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THE ULTIMATE IN QUA

LITY. ..

UTC Linear Standard Audio Trensformers represent the closest approach
to the ideal component from the standpoint of uniform frequency re-
sponse, low ‘wave form distortion, high efficiency, thorough shielding

and vtmost dependability.
UTC Linear Standard Tran

True Hum Balancing Coil Structure . . . maxi-

mum neutrolization of stray fields.

Balanced Variable Impedance Line . .. per-
mits highest fidelity on every tap of o universal
unit . . . no line reflections or transverse coupling,
Reversible Mounting . . .
or sub-chassis wiring.
Alloy Shields . . .
ductive pickup.
Hiperm-Alloy . . . a stable,
nickel-iron core material.

permits above chassis

maximum shielding froam in-

high permeability

® semi-Toroidal

® Precision Winding . .

©@ Migh Fidelity . . .

sformers feature . ..

Multiple Coil
minimum distributed capacity and
actance.

Structure . . .
leakage re-

. accuracy of winding
1%, perfect halance of inductance anc capacity;
exact impedance reflection.

UTC Linear Standard Trans-
formers are the only oudio units with a guaran-
teed uniform respanse of == 1 DB from 20-20,000
cycles.

TYPICAL LS LOW LEVEL TRANSFORMERS

Primary

Type Nq. Application Impedance

Secondary
Impedance

Max,
Unbat-
anced DC
i1prim’y

Relative
hum-
pickup
reduction

=+ db
from

Max.
Level

LS-10 Low impedance mike,
pickup, or multiple line

to grid

50, 125, 200,

60U ohms

60,000 ohms in
250, 333, 500/ two sections

29-20,000 +15DB —741DB 5 MA

LS-10X As Above As above

50,000 ohms

20-20,000 +14 DB —92DB 5 MA

LS.-12 Low impedance mike,
pickup, or multiple line

to push pull grids

50, 125, 200,
250, 333, 500/
GO0 ohms

overall,
sections

120,000 ohms

5
20-20,000 +13 DB —74 DB § M

in two

LS-12X As ahove As uabove

80,000 ohms

20-20,000 +14 DB —92 DB

overall, in two

sections

LS-26 Bridging line to single or 60,000 o

push pull grids

5,000 ohms

hms in 15-20,000 +20 DB —71 DB

twa seclions

LS-19 Single plate: to push pull 15,000 ohims
grids like 2A3, 6L6, 30

Split secondary

95,000 oluns ;
1.25:1 each side

20-20,000 +17 DB —50 DB

LS-2t Single plate to push pull 15,000 ohms
grids. Split primary and

secondary

135,000 ohms;
turn ratio
3:1 overall

20-20,000 +14 DB —74DB

LS-22 Push pull plates to push
pull grids. Split primary

and, secondary

30,000 chms
plate to plate

80,000 ohms;
turn ratio
1.6:1 overall

20-20,000 +26 DB —50 DB

LS-30 Mixing, low impedance
mike, pickup, or multi-

ple line to multiple line

50, 125, 200,
250, 333, 500/
600 ohuns

50, 125,
333, 500

200, 250,
/600 ohing

20-20,000 +17 DB —74{ DB

LS-30X As above As above As above

20-20,000 +15 DB —42 DB

LS-27 50, 125,

333, 500

Single plate to multiple
line

15,000 ohms

200, 250,
/600 ohms

30-12,000
cycles

+20 DB —74 DB

LS-50 Single plate to multiple

line

15,000 ohms 50, 125,

200, 250, 20-20,000 +17 DB —74 DB

333, 500/600 ohms

30,000 ohms
plate to plate

Push pull low level plates
to multiple line

LS-51

50, 125,
333. 500

200, 250,
/600 ohms

20-20,000 +20 DB —74 DB

LS-141 Three sets of balanced
windings for hybrid ser-

vice, centertapped

500/600 ohms  500/600

ohms 30-12,000 +10 DB —74 DB

TYPICAL LS OUTPUT TRANSFORMERS

Primary will match
following typical tubes

Primary
Impedance

Type
No.

Max.
Level

=+1 db
from

Secondary
Impedance

LS-52  Push pull 245, 250, V6, 42 or

2A0 A prime

8,000 ohms

500, 333 250, 235-20,000 15 watts
3

300A°s, 5,000 ohms plate
to plate and
3,000 ohms plate

to plate

I'ush pull 2A3's. 6A5G's,
275A°s, GA3's, G's

500, 333, 250,

200, 125, 50, 30

20, la. 10 7.5
1.2

25-20,000 20 watts

Same as above 5,000 ohms plate
to plate and
3,000 ohms plate

to plate

0"0 15, 10,
7.5, 5, 25, 12

25-20,000 20 watts

Tush, pull parallel
300A’s, 6A3's

2A3's, 6A5G’s, 2,000 ohms plate
to plate and
1,500 chms plate

10 plate

500, 333, 250, 40rwatts
200, 125, 50, 30,

20, 15, 10, 7.5,

5, 2.5,

25-20,000

Write ter our Catalog P5510

LS.6L1 TPush pull 6L6's self bias 9, 001) ohins plate

to plate

500, 333, 250, 30 watts
200, 125, 50, 30,

20, 15, 10. 7.5,

5, 2.5, 1.2

25-20,000

150 VARICK STREET
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HAVE YOU
CHECKED YOUR

PLANT PULSE

N e

LATELY

AUTOMATIC VOLTAGE REGULATION WILL
HELP CURE OPERATING DEFICIENCIES

\ STABILINE

sy o
ELECTRO —
MECHANICAL

TYPE EM4115

VOLTAGE REGULATORS

feature LOW COST and EFFICIENT OPERATION
IMPROVE PERFORMANCE and REDUCE COSTS

\

Increased demands on today’s electrical manufacturing equipment call for maximum perform-
ance, extended parts life and reduced maintenance. When incoming line voltages fluctuate,
manvufacturing inefficiencies and rising costs are bound to occur. To maintain constant voltage
to equipment regardless of variations in line voltage or load current, install a STABILINE
Automatic Voltage Regulator type EM (ELECTRO MECHANICAL).

Simple and easy to install, a STABILINE type EM features high efficiency — zero waveform
distortion — complete insensitivity to magnitude and power factor of load — adjustable output
voltoge ond no critical adjustments.

STABILINE type IE (IN-
STANTANEOUS ELEC-
TRONIC), a completely
electronic unit with no

Nom. Output Input Voltage Output Voltage Output Current Output

moving parts, is avail- Voltage Range Range (Amperes) KVA Type

able in ratings from 0.25 15 95.135 110-120 17.5 2.0 EM4102
to 5.0 KVA. e 52.0 6.0 EM4106
8 130.0 15.0 EM4115
LeamamotesbSul TS z 230 195.255 220.240 325 7.5 EM4207
Bires (s & B S -‘;.’,ﬁ 120.0 27.5 EM4228
Write today for. Bulleh'n & 460 400-520 420-460 15.0 6.6 EM4407
5351 complete with appli- 40.0 17.6 EM4418
cation data, ratings, di-
amsiols T e 230 195.255 220-240 25.0 10.0 EM6210Y
' 38.0 15.0 EM6215Y
diagrams. 50.0 20.0 EM6220Y
e 13.0 45.0 EM6245Y
5 175.0 70.0 EM6270D
& 460 400-520 420-460 16.0 125 EM6412Y
¢ 22.0 17.5 EM6417Y
s 33.0 25.0 EM6425Y
66.0 50.0 EM6450Y
100.0 75.0 EM6475Y
420-500 420-460 131.0 100.0 EM64100Y

There's a STABILINE type EM to meet your need. Standard types are listed in the rating chart.
For special requirements consult The Superior Electric Company, 411 Church St., Bristol, Conn.

e SUPERIOR ELECTRIC co.

BRISTOL, CONNECTICUT

POWERSTAT VARIABLE TRANSFORMERS « VOLTBOX A-C POWER SUPPLIES + STABILINE VOLTAGE REGULATORS

2 November, 1951 — ELECTRONICS
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PUT YOUR NAME ON OUR MAILING LIST

for
TECHNIQUE

A JOURNAL OF INSTRUMENT ENGINEERING

MUIRHEAD AVAILABLE FREE OF CHARGE

APPARATUS

TO RESEARCH WORKERS &
COVERS A WIDE
RANGE OF REQUIRE- | TO TECHNICIANS @
MENTS FOR ELECTRICAL TO SCIENTISTS ®

TESTING, SERVO AND

d oth h int i ienti
REMOTE CONTROL PURPOSES, and others who are interested in scientific and

electronic instruments and their applications

AND FOR PHOTOTELEGRAPHY.

POST
COUPON
TODAY

MUIRHEAD & Co LTD

PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM - KENT - ENGLAND ~ fcerniest rsreumeurs

Telegrams & Cables MUIRHEAD ELMERS-END 33
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Yon can test a Quality Control Program in
geveral ways . . . Does it begin outside your plant—
with rigid specification of materials? Does it include
detailed, eontinuous production-line inspections?

Are these supplemented by laboratory and field-testing
of your parts and products? And finally—do you reject
on the basis of minor flaws? IRC answers “YES”

to all these yardsticks! But the real proof of our

Quality Control Program is the multitude of customers
who specify IRC resistors—year after year.

Typical products of quality control, IRC Advanced

BT Resistors meet and surpass JAN-R-11 Specifications. =
In standard RTMA ranges, Advanced BT’s are

designed to operate with moderate temperature rise

and provide efficient power dissipation. Reason is

the combination of IRC’s filament-type resistance -
elements with exclusive construction features.

Resistance material is permanently cured and bonded

to special glass. Leads extend into filament for

rapid heat dissipation. Molded bakelite seals element
against moisture and prevents grounding. Advanced BT’s
are available in Y4, 14, 1 and 2 watt ratings. Send for

full details in 12-page technical data Bulletin B-1.

www.americanradiohistorv.co



Quality control assures maximum uniformity
in IRC's small 15/16'' Type Q Controls.
Construction features one-piece dual con-
tactor of special olloy—-simpliﬁea single-
unit collector ring—molded voltage baffles
—special brass element terminals that will
not loosen when bent or soldered. Type Q
Controls have unusual durability and effi-
ciency—adapt to a great variety of
small-space applications. Send coupon for
full details in Catalog A-4.

Where accuracy and economy are desi-ed in high
frequency applications and circuits requiring high
stability and close tolerance, use IRC PRECISTORS.
JRC makes 2 sizes of PRECISTORS to customers'
specifications, rather than to standard RTMA
valves {subject, of course, to maximum and mini-
mum values for each type). You'll find PRECISTORS
excellent where carbon compositions are unsuit-
able or wire-wound precisions too expensive.
Coupon brings full particulars in Catalog B-4.

Your supplies of standard resistors for pilot Exacting tests and inspections control every step in the processing

runs, experimentation, or maintenance need of IRC Power Wire Wound Resistors—assure balanced per-
never get out of control. When you need formance in every characteristic. In essential electrical and
resistors in a rush, simply phone your local IRC mechanical characteristics, these rugged wire wounds are ideal
Distributor. We keep his shelves filled with the for heavy duty applications. Steatite forms are uniformly wound
most wanted types of standard resistors; he can with high-grade alloy wire, and coated with special heat-
give you prompt, 'round-the-corner delivery. dissipating cement. PWW's have been specified for over 14
If you don't know his name and address just years by leading industrial, commercial, broadcast, maritime
ask us. and aircraft users. Catalog C-2 contains full information.

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad St., Philadelphia 8, Pa. A

Send me additional data on the items checked befow:

Advanced BT Resistors Q Controls
Deposited Carbon PRECISTORS Power Wire Wounds

Name and Address of local IRC Distributor
NAME
TITLE
COMPANY . . . - X XE 3 @B

ADDRESS. . . ... ... . o

J. F, ARNDT & CO., ADV. AGENCY




Special Purpose

TUBES
AND DEVICES

Only a few companies in the country

have facilities equal to ours for handling development and

mass-production of special-purpose infra-red,

photo-electric and advanced thermionic devices.

Our research and production specialists
have done outstanding development work
on such specialized equipment as thyra-
trons, tri-color display tubes, projection
type P.P.1. presentation tubes, etc.

We have facilities for large-volume
metal-to-glass sealing, high-vacuum
pumping and sealing, annealing, auto-
matic washing, handling of gases, etc.

Our 125,000 square feet of sprinklered
floor space has more than a mile of

A

/Deﬂ_fe,m ﬂ/&ouyA_ /?e,d,ea/wA

4245 N. KNOX AVENUE ¢« CHICAGO 41,

flexible conveyors, large air conditioned
areas and pipe line distribution of hydro-
gen, oxygen, purified water, city water and
fuel gas. Quality control facilities and
standards equal those of pharmaceutical
or jeweled-movement manufacturers.

An ample supply of labor of better than
average quality is accustomed to working
to tenths-of-thousandths tolerances. We
invite inquiries on projects requiring far
more than ordinary ability.

ILLINOIS

November, 1951 — ELECTRONICS
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provide characteristics which
have proven most satisfactory, for
many years, in these typical appli-

cations:

coupling and bypass applications in high-
quality audio amplifiers

power supply filters

electronic timers

computers

high temperature AC and DC applications

Geiger counter and instrument capacitors

energy storage and discharge service

Our specialty is engineer-
ing capacitors to exact-
ingrequirements. We
invite your inguiries.

MANUFACTURERS
Glassmike Capacitors
Plasticon Capacitors
HiVolt Power Supplies
Pulse Forming Networks

ELECTRONICS — November, 1951

PLASTICON A capacitors are available in capacitance
ranges from 0.0005 to 60 mfd. as standard items.

Our new catalog includes complete information with
regard to characteristics, influence of impregnants, di-
electric absorption, etc.—on rectangular and oval metal
containers and our ever-popular Glassmike types.

All Phones: AMbassador 2-3727

ondenser roducts Company

7517 North Clark Street o Chicago 26, Illinois




Electronics (Experience + Knowledge)=(Achievement)”

Factors equalling significant electronics a
come from long experience and constantly expanding
facilities. Our Electronics Division started ity record of
accomplishment many years ago. Today Air Associates
, marine,
United States

is recognized as a major supplier of airbor
and ground electronics equipment fo
and allied governments.

Designing and developing critically negded electronic
units and producing the material is our busihess! Your
inquiry to Teterboro will receive prdmpt attention.

INCORPORATED
TETERBORO, NEW JERSEY

INC
T e s s ) A
NATION IN AVIATION AN C1 2
7 it e ik S L e R Y
X November, 1951 — ELECTRONICS
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ncdUCING DIET

for electronic equipment

Centralab shows you

a complete line of Controls,
Switches, Capzcitors and Printed Electronic Circuits
in the smallest sizes and in the ratings

needed to help you MINIATURIZE nearly all

types of Electronic Equipment

For more information on how Centralab Printed Electronic Circuits can offer you big savings . . .

see next two pages ‘
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CENTRALAB PARTS CUT DOWN

OF TV-AM-FM AND

e O T s

Whatever your need in modern miniature size controls,
switches, ceramic capacitors or printed electronic circuits
— you'll find Centralab your best source of supply . . .
for standard components or special adaptations. Tor
technical bulletins — check corresponding numbers in
coupon below. Tor engineering assistance write factory
direct — state your problem.

MINIATURE CONTROLS

You can rely on Centralab for the smallest in controls.
The Model 1, illustrated here is literally the standard for
the hearing aid industry — where small size and smooth,
noiseless, reliable performance is of paramount importance.
What’s more, Model 1 controls now are being used wide-
ly for miniaturization of several types of military clec-
tronic equipment.

Model 1 variable resistor — a truly miniature unit . . . no bigger than
a dime! Available in standard or new Hi-Torque types . . . either type
with or without off-on switch. Also available with slot—front or rear—
for screw-driver adjustment. New high torque units will hold settings
under conditions of vibration or shock. Check No. 42-158 on coupon.

MINIATURE CAPACITORS

Centralab ceramic capacitors make possible tremendous
savings in space; many of them are 1/7th the size of
ordinary capacitors. This is particularly important where
new design requirements call for less bulk. What's more,
they provide a permanence never before achieved with old-
fashioned paper or mica condensers. The ceramic body
provides imperviousness to moisture, plusunmatched ability
to withstand temperatures generally encountered in electri-
cal apparatus. You can rely on Centralab ceramic capacitors
for close tolerance, high accuracy, low power factors, and
temperature compensating qualities as required.

Same combination unit as shown
at left, excepr that Model 2 variable
resistor is mounted at rear of min-
eration of switch, off-on switch, iature switch. Position of resistor
and Model 2 variable resistor. provides convenience of wiring.

Also available with dual switches operated

independently with dual concentric shafts.

s e T e s

Combination Series 30 miniature
switch unit with dual concentric
shaft — permits independent op-

PRINTED ELECTRONIC CIRCUITS

Printed Electronic Circuits are complete or partial circuits
(including all integral circuit connections) consisting of
pure metallic silver and resistance materials fired to CRL’s
famous Steatite or Ceramic-X and brought out to conven-
ient, permanently anchored external leads. They provide
miniature units of widely diversified circuits—{rom single
resistor plates to complete speech amplifiers. No other
modern electronic development offers such tremendous

time and cost saving advantages in low-power applications.
Important to note: All PECs illustrated are developed

for standard applications. Numerous other circuit com-
plements can be furnished for volume requirements.

New Model 3 Ampec — a sub
miniature 3 stage speech am-
plifier . . . dimensions: 1-1/32”
x 15/16” x 11/32”, Check
coupon for Technical Bulletin
42-130.

82¢ less soldered connections
with Vertical Integrator . . . in
assembly of TV vertical inte-
grator networks . . . reduces 16
soldered connections to 3!
Technical Bulletin 42-126.



SIZE-SPACE-WEIGHT- AND COS1

MILITARY ELECTRONIC GEAR

MINIATURE SWITCHES

Centralab’s new miniature Series 20 and Series 30 switches
have been specifically designed to meet the modern trend
toward greatly reduced size for high-frequency, low-cur-
rent applications. Extremely compact design and small
size, plus availability of scparate sections and index as-
semblies, provide an adaptability that is invaluable to
design engineers and manufacturers. For complete infor-
mation on the new Centralab Miniature Series 20 and
Series 30 Switch line . . . multi-pole, multi-position, multi-
section models or combinations with attached line switches

and variable resistors, mail the coupon ay. 1\14;;/,/45. New Centralab Series 20 miniature Here’s standard Series 20 miniature
. ) i s , switch, single steatite section. switch with standard shaft and
turers m’”/)/” P’o’”[]//}" Bulletins 03 and 42-164. Available in 2 to 11 positions with phenolic section with off-on switch
stops, or 12 position continuous ro- added. Also available with multi

tation—and with multiple sections. ple sections.

NEW Eyelet-Mounted Fced- Centralab’s Type 850 high voltage ceramic ca- Ceramic Disc Hi-Kap Capacitors have very high capacity in
through Ceramic Capacitors are pacitors are especially designed for high volt- extremely small size. Bulletin No. 42-4R. TC Tubulars (Tem-
exceptionally small. Capacities age, high frequency circuits. Centralab’s Type perature Compensating) — TCZ units shoxy no capacity
range from 25 to 3000 mmf., Volt- 950 high accuracy ceramic capacitors are espe- change over wide range of temperature; TCN's vary capaci-
age rating. 500 V. D. C. W. cially developed for exacting electronic applica- tance according to temperature. Bulletin No. 42-18. BC (By-
Check No. EP-15 in coupon. tions. Bulletins: 42-102 and 42-123. pass Coupling) Tubulars . . . well suited to general circuit

use. Bulletin No. 42-3,

rests = z S AR = &

Division of GLOBE-UNION INC.
914 E. Keefe Avenue ® Milwaukee 1, Wis,, U. S. A,

S N NN N NN GE RN N RS N RN N RN N AR N SR SN AN BN BN BN NS AN N A SR e R

Centralab, Div. of Globe-Union Inc.

914 East Keefe Avenna, Miluapkes 1 Wisconsin
Please send me the Technical Bulletins
as checked below

<R
PC-150 .
12 3 4686 1 @

[] 42-3 J 42-102 J 42-130 [ 42-164
] 42-4R 0 42-123 0 42-149 0 EP-15
0 42-18 0J 42-126 [ 42-158 N
2- - -
50% less soldered connections 50% less soldered connections  Tiny plate capacitor, resistor, : O 42-24 L) 42129 O 42163
with Centralab’s new Pendet . .. with Centralab’s Audet . . . and resistor-capacitor units. ¥ Name......... _—
5 capacitors and 4 resistors in furnishes all values of all com-  Readily fit all types of minia- : Add
a single plate...couples diode- ponents generally found in the  ture and portable electronic FESS . o reneane
triode and pentode tubes in output stage of AC-DC radio  equipment. Technical Bulletin 8 COMPANY-rrrrrro L B o
output stage of AC-DC sets receivers. Technical Bulletin = 42.24. . ]
Technical Bulletin 42-149. 42-129, H Title.
]
a
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FROM IDEA
TO EQUIPMENT FAST!

If you are designing urgently needed
electronic equipment that must be produced
quickly, and in quantity — start with the Alden
Basic Chassis — follow through with Alden Plug-in
Units and other components.

Make your original model with the Alden Basic Chassis
rather than breadboard automatically force isolation of
circuits — ready accessibility, easy replacement — and
natural functional sub-assemblies. Save vital engineering
and planning time — machine and tool hours — critical
material and manhours,

IT'S AS SIMPLE AS THIS!

The Basic Chassis frame is
of strong “U” shape construc-
tion — designed for wutmost
accessibility in assembly and
servicing — and for rapid
manufacture and delivery to
you from small to large volume.
Manufacturing technique al-
Basic Chassis Construction lows most of chassis work to
proceed as flat piece — Without stacking — it flows from one
operator to next, similar to progressive die. Bending is last. Finish
and plating is done by automatic conveyorized equipment. Means
fast delivery — minimum delay.

- Terminal cards have been de-
signed to accommodate tremen-
dous number of circuit varia-
\ = tions — to make neat tube and
T component sub-assemblies with
a minimum of wiring and
4 simplified assembly techniques.
Special Alden Miniature Ter-
Miniature Terminals — 650 Series minals are new and radical
punch press configuration — ratchet slot holds various size com-
ponent leads for soldering — no twisting of leads with pliers.
Figure “eight” shape accommodates cross wiring and buss leads.
Punch press parts — so take a minimum of solder, reduce solder
time, eliminate danger of cold solder joints.

— Alden Terminal Card System
= means minimum of inter-cabling
=~ — but even this cabling can be
- laid out easily and proceed as
simple sub-assembly. Open sided
chassis construction makes cable
easy to wire to front panel,
. terminal cards and back con-
Back Connectors — 302 Min Series pectors. The Alden Back
Connectors are units that can be discretely positioned on the

back of the chassis — isolating lines with incompatible voltages,
currents, or frequencies. This design insures accessible solder ter-
minals for soldering — avoids rat nests of congested conventional
back connector wiring — Color coded, the Alden back connectors

provide beautiful operational or service check points for all leads
to and from chassis.

@ orcanizE circuITS
QUICKLY FOR SYSTEMATIC
LAYOUT AND CONSTRUCTION :

Schematics of most all electronic equip-

ment can be broken down into circuit 0
Blocks of logically associated functions.
These functional circuit blocks can be
mounted readily either in the Alden
20" plug-in packages or Basic Chassis
unit. The tube sockets and associated
components quickly lay out on full
scale Unit Planning Sheets for mounting
on terminal cards. These special pre-
punched, multi-hole terminal cards
have wide flexibility to take an infinite
variety of circuit variations. Both sides
of card can be used to obtain maximum
component Using the
Unit Planning Sheets, functional circuit
units — components and housings —
are all planned in one step.

))

density area.

Hinged front panel design of
chassis — allows rheostats, indica-
tor lights, jacks, etc. to be mounted
on panel as another easy-to-work
sub-assembly. This panel attaches
easily to chassis — is wired —
& . swung up and fastened with Alden
Target Screws Target Screws. These screws have
concave head with arced notch so power screw driver locates head
quickly, no danger of it slipping out and marrifig panel surface — yet
same screw can be unfastened with coin in order to hinge forward the
front panel for servicing and check in the field.

Assembled — Basic Chassis simplifies the operation of your equipment
— Slashes service and maintenance time. Smooth, positive insertion
and removal of the chassis is provided by the Alden “Serve-A-Unit
Lock.” A simple twist of the handle and the chassis backs off with
finger tip ease. It also pilots the chassis back into place — securely
locking it for operation with the same facility:

FOR YOUR SMALLER UNITS!

Get the same ease of layout —
speed of assembly — ready check
or replacement — with the Alden
#20” Plug-in Packages. The Alden
Terminal Cards with completely
b interwired tube sockets and com-
'20"" Non-Interchangeable Base R‘i?’:‘::s ‘?2r:)"m0§3:.1n;2c]:ap:,§2}
able Bases. These bases have stubby, strong pins — no molded locating
boss to break. Units can be made non-interchangeable to prevent mis-
mating by selected variable pin layouts of less than 20 pins. Using the
same Alden “20” base — coupled with simple brackets and housing —
relays, stepping switches, and condensers can be made neat, accessible,
replaceable units.

Only recently developed, Alden “20” Packages have already saved
thousands of vital engineering and construction hours in large computer
projects. They are natural for extensive, complicated electronic
equipment.

Whole Alden ‘“20” Packaged cir-
cuit panels can be constructed by
simply mounting “U” " channels
across racks! The Alden <207
Rack Mounting Socket, having
4 extended ears, quickly rivets side
= . . by side between the channels.
20" Rack'and Chassis Mounting Sockets Wiring to sockets feeds up from
cables laid along “U” frame — leaving contacts accessible for soldering
and checking. Where Alden “20” Packages are mounted on chassis,
the space saving Alden ¢20” Chassis Mounting Socket has 4
mounting ears which rivet within the square area covered by the
Alden 20" Base.




FROM IDEA TO EQUIPMENT FAST

FORCE STRAIGHT LINE THINKING
WITH NEW ALDEN COMPONENTS |

FOR PLUG-IN UNIT
CONSTRUCTION

@) ceT THE MOST NATURAL,
EASY SUB-DIVISION OF
LABOR IN MANUFACTURE

Solder terminals ond sockets quickly
rivet to Alden terminal card according
to layout on Unit Planning Sheet. Com-
ponents snap into the special Alden
Miniature Terminals which hold them
for soldering. — (Na twisting or wrap-
ping of leads necessary) — With all
tube sockets and their associated com-
ponents mounted on one card — the
wiring and soldering of circvits is an
apen, easy-to-work sub-assembly ap-
eration.

i

Ogen
Constuction

"'W" Double
\

o ———— ——
Movunted / ."

Decade Portable

GET LOGICAL FOLLOW THROUGH
WITH THESE COMPONENTS !

Use entire Alden Component line for maximum ease of
service and replacement —

Immediately spot blown fuse
— quickly replace it. Neon bulb
glows when fuse blows — is
molded as integral part of
crystal clear lens. Compact In-
dicator Fuseholder rivets or
eyelets easily to mounting panel
— accessible solder tabs for fast
soldering.

