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Miniaturized Components

As leaders in miniaturization for over twenty years,
UTC stock item units have provided smallest size
with 3 maximum of reliability. Hermetic stock
items have been proved to MIL-T-27A, eliminating
costs and delays of initial MIL-T-27A testing.

COMPACT HERMETIC
AUDIO FILTERS

HERMETIC SUB-MINIATURE
- { AUDIO UNITS

The smallest hermetic audios made

" .
‘ 9 UTC standardized filters are for low pass, high pass and
I (except our DO-T’s, for transistor use) band pass application in both interstage and line im- |
: Dimensions ... Y2 x 11/16 x 29/32.. .. Weight, 8 oz. pedance designs. Forty-five stock values, others to or-
o der. Case 1-3/16 x 1-11/16 x 1% < 2% high . . .
™ TYPICAL ITEMS Weight 6-9 oz.
Type MIL Pri. Imp. Sec. Imp.  0Cin Response Max. level o
_ No. #pplication Type Ohms " Ohms  PriMA  *2db(Cyc)  dbm il s AR o
H.31  Single pllate to single  TFIAISYY 10,000 90,000 0 300-10,000 +13 i
grid, 3: - i . R,
_R-32_ Single plate to line  TFIAI3YY 10,000°"°* 200 3 300-10,000  +13__ \ I ’i
H-33  Single plate to low  TFIAI3YY 30,000 50 1 300-10,000 15 ‘ \ M M
_impedance - - - R sN I HE
H-35  Reactor TF1A20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms. : ‘ ‘
H-36  Transistor Interstage  TF1AL5YY 25.000 1000 .5 30010000 _ +10 g !
H-37A Transistor Output TFIAISYY 500 CT &0 35 300-10,000 +15 N
S (DCRS0) _ (DCRS) - — 141
H-40A Transistor Output TFARX17YY 500 CT 600 CT 10 300-10,000 15 ¢ % g% % gasc
- (DCR26) B & &= kL]
FREQUEHCY

*Can be used for higher source impedance, with some reduction in frequency range.

e e— e
' OUNCER (WIDE RANGE)
AUDIO UNITS HERMETIC o~
"
Standard of the industry for 18 years, these units pro- VARIABLE \
vide 30-20,000 cycle response in a case 7 dia. x INDUCTORS -« A
1-3/16 high. Weight 1 oz. . » v
> These inducbrs pro- .
Type AT TECRCIRSRaS vide high Q from 50-10,000 -
No. _ _ Application Pri. Imp. Sec. Imp. cycles with exceptional stability. Wide in- L
SN IMRER prokup ot ling ggbfggézso. 50.000 ductance range. (10-1) in an ectremely R R G Lt
ol gri z . 3716 ...
02  Mike, pickup or fine 50, 200/250, 50,000 :Voq\phatctzcase 25/32 x 111/8 x 1:3/16
to 2 grids 500,600 eight ¢ oz.
0-3 __ Dynamic mike to 1 grid__7.5/30 50,000 TYPICAL ITEMS 5 [
T oseats, | IEIGAD 95.000 TYPE No. Min. Hys. Mean Hys. Max. Hys DC Ma i" |
L. in r.
Pom s = : HVC-1 .002 ~006 02 100 S
le p! : : . ) 7 é
3-9 gnr&g;‘ %rai.te to line 15,000 50, 200/250, 500/600 AVE3 o171 640 11 5 gu
0-10  Push-pull plates to line 30,000 chms 50, 200/250, 500/600Q HVC-5 .07 -25 Ri 20
- plate to plate HVC-6 2 .6 2 15 [ e
012 Mixing and Matching 50, 200/250 50, 200/250, 500/600 HVC-10 7.0 = 70 35 - e
R = -y .
0-15 }Og.&idsmgle plate to 15,000 1 megohm HVC-12 50 15) €00 1.5 vourace a1 coooeles Y
0-20 Transistor to line 1,500 CT 500/125 (split)
. ~Y HERMETIC MINIATURE
§ A SUB-SUBOUNCER A “‘
7 7 imiEsss| AUDIO UNITS ~8 0 HIGH-Q TOROIDS

R e o
PCLQUENC Y- P TLES EA ALOND

UTC Subouncer and sub-subouncer units provide excep-

g . . . . . nits provide hi xcellent sta-
i f.sé“_ tional efficiency and frequency range in miniature size. mﬁf uanl(gsn?in?mgfn hsrr:\Q’icekuce:neatc:sae
; 1 T Constructional details assure maximum reliability. SSO &t VV mhes s 17/"32 P ot
v T 2 units are 7/16 x % x 43/64 . . Weight ¥3 oz. lSy(;z ZMILt " TFZRXZOYY o
B TYPICAL ITEMS ACS P :
MA D.C.
Type Application Level Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res.
*$50-1  Input + 4vu. 200 0 250,000 13.5 3700
; = 50 B 2 U — TYPICAL ITEMS
§S0-2 Interstage /3:1 + 4V.U. 10800  0-25 90,000 750 3250 Eibeto. | Inducteles LRIl
*$S0-3  Plate to Line 420V.U. 10,000 3 200 2600 35 MAE-2 12 mhy. 100 -
25,000 1.5 500 MOE4 30  mhy 65 wofd /

78s0-4  Output +20v.U. 30,000 1.0 50 2875 46 WE7 100 ! M [ N 1]
S50-5  Reactor 50 HY at I mil. D.C. 4400 ohms D.C. Res. ] aEs 25:‘ - } _—
S50-6_ Output 420 V.U. 100,000 5 60 4700 33 MQE-11 6 h? 14 A MIOEI L B
*SS0-7  Transistor 10V.U. 20,000 5 800 850 ’ ] 2

Interstage i 30,000 5 1,200 125 MRE-13 15 hy. 9 [« [ 1
_ : — - MQE-15 2.8 hy. 72 03 5 1 5 05 0B 0B
*Impedance ratio is fixed 1:1250 for SS0-1, 50:1 for $S0-3.
Any impedance between the values shown may be employed.

. L] .
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Nominal Performance Characteristics of Typical SPRAGUE Magnetic Shift Registers

OPERATING FREQUENCY

| Maximum (ke) 0-25 0-100 0-200
|| " Recommended (kc) 0-20 0-90 0-190 :
| VOLTAGE SIGNAL LEVEL 4 |15 | 30 4 | 15 | 30 4 |15 ]| 30 §

| SHIFT PULSE

Nominal Operating Current (ma)

160 | 160 | 160 140 200

200 220 220 220

Voltage Drop per Stage (v)

3.4 8.0 9.5 8.0 10.0

135 | 6.8 6.0 95 |

Duration {usec at Y2 amplitude) 7.0 6.5 5.8 2.0 2.0 2.5 1.2 1.2 1.2 :
~ 1 Rise Time (usec) 18 | 18 [ 1.8 08 | 08 | 08 0.3 0.3 0.3 ,
Fall Time (usec) 09 | 1.8 | 09 08 | 08 | 08 0.3 0.3 03 I
Peak Pulse Power (watts) 55 | 15 | 16 12| 20 | 27 1.5 1.4 2. [

~ | INPUT PULSE

Amplitude (ma) 15 | 10 5 15 | 10 | 15 15 10 10 e
* | Duration (usec) 10 [ 10 | 10 3 3 3 2 2 2 =
" | PARALLEL OUTPUT PULSE :
Amplitude (ma) 4 16 32 S 18 30 4.5 16 30
Ratio (min.) 10:1 | 101 | 10:0 | 100 | 10:0 | 100 8:1 8:1 8:1 [

Load Impedance (ohms, min.)

2000 | 6000 | 25,000| 1800 | 8000

15,000 | 10,000 | 10,000 | 18,000 ‘-5':

DIODE TYPE (or equivalent)

-7 | 1.7 | 1.7 1.7 | 17

T-5 T-7 T-5 T-5

ENGINEERING DATA SHEET

core-diode type magnetic

Q111 | 9113 | 9115 | 9121 (9123

... 100% pulse performance tested

Wherever you use Sprague Magnetic
Shift Register Assemblies ... in the

air or on the ground...in counters
for industrial controls or basic logic
circuits for computers . . . chances are

you'll be looking for uniformity and
reliability. That’s why Sprague uses
truly reliable components throughout
their construction. Why every core
used is subjected to rigid switching
tests before installation. And why every
assembly is 100% pulse performance
tested before shipment.

Packages matched to the application

SPRAGUE COMPONENTS:

MAGNETIC COMPONENTS ¢« TRANSISTORS -

assure long register life at minimum
cost. Register assemblies for ground
use are available in hermetically sealed
corrosion-resistant metal cases with
glass-to-metal solder-seal terminals for
severe environmental conditions, or
embedded in plastic for moderate en-
vironments. Special minimum volume
airborne packages are ideal for limited
space applications.

All standard packages are character-
ized by terminal spacing that simplifies
external mounting of semi-conductor
diodes, or they can be permanently

9125 | 9131 | 9133

shift register assemblies

packaged as integral assembly com-
ponents in Sprague special designs.

Single and multiple stage register
assemblies are available with read and
write provisions to meet most system
requirements. Standard designs can
easily be modified with additional
windings to perform various logical
operations.

For Data Sheets on core-diode type
magnetic shift register assemblies,
write the Technical Literature Section,
Sprague Electric Company, 35 Mar-
shall St., North Adams, Massachusetts.

the mark of reliability

RESISTORS ¢« CAPACITORS +« INTERFERENCE

FILTERS « PULSE NETWORKS ¢« HIGH TEMPERATURE MAGNET WIRE ¢« PRINTED CIRCUITS

ELECTRONICS engineering edition — January 3, 1958
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teleprlnted.measages sent, :relayed

and received...in seconds'

To coordinate the action of
widely-dispersed groups,
Kleinschmidt reperforator
teletypewriters at communication
centers immediately re-transmit
printed messages to
headquarters, exactly as
received from outlying positions.

Reception and transmission of in-
formation to higher echelons must
proceed smoothly, accurately and
quickly. Kleinschmidt reperforator
teletypewriters, developed in coop-
eration with the U.S. Army Signal
Corps, save valuable time because
the printed message on perforated
tape facilitates fast reading...im-
mediate action. The same tape
activates the transmitting equip-
ment; the original message reaches
its ultimate destination without
delay, without change.

The Kleinschmidt equipment of
today reflects almost 60 years of
engineering and research in the
teleprinted communications field.
Now this vast fund of technical
experience, joined with that of
Smith-Corona Inc, points toward
new accomplishments in electronic
communications for business and
industry.

KLEINSCHMIDT LABORATORIES, INC.
PIDNEER IN TELEPRINTED COMMUNICATIONS EQUIPMENT

A SUBSIDIARY OF SMITH-CORONA INC ¢ DEERFIELD, ILLINOIS

4 CIRCLE 2 READERS SERVICE CARD January 3, 1958 — ELECTRONICS engineering edition



fransistor
power
supplies

NEWLY DESIGNED FOR
TRANSISTOR VOLTAGES

¢ 3 RANGES—FINE RESOLUTION o TUBELESS
¢ LOW COST o« CONTINUOUSLY VARIABLE

These new T-Nobatrons are the perfect solution to the
problem of providing well-regulated voltages for the de-
velopment and testing of transistor circuits. They provide
stable DC output voltages in three ranges, with fine resolu-
tion. Excellent transient response for line and load pulses.
Simple tubeless construction means greater reliability,
lower cost, Also ideal for many other applications in these
voltage ranges, such as relay testing and computer cir-
cvitry development.

ELECTRICAL CHARACTERISTICS

Model T50-1.5 160-5 T120-2.8
AC Input (60 ~ ,1¢) 95-130 95-130 95-130
DC Output Voltage 0-10 0-10 0.25
(three ranges) 0.25 0.25 0-50
0-50 0-60 0-120
Output Current (amps.) .1 5 0-5 0-2.5
Regulation, line: 105125 V. o % +0.5% +0.5%
For wider input 490, +1.0% +19%
Internal Resistance,
typical (ohms)
low.voltage range 1.2 0.35 1.3
middle range 2.1 0.55 2.0
high range 4.5 1.0 4.0
Ripple (mv) 50 max. 50 max. 50 max.
Time Constant (line) 0.08 sec. 0.08 sec. 0.08 sec.
(load) 0.15 sec. 0.15 sec. 0.15 sec.

DUAL RACK INSTALLATION

MODEL T50-1.5

SO.NORWALK - CONN.

SORENSEN & COMPANY, INC. : ;

v )
{n Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment.

ELECTRONICS engineering edition — January 3, 1958 CIRCLE 3 READERS SERVICE CARD 5



The tube that .tells time

RAYTHEON’S new CK1053

Operating Time Indicator Tube:

v’ full scale time indication at any value from
250 to 5000 hours.

operating ambient temperature: 0°C to 100°C.
storage ambient temperature: —60°C to +100°C,
current drain: 1 to 100 pAdc.

voltage drop: approximately 2 volts.

L T §

can be mounted in any position; wired into modules or
subchassis; immersed in oil or any other medium.

/ low cost, light weight, small size.

There’s an almost unlimited range of applications for this revolutionary new
Time Indicator which is read with a commercially available colorimeter.
For the whole story get in touch with

4 Newton, Mass.: 55 Chapel St., Blgelow 4.7500
@ S P E C I A L T U B E D I V I s I O N New York: 589 Fifth Ave., Plaza 9-3900
Relioble Miniature and Subminiature Tubes + Voltage Reference Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-6130
Tubes ¢ Voltage Regulator Tubes + Pencil Tubes + Nucleonic Tubes Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-4221

6 CIRCLE 4 READERS SERVICE CARD January 3, 1958 — ELECTRONICS engineering edition



BUSINESS BRIEFS

ELECTRONICS NEWSLETTER

® Bigger dcfense budget than the $3S-billion one
expected and more moncev for missile clectronics
could well be in the offing.  Congressional leaders
are preparing to achicve this through more bipartisan
cooperation in - budget considerations and voting
this vear.

‘That would pretty much mean granting the Ad-
ministration’s defense appropriation requests in full,
perhaps even increasing them.  Some Congressional
leaders feel the budget may go as high as $40 billion.
with mavbe close to S4 billion for clectronics,

including I & D.

® Missile spending, already at a S4.5-billion annual
rate, may go higher.  liven before last month's suc-
cessful test firing of the 5.000-mi Atlas ICBMI,
Missile Dircctor 1loladay told a Senate subcommit-
tce that annual appropriations for this missile would
have to be hiked by one-third. Subscquently Air

Scey. Douglas revealed that we plan to have opera-
tional ICBM's “within two ycars.”

Cost of one ICBM is cstimated at $2 million, an
IRBM at $1-$1.5 million, when they come off the
production line. One-fourth gocs for electronics.

® Fconomic paradox this vear mav be continued
gains for our industry, cven if the general business
forccasts get gloomicr. Sales of clectronic products
in 1957 rosc to more than $7 billion from $5.9 bil-
lion in 1956. Flectronic Industrics Association looks
for an S to 10-percent increase this vear.

® Radio sct output in 1957 was 9 percent above
the previous year and “near post-war peaks.”  Con-
tinumg upward trend is predicted by EIA. Rising
interest pushed production of these units from 13.9
million in 1956 to 15.3 million units in 1957, EIA
thinks this figure will go up at lcast another half
million in 1958.

FIGURES OF THE WEEK

JUNE JULY -AUGUST SEPT OCT NOV
RECEIVER PRODUCTION

ELECTRONICS PRODUCTION
INDEX

RECEIVER PRODUCTION
(Source: EIA)

Television sets, total .... 109,339 123,844 151,993
Radio sets, total ........ 387,597 357,881 374,826
Autosets ............ 121,784 109,372 164,907

LATEST MONTHLY FIGURES
EMPLOYMENT AND PAYROLLS
(Source: Bur, Labor Statistics) Aug. ‘57 July ‘57

Prod. workers, comm. equip.  409,800-p
Av. wkly. earnings, copm. $77.81 -p

Dec. 7,57 Nov. 29, ‘57 Dec. 7, '56

Aug. ‘56
393,700-r 392,300
$75.85 -r $75.76
Av. wkly, earnings, radic $75.81 -p $75.24 -r $73.75

DECEMBER

STOCK PRICE AVERAGES

..y Latest Week Previous Week Year Ago
(Source: Standard and Poor’s) Dec. 18, ‘57 Dec. 11,57 Dec. 18, ‘56

Radio-tv & electronics .. 40.10 43,07 48.37
Radio broadcasters ..... 50.09 52.88 62.05
TRANSISTOR SALES
(Source: EIA) Oct. '57 Sept. '57 Oct. ‘56
Unit sales R 3,544,000 3,231,000 1,290,000
Value uncesecesinass $7,075,000 $6,993,000 $3,930,000
TUBE SALES
(Source: EIA) Oct. '57 Sept. '57 Oct. ‘56

Receiving tubes, units .. 47,075,000 44,382,000 42,921,000
Receiving tubes, value .. $38,421,000 $35,545,000 $34,362,000

Av. wkly. hours, comm. .. 399 -p 391 -r 403 Picture tubes, units . ... 995,629 1,071,662 1,165,740
Av. wkly. hours, radio ... 399 -p 39.6 -r 40.3 Picture tubes, value . ... $19,495,574 $20,819,036 $21,117,261
1957 1956 Percent Change
HGURES OF THE YEAR Receiving tube sales ...... 388,738,000 390,357,000 —0.4
Transistor production ...... 22,386,300 9,403,000 +138.1
Cathode-ray tube sales 8,304,181 9,233,780 —10.1
Totals for first 10 months Television set production....  5251,158 6,050,052 —13.2
Radio set production....... 11,945,534 10,884,760 +9.7
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rcader.

FHandwriting Operator
writes munerals with stvlus on spe-
cial surface at right

Push Computer
Input, Storage

A viw anc-our, imdusirv-wide at-
tack is underwav ou the old com-
puter bugaboos—input and access
tices.

Lecturers and exhibitors at the
recent  Fastern Joint  Computer
Conference in Washington, . C.
hammered awav at mput mechan-
ization, memoryv  cxpansion  and
data-retrieval speeds.

Also given attention was the de-
velopment of hvbrid or digital-ana-
log computers. Activity in this area
was marked by discussion and dis-
plav of digital-to-analog and analog-
to-digital conversion devices.

Other  new  developments  in-
clude:

High-Density - Drum — Mcemon
designed by Laboratory for Llec-
tronics provides 14.7-megabit ca-
pacity with an average random ac-
cess time of 180 milliscconds.
Unique head construction pernnits
1.040-bit per inch storage on cach
drum track. Mechanical problems
are partially overcome by hvdrody-
namicallv suspending  read-write
licad on a thin film of low viscosity
oil.

Handwriting Reader—Bell  Lab
introduced a reader (sece photo)
used to transfer handwritten mun-
crals directly to data-processing de-
vices. Information is inserted by
writing on cards with a conductive
pencil lead or writing on a special
surface with a metal stvlus. All
numbers are formed around two
vertical dots on the card or on the

WASHINGTON OUTLOOK

Lxprct more confusion out of Washington on the missiles picture.

The administration’s position is confused by interservice rivalry, by
the surplus of high-ranking officials with varving degrees of authority,
by the pressures of politics.

‘The Democrats in Congress arc powcrful in saving how far and how
fast our “catch-up-with-the-Russians”™ projects should go. Thev feel
Iiiscnhower’s prestige as a leader is badly tarnished, that they can now
attack with vigor without risking political rctaliation from constituents.
In gencral, they're strong for more spending and a large-scale Pentagon
shakcup.

Regardless of all this, electronics is surc to beneit from the huge
new demand for more advanced weapons more quickly. ‘The adminis-
tration will have in its forthcoming budget more money for advanced
weapons of all kinds—missiles. antimissile missiles, new radar warning
nets, more submarines.  There will be no cutbacks in bomber pro-
duction, at least for a while, although output of other manned planes
will be slashed.

All this mcans an increase in clectronics business of substantial size.
Pentagon spending for such gear during the fiscal vear beginning July 1
will rise above the $3.5 billion to $4 billion to be spent this year.

I'he administration is alrcady spending $4.5 billion vearly on mis-
siles, an incrcase of $2 billion over the previous spending  rate.
Islectronics share of guided-missile spending ranges from 25 percent for
incrtially guided ballistic types to 40 percent or more for other systems.

® Missile production is the number one target of the administra-
tion. 'T'he decision at this time is to get as many experimental
[RB\!'s and ICB\I's into production as soon as possible—"Thor
and Jupiter IRBNUs, Atlas and “Titan 1CBNl's. But contractors
complain thev sce no evidence of production orders worthy of
the name. Actually, niissile-per-month production goals have becen
cut back. For instance, the goal now is to reach a Thor produc-
tion ratc of six a month sometime this vear; carlier, there had
been a tentative plan to produce twice as many.

e Federal subsidies for science education are sure to run into the
lhundreds of millions next vear. ‘The administration is expected
to ask for a massive program calling for money to be paid to high
schools, technical institutes and universitics.  This will go for
scholarships, boosting pav of teachers, purchase of lab cquipment.
Administration officials are talking of $300 wmillion per vear;
Democrats talk of $300 million per vear.  All the sciences, includ-
ing mathematics and languages, would be mvolved.

Othier proposals range far and wide: A federal science academy
similar to West Point, Anmapolis, and the new Air Foree Acad-
cmy; a new government agency responsible for exploring outer
space as the Atomic Fanergy Commission is for nuclear projects.

No onc knows for sure how far anv of these ideas will eventually
go. But onc thing is sure: clectronics projects, whether govern-
ment or privately sponsored, have a chance for acceptance by
Washington that's far greater than cver before in our history.

One sign: bickering over raising pay of government scientists
and engineers is over.  'T'he administration will back its own idcas
whiclh would boost the salaries of top pav-grade scientists and
engineers by as mnch as $1,000 a vear.
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Order from the

world’s most e a s
complete stock ofeee

Why order from several sources when you FOR 24 HOUR DE I.IVERY

can buyLll your relays from us! CAI.I. WEST CHICAGO -I-Ioo

Save the cost of multiple purchase orders,

delivery dates and payments. Save confusion and

dclay waiting for relays to be manufactured.

