired or ran-
domly, as with a pushbutton-con-
trolled pulse.

Any wave shape, including voice
signals, can be used to modulate the

6AH6 0.0l OUTPUT

- 1

= K:=X1000

+300v 47K

~0.01

FIG. 4—Preamplifier used between re-
ceiving quariz crystal and main amplifier

carrier provided the sidebands pro-
duced by modulation are within the
overall pass band of the system.
The modulation source must be ca-
pable of supplying a certain amount
of power to the crystal driver and
must have a source impedance of
a few hundred ohms. By detecting
the receiver amplifier output with a
detector of the proper design, the
original modulation waveform is
obtained except that it is delayed
in time with respect to the original
by the amount of delay produced in
the tank.

Applications

Besides its use as a moving tar-
get simulator in pulsed radar, this
equipment can be used with c-w
radar as a moving-target simulator
where the signal returning from
the target has been shifted in fre-
quency (Doppler shift), the amount
of shift being an indication of
radial target velocity.

Another use is in the field of
acoustics. By summing the detected
outputs of a group of adjustable
delay tanks, all having the same
sine wave or random audio-modu-
lated input, the effects of an un-
limited number of combinations of
phase shifts in the audio signal can
easily be observed and recorded.
This might be helpful in the design
of sound studios, theaters and mi-
crophones.

The system can also be operated
as an adjustable pulse-delay device
for digital computing, although
mercury lines must be used where
the shape of extremely sharp pulses
must be preserved.
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UMMARY

Frequency divider, counter. gate and wave-shaping circuits

control optical circle-dividing machine to produce 16-bit pattern on photosen-

sitive glass disk. Used for analog-to-digital conversion, the code disk has a pat-

tern accuracy of +-0.0001 inch and can be made in about 2 hours

By EDWARD M. JONES

Rupervising kngineer Eleclronic Research

The Daldicin Pianao (o, Cineinneati, Ohio

Pulse Circuits Fabricate

CODE DISKS for analog-to-digital
encoders* of the type illus-
trated in Fig. 1 were produced
until recently by laborious and
time-consuming techniques using
circle-dividing machines which are
subject to human error.

A machine has been developed
which will produce photograph-
ically, on a code disk, extremely
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FIG. 2—Complete code disk
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accurate 16-bit patterns’. The ma-
chine includes wave-shaping cir-
cuits for driving ribbon-type light
modulators to provide sharp pat-
tern edges on disks such as shown
in Fig. 2.

Basic Operation

The circle-dividing machine in-
cludes a turntable, rotating at a uni-
form angular velocity, with a photo-
graphic plate clamped to its upper
surface. A beam of light is pro-
jected from above to expose one
circular zone or track on the
photographic plate.  Mechanical
breakdown of the digit encoder is
shown in Fig. 3.

A train of oscillations exactly
harmonic with the turntable’s rota-
tional frequency modulates the
light, producing alternately clear
and opaque zonal sectors after
photographic  development.

Figure 4 shows how the light-
source modulation is made exactly
harmonic to the rotational fre-
quency of the table. A large glass
reference ring marked with uni-
formly spaced, opaque angular
dividing lines is attached to the
underside of the turntable. A light
beam is projected through the ref-
erence ring onto a photocell so that
an oscillatory signal is generated
when the table rotates. For binary
code disks a reference track with
2 or 65,536 lines is used producing
a reference frequency which is 2

times the instantaneous rotational
frequency of the table.

A sixteen flip-flop binary counter
chain divides the reference fre-
quency by 2. A square-wave signal
is tapped off each flip-flop to make
successive zones of the pattern.

Block Diagram

Figure 5 is a block diagram of
the machine as set up for produe-
tion of binary disks. The photo-
graphic plate is clamped to a glass
turntable which rotates slowly at a
constant speed in an air bearing
composed of a spherical and flat
portion. A 16-inch circular trans-
parency with 65,536 uniformly
spaced radial lines is mounted on a
hub beneath the turntable and ro-
tates with it. Present accuracy of
the marks on this reference pattern
is =3 sconds of arec.

The reference pattern is illumi-
nated by a lamp and a magnified
image is projected by microscope
lens to a stationary matching pat-
tern. The light then converges onto
a germanium photocell which re-
ceives the integrated effect of about
sixty divisions on the reference pat-
tern. This makes the effect of dust
and defects on the pattern negli-
gible.

The electrical signal is essentially
sinusoidal, but a steep-front wave is
obtained by applying it to a toggle
circuit. The resulting square wave
triggers frequency dividers to ob-
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FIG. 3—Electrical housing (center) contains code-plate and bearing assembly (left) and ribbon-filament lamp and photocell assembly

omputer Code Disk

MODIFIED LAMP AND LIGHT MOD

SQUARE WAVES -

PHOTOGRAPHIC
PLATE

TURNTABLE

-LAMP

—REF PLATE
= PHOTOCELL

b

“-RESET PULSE

“-2'® CYCLES PER REV

FIG. 4—Method of establishing harmonic
relationship between light source and ro-
tating disk

tain new square waves having a

frequency suitable for one particu-
lar circle of the code pattern.

Light Control

The flip-flops control the modula-
tion of the light to produce tracks
on the photographic plate. To estab-
lish proper phase relationships be-
tween tracks the entire flip-flop
chain is reset to a prescribed condi-
tion by a short pulse generated op-
tically at a given point in the revo-
lution of the turntable. Resetting
action occurs once every revolution,
but is only necessary once before
the exposure of each track. The re-
set pulse must always occur be-
tween two given cycles of the signal
from the reference circle.

To produce a sharp light pulse
for resetting, an optical system
magnifies the motion of the edge
of the turntable by a factor of
twenty. This optical system consists

ELECTRONICS — June, 1956

of a small prism attached to the
edge of the turntable, a stationary
light source, microscope lens, slit
and germanium photocell. A light
pulse passes through the slit each
time the prism passes over the
center of the field of view of the
microscope lens. The photocell sig-
nal is reshaped by a blocking oscil-
lator.

A reset pulse also controls a
revolution counter which operates
a gate to transmit the flip-flop

square-wave output for a predeter-
mined integral number of turn-
table revolutions, thus controlling
exposure of the photographic plate.
A typical exposure for a 5-inch
diameter track is 8 revolutions at
3 rpm using high resolution emul-
sion,

The gated square wave drives
two parallel circuits. The resulting
signals are applied to the two rib-
bons of a Westrex light valve. A
tungsten filament image is focused
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FIG. 5—Block diagram of circle-dividing machine
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on the ribbons of the light valve
and an image of the space between

the ribbons is formed on the rotat-
ing photographic plate. When rated
current is passed through the rib-
bons they separate a distance of
0.001 inch but the optics reduce the
image to 0.0004 inch. A beam-gplit-
ting cube sends some of the light
reflected back from the plate into
an eyepiece so the focus can be
observed.

Optical System

The main optical system above
the turntable slides as a unit along
a large prism for adjustment of the
radius of each track. The prism is
sintered glass with 45-deg surfaces
which are ground and polished flat
within one wavelength of light. The
optical system rests on two glass
pads parallel to the prism faces.
The system hovers above the prism
on a cushion of air about 0.001
inch thick as a tesult of injecting
air at four points on each pad.

When the pads are viewed in
monochromatic light, interference
fringes are observed. As radius
adjustments are made, it is easy
to see that the optics are parallel
to the prism within one wavelength.

Turntable

The turntable is a g¢lass disk 18
inches in diameter. It is tlat on
both sides within one wavelength of
light and the two sides are parallel
within 5 wavelengths. Fastened un-
derneath is a piece of glass having
the shape of a plano-convex lens
with the curved surface spherical
within one wavelength of light. The
turntable is supported on a piece of
flat glass having a matching con-
cavity at the center. Air is in-
jected at three points on the flat
surface and at three points on the
concave surface also causing the
turntable to hover on an air cushion
about 0.001 inch thick.
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FIG. 7—Wave-shaping circuits for ribbon waveforms to provide pattern accuracy
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Motive power for the turntable
comes from an attached aluminum
disk which is the rotor of an eddy
current motor. The motor is part of
a servo system which monitors the
signal from the reference disk to
control the speed. Absolutely con-
stant speed is not essential, but the
servo permits a wide-range adjust-
ment of the speed between 1/15
and 20 rpm. A typical speed for
making a 5-inch diameter track is
3 rpm.

Wave Shaping

Since pattern accuracies of
=+0.0001 inch may be needed at the
radial black-white boundaries, an
image 0.0001 inch or less wide
would be required to prevent blur-
ring if the light were merely modu-
lated on-off. By opening and closing
the light-valve ribbons in a special
manner, it is possible to use an
image as wide as 0.0004 inch with-
out blurring. Then the exposure
time can be reduced by a factor
of 4.

A sequence of thirteen successive
positions of the ribbons is shown in
Fig. 6 in relation to the image on
the photographic plate that would
be obtained if the plate were de-
veloped and put back in the same
position on the turntable. The edge
of ribbon B follows the edge of the
image in views 2, 3, 4 and 5 and
ribbon A follows the other edge in
views 7, 8 9 and 10. The progres-
sive exposure of the plate is shown
by the shading.

Wave Generation

The required ribbon waveforms
are derived from the circuit shown
in Fig. 7. The square wave input is
applied to V, and V,.. When the
square wave goes positive from a
negative reference level V, will draw
considerable grid current permit-
ting capacitor C; to charge to nearly
—100 volts. When the square wave
goes negative V; is cut off and
capacitor C, is allowed to charge
through the 90,000 and 100,000-ohm
resistors. As the capacitor charges
positively with respect to ground,
the charging rate is maintained
constant by the floating power-
supply voltage being applied to the
resistors. The capacitor charges
linearly until V,, whose grid is con-
nected to the cathode of diode V,
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conducts. The cathode of V; has
been held at a selected voltage by
cathode follower V, thus fixing the
voltage at which V, starts conduct-
ing.

Tubes V, and V, act like a
cathode-coupled multivibrator and
upon conduction of V,, their cathode
voltages drop immediately. The grid
current in V,; pulls down the plate
voltage of V, and the voltage across
capacitor C, to the level determined
by cathode-follower V., whose
cathode is connected to cathodes of
V,and V., The grid of V,is held at
a small positive potential by the
voltage divider comprising the
200,000 and 100,000-ohm resistors.

The grid current drawn by V,
keeps the voltage across capacitor
C, at a low positive level until the
next positive transition of the in-
put square wave on the grid of V..
Diode V. prevents the grid of V,
from going more negative than the
tube rating allows.

Power Amplifier

The tubes V,, V, and V, form a
power amplifier with slightly less
than unity gain due to inverse feed-
back. They supply current through
the 382-ohm limiting resistor to
ribbon A of the light modulator.

A shunting resistor of 0.18 ohm
connected across ribbon A serves
as a damper to reduce mechanical
resonance so the latter follows the
signal faithfully.

The waveform to drive ribbon B
is generated by the lower portion
of the circuit of Fig. 7. The input
square wave is differentiated by
capacitor C.. When the positive
transition of the differentiated wave
occurs, heavy grid current in the
tube V,, flows long enough to charge
capacitor C, to a chosen negative
level. Thereafter, V., is cut off and
C; is charged in a linear manner
through the 90,000 and 100,000-ohm
resistors. The charging of C, ceases
when its potential reaches the
positive level at which conduction
occurs in diode V.

At the time that V, conducts, the
grid voltage in V, and V, drops
resulting in conduction in V, and
in lowering the voltage across C, to
its quiescent value. As in the case
of the ribbon A, the voltage wave-
form appearing across C, is trans-

FIG. 8—Complete optical encoder

formed into a current waveform
for ribbon B and by amplifiers V..,
V.. and V., driving the ribbon B
through the 382-ohm resistor.