Here for the first time is a
Miniature Test Point Jack that
. will fit in a .257" hole and has
a breakdown voltage of 6,500 V.
RMS to ground. Nothing else
. like it for bringing out test leads
— has heat treated beryllium
copper contact so will stand up
under continuous use. Has run
life tests of over 5,000 insertions.

e e et S-S

e

Minicture Test Paint Jack — 110BCS

@INSURE THE LOWEST
OPERATING AND SERVICE
COSTS IN FINAL EQUIPMENT

The ALDEN "20" PLUG-IN PACKAGE Is come
pleted simply by mounting the terminal card on’
the Alden ""20" Non -Interchangeable base, dip
i;oldering the leads and adding cover or housing
and handle. . . . In operation, visual or instrument
checks are easily made — if trouble occurs doubt-
ful units are quickly isolated — these units easily
unplug and a comprehensive inspection made.
Spare units can be plugged in so equipment doesn’t
have to be inoperable while repairs are in process.

The ALDEN BASIC CHASSIS UNIT is rapidly com .
pleted by maunting terminal cards into the chassis
— soldering unit cables and making connections
to Alden Color Coded Back Cannectars and de-
tachable front panel. Completed unit is easily
piloted in ond out of rack with the Serve-A-Unit
Lock. Open sided construction, aided by the neat
direct front and back connections, gives instant
accessibility for rapid circuit checks and service.

ALDEN 20"
PLUG-IN PACKAGE

Here’s the indicator light
you've probably been waiting
for. The Alden Pan-i-Lite —
really small — easy-to-service.
Bulb is made integral part of
lens. Replaces from the front
& of panel — no digging into
; % equipment necessary. Takes the
Pan -i-Lite — 86L absolute minimum of space. Less
than 17 overzll, it can mount almost anywhere — simply punch
34" hole. Tiny but powerful 6 V. bulb gives brilliant indication
through the high-temperature — translucent lens. Use minimum of

critical material.
TO GET STARTED QUICKLY!

‘pnone our New Products Director for an appointment to visit our plant—
‘Wire for a sample Basic Chassis at $40.00 or on Open and Closed Alden
#20* Plug-in Package at $10.00 or write Dept. E for booklet: “Basic Chassis
and Components for Plug-in Unit Construction”.

i
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~g- EXPANDS FACILITIES
UNIQUE LINES 0F

New and improved designs already used

&
b

&

in military and civilian applications

ENCASED MINISEL LINE USED IN GOVERNMENT SUBMINIATURIZATION PROGRAMS

Their long life, rugged construction, high
operating temperature, matched plate
characteristics, and extremely small size
(for subminiaturization programs) make
MINISEL rectifiers especially useful for
military applications. The basic compo-
nent of a single unit is a newly perfected,
exceptional high quality 14" round sele-
nium rectifier cell, which is produced by a
unique process. This cell has extremely
long life, unusually stable characteristics
and can be used at plate temperatures as

high as 90°C.

The high quality of this line makes it pos
sible to guarantee the life of all units for
2000 hours or 2 years, whichever comes
first when used at rated current and volt-
age in ambients up to 40°C. At rated cur-
rent and voltage in ambients up to 50°C.,
all units are guaranteed for 1000 hours or
1 year, whichever comes first.

Although made in four standard types of
construction, MINISEL units can be pro-
duced in an infinite number of electrical
configurations and mechanical designs.
The MINISEL line is now being used in
such applications as synchro overload
transformers, relay spark suppressors and
special control instruments.

INSTRUMENT RECTIFIERS NOW MADE
FROM SELENIUM CELLS

MINISEL rectifiers are also being manu-
factured in a complete line of instrument
rectifiers. It is the first time that selenium
rectifiers have been successfully adapted
to this purpose. This has been made pos-
sible by the perfecting of a selenium recti-
fier cell which has even more stability and
uniformity than that which is normally
associated with copper oxide cells. These
matched MINISEL rectifier cells are made
from large pre-aged selenium rectifier
sheets which are manufactured by a spe-
cial process to insure uniformity and long
life. All units in this line can be had with
or without mounting screws.

h_d

g

OTC

NOTE 2. Exploded view of MINISEL type MS.

ELECTRONIC DEVICES, INC.
429 — 12TH STREET, BROOKLYN 15, N. Y.
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In order to facilitate better deliver- equipment, has been set up. The new
ies of sel.enium }"}Cliﬁers .manuf.ac.- plant will produce all of Precision’s
ll.ll'ed by its Pre.c1swn Rectifier Divi- B oty e 1 O (L G Ly o
sion, EDI has inaugurated a large . desi £ whicl
scale expansion program. A fully and improved designs, many of w Tt
staffed plant, complete with the latest have already been adapted for mili-
rectifier manufaeturing and test tary applications.
NEW MOLDED-IN S.R.'S CUT PRODUCTION COSTS ON ELECTRONIC ASSEMBLIES
The PLASTISEL line of miniature elec-
tronic selenium rectifiers was designed to
eliminate the usual open stack rectifier
problems encountered on electronic assem-
bly lines. In all ratings through 200 M.A.
PLASTISEL rectifiers are molded-in to
plastic casings which give them the ap-
pearance of small condensers. (From 250- -
500 M.A. an improved type of open stack 1
construction is used.) 1

These smaller, molded-in units are en- ]
cased in spiral wound phenolic tubes filled |
with a high melting point synthetic wax (
of good thermal conductivity. In each tube

strong spring brass clips firmly hold a

stack of special high voltage, high tem-

perature selenium rectifier plates in place.

These plates have a special inorganic bar- -
rier layer that allows for operation at the
higher temperatures encountered in the
molded-in unit. This barrier layer has
long life and can withstand higher temper-

NOTE 3. Encased PLASTISEL unit and cutaway view

atures than the organic barrier layer used ER LR
in all other electronic selenium rectifiers. 44 |‘f

PLASTISEL rectifiers can be used to re- A\
place any vacuum, gas filled, or dry disc ’

diode rectifier. In multiple they can be

used to replace multiple groups of these

rectifiers in such circuits as center tap and

bridge rectifiers. They can also be used for i,
doubler, tripler and ladder circuits. All

units are guaranteed for 1000 hours or 1

year, whichever comes first, when used

under specified conditions.

FREE ENGINEERING SERVICE

Electronic Devices, Inc. maintains a
complete rectifier engineering serv-

ice which is available to you without ¥
any cost or obligation. Write or wire Fi ﬁ‘.
429 12th St., Brooklyn 15, N. Y. or A ’'r
NOTE 4. Typical hermetically sealed telephone SOuth 8-3530 for a prompt -$#
cans used for MINISEL type MS-HM laboratory tested solution to your ! J‘L
or any PLASTISEL rectifier. f .

rectifier problems.

ELECTRONIC DEVICES, INC. » 429-12th Street, Brooklyn 15, N.Y.
Gentlemen:

Please send me at no cost your hand book of EDI rectifier products.
Send for complete product

information hand book today! Name Title '
i
Company Main Products______}

Address State

O e e o e - — " Y —— " — - —— -
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QUESTION

How is a jet fighter's transmitter  What is the useful life of @
affected by a screaming climb  walkie-talkie in the steaming
to the thin cold of 65,000 feet?  heat of the South Pacific jungle?

The answers to these and thousands of other questions
will be worked out by RCA Engineers from test data
obtained in an atmospheric test chamber designed and
built by Tenney Engineering, Inc. This 50-ton chamber
has been installed for the RCA Engineering Products
Department, Camden, N. J., for environmental testing
of both military and civilian electronic equipment.

Here, in one room can be simulated any and all condi-
tions of temperature, humidity, and pressure found on
earth or above it—to altitudes of 100,000 feet!

SPECIFICATIONS
Altitude: 70,000 feet rated
100,000 feet practical ceiling
Humidity: 10% to 95%
Temperature: —85°F. to 4 185°F.
Dimensions: 18’'w x 28'd x 14’h

Refrigeration requirements: 180 hp

For all types of testing—development, research, environ-
ment, specification, and production—a Tenney-engineered
chamber will insure dependability and precisely con-
trolled test data for your requirements.

16

reg. U. 5. Pot. Office

takes its
ENVIRONMENTAL TEST PROBLEMS

*RCA monogram

Radio Corp. of Americo

For full information on any environmental test
equipment, write Tenney Engineering, Inc., Dept. A,
26 Avenue B, Newark 5, N. J.

Engineers and Manufacturers of Automatic Tempera-
ture, Humidity, and Pressure Control Equipment

November, 1951 — ELECTRONICS

www-americanradiohistorv com



=,

JFIRST to demonstrate the
electrical effect of dissimilar

metals in comtact
Luzgz gdkwtk 1737-1798

~ Galvani, Italian shysi=bg'st,accidentally

~discovered that by towching the nerve cf

@ frog's leg with o zinc sod and the muscle

I with o copper red, th= leg would twitch

. when both rods wer= in contact.’ Fron
Galvani's experiment, Vcltc developed “
irst electiic batters. e

j
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From an original drawing made for OHMITE

N 11 v\ 1.a - --FIRST in Tap Switches
OrliAITE

Be Reght with
OHMITE

RHEOSTATS
RESISTORS
TAP SWITCHES

In high-current, ceramic power-type tap
switches, OHMITE leads the field. More
manufacturers have stamdardized on these rugged
tap switches than any othar make on the market.

The primary reason for this industry-wide preference
for Ohmite tap switches iz their compactness,
permanent ceramic construction, and proven ability

to give years of unfailing, trouble-free service.
Available in ratings {rom 10 to 100 amperes a.c.




O NI £ Rotarey

TAP SWITCHES

THE MOST COMPLETE LINE OF ITS TYPE ON THE MARKET

100 AMP.

OPEN TYPE
NON-SHORTING e

If you meed a compact, high-current, all-zeramic, pawer-type,
rotary tap switch, investigate the Ohmi-e line. O&hmite tap
switches zre partieularly designed for a-c use. "hey are available
in the sirzle-pole, n-n-shorting type witk vp to 12 taps. The self-
cleaning, silver-to-si ver contacts require o raintenance. The
rugged, one-piece ceramic body is unzflected by arcing. Ratings
range frem 10 to 30T amperes a.c. Two or “hre= of these switches
can be grouped in tendem to form mublti-oclke assemblies. Ohmite
tap switshes are a so available in openx-:ype models for both
shorting and nen=torting applicatiors.

%‘1\_ Lopm TYPE 10 amp. b
., SHORT:NG i
A £ r'.

Write an Cempany
Letterhecd for Tatalog
and Engineerirg Manual

Ho. 4).

OHMITE MANUFACTURING CO, ek
4318 Flcarnoy Steeet
Chicago 44, Il

Be Bighzwith ©) 1!\ BIFE

RHEDSTATS

RESISTORS

Reg. U. S. Pat. Off.

TAP SWITCHES




FHLTRO N for RF Noise Suppression!

FILTRON might not be able to lick the problem pression Specifications wherever RF Interference
shown above, but we can solve all of your prob- must be eliminated.

lems of RF Interference Suppression on electronic . .
equipment. FILTRON's advanced engineering, due to con-

FILTRON will design the right filter for your cir- stant res?a“h and.develop fReng .together Wfth
cuit conditions to meet size, weight and electrical FILTRON's production know-how, insures quality
characteristics — and meet RF Interference Sup- components to meet your delivery requirements.

RF INTERFERENCE SUPPRESSION FILTERS FOR: W % KILTRON
Motors Dynamotors

Generators Power Plants .
Inverters Actuators
Electronic Gasoline

Controls Engines

And other RF Interference producing equipment

LOCKHEED XF-90

Send for our LATEST CATALOG on your company letterhead

tHE FILTRON co., INnc.

FLUSHING, LONG ISLAND, N. Y.

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS

ELECTRONICS — November, 1951 17



BUSINESS IN MOTION

{M {0%7(4&4 e 74%(%‘6«44 ?Mmea—v cen

For several years this space has been used to tell
how Revere has collaborated with its customers, to
mutual benefit. Now we want to talk about the way
our customers can help us, again to mutual benefit.
The subject is scrap. This is so important that a
goodly number of Revere men, salesmen and others,
have been assigned to urge customers to ship back
to our mills the scrap generated from our mill prod-
ucts, such as sheet and strip, rod and bar, tube,
plate, and so on. Probably few people realize it,
but the copper and brass industry obtains about
30% of its metal requirements
from scrap. In these days when
copper is in such short supply,
the importance of adequate sup-
plies of scrap is greater than
ever. We need scrap, our indus-
try needs scrap, our country
needs it promptly.

Scrap comes from many dif-
ferent sources, and in varying
amounts. A company making
screw-machine products may
find that the finished parts
weigh only about 50% as much
as the original bar or rod. The turnings are valu-
able, and should be sold back to the mill. Firms
who stamp parts out of strip have been mate-
rially helped in many cases by the Revere Tech-
nical Advisory Service, which delights in working
out specifications as to dimensions in order to
minimize the weight of trimmings; nevertheless,
such manufacturing operations inevitably produce
scrap. Revere needs it. Only by obtaining scrap
can Revere, along with the other companies in the
copper and brass business, do the utmost possible

SEE ‘/MEET THE PRESS"” ON NBC/

in filling orders. You see, scrap helps us help you.

In seeking copper and brass scrap we cannot ap-
peal to the general public, nor, for that matter, to
the small businesses, important though they are,
which have only a few hundred pounds or so to dis-
pose of at a time. Scrap in small amounts is taken
by dealers, who perform a valuable service in col-
lecting and sorting it, and making it available in
large quantities to the mills. Revere, which ships
large tonnages of mill products to important manu-
facturers, seeks from them in return the scrap that
is generated, which runs into
big figures of segregated or
classified scrap, ready to be
melted down and processed so
that more tons of finished mill
products can be provided.

So Revere, in your own inter-
est, urges you to give some ex-
tra thought to the matter of
scrap. The more you can help
us in this respect, the more we
can help you. When a Revere
salesman calls and inquires
about scrap, may we ask you to
give him your cooperation? In fact, we would like
to say that it would be in your own interest to
give special thought at this time to all kinds of
scrap. No matter what materials you buy, the
chances are that some portions of them, whether
trimmings or rejects, do not find their way into
your finished products. Let’s all see that every-
thing that can be re-used or re-processed is turned
back quickly into the appropriate channels and
thus returned to our national sources of supply,
for the protection of us all.

REVERE COPPER AND BRASS INCORPORATED

Executive Offices: e B

230 Park Avenue, New York
/TELEVISION EVERY SUNDAY
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%u ARE HELPING TO BUILD THIS PLANT!

Your increasing demanc for Hytron tubes is helping to build this fine, ultra-
modern plant. Located at Danvers, Massachusetts, it will be the most modern
receiving-tube plant that engineering know-how can build.

And this is more important to you. Its advanced equipment and skilled staff
will — we promise — give you the best tubes your money can buy. Because
Hytron sincerely believes only the best is good enough for you.

New HYTRON plant
at Danvers, Mass.

NEW NAME ADDED

The famous red-white-and-blue Ilytron carton has added a

famous symbol: CBS. Yes, Hytron is proud to be a division
of the Columbia Broadcasting System, Inc. — with greatly
expanded opportunities to grow in service to you. Two re-
spected names now guarantee you unsurpassed tube per-
formaxce. CBS-Hytron is your sign of the very best in
electronic tubes. Look for the attractive carton. Be sure to
demand the best: CBS-Hytron.

-—--—---J

MAIN OFFICE: SALEM, MASSACHUSETTS

ELECTRONICS — November, 1951 19
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Designed Right

Built Right

Delivered Right on Time
and with

Energy-Potential Right

Alnico permanent magnets

Carboloy Alnico permanent magnets are job-designed to your
exact needs by engineers who have years of application and
research data at their fingertips from the laboratories where
permanent magnets were first developed.

More, they are produced under precise and exacting quality
controls that assure you external energy at a guaranteed mini-
mum level consistent with today’s methods of manufacture
and advanced metallurgical techniques.

And, once your order is accepted, they are delivered right
on time, as promised. Every one unvaryingly uniform . . .
every one quality-built and guaranteed to meet or surpass the
external energy minimum.

Do you need any type of permanent magnet . . . made to
order, or from standard stock? For defense? To improve a
generator, meter, motor or instrument? To speed up a produc-
tion job with a magnetic holding or separating device? Or
for a projected civilian product, perhaps?

Then get in touch with our Carboloy engineers at once.
They’ll give you all the assists possible on your present and
future magnet applications . . . all the expert help you need
to make your products better, your savings greater, your
profits higher. Send specifications or write for Standard Stock
Bulletin PM-100. Write direct to:

Carboloy Department of General Electric Company
11139 East 8 Mile Road, Detroit 32, Michigan

“Carboloy” is the trade-mark for the products of Carboloy Department of General Electric Company.

CARBOLOY

ALNICO PERMANENT MAGNETS

FIRST IN MAN-MADE METALS FOR BETTER PRODUCTS

ELECTRONICS — November, 1951 21
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MULTIPLE-CONTACT
PLUG-RECEPTACLE UNITS
FOR SECTIONALIZING CIRCUITS

FOR panel-rack or other sectionalized circuits, Lapp offers a variely of plug-and-recep-

tacle units, some of which are shown above. Any number of contacts can be provided
(in multiples of twelve). Male and female contacts are full-floating for easy alignment and
positive contact. Contacts are silver-plated, terminals tinned for soldering. Polarizing
guide pins are provided where desired. Insulation is Steatite, the low-loss ceramic which is
non-carbonizing even under leakage flashover resulting from contamination, moisture or
humidity. Write for complete electrical and mechanical specifications of available units
or engineering recommendations for an efficient component for your product. Radio
Specialties Division, Lapp Insulator Co., Inc., LeRoy, N.Y.

November, 1951 — ELECTRONICS
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In military operations, complete success depends
upon the unfailing performance of all parts of
the war machine. Small as they are—hidden in
the vitals of countless complicated devices—El-
Menco Capacitors have won the highest praise
for their absolute reliability.

AWV

A

For higher capacity values, which require ex-
treme temperature and time stabilization, there
are no substitutes for...

A
\ \\\\\\\\\\

W

= EL-MENCO SILVERED MICA CAPACITORS -

El-Menco Capacitors are made in all capacities
and voltages in accordance with military speci-
fications.

From the smallest to the largest, each El Menco
Capacitor is paramount in the performance field.

Jobbers, Retailers, Distributors—For information com-
municate direct with Arco Electronics, Inc., 103
Lafayette St.,, New York, N. Y.

Write on your business letterhead
. for catalog and samples.

2 EHMence. .

CAPACITORS

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory—

THE ELECTRO MOTIVE MFG. CO., INC, WILLIMANTIC, CONNECTICUT

ELECTRONICS — November, 1951 23
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0-kw TV transmit

RCA high-gain antenna...

at the lowest cost per kilowatt

e This remarkable new 10-kw TV
transmitter, and a= RCA high-gzin
antein1 (type TF-12AM), will pro-
vide up to 100 kilowatts of effzctive
radiued power. More thaa twice the

po=er o- any commercial TV trans-
mi-ter operatiag today —and AT SUB-
STANTIALLY LOWER €OST PER RA-
DIATED KILOWATT than other trans-
mirter-antenne combinations!

Esing an improvec type of air-
cocled tetrode in the £nal power am-
pli‘er stzges, this transm.itter removes
all former rescrictions on intericr
cocling znd flecr-space requirements.
No water supplies to bother about.
No peoblem secting u> the transmic-
ter in tight quarters (it takes approxi-
mazely half the floor azea of previous

FOR ANY TV POWER UP

5-kilowztt models and weighs sub-
stantially less).

The new RCA 10-kw transm.itter is
aveilable in two types. Type TT-10AL
ccrers chaanels 2 © 6, Type TT-10AH
ccrers channels 7 to 13.

For compleze informz:ion on this
new 10-kw...call in vour RCA Brozd-
cast Specialist. He can show you what
yca’ll neec to get “cn the air”—with
the power you want—at lowest pos-
sib.e cost. Phoae him. Or write Dzpt.
4€%, RCA Engineericg P-oducts.
Cemden, New Jersey.

TO 200 KW - GO RCA!

{
J sapEEy 1 H:JI i

18 kw B 1
UK 6 #
i-toy
L4

€
]
Y

i

The Key to High Power and Low Cost

Improved RCA Air-Cooled tetrode —used in
the aira’ and visual finals. Proved “or long

life, easy to handle.

w

e e el e

10 kw VI 560 w E 21w Vi
(1" |

20 kox fHF

UF High Gain

RADIO CORPORATION of AMERICA

: ENGINEERING PRODUCTS DEPARTMENT

CAMDEN.N.J.
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IF IT'S SHEET METAL
FABRICATION . .. CALL ON

COLE

STEEL EQUIPMENT COMPANY

Tough assignments are part of our day’s
work. Whatever the product — instrument
housings, boxes, chassis—we’re geared to
design, fabricate, and finish.

Years of experience and a superbly
equipped plant give meaning to our state-
ment: “If you have a sheet metal problem,
we can solve i,

Inquiries
Invited

COLE STEEL EQUIPMENT CO.
285 Madison Ave., New York 17, N. Y. Factory: Yok, Pa.
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New York Transformer Co. Insulates

with IRVINGTON No. 100 Varnish

**FOR EXCEPTIONAL LIFE IN SEVERE SERVICE"

For specialty transformers that meet unusual and exacting require-
ments, the electronic industry turns to New York Transformer Co.,
Inc., Alpha, N. J. And for insulation that gives outstanding perform-

ance under the toughest conditions, NYT has turned—for more than
10 years—to Irvington No. 100 Clear Baking Varnish, for use on all
its power transformers and chokes.
Here are two major reasons why NYT counts on Irvington No. 100;

MOISTURE RESISTANCE. 24-hour water immersion reduces dry di-
electric strength of 2250 vpm by only 2.2%.
HEAT RESISTANCE. Irvington No. 100 withstands ASTM heat endur-
ance test at 105° to 110°C for over 1000 }ours.
You too can give your products service advantages like these—and
save time and money, because . . .
Irvington No. 100 cures fast and thoroughly, even in deep windings.
Its clarity allows quick identification of color ceding or numbering—
saves time on the assembly line, reduces risk of rejects.
Get the full story today—Technical Data Sheet is yours for the asking.

000000000000000000000000000050006090

Sond this convenlent coupon now i f“':“’f'f":ev::'r‘:‘:e& llr';i:’lt‘::,‘: ﬁ°"‘f“‘_‘:y
I -t : gli::::l::d“ me your Technical .Dala‘ Sheet on Irving-
rvlny 0" | ton No. 100 Clear Baking Varnish,
| Name S e o v s Title..oooovirnrnnes
VARNISH & INSULATOR  COMPANY | ey |
Irvington 11, New Jersey : Street
Plants: El Monte, California Hamilton, Ontario, Canada § City . Zone State

For Further Information, Consult pages 92-93 in the 1951-1952 Electronics Buyers’ Guide
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New Resistors

—55°C to +150°C

Complete aridity to saturation ... An un-
precedented temperature and humidity range

DIAMETER

Wattage and Voltage
Rating

+130°¢C v =33

ToRtON S2OUWT (OVERTISING

TYPE 95
1147

2 wotts @ 70°C
with SO0 V mox.
oc¢ross end terminals

Highly recommendsd for use in jet
and other planes, guided missiles,
tanks, ships and sukmarines, portable
or mobile equipment and all other
military communications, Manufac-
tured from specially developed ma-
terials, these absoletely unique vari-
able resistors are now available in a
compiete range of sizes. (See chart
at bottom of page.)

, TYPE 65
TYPE 90 (misiaturized)
ls/“" 3/"’

1 watt € 70°C Vi watt €@ 70°C
with $00 ¥ moax. with 330 V max.
across end tarminals across end terminals
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JAN-R-94, Type RV-2B
CTS Type GC 45 with Switch
C Ot PO S LN
22 :\\ T >
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JAN-R-94, Type'lv-.‘m JAN-2-94, Type RY-2A JAN Type RY-48 JAN Type RY-4A
CTS Type GC 35 with Switch CTS Type 45, !%/,¢" Diameter CTS Type FGC 95 with Switch CTS Type 95, 11/4” Diometer
Composition Compos tion Comgosition Cemposition

MEETS ALL
JAN-R-19 SPECIFICATIONS
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JAN Type RA 20A ;
2 Wit i3 8. Tyne 252) = JAN Type RA 258.0r Ji
JAN Type RA 20B JAN Type RA 25A or 30A 3 or 4 WaitlCTs TESaIGC2S)
2 Watt [CTS “ype GC-252) 3 ar 4 Watt (CTS Type 25)

REPRESENTATIVES SOUTH AMERICA

$. J, Hunhinson,slr. Jose Luis Ponte?
401 North Broad Street R .
Philadelphioc 8, Pennsylvania Buenos.Anres, Argenti
Phone: Walnut 2-5369 Montevideo, Uruguay
CHICAGO TELEPHONE SUPPLY Mt P, ot

P PL 1638 So. Lo Ciengga1Blvd. Sao Paulo, Brazil

. Los Angeles 35, California
FOUNDED 1896 : 6mﬁ0@a/}0n Phone: Bradshaw 23321 OTHER EXPORT
3 IN CANADA Sylvan Ginsbury

C. C. Meredith & Co. 8 West 40th Street
Streetsvitle, Ontario New York 18, N. Y.
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These are

lytic Capacitors

G

L2

8 Muf 150 VDC
2 Muf |50V NP
| Muf 150V NP

12 Muf I150VDC

e

Here is one of the fastest moving developments
in recent vears—General Electric’s new electrolytic-
type capacitors. These Tantalytic capacitors with
their small size and large capacitance per unit of
volume have excellent low temperature character-
istics, long operating life and in many cases can
replace bulky hermetically-sealed paper capacitors.
Ratings presently available for consideration range
from .02 muf up to 12 muf at 150 volts dc. Units
pictured are representative of these ratings.

Other features of G-E Tantalytic Capacitors include:
® Extremely long shelf life.

® An operating temperature range from —55°C
to +35°C.

—

=1

4Muf 60VDC
.50 Muf (50V N
.25 Muf 150V NP
A Muf 150V NP
.04 Muf |50 VNP

@ Exceedingly low leakage currents.
® Ability to withstand severe physical shock.
® Completely sealed against contamination.

If you have large-volume applications where a
price of 3 to 5 times that of hermetically-sealed
paper capacitors is secondary to a combination of
small size and superior performance—get in touch
with us. Your letter, addressed to Capacitor Sales
Division, General Electric Company, Hudson Falls,
N. Y., or your nearest Apparatus Sales Office will
receive prompt attention.

General Electric Company, Schenectady 5, N. Y.

GENERAL ELECTRIC

407-306

November, 1951 — ELECTRONICS



FOR THE AIRCRAFT INDUSTRY

A complete line of glass-to-metal Sealtron Seals to profect vital

electrical ossembges from moisture, atmospheric changes, corrosion,

dirt, leakage and age. Write and tell us about your problems.
i-

Remember, Sealtrons
protect sensitive parts.

S E A LTRON C O M P ANY

' 9701 READING ROAD ¢ CINCINNATI 15, OHIO o TELEPHONE REDWOOD 9369

3
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Bradleyome-
ter resistor,
showing the
solid molded
construction
g R

o
L IR Dot N S

Section of
Bradleyunit
showing in-
sulating jack-
et over unit

Z
Wi

[——
Wi :

CONSISTENT PERFORMANCE UNDER ALL ATMOSPHERIC CONDITIONS

32

BRADLEYOMETERS —Available as rheo-
stats or potentiometers with any type of re-
sistance rotation curve up to 5 megohms. Rated
at 2 watts,

Available in single, dual, or triple unit as-
semblies, with or without line switch.

Resistor element is molded as a single piece,
with terminals, faceplate, and bushing molded
together in one piece. Shaft and casing are
made of stainless steel. Send for dimension
sheet and performance curves, today.