We have over a million latest models in stock. For Relay Catalog C-8
Specify the contact arrangement and coil rating Phone or Write
you need..No order is too small, nor too big.

All relays are new, inspected and RELAY SALES INC.
’ ]

unconditionally guaranteed as represented.
P. O. Box 186 A Route 64 at E.J. & E.R.R.
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H MICRO SWITCH Precision

These outstanding
MICRO SWITCH precision switches
enable Electronic engineers to
save space, time, maintenance
and installation costs

High quality with reliability has made
MICRO swiTCH the leading manufacturer of
precision switches with the largest line of
switches from which to select. MICRO SWITCH
plants and development laboratories are
equipped with scientific tools for painstaking

precision, quality control and testing tech-
niques. Field Engineering offices blanket the
country. There is always a MICRO SWITCH
man near you—ready to cooperate on
switching problems. Consultation costs you
nothing—can save you much.

Small, safe door interlocks

These MICRO SWITCH door interlock
assemblies are for use on cabinets
housing hazardous equipment—such
as radio, radar, x-ray, etc. The inter-
lock automatically cuts off the power
supply when the door is opened.

By pulling the rod actuator to the
maintained contact position, it is pos-
sible for service personnel to check
the circuits with the power on.

When the door is closed, the rod

for protection of electronic equipment

automatically returns to the normal
position so that the next door open-
ing will automatically break the cir-
cuit. This eliminates the danger in-
volved in ""tying down”’ conventional
door interlocks.

Interlock-assemblies shown are but
two of over 70 such assemblies avail-
able with subminiature, V-3 type
switches and other basic switches.

( Send for Catalogs 74 and 75)

This screwdriver-operated

switch saves wiring and panel space

MICRO SWITCH subminia-
ture door interlock switch
assembly.

e 970 —

MICRO SWITCH V-3 door
interlock switch assembly.

Here is an ideal switch for locations to
which access is limited and where it is
desirable to prevent accidental opera-
tion. Designers have found it particu-
larly suited to such applications as
computers, electrical devices and elec-
tronic equipment.

The switch is operated by a 90-degree

turn of a screwdriver. The slotted head
gives visual indication of the position
of the switch. Because this switch can
be mounted deep in equipment, either
on or below the chassis, it saves wiring
cost and valuable panel space. All that
is necessary for its operation is an ac-
cess hole and a long screwdriver.

( Send for Data Sheet 115)

This subminiature switch assembly is
operated by 90° turn of a screwdriver
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Switches havé uses unlimited H

How to get more

pushbutton switches on a panel

MICRO SWITCH Series 100 PB Lighted Pushbutton
Switches provide an unusually neat, good looking panel.
Their compact mounting allows more switches per panel.

Important features include:

Three types of illuminated
signal—

(1) one-color buttons, (2) two colors
(l:ghted singly or in combination) and
(3) choice of either of two colors—
neither of which is visible when button
is unlighted.

Matching lamp assemblies
available—

Matching indicating lamp assemblies
are available with the same button and
lamp combinations and the same means
of mounting as the complete 100 PB
switch assembly.

Typical switch mod.
ule on a 3-circuit de.
sign.

( Send for Data Sheet 143 )

Large, easily engraved buttons—

Buattons are large enough to allow two
lines of clearly legible engraving.

W

Wide choice of circuitry—

Because separate terminals are pro-
vided for each lamp and for each ele=
ment of the contact structure, these
switches permit intermixing of voltages,
a-z or d-c current and even combina-
tions of opposing polarities.

Exploded view showe
ing switch assembly,
button and mounting
means,

A typical compact assembly of switches in panel slots,
Indicates choice of button color and number of circuits,

A roller-lever switch with the stability
of pin-plunger switch

A r.ew design in roller-lever
actuators is this MICRO
8WITCH Type W,

ELECTRONICS engineering edition — January 3, 1958

This small, compact roller-lever
basic switch is ideal for use of such
control mechanismsasradar units,
precision machine tools or other
devices where precise actuation
with little variance in operating
points is required.

This Type W switch incorporates
a new design in roller lever actua-
tors which gives it an operating
stability similar to a pin-plunger
switch-—low pre-travel, narrow
differential travel and close re-

peatability but also permits ex-
ceptionally high overtravel.

The roller is located on top of a
double lever. As the roller is de-
pressed, both levers move down-
ward until the switch is actuated.
The upper level then proceeds on
downward, providing the high
overtravel. The limited overtravel
given to the snap spring and a low
break gives this switch a long,
trouble-free mechanical life,

( Send for Data Sheet 127 )

MICRO SWITCH

A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY
n Conado, Leoside, Toronio 17, Ontario * FREEPORT, ILLINOIS

Fiout im Prucnion. Switching

CIRCLE 7 READERS SERVICE CARD
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surfacce. Shape of character drawn is
sensed when radins vectors extend-
ing from the dots have been crossed.
Rapid processing of long distance
tickets is the first nse Bell expects
to make of the rcader.

High-Speed Punch—Soroban Iin-
gincering demonstrated their 240
word per sccond tape perforator de-
signed to supply 5, 6, 7 or S-holc
input data to communications
cquipment. The punch will also
complement instrumentation  svs-
tems and record computer output
data.

Magnetostrictive Memory—A
magnetostrictive delay-line memory
unit capable of 120-microsccond
random access and large storage
capacity was displaved by Del-
time. One delay line is used to gen-
crate clock pulses and to form dig-
its while ten other delay lines
serve as storage devices.

Converter — Packard-Bell — intro-
duced a transistorized, voltage-to-
digital and digital-to-voltage con-
version system. ‘T'he packaged unit,
called a Multiverter, is also capable
of performing interstage arithmetic
operations. Analog-to-digital conver-
sion time is 4 microseconds per bit
for 0.01-percent accuracy. Digital-
to-analog conversion time is 4.5
microscconds.

Tape Reader—Digitronies™ perfo-
rated tape reader is capable of read-
ing cither paper strips or recls at
750 characters per second. Reverse
feed control permits operation for
programs requiring repeat feeding.
Unit was designed for use with digi-
tal computers and automation con-
trollers but can also convert data
from perforated tape to magnetic
tape.

Spectrometers
In Production

TinME-Or-rLict  mass  spectrom-
cters are now in commercial pro-
duction at Bendix Aviation’s Cin-
cinnati division. They carry price
tags of $15,000 to $25,000. Their
stock in trade is almost instantan-
cous analvsis.

The instrument uscs radar-like
techniques to reveal the molecular
mass of matter under study. It can
analyze vaporized gases, liquids or
solids as quickly as 1/10,000th sec-
ond.
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MILITARY ELECTRONICS

o Newly-formed System Develop-
ment Corp., formerly a division of
Rand Corp., will take over from
Rand a $20-million contract with
USALF which calls for providing
professional  technical services  to
the Air Defense Command.

Two major projects arc: installa-
tion and maintenance of a syvstem
training program for the air de-
fense svstem, and progrannming for
the computers in SAGE.

e Incrtial guidance system for
Thor, according to producer AC
Spark Plug, is sufficiently accuratc
to take a planc from Milwaukee
to a predetermined ronway in Los
Angcles without the pilot’s touch-
ing the controls. “Volume produc-
tion” has been ordered for Thor.

e Electronic  training  device
called the Universal Simulator
trains Navy personuel at the U.S.
Submarine Base at Groton, Conn.,

for work on nuclcar-powered subs
Iingincering specifications for the
simulator  were  provided by the
Naval Training Device  Center
I<lectric Boat division of General
Dynamics was in charge of pro-
duction.

By adjustment of its computer
svstem, the simulator can be madec
to duplicate the control character-
istics of all the various types of sub-
marines now in action, plus a few
still on drawing boards.

e Elcctronically-opcrated  device
to count and measure fog particles
has been devcloped by the Army
Chemical Corp’s Chemical War-
fare Laboratorics, Army Chemical
Center, Md. Expected to be usc-
ful in studics of chemical fogs and
other fine particle matter, the de-
vice distinguishes  between  drop-
lets of moisture and other kinds of
particles.  One man can mceasurce
and record an average rate of 3,300
particles an hour.

Masers Probe

A rnree-LeveL solid-state  Nascr,
operated at Harvard Tast month for
the first thme, promises to cxtend
the range of radio telescopes 10
times farther out amoag the ga-
laxics and shonld be able to con-
firm or deny the existence ot hy-
drogen gas between the galaxics,
now only suspected.

This Maser was the first to run
successfully in the 2l.cm wave-
length band—the frequency emis-
sion from interstellar hydrogen.

Another significance of the de-
vice, which provides amplification
by redistributing the magnetic mo-
ments of the clectrons inside «a
crvstal, Hes in its signal-to-noisc
ratio. It is Dbelieved that the Tarv-
ard Maser, a low-noise amplificr
with a moderately high gain, will
allow detection of signals one onc-
thousandth as strong as can be ob-
served now.

The immediate application is to
radio astronomy. The narrow band
width mav make it unsuitable for

Outer Space

somc radar applications, say J. O.
Artman and  Sydney  Shapiro  of
[arvard, but it is cxpected to aid
radar systems  development.

ITeart of Harvard’s Mascr is sin-
gle crystal of potassimm  cobalti-
cvanide, with an iutentionally in-
troduced impurity of one-half of
present  potassium chromicvanide.
The crystal, about the size of the
last joint of a man’s thumb, 15 kept
by a bath of liquid helium at two
degrees Kelvin.

Elcctrons of the impurity in
three discrete  encrgy levels  are
uscd. Amplification is gained by
shifting clectrons  from  level  to
level within the crystal.

An applied clectromagnetic field
pumps the clectrons continually
from the lowest to the highest threc
cnergy levels. By keeping the crys-
stal cold, the “relaxation” time—
the time it takes for downward
jump to restore  cquilibrium—is
lengthened, and a maximum num-
ber of clectrons is kept at the
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NOW! END READOUT CONFUSION...

with the new KIN TEL digital voltmeter

ANOTHER FIRST FROM KIN TEL! Here is a digital voltmeter that
shows numbers on a readable single plane! With KIN TEL’S new
design, there are no superimposed outlines of numbers in the
picture...no confusion caused by dials and old style numerical
readouts. This digital readout uses a simple projection system —
provides 7,000 to 8,000 hours of lamp life, compared with 100 to
200 hours for ordinary readouts.

FIRST OF A COMPLETE LINE OF DIGITAL INSTRUMENTS! Others
include: Converters for measuring AC, ohms, ratios...multiple
input scanners . . . serial converters to drive typewriters and
punched tape units.

WIDE APPLICATION! KIN TEL digital instruments are ideal for
automatic check-out systems for missiles and rockets; computer
measurements; process control monitoring; production testing;
test system calibration; strain gage, thermocouple and other
transducer measurements, and calibration of laboratory and
industrial electronic instruments.

Talk to your local KIN TEL representative. Sales and service
everywhere. Or write us direct for further information.

See the difference!

ORDINARY READOUT

KIN TEL READOUT CLEAR AND SHARP, ANY WAY YOU LOOK AT {T

ELECTRONICS engineering edition — January 3, 1958
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+ 700 Microvolt Sensitivity

« Automatic, Continuous Standard
Cell Calibration

High Reliability
+ 0.0007 to 999.9V—Plus Automatic
Decimal and Polarity Indication

SPECIFICATIONS

Display...Four (4) digit with automatic polarity
indication and decimal placement. Total display area
2" high x 7.5” long, mternally illuminated.

Individual digits 1.25" high.

Automatic Ranges...0.0001 to 999.9 volts covered
in four ranges.

Accuracy...0.01% or I digit, whichever is larger.

Counting Rate...30 counts per second, providing
average balance (reading) time of 1 second, maximum
balance time of less than 2 seconds.

Reference Voltage...Chopper-stabilized supply, referenced
to an unsaturated mercury-cadmium standard celi.

Input Impedance...10 megohms, all ranges.

Output...Visual display, plus print control.
Automatic print impulse when meter assumes balance.
No accessories required to drive parallel input printers.

Input... 115 volt, 60 cycle, single phase,
approximately 75VA.

Dimensions...Control unit, 5%~ high x 19" wide x 16"
deep. Readout display, 3%2" high x 19" wide x 9" deep.

Weight.. Approximately 40 Ib,
Price...$2,100

Over 10,000 KIN TEL instruments in use today!

5725 Kearny Villa Road
San Diego 11, California

(KAY LAB)
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highest level. And  incoming i
pulse of 21-em radiation stimulates
cmition from the top energy level.
Its clectrons drop to the middle
energy level, emitting 21-cm radia-
tion. They give for far more radi-
ation than the incoming trigger sig-
nals. The net cffect is that they
amplify greatly the incoming sig-
nals.

Professor Thomas Gold, Tarvard
astronomer and authority on radio
astronomy, savs the Harvard Col-
lege Obscrvatory hopes to apply
the Mascr to the radio telescope as
soon as possible. To make full use
of it, declarc Artman and Shapiro.
a microwave circulator ts needed—
and this has not vet been developed
as a packaged unit.

Professor Gold predicts the NMaser
will cnable radio  telescopes  to
rcach out iuto the universe as far
as. or farther than. the best optical
instruments.  Mascr-cquipped  tele-
scopes should provide a testing of
cosmological theorics (such as the
theory of the cxpanding universe)
“better  than in o every present
means.” he says.

The Maser was  developed by
Nicolas Bloembergen, Artman and
Shapiro. Blocmbergen, Gorden Me-
Kay Professor of Applicd Physics.
proposed the three-level solid state
Maser in July 1956.

Testing Moon
As Reflector

Coxtron of rockets traveling half
wav around the carth, and  tele-
vision transmissions to points lo-
cated over half the globe. are among
possibilitics now being envisioned
from rescarch by the U. of lllinoi:
and Army Signal Corps.

These things may  be  accom
plished by using the moon as
giant reflector of radio signals.

Now the university and Armv arc
engaged in a project studving the
quality and  reliabilitv - of  thesc
signals.

An antenna reflector 28 feet in
diamcter has been crected atop the
Flectrical Iingineering Bldg. on the
campus to receive signals coming
by way of the moon from the
Signal Corps Laboratory at  I°t.
Monmouth, N. J.

Radio signals make the half-
million-mile round trip in 2} scc.
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FINANCIAL ROUNDUP

o Midwestern Instronments,
Talsa. Okla.. purchases Data Stor-
age Devices, Van Nuvs. Calif. Pur-
chase amount was not disclosed.
DSD will be moved to Tulsa with
about 10 cxceutives. About 100 ¢cmi-
plovees will be hired to statt the
new division. DSD manufactures
magnctic recording heads and mem-
ory drums. Midwestern makes com-
ponents for military cquipment. in-
cluding missiles.

e Control Data Corp., Minne-
apolis computer development firm,
purchases Cedar Engineering., an
clectronies and preeision manufac-
turing company, also of Minncap-
olis. All of Cedar stock was ac
guired but price was not disclosed.
Purchased firm will become  the
Cedar  Fngincering  Division  of
Control Data. This first step in a
program of growth through acqui-
sition adds production and c¢ngi-
neering facilities to Control Data’s
rescarch and development facilitics.

e Dumont-Airplane &  Marine
Instruments of Clearficld, Pa., an-
nounces purchasc of Le John Manu-
facturing Co., Thutington. West
Va. The purchase is part of Du-
mont’s expansion and acquisition
program. Le John produces clectri-
cal and mechanical cquipment for
the government. and fans, blow-
ers and hair drvers for home and
industry. Dumont  makes capaci-
tors and designs and manufactures
clectrical-clectronic devices.

e Fedcral Shock Mount bought
by Massachusetts Mohair Plush.
through stock purchase. Both firms
arc located in New York City. ed-
cral designs, develops aud  manu-
factures vibration and shock mount
ings for use in missile and aircratt
cquiptient. Mass. Mohair operates
textile mills and other industrial
enterpriscs.

e Martin Co. in Baltimorce, Md..
is looking into merger possibilitics
with several aireraft firms aud also
several firms heavy in clectronies
and guidance. Martin's president,
George M. Bunker, expects reduc-
tion in number of aircraft firms
from trend toward complex weapou
svstems. He foresees mergers lead-
ing to fewer companies and wants
Martin to be alicad of this move-
ment.

e Cohu Electronics, San Dicgo.
Calif.. acquires  Millivac  Instru-
ment and Volkers & Shaffer, both
of Schenectady, N. Y. Acquisition
was cffected through exchange of
stock. but price was not disclosed.
I'he twoacquired companies. which
manufacture  clectronic mstru-
ments, will be merged into a single
operating unit. the Millivac Divi-
siotn of Cohu. Transistor and tube
patents held by Walter Volkers.
former head of the acquired com-
panies. were part of the merger
deal. Volkers becomes president of
the Millivac Division and Coha
vice-president.

Semiconductor Sales to Leap

Seaniconnucior sales will inercase
to about SI billion annually in
1967. according to a market analy-
sis reported by 11, Brainard
I'ancher. general manager of GF'
Semiconductor Products Dept.

Transistors were used in about
12 pereent of the new clectronic
cquipment built in 1957, Their
usc is expected in about 80 percent
of cquipment to be built in 1967,

Iancher predicted that transistors
will be istrumental in the expan-
sion of the clectronics  industry
from a total new cquipment sales
volume of $6.9 billion in 1957 to
$12.5 billion in 1967.

Total semiconductor sales  in

1957 arc put at SI40 million. A
market of $200 mithon is expected
in 1955, Of this, $105 million will
be transistors. Transistors arc ox-
pected to show a 75 pereent rise in
unit volume and a 50 percent risc
in dollar vohime. Sales of semi-
conductor diodes and rectificrs will
increase about 25 pereent during
1958.

IFancher expects semiconductor
market growth to follow the pat-
tern sct by tubes.  Howcever, he
points out. scmiconductor devices
arc gaining about three times as
fast as tubes.

The largest single future market
could be tv reccivers.
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Hughes
Quick Recovery
Silicon Junction
Diodes

/

m URE

/]

Now, in circuits where germanium once provided

the only possibility, you can use quick recovery mmdSPEC'FICATIONS *
silicon diodes from Hughes. Speeds are fast Type Curtent @ Reverse Current at Specified Voltage Recovery
enough for most high frequency or fast switch- Numbers  WIV (min) 1.5V (min.) @ 25°C tmax.) @ 100°C (max., (mod. 1BM *Y"" test circuit)

ing applications. And every diode is well able to

h . 3 = = in.) in 0,
stand up under high voltages at high tempera- N85 oY i 110::(& _‘2‘3\’, WA @ =2V 15 Kg (min in 0.15,sec
tures. In fact. the breakdown voltage increases o
with temperature, thereby providing maximum 1N626 50¢ AmA 0,4 @ —35V 100,4@ —35Y 400 Ko (min.) in 1,sec
protection when temperatures reach unexpected IN62T 100¢ 4mA 20,A@ ~T5V 100,A @ —T5V 400 Ko (min / in 1 sec
levels. This is real ruggedness, the kind that — 0 - 0 iV 100 sy 400 Ko Bind in
ensures reliability under the most severe operat- 0 am wh@ - (e 2 (min.) in Tsec
ing conditions. 1N623 2007 4mA 0,4 @ —175V 100,8 @ —175Y 400 Kqy (min.) in 1,se¢
NEW HIGHER CONDUCTANCE TYPES — Herce's a new HOSST3 150V BMA 2,A@ —IV  100,A@ ~125V 400 Koy (min. in fsec

group of related diodes, each with excellent volt-
age and temperature characteristics plus the added HDEE3S Sov 15ma WA @ =3V 100,A@ —3Y 400 Kgy (min.) in T,sec
advantage of higher forward current.

HDG64T 150¥ 15mA 0,A@ —125V  100,A@ ~125V 400 Ky (min.) in T, sec
skSpecial high conductance types are available in HDB642 sov §mA 10,4 @ —35V 100,A@ —3V 400 Kg (min.) in T,

all voltage classes covered by the standard line.

Ambient Operating Temperature Range: —80°C to +-150°C

Perhaps vou would like to discuss your particular
requirements with us. lf so, please wrire:

SEMICONDUCTOR DIVISION - HUGHES Aircraft Company
International Airport Station, Los Angeles 45, California

L —— -
Creating a new world with ELECTRONICS i
1
HucHES i HUGHES PRODUCTS
HoJ- : e e A
SEMICONDUCTORS ©I958. HUGHES AIRCRAFT COMPANY
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Makes Radar's

1 . . . [
Missing Link
Diviropaent of a device which
“sces” through fog, rain or snow
was announced recently by Dia-
mond Antenna and  Microwave
Corporation of Wakeficld, Mass.

“Eyctron” converts microwaves
into visible. light, reproducing the
vision of the human eve clectroni-
cally, according to Albert S, iiova-
nessian, Diamond president.

The company claims  Eyctron
will permit safe landing of plancs
under  zero  visibility  conditions.
Other applications, the firm says,
include *“closc navigation” for ships
and harbor craft.

Evctron is not radar, nor is its
purposc to replace radar,  says
ITovanessian. “Our chicf intention
is to supply thc ‘missing link’ of
present-day radar systems: that s,
to fill the gap where radar is usc-
less at closc proximities and where
radar-type  presentation  requires
skilled operators.”

The company is  withholding
technical details of the device, says
the military “has first call for its
use.”

Fuel Gage Sales
Hit $20 Million

Caracrror-1ypE  clectronic  fuel
gage systems are now nsed in al-
most all military and commercial
plancs. Private craft still gencrally
cmploy mechanical floats, however.

Minimum price of fucl-gage sys-
tem is about $300. Volume nation-
wide business is in cxcess of $20
million, annually, more than eighty
pereent of which is done with the
militarv. At lcast four finns are
active in the field.