Disk Usage

A  completed, 16-digit optical
encoder is shown in Fig. 8 It uses
an 8%-inch diameter disk with a
cyclic code such as that illustrated
in Fig. 2. The light source used is
a Svlvania S413 lamp, and the light-
sensitive cells are 1N85 photodiodes.
The lamp is about 2 inches from the
disk and the slit is approximately
5 microns wide, spaced 0.003 inch
from the disk. In addition to the
sixteen code-reading photocells
there is a seventeenth photocell op-
posite a special clear zone on the
disk. This is a light-intensity ref-
erence producing pulses which
compensate the code-reading eir-
cuits for changes in intensity due
to voltage variations and lamp ag-
ing. The author acknowledges the
encouragement of J. F. Jordan, and
the assistance of V. E. Schmidt and
W. H. Mahaney. Also, the contribu-
tions of B. Lippel and K. M. Doer-
ing of the Signal Corps Engineer-
ing Laboratories, Ft. DMonmouth,
N. J. Most of the developments
described herein have been made
under Signal Corps contract.
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UMMARY —— “Apple”

FIG. 2—Cross-section of cathode:ray {ube shows pattern of phosphor and indexing
stripes. Cross-section at right shows method of collecting secondary electrons

tube, developed by Philco, uses beam-indexing

principle. Amplitude and phase modulation of scanning spot sequentially

illuminate vertical phospher stripes on tube face. Circuit of developmental

receiver is described

Television Receiver Uses

HE BEAM-INDEXING ‘“‘Apple”

tube design is based on the
concept that a single electron beam
can sequentially illuminate vertical
phosphor stripes arranged in trip-
lets of red, blue and green to pro-
duce a color display. The stripes
are not contiguous. The spaces be-
tween them, as wide as the phos-
phor lines themselves, are filled
with a dark-colored non-lumines-
cent material serving as a guard
band.

Triplet pitch is varied over the
tube face to match the sweep speed.
A slight pincushioning of the stripe
pattern compensates for aberra-
tions in the electron optics.

Stripes are applied by a photo-
resist technique. Guard bands and
then red, green and blue phosphors
are applied, in succession, by pro-
jecting separate photographic mas-
ters on the tube face. The screen is
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aluminized, and an organic lacquer
film is applied over the aluminum by
a flow-on technique. Finally, mag-
nesium-oxide indexing stripes are
applied behind each red stripe,
using a different photographic
master. These indexing stripes
cover approximately 40 percent of
the triplet width, as shown in Fig. 1
and Fig. 2.

The optical center of the projec-
tion lens is placed at the tube’s elec-
tron center of deflection to make
the optical paths follow the electron
paths as closely as possible.

Beam Indexing

The beam position must be ac-
curately known at all times. This
requires a precise indexing tech-
nique,

The magnesium-oxide stripe has
a high secondary-emission char-
acteristic compared to the alumi-

nized coating. As the beam crosses
this stripe, the secondary emission
current given off is collected at the
anode coating as shown in Fig. 2.
The emission-current frequency is
the same as that at which the writ-
ing beam must be varied to produce
colors. However, since the writing
beam varies in intensity, so does
the secondary-emission current.
This produces an undesirable shift
in index-signal phase.

This problem is overcome by in-
troducing a pilot or indexing beam
emanating from the same gun. The
pilot beam is aligned so that it
strikes the same color stripes as
the writing beam. It is intensity-
modulated at the pilot-carrier fre-
quency. This frequency is above
the wideo and color-signal fre-
quency range.

The writing and pilot beams are
produced by the magnetic-focus,
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Philco developmental Receiver 7. Parts are mounted on standard
Plate at crt socket contains pilot-carrier cscillator and
writing grid circuit. Foil straps bond chassis and crt

chassis.

Monochrome crt gun (left), Apple gun (center) and shadow-mask
gun (right). Use of single cathode and two coplaner grids to gen-
erate two beams simplifies gun construction

ONE-GUN COLOR CRT

triode-design gun shown in cross-
section in Fig. 8.

The two beams are formed close
together by a single cathode and
two separate coplaner control grids.
The hole center-to-center separation
is 0.029 inch.

The writing-grid aperture is
0.020 inch in diameter and pro-
duces a beam cutoff of approxi-
mately 150 v. The pilot-beam aper-
ture is 0.014 inch in diameter and
produces a beam cutoff of about 50
volts.

The grid aperture is made elec-
trically thin by countersinking the
hole to leave the cylindrical portion
0.001 inch thick. The combination
of small countersunk grid aperture
and close cathode-to-grid spacing
results in small spot size on the
screen.

A field lens type of convergence
electrode causes the beams to cross

ELECTRONICS — June, 1956

at the center of deflection with
little effect on focus. The conver-
gence electrode is actually part of
the beam shield whose function is
to prevent the control voltage of
one beam from affecting the in-
tensity or position of the other.

The beam shield is a thin flat
disk with two small holes. It is
mounted just above the grid aper-
ture, providing a simple shield be-
tween the beams and effectively
eliminating beam intermodulation.
It is not an accelerating electrode
and operates at its average free-
space potential.

Indexing Technique

The indexing technique requires
a mixer whose output is the sum
of the pilot-beam-current frequency
and the index stripe frequency.
Only one sideband produced at the
crt screen is needed for phase in-

wwwamericanradiohistorv.com

formation. Heterodvning this side-
band with the pilot carrier pro-
duces the reference index frequency
needed for color writing.

The equation representing the
index stripes scanned by a con-
stant-intensity beam is a Fourier
series in cosines. The fundamental
component A, cos # principally af-
fects indexing. If its phase is pre-
served, sufficient information is
available for reference.

Figure 4A shows the spectrum
of the complete signal appearing
at the anode of the crt. Video
modulation of writing-frequency
harmonics appearing in the writing
beam causes the energy concentra-
tions above and below the sideband
frequency. This signal is fed to a
sideband amplifier whose response
must have sufficient skirt selectivity
to reject writing-beam interference
and still provide short time delay
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FIG. 3—Cross-section of electron gun

shows aperture and grid spacing re-
quired to obtain minimum intermodulation
between pilot and writing beams

to allow for a realistic amount of
horizontal sweep nonlinearity with-
out too much shift in color.

A one-microsecond delay between
writing grid and tube screen pro-
duces about 10 degrees of color
signal phase error for a sweep non-
linearity of } percent.

Writing Techniques

The video signal and required
color-writing signal are shown in
Fig. 4B. The illustration depicts
relationships required for accurate
colorimetry. The color subcarrier
available at the output of the re-
ceiver second detector, as shown at
the left of Fig. 4C, closely approxi-
mates the signal shown at the
right. The visible difference in the
picture due to this discrepancy. is
less than 10 color degrees.

To lock the color signal to the
stripe sequence, the 3.58-mec¢ color-
signal must be converted to a 6.4-
mc writing signal. This is done as
shown in Fig. 5. The 38.1-mc pilot-
carrier oscillator beats with the
3.58-mc¢ color signal, producing a
41.7-me signal containing the color
information. This signal is mixed
with the 48.1-mc¢ sideband signal
to produce the 6.4-me¢ writing sig-
nal. Pilot beam modulation at 41.7
me is obtained by mixing the 38.1-
me signal with the 3.58-mc¢ color-
reference signal.

The Y luminance signal at the re-
ceiver second detector is 0.30RY” +
0.59G"” + 0.11BY" and is used as
shown in Fig. 5. If more accurate
colorimetry is desired, a mono-
chrome correction signal of 0.30R*”
— 0.26G*” 4+ 0.22B"” may be added
to the Y signal to produce the de-
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FIG. 4—Indexing signal spectrum (A) ap-
pears at screen of crt and is combined
with ideal video signal to produce writing
signal (B). Actual video signal compared
to ideal (C)

sired (RYY + GY* 4+ B'")/3. This
is done by synchronously detecting
the 3.58-mc color signal with the
3.58-mec reference signal and add-
ing as shown by the dashed blocks.

The above statements hold true
for spot size and line width close
to the infinitesimal ideal. In prac-
tice, the effects of finite spot size
and line width produce a desatura-
tion in color. This is compensated
for by increasing chroma gain 33
percent and adding a saturation

correction signal to bias the tube
negatively an amount proportional
to the color subcarrier amplitude.
This effectively reduces the con-
duetion angle, particularly on pri-
mary colors.

Receiver Circuitry

Figure 6 shows a complete re-
ceiver in detailed functional form.
The circuits outside the dashed
block follow conventional color re-
ceiver practice.

The horizontal sweep and high-
voltage sections are similar to those
in monochrome receivers. The pair
of 6CD6 tubes are used as drivers
and an L-1379 special high-perv-
eance diode is used as a damper. A
voltage doubler of 1B3 tubes pro-
vides 30 kv. The average beam
writing rate is controlled by vary-
ing the average bias on the drive
tube grids as a function of the writ-
ing-frequency discriminator output.
The latter compares the writing
frequency with the index fre-
quency.

The vertical output stage pro-
vides parabolic and saw-tooth
voltages which vary the drive-tube
bias to provide sweep width modula-
tion at vertical scanning rate.

The 6X4 provides regulated 400
v d-c to the vertical and horizontal
oscillators. This regulation keeps
horizontal sweep linearity with
changing line voltage. The regu-
lated high-voltage outputs are
provided to maintain best focus,
horizontal sweep and index opera-
tion.

The writing signal at the side-
band unit is combined with the
luminance signal to make a com-
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FIG. 5—Technique used to lock the color signal phase and amplitude variations to the

screen stripe structure.

Sideband Amplifier (SBA) output ccntrels writing frequency
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FIG. 6—"Apple” receiver circuit. Main differences are addition of
for the high-voltage power supply. Pilot beam is controlled at G,. and writing beam at G;s.

posite wvideo signal for the ecrt
writing grid. About 150 v of peak
to peak signal is needed for a 40-
foot-lambert  picture  highlight
brightness. The master hue control
in the color reference system aligns
the writing signal phase with the
crt screen structure.

Operation

The index and writing circuits
need adequate selectivity to mini-
mize intermodulation. Short delay
time is necessary to index accu-
rately chroma writing information
to beam position. These require-
ments are met by localizing the
major selectivity at the sideband
amplifier input and combining with
subsequent  broadband (5-me)
stages to give an overall bandwidth
of 2 me for the indexing signal.

To minimize delay, color process-
ing is kept outside the index
amplifier chain. Developmental-re-
ceiver 7 has circuit delay of about
0.9 microsecond. With amplifier
delays of this order, the stability
of index frequency will determine
hue stability while scanning.

The yoke current waveform is
exponential. The crt index stripe
pitch is also exponential. By ac-
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curately holding average index fre-
quency, by discriminator control of
horizontal scanning width, a match
between crt color-line geometry and
raster geometry is obtained. This
allows potentiometers to be used
as saw-tooth and parabolic wave-
form controls.

The earth’s field effect on re-
ceiver operation is negligible. Also,
the proximity of writing and pilot
beams minimizes the need to avoid
hum fields in the vicinity of the ert.

Construction

Receiver construction follows
conventional practice. All required
controls are accessible through
either a slot below the control bar
in front of the receiver or at the
rear of the chassis.

The pilot carrier signal is coupled
from the chassis by coaxial lead.
Writing frequency signals are car-
ried by open-wire leads.