BRADLEYUNITS —Available in V3 -watt, 1-
watt, and 2-watt ratings in standard R.T.M.A.
values up to 22 megohms.

Rated at 70C ambient temperature . . . not
40C. Under continuous full load for 1000
hours, resistance change is less than 5 per
cent. Require no wax impregnation to pass salt
water immersion tests. Differentially tempered
leads prevent sharp bends near resistor.

Packed in honeycomb cartons to prevent
tangling of leads during assembly operations.

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

ab

ALLEN-BRADLEY

FIXED & ADJUSTABLE RADIO RESISTORS

Sold exclusively to manutacturers

éof radio and electionic equipment

=AY ="
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Engineers choose AlSiMag ceramics because:

1. Power, packed into a small unit, generates heat. In mini-
ature sets, AlSiMag ceramics give perfect perfcrmance,
maintain their high dielectric strength and low dielectric
loss at maximum temperature.

2. Low coefficient of expansion helps maintain alignment.

3. They are dimensionally accurate and strong, though small.

® AlSiMag ceramics have been thoroughly tested and
proven in sockats, switches, terminals, resistors, coil forms,

c. Steatite compositions such as AlSiMag 35 (JAN-L3), capacitors, envelopes and delay units in miniature circuits.
196 (JAN-L4) or 228 (JAN-L4) for insulators.

4, Specific requirements of different components can be met.

AlSiMag ceramics have shared in the miniaturization pro-

b. AlSiMag compositions of steatite or zircon for her- it . "3l
gram since its earliest days and played a part in its great

metic seals.

advances. Thus, this is not @ new and untried material, it
¢. Forsterite compositions such as AlSiMag 243 (JAN- has proven its superiority in zountless zlectronic applications
L5) for miniature tube envelopes. over a fong period of years. The experience gained in fifty

d. Metal-ceramic combinations which are accurately years of specialization in technical ceramics and in miniature

made and free from strains, sets since their inception is available to you on request.

SOTH YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE

OFFICES: MEYROPOLITAN AREA: 671 Broad St. Newark, N }., M“chell 2:8159 ¢+ CHICAGO, 228 North LoSalle St., Central 6. )72]
PHILADELPHIA, 1649 North Broad S§., S'ovonsen 4.2823 LOS ANGELE 232 South Hill S, Mutual 9076
NEW ENGLAND, 1374 Massochvsetts Ave , Combridge, Mass. s Knklond 7-4498 o+ ST, lOUIS, 1123 Washington Av. .s Garfield 4959

WWW-americanradiehistorv-com



NOW/ Fil/ Vour Needs
o e e

ELECTRONIC

COMPONENTS

HARDWARE

~

Split Lugs. For potted
units where later solder-
ing is advisable. Also
standard  applications.
Hole through shaft allows
top or bottom wiring. Fit
standard board thick-
nesses from 5" through
V4". Mounted heights

from 34"

Handles innickel-plated
brass are available in 3
sizes ranging from 354"
length to 6% length.
Black alumilite aluminum
handle available in 4%
length. Ferrules available
on brass ond aluminum
handles.

Other Hardware in-
cludes tube clamps, panel
and thumb screws, com-
bination screw and sol-
der terminals, shaft locks,
terminal board brackets,
standoff mounts, etc.

INSULATED TERMINALS

Short Lugs. For low
“headroom” applica-
tions. Mounted heights
from 34", In shank
lengths for 6 board
thicknesses, starting
with 1¢"".

Double End Llugs.
Provide terminal posts
on both sides of board.
Through connection for
easy wiring, For board
thicknesses from 15" to
Y4". Mounted heights

from 945",

Phenolic. 4" diameter,
in rivet or screw stud
type. Voltage breakdown
from 4800 — 11,000 vV
at 40 cycles RMS,

Ceramic. Silicone im-
pregnated. 5 lengths of
dielectric. Voltage break-
down ratings up to 5800
V. Over-all heights range
from %", including lug.
For high electrical stresses
over a broad humidity
range. Cadmium ploted
studs. Brass terminals
plated for soldering.

Turret Lugs. With 2
soldering spoces for 2
or more connections.
Sizes range from L&
to Y4’ terminal board
thicknesses.  Mounted
heights from 75"

Combination Lug.
Removable screw per-
mits mounting compo-
nents directly to screw
end. Also provides re-
movable link connec-
tions at screw end. 3
sizes, %/r’ ”/§2N: %rr
diameter. Bright alloy
plated for easy sol-
dering.

INSULETED FEED THROUGHS

Phenolic. Approved
XXX moterial. Brass
bushings, nickel plated.
Brass through-terminals,
silver plated for easy
soldering. Rugged, with-
stand shock and vibro-
tion. Two sizes: for Y4”
and %'’ mounting holes.

Ceramic. Silicone im-
pregnated. Threaded
for V4"’ hole mounting.
O.A. length 74". Volt-
age breakdown 4800
RMS at 60 cycles.

TERMINAL BOARDS

Phenolic. 3 sizes:
27/&)'7; ]‘/8”, and 2//
hich. 5 stondord wind-
ings — also speciol
windings or as high-
quality phenolic  coil
forms.

Phenolic. Availoble in vor-
ious widths and terminal or-
rangements from Y2'" wide to
3" wide. Thicknesses: 34,""; Y3"';
36”. All boaords in 5 sections
scribed for easy seporotion.
Speciol boords made to your
specifications.

LHC. High Q iron core
with  6-32  mounting
stud. 8 values from 2.5
mh to 125.0 mh. Wax
impregnated.

Ceramic. Silicone im-
pragnated. 5 sizes,
mounted heights from
e to 114", diom-
eters from 3" to V2"
Spring lock for slug.
Cadmium plated mount-
ing studs. Complete
with  mounting hard-
ware and high, medium
or low frequency slug.

LAB. Pie wound on
phenolic core with cot-
ter pin terminals. 8
windings .75 mh to
15.0 mh. Current rat-
ing 125 ma.

Ceramic. Silicone impreg-
nated. Type X1986 with 8 lugs
staked in two rows. Standoffs
riveted and soldered to ground
strap for good grounding ot
R.F.frequencies. 1% long, %"’
. wide. All metal parts ploted.

I wwJ’ O.A. mounted height: 3%¢,"". '\,}

ENGINEERING will. design all types of Boards, Coils, and Terminal lugs for production in

CUSTOM to your specifications or standard government specificafions. C.1.C. Engineers
quantity to fill your needs. No extra charge for this service

WRITE FOR g For complete data and engineering drawings on these and other C.T.C.

NEW CATALOG Electrical and Electronic Components and Hardware. No obligation.

CAMBRIDGE THERMIONIC CORPORATION, 437 CONCORD AVE., CAMBRIDGE 38, MASS.
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Blvd., Los Angeles, California
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THEY’RE BOTH IN THE KARP PICTURE

AND

IN ENCLOSURES

Hand in hand they go, briskly pacing each project in our streamlined plant
...symbols of the handsome styling and utility that engineers demand in
modern “packaging’ of electrical and mechanical equipment.

Under our big roof there lives a proud tradition: industry holds the name Karp
synonymous with sheet metal fabrication of the highest order...in every
category from simple to intricate.

This reputation we prize highly as a challenge that draws out our best efforts
for every customer we serve, large or small. May we prove to you, too,
that superior craftsmanship really costs less in terms of value received?
Write for data book.

ANY METAL ANY GAUGE ANY SIZE

ANY QUANTITY ANY FINISH
* Trade Mark Registered

KARP METAL PRODUCTS €O., INC.

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

ELECTRONICS — November, 1951
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TOP PERFORMANCE

Model 940

Frequency Range
Input Impedance
VSRW

Power Rating
Polarization
Reflector Size

Gain (db, approx.,
over isotropic radiator)

Half Power Angles (H plane)
(E plane)

Side Lobes

Pressurized

Input Connection

De-icing

FREE SLIDE RULE

Parabolic Antennas for 940 mcs.
and every other Microwave Frequency

The Workshop was the first manufacturer to bring out a complete line of
parabolic antennas for all microwave frequencies. Having specialized in this
field for several years, we can supply equipment from our standard line to meet
the majority of installations. However, for special requiremenfs, we are equipped
to design and supply reflectors in a wide range of sizes and focal lengths.

920 to 960 Mcs.
52 ohms nominal
1.20 to 1 over the band
1 kw. continuous

Either vertical or horizontal available at time of installation,

4 6’ 8’ 10/
19 23 26 28
17.75° 1.75° 8.6° 6.9°

19.75° 12.9° 9.6° 7.8°
17 db down or better
Feed can be pressurized to 10 Ibs. p.s.i.

Weatherproof type “N' fitting; special fittings are available for RG-8/U, RG-17/U or 7 /8" copper line.
Specify when ordering.

Available for all models. Capacities range from 400 to 4000 watis.

OTHER STANDARD MODELS

{u P

This pocket size slide rule quickly
computes diameter, wavelength,

angle and gain for parabolic antennas.
Reverse side carries FCC

frequency ollocations

conversion tables and other data.
Write for your copy.

36

PA_RAsotggYw[iNNA_ggMPunR

' FREQUENCY GAIN* HALF POWER ANGLE
el MODEL NO. {MCs.). (DB.) E Plane* H Plane*
gt 2000 1700-2300 27.0-34.5 10.28-3.65 9.2 -3.25
7000 5925-7425 36.0-43.0 3.24-1.36 2.86-1.21

*Gain and Half Power Angles are dependent on size and
frequency of parabolas,— 4, 6, 8 or 10 foot diameter.

Write for Parabolic Antenna Catalog

WORKSHOP ASSOCIATES

DIVISION OF THE GABRIEL COMPANY

The

Specialists in High-Frequency Antennas
135 Crescent Road, Needham Heights 94, Massachusetts

November, 1951 — ELECTRONICS
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NEO-NIL

CORPORATION

0C-12
LEnaRACTERS 0930 Py
WX -

FLASH OVER VOLTAGE
§000 ¢ P TORIM
MULTIPLE "YPE HEADERS
1000 SERIES AVAILABLE 2000 SERIES AVAILABLE
WITH 2 T0 10 TERMINALS wITH 2 TO 6 TERMINALS
| GHAFACTERS CHARACTERS
Q

13
S0Py - 40
K WA - ek
1A

RETAINER
@ —phew NG
\ *2émcie —— o040

518
Ej' :l I-::

e
A
&
049PN

FLASH OVER VOLTAGE
650V PIN TO Riw

NEQ SIL HERMETIC SEALS
INDIVIDUAL TYPE TERMINALS
E-) E—E

6500V PIN TO RIM

i 2 f
% G0 ee CmjmmmO

bz ~ab i |
5 |

e | 1 e

=2 Cmjamo
)
y e
5 4
3
—1- -
¢ FLASWOVER S

VOLTAGE 5520V 5500V

TEST DATA
The result of the Elec:irital Testing Laboratori=s
Inc., Report =330655, dated March 18, 1949, cn
this anaterial shows the fallowing:
Volume Resistivity at 800 Volts d-c
Room Temperature 25°C R.H. 30 percent
Mognhm-ruches ohut-coutimeters
1.4 x 10® 3.5x10'?
Diclectric Constant and Dissipation Factor
Diclectric Dyissepsetipn
Conslant Factor

2500V

Loys Facter

@ 60 cycles per second
9.22 .088 5:32
1 megacycle per second
6.7 .0455 .28
50 megacycles. per second
5.35 0.20 1.1
DPielectric Strength at 60 cycles
Volts per mil — 370
Du-ometer Average — 80 = 5
Temperature Rated as a Class A material cor-
servatively + 160° to —70° centigrade,

The Flashaver Voltages indicated were taken
a termperature of 68° Faarenheit, and 477 Rels
tive Humidity

ELECTRONICS — November, 1951

HERMETIC SEAL
FUSE HOLDER

“Hermetically Sealed
Fuse Holders are available
for 3-AG and 4-AG fuses.
These units are completely
sealed from moisture with
or without the cap or fuse
inserted and are applicable
for use on vacuum or gas
filled units.”

14" SHAFT
WATERSEAL BUSHING

“Rotary Waterseal Panel
Assemblies, with GRAF-SIL
Packing Glands, have an ex-
cellent five year customer
history on gas filled pressur-
ized components. They are
available for %" shafts and
for potentiometers and
switch bushings.”

"NEO-SIL'S proven Hermetic sealing components are

pressure checked at 25 psi—to meet military recuire-
ments and as applied to our units, NEO-SIL rubbe- will
resist abusive temperature cycling, salt water, most acids
and alkalies, and withstand high pressures and vacuums.”

"In addition to the items illustrated above, NEO-SIL
offers many other components, such as E Series terminals,
Octal Type Plug In Headers, Multiple Pin Headers, Her-
metically Sealed Cables, Hermetically Sealed Line Cords
With Plugs For European use, Meter Gaskets, Panel Gas-
kets, Adapters (U. S. to Continental), Coil Forms, Crystal
Contacts and other molded bakelite and NEO-SIL rub-

ber units.”

Your special problems are solicited.

NEO-NIL

CORPORATION

26 CORNELISON AVE., JERSEY CITY 4,N.J.

37



" National
Research

'A) B-4 Booster Pump. Takes over at fore-
pressures up to 1 mm. Handles large
amounts of gas in range from 1 — 30
microns. Ideal for roughing or backing
manifolds to speed up exhaust cycles or
as prime pump on aluminizing equip-
ment or wherever high speeds are re-
quired.

(B) Alphatron* Leak Detector and Control
Unit for Gas Filling. The reliable
“Alphatron” Gauge with special control
mechanism and amplifier for vacuum sys-
tem control. Detectable leaks immedi-
ately indicated by a light and a sensitive
relay is energized for operating control
equipment when pressure exceeds pre-
determined control point. Gas filling
accomplished in desired range utilizing
predetermined control point for switch-
ing.

(C) Gas Free High Purity Metals. Copper,
nickel, cobalt, and iron. Special melts
on request. Ingot weights up to 600
pounds.

(D) Alphatron* Vacuum Gavuge. Instan-
taneous response with accurate gauging
from 1 micronto 10 mm. A rugged metal
ionization type gauge for industrial
usage. Can be adapted for recording and
controlling.

38

et

(E) B-1 Booster Pump. Specially designed
for rotary exhaust units in miniature and
subminiature tube production.

(F) Type 710 Thermocouple-lonization
Gauge Control. One control with two
thermocouple gauges (1 — 1000 mi-
crons) and one ionization gauge (1073
mm. to 1078 mm. Hg range). Automatic
input regulation and protective circuit.

(G) Type 701 Thermocouple Gauge Con-
trol. A light, portable instrument for
vacuum testing in range 1— 1000 mi-
crons — compact and rugged.

(H) H-4-P Purifying Diffusion Pump. Sim-
ilar to H-2-P but with speeds of over 300
liters/sec from 1073 to 10~ mm. Hg
range.

() H-2-P Purifying Diffusion Pump. Over
50 liters/sec in 1073 mm. to 1075 mm.
range. Operates against forepressures as
high as 0.300 mm. Blank-off 2 x 1077
mm. Hg. For exhausting cathode ray
tubes and magnetrons, and aluminizing
operations on automatic equipment.

(J) Vacuum Seals. For introducing motion,
power, gases, Oor connecting gauges.

{K) Standard Vacuum Furnace. A versatile
packaged unit for many metallurgical
operations under high vacuum or inert
atmospheres. Temperatures to 2000° C.
Useful for degassing tube parts, produc-
tion of germanium crystals, research and
production of improved metals for tube
parts, as well as general high vacuum
metallurgical research work.

November, 1951 — ELECTRONICS



(L) Narcoil Diffusion Pump Fluids. Three
different oils fulfilling industrial and
scientific workers’ requirements.

® Tube Dollies, Special NRC mani-
folds, dollies, and vacuum systems de-
signed and built for electronic industry
to increase production and lower costs.

ELECTRONICS — November, 1951

with a COMPLETE LINE of
HIGH VACUUM EQUIPMENT
for the ELECTRONIC INDUSTRY

You may be using one or two of our products
without realizing that at this one source you
have available such a full line of high vacuum
equipment.

You will find a unique quality in most of these
products. They were created to “ideal” speci-
fications drawn up by manufacturers who, in
many cases, never dreamed we could fulfill their

exacting requirements. The products are meet-

ing these requirements day after day on pro-
duction lines.

Let us supply all your high vacuum equip-
ment needs. You will gain the benefits of a
single source of supply plus the high standards
of performance designed into National Re-
search products. Write us for further details.
National Research Corporation, Memorial
Drive, Cambridge, Mass.

*Reg. U. S. Pat. Off.

INDUSTRIAL RESEARCH N METALLURGY
PROCESS DEVELOPMENT  91#5% Illl DEHYDRATION
HIGH VACUUM ENGINEERING *I oy I {1 - DISTILLATION COATING
AND EQUIPMENT ‘& APPLIED PHYSICS
Nati | Research
C fi

Seventy Memorial Drive, Cambridge, Massachusetts

39
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U.S. AIR FORCE B-36 BOMBER

OF A LINE....

“GUARD-A-SEAL”

Guardian engineering developments

of hermetically sealed aluminum
containers, designed
specifically for air-
craft, include: The
AN Connector —

- Screw Terminal—Lug
Header — Octal Plug
standard types, plus
a variety built to
government speci-
fications.

A. N. CONNECTOR

GET GUARDIAN'S NEW CATALOG OF
HERMETl(AllY SEALED RElAYS'

:h

AN-3320-1 D.C. AN-3324-1 D.C,

Series 335 p.c. Rel®Y

APPROVED BY THE AIR FORCE ror Degendabile (Control

G U A R D IA N RE I.AYS — Standard equipment in v1rtually all

S. warplanes—exemplify the highest degree of electronic precision
requxred by the U.S. Air Force, by government agencies and aircraft
manufacturers. Guardian Relays and Solenoids—specified for timing,
fusing and releasing bombs . . . firing guns . . . controlling radios . ..
floodlights . .. landing gears . . . navigation aids ... turrets . . . further
establish Guardian’s reputation for electronic precision. The Guardian
Series 335 D. C. Relay, illustrated above, is but one of a complete line
of Guardian Relays designed to permit more control in less space .
more room for armament, power and personnel. Sensational Guardian
developments include the famous “Guard-A-Seal” units specifically
designed for aircraft and portable equipment, sealed in aluminum.
They incorporate heavier frames, larger contacts, higher capacities,
yet qualify under all AN weight requirements because the weight is
in the relay—not the can!

Series 595 D.C. Series 610 A.C.—615 D.C, Series 695 D.C.

ALSO MINIATURE AND SUB-MINIATURE CONTROLS—WRITE

GUARDIAN{@ELECTRIC

1625-M w. WALNUT STREET

CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSIRY

40
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Let’s be HONEST with the

American Public and ourselves ab@ut

A message from

Sarkes Tarzian, president
of Sarkes Tarzian, Inc.,
the largest producer

of switch-type tuners.

“You can fool some of the people all of the time and all the people
some of the time, but you can’t fool all the people all the time.”
—ABRAHAM LINCOLN

@ In the early days of commercial Television (1946-47)
even the major manufacturers of receivers thought that a
7 to 9 channel tuner was suflicient to take care of reception
in any area. They maintained the distributors and dealers
could easily retune or change strips to suit their own needs.

We believed then that since 13 channels were available
for Television, tuners should be designed and built to use
the FULL RANGE of Television frequencies. We built only
tuners then—as we are building now—to take care of all
channels. It was only a matter of a year or two until all
manufacturers were doing the same thing . . . providing
FuLL RANGE coverage.

Today, we have a similar problem facing the industry.
The FCC has indicated that the frequency range from 470
megacycles to 890 megacycles (UHF) will be opened
shortly for about sevenry new Television Channels. These,
of course, in addition to the twelve now available for
VHF. This allocation will allow several thousand more
Television stations to operate all over the United States.

Is the Television industry going to face this challenge
honestly and courageously ? Is it going to design and man-
ufacture Television sets so that the AMERICAN PuBLIC—
in the years to come—can get FuLL RANGE Ultra High
Frequency when it wants it?

Or, is the industry going to temporize . . . be oppor-
tunistic . . . and /nsinuate it has the answer to UHF through
single channel strips? Wherein, each time the set owner
adds a UHF channel strip in his tuner he loses the possible
service of a VHF channet!

Is the industry going to live up to its responsibility and
provide for FuLL RANGE UHF? Or, is it going to try to

avoid immediate engineering and manufacturing problems
(which it must eventually face) by just providing LIMITED
RANGE receivers now . . . letting the public, distributors
and dealers “hold the bag” in the future?
We believe the logical —and honest —approach to
the UHF problem is to design and produce VHF
tuners now that easily— and at nominal cost —may
have added to them at a later date FuLL RANGE (70
Channel) coverage whenever the customer wants
UHF service.

We have such a VHF Tuner available now to the in-
dustry. It’s the Tarzian TT16. Cost of this tuner to the
manufacturer is about the same as that for the regular
VHF Tuners in general use now. However, by using the
TTI16 Tuner the manufacturer can honestly show his cus-
tomer that the set is designed for FULL RANGE UHF Serv-
ice. Cost-wise, the manufacturer is ahead, because the
TT16—which includes this added feature—costs no more
than regular VHF Tuners. We estimate that the additional
cost to the set owner for FuLL RANGE UHF Service will
be less than the cost of adding 2 or 3 channel strips . . .
piecemeal.

The manufacturer, by adopting this policy of producing
sets which now—or later—can have incorporated FuLL
RANGE UHF Service, enjoys these advantages:

|—He has a distinct competitive advantage over other
manufacturers who do not follow this plan and can offer
only partial UHF.

2—He eliminates future problems and headaches for
himself, his distributors, and the dealers by giving the
buyer FULL RANGE Service once and for all.

3—He contributes his efforts towards placing UHF
Television on a sound basis. By giving the buyer what he
rightfully expects, he gains the confidence of his customer

. adds prestige and value to his product, and his own
name on that product.

So, let’s be honest with the AMERICAN PuBLIC and OUR-
SELVES about UHF, and provide for FuLL RANGE UHF
Service NOW,

R§ctjﬁe§‘s

. .M G J
Setemum e ’@Cuthode -Ray pn ‘J:g@-.:_
©  Receiving

Sarkes Tarzian, Ine.
TUNER DIVISION
Bloomington, Indiana
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SENSITIVE RELAYS —a line of sensitive
relays including the Model 705
which provides positive control at
levels as low as 1% microampere.
Non-chattering magnetic contacts
handle up to 10 watts at 120 volts,

| To do

important
measurement

Model 697 VOLT-OHM-MILLIAMMETER
One of a line of pocket-size meters,
Model 697 combines a selection of
a-c and d-c voltage, d-c current, and
resistance ranges. Ideal for mainte-

nance testing and many inspection
requirements.

Model 686 ELECTRONIC TUBE ANALYZER
tests tubes under exact operating
potentials. Accurately determines
true mutual conductance of all
tubes, in accordance with manufac-
turers’ rated operating conditions, or
under desired operating conditions.

PANEL and SWITCHBOARD INSTRU-
MENTS—a complete line of instru-
ments in all types, sizes and ranges
required for switchboard and panel
needs. .. including d-c, a-c power
frequencies and radio frequency,
rectifier types and D.B. meters.

o
=
>
-_—

MENTS —portable d-c and a-c thermo
instruments for precision measure-
ment of potentials and minute cur-

rents in electronics or laboratory
research.

Manufacturers °

Mode! 901 PORTABLE TEST INSTRU-
MENTS available in d-c, Model 901
—and a-c, Model 904, single and
multiple ranges of wide coverage.
Excellent scale readability and
shielding. Accuracy within 5 of
1%.

oration
N Electrical {nstrument Corp
WESTO

505 Frelinghuyse

Model 1411 INDUCTRONIC D-C AMPLI-
FIER—stable amplifier provides high
degree of resolution even at frac-
tional loads. Reaches steady full
scale deflection in fraction of a sec-
ond. Interchangeable plug-in range

standards for either microamperes
or millivolts.
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 improve your product with -

MYCALEX is a highly developed glass-bonded
mica insulation backed by a quarter-century of
continued research and successful performance.
Both pioneer and leader in low-loss, high fre-
quency insulation, MYCALEX offers designers
and manufacturers an economical means of attain-

MYCALEX is efficient, adaptable,
mechanically and electrically superior
to more costly insulating materials

® PRECISION MOLDS TO
EXTREMELY CLOSE TOLERANCE

©® READILY MACHINEABLE
TO CLOSE TOLERANCE

® CAN BE TAPPED THREADED,
GROUND, SLOTTED

©® ELECTRODES, METAL INSERTS
CAN BE MOLDED-IN

® ADAPTABLE TO PRACTICALLY

ANY SIZE OR SHAPE
MYCALEX is available in many grades .
to exactly meet specific requirements

CHARACTERISTICS OF
MYCALEX GRADE 410

Meets all the requirements far Grade
L-4A, and is fully approved as Grade L-4B
under Joint Army-Navy Specification

JAN-1-10 o

Power factor, 1 megacycle 0.0015 :

Dielectric constant, 1 megacycle 9.2 "

loss factor, 1 megacycle 0.014

Dielectric strength, volts/mil 400

Yolume resistivity, ohm-cm 1x10!% .

Arc resistance, seconds 250

Impact strength, lzod, 4
ft.-lb/in. of notch 0.7 T el e for 0

Maximum safe operating -
temperature, °C 350 -

Maximum safe operating :
temperature, °F 650

Water absorption % in 24 hours nil

Coefficient of linear expansion, °C 11 x 106

Tensile strength, psi 6000

MYCALEX is specified by the leading
manufacturers in almost every electronic
category

SINCEI9I9

ing new efficiencies, improved perform-
ance. The unique combination of characteristics

that have made MYCALEX the choice of leading
electronic manufacturers are typified in the table
for MYCALEX grade 410 shown below. Complete
data on all grades will be sent promptly on request.

elelsIefoio. o o o =

’

Mycolex 410 s Mycalex 410
Tuning Coil Form . Tuning Switch Plate

Mycatex 410 Terminal Base
and Cap Assembly for
Fire Detection Equipment

Mycalex 410
Rotary Switch Stator

Mycalex 410
Tuning Stotor Plate

Mycalex 410
Solenoid Type Coil Form

CAL MYCALEX CORPORATION OF AMERICA

THE INSULATOR Owners of ‘"MYCALEX' Patents and Trade-Marks

TRADE MARKREG US PAT OFF
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Execative 0ffices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Offices: CLIFTON, N.).
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For measuring |ow level potentials
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Self-Contained
ZlechioniK

Electrical
Characteristics

¢ RANGES—Recorders:
0-100, 0-200, 0-500 micro-
volts, 0-1 millivolts. Indi-
cators: 0-500 microvolts
and 0-1.1 millivolts.

¢ STABILITY (after warm
up)—1 microvolt or less
for all ranges.

e LIMIT OF ERROR-—
149, of span.

¢« SENSITIVITY—0.1
microvolt.

e DEAD ZONE —0.1 micro-
volt or 0.0069%, of span
(whichever is greater).

¢ PEN SPEEDS—24 or 12
seconds full scale travel.

¢« CONTROL FORMS—
Any standard pneumatic¢
form, circular chart only.

¢ CHART SPEEDS—Any
standard speed.

« POWER SUPPLY-—115
volts, 60 cycles only.

e« RANGE OF INPUT
SIGNALS TO RE-
CORDER — (approx.)
0.05 uv to 1 mv.