Many clectronic fuel gages now
use transistors.  Onc such system
weighs only onc-half pound. Re-
cent improvements made on gage
svstems  include  a  free-flooding-
tank unit, which permits accurate
mcasurcment of tanks containing
mixed grades of aircraft fuel, and
a load-limit control, which auto-
matically stops the fucling pump
at somce preset level. This control
is said to reducc fucling time from
fiftcen to twenty percent, cnable
a crew to perform additional tasks
during the opcration.
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MEETINGS AHEAD

JANUARY FEBRUARY MARCH
SMTWTFS SMTWTFS SMTWTFS
1234 1 1
s®7 8 9101 23Ws5678[|234s8567¢8
12@1415161718 9101112131415| | 910111213 1418
192021 @232425( ([1617@198 21 22| (1617 @ 192021 22
26 & 28 29 30 31 23 24 25 26 27 28 23:25 26 27 28 29

Jan. 0-8: Fourth National Svin-
posium on Reliability and Qual-
itv . Control,  Tlotel  Statler,
Washington, D. C.

an. 13-15: American Management
Assoc. Conf. on Product Plan-
ning, Top-management, R& D
programs,  Roosevelt  Tlotel,
N.Y.C.

Jan. 20, 27: Feb, 3, 10, 17, 24:
Lecture Scries on Modern Com-
munications, AIEILS, IRE, Univ.
of Penn., Philadelphia, Pa, Con-
tact: S. Sharp, Frankhn Inst.,
Phila., Pa.

Jan. 22.24: Flectronic Industrics
Assoc, (formerly RE'TNA) 1958
Conference on Automation, Au-
ditorinm of Arizona State Col-
lege, Tempe (Phocnix) Arizona.

Jan. 27: Four Corners District of
AS. TN, technical  sessions
planned for New Mexico, Ari-
zona, Utah and Colorado. Con-
tact: J. L. Abbott, 1902 Rich-
mond N. ., Albuquerque, New
Mexico.

Jan. 27-28: Sixtl  Scintillation

Scienrtists of the University of T1li-
nois Observatory currently are ready
to record passages of any satellites
—Amecrican or Russian—which go
through the heavens within radio
range, declares Prof. George C. Mc-
Vittie, head of the astronomv de-
partment.

Under direction of Prof. George
\W. Swenson Jr., a radio interfer-
omcter has been set up to receive
108-mcgacycle  signals  from  the
American satellite and make pre-
cise records of them.

Because of the higher frequency

Counter  Symposium,  IRE,
AIEL, AILC, NBS, Hotcl Shore-
ham, Wash,, D. C.

Feb. 3-7: American Institute  of

Flectrical — Ingineers,  Winter
Genceral Mecting, Iotel Statler,
N.Y.C

Feb. 14-15: Cleveland Electronics

Conference, Fifth Annual, IRE,
AILE, ISA, CPS, Masonic Audi-
torium, Cleveland, Ohio.

Feb. 18: Fourtcenth Annual Qual-

ity Control Clinic, Rochester
Socicty for Quality Control, War
Memorial, Rochester, N. Y.

Feb., 20-21: Conf. on Transistor

and Solid State Circuits, PGCT,
AIEE. Univ, of Penn., Phila,,
Pa.

Mar. 16-21: Nuclcar Fing. & Science

Congress, PGNS. EJC, ANS,
Palmer Tlouse, Chicago, Il

Mar. 18-19: Conf. on Extrcmely

Iligh Temperatures, AFCRC,
Air FForce Cambridge Rescarch
Center, L. G. IHanscom Ficld,
Bedford, Mass.

Ready To Record Satellite Passes

and expected weaker signals, this
is a morc difficult and complicated
job than was reception and recor -
ing of signals from the two Rus-
sian satellites, both of which were
tracked at Hlinois.

The cquipment used to record
satcllites’ passages is being kept in
readiness for anv futurc Russian
launchings. It includes a pair of
crossed interferometers and a short-
basc interferometer to reccive 40-
megacycle signals, and a pair of
crossed interferometers  operating
on 20 megacyclcs.
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GENERAL @B ELECTRIC

TUBE DESIGN NEW:.
1

FROM THE RECEIVING TUBE DEPARTMENT OF GENERAL ELECTRIC COMPANY
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General Electric’s DC Tube-Short Testing Method
Covers Critical Area of Equipment Reliability!

DOTTED PATTERN
shows area of inter-
mitlent tube shorts.

BROKEN LINE is limit 10 us}
for shorts that affect
equipment reliability.

A-A encloses partial
area that is controlled | usp
by AC testing. s

B-B shows how DC
testing covers the en-
tire area of intermit- 0.1 vS
tent short-circuits

TUBE-SHORT DURATION TIME VS. SHORT RESISTANCE

€] |

which affect equip-
ment reliability.

0.01 ¥s A
0.001 VEGOHVS

Chart above shows how General Eleetric DC

0.01

L TR 1 AN T N e |

testing greatly inereases the area of short

protection. as against conventional AC test methods, The entire incidence of intermittent
short-cirenits which affeet equipnnent reliability, falls within G.E.s new DO test limirs!

Fulse Emission Key Factor
in Choosing Tubes |
for Blocking-Oscillator Service

While numerous characteristies
play important parts in selecting
tubes  for blocking-oscillator work.
General Electric studies show  that
the main determinant of satislactor
tube performance is pulse-emizsion
capability in relation to circuit needs. |

Turn page to study the require-
ments  of three different,  tvpical
blocking-oscillator circuits plus ree-
ommended max pulse-current values
on nine General Electric tubes. Any
G-F oflice listed on the next page will

be glad to supply further facts,

0.1 1.0 10

Now being extended o all 5-Star
high- rolmlulll\ tubes—miniatures
aml ubminiatures —General Eleetric's
process of DC-testing for intermittent
short-circuits covers the entire area
where tube shorts will cause mal-
functioning of military and industrial
clectronie equipment.

The limits of this eritical duration-
time-vs-resistance short arca have
been established  through extensive
test= of units that included (1) all
clectronie circuits of a kev long-range
guided missile. (2) all eleetronie cir-
cuits of a surlace-to-air  defense
missile. (3) the complete radar-navi-
gating and homb-control svstem of a
manned military aireraft. (D) all tubes
of a tvpical industrial computer.

G.Es new shorttesting method
has a further advantage. Conventional
AC testing relied on an easilv-nissed
light-flash  indication.  Intermittent
tube shortz now show as continuous
illumination of a warning light. The
test operator must turn this Hght ofl
before [n‘m'('t'tlillg further.

G-F 5-Star workers are shown checking tubes for intermittent short-cireunits, employing
General Eleetrie’s positive method of DC testing whereby a warning light at the right
of the panel (arrow) continues to glow until the operator removes the faulty tube.

—>



Tear off and keep this sheet for reference. It contains useful tube-application data.

WHEN SELECTING TUBES FOR BLOCKING-OSCILLATOR WORK...

Tube pulse-emission capability should

safely exceed circuit requirements.
Relative outputs of three different blocking-oseillator circuits are “I% l

shown below, against the tube pulse-emission characteristies. The
straight horizontal lines indicate minimum acceptable cireuit output,

while the curves show the relation of cireuit output to pulse-emission —

capability . . . Note that circuit output changes with cach eircuit. due to

difference in components used. In particular, the “knee’” where circuit

output tends to level off, is established by the circuit saturation point ...

For satisfactory long-term service, the pulse-cmission capability of a

tube should exceed the circuit “knee™ figure. Thus any slight deteriora- — —
- -

tion in tube emission that comes from long use. will not reduce per-
formance below the acceptable circuit-output level.

CIRCUIT A CIRCUIT B CIRCUIT C
T T T [
THEH = R
3011 | _ _ | 24 | l =E B - 60 ‘t ] ' B
! ' —t S _' 22—t At ] | 1L L | A,‘L_L
e —— 20 : - 50 1 W [ | Jo# T | [ |

"/ ‘ || |
1 R === == <l |15 I N = =
/. 16 / 7 T‘ f 40} V.aEE

\ \ |

: 14 —— — ——1— 1 ‘

et 12 !. ‘L - ‘. | NN N (T S S 30 | ' | 1
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] e I I I e AN il | ]

] 4 | I ;._ | 10 i ,‘ B S S I
- - — B N D I <I, I U N

2

]l [ | ] l I 1 | [ | [

0 100 200 300 0 100 200 300 0 100 200 300
Vertical: relative output. Horizontal: pulse emission in ma.
For vour assistance in eorrelating circuit output to 5670 300 ma 6111 300 ma 6163 150 ma
tube pulse-emission capabilities, a General Electrie 5814-A 300 ma 201 300 ma 6829 100 ma

commercial engineer is available at cach of the tube
regional offices listed at the bottom of this page. 6021 300 ma 6111 200 ma 6810 500 ma
Under no circumstances should the operating pulse

currents exceed the values at right for nine G-E Above values are based on a pulse of 10 microseconds
tubes recommended for blocking-oscillator scrvice. duration, 1%duty cycle,and 1000-cycle repetition rate.

For further information, phone the nearest office of the G-E Receiving Tube Department below:

EASTERN REGION CENTRAL REGION WESTERN REGION
200 Main Avenue, Clifton, New Jersey 3800 North Milwavkee Avenve 11840 West Olympic Boulevard
Phones: (Clifton) GRegory 3-6387 Chicago 41, lilinois Los Angeles 64, California
(N.Y.C.) Wisconsin 7-4065, 6,7, 8 Phone: SPring 7-1600 Phones: GRanite 9-7765; BRadshaw 2-8566

B'ogress /s Ovr Most Important Product

GENERAL ELECTRIC

12:11.201



TRANSFORMER

Voltage Ratio Accuracies

TO 5 PARTS PER
MILLION

...LIKE A MAXIMUM
DEFLECTION OF

24 Feet in 900 Miles

This degree of voltage ratio accuracy has been built into special purpose
transformers designed and manufactured by TRANSFORMERS, INC. These
transformers have a measured voltage ratio accuracy of 0.0005% at room tem-
peratures and under no load conditions, with comparable accuracy at other
temperatures and loads.

TRANSFORMERS, INC.—first to specialize in the design and production of
extremely precise transformers—is staffed, equipped, and has the experience
to produce special purpose or standard transformers

' in PRODUCTION quantities

' to your SPECIFICATIONS
’ with Lab-Tested PRECISION

A typical example of TRANSFORMERS, INC. capability is a transformer
mass produced with a voltage ratio accuracy of 0.019%, with a phase shift of
0.1 milliradian maintained through an ambient temperature range of —65°
to +105° C with load variations of -+ 20%.

200 Stage Road, Vestal, N.Y
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CTC coil forms with Perma-Torq* Tensioning Device are designated PLST, PLS-6, PLS.-5, PLS-7, PLS-8 and are
factory assembled to mounting studs. The units are completely interchangeable with CTC’s LST, LS-5, LS-6, LS-7

and LS-8.

Reliability

Here’s a reliable family of coil forms
ready to meet your specifications.
These Perma-Torq Tensioning Devices
on CTC coil forms allow locking of tun-
ing cores while still tunable — and you
carlll depend upon them to do their job
well. .

This built-in dependability is a result
of CTC’s unique design plus quality
control — that meets or betters gov-
ernment specifications.

Perma-Torq is a compression spring
of heat treated beryllium copper, that
has a very high resistance to fatigue and
keeps coils tuned as set — even under
extreme vibration and shock. The de-
vice also allows for immediate readjust-
ment — without removal or loosening
of any mounting nut or locking spring.

Quality control and features like the
above are just two of the reasons why
CTC can offer you guaranteed standard
or custom electronic components —
whose performance you can rely upon.

CTC researchers and practical ex-
perts are always available to help you
solve your component problems. For

18

is their family resemblance

all specifications and prices, write
Cambridge Thermionic Corporation,
437 Concord Ave., Cambridge 38, Mass.
West Coast stocks maintained by E. V. { i
Roberts and Associates, Inc., 5068 j

West Washington Blvd., Los Angeles

16, and 61 Renato Court, Redwood

City, California.

CTC miniature shielded coil forms are rugged and
perfect for "tight spots.’’ The LS9 is 14s” diam-
cter }¢” high. 1LS-10 is 85" diameter x %" high.
The LS-11 is %s" x 17/22. The LS-14 is double
ended and is %" OD, 1 and %" overall in length.
All are highly shock resistant with mechanically
enclosed protected coil windings. The units are
ideal for use with 1F strips or as RF coils, oscilla-
tor coils, etc. Available as coil form assemblies or
wound to your specifications. et

*Patent pending.

CAMBRIDGE THERMIONIC CORPORATION v

makers of guaranteed electronic components
custom or standard

h
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HUSTMAG

A new concept in

Announces> Capacitor Design

N
A

This new concept eliminates troublesome leads and
bulky encapsulated units. It cuts costs, reduces re-
jects and facilitates automation. Ideal for most coup-
ling, bv-pass and general applications.

"'Key-Con’’ capacitors are soldered directly into the
circuit, which is extremely important in UHF appli-
cations as leads are eliminated. Slight pressure
wedges capacitors securely into position on print
wire chassis board. No supports or staking pins re-
quired Save time and money! High bond strength
and resistance to short heat cycling make them
ideal for high speed dip soldering, which produces

A Subsidiary of
Minnesota Mining and
Manufaciuring Company

TITANIA

y AMERICAN LAVA
CORPORATION

DIVISION

good fillets. Can also be hand soldered with a light
weight iron.

Miniature, key-shaped "Key-Con’’ capacitors are
uniform. Rugged. Durable. Dense. Maintain electri-
cal characteristics in high humidity conditions. Per-
mit higher environmental temperatures and compen-
sating units react to temperatures rapidly.

Custom made to individual specifications. Available
in AlSiMag’s famous wide range of Titanate ceramic
materials . . . including superior dielectric constant
and temperature compensating formulations. Sam-

ples and complete information on request.

CHATTANOOGA 5. TENN.
S6TH YEAR OF CERAMIC LEADERSHIP

Telephone AMherst 5-3411



When it comes to Counting...PUT
“first things first!”

Callina
VEEDER-ROOT

Countrol Engineer

“Design them in, when you begin” . . . that’s the tion, wage-payment or stock Countrol . . . or proof
way to integrate Veeder-Root Counters into a new of performance-guarantee.
product or process. And the quick way to do this is So when it comes to counting, call the local office
call the nearest Veeder-Root office and ask for an or the Hartford plant, JAckson 7-7201.
engineer.

You can count on this man to save you time and
money in engineering, purchasing and assembly. e e e r- o o '
For he can often save you the premium cost of a
special counter by adapting or modifying a stand- INCORPORATED
ard counter to do the job you want done . . . whether HARTFORD 2, CONNECTICUT
it’s to give you or your customers direct readings Honford, Conn. « Greenville, S. C. « Altoona, Pa. + Chicogo
. remote indication . . . facts-in-figures for produc- Do York » AL::,:‘"?:';:in'a::,"ci:,:’:c’“" + Montreol

e oo S
aQ
L.
mzz:i

wm

o

—

= S

New Electric Predetermining Counter New Printed-Circuit Data Readout Counter New Panel-Mount Magretic Counter with Lock-Key Reset
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TUNG-SOL GERMANIUM PNP TRANSISTORS

\\ \\\\\ [N // /4 ///

N\ 2,
— —

@

0. @ ® t

in JETEC 30 (TO-5 OUTLINE) Package
...the Industry-Standard Package

All desirable electrical characteristics, without difficulty over

mechanical and electrical interchangeability, are available to

users cf germanium PNP transistors in the industry-standard- PRINCIPAL CHARACTERISTICS
ized JETEC 30 (TO-5 OUTLINE) package.

- L TRAN TORS

The JETEC 30 package can be welded to produce a more R e S0

dependable hermetic seal with complete absence of flux gases.

Its cylindrical shape, plus flange and base design, has high 2N381 200 m.w. dissipation rating high current beta control
mechanical strength and facilitates uniform and positive weld- 2N382 200 m.w. dissipation rating high current beta controi
ing. The form factor and basing design facilitate accurate, 2N383 200 m.w. dissipation rating high current beta control
automatic assembly with printed circuits. 2N398  105v collector voltage

Tung-Sol JETEC 30 transistors are hermetically sealed in a 2N404 12 m.c. frequency cut off

! v, ;
control ed atmosphere to insure freedom from moisture and 2N425 4 m.c.  frequency cut o:f ’f(a)v yeeo rafing
other contamination often produced by heat-conducting sub- 2N426 6 mc.  frequency cut of: ! v Veeo rating
stances . . . the ultimate assurance of high reliability and long 2N427 11 mc.  frequency cut o Sv St ratn9
operating life. 2N428 17 m.c. frequency cut off 15v ceo rating

o ) . ) o .w. dissipati ting 4 llector rati
For additional information contact Semiconductor Division, Ay A g clisieion geling - L &, Sconraling
2N461 200 m.w, dissipation rating 45v collector rating

Tung-Sol Electric Inc., Newark 4, N. J. or the sales office
nearest you.

SEMICONDUCTOR DIVISION @TUNG-SOL ELECTRIC INC., NEWARK 4, N. J.

SALES OFFICES: ATLANTA, GA; COLUMBUS, OHIO: CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER,
COLC.; DETROIT, MICH.; IRVINGTON, N. J; MELROSE PARK, ILL.; NEWARK, N. J.; SEATTLE, WASH.
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Even in the most remote areas, wings aloft are
guided on their way by Aerocom’s new medium
range Aerophare Transmitter. This transmitter
was designed and built to provide long,trouble-
free service with no attendants...even where

the total population is Zero.

AEROCOM’S

Dual Automatic
Package-Type Radio Beacon

for completely unattended service. This aerophare (illustrated) consists of two 100 watt (or 50 watt)
transmitters with keyer, automatic transfer and antenna tuner. (Power needed 110 or 220 volts
50/60 eycles, 520 V. A. for 50 watt, 630 V. A. for 100 watt.)

Frequency range 200 -415 kes.: available with either crystal or self excited oscillator coil.
High level plate modulation of final amplifier is used, giving 40% tone modulation in 100 watt trans-
mitter and 60% in 50 watt model. Microphone P-T switch interrupts tone, permitting voice operation.

”»

The “stand-by” transmitter is selected when main transmitter suffers loss (or low level)
of carrier power or modulation. Audible indication in monitoring receiver tells which transmit-
ter is in operation.

Unit is ruggedly constructed and conservatively rated, providing low operating and main-

tenance costs.

Also available in 1 K.W. and 4 K.W. Models

A-134
AER COoM 3090 S.W.37th AVENUE @ MIAMI 33, FLORIDA
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FIXED COMPOSITION

...A NEW SERIES OF COLD-MOLDED
RESISTORS DESIGNED FOR THE MOST
“STRINGENT REQUIREMENTS

¢ ">

g

|

Characteristics of Stackpole Coldite 70
Resistors far exceed requirements of MIL-R-
11B, Amendment 1. The petformance records

in the tables on the next two pages speak for
themselves. Recent developments in Stack-

pole’s unique cold-mold resistor

processing methods achieve new Tyrn Page for
standards of reliability with truly

outstanding performance in such es- Engineering
TYPE RC-20

Y, WATT sential characteristics as load life and Data
moisture resistance.
TYPE RC-32 New, Coldite 704~ Resistors are now available
Ll in MIL-R-11B Styles RC-20 (4-watt) RC-32
TYPE RC-42 (short 1-watt), and RC-42 (2 watts) . . . in all
2 WATTS standard resistance values . . . and at regular

resistor prices.
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STACKPOLE (0/olfe JOf

TYPE RC-20 (%2-watt)
o V%) [}

2 2 il |
'z LT w8
%;: - '@_ a,
Average Percent Resistance Change 0”” e /
10 ohms 270,000 ohms 22 megohms THESE SPECS P
COLDITE 70+ | MIL-R-118 | COLDITE 70+ | MIL-R-118 | COLDITE 70+ | MIL-R-118
RESISTANCE-TEMPERATURE
CHARACTERISTICS
1.6 3.25] 2.1 7.5 5.6 12.5 @ —15°C
3.8 6.5 7.1 15.0 16.2 25.0 @ —55°C
1.4 2.5 0.1 5.0 37 7.5 @ +65°C
2.0 5.0 3.2 10.0 3.5 15.0 (@ 4105°C

not applicable | 0.0164 | 0.0350| 0.0277 | 0.0350 VOLTA’Gﬁef?oElfF'C'ENT

0.2 2.0 0.2 2.0 1.5 2.0 LOW-TEMPERATURE STORAGE
0.05 3.0 0.1 3.0 0.2 3.0 LOW-TEMPERATURE OPERATION

0.1 4.0 0.1 4.0 0.4 4.0 TEMPERATURE CYCLING
35 10.0 4.7 10.0 4.4 10.0 MOISTURE RESISTANCE

0.3 2.5 0.4 2.5 0.3 255 SHORT TIME OVERLOAD
LOAD LIFE at 70°C

0.3 6.0 1.6 6.0 0.2 6.0 after 50 hours

0.5 6.0 0.9 6.0 0.7 6.0 after 250 hours

0.2 6.0 0.6 6.0 1.2 6.0 after 500 hours

0.3 6.0 0.5 6.0 1.0 6.0 after 1000 hours

0.02 1.0 0.1 1.0 0.5 1.0

0.4 3.0 0.5 3.0 0.5 3.0 EFFECT OF SOLDERING

All Stackpole Type RC-20 Coldite 70% Resistors withstand standard
tests of 700 volts r.m.s. at atmospheric pressure for 5 seconds as
well as 450 volts r.m.s. at 3.4 inches of mercury for 5 seconds
without damage, arcing, or breakdown.

All Stackpole Coldite 70" Resisto ithstand the standard 5- d
¢w. wh 'es'.p e ite esistors withstan e standar poun SECUR'TY OF TERMINALS

... A Major Resistor Development for Major

DIELECTRIC STRENGTH

TOPS IN SOLDERING TOO!

Thanks to an extra solder coat- PACKAGED for AUTOMATION
ing—applicd as the final step in

manufacture after the usual tin-
lead coating—Stackpole Coldite
70+ Resistors solder perfectly
by any method . . . dip or iron.