The yoke focuser mount is con-
ventional in form. The yoke has
cylindrical windings with an inside
diameter of 2 inches and a 12%-inch
core length. The dual-gap focuser
has six radial permanent magnets
which provide 90 percent of the
focus strength. Dynamic focus is

a sideband and mixer unit and specially developed regulator tubes

supplied by a pair of coils in the
housing.

To obtain electron-optical align-
ment, the yvoke is rotated so that
a vertical trace is aligned with the
color stripes. The centering magnet
is then adjusted to place the beam
along the focuser axis. Connecting
60 cycles to the dynamic focus coils
provides the modulation pattern
needed to find the position of
proper beam alignment.

Circuit elements formed by the
band of conductive coating encir-
cling the sc¢reen and the aluminized
screen to which it is coupled are
tuned to resonance at the index
sideband frequency. A coaxial lead
connected to the mounting band
couples the signal to the sideband
amplifier unit.—J. M. K.
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Designing Low-Noise

UMMARY -

Part IV

Undesirable effects of random noise on amplifier perform-

ance can be minimized by proper circuit design. This article, fourth in a

series. discusses role of first stage in establishing amplifier noise figure, advan-

tages of pentode and cascode amplifiers over triodes and special high-fre-

quency considerations. Also described are design techniques for handling the

random-noise problem in transistors, klystrons and traveling-wave tubes

UNDAMENTAL problems con-

fronting the designer of low-
noise equipment involve converting
a weak signal into usable form with-
out introducing noise not present
in the original wave. Noise figure
measures the growth of noise rela-
tive to signal in a device when the
input circuit is in the cleanest pos-
sible state. A noise-free device has
a noise figure of unity, but the
noise figure of any physical struc-
ture must be at least slightly
greater than one.

In an amplifier, a low noise
figure accompanied by low gain
merely transfers a considerable
part of the noise problem to sub-
sequent stages. It is only when
the signal has been amplified to a
value well above any further noise
additions that low-noise perform-
ance can be evaluated.

The composite noise figure F of

successive stages having noise
figures F, F,, F,, and cor-
responding gains G, G., G-, . . . is’
Fy—1  Fy—1
G Gle

If G, the gain of the first stage,
is not large compared with unity,
the excess of F',, the noise figure of
the second stage, over unity be-
comes important. Likewise if the
composite gain G,G. of the first and
second stages is not large, the noise
figure F, for the third stage makes
a significant contribution. The rel-
ative importance of the noise fig-
ure of a stage diminishes as the
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total gain provided by the preced-
ing stages is increased.

The practical objective is to
reach a sufficient gain in the first
one or two stages to make the noise
requirements on the remainder of
the equipment relatively lenient. If
the low-level signal is first applied
to a device which performs fre-
quency translation, frequency selec-
tion or impedance transformation,
G, may be less than unity and low
values of F., and F, become even
more essential,

Grounded-Cathode Triode

Consider electron-tube amplifica-
tion at frequencies which are mod-
erately high but not so high as to
complicate the description by elec-
tron-transit-time effects. The prin-
cipal source of noise contributed by
the tube is shot effect from random
emission of electrons from the

cathode. The usual condition is one
of space-charge limitation rather
than temperature saturation.

Figure 1A shows the basic
equivalent circuit of a grounded-
cathode triode amplifier. The signal
circuit is represented by an rms
voltage K., in series with internal
resistance R, and a thermal rms
noise voltage e.,. Shot noise is rep-
resented by an rms voltage e, in
series with the grid. It is the
rms noise voltage which inserted
at this point would produce rms
noise in the tube output equal to
that observed when the grid is
shorted to the cathode. It is com-
monly expressed as an equivalent
resistance R., such that

2 = 4bkTR.,

where b is the bandwidth, k is
Boltzmann’s constant and T is the

absolute temperature in degrees
Kelvin,

(B}

FIG. 1—Equivalent circuits of grounded-cathode triode amplifier (A) and cascode amplifier

(B) showing noise sources
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The thermal noise voltage ac-
companying the signal is
= 4bk TR,
Since E,, ¢, and e, are in series, the
ratio of signal-to-noise power ratios
before and after inserting e, is

Ez/e? ) e’
P Bijer+en 11 er T

R.,

R,

By definition, F' is the noise figure.
Its excess over unity is R.,/R, in
the frequency range throughout
which the equivalent circuit holds.

Gain G of the triode is the ratio
of the maximum signal power
available from the output to the
maximum signal power available at
the input. Neglecting parasitic
capacitances indicated by dashed
lines
WE2/AR, w2k
E2/4R bid
where ¢, = p/R, is the transcon-
ductance. A working approxima-
tion for K., up to moderately high
frequencies is given by’

ch 2.5/gm

Hence, the noise ficure may be

written
2.5 , '
=1 25
* g I ‘/ G
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G = gn® Rs I

F=1

These results indicate that the
noise figure excess over unity varies
inversely with g..

One method of improving noise
figure would be to use triodes in
parallel. Two tubes would cut /' — 1
in half. Four tubes would be re-
quired to get a further division by
two. This method would become
unwieldy bevond the first step.

In broadband amplifiers, inter-
electrode capacitances shunt the
signal at higher frequencies with
resultant loss of wgain and furnish
a feedback path from output to in-
put causing potential instability.
The cure for both difficulties is to
reduce the impedance level of both
input and output circuits.

This decreases both the shunting
and feedbuck effects of the parasitic
capacitances. Unfortunately this
means that much of the available
¢ain G must be sacvificed by mis-
matching terminations. The noise
figure is also deteriorated because
the equivalent grid circuit noise re-
sistance R., becomes a larger frac-
tion of the input circuit resistance.

A pentode ofters lowered values
of interelectrode cuapacitances that
permit stable amplification at
higher impedance levels for a given
bandwidth. The advantage is offset
however by the partition noise
caused by random variations in the
division between plate and screen
current. The equivalent resistance
R,,, for the pentode is’

Iy 2.5 20 1,
Reqp = ]’p T ( 7 ~ gn? >

wherve I, and I,. are the plate and
screen currents in amperes and ¢,
is the transconductance of the
pentode. Since the transconduc-
tance of a pentode is I,/(I, + 1,.)
times the triode transconductance

ale T
3 S —lp T
g ™ iy ™ ic
—_— —-——
AW
EMITTER re COLLECTOR
2 <19
r-_,=2£1.b,e=|.6x|0 b
€= akTbr,
'4_2=281 (1= b N
_: e el (@YD)
is=2elcob
BASE

I7 COLLECTOR
SATURATION CURRENT

FIG. 2—Equivalent transistor circuit illus-
trates noise problem

g.. obtained by connecting plate
and screen together, this equation

may also be written
Regp = Reat <1 + ”“)
Um

where R.,. = 2.5/¢.: is the equiva-
lent resistance when the tube is
operated as a triode by connecting
the plate and screen together.

Noise can be reduced by decreas-
ing screen current and by increas-
ing transconductaace. The latter
is usually a design objective in its
own right. The former may be
helped by electron-optical means as
for example, in the Philips EFS,
by lining up the screen-grid wires
to fall in the shadow of the control-
orid wires.

Cascode Amplifier

The cascode amplifier,”” Fig 1B,
consists of a4 grounded-cathode tri-
ode followed by a grounded-grid
triode. The latter forms an ampli-
fving stage with &« low impedance
input. It furnishes a stable broad-
band termination for the first stage
while providing mplification to
make up the loss from mismatch-
ing.

Interelectrode cavacitances in the
erounded-grid stage are favorably
disposed for stability since the feed-
back capacitance is from plate to
cathode rather than from plate to
¢rid. The g¢rounded-cathode stage
is stable bcause the voltage ampli-
fication is unity or less.

The transconductance of the
equivalent single pentode is equal
to that of the first triode. The con-
tributions from slot noise in the
two triodes and tiermal noise in
load resistance R, produce only a
modest excess over unity in the
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noise figure. The value of gain is
large enough to make contributions
from later stages negligible.

The cascode amplifier has a wider
range of application than its use
as an untuned amplifier at mod-
erately high frequencies. The same
principles are effective for narrow-
band tuned amplifiers as a means of
improving  stability, increasing
gain, and reducing noise figure. At
higher frequencies where the simple
assumptions used in the illustrative
example are no longer valid, the
cascode continues to perform well.

The differences which arise as
the frequency is increased to the
region where electron transit times
are appreciable include: a change
in R., a contribution to noise from
induced grid current and a decrease
in the input impedance of the
grid-to-cathode circuit.

High-Frequency Noise

The induced grid noise, which is
noticeable in subminiature triodes
at 15 me and becomes the principal
limiting factor at frequencies above
100 mc, is caused by fluctuations in
the current induced in the grid by
electrons passing it. One component
arises from fluctuations in the elec-
tron stream itself. This component
is correlated with the shot noise in
the plate current.

A considerable part of the in-
duced grid noise is independent of
the shot noise. The transit angle
fluctuations and variations in total
emission caused by the return of
some electrons to the cathode in the
negative potential region have been
suggested as possible causes but do
not appear to be quantitatively ad-
equate. Recent work® indicates that
reflection of electrons by the plate
is a substantial contributor.

By use of the cascode circuit an
optimum noise figure of 1.06 or
0.25 db has been obtained at 6 mec
with B, = 1/G, = 15,000 ohms; a
noise figure of 1.35, or 1.3 db, at 30
mc with B, = 2500 ohms; and a
noise figure of 3.5, or 5.5 db, at 180
mc with B, = 400 ohms.® The band-
widths were 1, 6 and 2.5 mc re-
spectively. Omitting the tuning
inductor for the first triode grid-
plate capacitance increased the
noise figure 0.2 db at 80 mc and 2.5
db at 180 mec. Equivalent shot-
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noise resistance R., and equivalent
total induced grid noise conductance
at 30 mc have been tabulated® for a
number of commonly used tubes.
The bandwidth limitation in
optimizing noise figures is set by
the tube input impedances and
stray capacitances. To widen the
band would require equalization in
the amplifier with a corresponding
nonuniform distribution of noise
with frequency in the output. The
average and spot noise figures
would then no longer coincide.

Transistor Amplifiers

At very low frequencies, the
transistor is plagued by 1/f noise
or excess noise, which is analogous
to flicker noise in vacuum tubes.
The power spectrum of this noise
falls off approximately in inverse
ratio to the frequency and is cov-
ered up by other sources of noise
above a frequency limit depending
on the type of transistor.

In point-contact transistors, the
1/f component is large and domi-
nates throughout practically the en-
tire useful frequency range. June-
tion transistors have been improved
to the point where from about 1 ke
up the other sources of noise are
limiting.

Other noise sources include ther-
mal noise in the resistive compo-
nents, shot noise from random
passage of the carriers through the
junction and partition noise from
random division of carriers between
base and collector. These sources
have a fairly uniform spectrum
over the frequency range between
disappearance of 1/f-noise and on-
set of a-cutoff effects.

Equivalent Circuit

An equivalent circuit® ® which ap-
pears adequate in the uniform
range is given in Fig. 2. The noise
sources include: current generator
1, in parallel with the emitter re-
sistance to represent shot noise in
the emitter current, voltage gen-
erator ¢, in series with the base to
represent thermal noise from in-
trinsic base resistance, current
generator ¢, in parallel with the col-
lector to represent the partition
noise and current generator ¢, con-
nected in parallel with the collector
to represent the shot noise present

in the collector current.

Calculation of the noise figure
is straightforward, provided cor-
relation between the noise sources
is neglected, since the noise-power
contributions from the four sources
may be added directly. Correlated
noise voltages or currents have
phase relations which may have to
be taken into account,” as in the
case of the induced grid noise in
vacuum tubes. The effects are small
if there is a considerable disparity
in size among the various sources.