ELECTRONICS — November, 1951

Narrow Span Potentiometer

Now, with the development of a new potentiometer circuit
and high gain amplifier, extremely low level potentials can be
measured, recorded and controlled in a new self-contained
instrument. The sensitivity of this instrument is so high that a
change in signal as low as one-tenth of a microvolt can be
determined. Spans as narrow as 100 microvolts provide a great
degree of accuracy. Internal design practically eliminates
thermal emf’s and stray a-c pickups.

The new ElectroniK Narrow Span Potentiometer may be used
wherever the accurate measurement of d-c potentials of the
order of microvolts is required . . . such as direct voltage
determinations, precise measurement of differential tempera-
tures, and determination of slight variations in temperatures
of small objects.

The instrument is available as a Strip Chart Recorder (illus-
trated), as a Multi-Point Precision Indicator, and as a Circular
Chart Recorder with pneumatic control. For detailed informa-
tion, write for Data Sheet No. 10.0-8.

MiNnNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi-
sion, 4428 Wayne Ave., Philadelphia 44, Pa.

MINNEAPOLESS

Honeywell
Browa Qutiiumats-
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MAGNETIC MATERIAL

produced 1o the h|ghest quality standards

* Cast Magnets, Alnico 1, 11, Ill, 1V, V, VI, XI1l, X-900
» Sintered Magnets, Alnico i1, IV, V, VI, X-900, Remalloy*
o Vicalloy* o Remalloy* (Comol)
¢ Cunico ¢ Cunife * Cast Cobalt Magnet Steel

HIGH PERMEABILITY MATERIALS

TAPE WOUND CORES
* Deltamax * Supermalloy® ¢ Permalloy® +4750 e Mumetal
POWDER MO-PERMALLOY* CORES
PERMENDUR; Cast and Forged

BBBBBBB

_ THE ARNOLD ENGINEERING (COMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
4 o ol
INCT g General Office & Plant: Marengo, m .....

& L e
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REASON for CONFIDENCE
...in Peace or War

o

. . . that’s what the trademarks and brand names of
American producers establish. For never has a coun:
try accumulated such wealth of designing and engi-
neering talent, such monumental means for producing
both the necessities and luxuries of the day, or such
massive potential for meeting the needs of tomorrow—

however vast and varied they may be.

Accordingly, we take particular pride in our per-
sonal emblem. Representing a wide range of alloys for
the electrical, electronic and heat-treating industries,
it is the very symbol of quality and dependability to a
host of manufacturers thruout the nation. We are well
aware of our obligation to uphold its reputation—in

peace or war.

So if your products demand electrical resistance
material of outstanding uniformity, high stability, and

long life . . . or if you require radio alloys for elec-

tronic uses . . . or high heat.resistant equipment .. .
consult with us. Our fifty years’ experience is at your

disposal.

As recipient of the highest Armed Services Award
in 1918, and of no less than five Army-Navy “E”
Awards in World War I1, it is logical that the resources
of this firm should be engaged to an unprecedented

extent in meeting the demands of the present emer-

gency. However, we stand ready to make recommenda-

tions based upon your specific requirements, and shall

be glad to serve you to the best of our ability.

One thing is sure: Your use of a D-H product will
prove a.source of confidence—confidence not only in
Driver-Harris products per se, but, in a wider sense,
confidence in the capacity of creative America to meet

any situation, come what may.

Manufacturers of world-famous Nichrome®
ond over 80 other alloys for the electrical,
electronic, ond heail-treciing fields.

st AtLo,
Wty

HARRISON,

Driver-Harris Company

BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisce
In Canada: The B. GREENING WIRE COMPANY, LTD,, Hamilton, Ontario, Canada

NEW JERSEY

®1.M. REG. U. 8. PAT. OFF,
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A MESSAGE TO AMERICAN

When Congress revised and extended the
Defense Production Act, it relaxed a squeeze
on business profits.

President Truman asserted that this action
by Congress cripples the government in its
effort to prevent inflation which, as he puts it,
could lead to “enrichment and profiteering for
the few, economic hardship and misery for the
many.”

He asked Congress to rescind its action.

This editorial —the second on problems pre-
sented by “escalator”’clauses —aims to throw
some light on this conflict of opinion.

The Squeeze

The squeeze on profits was imposed in the
name of price stabilization. The idea behind
it was simple. The selling prices of industrial
products were to be held under a tight lid.
But many industrial costs are affected by “es-
calator” clauses of one kind or another which
tend to boost production costs. Thus, with
rising costs and fixed prices, profits would be
squeezed and much of the cost of defense
would thereby be shifted from those favored
by escalator clauses to business concerns.

The mechanics of this squeeze on profits
were complicated. But here, in brief, is how
it was to work, The first step was to require
manufacturers to set ceiling prices, effective
May 28, for their products.

INDUSTRY e

ONE OF A SERIES

Defense Production
Be Caught in the Squeeze?

These ceiling or maximum prices were to
allow for increases in manufacturers’ costs
that had occurred since Korea. But they did
not allow for all increases. Manufacturers, for
example, could not include increases in in-
direct costs—office or selling costs. Neither
could they, in calculating their new prices,
include increases in the costs of materials or
direct labor that had come after March 15.
This was the first phase of the squeeze on
profits.

The second phase was prepared by not put-
ting a ceiling on costs. The Wage Stabilization
Board said it could not disturb the operation
of “escalator” clauses by which wage rates are
geared to the cost of living. Moreover, nothing
could be done to curb the operation of the
farmers’ “escalator” clause, the farm parity
arrangement. Under it, the federal government
underwrites higher prices for farm products
to match increases in the cost of things farmers
buy. So this left wages and many materials
costs free to rise against a ceiling imposed on
the prices of what industry has to sell.

Relief-~-at a Loss

On two conditions only would the Office of
Price Stabilization permit a company to raise
its prices and escape this squeeze, One of these
was that increased costs had more than wiped
out its profits; in other words, that it was
operating at a loss. The other condition was




that the industry of which the company is a
part was not, as a whole, making “excess
profits.” That is, the industry, as a whole, could
not get price relief if its overall profits before
taxes were greater than 85 percent of its aver-
age profits during the best three of the four
years from 1946 through 1949, Many com-
panies expected that their profits would be cut
drastically before they could get through this
narrow escape hatch.

When this squeeze on profits was set up,
we were told that industry as a whole was
reporting record profits. But, it was equally
true that wage rates and farm prices also were
at record high levels. And it was also true that,
under the impact of rising taxes and the dis-
locations caused by the defense mobilization
program, profits actually were on the way
down.

Profits — Going Down

By the time Congress acted to relax the
squeeze, corporate profits, after taxes, were
running at a rate 20 percent lower than they
had been six months before. And the clear
prospect was that they would continue to de-
cline,

So the issue put up to Congress was simply
this. Should business firms stand so much of
the brunt of the defense costs while “escalator”
clauses continued to exempt organized workers
and farmers from paying their share of those
costs?

But this question actually is much broader
than one of fairness or unfairness alone, One
certain effect of such a squeeze on profits
would be to undercut the capacity of private
industry to install the new plants and equip-
ment neecded for our mobilization effort. Today
~unlike World War II—private industry is
financing almost all of our huge program to
expand production., And about two-thirds of
the money that has been plowed into the ex-
pansion and improvement of our industrial
machine since World War II has come out of
profits. g

In view of all this, Congress decided last
summer to relax the pressure on profits. This
was done by the controversial Capehart
Amendment to the Defense Production Act.
This amendment has serious administrative
weaknesses. But some measure with the same
purpose is needed to maintain profits at a high
enough level to finance the huge and continu-
ing expansion of our industrial machine that
is now underway.

Basic Issues

As soon as the amendment was enacted, the
President asked Congress to revise the law
again. The heart of his proposal was to restore
to the Administration the powers it used last
spring to arrange the squeeze on profits out-
lined here.

This controversy will continue. There can
be no final answer to it as long as we have
the economic controls made necessary by mo-
bilization.

But if we look beneath the surface of this
technically complicated controversy, we shall
see clearly that the basic issues are:

1. Whether we really shall make an effort
to distribute fairly the burdens of inflation
caused by our defense mobilization —~

2. Whether farmers and organized workers
should be exempted from these sacrifices by
escalator clauses —at the expense of the na-
tion as a whole—~

3. Whether profits should be squeezed still
more — at the risk of putting a fatal squeeze
on the effort of industry to build new plants
and install new tools. These new facilities are
essential to maintaining American living
standards—and they are the heart of our
ability to defend ourselves and the rest of the
free world.

Americans face no more important economic
issues at this time.

McGraw-Hill Publishing Company, Inc.
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| )recision products
ANA—

<4 CLOSE TOLERANCE
RESISTORS

{JAN and standard types)

Wire-wound precision resistors have characteristics
suitable formany exacting modern circuits. Shallcross
Akra-Ohm resistors meet these requirements and
are available in several types, shapes, and mount-
ing styles. They are noted for high stability, low
temperature coefficients, low noise levels, uniform-
ity, long life, and extreme accuracy in matched
pairs and sets. Ask for Bulletin R3.

PREC|SE ELECTRICAL »
; MEASURING INSTRUMENTS

Resistance Standards Decibel Meters
Decade Potentiometers Tone Generators
Decade Resistance Boxes Telephone Test Equipment

Bridges, Wheatstone Low-Resistance Test Sets

Bridges, Kelvin- Insulation Test Sets
Wheatstone Bridge Components

Bridges, Limit Write for Catalog No. 10.

IAL RESEARCH AND DEVELOPMENT SERVICE

- \
\ Today’s complex circuits frequently require the design development, and pro-
¢ ” ‘ duction of highly specialized components, sub-assemblies, or instruments which

fall outside the realm of standard engineering or production facilities. The

E \\ Shalleross Research Department has been specifically formed to handle such
\ e s s assignments. Composed of electronic, electrical, instrument, mechanical, and
Jii ] chemical engineers of broad experience and backed with adequate modern
facilities, this unique service group combines a highly technical as well as an
intensely practical engineering-production viewpoint. We invite you to submit
your requirements for review and recommendation.

50 November, 1951 — ELECTRONICS
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T

<4 HIGH QUALITY
ATTENUATORS

Improved materials and production techniques for
Shallcross Attenuators have resulted in a line that
sets new higher standards of attenuation perform-
ance for practically every audio and communica-
tions use. Shallcross Audio Engineering Bulletin
No. 4 will be sent on request.

CUSTOM-BUILT P
SELECTOR SWITCHES

Shallcross builds single or multiple deck selector
switches having up to 180 positions. Test units have
given satisfactory performance at 250 voits 10 am-
peres and at 2500 voits 1 ampere A.C. Contact re-
sistance ranges from a low of 0.0005 ohms to a
maximum of 0.005 ochms depending upon the size
and material of the contact surfaces. You are in-
vited to outline your requirements on Shallcross
% Specification Sheet No. 6.

Il

2

HIGH-VOLTAGE

Test and Measuring Equipment

Shallcross high-voltage instruments
and corona-protected resistors pro-
vide maximum accuracy, safety, and
dependability in a broad range of
applications, from nuclear physics to
electrostatic generators, precipitrons,
power supplies, transmitters, and
many others. Write for Bulletin F.

COMPANY CoIIingda Pennsylvania
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What
Superior Electroneering
Does for You

@ Cathodes, three types of which
are shown above, are one result of
Superior engineering for the Flec-
tronics Industry—Electroneering.
This is one of our big jobs. It is also
one in which we 1ake considerable
pride and pleasure.

Among the usual run of our
operations in this field: melt ap-
proval tests, raw malerial inspec-
tion, chemical analysis, testing of
emission characteristics, physical
characteristic tests, customer speci-
fication investigation and many
others, we find time to dig well be-
neath the surface of the field.

For example, we continuously
examine satisfactory products in
an effort to improve their quality,
shorten the required fabrication
time, cul the costs 1o you, make it
easier for you to assemble into fin-
ished parts or give you better ser-
vice in any way.

Another example is our cus-
tomer service which goes well be-
yond the limits of supplying good
parts on schedule. We frequently
work hand-in-hand with custom-
ers’ engineers to solve their prob-
lems involving tubular parts. We
are glad to consult with them at
any time about the design or mate-
rials required for a new part or
application. And, although we do a
good bit of this, we’d like to do
more. If you have a problem, why
not let us help you find a solution
with our combination of Electro-
neering and production know-how
about cathodes and other parts for
television, radio and other vacuum
tubes. Write Superior Tube Com-
pany, Electronics Division, 2500
Germantown Ave., Norristown,
Pennsylvania . . . no obligation
of course.

This Belongs in Your Reference File
...Send for It Today.

NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint describes
the manufacturing of the cathode sleeve from the refining of the base
metal. Includes the action of the small percentage impurities upon the
vapor pressure, sublimation rate of the nickel base; also future trends

of cathode materials are evaluated.

Life testing of standard diodes which com-

pares various cathode alloys.

Trolley exhaust for sealing-off standard
diodes.

- i SR e

Microscopic examination studying surface
conditions of cathodes.

All analyse: nOlO,’f to %'’ OD.
Certain analyses (035" max. wall) Up 1o 1%” 0.D.

-]

e e Tl o=

SUPERIOR TUBE COMPANY o Electronic Products for export through Driver-Harris Company, Harrison, New Jarsey * Harrison 6-4800
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“tiff assignment you've been given, Mr. Designer!
Fortunately General Electric’s brand-new 17RP4
picture tube enables you to carry out your
instructions word-for-word.

CHASSIS COSTS ARE TRIMA \ep because the 17RP4,
electrostatic in design, requires no fixed magnet or
focus coil with potentiometer. Convert either of these,
plus labor, into retail pricing, and you have the
desired mark-down in your new receiver.

NN P "2 A T

AT Ls savep! Needing neither fixed
magnet nor focus coil, G.E.’s new 17RP4 eases your
requirements for cobalt, nickel, and copper . . . thus

helps assure steady TV production in your plant.

5 1 The 17RP4 has zero
focus voltage, which eliminates a receiver focusing
knob or internal adjustment . . . meaning simpler
TV operation and extra customer appeal for your set.

Picture performance is equal to other tubes or better!
Exhaustive tests have proved this. Phone, wire, or
write for descriptive Bulletin ETD-102, just off

the press! General Electric Company, Electronics
Division, Section 7, Schenectady 5, New York.

C/M care pul youwe (xw//'/ﬂ/mf 272

GENERAL .
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“ .aﬂower price

e

ELECTRIC

for oufnﬁw set

—avoid critical materials
_simplify t

b4
he controls?

I7RP4

El.ecfrosfafic Picture tybe
with zero focus voltage

Anode No, 2, voltage 14,00
Anode No. 1, voltage for focus o
Grid No, 2 voltage %

Grid No. 1, voltage o
for spat cut-off -33

lon-!rap field intensity o
(smgle-ﬁeld), approximate 35 gausses

%
e

181-K5

53



54

SERVOS
ACTUATORS

swers /
TO YOUR SRRy
FRACTIONAL
H.P.MOTOR

PROBLEMS

ASSEMBLIES
Electric motors to meet exacting require-

. -

ments have been a specialized business
of OSTER for more than 25 years.

A highly qualified engineering and pro-

duction personnel which helped to . '/
solve your fractional h.p. electric
motor problems in the last war makes
fully available to you once again an
engineering and manufacturing skill
known for service, quality and dependa-

bility. A staff of trained field engineers

is at your disposal. Call on us!

MANUFACTURING COMPANY

AVIATION DiIVISION
RACINE, WISCONSIN
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IWO TRUARC RINGS IN NEW PRESSURE PUMP
SAVE *1.48 PER UNIT

OLD WAY Requires 4 skilled-labor threading opera-
tions...4 heavy screws on a cover plate and an internal
tapped thread, plus plug at rear. Assembly is slow and
difficult... maintenance necessary.

\\\
||k

11
V7 Mo
SN N i ez
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s
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Using 2 Waldes Truarc Retaining Rings in their new Pump, saved the
Procon Pump & Engineering Co., Detroit, $1.48 per unit! With Truarc
Rings, assembly is speedy, simple. Skilled-tabor threading operations
...stripped threads...maintenance are eliminated. Parts are firmly
held together for life of unit!

Redesign with Truarc Rings and you, too, will cut costs. Wherever you
use machined shoulders, bolts, snap rings, cotter pins, there's a Waldes
Truarc Retaining Ring designed to do a better job of holding parts
together.

Truarc Rings are precision-engineered . .. quick and easy to assem-
ble and disassemble. Always circular to give a never-failing grip.
They can be used over and over again.

Find out what Truarc Rings can do for you. Send your blueprints to
Waldes Truarc engineers for individual attention, without obligation.
Waldes Truarc Retaining Rings are available for inmediate delivery from
stock, from leading ball bearing distributors throughout the country.

For precision internal grooving and undercutting

SEND FOR NEW BULLETINS md>
WALDES

. TRUARL

REG. U.S.PAT. OFF.

RETAINING RINGS

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

WALDES “TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING

U 5. PATENTS, 2.382,947: 2.382,948: 2,416,852; 2.420.921; 2.428,341; 2,439,785 2.441.846; 2.455.165;
7.453,280; 2483.383; 2.487.802; 2.487.803; 2.491.306: 2.509.081 AND OTHER PATENTS PENDING.

=
ot
-
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. Waldes Grooving Tool.

NEW WAY Just2 Truarc Rings, set into accurately pre-
determined grooves, bring new simplicity of design...
speedy assembly. No skilled-labor requiredl No mainte-
nancel Rings lock parts accurately for life of unit.

| @éﬁ

USE OF 2 WALDES TRUARC RINGS |
PERMITTED THESE BIG SAVINGS:

Eliminated 2 castings . . . . . - - $ .39
Eliminated 8 screws . . . . . . .. .04
Eliminated machining of 2 castings .56 |
Eliminated drilling and tapping

housing - « v v v v o v o0 oo .40
Reduced assembly time by

elimination of screws . . . . . .09
TOTAL SAVINGS . . . . . .. $1.48
Weightsaved . . . .. .. .. 14 ounces

Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C. 1, N. Y.
Please send engineering specifications and data on Waldes 1

Truarc Retaining Ring types checked below. E-113
0 Bulletin #5  Selfdocking ring types :
I O Bulletin ¥6 Ring types for taking up end-play
i O Bulletin #7 Ring types for radial assembly I
O Bulletin #8 Basic type rings I
: O Send me information about the Waldes Grooving Tool. :
| Name i
| Title ]
I Company |
I Business Address — —— 1
I City Zone State. 5678 I
55



DOW CORNING
SILICONES

L

DOW CORNING 200 FLUIDS are a series of clear, inert
liquids, notable for their thermal stability and for their
remarkably flat viscosity-temperature slopes. Available in
viscosities from 0.65 to 1,000,000 centistokes. Pour points
range from —123°to —47°F. and flash points range from
30° to 600°F. Low dissipation factors at elevated tempera-
tures or at high frequencies, inertness to moisture, oxidation
resistance and heat stability make Dow Corning 200 Fluids
unique among liquid dielectrics.

DIELECTRIC COMPOUND

DOW CORNING 4 COMPOUND is a nonmelting water-
repellent dielectric paste which retains its grease-like con-
sistency at temperatutes from —70° to 400°F. It is highly
resistant to oxidation and to deterioration caused by corona
discharge. Power factor is less than 0.003 at frequencies up
to 10,000 megacycles; volume resistivity is more than 1012
ohm centimeters at temperatures up to 400°F.; dielectric
strength is more than 500 volts per mil at a 10 mil gap.
Dow Corning 4 meets all requirements of Specification
AN-C-128a.

ELECTRICAL INSULATING VARNISHES

DOW CORNING 996 VARNISH dries tack-free in not
more than 3 hours at 150°C. Dielectric strength measured
with 2 inch electrodes on 2 mil ilms baked for 16 hours at
150°C. is 1000-2000 volts/mil, dry, and 500-1500 volts/
mil, wet. Heat flexibility is more than 100 hours at 250°C,
Cured films have good resistance to dilute acids, con-
centrated hydrochloric acid, and dilute or concentrated
alkalies.

SILASTIC %, THE DOW CORNING SILICONE RUBBER

SILICONE
DIELECTRIC MATERIALS

are available in the following forms:

we|

0 A

e

R T

frequency nor temperature changes
have any pronounced effect on the
power factors or dielectric constants
of Dow Corning 200 Fluids. Power
factor and dielectric constant of 1000
cs. fluid at — 17°,23°, and 83° C. are
plotted against frequencies ranging
from 10 to 10'° cycles per second.

Dow Corning 4 packed in phonograph
pick-up head cartridges increased
crystal service life 20 times. The
silicone compound prevents Rochelle
Crystals from deteriorating due to
absorbed moisture. It also acts as a
viscous damping medium, thereby re-
ducing excess vibration and enabling
the head to handle a much higher
frequency.

Flashover in high voltage television
power supply coils can set ordinary
organic varnish aflame. To eliminate
this fire hazard, coils are impregncted
with Dow Corning 996. Highly re-
sistant to arcing, 996 provides posi-
tive protection against carbon
tracking for the life of the entire set.

Silastic combines the remarkable heat stability and moisture
resistance of resinous silicones with the physical properties
of rubber, including resilience, shock and abrasion resist-
ance, and resistance to both mechanical and electrical
fatigue. Its dielectric properties show little change over a
wide range of frequencies, even after aging at high tempera-
tures. The surface resistivity of Silastic is high, and its
thermal conductivity is about twice as great as that of either
organic rubber or resinous insulating materials.

*T.M. REG. U.S. PAT. OFF.

SILICONE-GLASS LAMINATES

DOW CORNING THERMOSETTING RESINS are used to
bond inorganic fabrics and finely divided particles such as
powdered metals or mica. Typical 14 " silicone-glass lamin-
ates have a flexural strength of 22,000 to 45,000 psi; water
absorption after 24 hours of 0.25 %; dielectric strength with
continuous filament cloth of 250 volts/mil or more; power
factor of 0.002 at 1 mc; loss factor of 0.007 at 1 mc; wet
insulation resistance of more than 1012 ohms; arc resistance
of 300 seconds and a heat distortion value above 250°C.

MAIL THIS COUPON TODAY!

DOW CORNING CORPORATION, DEPARTMENT BE-11 MIDLAND, MICHIGAN

Please send me full information on the subjects checked:

Electrical Insulating Varnishes [  Silostic
Lominotes [] Reference Guide to Dow Corning Silicanes

[J Dow Corning 200 Fluids [] Dow Corning 4 Compound [] Dow Corning
[] Dow Corning Silicone-Glass

ATLANTA
CLEVELAND
LOS ANGELES -

CHICAGO
DALLAS
NEW YORK

WASHINGTON, D.C.

In Canada: Fiberglas Canada

Completely eliminating taped con-
nections on aircraft antennae, white
Silastic seals reduce static and corona
discharge by as much as 90%,. They
retain their resilience as well as their
dielectric properties, excluding mois-
ture and foreign matter after long
exposure to the full range of ground
and stratospheric temperatures.

For maximum dependability and long
service life, silicone-glass terminal
blocks and contactor bases are being
used in late model automatic toasters.
Tests prove that Dow Corning silicone
resin bonded glass laminates are
more rigid, more heat-stable, more
resistant fo moisture and easier to
fabricate and assemble than con-
ventional materials.

DOW CORNING

CORPORATION

NAME- = o
Lid., Toronto ¢In Great Britain:
CoMPARY— S = Midland Silicones Ltd., London
STREET
MIDLAND, MICHIGAN
ciTy 20NE STATE '

T T T T T

L e . g S Y
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This Holtzer=Cabot motor
helps the Fathometer* make
9800 soundings per minute!

Owners of small pleasure boats and fishing craft have long

wanted a reliable depth sounder that would be small in size, ‘
L
Here’s how the Fathometer works:
A transducer installed inside the hull
sends out sound waves and picks up the
echoes that are “bounced off” the bottom.
Depths are indicated by the flash of a whirling light
registering against a calibrated dial. The accuracy
of these readings is controlled by a Holtzer-Cabot syn-
chronous motor which receives its driving power in the
form of “square wave” AC from the vibrator power supply.
Rigid specifications were laid down for the motor to
serve in the Fathometer.
The motor specified had to be a slow speed (900 RPM),
synchronous type, 115 volts, 60 cycle single phase with 0.1 ounce
inches torque. It also had to be totally enclosed and suitable for
continuous duty, with input of 11 watts under full load.
Other specifications: — ability to operate in an ambient temperature
range of 0° to 50° C. without exceeding a maximum temperature of 105°C.;
minimum life, 1000 hours of operation.

Holtzer-Cabot met this set of requirements by developing a special
version of the Holtzer-Cabot RBC — 2505 motor, which is now giving
excellent service.

This is just another example of Holtzer-Cabot’s ability to meet the
most demanding specifications in small-motor applications. Holtzer-Cabot
motors range from 1/2000 up through 1}¢ H.P.; from 12,000 RPM to 1
revolution per day!

economical in power consumption and low in price.

Now, the Submarine Signal Division of the Raytheon
Manufacturing Co., Waltham, Mass., is filling that need
with the Fathometer, an echo depth sounder that is
amazingly accurate and compact.

The Fathometer CADET shows depths from
1 foot to 160 feet, and indicates the slightest
changes in bottom contour. It has proven
to be an invaluable aid not only in guiding
boats safely through unfamiliar waters
but also in discovering and indicating

the location and depth of schools
of fish.

<E

;vJt 3
(x M )
3

0
2

£ 4
NLousueo,

HOLTZER-CABOT

DIVISION OF NATIONAL PNEUMATIC CO. INC.

BOSTON 19, MASSACHUSETTS

" Manufacturers of fine electrical apparatus since 1875"

*Reg. U. S. Pat. Off.
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SELENIUM RECTIFIERS

WILL MEET YOUR EXACTING REQUIREMENTS FOR
Y  Magnetic Amplifier Applications

@ Selenium rectifiers for use in modern mag-
netic amplifiers, must have special rectifier
characteristics in order to achieve the maximum
results when used with the newer grain oriented
toroidal cores.

Belcon Balanced Wattage Rectifiers are man-
ufactured to have these special characteristics:
They have a very much higher forward to
reverse-current ratio — as high as fifteen hun-
dred to one or better; they have a low forward-
voltage drop — usually as low as 1.2 volts per
cell.

Belcon also manufactures a complete line of
Rectifiers for industrial applications as well as
specialized Rectificrs to fit unusual applications.
Such units are frequently smaller in size and
therefore may cost less than the standard line
due to the exclusive Belcon Balanced Wattage
principle.

WHY BALANCED WATTAGE

Belcon employs a variable blocking voltage — current density ratio result-
ing in a balanced wattage rectifier. A Belcon Rectifier processed to block
40 volts rms, for example, will deliver 1 ampere; the same size rectifier
processed to block but 20 volts rms will deliver 2 amperes or more.

EELCON RECTIFIERS

DIVISION of BOGUE ELECTRIC MANUFACTURING COMPANY

W S 50 IOWA AVENUE . PATERSON 3, NEW JERSEY
/4,
%\‘;" @ MAGNETIC AMPLIFIERS MARINE EQUIPMENT ELECTRICAL EQUIPMENT
> | J‘. Magnetic Type Voltage Regulation iurface lSegrch Rad:r :‘00 Cycle Gen:;ahrs . .
{7/ o . utomatic Steering Equipment agnetic variable speed motor drives
( Al" o ¥ :‘c- g‘e‘:i:e::ﬂ?r:se Speed Reavlation High Capacity Bilge Pumps c—(no vacvum tubes required)
AC Motors — DC Motors
=~
0 o Synchronous Motors
& PETROLEUM EQUIPMENT AIRCRAFT EQUIPMENT Alternators
% N Tank Gouging Equigment Automatic Aircraft Circuit Testers Invertors
% ! Generating Sets
/7:7[ Mm“‘S [Automatic for open ELECTRONIC COMMUNICATION Plating Equipment
or closed tanks) EQUIPMENT Motor Generators
60 November, 1951 — ELECTRONICS
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outdoor
tower
for
exacting
sound
measurements

Jemsen

in advanced-design lovdspeakers

Jensen’s history is the history of the sound reproduction
art itself. Dedicated to the purpose of making fine loud-
speakers, Jensen engineering has led in the introduction
of new basic developments; types and models . . . has
been first most often throughout almost 25 years of
progress in sound.