For fast, convenient assembly . . .
manual or automatic . . . Stackpole
o Coldite 704 Resistors are sup-
% plied either in Recls, or Strip-

required.
Moreover, the cffects of normal solder- pack as required

ing heat on Coldite 70+ Resistors causes
average resistance variations far below
today’s critical requirements.
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STACKPOLE (0/0ffe]0¢  STAGKPOLE (3/ilfe J0*

' 'I'YPE RC 32 (l-wcm) , TYPE RC- 42 (2-wcms) |

IE TZ,' ] I— i -|222|- l? . TE‘ [ IZ |'|3|8+
Average Percent Resistance Change Average Peitent Resistance Change

"0 ohms 270,000 ohms 22 megohms 10 ohms 120,000 ohms 22 megohms

COLDITE 79+ } MIL-R-11B | COLD!TE 70+ | MIL-R-11B | COLDITE 70+ | MIL-R-11B

A
—

COLDITE 70+ ] MIL-R-11B | COLDITE 70+] MIL-R-118 | COLDITE 70+ | MIL-R-118

3.25 ]| 2.2 7.5 6.7 12.5 LI

1.5 1.5 3.25 | 2.1 7.5 9.8 12.5
3.7 6.5 6.2 15.0 15.7 25.0 3.7 6.5 5.9 15.0 22.7 25.0
1.6 2.5 1.1 5.0 4.0 7.5 1.6 2.5 1.2 5.0 7.2 7.5
2.1 5.0 57 10.0 37 15.0 2.1 5.0 4.4 10.0 8.0 15.0

no- applicable 0.0068 | 0.0200{ 0.0160] 0.0200{| not applicable 0.0051 | 0.0200] 0.0177 0.0200

0.1 20 | oa 2.0 1.0 2.0 0.2 20 | 0.25 2.0 1.3 2.0
0.1 3.0 | 0.2 3.0 0.5 3.0 || 0a 30 | o1 3.0 0.7 3.0
0.1 40 | 11 4.0 0.2 4.0 0.1 40 | 08 4.0 0.4 4.0
37 100 | 7.4 10.0 3.2 10.0 1.4 100 | 4.4 10.0 1.8 10.0
0.2 25 | 013 2.5 0.2 2.5 0.1 2.5 | 0.2 2.5 0.4 2.5
0.2 6.0 | 3.0 6.0 0.25 6.0 0.7 6.0 | 2.2 6.0 0.2 6.0
0.4 60 | 1.9 6.0 0.9 6.0 1.1 6.0 | 2.6 6.0 0.4 6.0
0.5 60 | 19 6.0 1.9 6.0 1.6 6.0 | 2.7 6.0 0.8 6.0
0.5 60 | 1.5 6.0 2.3 6.0 2.0 6.0 | 2.1 6.0 0.6 6.0
0.04 1.0 | 00 1.0 0.1 1.0 0.1 10 | 0.03 1.0 0.08 1.0
0.2 30 | 0.6 3.0 0.4 3.0 0.1 30 | 0.07 3.0 0.4 3.0

All Stockpole Type RC-32 ond RC-42 Coldite 70" Resistors withstond stondord tests of 1000 volts r.m.s. ot otmospheric pressure
for 5 seconds os well os 625 volts r.m.s. ot 3.4 inches of mercury for 5 seconds without domoge, orcing, or breokdown.

All Stockpole Coldite 70t Resistors withstond the stondord 5-pound pull test.

Commercial & Military Equipment Producers

ololife JO #sssizin:

Electronic Components Division

STACKPOLE CARBON COMPANY, St. Marys, Pa.

P In Canada: Canadian Stackpole
[F== Ltd., 550 Evans Ave. Etobicoke,
7 Toronto 14, Ont,

SAMPLES ...

for your critical appraisal

available ecither from your local electronic | ?
parts distributor or direct from Stackpole. (7 i
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How ACE shielded enclosures serve the country’s leading manufacturers

26

As r-f shielding applications become
more complicated, the country’s lead-
ing electronic manufacturers and re-
search laboratories look to ACE for the
solution of their r-f problems.

ACE engineers assist you in selecting
the shielded enclosure best suited to
your needs — whether it is screen or
solid sheet metal—in copper, galvanized
steel, bronze or aluminum — for re-
search, production, field testing, heavy
equipment installations, or military
requirements.

[ o

CIRCLE 21 READERS SERVICE CARD

Specifying the type is not enough —
ACE follows through by providing en-
closures with the highest attenuation
for their type—over the greatest fre-
quency range. Comprehensive test data,
including attenuation and insertion loss
curves obtained in tests performed by
independent laboratories, are offered
for examination and evaluation.

For the most complete line of shielded
enclosures, and the best in qualified ap-
plication assistance, be sure to contact
an ACE engineer. Get the complete
ACE story by writing for freeliterature.

First and Finest in Shielded Enclosures
ACE ENGINEERING AND MACHINE CO., INC.

Tomlinson Road ] Huntingdon Valley . Pennsylivanlia
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Another important step forward. ..

The Eimac Ceramic 4CX2508B

Eimac, developer of the 4X150 and 4X250 series, now adds the
proved advantage of all ceramic-metal construction to another
important -adial beam power tetrode with the introduction of
the 4CX250B. This premium quality tube, unilaterally inter-
changeablz i1 most cases with the 4X150 series, is similar to the
4X250B in al' basic electrical and mechanical characteristics.
Eimac design, however, gives the 4CX250B exclusive extras not
found in any other tube in its class. Ceramic-metal construction
assures greater immunity to damage by mechanical or thermal
shock. Highe- temperature processing made possible by using
ceramic in place of glass produces a more thoroughly out-
gassed tube that can withstand greater temporary overload
without damage. The low dielectric loss characteristics of the

Write our Applicotion Engineering Deportment
for o copy of the new explonotory booklet
‘Advontoges of Ceromics in Electron Tubes.™”

high-alumina ceramic used enables the 4CX250B to operate at
full ratings through 500 Mc. Cooling requirements of the
4CX250B are kept at a minimum by the integral-finned anode
cooler and the absence of glass-to-metal seals. The Eimac
SK-600 series air system sockets meet these requiremients effi-
ciently with a minimum flow of air.

All these advantages, plus such stringent production quality
tests as "‘long pulse cathode evaluation,” assure the exception-
al performance and reliability that make the Eimec 4CX2508
the premium quality tube in its class.

EITEL-McCULLOUGH, INC.

SAN BRUNO -

CALIFORNIA

“Emac Peirnet with ceramic tubes that can take it”

MAXIMUM RATINGS TO 500 Mc

M AM SSB
DC Plate Voltage 2000 1500 2000
DC 3creen Voltage 300 300 400
DC Plate Current, ma 250 200 250

®
. M AM SSB
Screen Dissipation, watts 12 8 12
Grid Dissipation, watts 2 2 2

Plate Dissipation, watts 250 165 250




APPROVAL DATA

APPROVED

RADIO INTERFERENCE
FIELD INTENSITY
MEASURING EQUIPMENT

STODDART des:gned and manufactured to -

Mlhtary [Equipment Specaflcanons

~ to meet the requlrements of

Mnhtary Measurement
Specnfucataon's’.

-
bt

™

STODDART &

MILITARY | FREQUENCY M'(Ls",;}‘f;lo MIL-1-6181 S.A.E. A.S.A. |C.I.S.P.R.

TYPE P

NM-40A » . , . .
(AN/URM-41) 30cps-15Kc CLASS ‘1 Not Req'd Not Req'd Not Req’'d | Not Req'd

NM-10A ot : . C63.2 .
(AN/URM-6B) 14Kc-250Kce CLASS ‘1 Not Req'd Not Req'd (Proposed) Not Req'd

NM-20B 1 CLASS ‘1’ . C63.2 iz
(AN/PEM-AA) | 150Ke-25Me | CLASS ‘1’ |, cXredoRy «ar | Not Rea'd | (proiicoq)

NM-30A P CLASS ‘1’ C63.3
(ANJURM.47) | 20Mc-400Me | CLASS ‘L' |y cirecoRy ar | APPROVED | (proooce o) *x

NM-50A 1 CLASS ‘1’ . C633 :
(ANJURNL17) |375Mc-1000Mc| CLASS ‘1" |4 cnTrgoRy ‘ar| Not Rea'd | (prodiceyy | Not Req'd

*MIL-1-6181C (Prapased)

**Can be supplied to C.1.5.P.R.

Recammendations

S.A.E. (Society of
Automotive Engineers)

A.S.A. (American Standards
Association)

C.1.S.P.R.
(Comite Internatianal
Special des Perturbations
Radioelectriques)
(International Special
Committee on
Radio Interference)

28

STODDART'S 5

OO0 O,

FEATURES:

self-contained Radio Interference Measuring Equipments,

each designed for its specific frequency range, provide:
instruments, which can be used by —

engineers, to measure over —
different frequency ranges, at—

different locations, at—

time.

e Each equipment performs Quasi-Peak, Peak, and Average (Field Intensity)
measurement functions.

— Serving 33 countries in radio interference control —

STODDART

INC.

AIRCRAFT RADIO CO,.,

6644 Santa Monica Blvd., Hollywood 38, California

HOllywood 4-9294

CIRCLE 23 READERS SERVICE CARD

Approved for use by all Departments of the U. S. Department of Defense.
Commercial and military equipments are identical.

Precision laboratory equipment with rugged all-weather design for field use.
Immediate delivery from stock.

CIRCLE 24 READERS SERVICE CARD



Announcing

Medium Power

SILICON

1'/ Tran sitron

TRANSISTORS

D.C. Moximum
Common Moximum Collector
Emitter Collector Cut-off
Moximum Curcent Saturation Current at
Collector Gain at VYoltage ot Specified
Voltage Specified Specified Voltage
Vi Max Curront Current, 25°C
Type {volts) B Ves (volts) Ico [va)
FAST SWITCHING 500 ma TYPES
ST363 60 15 min 50104 15 @ 60V
$T333 30 15 min. 3(6L) 15 @ 30V
Rise time sec. mox iIb=50ma
Storoge -+ Fall time: .6 usec. mox. [ le= 500mo
500 ma TYPES
51263 60 20-80 $1104) 15 @ 60V
$7233 20.50 3(6L2) 15 @ 30V
200 ma TYPES
2.34 8(40) 100 @ 100V
60 20:80 4{204!) J @ &0V
60 12.36 8(401)) 100 @ 40V
30 20-80 4(200) 3 @ 30V
50 ma TYPES
ST265 60 0.50 2(400) 15 @ 60V
ST235 30 20-80 2(40%) 15 @ 60V

Featuring:

B Low R, 6 Ohms Typical

Operation to 500 ma

Power Ratings to 5 watts @ 100°C

B Fast Switching Time

Voltage Ratings to 100V

JETEC 30 Package

Transitron’s medium power NPN silicon transistors are designed for switching
and amplifying applications requiring low collector saturation resistance (R.,)
combined with high current handling ability. These applications include
output stages, servo-motor control, core switching, solenoid operation,

DC to DC converters, and medium power oscillators,

Manufactured by diffusion, these units have closely controlled electrical
characteristics plus a high degree of mechanical ruggedness. They can be used
with confidence in the most exacting military applications.

Send for Bulletin TE-1353

Trangitron

electronic corporation

< -~
sﬂ-=— - & j&’— = S
- — —
Transistors Diodes Regulators

massachusetts

& —

wakefield,

T

Rectifiers




A MESSAGE TO AMERICAN INDUSTRY

e ONE OF A SPECIAL SERIES

Pay Of College Teachers...
Where The Russians Are The Capitalists

This editorial deals with a simple question about
college faculty salaries: Which country pays its
teachers Dbetter, Russia or the United States? It’s
a good question, with a sadly embarrassing answer.

That American college and university teachers
are underpaid is not a novel observation. But what
has happened to the economic status of their pro-
fession can be put in more candid terms. As far as
financial incentives are concerned, we have vir-
tually socialized the academie profession. Teach-
ing has become such a poorly paid career, with so
little prospect of material reward for outstanding
performance, that it simply does not attract enough
highly qualified young men and women.

Ironically, the Soviet Union has deliberately
and successfully used capitalist incentives to
improve its educational system. Although the
Russians show an utter disregard of civil liberties,
they pay their teachers well and confer on them
all the prestige and privileges the Soviet society
can offer. Russian professors, together with party
officials and scientists, have become the privileged
upper class of a supposedly classless society.

Incentives To Be A Teacher

To be a college teacher requires high intellectual
competence and long. sometimes costly, formal
training. Aside from the appeal of academic life,
what incentive does college teaching offer bright
young men and women?

In the U. S., the average faculty salary is little
more than the average income of industrial
workers. According to the National Education
Association, the average faculty salary is about
85,240. College instructors receive $4,100. associ-
ate professors 5,730 and full professors $7,100.

The average income of U. S. factory workers in

1956 was $4,580.

Actually, workers in many industries — steel,
automobile and petroleum, for example—earn more
on the average than college teachers. And skilled
workers often earn more than full professors at
some of our colleges and universities.

In Russia, on the other hand, the young So-
viet gra(lnate can see that it pays — and pays
very well — to choose teaching as a career. The
head of a department in a Russian university can
command a salary of about 6,000 rubles a month.*
This is about eight times the income of the average
Russian worker, who earns 750 rubles a month.

The Russian professor comes off very well in
terms of what his income will buy. It has been es-
timated that, based on Soviet consumption pat-
terns, 6,000 rubles a month is worth about $7,200
a year — or higher than the average professor’s
salary in the U. S. Of course, it is difficult to com-
pare living standards in two countries as different
as the U. S. and Russia. But particularly in the
field of science — where the salaries can run to
15,000 or more rubles a month — it is clear that
the Soviet professor enjoys a higher real income
than that offered his American counterpart by a
much more prosperous economy.

Incentives To Be A GOOD Teacher

Russia also offers muech higher premiums
than the U. S. to those who attain distinction
in teaching. Teachers at the university level earn
significantly more than teachers in high schools,
and university instructors can look forward to a
sharply progressive rise in earning power as they

* Soviet Education for Science and Technology by Alexander
Korol of the M.I.T. Center for International Studies.



How Faculty Salaries Compare

With Industrial Wages
(Worker's Wage In Each Country=100)

IN THE U.S. IN RUSSIA
800

800 | 800

700 |- 700

600 |- 600
w 500 - 500
q
z 400 |- 400
§ 300 - 245 300
§ 200 155
' B 12 200
‘\‘ - _.‘_ 90 5 .‘ N

Instructor Associate  Full
Professor Professor

Instructor Associate  Full
Professor Professor

®Sources: Center for International Studies, M.I.T.;
Association; McGraw-Hill

National Education
Department of Economics

advance to higher positions. The spread between
the income¢ of a full professor and the lowest aca-
temic position is greater than fifteen to one. In
addition, full professors can earn a healthy bonus
if they are elected to membership in the Russian
Academy of Sciences.

In the U. S., by contrast, full professors on the
average earn less than twice as much as beginning
instructors. And many college professors earn less
than public school teachers in large cities. Even
a full professor’s pay does not compare with earn-
ings in other professions or in positions in industry
requiring similar training. The point was well sum-
marized in a recent speech by Marion B. Folsom,
Secretary of Health, Education and Welfare: “It is
nothing short of a national disgrace that we are
discouraging people who want to teach by offering
salaries that are far below the levels justified by
their training and far below the levels which others
are willing to pay.”

Our colleges and universities, as well as our
teachers, find themselves in a serious predicament.
Faced with a shortage of hoth funds and teachers,
they cannot reward distinguished performances.
Limited resources for salary increases have gone
predominantly to the lower ranks, so that an ade-
quate number of teachers could be retained. Mean-
while, potentially fine teachers are being siphoned
off into better paid occupations.

The shabby treatment of our teachers threat-
ens to undermine, not only our educational

*-<WORKER'S WAGE.

standards, but our free enterprise system itself.
There is the recent example of a liberal arts college
which discovered chat five of its graduating seniors
were being offered starting salaries higher than
those paid any of their professors. It would be sur-
prising if experiences like this did not place a
strain on the enthusiasm with which these pro-
fessors deal with some key aspects of American
capitalism.

Also important is the role education is playing
in the cold war with the Soviet Union. The Rus-
sians have made great strides in raising the quality
of their education — particularly in science and
engineering. Both the number and the technical
calibre of their graduates are impressive. as recent
Soviet achievements testify. These successes owe
much to the generous economic treatment the Rus-
sians have given their teaching profession.

A Standard For Faculty Pay

Earlier editorials in this series have outlined
various ways American business can help relieve
the financial plight of our colleges and universities.
They have suggested that private contributions to
higher education should average at least £100 mil-
lion a year over the next ten years if faculty salaries
are to he raised to adequate levels and our colleges
are to be able to meet increasing operating costs.

Another standard for raising faculty salaries pro-
posed by an American businessman is this: “When
a teacher’s income gets up to a point where you
will suggest to your boy that he ought to give some
thought to teaching as a profession, then we may
be approaching the right figure.”

Russia clearly has set her teaching salaries
well above the “right” fizure. We are nowhere
near it. What this adds up to is that the Com-
munists — not we — have become the shrewd
czlpitali'sts in the vital field of education.

This message is one of a series prepared by the
McGraw-Hill Department of Economics to help
increase public knowledge and understanding
of important nation-wide developments. Per-
mission is freely extended to newspapers,
groups or individuals to quote or reprint all
or parts of the text.

PRESIDENT

McGRAW-HILL PUBLISHING COMPANY, INC.




MINIATURIZATION IN CONNECTIONS

actual size unretouched photo

of the

Hubbell *#

interlock connector

..another fine electronic component from

the vast inventories

CIRCLE 2S5 READERS SERVICE CARD

+Avnet’

WEST

8966 NATIONAL BLVO.
LOS ANGELES 34, CALIF.
TEXAS 0-6141

TWX CULVER CITY 2273

:OEAST

{36 N. MOORE ST.
P NEW YORK 13, N.Y.
: BEEKMAN 3.5780

TWX NY 1-4943
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PHILLIPS

SERIES 33 SUB-MINIATURE RELAYS

DATA SHEET

REMOVE AND FILE FOR REFERENCE

‘““SNAP-ACTION’ DESIGN FOR EXTREME RELIABILITY

Novel snap-over action of this switeh eliminates the “floating-contact”™. High contact pressures, extremely

rapid flight time, quick arc quenching, high impact and contact wipe are features accounting for its ureat

relichility and unusually high contacet ratings. Impacet and wipe of the switeh action, especiallv when ecombined

with speeial contaet materials. results in exeellent low-level or “dry circuit™ operation. Rapid flight time and

arc quenching makes this type switeh particularly good with the use of induetive loads. Heat-treated Bervllium

copper switch springs are employed for longer fatigue-life running into several million operations. Large

contact blades offer good heat dissipation for long contact life.

SERIES 33 ASSEMBLY FEATURES:

D35 relavs are constructed 1o withstand  destruetive
shock tests of more than 100 G without mechanical dam-
age, and high operative shoek and vibration tests without
contact chatter or opeming.

Standard coil and contact rating, listed on reverse side, are
conservative, \dditional ratings are available for special
requirements,

Temperature range for the standard unitis from 63
to 125 C . Wider temiperature ranges available on request.
Terminal header and enclosure are designed to meet mil-
itary requiremnents of leakage to specifications MIL-R-5757
and MIL-R-25018. To-ulation within enclosure is of high-
tewmperature inorganic type, preventing contamination of
contacts.

Addition of a high temperature full-wave hridge reetifier
is possible by extending length of the relay body to 15
inelies,

Provisions for mounting are extremely flexible, Rugged
standard mounting Hange ol the encireling type permits
placement of flange at any position along hody length,

SERIES 33 SUB-MINIATURE RELAY

COMPLETE RELAY

RELAY SWITCH AND
MOTOR ASSEMBLY

SERIES 33 DESIGN FEATURES:

THE MAGNETIC ASSEMBLY : High magnetic eflicieney
and unusually Tow magnetie leakage is a characteristie of
this tightlv-closed magnetie circuit, Fully anncaled Armeo
iron is used. Favorable armature weight (2.2 grams) to
retractable spring ratio accounts for high resistance to
external forees. Special coil design—drv-awound without
mmpregnating varnishes and a minnmum amount of in
organic materials  provides a high number of anmpere
turns for greater magnetie efficiencey. Freedom of residual
magnetisne is obtained without use of conventional non-
magnetie anti-freeze pins.

DOUBLE SPIRAL SPRING: This unique spring fune
tioning as the armature retraction and one armature
bearing,  was especially designed for non-resonance over
a frequeney range from 0 to more than 3500 eps. Con-
posed of two adjacent sections, each of which are dis
simtlar and tapered by a logarithmie function. this spring
cancels out small resonant conditions which tend to occur.,
Spring is flexible in only one plane, allowing good arma-
ture activity plus good armature stability from move-
ment in undesireable planes.

AND SUB-ASSEMBLIES

SWITCH ASSEMBLY

SWITCH BASE

Remove and file for reference.

Perforated for easy tear-out.



RED DOT
CIRCUIT DIAGRAM

1.0
1.2

MAX 0.0
.250
MAX.

1.7 as
1.070
MAX.

.687
1375

Detailed Specifications

DC-33

2 PDT
Snap Action-(2 Form ()

up to 200v. D.C
up to 12,500 ohms.
50G, 11ms.
20G to 2,000c.p.s
65°C to 125°C
2.5 02
MIL-R-25018
Solder or 9 Pin Noval

Standard Relay

available from stock
32
26.5
18v. Max.
13v. Max.
275 +10% ohms.
Silver
5 amps.
100,000

Continvous

8ms.
3ms.
142 DIA.
2 PLACES .05 ohms Max
1,000 Meg. Min.
1,000 RMS

CHARACTERISTICS

Contact Form

Coil Voltage

Coil Resistance

Shock (operating)
Vibration (operating)
Temperature Range
Weight

Specifications

Terminals

DETAIL SPECIFICATIONS

Max. Operating Voltage
Nominal Coil Voltage
Pick-up Voltage @125°C
Drop-out Voltage @125 °C
Coil Resistance @25°C
Contact Material

Contact Rating, Resistive
Minimum Operating Life
Rated Duty

Operate Time

Release Time

Contact Resistance
Insulation Resistance
Voltage Insulation

Operating Frequencies

Phillips Sub-Miniature Relays

DC-33-AC

2 PDT
Snap Action (2 Form C)

up to 125v. A.C

8,000 ohms
50G, 11 ms

20G to 2,000c.p.s.
65°C to 125°C

2.75 oz.