The signal source resistance giv-
ing minimum noise figure is de-
termined by the same methods
used in electron-tube circuits. An
approximation for the optimum re-
sistance is the open-circuit input
resistance. Values from 400 to
1,000 ohms are usually found best.

The noise figure is practically
independent of which configura-
tion, common emitter, base or col-
lector, is used. Noise figures of
from 4 to 6 db in the range 1-100
ke are obtainable™ with selected
units.

Velocity-Modulated Tubes

An example of the velocity-
modulation type of tube is the
klystron amplifier shown in Fig.
3A. An electron gun at the left
produces a beam of electrons,
which on passing through an input
cavity has an a-c¢ velocity ripple
impressed on it by the electro-
magnetic field signal supplied to
the cavity from the antenna. This
results in a wave of alternating
convection density in the beam
capable of delivering an enhanced
amount of signal power to the out-
put cavity. To obtain substantial
gain the impedances of the cavities
must be high and hence the band-
width is relatively narrow.

Wave-Type Tubes

In a traveling-wave tube,” Fig.
3B, the path of the electron beam
follows the axis of a helical con-
ductor along which the microwave
signal is propagated. There is a
distributed interaction between the
microwave signal and the induced
space-charge wave in the beam,
which with proper relations be-
tween the beam velocity and micro-
wave propagation velocity can
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tube (B) in which electron beam follows helix

yesult in an amplified signal in the
output from the helix. Since no
sharp tuning is required, the band-
width can be large. For example
a 20-percent bandwidth at 4,000
me is relatively easy to obtain.

Sources of noise in electron-
beam tubes are similar to those
encountered in other electronic de-
vices. Partition noise arises from
electrons being intercepted before
reaching the collector. This can be
minimized by good focusing of
the beam. In the traveling-wave
tube there can also be induced
partition noise because of radial-
field variations across the electron
beam.

This is avoided by making the
beam diameter small so as not to
include much field gradation and
also by not allowing the beam to
approach closely to the helix.
Secondary emission from the col-
lector may produce noise and it is
desirable to operate the collector at
a sufficient potential to keep
secondary electrons from coming
back into the interaction field.

Shot Noise

The most potent source of noise
is shot noise in the electron beam.

This shot noise can to a con-
siderable extent be regarded as
itself a space-charge wave originat-
ing from a single source. The same
principles used to amplify space-
charge waves can be applied in
reverse to attenuate the shot-noise
wave before the electron beam is
allowed to enter the signal-amplify-
ing structure. By this denoising
process it has been possible to
obtain noise figures in traveling-
wave tube amplifiers in the range
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6 to 10 db with midband fre-
quencies in the range from 3,000
to 11,000, me.

The shot noise manifests itself
in fluctuations in the a-c¢ velocity
and convection current density of
the electron stream. The two com-
ponents are to a considerable ex-
tent correlated with each other
and in fact in a drift space follow-
ing an electron gun, a standing
wave pattern occurs in which the
velocity maximums coincide with
the density minimums and con-
versely. This behavior may be
demonstrated® by measuring the
noise picked up by a movable
cavity along an electron beam.

The minimum values plotted
against distance will not be zero,
but of the order of 1 percent
of maximum. This verifies an ap-
proximate theory of space-charge-
limited shot noise” applied to
space-charge waves.” In this theory
the noise originates from a veloc-
ity fluctuation at the space-charge
induced potential minimum near
the cathode.

The actual multivalued electron
velocity throughout the beam cross
section is replaced by a single-
valued velocity fluctuation with the
same rms value. The theory cannot
be exact but the fact that the
minimums in the standing-wave
pattern are relatively small shows
that the noise arising from multi-
ple electron velocities in the beam
is a second-order effect.

Denoising Techniques

The actual denoising of the beam

has been accomplished by multiple-

region guns® and by velocity-jump
guns.” In the former case, the

noise wave is attenuated by several
successive anodes at the proper
spacing and potential values. In the
second case, drift regions are
separated by short gaps in which
sudden velocity changes are made.
This method of denoising is the re-
verse of the method of amplifica-
tion by sudden potential jumps be-
tween drift spaces.”* The mini-
mum noise figures attainable by
any denoising procedure have been
the subject of various studies. ™™
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VIBRATING Capacitor

'‘UMMARY

Low-frequency modulator converts d-¢ from differential

analyzer to 60-cps a-c for use in flight table computer. Sinusoidal current

Jthrough drive coil vibrates plate of capacitor in R-C circuit. Output has good

linearity and waveshape, wide bidirectional operating range and low time lag

IBRATING capacitor modulators

have been used in electrometer
amplifiers and in electronic multi-
pliers. In these instruments the
modulator has been specialized in
design and expensive to construct.
Electromagnetic, acoustical and
mechanical methods of drive for
the capacitor plates have been
utilized.*

Design Principle

The modulator described employs
an electromagnetic drive system
originally made for electrometer
use. The basic element is a capaci-
tor sealed in a glass envelope and
capable of plate vibration by an
alternating magnetic field. Since
the unit functions without contact,
it is not subject to the failures that
occur in choppers over long periods
of operation.

If a direct voltage is placed

By J. A. ADLER
Uﬂdew water Ordnance Department

U. 8. Naval Ordnance Test Station
Pasadena. California

series and the capacitor plates
caused to vibrate by an external
means, an alternating voltage is
produced across the resistor whose
frequency is equal to that of plate
vibration.

Its amplitude is a function of
both the applied voltaige and the
amplitude of the vibration. If the
amplitude of vibration is constant,
the output is a linear function of
the direct voltage.

Description

The voltage developed across the
resistor has an undesirably high
source impedance and under coun-
ditions of a varying input voltage,
a fraction of the modulating signal

across a capacitor and vesistor in appears in the output superim-
1,000 2
Sk |
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FIG. 1—Vibrating capacitor modulator (A)

good linearity (B)
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and input-output characteristics showing its

posed on the modulated carrier.

Conversion of the source imped-
ance to a lower value has been ac-
complished with a slight loss in
gain by a cathode-follower. See
Fig. 1A. The unwanted component
of the modulating voltage has been
eliminated from the output by cre-
ating a compensating voltage iden-
tical in amplitude and phase. This
is developed by applying the input
voltage to a resistance-capacitance
network R.C. having the same time
constant as R,C,. This method is
preferable to using filter circuits,
which would introduce unwanted at-
tenuation and phase shift in the
modulation envelope.

The output is capable of driving
a 10,000-ohm load. The isolated
secondary of the output trans-
former permits connection into
either balanced or unbalanced cir-
cuits.

Plate Drive

The capacitor plates vibrate as
they align themselves with the in-
stantaneous magnetic field. One
cycle of plate vibration is produced
for every half cycle of voltage ap-
plied to the drive coil, resulting in
frequency doubling. Although the
efficiency is about five times greater
in this condition, it is usually un-
desirable.

To obtain operation at the fre-
quency of the drive, the magnetic
field must remain unidirectional.
Jy maintaining a constant direct-
current flow through the drive coil
in addition to the alternating drive
voltage, a bias is created that pro-
duces a unidirectional field.
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Changes D-C to A-C

If the modulator is used where
transient response is critical, it
must be balanced to remove the
component of the modulating volt-
age that otherwise would be super-
imposed on the output. A compen-
sating voltage must be created at
the transformer primary winding.
By choosing the time constant R.C.
identical to R,C; the compensating
voltage is in phase with the modu-
lating component. Then, by adjust-
ing the amount of voltage picked
off R, the two voltages are in phase
and of equal amplitude and the
output of the transformer owing to
the modulating component is mini-
mized.

These adjustments are made by
applying at the input a sinusoidal
signal having a frequency at least
equal to the highest modulating
frequency. The carrier drive is
turned off and C. adjusted for min-
imum output using an a-c meter or
oscilloscope. Resistor R. is adjusted
until a lower minimum is obtained.
Resistor R, and C. can be replaced
with fixed-value components.

Calibration

The variable resistor in the drive
circuit is a convenient means of
adjusting the conversion factor
within the limitation that bias cur-
rent be kept between 100 and 200
ma to maintain optimum waveform
and signal-to-noise ratio.

The phase-shift control matches
the phase of the output to a refer-
ence phase. Control over 120 deg
is ohtainable without reconnection
of the three-phase line.

Results

Linearity, as shown in Fig. 1B,
Is within 2 percent between +100
and —100 v input. The error is
7 percent at —200 v and 3 percent
at +200 v input. Voltage break-
down of the vibrating capacitor
occurs for inputs above 200 v. The
exact value of input at breakdown
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varies between 200 and 250 v with
different capacitors.

Figure 2A shows that modulat-
ing frequencies up to at least 10
cps cause no decrease in amplitude
ratio. Phase shift in the output
envelope relative to the input is 16
deg at 7 cps.

When the carrier frequency is
400 cps, capacitor C shunting the
output winding is unnecessary. No
observable drop in amplitude ratio
occurs up to at least 20 cps. The
phase shift in the envelope is 16 deg
at 19 ¢ps.

The static value of the vibrating
capacitor C, as a function of drive-
coil bias is shown in Fig. 2B. Opti-
mum operating bias is obtained at
about 150 ma. Data for the curves
of Fig. 1B and 2C were taken using
this value. Conversion factors up
to 107 can be achieved with total
distortion not exceeding 4 percent.
The distortion is primarily second

and third harmonic up to high con-
version factors where third har-
monic becomes predominant.

Residual voltage at the output
with the input connected to ground
through a low impedance approxi-
mates 1.7 mv. Lack of zero residual
is due to a coupling between the
drive coil and the vibrating ca-
pacitor and is difficult to eliminate.

The amount of voltage coupled
into the high-impedance grid cir-
cuit by the carrier frequency is
proportional to frequency and ap-
pears to be the limiting factor at
higher carrier frequencies. The
large residual at higher frequencies
causes deviations from linearity at
low input voltages. This effect is
illustrated in Fig. 2D.
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General view of magnet area of bevatron, with injector area in right foreground

Bevatron Magnet

UMMARY — - Pulsing system provides means of adjusting repetition rate

and length of 8,333-amp pulse flowing through magnet of 6.2 billion electron

volt machine. Synchronizing pulses for linear accelerator injector and vari-

ous trigger pulses are derived by scaling down from 2-pps oscillator

HE UNIVERSITY OF CALIFORNIA
Radiation Laboratory bevatron
is a proton synchrotron which ae-
celerates particles to an energy of
6.2 billion electron volts. The in-
jected particles are protons with an
energy of 10 mev. These protons
are maintained during acceleration
at a constant radius of 600 inches
by an increasing magnetic field and
are accelerated by power of increas-
ing radio frequency. The maximum
magnet current required for 6.2-
bev particles is 8,333 amp, at which
time the magnet voltage is 12,000
volts. This power is supplied by
two identical motor-generator sets
and 48 mercury-arc rectifiers’
which alternately rectify and in-
vert at a maximum repetition rate
of 10 magnet pulses per minute.
Each motor-generator set is com-
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By WARREN C. STRUVEN

Radiation Laboratory
University of California,
Berkeley, Calif.

posed of a 65-ton flywheel, a 3,600-
hp drive motor and a 46,000-kva
generator. The two drive motors
compensate only for the losses in-
curred during each cycle of magnet
current flow, since most of the en-
ergy supplied to the magnet is de-
rived from the rotational energy
of the flywheels, generators and
driving motors.