Typical of the engineering tools brought to bear on
loudspeaker research, is Jensen's outdoor tower . . . high
in the air, away from reflecting surfaces . . . used for
precise measurements of acoustic performance,

G-610 3-WAY SYSTEM JENSEN MANUFACTURING COMPANY - 6601 S. LARAMIE, CHICAGO 38
World’s Finest loudspeaker Division of the Muter Company « Export Department at the Factory

BURTON BROWNE ADVERTISING
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Strike scttled at long last — materials
stock piled for uninterrupted produc-
tion—orders pouring in with every mail.
Blow that whistle — pull that switch —
everything all set for full speed ahead.
Then . . .-the conveyor belt grinds to a
stop — Just like that, so does work.
What had been a scene of bustling
activity changes to a rest period. Profits
geared to machine regularity, slow to a
loss. The repair crew will find a moto1
breakdowr"dug to failure of insulation
on the coil leads. In order to save pen-
nies, a motor manufacturer lost dollars
in good will.

’I;le right electrical insulation is the
best insurance for your product —and
your reputation. This is the reason
more and fhore electrical equipment
manufacturers are turning to BH “649”
Fiberglas Sléeving and Tubing.

Available in three grades— A-1, B-1,
and C-1, BH “649” is a tough, superior
insulation remarkably abrasion resist-
ant and permanently flexible. It will
take unusual abuse without loss of its

SLi EV

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harrls process (U, S. Pat. No. 2393530). ¢

Out of the red.....almost

physical properties, or dielectric
strength. In fact, often a less expensive
grade can be used since there is little
or no loss of dielectric strength in as-
sembly or product use.

BH “649” is unaffected in heat tests
of 425-450°F for 15 minyges, 302°F for
24 hours, 220-230°F for»1500 hours.
Can be doubled back tipon itself with-
out cracking at —49°F.

Crackproof, splitproof, peelproof, fray-
proof, it will not fog, corrode or sup-
port combustion, resists moisture, oil
and ordinary chemicals.

BH 649" is one of a family of elec-
trical insulations, each designed to meet
particular conditions in service. Give
us a few facts about your requirements
— product, temperatures, voltages —
we will gladly furnish samples for
testing purposes.

Address Dept, E-11
Bentley, Harris Manufacturing Co.
Conshohocken, Pa.

GS

‘Fiberglas’ is Reg. TM of Owens-Corning Fiberglas Corp.
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Cathode-ray Tuhe Division, Allen B. Du Mont Laboratories, Inc., Clifton, N.J.
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AT TORRINGTON

HEADQUARTERS FOR

TIMING
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TIMING MOTORS

HAYDON* timing motors offer many advantages. Slow
rotor speed allows minimum of gearing for various output
shaft speeds providing quiet operation and long life. Unus-
vally small size. Motors totally enclosed. Controlled lubri-
cation with separate rotor and gearing lubricating systems
permits selection of best method and [ubricants. Operates
continuously in any position. Simple to mount securely.
Interchangeable design in only 2 motor series with standard
speed range from &0 rpm to one revelution in 7 days. Write
for Motor Catalog.

Havpo
! N
S im)ou lmumm
A : ey ﬂl_‘n ’Illl c.~ I.E’

400 CYCLE MOTORS and TIMERS

FOR MILITARY APPLICATIONS

HAYDON research and engineering staffs constantly seek
to develop new and build better products. One example
is the HAYDON 400 cycle timing motor. This is an hysteresis
type synchronous timing motor, for use as a separate motor
or in many different types of timers. HAYDON personnel
and plant are equipped to build motors and timers using
D.C., 60 cycle or 400 cycle for military or civilian appli-
cations. Write for Engineering Bulletin No. 2 for complete
information on the 400 cycle motor.

TIMING DEVICES r

HAYDON specializes in the manufacture of timing com-
ponents for standard applications and also in the design
and mass production of custom-engineered timers for volume
applications. The basic element of all HAYDON timers is
our own rugged industrial motor described above. This
means that HAYDON timing devices can be depended upon
to give long, quiet operation. They are small and compact /
and offer designers unusual latitude in that they may be :
mounted and will operate without interruption in any posi-
tion. Write for Device Catalog.

electrig

,'_'f'n.o' uamxmm o ing

o ey gy

HAYDON Manufacturing Co., Inc.

SUBSIDIARY OF GENERAL TIME CORPORATION
2435 ELM STREET, TORRINGTON, CONNECTICUT
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How to put on the squeeze

In the illustration above you see vanes used in the new
Ingersoll-Rand Gyro-Flow portable air compressors.
These vanes do an unusual job. 'fhcy are made from an
unusual material—Synthane laminated plastic.

The vanes are inserted in slots in a rotor which is
mounted off-center in a cylinder. As the rotor spins,
centrifugal action forces the Synthane vanes against the
inside of the cylinder to form chambers between the vanes.
Because of the eccentric mounting, these chambers con-
stantly change in dimension. As they enlarge, air is drawn
through intake ports in the cylinder walls. As they con-
tract, the air is forced under pressure through discharge
ports.

The result is a steady flow of compressed air without
pulsation or vibration. Because of the complete simplicity

PLASTICS WHERE PLASTICS

66

BELONG

of the machine, the compressor is lighter, more efficient,
more economical to operate than conventional compressors.

It is apparent that the vanes are important components.
They must be strong, light in weight, unaffected by the
oils used to lubricate and form an air-tight seal between
the vanes and the cylinder walls. They must be hard and
dense to stand up under continuous operation yet not so
hard as to score the walls of the cylinder.

Synthane has all of these properties and many more.
In fact, it has so many useful mechanical, electrical and
chemical characteristics that it cannot be adequately de-
scribed in less than a complete catalog. If you have need
for such material, a catalog containing a complete de-
scription of Synthane may be obtained by writing Syn-
thane Corporation, 6 River Road, Oaks, Pennsylvania.

‘@
3
4

3
sz}

Manufacturers of lammated plastics
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AIRCRAFT- MARINE PRODUCTS INC.

2100 Paxton Street, Harrisburg 10, Pa.
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you can stand pat

with CLAROSTAT

E
You know, of course, that Clarostat pro-
duces a major portion of those standard
controls and resistors found in today’s
radios, TV scts and other commonplace
electronic assemblies.

But did you know that Clarostat also
builds precision controls and phasing con-
trols to meet the most exacting require-
ments of critical electronic equipment?

Yes indced, for years Clarostat has been
supplying those superlative controls re-

This precision potenti-
ometer has a tapered
winding held to plus/
minus 1149, linearity as
measured at 10 test
points. Mechanical toler-
ances held to plus/minus
0.00025”. Unit operates
dependably over extreme
ranges of temperature,
humidity, altitude or
barometric pressure, and
severe vibration. Obvi-
ously built to a quality
standard rather than to a
Pprice.

Shown alongside a mini-
ature tube is this Claro-
stat Series 48 sub-minia-
ture potentiometer. Only
54" dia. — no bigger than
a dime! Carbon element
up to 3 megs. linear;
slightly higher in taper.
0.4 watt rating. Single,
dual, triple units. Essen-
tial in ultra-compact
electronic assemblies.
Here'’s precision in dim-

quired in precision electronics. Herewith
are three typical examples of Clarostat’s
precision craftsmanship.

Regardless how difficult your control re-
quirements may seem, ¢ry Clarostat! For
here you will find the necessary experience
background, engineering skill, production
facilities and real pride of workmanship
that can provide the answer to your pre-
cision control problem.

te, g £ -
the house i B

of PRECISION <, GLAROSTAT
controls” N\

¥ v o,

'y

68

Tor precision multiple controls such as in electronic computing
equipment, the Clarostat Series 424 potentiometer is unique.
Precision-wound clements. Metal spraying for accurate start and
finish points. Linear: 100 to 100,000 >hms. 3 watt rating. Also in
tapered. No Dbacklash or play. Tracking of all units positively
assured. As many as 20 sections in a sir.gle tandem assembly. Stand-
ard overall resistance tolerance of p us/minus 59, Outstanding
mechanical precision. Definitely, the “impossible” made possible.

“CLAROSTAT MFG. CO., INC.

* Dover, New Hampshire
In Canada:
Canadian Marconi Co., Ltd.,, Montreal, P. Q. and Branches
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“Eimac 4-65A
fits exacting
requirements’’

John M. Kaar, President of
Kaar Engineering Co., promin-
ent manufacturers of high qual-
ity radio-telephone equipment.

Eimac 4-65A tetrodes are the heart of the
Kaar FM-179X mobile transmitter. As Mr.
Kaar indicates, his engineers chose these
tetrodes because they were known to be
outstandingly dependable and because they

exhibit highly desirable operating character-
istics.

The 4-65A is excellent for power ampli-
fier and modulator service in both fixed and
mobile stations. They operate over a plate
voltage range from 600 to 3000 volts with
output powers ranging from 50 to 280 watts
per tube. Upper operating frequency of the
4.65A under normal conditions is 220 Me.

Put Eimac 4-65A tetrodes ’l
to work for you . . . take
advantage of their proved
performance and low cost.
Complete data available upon
request.

Follow the Leaders to

EITEL-McCULLOUGH,

INC.

uy8

The Power for R-F

301

San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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FREQ RANGE
||

AQ BALANGE

Here is the Q Meter you helped to develop

Over a period of seventeen years we have manu-
factured thousands of Q@ Meters and cur customers
have worked with us on application problems of
awidevariety. Our own laboratories have amassed
quantities of data on performance requirements.
The result of our experience and research is a
new VHF Q Meter capable of measuring an essen-
tial figure of merit of fundamenial components
to better overall accuracy than has been pre-
viously possible.

Engineers whose suggestions contributed to the
design of the Type 190-A Q Meter will recognize
immediately many of its new, important fea-
tures. Construction of the instrument is simpler,
more rugged. The resonant method of measuring
Q, used in all Boonton Q@ Meters, has been re-

tained because time and usage have proved it to
be superior to all other methods.

Perhaps most noteworthy is the imprevement
in electrical performance. The VTVM, which
measures the voltage at resonance, has a higher
impedance over the entire frequency band—in-
ternal resistance of the resonating capacitor and
associated circuit is extremely low—minimum
capacitance and residual inductance of the Q
measuring circuit are decreased. You will note
that all of these improvements broaden the useful
range of measurements for a given accuracy.

If you have immediate or possikle applications
for the 190-A Q Meter, write us for complete
information. Boonton Radio Corp., Boonton, N. J.

November, 1951 — ELECTRONICS
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new development
in VHF measurements

The Q METER, Type 190-A

Frequeﬁty Range 20 mc. to 260 mc. Q Indicating Range 5 to 1200

17 YEARS OF RESEARCH PRODUCED
THESE IMPORTANT FEATURES

® Single, easy-to-read meter with parallax
correction, for all functions.

@ Q indicating voltmeter: 50 fo 400. .

@ Multiply Q scale: 0.5 to 3.0. -

¢ A differential Q scale for accurately in- . v

% <

\\ 16
o
. . . o
::llc'ah.ng 'I'he difference in Q between two y\'@ RADIO CORPORATION @0
est circuits.
® Additional accurate expanded scale for

measuring low values of Q.

BOONTON

@ A counter type resonating capacitor dial
for improved setting and reading accuracy.

SPECIFICATIONS —TYPE 190-A
FREQUENCY RANGE: 20 mc. to 260 mc.
RANGE OF Q MEASUREMENT:

® Careful design to minimize instrument load-
ing of circuit under test.

@& Low internal inductance, capacitance and

3 Q indicating voltmeter: 50 to 400
FesIslancs; Low Q scale: 10 to 100
® Regulated power supply for increased Multiply Q scale: 0.5 to 3.0
stability and accuracy. Differential Q scale: 0 to 100

. . . Total Q indicating range: 5 to 1200
@ Tunable oscillator in four ranges calibrated

to high accuracy. PERFORMANCE CHARACTERISTICS OF INTERNAL
RESONATING CAPACITANCE: Range—7 mmfd. to

100 mmfd. (direct reading).

" BOONTON ‘RADIO
otelion |

- BOONTON, N.J. U.S.A. i
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® Compact, simple, rugged construction.

POWER SUPPLY: 90-130 volts—60 cps
(internally regulated).




- Today’s speeds demand
electronic gunnery

Today, with interceptors capable of closing in at blinding

speeds, the problem of effective gunnery for bomber A R M A

protection becomes inereasingly acute. Split-second ‘ CORPORATION
tracking, computation and firing are demanded — and 254 36th Street, Brooklyn 32, N. Y.
complex, compact, light-weight electronic instruments SUBSIDIARY OF AMERICAN BOSCH CORPORATION

furnish the answer. Arma—working closely with our Armed
" Forces since 1918 — has supplied the outstanding

. - — . UALITY PRECISIS
engineering, imaginative design and precision manufacture n A n M A HHIEINE
that play a leading part in producing these ) INSTRUMENT

miraculous instruments.
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WATERBURY 20, CONNECTICUT o SUBSIDIARY OF KENNECOTT COPPER CORPORATION ¢ C?g\;ﬂ
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Wire Trouble?

When wire twists and tangles as it uncoils, you lose
preduction time. That’s why Chase mills pay so much
attention to the “cast’ of Chase copper alloy wire.
Uniformity of temper and stress makes Chase wire
conform to the shape of the coil and unwind smoothly.

1t is free from physical defects . . . uniform in gauge,
texture and color. For cold-heading, Chase wire is
tops. Write for folder “Chase Cold-Heading Extruded
Brass and Copper Alloy Wire.”

“DO” orders: Our metallurgical engineers are familiar
with military specifications for brass and copper for
ordnance components, and will be glad to consult with
you on the selection of these metals for defense orders.

o The Nation's Headquarters for Brass & Copper

Chase ,ﬁ BRASS & COPPER .. "o .\

Atlanta Dallas Les Angeles

Battimora Denverf Mitwaukee
‘‘‘‘‘‘‘‘‘‘ Boston Detroit Minneapolis

Chicage Houstont Newark

Cincianati  Indianapolis New Orfeans

WAMA-aReLicantadiehistonscom

New York
Philadelphia
Pittsburgh
Pravidence
Rochestert
St. Lovis

San Francisce
Seattie
Waterbury

(tsales
offica only )
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AUTOMATIC FEED
BOOSTS
PAPER-SECTION
COIL QUTPUT

A
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MAXIMUM COIL DENSITY An entirely 25 INSERTS A MINUTE Single or laminatec nsileting sheets, either pap=- or a-etate,
new type of delivery shelf is used to in- are fed into the Leesona No. 107 Coil Winder at rates as high as 25 per minute. Thus,

filé;esict(;lit?ifn?;;?: ﬁg?;gf;ybigﬁ;;gg on a coil containing 100 wire turns per layer, the machine can he run at speeds as

pull to the paper as it is fed into the coil. high as 2500 rpm.

SLOW, CUSHIONED AUTOMATIC START
Electronic speed-control automatically Wire turn counter can be reset quickly. Nio cam transfers are required when chang-

and smoothly accelerates the winding
arbor to required speed and maintains

it. No “jockeying” needed by operator. Write for GMCW-15
Wire breakage is minimized, tension is

uniform. UNIVERSAL WINDING COMPANY
P. O. Box 1605, Providence 1, R. I.

ing wire layer length, wire spools are easily changed.

For winding coils in quantity
accurately . . . automatically
use Universal Winding Machines

238.1.3
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edwin i. guthman & co., inc.
15 s. throop st. chicago 7. . CH-3-1600

also attica, indiana

protects fine

design with

To protect the outstanding .
performance characteristics of this
precision engineered sweep
transformer—and dozens of other
types of carefully engineered
finished coil products*—the
Edwin I. Guthman Company reliés
on a special system of quality
control. Developed over twenty
years as the World’s largest
independent maker of coils and
electronic components, the system
rests today in the capable hands

of such widely experienced
engineers as Frank Iverson, who
has spent 23 years in the engineer-
ing and production departments
of Crosley Corp., Stewart-Warner
and the Guthman Company . ..
significantly, quality control engi-
neers at Guthman are responsible
only to top management . . . so,

for products that achieve the
ultimate in laboratory specifications
we sincerely urge you to consider
using Guthman built products

in your next design . . . and
Guthman engineers will design
components especially for you.

Write today to Dept. G for a free
descriptive brochure.

s VO .-;;,;,7,.‘,‘;‘;»
DD N S
RHIDACY

‘

BURTON BROWNE ADVERTISING



new!

ACTUAL

| TUBULAR
PAPER
CAPACITORS

Fit anywhere!

Suitable for
85°C. operation!

CAPACITANCE RANGE:
0001 TO .5 MFD.

VOLTAGE RANGE:
200 TO 600 V., INCLUSIVE

Sturdily built in phenolic-
impregnated tubes. Ends
are plastic-seal.d.

WRITE FOR COMPLETE LITERATURE

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

\*} PYRAMID

PYRAMID ELECTRIC COMPANY

1445 Hudson Boulevard
North Bergen, N. J, U.S. A

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

By W. W. MacDONALD

Material Shortages were most
troublesome in the field of elec-
tronics about a year ago. Then the
situation eased because early con-
trols designed to avoid dissipa-
tion of unknown stockpiles were
loosened as it became apparent
(1) that military apparatus still in
process of design would take some
time to produce, (2) that certain
materials were in plentiful supply
and (3) that consumer buying was
declining.

Now we are facing a new period
of shortage, and this time it is
more real than imaginary, since
critical materials are actually be-
ing used iIn quantity in the
production of military gear. Wash-
ington people tell us that short-
ages will pinch harder and harder
until well into 1952, and that some-
time during that year relief will
come as the peak of military pro-
duction is passed.

That the pinch will become
harder is a prediction with which
we readily agree. As to when the
peak of military production will be
passed, bringing relief, we note
that there are two variables, first,
our own production capacity and,
second, Stalin’s timetable.

Californians, it was noted last
month in this column, are making
a strong bid for defense business.
We have just returned from a
three-week trip which took us into
47 plants in the San Francisco bay
area and in Los Angeles county
and offer the following observa-
tions:

For many yvears design and de-
velopment work under way on the
West Coast has been impressive.
Now firms in that area are begin-
ning to put the heat on production
and all but two of the plants vis-
ited had just added materially to
their physical facilities or were
about to do so.

Still buying certain materials
and component parts from other
sections of the country at some-
thing of a premium, manufac-
turers now shooting at national
rather than regional distribution

and in a fair way toward achiev-
ing it are looking more intensively
for new sources of supply. And
are finding some closer at hand.

More highly specialized insofar
as products are concerned, and in
most instances still smaller than
older firms making similar prod-
ucts farther east, California elec-
tronic equipment manufacturers
are nevertheless handling sizeable
contracts by cooperating with each
other to an extent not often seen
elsewhere. Collective action in the
common interest appears to be
both pleasant and profitable.

Speaking Of Cooperation, there
was a great deal of it involved in
the highly successful seventh an-
nual Pacific Electronic Exhibit
and Conference held in San Fran-
cisco’s Civie Auditorium just one
jump ahead of the Japanese Peace
Conference.

West Coast buyers of some in-
fluence helped the Committee in-
duce the largest number of mid-
west and eastern manufacturers
so far to exhibit their wares. IRE
tied in. And it seemed to our green
eastern eyes that even the Bay
Area and L. A. members of
WCEMA eschewed the usual pleas-
antries regarding relative merits
of the two areas with respect to
climate, flora and fauna, traffic
and civic virtue.

A Highlight among the various
Pacific Electronic Conference pa-
pers, proving, if further proof is
needed, that Californians are now
definitely out of the longhair stage
and quite aware of the commercial
facts of life, is the following
quote.

Said Russell Varian regarding
development work: “When you have
money enough you don’t have time
enough, or vice versa.”

Mt. Wilson is Southern Cali-
fornia’s television highspot equiva-
lent to New York’s Empire State
Building, so we went up there to
browse around.

First thing we noticed was that
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Put Electronics to work

Sample pages showing
easy-to-read diagrams.

HERE'S HOW TO
MAKE 24 VALUABLE TIME-
AND LABOR-SAVERS

You don’t have to be an electronics engineer to build
these useful household gadgets. The step-by-step in-
structions in Sylvania’s fascinating new book, “Elec-
tronic Shortcuts for Hobbyists,” are written expressly
_ for the home hobbyist, model maker and electrical ex-
perimenter. With this book you can build:

A Radio-Controlled Door Opener.

:; 2 =

 FOR THE HOME HOBBYIST,

o Gl L 5 i

- EXPERIMENTER AND
o= oy

- MODEL MAKER

APPLICATIONS
i

i

SYLVANI A tCIRIC PRODUCTS

An Electronic Door Lock.

A Charger for Small Dry Batteries.
Radio-Controlled Relays.
Pocket-Sized Stroboscopes.
Remote Control for Model Trains.
A Doorbell Booster.

Photoelectric Relays.

Photographic Interval Timers,

An efficient Crystal Radio . . . and many other
valuable gadgets.

All you need is some inexpensive Sylvania Crystal
Diodes and a few everyday materials. Book contains
full instructions and easy-to-follow diagrams. Send a
quarter along with the coupon for your copy.

ONLY

ia Electric ‘Pro.dudsplnc.
E-1011,Emporivrt a.

25¢ for €op
?s ’!’:’)rl Hobbyists:”

Sylvan
Dept.

Enclosed 1
“Blectront

y of

please fin
¢ ShorscH

ELECTRONIC DEVICES; RADIC TUBES: TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT: FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS: PHOTOLAMPS: TELEVISION 3E1S
ELECTRONICS — November, 1951
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SHOCKand VIBRATION NEWS

rmwwﬂw‘

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

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

These mountings are designed espe-
cially for unusual military condi-
tions. They meet the vibration re-
quirement of JAN-C-172A, MIL-E-
‘5272 (USAF), and MIL-T-5422
(BuAer). For details of sizes, ranges,
and construction of unit mounts and
bases using ALL-METL Barry-
mounts, see catalog 509.

FREE CATALOGS

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

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

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

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

& BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION

NEW ALL-METL
BARRYMOUNTS

for Unusual Airborne
Applications

“RUGGEDIZED”
BARRYMOUNTS AND
MOUNTING BASES

Now Available to Meet Shock
Requirements of AN-E-19

Barry vibration isolators and
mounting bases are now available
n “ruggedized” construction, to with-
stand the severe shocks of arrested
landings in aircraft carrier service
and of crash landings. These units

are tested to meet the shock-test re-
quirements of Specification AN-E-19,
listed in

for the equipment sizes
JAN-C-172A.

“Ruggedized’”’ Barrymounts are
available in both the air-damped type
and » the ALL-METL type. Air-
damped Type 770R covers load ranges
between 1% 1b. and 9 lbs. Air-damped
Type 780R covers load ranges be-
tween 4 lbs. and 35 lbs. ALL-METL
Type 6600R covers load ranges be-
tween 4 lbs. and 35 lbs. Type M-112R
covers ranges between 2.and 10 lbs

5 :

i
‘““Ruggedized’”” mounting bases,
equipped with Barrymounts of the
above types, are available in stand-
ard JAN sizes (JAN-C-172A) and
in special sizes to meet customers’
requirements. A conspicuous advan-
tage of these “ruggedized” Barry
bases is the gain in strength of the
base framework itself — beyond JAN
requirements — achieved with very
little increase in weight for loads
up to 60 lbs. by design modification
of standard JAN bases. For greater
loads, the “ruggedized” Barry bases
are of stainless steel instead of

aluminum. Write for data sheet.

See our advertisement in Electronic Buyer's Guide pages 240-241

707 PLEASANT ST,,

THE BARRY CORP.

WATERTOWN 72, MASSACHUSETTS

SALES REPRESENTATIVES IN

Rochester
_Minneapolis

New York
_Chicago

Philadelphia
St. Louis

Washington
Seattle

Detroit
Toronta )

Cleveland Dayton

Los Angeles Dallas
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BUSINESS BRIEFS (continued)

one of the stations used a high-
gain antenna that appeared to
have been bent over a little by
the wind. Investigation disclosed
that the bend was deliberate, to
pump stronger signals into a
growing residential area of L. A.
down near the base of the moun-
tain. (Coincidentally, we note that
tilting of uhf tv antennas to in-
sure good local coverage has been
suggested elsewhere in the public
prints.)

Another station up on Wilson,
the oldest one there in fact, se-
cures excellent coverage near the
base of the mountain by what
might at first blush be considered
default. The antenna is not new,
and therefore does not have par-
ticularly high gain. So it doesn’t
pump signals over the heads of
people down near the base of the
mountain,

Station Operators on Mt. Wilson
get what might be considered
portal-to-portal pay, being paid
from the time their car starts up
the mountain until it is back down
off again.

First station we entered early
one morning had two very busy
operators. They asked us to stick
around a minute for a ragchew
because, to put it in their words,
“We're just getting the station on
the air for the day . .. we hope!”

The old wheeze involving a
grid-leak drip pan is no longer
far fetched. In one of the stations
visited a water-cooled final am-
plifier definitely could use such a
gimmick.

GE’s CD Conference at Syracuse
(p 150) may have stimulated more
people in civil defense work to
practical action on communica-
tions matters than anything that
has yet been done by official gov-
ernment agencies.

Two things quickly became ap-
parent to wus while circulating
among men attending the con-
ference; first, that most of them
had never before had an oppor-
tunity to meet each other for a
face-to-face discussion of common
problems and, second, that few
had previously seen any kind of
emergency communications system
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in actual operation.

Also noted was the favor with
which the story of Onondaga
County’s system was received as it
became apparent that it was based
primarily on a tieing together of
existing communications facilities
rather than upon a brand new
network starting expensively
and therefore unrealistically from
scratch.

The major problem faced by all
CD directors was picturesquely
summed up by the county’s Har-
vey S. Smith as follows: “Lord,
please continue your help and give
me a communications system which
will permit me, at very little cost,
to talk back and forth with anybody
m my organization. Communica-
tions, Lord, which will require little
upkeep, easy technical operation,
few telephomes. And, above all,
pleasant, intelligent and efficient
people to staff my communications
net.”

To which we can only add:
Amen.,

DX has a new meaning which
will fascinate radiomen. You put
the letters DX on orders calling
for products, components or ma-
terials other than steel, copper
or aluminum when delay in de-
livery would jeopardize top-
urgency defense programs, says
NPA.

Delicate Subject to be ap-
proached with the utmost finesse,
yvet nevertheless firmly approached
because it appears to represent
virgin editorial material, is the
matter of “Plant Pin-Ups.” We
refer, of course, to the airbrushed
or photographed lovelies pictured
on calenders or torn from the
pages of less staid magazines and
found gracing the walls over desks,
drafting boards and machines
throughout our business.