MIL-R-25018

Solder or 9 Pin Noval

Standard Relay

available from stock
125 A.C
117 AC
105v. A.C. Max
50v. A.C. Max.
8,000+ 10% ohms
Silver
5 amps.
100,000
Continuous
10ms.
3ms.

.05 ohms Max
1,000 Meg. Min
1,000 RMS
60 to 400 c.p.s.

RED DOT
CiRCUIT DIAGRAM

1o
156 | 40
MAX.
250
MAX
1378
142 DIA.
3
2 PLACES R
1070
MAX.
1,728

—— e e |

WRITE FOR ADDITIONAL DATA ON THESE AND
OTHER PHILLIPS RELAYS IN PERMANENT BINDER.

PHILLIPS CONTROL CORPORATION « JOLIET, ILLINOIS
AN ALLIED PAPER CORPORATION SUBSIDIARY

General Offices: 59 W. Washington St., Joliet, lllinois

For personal interview, phone your nearest Phillips S5ales Engineer:

NEW YORK MUrray Hill 5.9103 KANSAS CTY JEfferson 1-7765
BOSTON Wellesley 5-3334 CEDAR RAPIDS EMpire 5-6183
PHILADELPHIA Kingsley 6-2480  DENVER Alpine 5-7988
SYRACUSE. GRanite 1-0521 DALLAS TAylor 3-1191
WASHINGTON JUniper 5-3141 SANTA MONICA EXbrook 3-8380
CLEVELAND . . . ERieview 1-0054 SAN FRANCISCO DAvenport 4-2135
WINSTON SALEM. Winston Salem 5-3612  SEATTLE MAIn 5317
ST. LOUIS VOlunteer 3-3661  JOLIET. . Joliet 3-3431
WICHITA AMherst 2-6516  TORONTO PLymouth 5-3377



SUPERIOR TUBE ADDS

o NEW GLASS SEALING ALLOYS

TO STANDARD LINE
3 L s p

KOVAR® l ll(lllz\ll*J 430 “430Ti THERLO:!
Now Superior offers glass sealing alloy tubing with available in quantities as small as 50 ft. and are cold
expansion characteristics to meet practically any glass drawn to close tolerances. Size limits in most cases from
scaling requirement. These five new analyses are in 012 to 1% in. OD. Write or send coupon for new Data
addition to six already in the line. Superior also offers Memorandum 15 giving technical information on all
titanium tubing for ceramic-to-metal scals. All are these alloys and the known applications for them.
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APPROXIMATE EXPANSION CURVES OF VARIOUS METALS

> I
” e/'/y, ” e SUPERIOR TUBE CO. |
2500 Germantown Ave., Norristown, Po.
The big name in smalt tubing Send me o copy of new Dota Memorandum 15, on glass seoling alloys. =
NORRISTOWN, PA. |
Nome — - S
Jolnson & Hoffman Mfg. Corp., Mineola, N.Y.—an affiliuted company Company — — l
mahking precision metal stampings and deep-drawn parts.
I Street _— S l
=Stocked and sold by the Stupakoff Division of the Carborundum Co., Latrobe, Pa. T.M. Reg. U.S. Pat. Off R I City ___Zone Stote. l
Westinghouse Electric Corp. I
1T.M. Reg. U.S. Pal. Off., Witbur 8. Driver Co. l |
3T.M. Reg. U.S. Pat. Of1., Driver-Harris Co. e e e —— e ————
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INTENSITY

FOCUS

HORIZ POS

VERT. POS

VERNIER
VERT SENSITIVITY *
. VERTZ SENEER
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Hew -hp- 120A Oscilloscope and -hp- 120AR Rack Mount Oscilloscope.
Note space-saving 7" high panel an rack maunt instrument.
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Is all-new

-hp- *435 oscilloscope!

e Check the simple panel.

Few controls —faster, easier measuring!

® Check the specs; DC to 200 KC, automatic
trigger, high stability, accuracy

® An -hp- thoroughbred; finest quality,
rugged, dependable, portable

Let’s spell out this new -kp- oscilloscope very fast.

It’s medium priced, deliberately engineered for simple operation, ac-
curacy and dependability. Lightweight, only 32 pounds.

There’s absolutely no compromise with quality or features to bring you
the attractive price.

It has automatic triggering, no adjustment over entire range. Yet a
front panel adjustment can cut out automatic triggering and base line
to provide a bright, steady trace for photography. Only -hp- offers this.

The oscilloscope has sweep speed range from | psec/cm to 0.5 sec/cm.
Speeds are slow enough for mechanical or medical work, fast enough for
most rapid transients. There’s a “‘times-5"" sweep expansion and a vernier
to give continuous control of sweep speed. There are 15 calibrated
sweeps, 1-2-5 sequence.

Instantancous automatic svnchronizing is available on anv internal or
external voltage; instrument may also be triggered by line voltage.

The DC-coupled vertical amplifier has a pass band of 200 KC. Cali-
brated vertical and horizontal amplifiers have identical bandwidths for
phase measurements. High sensitivity permits working directly from
transducers in manv cases.

High stability is insured by regulated power supplies, including a trans-
istor regulated vertical amplifier filament supply.

The SAQP1 cathode ray tube comes out easily through the front panel :
you change filters in 30 seconds. The SAQPI is the same CRT used in
more expensive -hp- "scopes. It provides linear response, uniform trace
intensity and perfect focus over the entire tube face. Fullyv illuminated
graticule, CR’I" beam adjusting lever.

You might call the -kp- 120A the first multi-purpose deluxe oscilloscope
ever oftered at medium price. Here is calibrated performance for pre-
cision lab work and brute ruggedness for the production line, -kp-
120AR Rack Mount is ideal for fixed installations and test console
applications,

Call your -hip- engineer for a demonstration, or write direct for details.
FFast delivery!

BRIEF SPECIFICATIONS

SWEEP
Trigger selectar: internal, external, line
Triggers autamatically an 0.5 cm. display
internal ar 2,5 valts peak-ta-peak external.
Displays base line in absence af signal, Na
sync cantrals required
15 calibrated sweeps in 1-2.5 sequence, 5
micrasecandsfem ta 200 millisecands/cm
*+59, accuracy; vernier 2.5/1 range (lawers
sweep speed). 5 times sweep expansian,
applicable an all ranges

VERTICAL AMPLIFIER

Bandwidth: DC Caupled — DC ta 200 KC.
AC Coupled — 2 cycles/sec ta
200 KC

4 calibrated sensitivities: 10 mv/cm, 100

mv/em, 1 v/em, 10 vfem; *5% accuracy;

10/1 vernier

Balanced input available on 10 mv/em

range

Internal amplitude calibrator provided.

HORIZONTAL AMPLIFIER
3 calibrated sensitivities: 0.1 v/em, 1 v/em,
10 v/em: 10/1 vernier
Bandwidth same as vertical amplifier.

GENERAL
Cathode Ray Tube: 5AQP1 with 2500 v ac-
celerating potential
Intensity Modulatian: terminals on rear.
Pawer Input: appraximately 130 watts.
All DC power supplies regulated
Size: Cabinet, 93" x 15" x 21Y,"; 32 Ibs.
Rack, 19" x 7" x 18". 31 Ibs
Price: -hp- 120A or 120AR (Rack Mount),
$435.00

Data subject ta change withaut notice.
Prices f.o.b. factary.

HEWLETT-PACKARD COMPANY
4620A Page Mill Raad
Pala Alta, Califarnia, U.S.A.
Cable HEWPACK + DAvenpart 5-4451
Field engineers in all principal areas
4620

-hp- provides industry’s newest, most complete oscilloscope line!

CIRCLE 30 READERS SERVICE CARD
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The 1958 {RE Convantion and Show
will be the source of new ideas for
more thar 50,000 radio engineers.

wo A0 il
- Pl PPN AS ST

Be sure you are there.

MARCH 24-27
ONAL CONVENTION

i
Waldorf-Astoria Hotel
" The Radio Edgineering Show’
: Coliseum
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THE INSTITUTE CF RADIO ENGINEERS 1 East 79th Street, New York 21, N.Y.
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DELCO’'S FAMILY OF HIGH POWER
TRANSISTORS

&3 &‘“’l F“i

DT100 INAA2 | 2N2T7 | 2N441

13 (13|13 |13 |13 |13 (13|13 |13

amps

Maximum Collector Current

Maximum Collector Voltage (Emitter Open)

100| 80 ( 80 (60 | 60 | 50 | 50 | 40 | 40

volts

Saturation Voltage (13 amp.)

0.7 | 0.7 |0.7 |0.7 |0.7 (0.7 |0.7 | 0.7 | 0.7

volts

Max. Square Wave Power Output at 400 ~ P-p*

400(310(310|225|225|180|180|135|135

wotts

Max. Sine Wave Power Output ot 400 ~ P-P*

180( 140| 140(100| 100| 80 | 80 | 60 | 60

watts

Power Dissipation (Stud Temperature 25°C)

70 | 70 | 70 | 70 | 55 | 55 | 55 | 55 | 55

watts

Thermal Gradient from Junction to Mounting Base

1.0°(1.0°(1.0°|1.0°| 1.2° (1.2°|1.2°|1.2°|1.2°

OC/want

Nominal Base Current -19(-19|-19|-13|-24 |-13 | -24 | -13 | -27

18 (Vec=—2 volts, 1c¢=—1.2 amp.)

*Adequate Heot Sink

Offer a wide range of
performance characteristics
to meet your switching,
regulation or power

supply requirements

ELECTRONICS engineering edition — January 3, 1958

ma

*kDesigned to meet MIL-T-19500/13 (USAF) 18 JUNE 1957

These nine Delco Radio alloy junction germanium PNP
power transistors are now in volume production. They
are characterized by high output power, high gain, and
low distortion. And all are normalized to retain superior
performance characteristics regardless of age.

Check the data chart above—see how they fit your
particular requirements in current switching, regulation
or power supply. Write for detailed information and
engineering data. Delco Radio maintains offices in Newark,
N. J. and Santa Monica, Calif. for your convenience.

DELCO RADIO

Division of General Motors
Kokomo, Indiana
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Pl;zg-l 1 Units

TYPE 53/54K

Fast-Rise DC Unit $125
TYPE 53/541
Fast-Rise High-Gain Unit 185
TYPE 53/54C
Dual-Trace DC Unit 275

TYPE 53/54H
Wide-Band High Gain DC Unit 175

TYPE 53/54G
Wide-Band Differential DC Unit 175

TYPE 53/54D
High-Gain Differential DC Unit 145

TYPE 53/54E
Low-Level Differential AC Unit 165
TYPE 53/548B
Wide-Band High-Gain Unit. .. 125
TYPE 53/54A
Wide-Band DC Unit . . 85
TYPE 53/54T
Time-Base Unit 225

TYPE 53/54R
Transistor Risetime Measurement
Unit (to be available soon)

All prices f.0.b. Portland, Oregon

ENGINEERS — interested in
furthering the advancement of
the oscilloscope? We have
openings for men with creative
design ability, Please write
Richord Ropiequet, Vice Pres.
ident, Engineering.

P. O. Box 831
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TYPE RM45

with the Tektronix
Plug-In Feature

S5 NEW

RACK-MOUNTING
OSCILLOSCOPES

Txese five new compact rack-mounting oscilloscopes
offer the unmatched performance and versatility of

their bench-type counterparts, having corresponding

electrical characteristics. The cabinets of the rack-

mounting models mount in a standard instrument

rack, with chassis supported on slide-out tracks.
Chassis can be pulled forward, tilted, and locked in

any of
five ha

seven positions for servicing convenience. All
ve the same dimensions: 14" high, 19” wide,

2215" rack depth, 24" overall depth. All ten Type
53 /54 Plug-In Units can be used in the vertical-deflec-

tion systems of these five new oscilloscopes.

TYPE RM35

Electrically identical to Type 545
DC to 30 MC, 0.012-usec risetime with
fast-rise plug-in units.

0.02 usec/cm to 5 sec/cm calibrated
sweep rates.

Sweep Delay —calibrated, 1 usec to
0.1 sec. (other delay ranges available
on special order)

Signal Delay — 0.2 usec.

10-KV Accelerating Potential
Calibrator— 0.2 mv to 100 v.
Electronically-Regulated Power Supplies
Price, without plug-in units $1550

Electrically identical to Type 535
DC to 11 MC, 0.031-usec risetime with
fast-rise plug-in units.
0.02 usec/cm to 5 sec/cm calibrated
sweep fates.

Sweep Delay — calibrated, 1 usec to
0.1 sec. (other delay ranges available
on special order).

Signal Delay—0.25 usec.

10-KV Accelerating Potential

Calibrator —0.2 mv to 100 v.
Electronically-Regulated Power Supplies
Price, without plug-in units $1400

Tektronix, Inc.

Phone CYpress 2.2611
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TYPE RM41
Electrically identical to Type 541

The Type RM41 is also electrically the same
as the Type RM45, except that it is with-
out provision for sweep delay.

Price, without plug-in units $124S

oooooo

Tilt forward-backward
for easy access.

0000 0Dopoo

poono

Portland 7, Oregon

* TWX.PD 311 - Cable: TEKTRONIX

TYPE RM31
Electrically identical to Type 531

The Type RM31 is also electrically the same
as the Type RM35, except that it is with-
out provision for sweep delay.

Price, without plug-in units $1095

TYPE RM32
Electrically identical to Type 532
DC to 5 MC, 0.07-usec risetime with
wide-band plug-in units.

0.2 usec/cm to 5 sec/cm calibrated
sweep rates.

4.KV Accelerating Potential

Calibrator— 0.2 mv to 100 v.
Electronically-Regulated Power Supplies
Price, without plug-in units $925

January 3, 1958 — ELECTRONICS engineering edition



Waldes Truarc Rings cut assembly costs, improve
performance of precision photo-optics equipment

Charles Beseler Co., E. Orange, N. J. uses Waldes Truarc Retaining Rings in 3 applications shown,
REFLECTING MIRROR ASSEMBLY IN OPAQUE PROJECTOR

VU-LYTE 1l
PROJECTOR

Hare a Waldes Truarc crescent ring, Series 5103, replaced
a split collar and clamping ring. Results: labor costs cut
50¢ per unit because of greater ease of assembly. Drier
provides more uniform heating.

Whatever you make, there’s a Waldes Truarc Ring de-
signed to save you material, machining and labor costs,
and to improve the functioning of your product.

In Truare, you get

Complete Selection: 36 functionally different types.
As many as 97 standard sizes within a ring type. 5 metal
specifications and 14 different finishes. All types avail-
able quickly from leading OEM distributors in 90 stock-
ing points throughout the U.S. and Canada.

Controlled Quality from engineering and raw mate-

= WALDES

WALDES KOHINOOR, INC.
47-16 AUSTEL PLACE, L.1.C. 7, N. Y.

RETAINING RINGS

. Tiluee

BEFORE

“The front surface mirror is the most pre-

cise optical element in a properly-function-
ing opaque projector,” Beseler writes.
“Previously we used this extremely cumber-

some means of holding the mirror in posi-
tion. As mirror adjustments are always
required and the mirror is extremely deli-
cate, our spoilage was terrific.”’

AFTER

“Two Truarc Series 5100 Rings made pos-
sible complete redesign of the mirror as.
sembly. Now mirrors can be adjusted from
outside the projector. Rejects now are prac-
tically nil. More precise adjustment of the
mirror is possible. And because of the
greater ease in adjustment, we have cut
labor costs $2.00 per unit.”

= =
_*;‘ T
ﬂ' _

2 Waldes Truarc Series 5133 E-Rings replaced 2 cap nuts—
at a saving of 20¢ per unit in labor costs.

rials through to the finished product. Every step in manufac-
ture watched and checked in Waldes’ own modern plant.

Field Engineering Service: More than 30 engineer-
ing-minded factory representatives and 700 field men
are at your call.

Design and Engineering Service not only helps you
select the proper type of ring for your purpose, but also
helps you use it most efficiently. Send us your blueprints
today...let our Truarc engineers help you solve design,
assembly and production problems...without obligation.

Waldes Kohinoor, Inc., 47-16 Auste! Place, L.1.C. 1 N, Y.
Please send new, descriptive catalog showing all
types of Truarc rings and representative case his-
tory applications. (Please print)

Name — - SN, =
Title [ =X
Company ... ...

Business Address .. 2

City Zone ... State

v
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426;
2,411,761, 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081;
2,544.631. 2.516.616; 2,547.263; 2,558.,704; 2.574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries.

ELECTRONICS engineering edition — January 3, 1958 CIRCLE 34 READERS SERVICE CARD 39



Formvar
Nyform

FILMS Sodereze”
Enamel

CLASS

Bondeze"

Grip-eze™®

Doglas®-Silicone

Class *H” fi m wwes

e . CLASS

Film-Daglos® -Siliccne
conbinations.

®IRADE MARK APPLIED FOR
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FILMS

| Thermaleze?®
'l (Epoxide Polyester)

| Other Polyestears
FABRICS

Duglas®

Film-Dag as®
combinations.

ELECTRONICS engineering edition — January 3, 1958

MAGNET WIRES
THAT SUGGEST
IMPROVED
INSULATION
SYSTEM
DESIGNS!

Here are basic magnet
wires with proven experi-
ence in a wide variety of

applications and unlimited

potential for the future.

Any time magnet wire is your problem, consult

Phelps Dodge for the quickest, easiest answerl

PHELPS DODGE GOPPER PRODUGTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA
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glass-base
laminates?

C-D-F DILECTO

is the answer!

Teflon*, silicone, epoxy, melamine, and phenolic glass-
fabric laminotes. Polyester glass-mat laminates.

You can improve design, speed production, and save money
by specifying one of the many C-D-F Dilecto grades.
Whatever your application for these laminates — with
fine- or medium-weave glass-cloth base — you'll find a bet-
ter answer to your problem at C-D-F. (Melamine can aiso
be made with glass-mat base.) And C-D-F offers modern
machining and fabrication facilities to deliver production
quantities of finished Dilecto parts to your specifications.

See our catalog in Sweet’s Product Design File, where
the phonc number of your nearby C-D-F sales engineer
is listed. For free trial samples of glass-base Dilecto, or of
any other C-D-F plastics, mica, or fibre product, send us
your print or your problem! Write for your free copy of
C-D-F Technical Bulletin 64,

SPEED AUTOMATIC PRODUCTION of printed circuils with
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates.
Other advantages: high bond strength of copper to laminate,
superior blister-resistance in solder immersion.

i
HIGH-VORYAGE (1800v.) RF ISOLATION is achieved by
miniature C-D-F Dilecto gears in an aircraft receiver-trans-
mitter switch. They also had to exhibit dimensional stability
througha wide temperature range, resistance to fungus growth
and thermal shock.

PRECISE MACHINING AND FABRICATION are standard
benefits of Dilecto laminated plastics. These silicone glass-
base pani (coil mountings, aircraft terminal board) were
sawed, dnlted, punched, and milled in production quantities
by C-D-F and customer.

PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES

42

Grade

Equivalent
NEMA ar
ASTM grade

Flexural
Strength
Lengthwise
{PSI)

Dissipatian
Factar at
108+
Cond. A

Dielectric

Strength

Parallel
Step x step

Insulatian
Resistance

Cand.
C96/35/90

Arc Re-
sistance
{seconds)

Maximum
Operating
Temp. (°C.)

GB-12T
{Teflan *)

None

14,000

0.0015

65

100,000

180 +

250

GB- 12§

{Silicane)

28,000

0.002

60

100,000

180+

GB-28E
(Epoxy)

70,000

0.019

65

75,000

130

GB-28EFR

(Flame -Retardant Epaxy)

68,000

0.010

65

100,000

180

150

GB-28M

(Melamine)

50,000

0.014

50

100

185

135

GB-261D
(Phenalic)

G-1 ond G-2

22,000

0.020

55

10,000

5

150

GM-PE
Palyester)

GPO-1

35,000

0.020

70

200

130

150

plastics praducts.

These are typical grades far typical applicatians. Ta meet special requirements, C-D-F makes many ather Dilecta grades, ane af which may serve yaur
purpase better than any of these listed here. Cansult the C.D-F Technical Department far expert assistance with yaur design prablem invalving laminated

CONTINENTAL-DIAMOND FIBRE

A SUBSIDIARY OF THE —&7’# COMPANY « NEWARK 16, DELAWARE
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New PEAK POWER METER
gives direct indication

BARRETYER
CiRCuy

-~

Q =¥

:&@:’:\é&}‘

s :
4 %
W liwaryg

o

630 PEAK POWER METER SPECIFICATIONS

REPETIT ON RATE: 50 to 5000 pps
RISE TIME: 0.15 microsecond

VICEO OUTPUT (RF Pulse): 300 millivolts
SIZE: 19 in. long x 8% in. high x 10 in. wide

WEIGHT: Approx. 20 Ibs.

MOUNTING: Standard relay rack type
CASE: Integral shield and dust cover
FREQUENCY RANGE: Depends on barretter mount used

BARRETTER MOUNT: Any mount with less than
100mmf output capacitance

BARRETTER: Microline 823 or 825 barretter
POWER BANGES: 0-30, 0-100, 0-300 mw

ACCURACY: +10%

PULSE WIDTH: 0.25 to 10 microseconds

This new Sperry development now
makes it possible to measure peak
power directly and continuously. It
climinates tedious calculation and
risky guesswork in evaluating pulsed
microwave systems.

Desizned asalaboratoryinstrument
for developnient work and produetion
testing, the Microline® 630 Peak-
Power Meter eliminates chance of
error by replacing less accurate aver-
age power mcthods which require

ELECTRONICS engineering edition — January 3,

conversion of pulse shape and duty
cycle factors. Employing the barret-
terintegration-differentiation method.
the 630 supplies indication independ-
ent of input pulse width, pulse shape
and repetition rate. In addition, video
output is available for observing in-
put pulse shape. Internal calibrating
circuit climinates the necessity for
auxiliary calibrating equipment.
This new Sperry meter requirces
only an appropriate low-capacitance

1958

Meter indicates
actual peak of
power pulse, re-
gardless of width,
shape, rate, or duty
cycle.

barretter mount to perform measure-
ments at any microwave frequency.
For further information, write our
Microwave Electronics Division.