Bevatron Operation

The magnet and the two motor-
generator sets are in series. During
the rectification portion of the cycle,
energy is transmitted from the fly-
wheels to the magnet. The initial

magnet voltage is 18,000 volts,
which falls to 12,000 volts as
the magnet current increases
from zero to 8,333 amp. The time
required for this operation is about
1.85 seconds, as shown in Fig. 1.
This portion of the magnet cycle is
used to accelerate the protons,
which are injected into the bevatron
when the magnetic field is about
300 gauss. The magnetic field rises
to about 16,000 gauss when the
magnet current is 8,333 amp.
During the inversion portion of
the cycle, which follows rectifica-
tion, energy is returned from the
magnetic field through the mer-
cury-arc rectifiers, now operating
as inverters, to the flywheels. At
the peak of magnet current (8,333
amp) the generator speed has
dropped about 7 percent from the
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Pulse-Timing System

initial value of 860 rpm. The total
energy stored in the two rotating
flywheels is about 80 megajoules or
125 kwh.

The motor-generator system was
designed to provide 10 pulses per
minute at full power. The pulse-
timing equipment has been de-
signed to allow selection of 12 repe-
tition rates between 4 and 20 pulses
per minute and magnet pulse
lengths from 0.1 to 2.5 seconds.

The pulse repetition chassis con-
tains the master oscillator and repe-
tition-rate scaling circuits as well
as the associated gate equipment.
This unit supplies the synchroniz-
ing pulses for the injector and trig-
ger pulses for the magnet-pulser
chassis.

The magnet-pulser chassis sup-
plies a positive bias to the mercury
arc rectifier control equipment,
which causes the rectifiers to sup-
ply energy to the magnet. This
chassis also supplies timing trig-
gers at —1.04 sec, at —0.54 sec, at
—40 millisec, at magnet voltage on
and at end of rectification. A syn-
chronizing trigger is also sent to
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the injection equipment between
magnet pulses. The synchronizing
pulse for the injection is supplied
by equipment which accurately
marks the proper injection field.

The repetition-rate chassis in
Fig. 2 supplies three pulses, spaced
500 millisec apart, and determines
how often these pulses are pro-
duced. The chassis is synchronized
by one of the motor-generator ig-
nitor peaking-transformer pulses.
Discrete repetition rates of 4 to 20
pulses per minute or single-pulse
operation may be selected by a
front-panel switch. An asymmet-
rical multivibrator operates contin-
uously, its two periods being 480
and 20 millisec, using the circuit
of Fig. 3.

Repetition-Rate Chassis

During the time that the 20-milli-
sec pulse is supplied to the motor-
generator synchronizing gate, the
gate can pass the peaking signal
fed from the peaking signal shaper
to the 50-millisec one-shot multi-
vibrator and on to the phase in-
verter, the cathode follower and the

thyratron pulse generator. This
multivibrator assures that one and
only one peaking signal can arrive
at the phase inverter each time the
20-millisec pulse reaches the gate.

The pulse fed to the phase in-
verter is also sent to flip-flop 1.
Each pulse received by the flip-flop
chain is stored as one count. When
the total of the stored counts equals
the diode matrix scaling factor, the
corresponding matrix horizontal
output line suddenly goes positive
by about 60 volts. The repetition-
rate selector switch supplies this
positive pulse to the delay cathode
follower and then to the reset thyra-
tron which in turn resets the five
flip-flops. A typical flip-flop circuit
used on the repetition-rate chassis
is shown in Fig. 4.

A delay of approximately 1 milli-
sec is necessary to allow the asso-
ciated gate equipment to operate
property. The delay is obtained by
an RC circuit which integrates the
60-volt step-function supplied to the
delay cathode follower.

When it is desired to pulse the
magnet, a ground is supplied to
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either the single-pulse flip-flop or to
the continuous gate. In either case,
the next time that the chain con-
tains one count, a magnet-pulse
cycle is started. Pulse 1 is fed
through the continuous gate to the
timing gate flip-flop, to open both
timing gates and allow pulse 2
(—0.54 sec) and pulse 3 (—40
millisec) to be sent to the magnet-
pulser chassis. This cycle is initi-
ated each time a ground is supplied.

When selector switch S is set to
single pulse, the chain is reset on 3;
however, when a single pulse is
initiated, the chain is immediately
reset to zero.

Three of the four pulses pro-
duced by the repetition-rate chussis
are supplied to the magnet pulse-
timing chassis, as shown in Fig. 5.
These are the output of the thyra-

tron pulse generator, the —0.54-sec
and the —40-millisec pulses.

The 0.54-sec pulse starts a 20-
millisec time delay. This tube, in
conjunction with relay tube V.,
operates a relay which discharges
a 0.2-uf capacitor to provide a posi-
tive set pulse to lock out time delay
V,, flip-flops V. and V, and prepulse
thyratron V, to send a reset pulse
to the external interval timer.

The —40-millisec pulse from the
repetition-rate chassis appears ex-
actly 500 millisec after the —0.54-
sec pulse. This negative pulse is
inverted by V.. and applied to scope
trigger thyratron pulser V,. It
also sets 40-millisec time delay
tube V. When this times out, a
negative trigger phase inverter is
sent to V., to start 20-millisec time
delay V.. that supplies an on gate

for pulse-length time delay V. This
delay controls the length of the rec-
tification ecycle, which is variable
from 0.1 to 2.5 sec; on timing out, a
trigger is supplied through set
stage V,, to a filter time delay.
This is a fixed delay of 20 milli-
sec to allow two 1,400-cycle series-
resonant ripple filters to be re-
moved from the magnet terminals
before the magnet voltage reverses.
After 20 millisec a set trigger is
sent to the synchronized turnoff
time delay.

In addition to the set signal,
there is a reset pulse, derived from
one of the motor-generator phases,
which is applied as a synchronizing
pulse to the synchronized turnoff
time delay. If this synchronizing
pulse fails to arrive, the time delay
still operates after 20 millisec and
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FIG. 3—Multivibrator-type 2-pps master
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FIG. 5—Basic stages used in magnet
pulse-timing system, which receives three
pulses from repetition-rate chassis
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Pulse- hmmg system racks

allows the remainder of the circuit
to function normally. Thus, both
the rise and fall of magnet voltage
can be synchronized with a par-
ticular machine phase.

A set signal is then sent from
the synchronizing turnoff delay
to 22-millisec changeover delay Vi,
and V,. This circuit, in conjunc-
tion with relay tube V., operates
relay 9 and removes the rectifica-
tion bias from half the mercury arc
rectifier control tubes, thus allow-
ing half the machine to start its
inversion cycle 22 millisec before
the other half. This is necessary to
reduce the reversal stress on the
motor-generator shafts.

Pulse-length time delay circuit
Vi, the filter time delay, the syn-
chronized turn off time delay and
the 22-millisec change-over delay
are all direct-coupled to bias regu-
lator tubes Vg, V.. and V, through
cathode followers V., and V, and
mixing diodes V, and V.. From
the time that the pulse length is
gated on until the end of the 22-
millisec changeover (V.. V.) a
gate is supplied to the bias regu-
lator circuit to hold it gated on.
When pulse length time delay V,
times out, an end-of-rectification
pulse is sent through a phase in-
verter to a thyratron end-of-pulse-
length pulser.

The series regulators and screen
supply regulators V, through V,,
using type 815 tubes, required some
unusual circuitry to supply 150
volts at 1.1 amp regulated to 1 per-
cent. When available distribution
transformers are used the average
series regulator tubes have too

ELECTRONICS — June, 1956

Motor-generator room of bevairon, with ignitrons in foreground

much drop, so it was decided to use
five dual-pentode tubes with a com-
mon regulated screen supply.

In addition to the circuitry just
described, this chassis contains
monitoring circuits so that the tim-
ing of each delay circuit may be
checked by an external interval
timer. The interval timer switch
selects the function to be measured
by this unit. The signal to be
checked is sent to the timer by
cathode follower V,, and a reset
signal is generated by V..

The magnet pulse length is deter-
mined by pulse-length delay V,, and
the actual magnet current. A
scaled-down replica of magnet cur-
rent is supplied through regulated
bucking supply Vs to Schmitt trig-
ger Vi, used to derive a marker
pulse at a predetermined magnet
current.

Modified Schmitt Trigger

The magnet-pulser chassis con-
tains a new circuit to determine
the magnet pulse length V,; and the
lockout time V,. The basic circuit,
a modified form of Schmitt trigger,®
is shown in Fig. 6. The triode is
normally conducting and the de-
energized relay is in the position
shown. When a positive start gate
is applied to the pentode grid, the
pentode is caused to conduct, ener-
gizing the relay. The grid of the
triode is almost immediately low-
ered to the negative bias voltage
—E.

Because the variable timing re-
sistor R is returned to positive bias
potential +E, capacitor C charges
toward this potential until the

E=+I05V

TO EXT
CIRCUIT
—|osv | %50]( i
10 M\LLISEC
‘START NEG BIAS
TRIGGER -105v - K X 1000

FIG. 6—Modified Schmiit trigger circuit
used {o determine magnet pulse length

triode just passes the cutoff point,
at which time positive feedback
around the circuit forces the triode
to zero bias and the pentode to
cutoff. Because C is alternately
charged and discharged between
equal but opposite potentials with
respect to ground, the time re-
quired for the capacitor to charge
from its original negative potential
to ground is essentially independent
of supply voltage variations.’
Acknowledgement is made to
D. A. Mack, bevatron project en-
gineer in charge of all monitoring
and controls, whose conception of
the magnet pulser led to its design
and development by the author.
All bevatron work has been done
under the auspices of the U. S.
Atomic Energy Commission.
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Microwave receiver has appearance of 10-in. slide rule. Whip antenna is extension of

slab-line center conductor

By EUGENE B. HERMAN

Haller, Rauymond and Browmn, Iue.
University Park. Pennsylvania

PERSONAL Microwave

ASICALLY the receiver consists
B of an antenna and wavemeter
cavity plus an audio amplifier with
hearing-aid ear piece. The receiver
schematic is shown in Fig, 1A, The
antenna is a telescoping whip which
when fully extended is a little over
a half wavelength long at the lowest
frequency.

The antenna is an extension of
the center conductor of a slab line.
The slab line serves as the wave-
meter resonant circuit for the crys-
tal video detector. The slab line was
chosen because its impedance is
easily calculated and there is little
or no coupling between the inside
and outside of the line. It is easy
to fabricate, relatively inexpensive,
has a reasonably high Q and desir-
able form factor.

The characteristic impedance of
a slab line is

Z, = (138/K?%) log, (4b/=d,)
where b = separation between
slabs, d, = diameter of center con-
ductor and K = dielectric constant.
See Fig. 1B.

The line impedance was chosen
at 50 ohms to provide an approxi-
mate match for the crystal detector
and to maintain a reasonable Q for
tuning the wavemeter. The wave-
meter is tuned by a set of sliding
contacts. The length of the wave-
meter sets the lower limit of fre-
quency at 1,000 mec. The upper
limit of 12,000 mc is fixed by the
performance of the crystal detector.

The crystal detector is probe cou-
pled into the wavemeter cavity. To
maintain high loaded Q for the
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tuned circuit, the coupling is kept
loose. The Q varies from 71 to 42
asg the frequency varies from 1,000
to 10,000 mc. Variation is due to
skin effect, antenna loading and
loading due to the erystal detector.

The crystal is a Sylvania tripolar
video detector, type 1N369A. Since
this crystal has a self-contained d-¢
return, probe coupling is practical.
The figure of merit of this crystal
is a minimum of 10 measured at
6,750 mc, Tangential sensitivity is

40 dbm over the band. Video re-
sistance is between 4,500 and 18,-
000 ohms at 25 C. The crystal has
a built-in r-f bypass of 7 uuf; r-f
input impedance is a nominal 65
ohms.