Paid to explore the recesses of
the subscriber mind with the ob-
jective of rendering a better edi-
torial service, we have been con-
ducting an unofficial and purely
personal survey on the subject. So
far, we must admit, our findings
seem a far cry from the desired
straight line between two points.
Someone, it seems, has pitched us
a curve.
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ViERATION

and sensitive relays

iin most military and much industrial gear relays
must function correctly while subject to vibration
in varying degree. In consideration of this fact
standards for design, comparison and procure-
ment have been set up. It is customary to speak of

resistance to so many "“g's"

g" equols the accelerotion of gravity), and to

of vibration {one

specify by stating that units will be shaken at
stoted amplitude at frequencies up to a certain
maximym. On the assumption of simple harmonic
motion, such a specification correlates directly

into '"'g's" of peak acceleration according to
familiar laws for which convenient nomographs

are ovailable.

There are two principal ways of designing vi-
bration resistance into a relay,

1. Statically balance the moving parts
(armature-contact assembly)

2. Increase the holding-force-to-mass ratio
associated with moving parts,

But this doesn't moke it easy. A bolanced armature
tends to be twice as long as one which is end-
pivoted. Increasing the forces tends to reduce
sensitivity, while reducing the mass tends to limit
switch capacity,

Here's a relay (Sigma 5F) the design of which is
2ight years old. It is a good sensitive relay,

although we won't claim, as a competitor once
did of his pride and joy, that no one has been
able to improve on it. We know that isn't so —
we have improved on it ourselves. Still there are
some jobs it will do better than anything else.

This relay resists vibration by means of a balanced
armature and attains high sensitivity by precise
control of small oir gaps — which necessitotes a
non-resilient armature and switch mechanism,
But as always, you pay for what you get! Al-
though when adjusted for 5 milliwott sensitivity
it will positively withstand 10 g's of vibration at
frequencies up to 60 cps — much difficulty at-
taches to demonstrating this on common “shake
tables”. Its non-resilient armature “feels” high-
frequency noise compgnents present in most
testing mochines which, although smoll in am-
plitude, are high in acceleration value, and
which are absorbed by contoct resilience on
mony other relays. The result — on cam or
crank-driven testing machines — a given adjust-
ment, in reality good for 15 g's (demonstrable
with voice coil or tuning York type equipment)
may appear to withstand less than 5 g's,

If the "output" of a shake table is analyzed by
means of vibration pickup and oscillograph
permitting calculation of "g's”

noise frequencies present — the results are

resulting from

often surprising!

P. S. Many Sigma Relays have both balanced armatures and resilient contact structures. Even so, it is

well to be aware of the choracteristics of the shake table when running tests.

SICMA

SIGMA INSTRUMENTS, Inc., 62 Pearl Street, So.

WAMALaRAericantadieohisteonscom

Braintree, Boston €£5. 7 oo

79



Mallory Is Ready

to equip any receiver for UHF channels

3

The Mallory UHF converter has been designed to permit the
tuning of «/l UHL channels by any TV receiver, with no sacrifice
of VHF reception. Connection to the receiver involves only the
power line and antenna leads—no internal adjustments are
required. Check the characteristics listed below and in the panel
at the left describing the basic tuner.

Physical dimensions 8% x 64" x 5%’

Built-in IF amplifier operating at the conversion fre-

Mallory UHF Tuner

quency (channels 5 and 6) makes up for conversion
A new version of the continuously
variable Mallory Inductuner®, con-
sisting of three sections of variable : A8 P
inductance. Covers the range between Temperature compensation and stabilization prevents
470 and 890 megacycles with approxi-
mately 2 micromicrofarads of shunt
capacity and in 270° of shaft rotation.
Selectivity is excellent over the en-
tire band.

and tuning losses

frequency drift after initial warm-up
Low noise figure

Available now for assembly in your ngh mage and IF eleelion alios

converter or as an auxiliary UHF = Lo .
tuner in your receiver. I'he converter chassis is now available to set manufacturers for

Notw In Development assembly with cabinets, dial plates and knobs of their design.
A combination VHF-UHF tuner. Complete technical literature will be sent promptly on request.

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

Electromechanical Products P R MALLORY a co Inc
Resistors Switches - - = :
TV Tuners Vibrators

Electrochemical Products
Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts  Special Metals P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
Welding Materials
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ELECTRONICS..

..DONALD G.

FINK..

» TRANSITION . . . L. N, Rid-
enour, writing in the August issue
of Scientific American, concludes
“there is nothing wrong with elec-
tronics that the elimination of
vacuum tubes would not fix!” This
heretical statement focuses atten-
tion on the capabilities and limita-
tions of vacuum tubes. Our science
was founded on the ability of elec-
tron tubes to do jobs no other device
could handle. Right after the war,
well-read people everywhere got the
idea that electron tubes could do
anything. Now the pendulum hovers
while we wait its reverse swing.

Electron tubes consume power
(particularly heater power) ineffi-
ciently; they have limited and un-
predictable life; they are fragile. So
long as no really effective alterna-
tive presented itself, we put up with
these shortcomings. Even when the
transistor came along, in 1948, most
electronic specialists were compla-
cent. Sure, the transistor would do
certain jobs: it was efficient, had
long possibly indefinite, life. But it
was noisy and fragile, expensive
and difficult to apply. So the electron
tube remained king of the roost,
where it stands today.

Now the next step has been
taken. The junction transistor (p 82
this issue) is enormously more effi-
cient than a vacuum tube, has in-
definite life, is not noisy, is rugged
as all outdoors, and easy to engineer
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BROSS

TALK

into a circuit. It’s still expensive but
that’s a detail subject to rapid cor-
rection. Every engineer in the know
is pricking up his ears. The tran-
sistor can no longer be dismissed as
a specialty item.

For the first time in half a cen-
tury the electron tube has a real
competitor, with sharp spurs and a
disposition to take over. It promises
to establish whole new areas of elec-
tronic engineering, from computers
to telephone switching systems, and
it will probably make real inroads
in many existing applieations, par-
ticularly military ones. We plan ex-
tensive additional coverage of tran-
sistor electronics in forthcoming
issues.

» ERROR . .. We are happy to
report that Haraden Pratt has not
resigned as Secretary of the IRE,
as mistakenly reported here last
month. Since his IRE duties in no
way conflict with his new job as
Telecommunications Adviser to
President Truman, Mr. Pratt is
still on the job, where we hope he
remains for many, many years.
Our apologies for the error.

» SCRAP . .. As one of the indus-
tries facing drastic curtailment as a
result of the steel shortage, elec-
tronics has more than the usual
responsibility to get behind the
scrap-collection drive. To maintain

.. Editor.

..NOVEMBER, 1951

the present capacity production,
steel makers are melting 3 million
tons of scrap a month, fifty percent
more than they used at the peak of
World War I1. Big scrap items are
needed: obsolete machinery, wait-
ing to be junked, and production
left-overs. So take a look around
your plant and its back yard. If
you've got scrap, get it in to the
scrap pile.

» COLOR LINES . .. We've just
come from a look at the new single-
gun tricolor picture tube developed
by E. O. Lawrence, with findings as
reported in the news pages of this
issue (p 146). Great confusion
seems to have been created by the
initial press stories on this device.
So here’s a quickie: the screen con-
gists of 1,200 vertical color-phosphor
strips, arranged in groups of three.
Behind it are 400 vertical wires
which focus the electron beam on
one or another of the strips. It’s
like the RCA tricolor tube in many
respects, but being based on lines,
rather than dots, it should be ap-
preciably simpler to make. It will
work on the CBS system readily, on
the RCA-plus-industry system only
if considerable power is available
for color deflection. The results are
at the moment not impressive in
themselves, but improvement is to
be expected. Full technical details
next issue.
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Developmental model of junction transistor illustrated (black object with three leads being held) as compared to a 6C4 miniature
triode and an experimental model of a two-stage transistor amplitier imbedded in clear plastic. The amplifier has a power gain

of 90 db in the audio range

"The JUNCTION
TRANSISTOR

0 IMPORTANT does the new
S n-p-n junction transistor ap-
pear for the future of all electronic
development that the editors of
ELECTRONICS have prepared this re-
view from a recent Bell System
Technical Journal paper' and other
published sources, pending the re-
lease of more detailed information
to appear in forthcoming issues.

Two years ago Shockley of the Bell
Laboratories described®® the theory
of a junection transistor made of a
single crystal of germanium, the
germanium being so processed that
the crystal is composed of three
parts, as shown in the drawing of
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IFig. 1. The outer ends of the
crystal are made of the so-called
negative or =n-type germanium.
which contains a particular tvpe of
impurity (for example arsenic).
These are joined by a thin section
of positive or p-type germanium,
eontaining a different impurity (for
example gallium). The p-type has
an excass of positive carriers (“elec-
tron holes”) while the n-type has an
excess of negative carriers (elec-
trons).

Electrical connections are made
to the three sections of the tran-
sistor as shown. The center section,
called the base, corresponds to the

WwWWw americanradiohistorv.com

grid of a vacuum tube; the end
sections are the emitter and col-
lector, corresponding respectively to
the cathode and anode of a vacuum
tube. When a signal current flows
through the base and the emitter,
a larger variation in current be-
tween collector and emitter results.

The static characteristics of
Fig. 2, which resemble the plate
family of a beam-tetrode vasuum
tube, indicate the degree of amplifi-
cation thereby produced. If the col-
lector current /. is held constant,
very small changes in emitter volt-
age will cause enormous changes
in collector voltage V.. The amplifi-
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Three views of the transistor amplifier shown in photograph on left page. Experimental model transistors are visible in the ampli-

Transformers and other components are also visible. Unit will operate continuously for months
with one penlight cell as sole power source

fier as white plastic-covered beads.

New approach to transistor design eliminates catwhiskers in favor of junction
between negative and positive forms of germanium. Major improvements over
the point-contact transistor include lower noise, better stability, higher gain and

higher power-handling capacity. Reliability and low power consumption permit

new large-scale applications now beyond range of vacuum tubes

cation between them may be as
much as 10,000 times (80 db) in
voltage when the terminal imped-
ances are such as to develop the
maximum d-c gain.

In a-¢c amplifiers, the junction
transistor can provide 40 to 50 db
of power gain per stage. While
gains of this order are theoretically
possible in vacuum-tube amplifiers,
they are seldom achieved in prac-
tice. Moreover, the high gain of the
junction transistor amplifier is ac-
companied by unheard-of efficiency
in the use of the applied voltages
and currents, partly because no fila-
ment-heating power is required and

ELECTRONICS — November, 1951

also because about 95 percent of the
theoretical maximum plate-circuit
efficiency is achieved.

Advantages Over Point-Contact

When the transistor was first an-
nounced* in 1948, the device con-
sisted of a block of uniform ger-
manium on which two pointed cat-
whiskers made contact. This point-
contact type immediately attracted
wide attention as a device which
had potentially long life and would
amplify without filament-heating
power, but it failed to immediately
displace vacuum tubes (except in a
few special applications) because of

certain early problems that arose.

First and foremost among these
was tho high noise level, as high as
50 to 60 db above the theoretical
limit. Second was the limit on the
frequency of operation, to not more
than a few megacyeles. Third, and
most important, this transistor
was not reproducible nor reliable,
at least in the early designs.
Finally, its gain was not appre-
ciably greater than that avail-
able from vacuum tubes, and its
power-handling capacity was nota-
bly less than that of receiving-type
power tubes. Consequently, the
point-contact transistor is not a
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BASE

SINGLE —CRYSTAL
_~GERMANIUM BAR
-

EMITTER

COLLECTOR

n-TYPE

FIG. 1—Diagram of the junction transistor. A thin section of p-type germanium is
formed as part of a single crystal, in intimate contact with two larger blocks of
n-type material

competitor to vacuum tubes in the
low-level input stages of radio re-
ceivers, where low noise is essential,
nor in the output stages where high
power or voltage is essential. On
the other hand, current results with
point-contact transistors show that
they can now be made on develop-
mental level with reproducibility of
current vacuum tubes and reliabil-
ity in excess of that obtainable with
tubes. Such transistors are finding
widespread usage in switching and
computing circuits where negative
resistance and high-frequency re-
sponse are important.

The n-p-n junction transistor, it
now appears, has removed all of
these limitations except one (lim-
ited high-frequency response) and
there is every right to hope that
this remaining limitation can be
overcome in time. As a result, when
the problems of mass production are
solved, it appears that the junction
transistor may compete directly
with receiver-type vacuum tubes in
virtually all applications involving
signal frequencies lower than a few
megacycles and gain-bandwidth
products of the order of 100 me.
The extremely high efficiency and
absence of heating power fit it par-
ticularly for applications involving
mass assemblies of amplifiers and
trigger circuits, such as electronic
computers. Its ruggedness, relia-
bility and long life fit it for parts of
the telephone system, notablyv local
switching and subscriber circuits,
where vacuum tubes have hitherto
never been used.

Noise and Stability

A recently developed theory of
noise in transistors, details of which
have not yet been published, indi-
cates that the noise inherent in a
plane junction between n and p
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germanium should be substantially
lower than that associated with a
point contact. Measurements on the
n-p-n junction transistor confirm
this; in fact the units thus far pro-
duced have noise figures between
10 and 20 db above the thermal
limit. This represents an enormous
improvement, about 30 to 40 db,
relative to the noise levels of the
point-contact type. While still not
the equal of the best vacuum tubes,
operating at the same frequency
range, the theory indicates that a
reduction of noise figure to below
10 db can be achieved in the junec-
tion transistor as better techniques
of design and manufacture are de-
veloped.

Circuit stability is another note-

worthy characteristic of the new
transistor. In the early point-con-
tact form, negative impedances
would develop in certain circuit
connections. This is not always a
disadvantage, especially in pulse-
handling circuits for switching and
computing applications. The junc-
tion transistor has positive im-
pedances between all terminals,
whether connected in the grounded-
base, grounded-collector or ground-
ed-emitter circuit. Resulting flexi-
bility of circuit design permits con-
ventional input and output cireuits.

Excellent stability is achieved in
another sense, the ability to with-
stand severe mechanical shock.

The junction transistor is inher-
ently rugged. It consists of a single
crystal of germanium, about %-inch
long, to which are fastened, mechan-
ically and electrically, three leads.
The assembly is then covered
with a plastic shell. Although no
figures on shock resistance have
been published, it would appear
likely that this assembly can stand
at least as great a shock as any
vacuum tube, including tubes de-
signed for proximity fuzes. No
measurable microphonism has been
detected in any of the junction
transistors vet built.

The power-handling ability of the
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FIG. 2—Static collector voltage and current characteristics of the junction transistor.
Note general similarity to the plate family of a beam tetrode
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point-contact transistor is severely
limited by heating at the contact
itself, which must be of small area
and high thermal resistance. In the
n-p-n junction transistor, the cur-
rents pass over two interfaces be-
tween the n and p types of ger-
manium, which may be of substan-
tial area. As a result, power levels
of at least 2 watts may be handled
in units specially built for power
service. Most of the transistors thus
far built are of smaller size and
operate at tens or hundreds of milli-
watts maximum output power. But
there appears to be no fundamental
bar to handling power levels equal
to that of any receiver power tube.
As a result a broadcast-band re-
ceiver with normal sensitivity and
power output can now be built com-
pletely without vacuum tubes.

Efficiency in the use of the power
supply is far better than that of any
vacuum tube ever built. The com-
plete absence of filament-heating
power is evident. This accounts for
a saving of from several watts (in
power output tubes) to about 50
milliwatts (in hearing-aid tubes).
Over and above this, practically no
power is lost in the collector circuit,
corresponding to the plate circuit of
a vacuum tube. In class-A operation,
the theoretical maximum plate effi-
ciency is 50 percent. Junction tran-
sistors operating class-A have effi-
ciencies as high as 49 percent, and
similar  high  performance is
achieved in class-B and C operation.

By far the outstanding property
of the n-p-n junction transistor is
the unbelievably small level of
power consumption required to
achieve useful operation. Since the
static and dynamic characteristics
are the closest approach to the ideal
yet achieved in any electronic am-
plifying device, the transistor am-
plifier requires only microwatts of
power input to amplify signals to
the level of microwatts.

One junction transistor, operat-
ing in an audio oscillator circuit,
will oscillate stably with a power
supply of 6 microamperes at 0.1
volt, or 0.6 microwatt. This is less
than one millionth of the power re-
quired for the filament heater alone
in a conventional receiver tube (6.3
volts at 0.15 amp), and is, in fact,
less power than that developed by a
flea jumping once every eight sec-
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OUTSTANDING PROPERTIES OF JUNCTION TRANSISTORS

Noise figure is in range of 10 to 20 db at 1,000 cps

Positive input and output impedance for all connections
Power gain of 40 to 50 db per stage has been obtained

Class A efficiency, as high as 49 percent of possible 50 percent
Extremely small in size, as shown in illustration

Relatively free from microphonic noise distortion

Frequency response can be flat to at least one megacycle
Power consumption is from one microwatt to several watts

onds. Ridenour® calls this not flea
power, but “lazy flea power”!

In applications where less than a
milliwatt of plate power suffices, the
power consumption is so small that
junction-transistor amplifiers can
operate continuously for months or
years cn ordinary small dry bat-
teries. Moreover, operation is quite
feasible with a total applied voltage
of from 1 to 2 volts, so single-cell
batteries suffice.

Frequency Limitations

The important remaining limita-
tion in the operation of the new
transistor is frequency of operation
and bandwidth. Since the junctions
betweern n and p portions of the
germanium crystal are of substan-
tial area, the electrical capacitance
across them is correspondingly
large. Full gain is limited by col-
lector eapacitance in the present
units to a few kiloeycles, but by the
use of appropriate impedance mis-
matching, the frequency response
may be extended uniformly to at
least one megacycle. At the moment,
the useful upper limit, as deter-
mined by transit time dispersion,
seems to be in the vicinity of 5 me.

The frequency limit is imposed,
in part, by the fact that the elec-
trons and holes involved in the am-
plifying action must pass from the
emitter to the collector by diffusion
through the base layer. Thus the
thicker the layer, the lower the fre-
quency limit, the frequency varying
inversely as the square of the layer
thickness. By producing thin base
layers, the frequency may be ex-
tended upward rapidly. Thus by a
reduction in layer thickness by
somewhat more than three times
relative to that of present units, the

frequency limit could be increased
10 times. The bandwidth limit im-
posed by the collector capacitance
can also be extended by several con-
ceivable modifications of design.

As in other amplifiers, the fre-
quency limitation is most generally
expressed as the gain-bandwidth
product. Computations for a
grounded-base stage indicate that
the measured values of capacitance
and resistance will produce a gain-
bandwidth product of about 120 me.
The corresponding value for the
same transistor in a grounded-emit-
ter stage is 1,300 me, and in a
grounded-collector stage 15 me.
These figures indicate that appreci-
able gain can be had at values well
above one mc.

From the standpoint of the de-
sign and application engineer, it
should be emphasized that the junc-
tion transistor is in an early stage
of development and that many prob-
lems remain to be solved in the
production of the units, particularly
in achieving uniform character-
istics. But the basic principle of
operation is now well established,
in theory as well as practice, and it
can be confidently expected that the
new transistor will extend mate-
rially the range of application of
electronic devices.—D.G.F. and R.K.J.
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Industrial METAL

DEAS WHICH are responsible for
the design of metal detectors

are based upon certain properties
of metals. These properties are:
relatively high density, electrical
conductivity, magnetic permeability
and radioactivity.

Detection of a material of high
density may be accomplished
through the use of either an x-ray
source and fluorescent screen or an
ultrasonic beam which will be re-
flected by a discontinuity in the
homogeneity of the material under
inspection.

Radioactive materials may be de-
tected with a Geiger-Muller counter
and this method is used in the loca-
tion of uranium ore fields. It has
also resulted in the design of United
States Army Detector Set AN/
PRS-2, which is used to detect
American nonmetallic land mines
by virtue of the gamma radiation
from the marker pellets contained
in these mines.

The industrial metal detectors
under discussion are based upon
either or both the magnetic perme-
ability and the electrical condue-
tivity of the particles to be located.

The introduction of one of these
particles into an alternating mag-
netic field results in a distortion
of the symmetry of that field.
Therefore a coil system may be con-
structed which radiates an alter-
nating electromagnetic field. This
field may be called the primary field
and should fill the entire space that
is to be inspected. Any metallic
particle within this field acquires a
magnetic dipole moment as the re-
sult of eddy currents and magnetic
polarization induced in the particle
by the primary field. The induced
magnetic dipole will in turn radiate
a much weaker secondary field. The
secondary field will induce a voltage
in the coil used to radiate the
primary field and in any other coil
which may be placed within the
secondary field.

Coil Considerations

The induced voltage may be
measured as a change in the im-
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pedance of the exciting coil, as a
change in the mutual impedance of
two coupled coils in a mutual-in-
ductance bridge or simply as a volt-
age induced in another coil in the
field. When a mutual-inductance
bridge is used, the coefficient of
coupling % is the ratio to the geo-
metric mean of the two self-induct-
ances it connects: **?

po M
\/Ll I_fzh
where M, L, and L. are all either in
microhenrys, millihenrys or henrys.
The primary coils, connected to
the oscillator or other generator,
are usually connected series aiding.
The secondary coils, connected
through a matching transformer to
the input of the amplifier, are con-
nected series opposing. In this way,
the effect of external electromag-
netic fields may be balanced out.
For metal detector use, the coils are
so positioned that the net coefficient
of coupling % is zero. The only ef-
fective transfer of energy from
primary to secondary is through a
metallic particle. The coefficient of
coupling between a coaxial spherical
coi]l and a resistanceless sphere has
been calculated to be *

4 (_\/‘a b )
3 d

where ¢ = radius of the coil in em,
b = radius of the sphere in em and
d = distance between centers in em.
The maximum inductive coefficient
between coils by means of a metallic
particle is this term squared. Con-
versely, the maximum unbalance
voltage induced in the secondary
coil system is inversely proportional
to the sixth power of the distance
between coil and particle. The sensi-
tivity of a metal detector falls off
very rapidly as this distance is in-
creased.

These phenomena have several
interesting corollaries, A conductive
particle in the field results in energy
dissipation and therefore decreases

k=
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the energy stored in the field. The
self-inductance of the coil produc-
ing the field is reduced and its re-
sistance increased and the voltage
induced by the particle is out of
phase with the voltage in the excit-
ing coil. The conductive particle
acts like a short-circuited secondary
for the current flowing in it de-
pends on its impedance and the
coefficient of coupling with the ex-
citing coil. The induced voltage is
proportional to the square of the
frequency and therefore a high fre-
quency is desirable for the detection
of particles which are electrically
conductive. However, maximum
sensitivity at high frequencies can
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DETECTOR DESIGN

How to design a metal detector for a specific application. Fundamental principles, basic

equations and major design factors are discussed. A typical commercial industrial

detector is described and schematic diagram presented

A commercial metal detector used for inspection of chewing gum. Inspecting coil is shown mounted on the machine in about the center
of the picture with control box directly above it

be achieved only in the complete
absence of moisture.

A ferromagnetic particle in-
creases the energy in the field and
increases the self-inductance of the
exciting coil. The voltage induced in
a mutually-coupled secondary coil
is proportionzl to the frequency if
the particle is purely magnetic, as
shown in Fig. 1. However, in most
cases the inductive effect due to
magnetic permeability is opposed
to some extent by eddy currents due
to electrical conductivity. If any
water is present in the space to be
inspected, a low frequency is desir-
able for the detection of ferromag-
netic particles.
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Theovretical considerations in the
calculation of the strength of the
magnetic dipole moment may be
found in the literature” *°. The im-
portant. factors are the conductivity
and permeability of the particle, the
frequency of the current producing
the exciting field and the depth of
current penetration. Some of these
factors are of course interrelated,
such as frequency and depth of cur-
rent penetration. If we assume the
particle to be a sphere, the strength
m of the induced dipole moment in
maxwells per cm/4x is

3 2u+1-—-W

m = —— '#TITIV‘) V' H, where

WA= keaikachaistare=-cars

w— (g +.g) tank (g + jg) _

(9 — jg) — tanh (9 + jo)
g ==wd \[p,crfi)( 109
5 = conductivity of sphere in mhos,
s = relative permeability of sphere,
f = frequency of exciting field in
¢ps = w/2x, d = diameter of sphere
in em, V7 = volume of spherical par-
ticle in cubic em and H, = magnetic
field strength in gilberts per cm.
The voltage induced in a passive
secondary coil which is subject to
the flux of the dipole moment is

£= —his g:(x +jY) (H, - Hy) X 108

where ¢ = induced voltage in volts,
V — volume in cubic cm, H, — mag-
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Table I—Preterred Tube Types for Metal Detectors

I | [ |
[l Plate | {\ | Watts
Tube Dissi- | Voltage ‘ Ampli- Power Output, Max
Classifi- ‘ Oscillators | pation, || Amplifiers Iﬁcal,ion! Amplifiers | One Rectifiers | Ma
cation Watts Factor Tube
| l 1 |
N _.|___I I | W S | | =g s
Subminia- Syl 5719 70 t Syl 5902 1.0 Syl 5641 50
ture Syl 5898 70 Syl 5639 1.0
Syl 1406A | 70 \‘
Miniature |(GE 6005 12 |E-P5670 | 35 | GE 6005 1.5 ||E-P 5993 70
GE 5670 35 | GE 5686 2.7 ‘Rﬂy 6XaW | 70
| ‘ GESTSL | 10 TS 6X4W | 70
| | GE 5811 17 i
‘ GE 5844 27
i‘ | ,‘T-S 5687 17
= it ——— | | I =
Glass E-P 5992 10 ||RCA 5691 70 ||E-P 5992 4.5 | E-P 5852 [
Types T-S 5881 | 23 RCA 5692 ‘ 20 |/T-S 5881 11.3 E-P 5838 5
Ray 6SNTW 20
: Ray 2C52 i 100
Larger RCA 3C33 | 30 \nay(.K569u 35 |[RCA3C33 | 15.0 |S5R1-GY 250
Glass WE 30083 | 40 I;\VE 3008 17.5
Types |
Syl (Sylvania), E-P (Eclipse-Pioneer), Ray (Raytheon), T-S (Tung-Sol), WE (Western Electric)

netic field intensity in lines per
square c¢cm caused by one amp flow-
ing in the primary coil, H, = mag-
netic field intensity in lines per
square cm caused by one amp flow-
ing in the secondary coil and
(X + 7Y) = complex variable which
may be plotted as a function of g/u
for arbitrarily assigned values of u.

If the exciting coil and the pas-
sive secondary coil form adjacent
arms of a mutual-inductance bridge,
the change of their mutual imped-
ance in ohms resulting from the
introduction of the metal sphere is

. 3V
AZ = jw 8_;r
where | H | is the magnitude of the
exciting field in the vicinity of the
sphere.

The voltage induced in each sec-
ondary coil by the adjacent primary
coil must be nullified by the equiva-
lent pair of coils in the opposite
arms of the bridge. This voltage is

dB . dH
Pl
where ¢ = emf in volts, 4 = area of
cross-section of core in square cm,
N = number of turns, B = flux den-
sity in gausses, H = magnetic field
intensity in gilberts per cm, u. — rel-
ative permeability, d = diameter in
cm and ¢ = thickness in cm.
Variations of these equations ap-
pear in the literature’® and enable

(X +5Y) | H 2% 10

—e=AN
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the computation of the relative re-
sponse obtained from spheroidal
particles or from flat disks. The lat-
ter may be treated as degenerate
spheroids with the minor axis zero.