DIVISION OF SPERRY RAND CORPORATION

BROOKLYN « CLEVELAND « NEW ORLEANS * LOS ANGELES
SEATTLE « SAN FRANTISCO. IN CANADA: SPERRY GYROSCOPE
COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC,

ué‘l’ﬂﬂﬂ’ﬂ/’/ COMPURY

Great Neck, New York
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© BACK-MOUNTING TEST JACKS

; permit bench soldering fo wiring
harness before mounting.

metal shell insures firm,
dependable mounting.

meslijitds  Bfisac

ALL-NYLON THREADED

INSULATOR
low capacity to panel and
high voltage breakdown,

Z

-

L V]
L4
u

Test Jacks by Ucinite

The introduction of Ucinite’s back-mounting
jacks makes available for the first time a complete
line of high quality test jacks suitable for use in
equipment where long life and dependability are
essential.

Ucinite Test Jacks, designed for standard .080
phone tips, are available in a variety of calors
1deally suited tc coded applicaton. Silver-plated,
heat treated beryllium copper contact is made in
one piece with large terminal ends for easy solder-

The
UCINITE CO.

Newzitonmville 60. Mass.

ing. The feed through type is provided with a
one-piece brass terminal stud, tin-plated,

The specialized abilities and experience of
Ucinite’s own staff of design engineers are avail-
able for work on new and unusual problems.
Volume production facilities ensure fulfillment of
the largest requirements,

For rull information, call your nearest Ucinite
or United-Carr representative or write directly
to us.

Radio and Automotire

Division of United-Carr Fastener Corpe

CIRCLE 39 READERS %ERVICE CARD
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STANDARD TEST JACKS

Specialists in Electrical Assemblies,



Extended Life and High Stability at

616G- 617G- SUBMINIATURE
MYLAR™ Dielectric CAPACITORS

This ruggedly designed capacitor is a standout for
stability after thousands of hours at 125°C. . . . field —
tested under the severest military conditions.

A superior capacitor element rated for accelerated

life testing twice that applied to conventional\
metal enclosed tubulars.

Formed Mylar insulators prevent leakage to the
case and contribute to the high IR which charac-
terizes these designs.  couront's trademark for poryester fitm.

SPECIFICATIONS

Long Term Stability —Extensive testing in- Temperature Immersion—Meet require-
dicates capacitance change is less than 1%  ments of MIL-C-25A for 125°C {Charac-
after 5000 hours operation at rated voltage  feristic K}

and 125°C

Life Test— 500 hours at 125°C and 125% Mechanical Properties—Meet all require-
of rated voltage ments of MIL-C-25A

Insulation Resistance—See curve below Capacitance Change with Temp.—See
for typical performance curve below for typical performance

6'6-6 (One Lead Grounded to Case) 6'7-G(Both Leads Insulated From Case)
150V 400V

173 x 2,
,I93)(f'y.

Insulation Resistance vs, Temp Capacitance Change ve. Temp

Drgrees Cratigrade Degrees Combgrade

Capacitance Change
14

Megohms Midy

OGALLALA, NEBR.

GOOD-ALL CAPACITORS NOW AVAILABLE AT YOUR LOCAL DISTRIBUTOR.
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PRECISION RESOLVERS

wien » SYSTEM ERROR OF 8 MINUTES MAX. s scaumes,

two 15-4042-06 compensated reso!vers car. ve used as o ma‘ched pair*

All units can be varied to
meet yoar exact specifica-
tion. Wrile fcr further in-
formati>n today, detailing
your requirement.

®

ELECTRICAL CHARACTERISTICS

Sioe |~ 10l o SIS R oS ST s
Rotor— (o wiree e prases) | VW T N2 NS
inout voltge (o roton (vortey S R - NN N N
Stator—(No. wnres/No phases)

Input voltage (to stator) (Volts) mm“ 2

Rotor current (stator open) (Milli-
amperes) 38

Rotor power input (stator open) (Watts) .05

Stator current (rotor open) (M|II|
amperes) 12.4

Stator power input (rotor open) (Watts) 7 .08

- ECESIVED CIEre T EEeRe

7o 254+ 1160 | 75 1231 [361 +33727[26 4 41145 21 +1 128 [ 351 +) 1365568 472060

Rotor D.C. resistance per phase (Ohms) _“_ 22
I S N LT

Phase shift (stator to rotor)

E ‘ V.
Null (residual voltage)

Total R.M.S. (Millivolts) (Quadrature)
Fundamental (Millivolts) 12% of input voltage

Stator D.C. resistance per phase (Ohms)

Rotor output voltage per phase (stator
excnted) at maximum coupling (Volts)

Stator output voltage per phase (rotor
excited) at maximum coupling (Voits)

Voltage gradient (stator) (Mitli-
volts/degree)

Phase shift (rotor to stator)

Functional error:
Angular accuracy 14% of input voltage

MECHANICAL CHARACTERISTICS
Friction at 4+25°C (Gem)

at —55°C (Gcm)

Weight (Ounces) . [ 175 7 175 | 30 | 53 | 5.0
Leads (color coded) (Number/length) - | &yl | @)r12* 7 TERMINALS

OSTER type number *15-4042-06 10-4061-01 {10-4065-C= [11-4117-03 [15-4DI3-22 [ 15-4015-04 {15-4043-02

* Operating temperature ranges - 65°F to -+ 400°F. e+ Meets MIL—E-—-5272. « Sizes 8, 10,11, 15,
18 and 23 can be supplied. + Transformation raiios and phase shift to vour design specs.
e Functional accuracies as low as .05%,.

Other products include ser-

TWX Hempstead N. Y. 705 “WX 5. Mon 7671

vos, synchros, motor-gear- ‘ MANUFACTURING COMPANY
trains, AC drive motors, DC Your Retad.r g Equipment Specialis:
m0t0r§, servo mechanism as- Avioniz Division N
semblies, servo torque units, Racine, Wizconsin g
motor tachs, reference and B
>
tachometer generators’ actua- EASTERN OFFICE WESTERN OFFICE 2
3 237 North Main Street 2338 South Sepulveda E'vdl t3
tors :md motor C'lrlven blower Hempstead, L. |., New York Culver City, California 5_
and fan assemblies. Phone: Ivanhoe 3-4653 Phoses: EXmont 1.5742 « BEwas D-°194 s
o
5
©o

Engineers For Advanced Projects:
Interesting, varied work on designing transistor circuits and servo mechanisms.
Contact Mr. Robert Burns, Personnel Manager, in confidence.
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NEWS

Wire insulation of DuPont TEFLON' reduces danger

tetrafluoroethylene resins

of short circuits . .. withstands cabinet heat

AL g S

i
i
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FRAYING and failure of insulation at bends
was eliminated by the use of wire protected
by a TEFLON resin. The insulation in this
§imulator rack is unaffected by heat to

}_g%n’.‘.‘
)

-
-
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260°C. (Equipment by Otis Elevator Co., Elec-
tronic Division, Brooklyn, N. Y.; wire insu-
lated with a TEFLON tetrafluoroethylene resin
by Plastoid Corp., Hamburg, N. J.)

tetrafiuoroethylene resins

of flight-control equipment |

Use of TEFLON" increases reliability

The remarkable stability of TEFLON |
resins in the face of heat, cold, cor-
rosives and electrical stresses makes
them ideal for tasks in aircraft and
guided missiles. i

(Microsyne Position Indicator,by |
Minneapolis - Honeywell Regulator |
Co., Boston, Mass., uses wire insu-
lated with a TEFLON tetrafluoro-
ethylene resin by Tensolite Insulated |
Wire Co., Inc., Tarrytown, N. Y.
The insulated wire, called “Flexo-
lon,” is designed to provide the
maximum of versatility in electronic
applications.)

TEFLON®
is a registered trademark...

TEFLON is Du Pont's registered trade-
mark for its fluorocarbon resins, in-
cluding the tetrafluoroethylene resins
discussed herein. This registered
trademark should not be used as an
adjective tc describe any product, nor
skould it be used in whole, or in part,
as a trademark for a product of
another concern.

Tight wiring, hot enclosures, danger
of shorts — these are problems every
electronics designer has to face. They
were solved at the Otis Elevator Cor-
poration’s Electronic Division by the
use of wire protected by a TEFLON
resin. Required was an insulation
that was compact, durable, would not
chafe at bends, and could withstand
high temperatures such as those ex-
perienced in soldering. The high di-
electric strength of the TEFLON resin
permitted use of wires with excep-
tionally small outer diameters. No
aging or embrittlement problems are
encountered with this insulation. The
extremely low surface friction of
TEFLON resins permits slippage of
twisted pairs without chafing. Rated
as Class H electrical insulating mate-
rials, the resins are unaffected by
temperatures to 260°C.

Insulation of TEFLON resins offers
many advantages in the design of
electronic equipment. For example,
signal losses may be held to an abso-
lute minimum due to a dissipation
factor of less than 0.0003 over the
entire frequency spectrum measured
to date — from 60 cps to 30,000 mc.
What's more, dissipation factor and
the low dielectric constant of TEFLON
resins are practically constant with
respect to temperature and frequency
over the rated ranges.

You can obtain detailed design
data on Du Pont TEFLON tetrafiuoro-
ethylene resins plus information
showing how their properties are ap-
plied. Simply send the coupon to us
today.

E. 1. du Pont de Nemours & Co. (Inc.), Polychemicals Dept.
Room 17.1-17, Du Pont Building, Wilmington 98, Delaware

SEND FOR Please send me more information on Du Pont TEFLON tetra-
INFORMATION fluorcethylene resins. |1 am interested in evaluating them
for

For additional property

and application data on

Du Pont TEFLON tetra- Company Position
fluoroethylene resins, mail Street _
this coupon. City State

Type of Business.___ =
1n Canads: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec

N
|
|
|
|
|
|
| Name
|
|
|
|
!
i



FI.EXIBII.I'I‘Y IN THE FIEI.D...

just one of the many useful features of

Model NF-105 remotely
locoted from its ontenno,
for personnel sofety,

Four interchangeable plug-in tuning units,

Measures 150 kilocycles to 1000 megacycles
for extreme flexioility.

accurately and quickly with only one meter.
® Approval status: MIL-I-6181B, Class 1 ® Economical ... avoids duplication.

MIL-I-6181C, Category A
. N ) ® Safeguards personnel. .. ALL antennas can
® Directsubstitution measurements by means be remotely located from the instrument

gﬁali_igag'szir;g ri;ryl)r;g'l;%icl?g}i,‘orator, without without affecting performance.

® Self-czlibrating, for reliability and speed of

® Compact, built-in regulated A and B power
supply, for stability.

operation.
® True peak indication by direct meter read- @ Minimum of maintenance requireq, proven
ing or aural slideback. by years of field experience.

Only the Model NF-105 is so simple to operate that one technician can take readings
over the entire frequency range in less time than required by three engineers manning

any other three separate instruments.

Send for our Catalog No. N-357

ole)] EMPIRE DEVICES PRODUCTS CORP.

AMSTERDAM, NEW YORK VICTOR 2-8400

MANUFACTURERS OF:
FIELD INTENSITY METERS ¢ DISTORTION ANALYZERS * IMPULSE GENERATORS °* (COAXIAL ATTENUATORS ¢ CRYSTAL MIXERS
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MAGNETIC
TAPE
APPLICATIONS
BY AMPEX

How to speed up a digital computer

New Ampex Digital Tape System quickens input and output

Ampex’s new digital tape equipment is to com-
puters as a super-super highway would be to
1958’s new 300 horsepower automobiles. Com-
puter arithmetic can move at electron speeds —
but previovs input/ontput rates have been like
bumper-to-bumper traffic. Now the jam is broken.

60,000 six-bit characters per second is one of
several transfer rates available on the new Ampex
Digital Tape System. Depending on how you can
accept the Cata, some Ampex rates are even faster,
others are somewhat slower.

FR-300 Digital Tape Handler

To achieve a livelier pace ...
a SYSTEM of new equipment

In a complete digital computer, the Ampex
equipment provides two neatly packaged func-
tions: input source and output receiver. By treat-
ing these as systems unto themselves, Ampex
achieves optimun performance and reliability. In
them, four interdependent items have been match-
ed: tape handler, heads, amplifiers and magnetic
tape. For the total result, the four are inseparable.

The Ampex FR-300 tape handler operates at
150 inches per second. With this new speed plus
other format improvements contributed by the
other Ampex components, transfer rates can be
increased up to six fold over previous standards.
Search times too can be reduced to one sixth.

The FR-300 starts or stops in 1.5 milliseconds.
These times can be depended upon indefinitely.
Hence they drastically reduce the buffer storage
requirements of the computer system. Also, inter-

INSTRUMENTATION

record distances are
accurate and are
shortened by half.

Despitc its race-
horse gait, the FR-300
is a workhorse ma-
chine thoroughly test-
ed and perfected in a
year-long component
shakedown. Its de-
pendability and low
maintenance require-
ments are aimed at increasing the computer’s
available working hours per day.

Two other Ampex tape handlers, the FR-400
and FR-200A operate at lower speeds, serving
smaller computers and auxiliary digital equip-
ment such as converters, printers, etc.

Read/write heads and amplifiers work together
to achieve higher bit-packing densities. On the
Ampex system, the 200-bit-per-second standard is
conservative. Ampex’s new heads can resolve
pulses much closer than this. And the amplifiers
easilv handle the tremendous transfer rates achiev-
ed when closer bit packing and high tape speeds
are combined. All-transistor design of the ampli-
fiers achieves extreme reliability and compactness.

Ampex computer tape, a new specially formu-
lated tvpe, plays a key part in system reliability.
To reduce significant dropouts and spurious noise
to zero, the tape is manufactured in a completely
air-conditioned plant. Employees wear lintless
“surgical” clothing. And cach reel is individually
tested and packaged within two hermetically seal-
ed wraps.

A tough new oxide binder on Ampex Compu-
ter Tape withstands many times the use of any
previous “long wear” tapes. Virtually no oxide
rubs off; heads need much less frequent cleaning.
Precision reels, available as an option, protect the
tape edges from damage and improve tape han-
dling and guidance.
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Complete Electronic
Assembly

A newly published
brochure is available
describing all compo-
nents of the Ampex
Digital Tape System
and explaining per-
formance specifica-
tions. May we send
4 you a copy?

DIVISION
AM[P[EX FIRST IN MAGNETIC TAPE INSTRUMENTATION

CORPORATION | 934 CHARTER STREET - REDWOOD CITY. CALIFORNIA

District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world.
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New Micro

9 High Voltage

-Miniature Transistor Famil

SATURATED COLLECTOR CHARACTERISTIC

4

shown here actual size

<9¢ High Beta
<9¢ Excellent Switch
<4¢ Low Saturation Voltage

<4¢ Outstanding Performance

Here is a completely new family of micro-miniature
transistors, featuring proven reliability in industrial
control systems, miniature hearing aid amplifiers,
computers and business machines, direct-coupled
amplifier and switching circuits, and audio output
for miniature radios.

Among these six new transistors will be found the
low-cost answer to a tremendous variety of important
transistor problems. Our engineers will be happy to
discuss specific applications with you.

Make Philco your prime source of infor-
mation for all transistor applications.

Write to Lansdale Tube Company, Division of
Philco Corporation, Lansdale, Pa., Dept. E-158
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Pill Telemeters From
Digestive Tract

UMMARY -

Radio sounding device, small enough to swallow and pass

through the gastro-intestinal tract, generates 400-ke signals that transmit

internal temperature and pressure information. Powdered iron core is pres-

sure sensor while transistor base-collector resistance is temperature sensor.

Receiver uses nonlinear capacitors to sweep frequency band

By STUART MacKAY and BERTIL JACOBSON

Karolinska Institutet, Stockholm, Sweden

UCCESSFUL passage and opera-

tion of a radio telemetering
device through the gastro-intesti-
nal tract makes it possible to trans-
mit internal temperature and pres-
sure information, useful in medical
diagnosis and physiological studies.

Transmitter

Called an endoradiosonde, the
transmitter, modulator-transducer
that is swallowed is a capsule that
measures 0.9 ¢cm in diameter and

FIG. 1—Transistor quenching oscillator.
The quench frequency depends on tem-
perature and the r-f frequency on pres-
sure. Adequate signal is generated to
penetrate the body's attenuation

«—CIRCLE 45 READERS SERVICE CARD

2.8 c¢m long. Since much smaller
components are becoming available,
specific details will change. The typi-
cal circuit shown in Fig. 1, gen-
erates a sufficiently powerful signal
so that it does not require the use
of a shielded room. The common-
emitter connection is used in a
Hartley circuit with a tapped coil.

Components

The coil contains 600 turns on a
hollow /% inch diameter form that

FIG. 2—Sweeping f{requency oscillator
based on properties of nonlinear capaci-
tors. These act in series to tune the tank
circuit and in parallel to generate the
sawtooth to produce panoramic effect

is /4 inch long. Into this moves a
piece of powdered iron of i-inch
length and turned down to % inch
in a lathe. The resonating capaci-
tance is in the range of 100 ppf.
Best blocking action is obtained
with Telefunken transistor OC 612
though the smaller CK 784 also was
satisfactory. In some of the units,
to save space, a hollow double ca-
pacitor was wound. Thin metal foil
combined with 10-micron poly-
styrene tape, 5-mm wide, gives two

FIG. 3—Connection for many saturating
capacitors under control of a small am-
plitude input sawtooth (or switches and
a small direct voltage) and yet having
small nonlinearity to the a-c of the tank
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Nurse determining position of endoradiosonde.

connected to receiver.

Signal is picked up by antenna loop

Oscilloscope at left qives temperature, right-hand scope gives

pressure while drugs are tested as they progress through patient

cylindrical capacitors: a center
piece with one metal piece outside
and one inside, when the sandwich
is wound up. The two capacitors
of this unit required metal lengths
of 5.5 centimeters and 0.55 em.

The coil itself, is the transmitter
antenna, its field being adequate
for detection. Circuit components
are sealed with Araldite.

Problems

The radio frequency, relatively
insensitive to voltage changes, is
affected by the shunt capacitance
from end-to-end on the capsule.
To eliminate the possibility of an
air bubble giving an erroneous fre-
quency shift, electrostatic shielding
is desirable. Coating the inside
with a layer of silver paint does not
stop oscillation or radiation. An
axial scratch eliminates any short-
ed turn effect.

These circuits are amplitude
modulated if the iron core is re-
placed by a copper one. It should
be noted that any point in these
circuits can be grounded.

The diaphragm can be another
source of error. A rubber mem-
brane tends to change its elastic
properties in various body fluids.
To minimize this, the majority of
the restoring force is supplied by a
spring. An outer changeable limp
diaphragm, employed for sanitary
reasons, will also help.

It is desirable to eliminate the
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effects of orientation due to gravity
acting on the core. A balanced
pivoted armature is the obvious
solution though a more compact
method is desirable. The solution
has not been found, but some
methods for consideration are the
use of a second internal weighted
diaphragm at the other end of a
U tube from the first, a second
spring-suspended core at the other
end of the coil, a spring suspending
both core and coil and the use of a
neutral buoyancy core in a liquid-
filled chamber.

In some experiments, the battery
consisted of an iron and a gold elec-
trode with the subject’s internal
fluids acting as an electrolyte. For
better stability the batteries are
now constructed from the materials
of a dismantled flashlight cell. The
original batteries were formed

around the lead from a pencil but
the present ones sandwich the chem-
icals between flat sheets of zinc and
carbon. Most of their volume is
depolarizer.

During any normal experiment,
2-4 days, the battery voltage does
not change. Radioactive batteries™®
might be employed to give a longer
life in a smaller space. If a radio-
active transistor could be developed
this would also help.

Frequency

Skin depth considerations and
transistor performance limitations
led to the choice of a 400-ke signal.
This frequency is modulated by the
motion of the iron core caused by
pressure changes. The transistor
is temperature sensitive and the
pulse repetition rate of blocking
transmits this ‘semperature in-
formation. The latter reading,
somewhat dependent on pressure,
can always be corrected by the
pressure reading which is rela-
tively unambiguous.

Blocking Action

The blocking action depends on
the charging of the base capacitor
during oscillation because of recti-
fication at the emitter junction.
The base becomes positive. Due to
oscillation hysteresis more charge
is collected than is needed to keep
the oscillation cut off and the tran-
sistor is biased off for a finite
period. During this period the ca-
pacitor discharges through the
temperature-sensitive  resistances
of the emitter and collector, hoth
back-biased, in parallel.

Oscillation resumes after the
base becomes a fraction of a volt
negative with respect to the emit-

! - : 1
n ! o -
o’

i }
INCHES

Assembled endoradiosonde above and disassembled unit below showing exploded view

of components. Scale indicates relative size
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ter. Since the collector resistance
is usually lower than that of the
emitter, the collector tends to
dominate as a thermometer unless
prevented from doing so. The
period of this relaxation oscillation
Is proportional to the average of
this resistance over the blocked
part of the cycle, multiplied by the
base capacitance.

If a ten-to-one turns ratio is
used rather than approximately
one-to-orte then blocking is not ob-
served, but instead amplitude
modulation with temperature re-
sults due to the varyving equillib-
rium voltage on the base capacitor.

The blocking frequency is sensi-
tive to voltage as a first-order ef-
fect, decreasing voltage giving in-
creasing frequency.

Receiver

The transmitted signal is re-
ceived by a 100-turn loop, 4.5 em
in dia, connected to the input of a
U. 8. Army BC-348-P receiver.
This size loop indicates the ap-
proximate location of the trans-
mitter within the subject.

The receiver is tuned to indicate
the pressure and the signal tone
carries the temperature informa-
tion. Transmitter coil and block-
ing capacitor are adjusted so that
the radio-frequency bursts have an
approximately flat envelope, which
leads to relatively sharp tuning.

Scanning

In developing a scanning method
for the radio frequency, as in a
panoramic receiver. the cireuit
shown in Fig. 2 was evolved. The
nonlinear capacitors C decrease
their capacitance in response to the
increasing direct voltage across
each.' In series, they act as the
tuning capacitor of the tank cir-
cuit. In parallel, they respond to
the slowly increasing direct volt-
age. Thus nonlinearity to the radio
frequency is small and sine waves
are produced, but high control volt-
age is not required.