The audio amplifier is a modified
Zenith Roval T hearing aid. This
is a compact sensitive amplifier
whose internal noise is consider-
ably less than that generated by the

IN369A. The output of the ampli-
fier is fed to a hearing-aid ear
piece. Any signal detected by the
crystal is amplified and made au-
dible.

A signal can be maximized by
orienting the antenna, adjusting the
antenna length or adjusting the
tuning slider. The frequency Iis
measured by measuring the dis-
tance between maximums for weak
signals or minimums for strong
signals. By using the antenna fully
extended at the higher frequencies
a long-wire antenna pattern is pro-
duced which can be used as a crude
radio direction finder,

Performance

The r-f portion of the receiver
looks like a slide rule 10 inches long,
1} inches wide and & inch thick.
The antenna extends beyond the
slide rule a maximum of 9 inches.

TUNED SLAB LINE

Z, =50 OHMS

T ]

EJ IN369A

AMP

Al

- Q

(a)

EAR PIECE

(8)

FIG. 1—Tuned slab line acts as wavemeter cavity: tripolar crystal is video detector

that feeds hearing-aid amplifier
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UMMARY

Crystal detector with slab-line resonant circuit picks up

microwave energy and feeds it to hearing-aid amplifier. Result is personal
portable for 1,000 to 10.000 mc with sensitivity from —35 to —40 dbm.

Possible applications include detection and surveillance, emergency short-

distance communications and field-survey work

Search Receiver

HORN

FIG. 2—Shield of microwave absorbing
material is used when testing receiver

This is about 8 wavelengths at the
highest frequency and a half wave-
length at the lowest.

The amplifier is the size of a
pack of regular-size cigarettes. The
ear piece is a standard hearing-aid
component. The total weight of the
receiver is less than 123 oz.

It is possible to receive a 1-mw
signal modulated with a 12-usec
pulse at a 4-ke rate at a distance of
more than 35 feet. Such a signal
was radiated from a horn of less
than 10-db gain fed by a cable hav-
ing loss of about 1 db.

A 40-mw X-band signal square-
wave modulated at 400 cps was
audible 35 to 40 feet away from
an open-ended waveguide.

The indicated sensitivity of the
receiver was —35 to —40 dbm.
This is limited by the tangential
sensitivity of the crystal detector.
The minimum detectable signal
was measured by placing the an-
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FIG. 3—Response is shown by attenuation in
(A) and high (B) ends of spectrum

tenna as close as practical to the
radiator and assuming reasonably
tight coupling. The signal was
attenuated to threshold and the
minimum detectable signal meas-
ured using calibrated attenuators
on the signal generator. Figure 2
shows a setup for measuring re-
sponse and sensitivity.

Test Procedure

In a typical test a signal gen-
erator was coupled through a short
section of RG-9/U cable to a low-
gain waveguide horn. The distance
S between the receiver and horn
was kept a minimum when measur-
ing minimum detectable signal.
When measuring wavemeter re-
sponse, distance S was increased to
at least S > 2D°/» where D =
widest dimension of horn and A =
operating wavelength.

To prevent back scattering from
the receiver, amplifier or operator,

db inserted in test signal generator for low

microwave absorbing material was
placed between the receiver and
horn. In spite of all precautions
there were indications of reflection
at the higher frequencies. This is
shown at point A4, Fig. 3B.

The response of the receiver was
measured for a fixed antenna
length and slider position as the
transmitter frequency was varied
about the tuned frequency of the
wavemeter. Figure 3 shows the
wavemeter response near 2,000 and
9,500 mc. The response charac-
teristics were sufficiently sharp to
enable frequencies to be measured
within =1 percent at S-band and
=+2.5 percent at X-band.

At the lower frequencies the an-
tenna operates best as a quarter-
wave whip. However, at the higher
frequencies it is possible to in-
crease antenna gain and directivity
by extending the antenna several
wavelengths.

165



Transistor Modulator

UMMARY

Differential-transformer transducer feeds transistorized net-

work employing phase and pulse time modulation for airborne tape record-

ing of accelerations up to 180 ¢ and 500 cps

ESIRABLE FEATURES of tran-
D gistors in remote measure-
ment and control systems for mis-
siles, guided aircraft and industry
have heretofore been offset by the
instability of the transfer charac-
teristics. For this reason, a record-
ing and telemetering system has
been designed which employs phase
and pulse time modulation rather
than amplitude modulation.

In this system the transducer, a
passive device itself, is modified
to provide phase modulation; tran-
sistors amplify and limit the sig-
nals, which are then converted to
pulse time modulation. In this form
the information may be directly
recorded or telemetered to a remote
location, where equipment size and
weight are not of paramount im-
portance.

Phase-Modulating Transducer

The heart of the phase-modulat-
ing system is the transducer, the
only portion of the system which
is amplitude-sensitive. While vari-
ous types of transducers might be
used, a differential transformer
was designed to provide accelera-
tion measurements up to = 180 g
and 500 cps.

This transducer consists of a con-
centrically wound air-core trans-
former having one primary wind-
ing and two secondary windings
connected in series opposition as in
Fig. 1A. A core of ferromagnetic
material is mounted within the
transformer in such a way that its
position determines the relative
linkage between the primary cir-
cuit, AB, supplied from a carrier
oscillator, and the two secondaries,
CD and DE. The voltage produced
across CE is proportional to the
displacement of the core, with its
phase leading the input current by
90 deg when the displacement is in
one direction and lagging by 90
deg for displacement in the op-
posite direction. The core may be
coupled to a diaphragm to indicate
pressure or to a seismic system to
indicate acceleration. This device
is designed to operate at carrier
frequencies from 400 to 20,000 cps
at levels of up to 5 volts input.
Primary and secondary impedances
are approximately 70 ohms.

This transducer, while funda-
mentally an amplitude-modulating
device, is converted to a phase mod-
ulator by the addition of a calibrat-
ing resistor R and an inductance

L, as shown in Fig. 1A. The resist-
ance of R is much smaller than the
primary resistance. The inductance
of L, part of the tank circuit of a
transistorized oscillator, is much
higher than the primary winding
inductance. The primary winding
of the transducer is part of the
carrier oscillator tank circuit, and
carries current %, (l-ke carrier).
In series with the primary winding
is the calibrating resistor R, across
which 4, produces a voltage FE,.
This is shown as the horizontal
voltage vector in Fig. 1B.

The voltage E; appearing across
the output of the transducer is
practically 90 deg out of phase with
the input current i,; whether it
leads or lags depends upon the
direction of core displacement and
hence upon the sense of the ac-
celeration. This signal E; is added
to E., the resultant being E,. The
phase angle 6 between E, and E,
is the arc tangent of Ey/E; Since
E. and E; are both proportional to
the tank current, phase angle @ is
independent of oscillator voltage
changes. This is a highly desirable
feature of the system.

A reference voltage FE taken
from the high side of the oscillator

T 10
|
[ " 5,
ACCELEROMETER | : | -
L | | z®
1S CE =
¢
s e, lE c e
I | | S
- | I Eo Zxe g4
Coor €&  zae
y ¥ ¥ ] P
8 A I < e
|
R |Ep 3 Er a
2 uy. . 0
(A) (B) (C)

2.8% —» T
i

1
0.2 0.3
TANGENT 8

LIMIT OF
OPERATION
(8~18°)

1
0.5

1
0 0050. 0.4 0.6

FIG. 1—Operation of phase modulation network used with differential-transformer accelerometer
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for Airborne Recording

By JAY L. UPHAM, Jr. and ABRAHAM

tank inductor leads E, by approxi-
mately 90 deg. This is adjusted to
exactly 90 deg leading by a phasing
network which compensates for the
finite @ of the tank circuit. Note
that output signal E, and the refer-
ence signal E are the only voltages
to be utilized for further process-
ing.

Although voltage E; is propor-
tional to the core displacement,
phase angle ¢ is determined by the
arctangent of Es/E,. Therefore, it
may be considered as proportional
only through a Ilimited angular
range. Figure 1C shows the per-
centage of deviation of arctangent
# from linearity as the phase angle
is increased. The practical limit is
chosen commensurate with an al-
lowable error of 2.8 percent. This
is shown to be a phase angle of =+
18 deg. The full-scale range of the
device is controlled by a choice of
R such that the == 18 deg limit is
not exceeded. Physically, this re-
sistor, which is approximately 1
ohm, is located for easy change, so
that a single transducer can be used
for a wide variety of acceleration
or pressure ranges.

For telemetering or tape record-

ing applications, the phase in-
SIGNAL

GENERATOR

VN G )

TRANS- | OVER-
DUCER DRIVEN
NETWORK | (per | AMPLIFER
SIGNAL
o

RECORDING

HEAD OR

fa OVERS TM SYSTEM

DRIVEN
(INFO SIGNAL) AMPL iF IE

r

Sy

FIG. 2—Phase-to-pulse conversion
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Gulton Mfg. Corp.
Metuchen, N. J.

formation is processed as shown
in Fig. 2.

Phase-to-Pulse Conversion

The two output signals from the
transducer are individually fed to
transistorized amplifiers which, by
limiting action, produce square
waves. The information signal lags
the reference signal by an angle
of 90 == < 18 deg or a time of 0.25
=+ < 0.05 millisecond. These out-
puts are then differentiated and
added in a simple mixing circuit,
creating two positive and two nega-
tive spikes. The leading positive
and negative spikes correspond to
the reference signal; the lagging
spikes correspond to the informa-
tion signal. While it is not neces-
sary to combine these signals, their
combination eliminates the need for

I. DRANETZ

separate information and signal
channels.

Figure 3 shows a transistorized
network used for airborne tape re-
cording. This ecircuit includes the
carrier oscillator, the transducer, an
overdriven reference amplifier, an
overdriven information amplifier,
and a 60-kc bias oscillator for the
recording head. Stages V, through
V. constitute the functional section
of the circuit, while V, is the 60-kc
oscillator, which provides bias for
the recording head.

Operating analogously to a Hart-
ley oscillator, V, provides approxi-
mately 25 ma at 1 ke for operation
of differential transformer T,. The
signal appearing at the output of T,
is amplified by V. and some limit-
ing occurs through its injection in
V. The output of V, restricted to

Complete airborne transistor network for acceleration channel of in-flight tape rccorder
occupies 2 cu in. and weighs only 2.5 oz. Use of phase modulation offsets inherent in-
stability and lack of production uniformity in the six transistors employed

wwWWWoamericanradiohistorv.com.
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FIG. 3-—Complete circuit of six-transistor demodulator network for self-recording accelero-
meter used to feed airborne magnetic tape recorder

excursion between ground and the
voltage supply, reasonably approxi-
mates a square wave.

Transistor V, generates a well-
defined square wave, the edges of
which correspond to the zeros of
the signal into V, This square
wave generates a voltage pulse
across the recording head because
of the differentiating action of the
100,000-ohm resistor and the in-
ductance of the recording head.
These pulses constitute the in-
formation pulses.

A signal is taken from the high
side of the 1-kc oscillator coupled
by T, to V.. Since this signal is ap-
proximately 20 volts peak, no am-
plification is necessary and V.
operates as a square-wave genera-
tor. This signal constitutes a refer-
ence signal and is coupled, in the
same manner as the information
pulses, to the recording head.

Demodulator

Because the information is con-
tained in pulse time modulation,
the special demodulator of Fig. 4
is required to reduce the data.