All these expressions of the vari-
ous relationships between a mutual
inductance bridge and the metallic
particle within its field represent
only close approximations. Many
variations of the equations would
be required to accurately represent
various distances between the four
coils that make up the bridge, the
distances between these coils and
the particle, resistance versus per-
meability of the particle, the posi-
tion of the particle with respect to
the axes of the coils, and so forth.
The equations should serve only as
a guide to the designer, to enable
him to judge the magnitude and di-
rection of the various parameters
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DETECTOR AP[RYURE IN VNCHES

Maximum sensitivity obtainable from
any present metal detector consistent
with good stability

in a relative rather than absolute
sense,

Similar equations are available in
the literature for the design of
metal detectors utilizing the change
in self-impedance of a single coil,
which usually forms part of an os-
cillatory circuit. However, the sym-
metrical mutual-inductance bridge
circuit has two major advantages
over the oscillator type of metal de-
tector. First, the coil symmetry
results in a balancing out of
changes in the mutual impedance
of the coils due to changes in their
shape and position resulting from
temperature and humidity changes.
The balancing-out characteristic
gives the highest sensitivity consis-
tent with high stability. Second,
the resistive and reactive compon-
ents of the bridge unbalance cur-
rent are easily separated and, as
will be discussed later, this discrim-
ination may be used to distinguish
ferrous particles from nonferrous.

The change in mutual impedance
between two coils in a bridge cir-
cuit is a measure of the change in
total field energy and this fractional
change is usually very small. The
SCR-625 mine detector, for ex-
ample, is responsive to a change in
field energy of one part in a million,
a gun detector built several vears
ago’ was sensitive to changes of one
part in twenty million and a re-
cently described metal detector’ is
sensitive to changes in field energy
of one part in ten million. The lat-
ter sensitivity represents the detec-
tion of a sphere whose diameter is
one percent of the coil diameter.

Metal Detector Elements

With these principles as a basis,
an industrial metal detector may
be designed which is very nearly
ideal, for it may incorporate all the
best features of present and previ-
ous models. A Dblock diagram is
shown in Fig. 2, and the various
circuits will be discussed in the
order in which they appear there.

An amplitude-stabilized fixed-
frequency oscillator feeds a coil sys-
tem which is arranged in the form
of a symmetrical mutual-inductance
bridge. The unbalance voltage from
this bridge is amplified and fed into
a phase-selective detector. Either
the reactive or the resistive com-
ponent of the bridge current is
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made to actuate the warning or re-
jection device. Automatic drift
compensation is provided so that
manual corrections for drift are
seldom required.

The oscillator design must sat-
isfy three requirements: it must
provide sufficient power output, fre-
quency and amplitude stability
must be reasonably good and the
design must provide the correct
frequency for the particle material
and size that is to be detected.

Adequate power output is of
paramount importance. In any
practical coil system, only about
one-quarter of the power put into
the exciting coils is radiated in the
form of an electro-magnetic field.
As a practical design parameter, a

RELATIVE RESPONSE (N DB

RELATIVE DISTANCE

FIG. 3—Relative-amplitude response of
quadrant coil system

minimum- of-10- w is required for
detectors with apertures ranging
from 2 to 6 in.; 20 w for apertures
up to one ft; 40 w up to 2% ft; and
about 100 w for apertures up to 5
ft. These figures are based upon
the presumed ability of the system
to detect spherical ferromagnetic
particles whose diameter is one per-
cent of the coil diameter or aper-
ture spacing.

The power requirements may
seem high, but it must be remem-
bered that amplifier sensitivity is
limited by the ambient electrical
noise level, which is relatively high
in most industrial locations. There-
fore, the usable amplifier gain must
be complemented by high power
output from the oscillator. A well-
designed gun detector made for a
prison® used an input to the coil
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system of 1,200 watts. This was for
a coil size of 63 by 3 feet. In this
case the frequency used was 60
cycles and the power was taken di-
rectly from the 115-volt line. For
other low audio frequencies and
large coil diameters, a 60-cycle syn-
chronous motor may be used to
drive an alternator and d-c field ex-
citer of the required frequency and
power output. The use of a motor-
generator set is generally advisable
if the required power is more than
100 watts and the frequency lies be-
tween 20 and 2,000 cycles.

Oscillator Design

For an output of 100 watts or
less, an electron-tube oscillator may
be designed around one or more of
the tube types as shown in Table L.
This oscillator should be one of two
types, and R-C or Wien bridge feed-
back circuit over two stages plus a
driver and power amplifier stage
or a power oscillator of the Hartley,
Colpitts, or Meacham type, ampli-
tude and frequency stabilized.”®

The second type has a much
simpler circuit and fewer compon-
ents. Frequency stability does not
have to be exceptional unless the
amplifier following the coil system
uses high-Q tuned circuits, which
are usually undesirable. Tempera-
ture and line-voltage changes
should not shift the oscillator fre-
quency by more than 5 percent, nor
its amplitude by more than 2 per-
cent. Inasmuch as the preferred
amplifier characteristic is that of a
band-pass filter, frequency shifts of
10 percent may be tolerated if a
symmetrical coil system is used in
the bridge. The lamp-stabilized os-
cillator and the Meacham circuit
with auxiliary control, as described
by Edson, are both excellent for
this application.

Another practical source of
bridge power consists of a full-wave
rectifier, an isolated resonant cir-
cuit and power amplifier used to
give a stable 120-cycle output.® Con-
versely, a system consisting of a
regenerative frequency divider,”
voltage amplifier, and power ampli-
fier is very satisfactory if a 30 or
even 15-cycle bridge supply is de-
sired. These “oscillators” have the
advantage of being frequency con-
trolled simply and effectively by the
60-cycle power line. A voltage-

regulating input transformer may
be used to give good amplitude sta-
bility.

The best coil arrangement for the
bridge is the symmetrical Felicci
mutual-inductance balance and the
variations of it that have appeared
in the literature.” The two pairs of
coils should be as nearly alike as
possible in size, materials, impreg-
nation, mounting and electrical
characteristics. If these require-
ments are followed, the effects of
temperature, frequency and oscil-
lator amplitude are cancelled out
and no spurious signals result from
variations in these parameters.

Shielding of the secondary coils
is sometimes necessary if maximum
sensitivity is to be achieved, par-
ticularly at the higher frequencies.
Care must be taken to insure that
the shield material has a high elec-
trical resistivity in order to keep
eddy-current losses from reducing
the sensitivity of the system.
Aquadag or a thin foil of nonmag-
netic stainless steel are good. A
completely circular form of shield-
ing should be avoided as it would
act as a shorted turn. The Faraday
screen principle is preferred wher-
ever it can be used.

The relative-amplitude response
of the quadrant coil system® is
shown in Fig. 3 for a metallie
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FIG. 4—Frequency response of band-
pass filter
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sphere passing through the coils
from left to right. The separation
between opposite coils should ap-
proximately equal the coil diameter.
Few metal parts of any size should
be used within a distance of the
coils equal to twice their diameter
and fastening screws should be of
plastic or copper-nickel alloy. The
latter material has the greatest
depth of penetration and the least
reflection of the electromagnetic
field of any common metal with
high tensile strength.

Impedance Considerations

The pair of coils energized by the
oscillator are commonly known as
the primary coils and those con-
nected to the amplifier, the second-
ary coils. The output impedance of
the oscillator should be matched to
the impedance of the pair of pri-
mary coils, and the input impedance
of the amplifier should be matched
to the impedance of the pair of sec-
ondary coils. The impedances of
either set of coils should be deter-
mined by the familiar equivalent-
series-resistance bridge® or, for low
frequencies, the approximate im-
pedances may be derived from the
following inductance formula which
is accurate to within =+ 10 percent:
0.8a2n?

L= Getob+i0e

where L = inductance in micro-
henrys, ¢ — mean diameter of coil
in cm, b = length of coil in em, ¢ —
width of coil in em and # = number
of turns,

Charts are available which will en-
able the accuracy of the calcula-
tions, for low frequencies, to be in-
creased to # 1 percent.!

Design of the associated ampli-
fier is best done with two separate
sections, each with its own feedback
loop, placed in series but sepa-
rated by a band-pass filter with the
characteristic shown in Fig. 4. The
operating frequency selected for the
system should be the center fre-
quency of the filter.

The band-pass filter should be
made of thermally stable L and C
components, well protected from
moisture. For the lower frequen-
cies, say from 25 to 20,000 cycles,
the filter may be designed along
conventional lines with high-Q to-
roidal inductances. The basic design
may be that of a composite of low
and high-pass sections,” a narrow
band-pass filter" or a plate-to-grid
impedance-transforming band fil-
ter.® In the latter case, however,
the rate of attenuation at the edges
of the band will not be as great as
with the other filters.

For a system operating at the
higher frequencies, the filter may
be designed as a regular r-f band-
pass tvpe of three or four sec-
tions.™ .

In any case, if the filter were in-
cluded within the feedback loop,
the resulting phase shifts would
make the amplifier quite unstable.

The use of a band-pass filter in
the amplifier is preferable to using
tuned stages, for then any shift in
oscillator frequeney or thermal
drift of the resonant-circuit ele-
ments results in a rapid decrease in
sensitivity and possible instability.
The insertion loss of a well-de-
signed filter will be between 2 and 3
db. The insertion loss must be
taken into account when determin-
ing the overall gain of the ampli-

fier, which should be between 70
and 80 db for most industrial appli-
cations of metal detectors.

The amplifier should terminate in
a phase-selective detector. Phase
discrimination between the resis-
tive and reactive components of tne
unbalance voltage from the bridge
has several important advantages.
No modern industrial metal detec-
tor or mine detector should be with-
out this feature. The resistive
component, due to the presence of
water and metals which are not
magnetic but conductive only, is al-
most 90 deg out of phase with the
inductive component due to the
presence of ferromagnetic mate-
rials. First, this relationship per-
mits the detection of ferromagnetic
particles in the presence of a great
deal of water. Second, it permits
the rejection device to be made re-
sponsive to either magnetic or non-
magnetic particles, or both. Third,
it permits the use of automautic
drift compensation.

Practical Types

Two examples of metal detectors
with phase diserimination are to
be found in the literature. In the
first, a mine detector has been made
most sensitive to the resistive com-
ponent and least sensitive to the
inductive components which result
from changes of elevation above
slightly magnetic ground or distor-
tion of the coil assembly as it
passes over rough ground.”™ ™ The
sensitivity of the SCR-625 mine de-
tector was limited by the magnetic
susceptibility of the ground.

In the second case,' a metal de-
tector has been made sensitive to
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the inductive component and insen-
sitive to the resistive in order to
reject signals caused by the pres-
ence of salt water.

Automatic Drift Compensation

Automatic drift compensation,
sometimes known as automatic
drift control, was first used in the
AN/VRS-1 detector set for land
mines.” * The balancing circuit in-
corporates a “variometer tube”, and
is shown in Fig. 5. A 6SHT is con-
nected as a resistance-coupled am-
plifier stage whose a-c output volt-
age may be controlled by variations
of the d-c grid bias. The input
voltage is obtained from the voltage
drop across the 1-ohm resistor con-
nected across the output of the os-
cillator, so that this input is always
proportional to the output of the
oscillator. The cathode of the 6SH7
is connected to a positive voltage of
about six volts in the oscillator
power supply, so the tube is nor-
mally biased to plate-current cutoff.

The a-c output voltage, which is
a function of the control bias volt-
age obtained from the output of the
main amplifier, is applied to the
secondary coils of the bridge circuit
through capacitor C,. The reactance
of C, is large in comparison to the
antiresonant impedance of the
tuned secondary coils, so the volt-
age across these coils is 90 deg out
of phase with the voltage applied to
the grid of the 6SH7. However, the
voltage applied to the 6SHT grid is
in phase with the current in the
primary coils of the bridge and the
voltage across the secondary coils is
in quadrature with the voltage pro-
duced by an unbalance in the mut-

ual inductance of the bridge.

The effect of a small voltage is
suppressed by a large voltage which
differs from it by 90 deg and the
voltage supplied by the 6SH7 mini-
mizes the effect of drift in the
mutual-inductance balance. The
automatic balance circuit tries to
maintain a constant unbalance volt-
age at the input to the main ampli-
fier. The bridge circuits should be
balanced while the automatic bal-
ance is made temporarily inopera-
tive by closing switch S,. Then,
when S, is opened again, the only
voltage appearing across the sec-
ondary coils will be that produced
by the automatic balance tube.

When a reactive voltage appears
across the secondary coils due to
a temperature variation, for in-
stance, which changes the relative
positions of any two coils, its effect
will be neutralized because the in-
crease in voltage will be automati-
cally offset by a decrease in the out-
put voltage of the 6SHT7. This
compensation is effective only in
the case of the reactive component
of bridge unbalance, as it is applied
here. The resistive component op-
erates the relay and signals the lo-
cation of a mine. Of course, either
component may be used; the resis-
tive component is cancelled out in
another drift compensator de-
scribed in the literature.*

The magnitude of this automatic
compensation is not unlimited and,
as the magnitude of the drift be-
comes greater, it will be necessary
to rebalance the bridge manually.
The value of automatic drift com-
pensation is such that the bridge
may have to be rebalanced manually
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FIG. 7—Oscillator section of the RCA detector
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only every few days, instead of the
usual once or twice a day.

A Commercial Model

Schematic circuits of the RCA
Electronic Metal Detector, models
MD-0725-F4 and MD-1225-F4, are
shown in Fig. 6 and 7. Physically,
it is divided into two sections, one
located above the inspection aper-
ture, and the other below. The bot-
tom unit contains the oscillator and
its amplifier and the two primary
bridge coils. The top unit has the
amplifier and the single secondary
bridge coil.

A biased thyratron is used to ac-
tuate the rejection relay, which in
turn actuates the solenoid or motor
reversing switch, as previously dis-
cussed.

An interesting variation of these
models is the special model MD-
0220-D2, in which the inspection
head and the oscillator-detector
unit are in separate cases and may
be located in places convenient for
each. Electrieally, the unit is almost
identical with the DMD-0725 and
MD-1225. The many advantages of
a smaller inspection head are
obvious.
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Fifteen-pound microwave signal generator. 10 by 5.75 by 4 inches in size
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Block diagram of S-band generator

Microwave Generator

Portable 3,100-mc signal generator with pulsed or c-w output is useful for field testing of

radar and beacon receivers. Substituting crystals in two channels gives up to 600-mc fre-

quency range without changing other circuit components

HE need often arises for a port-
Table microwave signal source
suitable for field testing of radar
and beacon receivers. Among the
prime requisites of such a gener-
ator are minimum size and weight
and accurate frequency calibration.

Laboratory oscillators employing
klystrons or lighthouse tubes re-
quire some kind of frequency-indi-
cating device for accurate determi-
nation of output frequency. Since
inclusion of such equipment in a
portable set is not practical, it

This article is based on a paper presented
at the 1950 National Electronics Confer-
ence. The Conference paper will appear
in Proc. NEC.
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is desirable tc use accurate crystal
control of cutput frequency.

The signal generator to be de-
scribed is an adaptation of the
method of frequency generation
employed by the Bureau of Stand-
ards and the MIT Radiation Labor-
atory” to a portable instrument suit-
able for field test work. The unit
can he adapted for use with any
system where microwave power re-
quirements are modest, with little

increase in over-all dimensions and
no appreciable loss in portability.
The generator consists of a three-
tube r-f section, a three-tube modu-
lator section and a three-tube power
supply. The r-f unit consists of a
dual triode crystal oscillator operat-
ing near 50 me, followed by two
stages of frequency multiplication.
The resulting signal is applied to a
silicon crystal multiplier mounted
in a standard S-band crystal mixer.
Output from the mixer provides
an S-band signal of accurately
known frequency. For receiver
testing, which is the primary use of
the present unit, a pulsed signal
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FIG. 1—Cathode-coupled oscillator

FIG. 2—Schematic diagram of S-band signal generator

with Crystal Control

is normally desired and provision is
made for internal generation of a
modulating pulse.

For convenience in oscilloscopic
testing of receivers, a suitable sync
source is provided with a variable
delay between the output sync pulse
and the modulator pulse. For max-
imum utility, provision is made for
use of an external trigger for syn-
chronization with other system
components.

The cathode-coupled series-mode
oscillator has been found ideally
suited to operation of crystals at
harmonics of their fundamental
mode. This oscillator originally pro-
posed by Butler®* and further devel-
oped by Goldberg and Crosby® con-
sists of a grounded-grid amplifier
driving a cathode follower. Out-
put of the cathode follower is
in the proper phase to supply posi-
tive feedback to the grounded-grid
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stage. By using a quartz crystal
as the cathode-coupling impedance,
the feedback will be of the proper
phase and maximum magnitude at
the series-resonant frequency of the
crystal. At all other frequencies
the loop gain and phase-shift con-
ditions will forbid oscillation.

Frequency Stability

This type oscillator is greatly im-
mune to changes in tube character-
istics, operating voltages and stray
circuit impedances. Both the input
and output impedances of the amp-
lifier are low, less than 200 ohms, a
criterion which analysis will show
to enhance frequency stability.
Operation of the crystal at its ser-
ies or low-impedance mode will
minimize the effect of variation in
circuit constants.

A recent proposal by H. Cress-
man of Bendix Radio places the

erystal in the grid ecircuit of
the grounded-grid amplifier, thus
achieving a grounded-grid condi-
tion only at the series resonant fre-
quency of the crystal. At other
frequencies the degeneration pro-
vided by the high-impedance grid
circuit forbids oscillation. Cathode-
coupled feedback is provided by a
capacitor with the over-all opera-
tion essentially the same as previ-
ously described.

Some simplification in circuitry
is provided by the Cressman oscil-
lator in multiple-channel operation,

in that one crystal terminal may be

grounded and switching accom-
plished at the other terminal. Such
an oscillator will run only at the
fundamental and odd harmonics.
The oscillator employed by the
author is essentially that of Cress-
man and is shown schematically in
Fig. 1. A dual triode is employed
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as the oscillator. The plate tank of
the grounded-grid stage is a slug-
tuned, seven-turn coil on a 0.5-in.
Bakelite form resonated by stray
capacitance. The high L to C ratio
plus the lossy iron core results in a
broad-band plate impedance capable
of providing adequate gain to sus-
tain oscillation over the desired
band of 50 to 51.666 mc. The broad-
band amplification also increases
the over-all stability of the oscil-
lator since loop phase shift will only
vary slowly with frequency.
Amplitude limiting is provided
by grid-leak bias on the cathode-
follower stage. The crystal circuit
uses an ordinary toggle switch for
channel selection. A 33,000-ohm
resistor shunting the crystal pro-
vides a d-c return for the grid and
1s large enough to prevent oscilla-
tion in the absence of a crystal.
Output may be taken from the
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FIG. 4—Circuit waveforms: (A) sync
pulse from pulse-repetition-frequency
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put, showing firing of triggered block-
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modulator output pulse; (D) generator
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oscillator at several points, includ-
ing the plate of V,,, the cathode of
Ve or the plate of V.. In the last
case the plate load may be a band-
pass circuit tuned to a still higher
harmonic of the crystal frequency,
thus permitting the generation of
crystal-controlled signals at fre-
quencies upward of 200 mc in a
single stage.

Resistor Load

Output necessarily falls off
rapidly with increased multiplica-
tion and a resistor load provides
output at the 50-me level. The re-
gistor is small enough to have a
negligible effect on the output im-
pedance of the cathode follower or
upon the magnitude of the feed-
back voltage and large enough to
provide some gain for driving the
following stage.

Only discreet selected frequen-
cies are available from such an os-
cillator but, in cases where operat-
ing frequencies are definitely
specified, crystals may be selected
accordingly. No limitation to two
channels of operation is imposed.
Turret selection of crystals for ten
or more channels is entirely feas-
ible. The range of frequency cov-
erage is limited by the tuning
range of the plate coils in the oscil-
lator and multiplier stages. Cov-
erage at S-band of 600 mc is practi-
cal with the present circuit.

The oscillator output is R-C
coupled to a conventional tripler
stage, a 6AKb5 operated approxi-
mately class C, as shown in Fig. 2.
The plate load of the tripler is a
two-turn slug-tuned coil resonated
by stray capacitance and suffi-
ciently broad-band to cover the
range of 150 to 155 me without re-
quiring retuning. Bias for this
stage as well as the following stage
is obtained from a bleeder across
a regulated negative power supply.

Output of the tripler is R-C
coupled to the grid of a doubler
stage which serves as a modulated
output amplifier, shown in Fig. 2
and 3. The output tube is a 6AS6
pentode, chosen for its sharp-cut-
off suppressor-grid characteristics
as well as its excellent uhf capa-
bilities. For c-w operation the sup-
pressor is returned to the cathode
and the tube operates as a conven-
tional doubler. For pulsed opera-

tion, the suppressor is returned
through a resistor to a bias well
below cut off.

A positive pulse supplied to the
suppressor permits the tube to con-
duct for the duration of the pulse.
The requirements imposed upon the
modulating pulse are less severe
than would be the case for plate
modulation, particularly if suffi-
cient pulse amplitude is available
to drive the suppressor well above
ground.

Control of the output signal
strength is made possible by a po-
tentiometer in the screen-grid cir-
cuit of the 6AS6. The drive sup-
plied to the crystal is thus set by
the level of the screen voltage, and
smooth control of the output volt-
age at S-band is available over a
range of at least 70 db with an or-
dinary wire-wound potentiometer.

Use of a wave-guide-below-cut-
off attenuator in the output line
was termed unnecessary since no
means of measuring power input
to the attenuator is provided. The
plate circuit of the output stage is
a single-turn slug-tuned self-reso-
nant coil normally tuned to the cen-
ter of the operating band of 300 to
310 mc. The output 1is loop-
coupled to the crystal multiplier.
The coupling loop and plate coil are
wound concentrically on a 0.5-in.
Bakelite form.

Crystal Multiplier

The final multiplication to
S-band is accomplished by rectifica-
tion of the 300 to 310-me signal by
a 1N21C silicon crystal mounted in
a standard S-band coaxial mixer
assembly. Input to the crystal is
from the i-f output jack of the as-
sembly. The S-band output is re-
covered from the jack normally
used for loeal oscillator injection in
a microwave superheterodvne re-
ceiver. The stub-supported oscil-
lator injection line serves as a filter
to remove low-frequency compo-
nents from the output.

The variable oscillator injection
probe provides a means of setting
the maximum S-band output ob-
tainable. Lesser outputs are ob-
tained by controlling the screen
voltage of the output stage. The
remaining connection to the mixer
assembly provides a d-c path for
the crystal through a milliammeter
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to ground. Crystal current may be
monitored in the c-w position to
give a rough approximation of
power output based on a previous
calibration.

Modulator

The modulator section of the
generator provides the necessary
internal trigger, pulse delay and
modulator pulse to drive the sup-
pressor of the r-f output stage. In-
ternal sync is provided by a con-
ventional free - running blocking
oscillator using one section of a
12AT7 dual triode, V,, in conjunc-
tion with a pulse transformer.

Pulse repetition rate is variable
from 200 to 800 pps by means of
a potentiometer in the grid-return
lead of the oscillator. Two wind-
ings of the pulse transformer are
used for a 1-to-1 plate-to-grid feed-
back loop. A third winding is used
to drive the second section of the
12AT7 as a cathode follower.

The cathode follower output is a
positive pulse of approximately 100
volts amplitude and 0.75-usec dura-
tion. The negative overshoot would
terminate the period of the delay
multivibrator prematurely and is
accordingly clipped by a 1N34 di-
ode, as in Fig. 4. The pulse is fed
to a panel jack as a sync pulse for
auxiliary equipment and also to the
grid of a delay multivibrator, Vi
A second panel jack provides for
use of an external input trigger
where such operation is more de-
sirable. A switch selects the trig-
ger source and disables the internal
pulse-rate oscillator when external
sync is used.

The delay generator is a cathode-
coupled one-shot multivibrator us-
ing a 12AU7 dual triode. The input
section is biased off by the high
cathode potential of the normally
conducting output section. The ar-
rival of a trigger pulse at the grid
of V.. generates a negative square
wave in the plate circuit which cuts
off V;, for a period determined by
a variable R-C combination in the
grid circuit of that tube.

The width of the positive square
wave at the plate of V,; may be
varied from approximately 1 to
300 psec with the circuit constants
shown. The plate load of Vi is
chosen as a compromise between
fast rise time and adequate pulse
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amplitude. The particular multivi-
brator used was chosen because the
output plate is not coupled to any
other tube element. The timing
process is unaffected by the load.

In addition to the normal load re-
sistor, the plate circuit of Vs con-
tains the plate winding of the mod-
ulator blocking oscillator. The
positive-output square wave is dif-
ferentiated by the combination of
the plate load resistor and the
transformer inductance. The trail-
ing edge of the square wave thus
provides a sharp negative trigger
in the plate circuit of Ve, a 12AU7
connected as a biased oscillator. A
1-to-1 coupling to the grid of V..
with appropriate phase reversal in-
itiates a cycle of oscillation and pro-
duces a 1l-usec pulse of 100 volts
amplitude, as in Fig. 4.

A fixed bias of —20 volts pre-
vents a free-running condition in
the modulator. The output pulse is
coupled through an isolating cath-

tor switch for use in modulating
the suppressor of V..

The blocking oscillator described
will generate pulses with a maxi-
mum duration of about 3 psec
limited by the low-frequency re-
sponse of the pulse transformer.
Variation of the pulse width by a
panel control is impractical. How-
ever, the present unit was designed
with a specific microwave system in
mind for which a fixed pulse width
is desirable.

_ Test Results

Tests have been conducted with
the completed generator on an
S.band receiver with very satisfac-
tory results. The output signal
necessarily contains a large number
of frequencies, chiefly harmonics of
the 300 to 310-mec output and a
number of beat frequencies at in-
tervals of 50 me. Some type of pre-
seleetion is desirable in order to
utilize a specific output harmonic.
For use with equipment not having
preselection, an external transmis-
sion cavity tunable over the oper-
ating range of the signal generator
may be required.

Qutput voltages of 12 mv into a
50-ohm receiver have been obtained
with 15 ma of rectified crystal cur-
rent referred to a c-w basis. To
date no crystal failures have oc-
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curred despite the rather large
peak currents being passed. Oper-
ation over a 100-mc S-band is pos-
sible by selection of the proper
crystal. No retuning of the three
band-pass plate loads is necessary.

A panel meter for monitoring
crystal-multiplier current is pro-
vided and serves as a tuning indi-
cator when the generator is oper-
ated in a c-w condition. Crystal
current also provides a rough indi-
cation of the output power avail-
able.

Frequency checks indicate an ac-
curacy of at least 0.002 percent
in the S-band output. The pulse
repetition rate, though not usually
critical, has very acceptable sta-
bility. A change of =10 volts in
supply voltage produces a 1-pps
change in the 800-pps rate. The
delay between sync pulse and the
modulator output pulse does not re-
quire any great stability. However,
only = 1 psec variation is produced
by =10 volts variation in plate
supply.

The author wishes to express his
appreciation for the assistance
and advice of James F. Gordon in
the development of this instrument
and to C. C. Bath and G. W. Clev-
enger for suggestions as to circuit
arrangements.
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Television
Streaking Test Set

Adjustable square-wave generator makes possible a point-to-point test of television facili-

ties and lines without tying up camera chain and other valuable equipment. Response of

poorly adjusted facility shows up as smear or streak

HE operation of a television

broadcasting system compris-
ing more than the minimum of local
studios, master control center, and
adjoining transmitter requires in-
terconnecting facilities of varying
natures and complexities. Even the
simplest of these interconnections,
such as a passive coaxial cable, can,
under adverse but not unusual cir-
cumstances, cause certain distor-
tions in the television signal that it

By ROBERT K. SEIGLE

Development Engineer
National Broadcasting Co., Inc.
New York, N. Y.

is transmitting. The more elaborate
arrangements commonly encount-
ered in remote studio and network
operations include numerous ampli-
fiers and clampers in the coaxial or
radio-relay wide-band transmission
system.