The scheme can be extended to
four or more nonlinear capacitors
as shown in Fig. 3. Here, one can
either inject a sawtooth or apply
steady d-¢ and periodically ground
points A, in which case the circuit
generates its own sawtooth.

High R lowers Q little but the

replacement of parts of each R
by inductance will make Q maxi-
mum. Some point on L is assumed
to have a d-¢c ground. Because of
their discharge in parallel, even
small capacitors can trigger the
thyratron, though a blocking oscil-
lator is a better discharge device.

The oscillator tube is tapped
down on the coil for somewhat in-
creased circuit stability. The out-

Endoradiosonde, the transmitter-modula-
tor-transducer that is swallowed., is a cap-
sule 2.8 ¢cm long and 0.9 e¢m in diameter

put sawtooth of the free-running
circuit is for a horizontal sweep
voltage while the a-c shown repre-
sents a local oscillator voltage.

If the output of the radio is then
used as a vertical oscilloscope sig-
nal, the frequeney, in general, will
not be a linear function of the sig-
nal position, but calibration is pos-
sible since there is a reproducible
coirelation between the two. Sweep
in both directions gives a double
signal due to one form of hvstere-
sis  observed in most nonlinear
oscillatory systems.” Rather than
cyveling through the whole fre-
quency band it is possible to use a
related feedback arrangement to
track the radio frequency either by
maintaining a fixed frequency dif-
ference between the transmitted
and local frequency or by ecyveling
through a small range about the
transmitted frequency. Feedback
voltage then indicates pressure.

The transmitter is calibrated
just before an experiment by ap-
plving known temperatures and
pressures. Pressure sensitivity of
the device can be checked within
the subject by applving changing
atmospheric  pressure. Feedback,
in which the output pressure read-
ing is always returned to a fixed
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value by altering the surrounding
pressure on the subject, is feasible
for special observations. Calibra-
tion is then not necessary since
linearity and sensitivity do not
enter (to first orders). Observa-
tion would start at greater than at-
mospheric pressure in the capsule
and on the subject. The subject in
this case should be accustomed to
sudden pressure changes (such as
a skin diver). The required sur-
rounding pressure then measures
the internal pressure.

Further Applications

Experiments are in progress to
incorporate chemical analyvsis into
such devices.” Any chemical reac-
tion which is accompanied by re-
versible mechanical expansion and
contraction could be emploved in
conjunction with the pressure-
sensitive device. Certain ion-ex-
changers swell and shrink, while
other macromolecular compounds
change their osmotic pressure, for
changes in pH. Although the ac-
curacy is low for such chemico-
mechanical systems, their simplic-
ity and reliability may make them
useful for medical diagnosis.

The use of an antimony electrode

as a low-impedance pH sensor
should receive further attention,

particularly if one can be used
without becoming coated and still
work while biased to prevent dis-
solution under all body conditions.
A radioactive light source might
allow the introduction of optical
methods, and be much more effec-
tive than a phosphorescent one. An
exposed transister will telemeter
light intensity and with the above
could be used as a photometric pH
transmitter.

Invaluable help in construction
by Lars Nordberg is acknoledged.
This work was done while R. S.
Mackey was on leave from the Uni-
versity of California on a Guggen-
heim Fellowship.
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Wireless Microphone

UMMARY

Transistorized wireless microphone operating at 460 ke,

establishes induction field around transmitter within usable area without

exceeding FCC radiation field limitation. Normal speaking voice produces

peak f-m deviation of about 10 k¢ when used in lecture halls and

auditoriums. Fixed f-m superheterodyne receiver recovers audio signal and

feeds public-address or speech amplifier

By G. FRANKLIN I‘IONTGO.\IERY National Bureau of Standards, Washington, D. C.

IRELESS MICROPHONES are
Wusefu] in studio or lecture
hall where the announcer or speaker
must be able to move without being
restricted by microphone cabling.
The unit deseribed here consists
of a dynamic microphone with a
self-contained wireless transmitter.

Applications

A fixed receiver, whose electrical
output substitutes for the direct
microphone output, is used to feed
the public-address or speech pre-
amplifier. Both the wireless micro-
phone transmitter and the fixed
receiver were originally developed
for the main lecture auditorium
at the National Bureau of Stand-
ards.

Wireless microphones commonly

worn as lavalier

Wireless transmitter,
microphone, permiis announcer to move
freely in studio or lecture hall. Trans-
mitter operation is controlled by switch
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use vacuum-tube transmitters and
usually operate an a frequency
within the vhf band. Vacuum-tube
power drain often limits transmit-
ter battery life to several hours.
In addition, a troublesome bar to
vhf operation is the FCC require-
ment that the radiation from an
unlicensed transmitter be limited
to 15 microvolts/meter at a range
of A/2x, where A represents wave-
length.

Specifications

For a moderate distance between
transmitter and receiver, a signal
with an adequate signal-to-noise ra-
tio may be impossible to transmit
without exceeding the FCC speci-
fication. The transmitter described
in this article uses transistors to

Interior view of transistorized microphone
transmitter. Unit is compact and can be
easily disassembled for repair through
use of tier construction technique

permit relatively long battery life
and operates at 460 ke, a frequency
at which an induction field can be
established around the transmitter
within a usable area without ex-
ceeding the radiation field limita-
tion.

Transmitter

The transmitter circuit diagram
is shown in Fig. 1. Frequency
modulation was chosen principally
because of its inherent automatic-
volume-control action. The trans-
mitter radiates a signal directly
from the tank circuit which con-
sists of coil L,, wound on a ferrite
rod.

The radiated power, determined
by the transmitter coil current and
its radiation resistance, is about

0 67760

FIG. 1—Circuit for wireless microphone
transmitter. Operating at about 500 kc,
transmitter radiates about 2.2 X 107
watt directly from tank circuit
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Uses F-M Modulation
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FIG. 2—Circuit for fixed receiver. Operating frequency of transmitter is converted to 50 ke by V: and is amplified and limited by
V: and V.. Audio signal is recovered after passing through low-pass filter. Peak audio output of receiver is about 0.5 volt

N

Fixed receiver for wireless microphone
transmitter is vacuum-tube superhetero-
dyne type

2.2 x 10 watt. Power is delivered
to the tank by Q, operating as an
oscillator at 460 ke.

Modulation

Diodes D, and D. control the r-f
current through a 100-guf capaci-
tor shunted across the tank. The
direct diode current is controlled
by the audio-frequency current de-
livered to Q.. A change in this di-
rect current produces an approxi-
mately linear change in tank-cir-
cuit susceptance. The oscillator is
therefore frequency modulated by
the audio signal. Transistors Q,
and Q. are audio-frequency ampli-
fiers for the microphone output.

The coupling components were
chosen to attenuate voice frequen-
cies below about 700 cps. With the
circuit shown, a normal speaking
voice produces a peak deviation of
about 10 kc. The total battery
drain is about 15 milliamperes, so

that with the single mercury cell
the battery life is about 150 hours.

The vacuum-tube superhetero-
dyne receiver is shown in Fig. 2.
An r-f amplifier, V,, operates at the
signal frequency of 460 kc. Penta-
grid converter, V., converts the sig-
nal frequency to 50 kc and the
signal is amplified and limited by V,
and V,.

The output of stage V,, a variable-
frequency square wave, is differen-
tiated and rectified by the counting-
detector diode D,. The audio signal
is recovered by passing the diode
output through a low-pass filter
and amplified by V.. Peak audio
output is about 0.5 volt.

Receiver Unblocking

Squelch action is provided by
diode D, which rectifies the re-
ceived signal and unblocks the
audio output stage during opera-
tion. This feature is useful in
urban locations where the noise
level is usually high.

The f-m superheterodyne receiver
consumes little power and uses low
plate and screen voltages conse-
quently the operating temperature
is low and the components should
have long life,

Avudio Response

The overall audio-frequency re-
sponse of the system from micro-
phone input to the receiver output
is shown graphically in Fig. 3. No
audio-gain control has been in-
cluded in the transmitter but a con-
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trol may be desirable to keep the
deviation at maximum to compen-
sate for differences in speakers.
The maximum size of the receiv-
ing loop depends on local noise field.
A loop 5 meters square was used
for this equipment. The loop could
be made larger by using more
transmitter power or by reducing

-6l

RELATIVE GAIN IN D8

'
~ O o

200 500 1k 2Kk 5k iox a0
FREQUENCY IN CPS

FIG. 3—Overall audio frequency response
of transmitter-receiver system

local noise such as that generated
by electrical machinery.

Shielding

In noisy locations, it is helpful to
use a shielded receiving loop made
of small coaxial cable. One end of
the inner conductor is connected to
the ungrounded receiver antenna
terminal, the other end of the inner
conductor and the shield braid are
connected to the ground terminal.
At a point halfway around the loop,
the outer braid is cut and stripped
for a length of an inch or two.
Shielding is effective in reducing
electrostatic pickup from nearby
noise sources.
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Sonar installation on submarine USS Menhaden—Official U. S. Navy photo

Modern Sonar
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FIG. 1—Basic modern sonar systems

Systems

UMMARY —— New transducers and new electronic scanning and search-

lighting techniques give increased detection ranges for both active and

passive sonar, along with additional data on bearing, course, range-changing

rate and type of vessel. Better understanding of sound propagation under

water and of natural sea noises permits more effective use of sonar in anti-

submarine and prosubmarine warfare as well as in commercial applications

By JAMES A. RUMMELL

Project Kngineer, Pacitic Division, Bendix Aviation Corp., North Hollywood, California

SINCE THE ADVENT of higher-speed
nuclear-propelled submarines, sonar
has taken on new importance since
it is in many cases the only possible
means of detecting a submarine.
As a result, sonar is extensively
used in antisubmarine and pro-
submarine warfare. It may also be
used to determine the position of
the vessel on which it is located by
reference to known points, for un-
derwater navigation. The Navy also
relies upon sonar for underwater

communication to assist in fleet
operation. Commercially, sonar
56

finds extensive application in depth
determination, fish location and to
a lesser extent for bottom mapping.

Sonar Systems

As a result of its increased im-
portance, several new objectives
have been established for sonar sys-
tems used in military applications.
These include longer detection
ranges, increased reliability of de-
tection at a given range and the
provision of additional bearing,
course, range rate and type-of-
vessel information about the target.

Two general types of sonar sys-
tems are regularly used in military
applications. A passive system,
shown in Fig. 1A, utilizes a direc-
tional hydrophone to pick up acous-
tic noise radiated from other ships.
In the active system of Fig. 1B a
burst of acoustic energy is released
into the water from the transducer
with the expectation of receiving an
echo from a nearby ship.

Passive systems are usually con-
fined to use in submarines, since the
submarine is capable of operating
as an extremely quiet listening plat-
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FIG. 3- Acoustic attenuation in sea water

sounds by self noise. The passive
system has the outstanding advan-
tage that it does not reveal the pres-
ence of the listener.

Active systems are commonly
used on surface ships to radiate
high-level pulses of sound at a sin-
gle frequency, so that echoes are
received at a high enough level to
overcome self noise.

Display techniques suitable for
radar are not directly applicable to
sonar hecause of the relativelv low
velocity of sound propagation in sea

water. Normally this velocity is
about 4,800 fps. which requires
about 1.25 seconds for sound to

make a round trip of 1,000 vards.

In scanning systems, acoustic
pulses of from 6 to 36 milliseconds
are transmitted omnidirectionally,
immediately following which the
receiving bheam scans in azimuth
at rates from 30 to 300 rpm. Since
sound range periods are long, the
crt trace spirals outward from the
center of the ppi screen, as shown
in Fig. 2. The receiving beam usu-
ally makes hundreds of circular
azimuth scans in a single sound

Modern high-speed electionic scanning sonar system partly assembled

Guide Atom Subs

form to prevent masking of weuk

range interval, so that the spiral
merges into a solid field.

Underwater communication sys-
tems utilize all possible techniques
to reduce effective bandwidth, such
as  clipped-speech single-sideband
modulating an acoustic carrier.
Such equipment permits effective
voice communication to ranges of
several miles with 100-watt power
levels into the water.

Sound Transmission in Water

Water, particularly sea water, is
far from being the ideal medium
for transmission of any kind of in-
telligence. Sound is propagated by
longitudinal compression of water
particles and this compressional
vibration vresults in highly fre-
quency-dependent propagation loss.
Figure 3 shows a plot of propaga-
tion loss with frequency. Attenua-
tion increases rapidly with increas-
ing frequency.

A more troublesome and much
more variable factor that enters
into sound propagation in sea water
is the existence of velocity gradi-
ents which refract or, in some cases,
reflect the sound from the desired
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point-to-point path. Figures 4, 5
and 6 show effects of salinity, depth
and temperature on velocity.

Temperature hax the most ve-
locity effect over the expected ex-
cursion, vet in terms of percentage
it is still small. Figure 7 shows the
effect of a common thermal condi-
tion, designated as a uniform nega-
tive temperature gradient. Sound
paths are refracted in the direction
of lower velocity (temperature), in
accordance with laws similar to
those that govern optical ray theory.
The condition shown in Fig. 7 will
prevent sound introduced near the
surface from reaching a distant
point ulso near the surface. Tem-
perature gradient variations oceur
with changes of location, time of
day and season, although recent
studies indicate that thermal condi-
tions can be predicted more accu-
rately than the weather.

Figure 8 shows the effect of
depth (pressure) on sound paths.
The paths are detlected away from
the higher velocity which occurs at
higher pressures encountered at
great depths. This effect and that
of temperature often contribute to
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Multistave cylindrical transducer used to
form beam in scanning sonar system
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FIG. 4—Eftect of salinity on sound velocity

a shadow zone resulting from the
pressure-produced upward bending
combining with downward ther-
mally caused bending. This shadow
zone is shown in Fig. 9. A sub-
marine in either of the shadow
zones would probably be undetected.

Deep Sound Channels

The upward bending resulting
from pressure and the counteract-
ing downward bending effect result-
ing from lowered ‘temperature at
increasing depths produces an in-
teresting phenomena known as the
deep sound channel. Figure 7
shows the sound beam bending
downward with decreasing tempera-
ture. Velocity also increases with
depth since increasing pressures
tend to produce upward bending.

In many conditions near the sur-
face the decreasing temperature
effect overcomes the opposite pres-
sure effect and therefore the sound
beam is bent downward as shown
in Fig. 9. At great depths (several
thousand feet) the water assumes
the temperature of maximum den-
sity, 4 deg C. At this point, since
there can be no further temperature
gradient, the positive pressure
gradient effect takes over and de-
flects the beam upwards where it
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reenters warmer water. Here it is
refracted downward by the negative
thermal gradient to form a sound
channel, as in Fig. 10.

This deep sound channel exists in
almost all deep ocean areas. Sound
which enters this channel is trans-
mitted with a minimum of spread-
ing loss so that long ranges can be
obtained if this channel can be used.
Due to its great depth it is of lim-
ited usefulness.

Maximum Range for Sonar

In addition to the above limita-
tions, sound spreads by square-law
relationship (except in sound chan-
nels) like other forms of radiation,
so that, for an echo ranging system,
spreading loss is proportional to the
fourth power of the distance from
the detecting ship to the target.
The combined effect of frequency
and spreading loss for four fre-
quencies is shown in Fig. 11. For
echo ranging systems, the loss for
a given range is double that shown.
Long-range propagation is thus not
to be expected with the higher
acoustic frequencies.

For a sonar system to be effec-
tive, the sound pressure level pro-
duced by the target at the receiving
hydrophone must be above the am-
bient noise in the bandwidth used.
The level of sea noise is frequency-
dependent and is shown by curves
of Fig. 12. Sea noise rises with de-
creasing frequency at a rate of
about 5 db per octave. This in-
creased sea noise often overcomes
the advantages of lower transmis-
sion frequency. Self noise produced
by the sonar carrying vessel gen-
erally increases at about the same
rate or faster.

Sea animals also contribute to
the ambient noise level. Dolphins
following near a sonar-equipped
ship will often sound like a pack of
hounds about to tree a fox, whereas
some other animals use sonar sys-
tems to locate their prey. Certain
types of shrimp produce sounds
comparable to that of a large num-
ber of chains being banged violently
together. Many of these noises are
broadband and are intense relative
to a weak echo from a distant target
ship so they will often mask echoes.

Generally speaking, circuitry
used in sonar equipment is similar
to that used in other electronic

equipment. The greatest difference
lies in the hydrophone or trans-
ducer which converts sound energy
into electrical energy or vice versa.
Quartz and adp crystals have been
used, but magnetostrictive metals,
mainly of the nickel family, are by
far the most common material used
today. Barium titanate ceramic is
being used in increasing quantities
because it can be molded in many
forms, involves no critical mate-
rials, is inexpensive and lighter in
weight than nickel alloys.

Both ceramic and magnetostric-
tive elements require suitable isola-
tion of unused radiating surfaces
to achieve efficiency. Transmit or
receive efficiencies of 25 to 30 per-
cent are achieved with either.

The nickel element is polarized
by a permanent magnet. The ce-
ramic element is polarized by ap-
plication of high voltage during
manufacture, after firing. The ce-
ramic element receives its electrical
exciting signal (or delivers an out-
put) from the fired-on silver coating
on the inside and outside surfaces.

Arrays

Almost all sonar transducers or
hydrophones are made up of a num-
ber of elements to provide the beam
width and the required directivity.
Typical transducers used in scan-
ning systems provide beams 12 to
15 deg wide at —6 db points in both
planes. A pattern plotted in a sonar
test tank is shown in Fig. 13.

- —
TEMPERATURE SOF |

SALINITY 35 PARTS PER THOUSAND |

H
o

30

=

o 500

i
\

]

2000

VELOCITY INCREASE IN FPS

1,500

1000
DEPTH OF SEA IN FEET

FIG. 5—Eifect of depth on sound velocity

SALINITY 35 PARTS PER
THOUSAND: ATMOSPHERIC
PRESSURE |

5,024 |

VELOCITY IN FPS

'S F FN
Y @ 0
s & e
o &> o

30 40 50 60 70 80 90
TEMP IN DEG F

FIG. 6—Effect of temperature on velocity

January 3, 1958 — ELECTRONICS engineering edition



RANGE IN YARDS

5000 10,000

TEMP IN DEG F
TEMP IN DEG F RANGE N YARDS » o

. 70 -g° 1,000 2,000 3000 0
G _ G

& 1001 OUTER SHADOW ZONE w500
z z
-4.8% -

g 200 a 1000
S 8

300
=D 1500

FIG. 7——Sound transmission in uniform negative gradient in water

In many applications, the size of
the transducer has limited the low-
est frequency at which effective
active sonar operation is possible.
The pattern shown requires a trans-
ducer with an active face about 7.5
inches in diameter at 50 ke. At 10
ke the size will increase to 86 inches
and at 2 ke the diameter will be
15 feet. These larger sizes may be
entirely unacceptable for mounting
on the underside of a ship so are
often ruled out for this reason.

Scanning Transducer

The scanning sonar system,
which provides essentially omni-
directional azimuth coverage, re-
quires a cylindrical transducer. A
typical magnetostriction scanning
transducer for submarine installa-
tion is shown in section in Fig. 14.
If all elements are excited in phase,
the beam pattern is essentially
omnidirectional in the horizontal
plane. The vertical beam pattern is
determined by the ratio of height to
frequency. Transmitting directivity
index for this tyvpe of transducer
will range from 8 to 12 db.

The receiving beam, iwhich is
continuously scanned in the hori-
zontal plane, is formed by using
one-third of the total elements to
form any one beam. The transducer
shown contains 60 vertical rows or

FIG. 8—Sound transmission in uniform-temperature sea water

Barium titanate and magnetostrictive transducer elements (upper left), typical searchlight
transducer using ceramic elements (lower left) and typical searchlight transducer using

magnetostrictive elements (right)

staves, with each stave being made
up of eight magnetostrictive piston
elements. Beam forming is accom-
plished in this ecylindrical-type
transducer by use of a beam-form-
ing delay line which delays the elec-
trical signal from the forward ele-
ments to produce a composite signal
equivalent to a plane arrayv, as in
Fig. 15. This basic design repre-
sents the most popular shipboard
transducer in use today.

Passive systems, which listen for
noise produced by the target vessel,

are effective in detecting typical
surface ships from a quiet sub-
marine platform. Generally, such
systems have an adjustable, wide
bandwidth, the center frequency of
which adjusts over the audio range
and slightly above. The hydrophone
may be highly directional at the
upper end of the band. By careful
circuit design the bearing of tar-
gets may be accurately determined.
Range information is not normally
available from this type of gear.
Active systems, usually used on
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surface ships, are often seriously
range-limited by ship’s self noise.
Therefore, the bandwidth is made
as narrow as possible consistent
with the echoes to be received. Fre-
quency shift of the reflected trans-
mitted signal resulting from target
and own ship’s doppler may be sig-
nificant, since the velocities of ships
and submarines is a significant
fraction of the velocity of sound.
For example, doppler bandwidth for
a relative range rate of =20 knots

FIG. 13—Typical transducer beam pattern
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FIG. 15—Beam formation in cylindrical
sonar transducer

is 1,400 ¢ps at 50 ke, 700 cps at 25
ke and 70 eps at 2.5 ke. The usual
requirements for bandwidth due to
pulse length apply but doppler is
usually the largest factor and be-
comes. increasingly important as
target speeds increase.

Audio presentations, where echoes
are usually heterodyned to a zero
doppler frequency of about 800 cps,
are an essential part of any sonar
system because of the unique ability
of the human auditory system to
identify a frequency-shifted signal
in a reverberation background or
from noise background. Here ppi
displays are used to read range and
bearing of the target.

The combined effect of all of
these factors, which include propa-
gation loss (spreading and water
absorption), doppler-required band-
width, noise increase with decreas-
ing frequency and transducer loss
of directivity index with decreasing
frequency (transducer size is held
fixed), is shown in Fig. 16. This
chart compares performance be-
tween two systems operating with
the same size transducer at frequen-
cies of f and 2f.