The playback system consists of
a reference channel which creates
a square wave triggered by the
positive and negative reference
pulses and an information channel
which creates a square wave trig-
gered by the positive and negative
information pulses. These square
waves are mixed in a ring modu-
lator, producing a 2-kc signal. The
filtered output is instantaneously
proportional to the acceleration or
pressure which is recorded. The
block diagram indicates a playback
head as the signal source. A tele-
metering receiver could be used as
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well for transmitted signals.

One function of the demodulator
is to generate two separate signals,
designated reference and informa-
tion. The edges of the information
square-wave signals are initiated by
the leading edges of the informa-
tion pulses, the edges of the refer-
ence signals by the leading edges of
the reference pulses. Having these
separate signals, the demodulator
information is contained in the
product of the signals. This prod-
uct is obtained in a ring modulator.
An appropriate filter rejects all
signals other than the original in-
formation.

The input from the playback
head drives preamplifiers V, and V.,
in the demodulator of Fig. 5, whose
output signal is a train of pulses
with an amplitude of approximately
25 volts peak. The signal is then
transmitted through phase inverter
V., so that equal and opposite sig-
nals are generated on plate and
cathode. These signals are coupled
to selectors V, and V, which, being
biased to — 8 volts, pass only a por-
tion of the positive voltage applied
to their respective grids. This re-

- - T, DELAY
PLAYBACK
HEAD
T
ECCLES-| !
JORDAN
L wRery || [ L[
T
BLANKING| | ECCLES-
~ —{ JORDAN
CIRCUIT || JORDAN
To* T DELAY
RING
MOD.
600-CPS
COW-PASS -| |---r DELAY
FILTER
L INFORMATION OUTPUT

FIG. 4— Tape playback system

sults in well-defined rectangular
negative signals at the plates of
these tubes. The V, signals cor-
respond to the positive pulses of the
input, while the V, signals cor-
respond to the negative pulses.

Tube V, acts as an amplitude
limiter. The two signals from V,
and V; are differentiated by a 180-
upf, 33,000-ohm network before ap-
pearing on the grids of amplifier
V., which drives inverter V,.

The four signals from V, consist
of mnarrow, positive and negative
pulses, each being a leading or
trailing edge of a pulse of the
original signal. The signals from
a single inverter of V. are gener-
ated by the input pulses of one
polarity. With the reference square
wave to be generated by the lead-
ing edge of the first pulses of given
polarity, timing sequence is such
that the signals appearing at the
plates of V. provide a correct trig-
ger for the reference Eccles-Jor-
dan circuit.

To generate the information
signal, gating is necessary to reject
the signal corresponding to the
leading edge of the reference pulse.
The surest and most convenient
trigger for this gating is the trail-
ing edge of the information pulse.
This trigger corresponds to the
first negative signal from the
cathodes of V, and is used to trigger
the gate Eccles-Jordan circuit of
V... Again, the proper signals for
triggering the Eccles-Jordan circuit
are formed at the plate of V,. These
signals, gated by V,; and V,, which
are also controlled by V.., are prop-
erly filtered so that the final signals
appearing at the outputs of V; and
V.. consist only of a negative pulse
corresponding to the leading edge
of the information pulse.

The wuse of transistors with
phase-modulation prineciples elimi-
nates the effects of marked varia-
tions and instabilities of tran-
sistors. In the design of this
system, however, several problems
and limitations were encountered.
Limitations in transistor frequency
response caused a limitation in
pulse rise time; carrier frequencies
above 1 ke, using present tran-
sistors, resulted in phase errors
above the present 3-percent limit of
accuracy. Care was necessary to
prevent phase changes caused by
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versatile and can be readily
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ctual airborne tape record-
ce shown was developed by
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Recording tape-drive mechanism used with transistorized modulator network weighs less




Equivalent R-Z Chart

UMMARY

Parallel components of resistance and reactance in a given

frequency range for an unknown circuit can be obtained quickly and easily

bv use of () meter and nomographs

HE Q METER is useful in
T obtaining the parallel com-
ponents of resistance and react-
ance of a network. When a
number of readings are to be
taken over a frequency range,
the use of nomographs can pro-
vide a saving in time and effort.
The procedure for using the
nomographs is as follows:

Tune the Q meter to resonance
at the measurement frequency,

Q, Qr
1001 504
1204 60+
1s04 704
1604 804~
1801 so~[

2001 |ooj,_
2201-— 1104
2404 120 4=
4 +€
300+ 1504
T +
s00q 200
1 P
5001 / 2504

4 L
7001 / 3504

B = -
3004 aso

15001 - 750~

A =+

30004 1,500 F
OO ~A

By HALLAN E. GOLDSTINE
RCA Laboratories

Radio Corporation of America
Rocky Point, N. Y.

using a relatively high-Q
shielded coil. Record the fre-
quency, Q-meter capacitance
reading and the @Q reading.
These are f, C, and Q..
Connect the unknown network

Q Q7
100
+ 00
1201 4.
+120
1404~
4
1-140
1604
Ly
160
1804 ]
wo+ T
2004 1180
e Tr ——
== 300
244-. T
o
T S
Va 4 240
/ 3001+
v 4300
d 3501
004 1390
450~ 400
500 1450
sood 1500
700 ]800
oot e
LO00T 600
o T
2,000+ 42,000
3,000’1“ 43000
oo

FIG. 1—Chart gives Q: value for solution of parallel resistance equation

across the capacitance terminals
of the Q meter. Without chang-
ing frequency, retune the capaci-
tance of the Q meter to reso-
nance. Only measurement values
within the proper range can be
used, otherwise the readings
may not be obtainable on the Q
meter.

Record the capacitance and Q
with the network connected.

(Continued on page 172)
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QUICK, EASY

ASSEMBLY WITH

w« NEW

)

: b

?@ 8 TYPES OF
CONTACT TAILS

TYPE F TYPE G TYPE H

Eight different contact tail terminations
provide for use of A.M.P. '78" or
"'98" solderless taper tab connections.
A standard solder slot is
also provided.

Contacts are made of phosphor
bronze and are available in a
variety of finishes.

TYPE R
MOUNTING

Printed circuit board is
easily inserted into contacts

Centrally located plants at
Chicago, Pasadena, Shelbyville
and St. Lovis

TYPE P
MOUNTING

~— ' MOUNTING

CINCH “50” EDGE CONNECTOR

.. with the advantages of lower cost, contact

float, elimination of moisture traps and pos-

itive connector operation over a wide range
of board tolerances.

Extended end guides provide positive
orientation of the printed card prior to
engagement with the connector.

Cinch- 50M Edge Connectors are available in

any number of contacts from one to 56. The

contacts are on standard 5/32” centers. A

polarizing guide may be assembled at
any contact position.

Laminated connector body materials are
available for either commercial or mil-
itary specifications. Connectors are
available with brackets for right
angle mounting or .136 diameter
mounting holes for rivet or screw
mounting.

CiNCH will design, or rede-
sign, components to fit spe-
cific needs, and will assist
in the assembly of compo-
nents through proven au-
tomation technique.

Patent Applied For

CONSULT CINCH

CINCH MANUFACTURING CORPORATION
1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.




Equivalent R-Z Chart

(Continued from page 170)
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FIG. 2-—Nomograph solves equations for both parallel resistance and reactance
The parallel resistance and Referring to Fig. 1 a straight- mec and the capacitance C, read-
reactance are edge is placed across from 225 ing of 210. The X, reading of
on the @, column, through the 380 is read. The straightedge is
L x.0, Gp = L XQr value of 200 on the Q; column, then placed from 380 on the X,
G Q —Qr and approximately 2,000 is ob- column to the @, reading of 1,800
3 tained on the @, column on the giving a value of 700,000 ohms.
B w@ —]C’r) left side. To obtain better ac- Reactance component 1/B is
curacy for high Q. values, the equal to —j/o(C, — C:). To ob-
where 1/G = parallel resistance right side of the chart is used. tain this value from Fig 2, set
in ohms and 1/B = parallel re- By placing the straightedge on straightedge again on 2 me,
actance in ohms. the Q, value of 225, through @, through value of (C. — C+), in
As an example, at a frequency value of 200 on the right, the Q. this case 210 — 200 = 10 pef,
of 2 mec the Q meter readings value of approximately 1,800 is and the value of 8,000 is read
were C, = 210 ppf, Q. = 225. obtained on the right-hand Q. of the X, scale.
After connecting the network, column. The parallel components are
readings were C; = 200 ppf and Using Fig. 2, the straightedge thus 1 G = 700,000 ohms and
Qr = 200. is placed on the frequency of 2 1/B = —j 8,000 ohms.
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i Mallory Mercury Batteries and Silverlytic* Capacitors save

# space, provide superior performance in transistor circuits and / \ ]
} other low-voltage miniature equipment. | \ |
8

SILVERLYTIC
CAPACITORS

Dependability in Miniature Size

—to Work with Transistors

To power transistor circuits, Mallory Mercury
Batteries are now manufactured by a unique
“snap together” constructionf that makes
higher voltage ratings available at hourly oper-
ating costs even lower than conventional bat-
teries. The new design comes in standard 15,
2215 and 45 voltages . . . can be produced in
other ratings on order. A unique power source
pioneered by Mallory, mercury batteries offer
high energy content in small volume . . . far
longer life in service and in storage. Service
life up to three times that of usual dry batteries
can be expected in transistor radios. Their con-
stant discharge characteristic is ideally suited
for transistor operation.

*Trademark

1Patent applied for

Parts distributars in all major cities stock Mallory

standard compaonents for your convenience.

Serving Industry with These Products:

Subminiature Silverlytic Capacitors give maxi-
mum rating in small size. Type TAP, 7" in
diameter by 34" long, operates from —55° to
+85° C; values up to 30 mfd. at 6 volts, and in
higher voltages as well. Even smaller is Type
TAW —only .145" in diameter by 34" long.
Five basic capacitance values for Type TAW,
from 1 mfd. at 24 volts to 6 mfd. at 4 volts.
Each capacitance value is also available at
lower voltage ratings at slightly lower cost.

We'll be glad to consult on your specific circuit
requirements, and to send full technical data.
Just write or eall Mallory today.

Expect more ... get more from

P R.MALLORY & CO.Inc.

Electromechanical—Resistors ® Switches o Tuning Devices e Vibrators

ALLOR

Electrochemical—Capacitors o Rectifiers o Mercury Batteries

Metallurgical—Cantacts e Special Metals and Ceromics © Welding Materials

P, R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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Elecirons At Work

Edited by ALEXANDER A. McKENZIE

Swimming Pool Reactor Controls

/i
Jt Wy

Penn State’s 100-kw nuclear reactor has a core with gridwork of rate, log N (dependent upon reactor flux) and linear servo channels
U-235 tuel elements at the bottom of a 20-foot water tank. The re- control the reactoy during different phases of the reaction. Scram
search laboratory at one end of the pool receives neutron beams circuits immediately drop safety rods to stop the controlled chain
collimated by holes through a 44-inch concrete shield. Log-count reaction if rate of power exceeds safety limits

Weather Radar Probes Storms

RADAR weather research is cur-
rently a considerable program on
Great Blue Hill in Milton, Mass.,
Just south of Boston. This work is
carried on jointly by members of
the Weather Radar Unit of the Geo-
physical Research Directorate, Air
Force Cambridge Research Center.
with offices in Harvard’s Blue Hiil
Meteorological Observatory, mem-
bers of the Observatory staff and
regular Air Force personnel.