Other factors being equal, a de-
tection range improvement can be
expected by operating at the lower
frequency f. This chart does not
take into account other factors,
such as degradation of bearing res-
olution, which may occur at the
lower frequency. For a given trans-
ducer size, there is an optimum fre-
quency of operation for a given
maximum detection probability at
a given range. This frequency may
be calculated using a series of com-
parisons as represented by Fig. 16.

Typical Sonar Equipments

Electronic design of sonar equip-
ment is straightforward but input
circuits present some special prob-
lems. Many sonar equipments are
capable of threshold operation at an
acoustic noise level corresponding
to zero sea state, so that at no time
in normal operation is the equip-
ment self noise limited. This usu-
ally requires operating near the
thermal noise level of the input
circuit, which necessitates care in
selecting tube types and input cir-
cuit impedance.

Figure 17 is a simplified block
diagram of one type of sonar equip-
ment which displays target bearing
as angular displacement from the
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FIG. 18—Typical scanning sonar system

center-bearing line of the trans-
ducer. Range is indicated as the
distance from the origin of the
sweep time base. The input signals
are derived from an electrically-
split searchlight transducer. The
phase difference between the volt-
ages from the two halves varies
from zero degrees when the target
is on center bearing to 180 degrees
when the target is on the bearing
of the first null of the transducer.
This type of display offers the ad-
vantage of high bearing resolution
without requiring a large trans-
ducer to produce a narrow beam.

Scanning Sonar

Figure 18 is a simplified block
diagram of a typical scanning sonar
which is most commonly used in
general-purpose military applica-
tions. A cylindrical transducer is
used. During transmission, t-r re-
lays connect all the transducer
staves together and to the trans-
mitter output. The transmitter is

keyed on for pulse lengths from 6
to 80 milliseconds. The resultant
transmission pattern is omnidirec-
tional in azimuth.

At the end of transmission the
transmitter is disconnected from
the staves and received echo sig-
nals are applied to separate stave
preamplifiers which raise the re-
ceived signal well above thermal

noise level. To provide uniform
scanned receive beam coverage, 48
vertical staves are used in the ex-
ample illustrated.

The output of each of the 48
preamplifiers feeds one of the in-
sulated  sector-shaped capacitor
plates which is part of the stator
of a rotating capacitor. These fixed
plates are represented by the outer
circle of 48 plates shown in Fig. 19.
There are also 48 sectors on the
rotor which are continuously
scanned in close proximity to the
stator plates at 30 rpm in the sys-
tem represented.

Sixteen adjacent rotor plates are
used to feed taps on the beam-
forming delay line which is part
of the rotating assembly. The re-
maining 32 rotor plates are
grounded. Therefore, at the slip
ring brush, a voltage appears which
corresponds to a scanned receive
beam which covers the entire azi-
muth plane 30 times a second.

Following the scanner output,
further amplification and filtering
is applied. In accordance with in-
formation theory, the scanning
process increases the required band-
width. After conversion to an i-f

EACH ARROW
REPRESENTS INPUT
FROM 48-TRANS —
DUCER STAVE
PREAMPLIFIER

FIXED -~
PLATES

FORWARO

ROTATING

FIG. 19- Circuit of trarnsducer scanner showing capacitive coupling technique
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FIG. 20—Transducer stave preamplifier arrangement feeding beam-forming line

value the signal is amplified by
several stages, detected to form a
video signal and applied to the in-
tensity-modulating grid of the ppi
cathode-ray tube.

Circular sweep is provided from
a three-phase generator driven
from the mechanical scanner. The
d-c field of the generator receives a
slowly-rising d-¢ voltage corre-
sponding to a linear time base
sweep. The spot then describes a
tight spiral which makes one revo-
lution per scan and gradually in-
creases in diameter corresponding
to sound range. This provides a ppi
display which is similar in appear-
ance to the ppi radar display.

Electronic Scanner

To overcome the limitations of a
mechanical scanner, several other
effective systems have been used.
The AN/BQS-2 submarine sonar
utilizes a 60-stave cylindrical trans-

ducer. Transmission 1is accom-
plished as in the preceding system.
Twenty of the staves are used to
form a single receiving beam. A
preamplifier for each stave is used,
but each output feeds 20 of a total
of 60 beam-forming delay lines so
that 60 preformed beams result.
These 60 beams are continuously
in existence, as opposed to the me-
chanical scanner system in which
only one beam is formed as the
azimuth plane is scanned.

Two typical preamplifiers, V.,
and V.. are shown feeding parts
of a beam-forming line in Fig. 20.
Each beam-forming line is fed by
a total of 20 such preamplifiers. The
composite beam output is obtained
from the end of each line and fur-
ther amplified by V. or V.

The outputs of the 60 beam-
forming lines are successively
scanned by a diode rotor which con-
sists of 60 diodes, which all have
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FIG. 21—Circuit of electronic scanner, sometimes called diode rotor
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their cathodes tied together and to
an amplifier. Such a diode rotor is
shown in Fig. 21. The plates of the
30 6AL5 tubes connect to their re-
spective beam outputs and to a pulse
signal tap on the beam-switching
delay line. This line is electrically
the length of one scan or one revo-

lution, which in this case is 3,333
microseconds for 300 scans per
second.

Delay Line Output

The five-part delay line has 59
taps to provide a total of 60 output
points, at each of which a voltage
pulse appears serially and delayed
from the preceding one by 1/60th
of a scan revolution. Each of 60
beams is thus switched on for about
1/60th revolution, once per revolu-
tion or 300 times per second. Thus,
scanning is serially accomplished
of each of the 60 preformed
beams. The triode output amplifier
(112AX7) following the scanning
function increases the signal level,
after which it is applied through
a triode detector to the video system
to provide trace brightening of tar-
get echoes.

Circular sweep voltage is ob-
tained from the beam-switching
delay line. The switching voltage
is filtered to remove harmonics that
were required to form the correct
switching pulse wave shape, before
being used to provide scan voltage
for the cathode-ray indicator.

Acknowledgement is extended to
D. M. Sherwood and W. S. Leitch
of Bendix Pacific for their help and
encouragement in gathering mate-
rial for this article.
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FIG. 1-—Control system for overhead
crane operation consists of a tape re-
corder, frequency generator and fre-
quency-selector panels and a control
panel to provide automatic operation

FIG. 2—Eight preset frequencies in fre-
quency generator are fed to the recorder
for preparation of automatic operation or
directly to frequency-selector for manual
operation of overhead crane
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Control

Overhead Crane

UMMARY

Eight preset frequencies or tones activate selector relays

which operate crane motor contactor equipment. Sequence of preselected

operations recorded on magnetic tape is repeated by traveling crane during

playback.  For complicated sequence of movements tapes can be prepared by

computer.

Positioning accuracies of better than } in. can he maintained

over many hours of automatic or manual operation in any sequence

By G. V. SADLER

UTOMATION and high labor costs
have encouraged the develop-
ment of automatic control gear for
overhead traveling cranes engaged
in repetitive duties. In the storage
and removal of bulk materials: coal.
ash and phosphates; the handling
of pulp for paper making and the
transfer of semifinished materials
into and out of machine tools for
processing, the crane operator fre-
quently works on a cyvele of opera-
tions which is repeated periodi-
cally for equal-capacity loads.
This article describes a new con-
trol system using frequency con-
trol of selector relays which operate
the crane drive-motor contactors.
A stockyard containing drums of
chemicals is serviced by an over-
head crane, whose function is to

Vaughan Crane Co., I,td..

Manchester, lKngland

load drums on railroad cars or a
convevor. Drums stored in various
positions in the vard and contain-
ing the same material must be
loaded periodically. Lifting tongs
make a load slinger unnecessary.
Six crane motions involved are up,
down, {raverse-to, traverse-from,
travel-to anc travel-from.

Operating Sequence

The six-pushbutton control panel,
located on ground level adjacent to
the crane wantry structure, permits
a sequence of preselected opera-
tions to be recorded on magnetic
tape. During playback of the tape
the sequence of movements is re-
peated by the crane as often as
required. Different recordings are
made to handle different drums.

ELECTRONICS engineering edition — January 3, 1958

Control equipment shown in the
block diagram of Fig. 1 consists
of a frequency generator panel, a
remote-control panel, a frequency-
selector panel and a tape recorder.
A block diagram of the frequency-
generator and selector units is
shown in Fig. 2.

Eight preset frequencies or tones
are available for single selection
from the frequency generator
through control-box pushbuttons.
A selected cvcle of motions is ob-
tained by which frequencies are
chosen by the frequency selector
to operate the relays and crane
contactors. Oscillator circuit values
are given in Table I. The opera-
tion sequence tones are recorded
on tape. With plavback to the se-
lector, the crane initiates the origi-
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nal set of functions as recorded.

The process can be repeated as
often as desired. Using only two
connecting leads, the frequency se-
lector combination allows remote
control of a number of relays or
contactors.

Frequency Generator

The circuits for the frequency
generator and the frequency selec-
tor units are shown in Fig. 3. It
is necessary to change over the
recorder leads X and Y and open
switch Z when transferring from
recording to playback.

Preset frequencies are generated
in the frequency generator by an
R-C phase-shift oscillator. A fre-
quency-preset potentiometer allows
precise adjustment of the oscilla-
tor to a standard frequency and
the amplitude preset potentiometer
varies the output sine wave.

Duplicate small plug-in circuits
provide eight preset frequencies.
The output of the oscillators are
combined in the grid circuits of
the cathode follower stages for
separate matching to the frequency
selector and tape recorder. Indi-
vidual output amplitude controls
are available.

Frequency Selector
The grid circuit of each of the
eight filter relay amplifiers com-
prising the frequency selector has
a high-Q L-C network resonant to

Table I—Values of R-C Network
for Each of Eight Frequencies

Chas-
sis l‘roquﬂncy (| (£ (: R Re' Byl Ra

1,000 ohms

No incps in guf
>_l— ’ ‘276 - 460 460 390 1335 270 560 1 ,060
T2 | 1,600 |220 220 100 135 100 270 270
3 150 |390303 270 195 560 560 1 000
1| 2.600 127100 68135 100270 270
T 700 160,200 330135 270 270 270
"6 3.800 o8 68 78100100270 270
T2 1.080 3301270270100 270 270, 270
) 37 ) 4,500 100 . -63 2.’-; |(’)6 17270 270

one generator or recorder input
tone. The resonant voltage is recti-
fied and applied in opposite polarity
to the negative voltage selected by
the relay trip preset potentiometer.
One of the tubes conducts and the
relay connected in the plate circuit
is energized. Indicator lamps reg-
ister the operation of relays and
special circuits and provide a reg-
ulated +150-v and —105-v d-c¢ sup-
ply with reference to chassis.

Although only six tone sources
are needed for crane operation two
or more sources may readily be
added to accommodate lifting mag-
nets or other equipment. One tone
source energizes and the other de-
energizes the magnet. If an aux-
iliary hoist motion is needed, two
additional tone sources may be
provided.
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FIG. 3—Variation of R-C networks in the grid circuit of phase-shift oscillator in frequency
generator provides eight tones hence eight crane movements
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An operating control panel for
a three-motion crane fitted with
a lifting magnet is illustrated in
Fig. 4. At the top of the panel
are 16 pushbuttons. Eight provide
the initial manual setting of a se-
ries of crane motions. The remain-
ing eight directly connect to the
crane contactor gear, mounted at
the bottom of the panel, to assure
direct manual operation of the
crane if required. These buttons
may also be used for discrepancy
correction during an automatic set
of operations.

Tape Speeds and Lengths

Tape choice depends on the crane
duty cyecle and working conditions.
A process cycle for industrial han-
dling can often be accommodated
within a 20-minute period.

An industrial recorder, with tape
speed of 3% ips provides a one-hour
record and requires rereeling. Al-
ternately, a continuous tape may
be used which repeats a 20-minute
program as often as desired.

Signal reproduction was found
to be satisfactory at 33} ips except
at tone frequencies above 4 ke
where a speed of 7 ips is more
reliable. Since all tone sources used
are audible, the quality of the re-
production may be monitored on
a loudspeaker. Signal strength can
similarly be checked during record-
ing by adjusting the gain control.

Accuracy and Feedback

A crane, fitted with a lifting
magnet and controlled by the meth-
ods described, has satisfactory posi-
tional accuracy over long periods
with signals on a time base only.
Under automatic control a program
must be started and finished with
the crane hook in the same posi-
tion relative to the crane and its
gantry track. This is done by in-
suring that the last manual move
of a preset program causes crane
and hook to stop by their own limit
switches at the top of hook travel
and at the end of bridge travel.

After a crane is broken in, gears
and bearings have lost their initial
stiffness and brake linings are well
bedded, accuracies down to % in.,
satisfactory for many crane duty
cycles, can be maintained on all
motions for many operating hours.

Since frictional resistance varies
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FIG. 4—Operating control panel for three-motion crane with
lifting magnet has 16 pushbuttons at top of unit

with ambient temperature, the
wear on brake linings increases at
the point at which a ecrane hook
comes to rest after the brake is
deenergized. On the hoist motion
of a crane a synchro, operated by
a light steel wire attached to the
crane hook through gearing. is
added. Inaccuracies resulting from
load rope stretch which would be
evident if the svnchro were driven
directly off the crane rope barrel
are overcome. Correcting signals
for positioning are then superim-
posed on the recorded program for
the hoist motion by feedback.

Traverse and Travel

Although a synchro drive mav be
used for traverse and travel mo-

tions, another method uses a
strained wire of resistance ma-
terial stretched along the erane

track. The wire passes through a
ground point on the crane and
forms one leg of a bridge cireuit
used for impulse correction relative
to position.

This system is particularly suit-
able for cranes provided with eddy-
current coupling drives in balance.
Smooth deceleration feature of this
drive greatly increases the stability
of the system and eliminates a
tendency to hunt.

Controlled acceleration and de-
celeration are advantages for ac-
curate positioning.

Magnetic tape is not the only
method of initiating control signals
to the frequency selector equip-
ment. In fact, when feedback cir-
cuits are added, the initial pro-
gramming by manual control can
be eliminated. A simple set of
Crane movements can be designed
to meet a particular need and coded
for reproduction on punched tape.
The tupe is used as the signal
transmitter to the frequency selec-
tor panel.

A more complicated sequence of
crane movements including such
variables as different tvpes and
weights of loads, times and speeds
can be analvzed and fed into a com-
puter. The integrated record is
then produced on magnetic or
punched tape and fed into the fre-
quency selector circuit thereby ex-
tending automatic crane uses.

Two Wire Control

The frequency control svstem is
easily adaptable to the operation of
remote controlled cranes without
including the automatic equipment.
Remote manual control from a fixed
position at ground level normally
needs a large number of conductors
carrving motor and switch circuits
to the machine concerned,

Where great lengths make use of
flexible suspended cables impracti-
cal, circuits must be transferred
through bare conductor wires or
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Operator adjusts recorder for playback of automatic sequence.
Control panel bushbuttons allow manual intervention

bars to the crane itself. A normal
three-motion crane needs 24 such
conductors including the limit-
switeh eircuits.

By using frequency control be-
tween control point and crane the
number of conductors is reduced to
the two d-c or three a-¢ power feeds
to the crane. plus two frequency-
control wires. Frequency selector
relays are mounted on the crane.
If site conditions are suitable, a
grounded return can be used in
place of one of the control wires.

The Chess Crane

As a demonstration of automatic
control. a three-motion overhead
traveling crane fitted with a lifting
magnet plaved a game ot chess.

A large full-scale chess board
was placed under the c¢rane and a
set of chess pieces, each topped by a
suitably shaped steel disk or bar,
was provided. Heaviest of the tim-
ber pieces was a 15-1b king: the 3-
Ib pawn as lightest. The steel
pole pieces drop oftf infallibly when
the magnet is deenergized.

A ftull game occupied 30 min
and allowed white to win in 29
moves. Every move was manually
prerecorded on the tape and the
crane was operated by pushbutton
controls. The pushbuttons operate
the crane through the tuned relay
circuits, and all signals were simul-
taneously tape recorded.
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Transistor Reflex Circuit

UMMARY

second i-f stage doubles as audio amplifier.

Four transistors in portable radio do the work of five as

Direct-coupling an npn reflex

stage to a pnp output amplifier effects further savings with elimination of

one transistor, five resistors and one electrolytic capacitor. Four flashlight

dry cells supply all power.

By ERICH GOTTLIEB Application Engineer, General Electric Company,

HROUGH REFLEX circuitry a 6-v

4-transistor radio can dupli-
cate at lower cost the performance
of a b-transistor radio having a
200-uv/m sensitivity and a power
output of 50 mw at 10 percent dis-
tortion. The radio uses standard
transistors and has no more play-
through and distortion than the
average receiver.

Electron-tube reflex radios were
fairly common in the United States
and Australia in the pre-World
War II era and are still in com-
mercial use in Australia. These
receivers suffer from serious dis-
tortion and high playthrough, al-
though the advent of remote-cutoff
tubes and the use of low a-f plate
load resistors have provided a con-
siderable improvement. Now the
development of transistors has re-
awakened the industry’s interest in
such a receiver since there is no
longer a filament feedthrough prob-
lem, and the saving of one tran-

sistor is still incentive enough to
warrant a closer look.

Characteristics

The diagram of one such receiver
is shown in Fig. 1. The output
stage is a single-ended class-A cir-
cuit operating at 23 ma collector
current with a collector-to-base
voltage of about 4.5 v. The d-c dis-
sipation is about 100 mw. Using a
commercial output transformer
this circuit will give 50 mw maxi-
mum power output at 10 percent
distortion and 40 mw with less
than 5 percent distortion. The bias
and temperature stability is ade-
quate to permit the 2N241A to per-
form acceptably up to 55 C ambient
temperature without danger of
damaging the transistor.

The driver is part of the reflex
system, but it can be treated sepa-
rately since there is little interac-
tion between audio and i-f loads.
Transistors are essentially inde-
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FIG. 1—Schematic of four-transistor reflex vortable radio using six-volt supply
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FIG. 3—Overall audio response curve

pendent of collector voltage within
the 3 to 12-v range and a relatively
large collector resistor therefore
affects i-f gain little from a d-c
standpoint. This audio load must
be bypassed for i-f signals. The
i-f load is essentially a short circuit
at audio frequencies, thus permit-
ting the use of a split input and
output load.

The audio signal is taken off at
the volume control by C, and ap-
plied at the base of the 2N169
which is used as a combination
audio driver and second i-f ampli-
fier. The audio function alone is
detailed in Fig. 2. The additional
gain of this reflex circuit over a
conventional circuit is basically the
audio power gain of the R-C
coupled amplifier, which is approxi-
mately: P, = k,. (R./h.).
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Trims Receiver Costs
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FIG. 4—Equivalent circuit of detector

Since both R, and /,, are some-
what fixed by i-f overload consider-
ations the best gain can be obtained
with high h,,, which is 50-200 in
the 2N169. This transistor also
has a narrow %, spread.! The
audio sensitivity at the volume con-
trol is essentially the same as in a
3-transistor R-C coupled radio.
Overall audio response is shown
graphically in Fig. 3.

Detector and Second I-F

In the detector stage a slightly
forward-biased diode operates out
of the square-law detection portion
of the T-E characteristies. This
stage is also used as source of age
potential, derived from the filtered
portion of the signal as seen across
the volume-control detector load.
This potential is proportional to
the signal level and is applied
through age filter network R, and
C. to the base of the first i-f tran-
sistor so as to decrease collector
current at increasing signal levels.
The operating point of the first i-f
stage is chosen at 0.6 ma to obtain
almost optimum gain at a point
where it takes little power to get
maximum ave action.

The second i-f stage is conven-
tional, with the operating point at
1 ma collector current. This rep-
resents about maximum gain for
relatively small supply current.
Two important changes, however,
stem from its use as a reflex stage.
The first is the large emitter by-
pass capacitor C.. This bypasses
R, in the emitter both for i-f and
audio and must therefore have low
impedance at both frequencies.
Second and more important is the
choice of i-f transformer. With a
supply voltage of 6 v, an operating
point of 1 ma and a total emitter
and collector load resistance of

Compact superheterodyne receiver made by Westbury Electronics uses four transistor
reflex circuit to get five transistor performance

FIG. 5—LCetector waveforms at various levels of signal and modulation. No distortion
occurs at medium signals with 30-percent modulation (A) and 60-percent modulation (B).

Other patterns show clipping or regeneration

1,500 ohms, the remaining col-
lector-to-base voltage is only 4.5 v.
At high signal levels the peak-to-
peak a-c swing may approach this
value and the resulting clipping
causes distortion and regeneration.

Overload Considerations

Playthrough, minimum volume
effect and overload have a common
cause in a transistor retlex set.
The peak-to-peak signal in the col-
lector will tend to exceed the ap-
plied d-c potential, causing clipping
in high signal level stages when op-
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erating at low supply voltages.
The equivalent classical detector
circuit is shown in Fig. 4. The di-
ode (base-to-collector) is back-
biased appreciably and thus will
operate only at high signals. When
it does, the modulation envelope is
affected in the following sequence.
When clipping first occurs there is
a squaring of the envelope accom-
panied by an apparent increase in
percentage of modulation as shown
in Fig. 5C. In a retlex set regener-
ation occurs next as seen in Fig.
5D. As input is further increased
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FIG. 7—Grounded-emitter configuration of-
fers greater gain in broadcast band

the modulation is affected in a com-
pression-like manner giving the ap-
pearance of a decreased modulation
percentage as in Fig. 5E and 5F.

As the input signal is increased
still further the envelope is com-
pressed nearly to the point of com-
plete elimination of the modulation.
As a result of such severe overload-
ing little or no audio at all is seen
at the detector. This condition is
not a result of reflexing but can be
found in any transistorized radio
without auxiliary or multiple stage
ave. In reflex circuits, however,
another problem arises from this
clipping.

Referring again to Fig. 4, the
clipped and thereby detected signal
appears across the same a-f load
resistor as the normal feedback
signal. Since both are in phase, re-
generation occurs at high signal
strength as in Fig. 5D.

The limiting factors in terms of
clipping are the supply voltage and
the i-f load impedance. If the latter
were low, more power would be 