With the aid of radar since World
War II, considerable new insight
has been gained of the structure,
development and motion of precipi-
tation areas associated with small
and large-scale storms. It now ap-
pears likely that through studies of
small-scale features, which consti-
tute the large storm systems, im-
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FIG. 1—Air Force personnel man Blue Hill 3.2-cm radar around the clock. Control boxes
for automatic cameras are above main scope and spcre camera assembly is at right
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VOLTAGE REGULATED
| POWER SUPPLIES

[or powening electronic. equipment

‘KR
with NEW-IMPROVED FEATURES .

% FAST RECOVERY TIME
Y Goop STABILITY 1.5 Amp. KR SERIES
Model Volt 6.3V AC WRaCKHMWMD Pri
ode 0lts o rice
% LOW outPut IMPEDANCE KR16 | 0-150 | Each supply | 187 |12%"]17" | $625
KR17 | 100-200 has two 197112Y47[17” | $625
EK R Voltage Regulated Power Supplies are conservatively KR18 | 195325 | 15Amp. | 197|12%[17"] $695 I
rated and are designed for continuous duty at 50°C ambient. KR19 | 295-450 | outputs | 197 {12%~[17" | $695
REGULATION: Less than 0.2 volts for line fluctuation from 105-
125 volts and less than 0.2 volts for load variation from 0 to KR
maximum current. 600 ma. SERIES
RIPPLE: Less than 3 mv. rms, Model|  Voits 6.3V AC wmknmumn price |
STABILITY: The output voltage variation is less than the regula- KR8 | 0-150 | Each supply | 197]10% {13~ | $330
tion specification for a period of 8 hours. KR5 | 100200 | hastwo | 197]|10%”[13” ] $240
. S E 10 Amp. 197[10%"{ 13" | $240
RECOVERY TIME: Less than 50 microseconds. The excursion in KR 6 | 195-325 - — it
the output voltage during the recovery period is less than the KR7]295450 | outputs | 19[10%"]13"] $250

regulation specification.

OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 300 ma. KR SERIES
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units T
have very much lower output impedance. Model | Voits 6.3V AC w | H D | price

KR 12 0-150 | Each supply | 19| 77| 11~ | $270
KR3 | 100-200 has two 197] 77 ] 11”7 | $180
KR4 | 195-325 5 Amp. 197| 771 117 | $180
KR10 | 295-450 outputs 197 77| 117 | $190

125 ma. KR SERIES

Rack Mount
Wikl 1]

Model Volts 6.3V AC Price
KR 11]  0-150 | Eachsupply | 197|7~ | 11~ | $180
KRT | 100200 | hasone | 197[7” [7v5~| $ 90
KR2 | 195325 3 Amp. 197177 | 7%2"| $ 90
KR9 | 295450 output 197177 | 7v%.7]| $ 91

FEATURES:

@ Fast Recovery Time, Suit: o Power Requirements 105- To Include 3" Current and Voltage Meters, Add M to Model
- :hle for Square Wave Pulsed 125 volts, 50-60 cycles. number (e.g. KR 16-M) and Add $30.00 to the Price.
. 1 oading. P i To include Dust Cover and Handles for Table Mounting, Add C to
KR-18MC % @ Voltage Range continuously @ Terminations on rear of unit. Modet number (e.g. KR1-C) and Add $10.00 to the Price.
variatlle_without Switching. o Locking type voltage control To Include Meters, Dust Cover and Handles, Add MC to Model
@ Either Positive or Negative :(i, DE Slv‘uitches, Fuses, and number (e.g. KR-16 MC) and Add $40.00 to the Price.
may be Grounded. ilgtlightss PRICES F.0.8. Flushin
YA pos e .08. 2.
o . ’_"0,4 PY 0|_l Filled Condensers. ) o Color Grey Hammertone.
& =G @ Wire Harness and Resistor
e A Board Construction. o Guarantee One Year. A LINE OF 50 MODELS
i A . : =
< g/\ ) > All models available for 400 cycle operation on special arder. Available from Stock - Catalog on Request
7,

KEPCO LABORATORIES

131-38 SANFORD AVENUE - FLUSHING 55, N.Y. « INDEPENDENCE 1-7000
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portant knowledge relating to the
dynamics of the latter will be ob-
tained.

Accordingly, the present effort at
Blue Hill is divided into various
categories. A symmer program,
with the aid of cooperative ground
observers, seeks to gain more in-
formation on local storm charac-
teristics with particular emphasis
on the identification of severe
storms. Observational and theoret-
ical studies of winter type precipi-
tation are also in progress and at-
tempts are being made to relate
quantitatively the radar presenta-
tion given by the relatively small
storm sectors seen in these cases
with the larger systems. These
studies appear to offer a way to the
better understanding of all the fac-
tors which influence and make
weather.

The most important item of radar
equipment at the Observatory is the
CP8S-9 with characteristics espe-
ciallv designed for meteorological
studies. The CPS-9 characteristics
are: wavelength, 3.2 cm; beam,
conical, 1 deg bhetween half-power
points; pulse length, 0.5 or 5 micro-
seconds; peak power, 125 to 250
kw; pulse repetition frequency, 93
or 186 sec™.

The equipment serves a dual

038N

FIG. 2—Photograph of ppi pattern shows
thunderstorm echoes

function in that information re-
garding weather conditions is re-
ported hourly to civil and military
interests and research data in pho-
tographic form are simultaneouslvy
collected, through use of automatic
radar scope camerus.

A second important item of
equipment is the zenith-pointing
radar, which gives a time-height
record of heavy cloud and precipi-
tation passing overhead. This radar
operates on a wavelength of 1.25
em, with a peak power of 25 kw and
transmits a conical beam } deg be-
tween half-power points. Used in

conjunction with this system is an
Integrating cloud reflectivity con-
tour mapper developed for the Air
IForce Cambridge Research Center
by Polytechnic Research and Devel-
opment Co.

This device automaticully plots
discrete contours of constant re-
flectivity throughout a cloud as it
passes overhead, thus presenting a
map of the internal structure of the
cloud on time-height coordinates.
The system depends upon the stor-
age of echoes from 50 consecutive
sweeps and counting the number of
times the echoes in each range in-
crement exceed a preset threshold.

If the count corresponds to one
of four preset values, as determined
by the probability distribution of
echo amplitudes, a pulse is passed
to the recorder. In this wuy, the
reflectivity contours depend only
upon the average echo intensity
rather than the instantaneous value.

Maximum utilitv of the radar
data is realized when they are used
in conjunction with other types of
weather information. The location
of Blue Hill Observatorv in the
midst of an elaborate network of
weather stations and the regular
observations taken at the Hill are
very advantageous in providing mu-
terial for necessary corollary work.

The Blue Hill Observatory is di-
rected by Charles F. Brooks. The
weather radar unit is under the di-
rection of David Atlas and the
regular Air Force personnel are
commanded by Lt. Herman Lintner.

FIG. 3—Portion of time-altitude record of clouds and precipitation passing through the beam of a zenith-pointing 1.25-cm radar. I:Icri-
zontal lines equal 4,000-foot intervals. Bright band typical of light rainfall shows just under 8,000 feet after 1450. This marks transition
from rain to snow. Echoes above 8,000 feet result from ice crystals since water clouds above 10,000 feet cannot be detected

Transistor Hearing Aid

REDUCTION in the size and weight
of heaving aids, but at reasonable
cost, has led to development of a
four-transistor device sold for $50
and having a battery cost of 15¢
a month.

In the engineering approach,
consideration was first given to the
relative cost of four transistors in

176

a  resistance-capacitance coupled
circuit shown in the figure. This
thinking permitted replacement of
three transistors in a transformer
coupled circnit, as used in earlier
models.

Capacitors in the extremely small
sizes desirable for hearing-aid use
have remained expensive. Further-

more, the cost of transistors and
coupling circuit components has not
been reduced sufficiently to effect
a saving by eliminating transform-
ers unless less expensive coupling
capacitors can be utilized.

This problem was solved by us-
ing somewhat larger capacitors,
which are available at a substan-
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When a predestined steer meets a dedicated chef ... man, that’s steak!
If steer or chef is bad (and double trouble if both)...ketchup can’t help.

Now comes the commercial.

Take the best available materials (sifted by unrelenting research).

Season with the same inventiveness used by Dr. A. C. Beckman to develop
the precision potentiometer in 1940 (we’ve never switched brands).

Add assembly-line economies without compromising quality. Test and
retest in the industry’s most complete lab. Inspect a dozen times

(too many cooks can’t spoil this broth). Pack well. Ship on schedule.

Man, that’s a HELIPOT precision potentiometer ... noe ketchup needed!

'0;;;:;3;;;;;0;0;0%‘\\'\ [ JSirst in precision potentiometers Helipot males precision potentiometers. ..
""""' h n Helipot Corporation/ South Pasadena, California linear and non-linear...in the widest choice
.‘.““.“““‘.“ ' ' wr En _r{i‘/_w.cring representatives in principal cities of sizes, mounting styles and f'esista?zccs.
0.0.0.0.0‘0.0.0‘0‘ *// a division of BECKMAN INSTRUMENTS, INC. M(_x ny models are stocked for immediate
R // shipment...our engineers will gladly adapt

ﬁ%” e standard models to your requirements. ..
'__= s : or design entirely new HELIPOT X precision
potentiomelers for you.

For information and specifications...
536 *REG. U.S. PAT. OFF, write for data file o1

ELECTRONICS — June, 1956 Want more information? Use post card on last page. 177

wwWWeamericantadiehistorn.com. - -



tially lower price. After removing
the transformers, a careful rear-
rangement of parts to include the
less costly capacitors made the
transformerless circuit economical.
Elimination of the two trans-
formers also resulted in an 183
percent weight reduction in an in-
strument scarcely larger than a
conventional cigarette lighter.
The case of the instrument was
also considered as a possibility for
saving. While it was required to
have the durable, noise-free sur-
face established for the Zenith line
of hearing aids, the case must ef-
fect a saving by being less costly
to manufacture and by being less
vulnerable to damage in subsequent
assembly processes. The problem
was solved by changing the cus-
tomary golden finish to black.

Cx784 CK784

MAGNETIC MICROPHONE

1,000

ﬁ— —< _
=
F’\N\N\/\r
A
R

CK785

0K
400-0M
ouTPUT
SWiTCH
o
voLuw
CONTROL
22K Tisv

Circuit diagram of the Zenith 50X4 transistor hearing aid

Tone control switch and circuits

were also removed from the instru-

ment. Variations in tonal qualities
are available to the consumer in the
choice of earphone types and other
devices such as the plastic inserts

Israel Grain Elevator Control System

for the earphone that are offered
with the aid. Special microphones
and power limiting cords are also
available.

Information was furnished by
J. D. Johnson of Zenith Radio Corp.

Haita grain elevator is the first in Israel to be electronicall
reaching 180 feet in height. Pneumatic equipment (control
hour. One shift engineer controls 44 distribution points, Eq

Bros. Co. of Switzerland.

Tube Drives Transistor Output Stage

BROADCAST receivers for use in
pleasure automobiles are under-
going design changes resulting
from availability of new tech-
niques. Standardization on 12-volt
battery supply instead of the pres-
ent 6-volt system provides a possi-
bility for eliminating vibrator B
supplies.
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Transistors. although technically
feasible, are not yet inexpensive
enough to free receiver circuitry of
tubes. However, initial limited use
will undoubtedly tend to grow.

One car receiver makes interest-
ing use of a transistor power am-
plifier driven by a tube, as shown.
The preceding tubes, including

WWW.-americanradiohistorv.com

y controlled. The structure shown (left) is the tallest building in the country,
room at right) for rapid discharge of grain ships has a capacity of 200 tons an
uipment was designed by Maschinenfabrik Oerlikon in conjunction with Buhler

r-f amplifier (12AC6),