Television engineers are well
aware that certain rather stringent
criteria must be satisfied if faithful
reproduction of video signals is to
be accomplished. The wide range

of variable-amplitude frequencies
comprising the composite picture
signal must be protected from fre-
quency distortion, phase distortion,
and introduction of transient dis-
tortions, among others. The degree
to which a transmission medium
satisfies these criteria is a good
measure of its suitability to opera-
tion in television service.
Customary methods of testing
systems for frequency and phase
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When the tester is fed into a properly adjusted equipment,
the pattern on the monitor scope is a perfect rectangle. Note
the associated waveform scope

distortion and transient response
are tedious, time-consuming and
often require considerable equip-
ment of laboratory caliber that
must be skillfully used. The results
of such orthodox testing usually
are a set of plotted curves of the
system characteristics. Analysis
of these curves with eventual evalu-
ation may give significant indica-
tion of the system’s ability to carry
faithfully a television signal. In the
end, however, it is the actual criti-
cal viewing of a suitable picture or
pictures that truly reveals the
worth of the system. A purely ob-
jective analysis does not always
conform with the behavior of the
system under the acid test of video
transmission.

Of the previously mentioned
characteristics of a system, some of
the most difficult to verify in objec-
tive measurements are low-fre-
quency phase shift and transient
response. In some instances the
phase characteristic may affect pic-
ture quality to a greater degree
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than poor frequency response. The
degradations resulting from these
factcrs appear as streaking, smear-
ing, shading, white- or black-follow-
ing, or ringing, of varying degree
and character. Transient, phase,
and low-frequency response can be
deemed satisfactory or unsatisfac-
tory by noting whether black- or
white-following, streaking or
smearing, or large-area shading oc-
cur. The presence of improper
terminations and ringing likewise
are immediately discernible to the
practiced observer.

Unfortunately, this desirable
means of testing requires an icono-
scope, monoscope, or other camera
chain to originate the video signal.
In general, this is not a satisfactory
arrangement for prolonged and
varied usage. The originating
equipment is large, heavy and ex-
pengive. Round-robin checks orig-
inating and terminating at the
same point cannot always be relied
upon because of cancellation and
balancing effects over outgoing and

[mproperly adjusted or faulty video facility will show a
streaky or smeared pattern on the monitor as attested by poor
waveform on lower scope

incoming circuits. It is usually
much more illuminating to make
point-to-point tests along any size-
able transmission circuit. This
procedure makes highly impractical
the use of camera-originated video
signals.

The television streaking test set,
for which the block diagram is
shown in Fig. 1, was designed to
provide a video-type signal for use
in checking transmitter feed lines,
r-f or coaxial video relay circuits,
and in other locations where the

overall transmission characteris-
tics are to be observed. It gives a
rapid indication of smearing,

streaking, and transient response.
It was constructed in the NBC
laboratories and is based upon work
previously done by J. J. Jansen and
J. W. Rieke at Bell Telephone Lab-
oratories. It is light in weight and
may be rack mounted or installed
in a modified airplane luggage type
suitcase. A companion chassis con-
tains an electronically regulated
power supply that may be similarly

97



rack mounted or carried in an iden-
tical suitcase.

Synchronized Square Wave

Essentially, the set delivers to
the system under test a square-wave
impulse properly synchronized with
and accompanied by horizontal and
vertical blanking and synchronizing
information. The output of the sys-
tem is then viewed on a suitable
kinescope and oscilloscope monitor.
The appearance of the test signal
on a kinescope will be a white rec-
tangle of variable dimensions and
position on a dark background. A
minimum of one input signal is re-
quired for operation. This mini-
mum condition is met by: a com-
plete positive composite signal; or
positive or negative blanking; or
positive or negative supersync. Any
of these three inputs will result in
a usable test signal, including
blanking but without supersyne. In
order to furnish a complete com-
posite waveform, either both blank-
ing and supersync of either polarity
or, alternatively, a positive com-
posite signal and either polarity of
supersynce must be fed into the test
set.

Referring to the block diagram
(Fig. 1) and schematic (Fig. 2)
it will be seen that there is a total
of twenty-four miniature tubes in
the streaking test set proper.
Blanking and supersync incoming
are fed to individual triode sections
of V, where equal amplitude but
opposite phase outputs may be

taken from cathodes or plates by
spdt switches. This arrangement
makes possible the use of either
polarity of input, because a positive
pulse polarity must be maintained
at the grids of V, and V... Pentode-
connected V, amplifies the blanking
pulses and applies them to three
points: to V, and its succeeding
blanking-signal string; to V., and
its succeeding line-signal string;
and to an integrator circuit and its
succeeding field-signal string.

Following out from V, whose
grid bias (and consequently gain)
is varied by means of the blanking
amplitude potentiometer, the blank-
ing pulses are mixed with super-
sync and video test signals in the
plate. circuits of V,. The resulting
composite is then amplified in the
power stage V,. The peak-to-peak
output is adjusted by feeding the
output into a load of approximately
0 to 75 ohms.

Meanwhile the amplified blanking
pulses are feeding into V, and,
through an integrator circuit, to
V. The respective horizontal and
vertical pulses are differentiated
and amplified. The following three
tubes in both the horizontal and
vertical strings comprise a modified
cathode-coupled monostable multi-
vibrator. Four such multivibrators
are employed in the test set. This
circuit is desirable because it is
capable of generating short rec-
tangular pulses of adjustable width.
The duration or width of the pulse
is altered by adjustment of the grid

Complete rack-panel equipment in carrying case (left) with associated regqulated
power supply operating from 117-v outlet (at right)
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voltage. Only a negative-trigger
impulse of proper amplitude will
actuate the circuit, and for each
trigger, one rectangular pulse is
generated. Now, in the succeeding
stages, V,, and V.., which in turn
feed the second horizontal multi-
vibrator group, the line pulses of
variable width formed in the first
horizontal multivibrator are differ-
entiated and amplified. This pro-
cessing produces two trigger im-
pulses, one positive and one nega-
tive.

The positive impulse that is pro-
duced by the leading edge of the
multivibrator pulse, which in turn
is initiated by the leading edge of
horizontal blanking, is seen to be
fixed in time relation. The differ-
entiated negative impulse, however,
is not fixed in position, because it
is formed from the trailing edge of
the adjustable width horizontal
pulse. Within limits, this negative
trigger impulse can thus be made
to appear anywhere in the time in-
terval of one scanning line. This,
then, is the horizontal position de-
termining device. The negative
trigger sets off the second horizon-
tal or width multivibrator through
the gate tube V... The duration of
the pulses from this section is ad-
justed in a manner similar to that
for the previous multivibrator.
These pulses comprise the actual
video portion of the test signal.

Vertical Blanking

The vertical blanking pulses are
treated similarly in a pair of multi-
vibrators that set vertical position
and height. The amplified final
vertical pulse is used as a keying
voltage applied to the screen of the
gate in the horizontal string. Thus
it may be seen that the second hori-
zontal multivibrator can be trig-
gered only during time periods in
each field when the keyer increases
the voltage on the screen of V., the
gate tube.

Returning now to the video test
signal composed of a rectangular
pulse of voltage occurring at a par-
ticular time in certain lines, it is
seen that mixing of this pulse,
blanking and supersync takes place
in the plate circuit of V,,. The
resulting composite signal is ampli-
fied in V, for application to the
system under test.
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FIG. 2—Complete lelevision facility tester.

The streaking test set contains
eight controls and four switches.
These permit wide latitudes of ad-
justment in most of the components
of the composite signal. The poten-
tiometer labeled VERTICAL POSITION
times the vertical position multivi-
brator to commence operation at
practically any location of the field.
The HEIGHT control determines the
duration of operation for the height
multivibrator, after it has been
triggered on by the vertical posi-
tion-determining pulse. The height
of the white rectangle can be made
nearly to fill the viewing raster. Of
course, the size must be confined to
active lines, and se if a large rect-
angle is desired, it must be de-
creased in height if its position on
the raster is lowered or raised to
the point where it might spill over
into the vertical blanking portion.
Two controls labeled HORIZONTAL
POSITION and WIDTH perform simi-
lar functions in the string of hori-
zontal multivibrators. A reasonably
large latitude of width and left-
right movement of the white bar
permits checking at numerous
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A conventional regulated

fundamental frequencies.

A BLANKING or contrast control
adjusts the amplitude of the bar
signal by altering its excursion into
the white direction. BLANKING AM-
PLITUDE and SUPERSYNC AMPLITUDE
potentiometers affect the amplitude
of their respective pulses as they
appear on the output waveform.
Something of a master or overall
level adjustment is the OUTPUT
LEVEL control that alters the total
peak-to-peak voltage of the com-
posite signal without affecting the
percentage relationships of the in-
dividual components to each other.

Two of the switches select plate
or cathode outputs from inverting
triode amplifiers fed by incoming
blanking and supersyne. This func-
tion is necessary to assure proper
polarity of these pulses in the out-
put as well as proper polarity of the
trigger pulses formed from blank-
ing. A third selector switch places
the video clipper circuits in opera-
tion for use on an incoming com-
posite signal when blanking and
supersync are not separately avail-
able. In some instances it was

power supply is employed

found that a proportionately large
amount of blanking level was re-
quired and so a toggle switech for
altering the value of the blanking-
amplifier plate load was installed.

Testing of a video transmission
facility such as a coaxial cable or
r-f link circuit requires use of a
picture monitor known to have good
frequency and transient response.
In addition, a good waveform mon-
itor may be used. The streaking
test set is put into operation at the
sending end of the circuit, prefer-
ably with blanking and supersync
inputs. A local monitor is used to
view the outgoing bar and to assist
in desired positioning, height and
width, as well as level setting. At
the receiving end the artificial video
signal composed of the bar is
viewed and the amount of smearing,
streaking, or transient condition
ascertained.  Variation of the
height and width of the bar at the
sending end serve to alter the
fundamental of the video signal to
permit exploration of system re-
sponse over an extended range of
frequencies.



Radio Frequency

How the acceleration of heavy particles up to a few hundred million electron volts is

most economically produced in the f-m cyclotron. Design and construction of the oscil-

lator and modulator, connected by transmission lines, is of interest to communications

engineers building broad-band vhf circuits

THE PRINCIPLE of accelerating
charged particles to high ener-
gies by constraining them to travel
in circular orbits by means of a
transverse magnetic field, and then
applying to a gap in their path
a relatively low voltage synchron-
ous with the rotation of the parti-
cles, was suggested by E. O. Law-
rence in 1930. Machines of this
type have been used as high-energy
accelerators simce shortly there-
after, and are commonly ecalled
cyclotrons. Their basic elements are
a magnet and a high-frequency gen-
erator. The magnetic field usually
appears between two horizontal cir-
cular pole tips, and the accelerating
gap is formed by two enclosed half-
cylinders very much like a pill box
cut in half. From the resulting
shape, they are usually called dees.
The ions to be accelerated are
formed near the mechanical center
of the system.,

From the simple equations of mo-
tion it may be shown that the
angular frequency of the rotating
particle is

w = eH/mc radians per sec (6]
where H is the magnetic field, in
gauss; e is charge inesu; m is mass

MAGNET CoIL

POLE TIP Pl
DUMMY oé\e“ KE:["“"
= o

7
INDUCTIVE”
STuB

IR s

FIG. 1—Side view of the dee and cavity
of the cyclotron
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Variable capacitor to produce f-m. Note capacitance takeoff at left

of the particle in grams; and ¢ is
the veloeity of light.

Thus if the mass is constant,
there is a constant value of w for a
given value of H. This is the cyclo-
tron resonance frequency.

In fixed-frequency cyclotrons, the
high-frequency generator problem
is chiefly that of attaining high
voltage across the dee gap (50 to
200 kv). Occasional slight depar-
tures from the cyclotron resonance
frequency are tolerable so long as
this high voltage is maintained. If
operation free from parasitic or
other undesirable modes is obtained
and suitable measures are taken to
permit gas discharges to ocecur
withont overloading the generator,
the performance is considered satis-

WWW_americanradiohistorv.com

factory. Hence, the design of the
radio frequency portion of the c-w
cyclotron is a straightforward prob-
lem in radio engineering.

F-M Machines

The fixed-frequency machines are
limited, however, to energy levels
where relativistic changes in mass
are negligible, since if m is a vari-
able in Eq 1, the relationship be-
tween w and H is dependent on the
velocity of the particle. It is impos-
sible to use a fixed compensating
change in H with radius because
the ion beam would be defocused.
Thus to pass this limit it is neces-
sary to vary the field and/or the
frequency synchronously with the
mass change. For heavy particles
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for a Synchrocyclotron

Complete r-f setup with dee in place between magnet poles. Cathode line

accelerated to a few hundred mev,
it is more economical to keep the
field constant and vary the fre-
quency, the amount of frequency
change depending mainly on the
particle being accelerated and the
final energy desired. Machines oper-
ating in this fashion are called
synchrocyclotrons or f-m cyclotrons.

From Eq 1 may be derived the
relation

f=143H/E ©)
where f is frequency in megacycles;
H is field in gauss; and E is the
total energy of the particle in mev
including the rest energy.

In the Harvard machine, H at
the center of the gap is 16,400
gauss. When accelerating protons
(rest energy 938 mev) the initial
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By ALFRED J. POTE

Nuclear Laboratory
Harvard University
Cambridge, Mass.

generator frequency is 25 mc. If the
final energy is 1,073 mev (assum-
ing a kinetic energy of 135 mev is
imparted to the particle), and H at
the end of the orbit is 95 percent
of the center field, then the final
frequency is 20.75 mec. The field
tapers slowly downward from the
center so that the resulting con-
figuration provides a vertical restor-
ing force that tends to keep the
particles focused in the central
plane.

Theory indicates that the dee
voltage may be as low as 1 kv in a
synchrocyclotron, but for high av-
erage beam currents and possible
c-w operation, the Harvard genera-
tor is designed to achieve dee volt-
ages above 20 kv. It is also desir-

WAAMA—a R eHeanrkadiahisteon~corm

at right and plate at left

able to have the dee voltage rise as
the frequency is decreased.

In addition to the above basic
requirements, the design of the r-f
generator is governed to a great
extent by the mechanical design of
the cyelotron. The desired r-f load
is the ion beam, but the major por-
tion of the actual load is the dee
structure and its assoclated ele-
ments. Since extremely high gap
voltages are not required, a single
dee working against ground or a
dummy dee can be used, thus allow-
ing more free space for experi-
mental gear.

The dee geometry shown in Fig.
1 is sueh as to make it a high-
capacitance, low-impedance load.
Since this is incompatible with the
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requirements of high voltage, the
system is made resonant by adding
inductance, thus achieving high im-
pedance and high Q. In fixed fre-
quency machines any difficulty that
this high Q engenders is more than
compensated by the large resonant
step-ups obtainable, permitting ex-
tremely high dee voltages with rea-
sonable driving voltages. In the f-m
cyclotron, however, since it is this
circuit that must be excited over a
broad frequency range, the high Q
poses a problem. Broad-banding
would result in low dee voltage,
large power requirements and cir-
cuit complexity, particularly since
it appears in practice that the theo-
retical minimum dee voltage must
be considerably exceeded for satis-
factory operation. Accordingly, it
was decided to tune the dee circuit
directly, using a type 9C21 tube
in a grounded-grid Hartley os-
cillator circuit.

The tuning may be done in sev-
eral ways—mechanically by means
of a variable capacitor, or electron-
ically. The latter would be desir-
able, but for dee voltages in the
order of 20 kv, 14,000 kva of reac-
tive power is required at the peak
of the modulation. It is relatively
easy to design a variable capacitor
with a dissipation factor of 0.0001,
which would give a power loss for
the above conditions of 1.4 kw. Un-
fortunately no electronic device is
available with efficiency high
enough to keep the losses within
reason.

Mechanical Modulator

A variable capacitor presents dif-
ficult problems even though its use
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FIG. 2—Lumped circuit equivalent of
dee (A), and variation using tuned
stub (B)
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seems the best expedient. On one
hand, the high voltages involved in-
dicate that the capacitor should
operate in a good vacuum, present-
ing such problems as rotating seals
and bearings in vacuum, On the
other, the currents are so high that
if even a small fraction follows an
alternative brush path to ground
through bearings rather than flow-
ing through the capacitance take-
off provided, breakdown of sealing
and lubricating compounds may
result, with consequent bearing and
vacuum failure. In addition, the
capacitor must be extremely effi-
cient. It may be required to operate
in a strong magnetic field, so the
design must inhibit eddy current
losses. Fortunately these problems,
when recognized, can be solved
without too much compromise.

Ag indicated, the dee capacitance
across which it is desired to main-
tain a high r-f voltage may be made
part of a high-impedance circuit by
shunting inductance across it. The
dee could also be extended as a uni-
form transmission line to become a
quarter-wave resonator. At first
glance it might appear that the lat-
ter course would result in higher
dee voltage, since the voltage ampli-
tude on a shorted line acting as an
inductance for resonating the dee
capacitance would rise only to a
value equal to the sine of its electri-
cal length, taking the voltage at the
lip of the quarter-wave resonator
as the normalizing value.

The important criterion, however,
is the amount of power required to

maintain a given voltage on the dee
and this depends upon the losses in
the system. A comparison between
the losses of the extended section of
a uniform line beyond the dee and
the losses of alternative inductive
elements, not neglecting the effects
of constrained current paths, indi-
cates the relative merits. This choice
is also governed by the mechanical
problems, which lent support to the
use of two shorted coaxial stubs as
the tuning elements. Electrically
the use of two stubs permits the
separation of the output and excita-
tion circuits of the oscillator and
also gives a longer stub length for
a given surge impedance, this being
desirable for a wide range of non-
critical oscillator adjustments.

To keep losses low, the outer con-
ductor diameter is made as large as
the vacuum-tank dimensions permit
and the inner conductor diameter is
determined in the Harvard machine
chiefly by mechanical considera-
tions. The resulting stubs have a
characteristic impedance of 30.6
ohms. While this value is not op-
timum, the large dimensions yield
a Q of 11,000.

Scale-Model Oscillator

The dee may be considered a
lumped capacitance, since it is only
0.1-wavelength long. If this as-
sumption is made, the circuit may
be represented as in Fig. 2A, where
L, is the internal and L the external
inductance. For this system

1/f2 = 4a*Cp (Lo + L). (3)

As noted above, the dee design is
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dictated almost entirely by the cy-
clotron requirements, and while a
good approximation of its capa-
citance may be calculated, L, is not
so easily estimated. For this reason,
and also because a critical study of
the performance of the oscillator
seemed desirable, a half-scale model
of the dee and vacuum tank was
built. Movable shorts were provided
in the stubs so that the external
inductance could be varied. The
equivalent circuit for this structure
is shown in Fig. 2B, where a single
coaxial stub of variable length S
represents the effect of the two
stubs in parallel. For this circuit
Zo BS )

w

1f* = 2 Cp (L,, ¥

where S < < A

)

It may be shown that a plot of S
versus 1/f2 yields a straight line of
slope

[

47 Cp Z,
where ¢ is the velocity of light

Such plots were made for the
half-scale model and later for the
full-scale machine. These showed
the expected correlation and per-
mitted a determination of L, and ef-
fective Cp, the latter from the slope
and L, from the 1/f2 intercept (see
curve A of Fig. 8). The value of L,
may also be determined by extend-
ing the curve to intercept the S
axis. The required change in capa-
citance for a desired frequency
swing may then be determined
graphically as shown in Fig. 3,
curve B. For this construction a
minimum capacitance (for the
added variable capacitor) of 50 uuf
is assumed by making the starting

m =

frequency about 4 percent higher
than the upper design value of 26
me or actually 27 mec. The ordinate
vields the maximum stub length for
this frequency, and the slope of the
line through L, and the point deter-
mined by the stub length and the
lowest desired frequency gives the
total capacitance required. The dif-
ference between the two capacitance
values is the amount necessary for
the modulation if the additional
capacitance were placed at the dee.

For several reasons it is undesir-
able to put the variable capacitor at
the dee lip. Chief among these is
the problem presented by eddy cur-
rents induced in moving metal parts
by the strong magnetic field in the
region of the dee. While it is true
that the capacitor could be made of
nonconducting material except for
thin coenducting skins, this construc-
tion is fragile and costly.

Modulation Capacitor Design

The frequency modulation can be
accomplished equally well by means
of a variable capacitor connected to
the dee through a section of trans-
mission line. This scheme not only
gets the capacitor into a region of
weaker magnetic field, but also re-
quires a lower maximum capaci-
tance. It can be shown that

Cr = cot (o + Bl) / wZe (5)
The values are « = cot* C, Z,; C
= desired effective capacitance; C.
= required terminating ecapaci-
tance; and | = length of line of im-
pedanee Z,.

A plot of this relation is shown
in Fig. 4 for the conditions: C, =
500 ywuf at 20 me, C, = 50 uuf at 26
mc; ahd Z, = 70 ohms. For a length

of 20 inches the ratio of C, to C. is
approximately 2 to 1. This stub
length is used and a capacitance of
254 uyf maximum achieves the de-
sired frequency swing.

At the position of the rotating
capacitor the magnetic field is 2,000
gauss, which is still high enough to
give trouble from eddy currents.
Further to relieve this difficulty, the
capacitor is made of silver-plated
Inconel, an alloy having a resistivity
about 80 times that of copper. Its
construction is illustrated.

Whether transmission lines or
some other means of connecting the
tube to the resonant dee circuit are
used, the resulting feedback loop
must have a wide-band, constant-
phase characteristic. If the phase
varies over the band, the dee circuit
will have to detune sufficiently to
satisfy the phase criterion for oscil-
lation. When the required detuning
is considerable, lower dee voltage
and efficiency will result.

Dee-Oscillator Connection

Resonant transmission lines are
admirably suited for use as wide-
band constant-phase transformers
with reasonably low losses. Some
characteristics of these lines are in-
dicated in Fig. 5.

An analytical expression for the
effect of a termination different
from the characteristic impedance
at various line lengths may be read-
ily obtained and in the general case
where Z; is compleX, the phase shift
is

Zo B tanpgl

ZrP+ 2, Xz tan Bl ®)

¢ = tan-1—

+
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cillator

FIG. 5—Phase characteristics of a transmission line under
various conditions of termination

103



TANK

P ~

“ MAGNET

/
DUMMY DEE 1\

DEE
T ~ ROTATING
CAPACITOR
4 /7" ‘F “
D-C ISOLATION”
Bias CAPACITORS
OSCILLATOR

I~
PHASING
CAPACITOR
=
+ - FIL
Blao ~139° B0 =109°
Bl ~180° Blze =142°
DEE I
w
©
ak ———
5a
52« ~)50°,-*~0-L ~180° —-]
e)
FIG. 6—Schematic circuit of the oscillator

(A) showing connection to the dee, and
qualitative phase and amplitude behavior
of the circuit (B)

)

1

fo Vd
% l 1

FIG.

7—Plate-line resonances owing to

harmonic components

“\INDUCTANCE OF
CONNECTING
STRAPS

INTERNAL INDUCTANCE
OF CAPACITOR AND
CONNECTIONS

FIG. 8—Capacitor ring resonances

104

mately 180 degrees each are used.
On the line connecting the plate of
the tube to the resonant system, the
real component of the terminating
impedance reflected from the dee to
become the plate load and the reac-
tive component due to the tube ca-
pacitance are both of favorable
magnitude to give good phase be-
havior with the 78-ohm line used.
The cathode circuit, however, has a
low equivalent resistance and so
requires additional low reactive
loading by means of a phasing ca-
pacitor to attain the desired char-
acteristics.

The final circuit and its qualita-
tive phase behavior are shown in
Fig. 6. Since the phase is constant
enough over a considerable range of
line length, a length of plate line
can be chosen that helps in achiev-
ing the desired amplitude variation
with frequency, as shown in Fig.
6B where a given r-f plate voltage
results in higher voltage delivered
to the dee circuit at the lower fre-
quency.

Arrangement of Components

The cabinet containing oscillator,
filament transformer, and ancillary
apparatus is built upon a wheeled
dolly that allows removal of the dee.
The r-f section of the cabinet is
divided horizontally by a copper
sheet that acts as a ground plane
and isolates the output and excita-
tion circuits. A flexible copper disk
is connected to the ring grid seal
and forms one terminal for sixteen
100-upuf vacuum capacitors, the
other terminal being the ground
plane. The reactance of these capaci-
tors is sufficiently high to require
an r-f choke for isolating the grid
leak. Three sides of the cabinet and
a vertical copper sheet together
with the cabinet top and bottom
complete the r-f enclosure illus-
trated.

The cathode line enters from the
top and connects to the phasing
capacitor and to a special isolating
capacitor, which also serves as the
cathode bypass. The plate line en-
ters from the side, at the bottom of
the cabinet.

Initial Adjustments

When the oscillator was first
tested with no magnetic field and no
vacuum the system oscillated well

and with considerable power ca-
pacity at 26 me. A temporary modu-
lating capacitor was arranged on
the capacitor stub and the behavior
of the circuit over the desired fre-
quency range was studied. Poor op-
eration was obtained over the low-
frequency portion of the range and
various line lengths and values of
phasing capacitor were tried with
indifferent success. At this time the
cathode-isolating capacitance con-
sisted of four 1,000-u.f nickel-elec-
trode vacuum capacitors, and the
system showed unwarranted sensi-
tivity to their number and position.
They were removed from the circuit
and the cathode bypass capacitor,
which consistel of two commercial
mica units, was made to perform
the isolating funetion as well. There
was immediate and gratifving im-
provement, apparently owing to
decreased losses and better phase
behavior.

Since it is inconvenient to con-
nect the plate line to the dee system
at a point where the impedance is
higher than about 1,000 ohms, this
impedance appears as a less-than-
optimum plate load when trans-
formed by the line, because of the
foreshortening resulting from the
plate-ground capacitance. The metal
air manifold around the plate seal
was replaced with one of plastic and
improved operation resulted due to
the effect of reduced circulating
currents and higher plate loading.

With these changes, the circuit
oscillated over the desired range,
but the oscillations became inter-
mittent at the ends of the range
and at two places in between. The
bursts of oscillation were at 120
cycles and synchronous with the
line voltage. It developed that at the
low d-¢ plate voltages used during
the tests, magnetron-type cutoff of
the space current was occurring
from the magnetic field of the fila-
ment itself. Raising the plate volt-
age above a critical minimum re-
moved this difficulty, since this
minimum was well below the ex-
pected operating value.

Plots of dee voltage versus fre-
quency showed a droop at the ends
of the range and two major dips.
The latter occurred at about 22 me
and 23.6 mc and could be moved up
or down the frequency scale with
changing length of plate line. These
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dips are ascribed to the following
effect: The tube is operated with a
plate current pulse about 140 de-
grees long. The current then has a
second-harmonic component whose
amplitude is 69 percent of the
fundamental and a third harmonic
31 percent of the fundamental.

The first of these can excite the
fifth harmonic of the plate line,
which occurs at about 47 me, and
the other can excite the seventh
harmonic at about 66 me. These fre-
quencies cannot appear at the dee
owing to the high Q of the system,
but the effect is shown qualitatively
in Fig. 7. Lossy wave traps tuned to
47 and 66 mc reduced the impedance
appearing in the plate circuit at
these frequencies and also reduced
the dips to an acceptable value. The
dips would be further reduced at
high modulating frequencies by the
high Q of the tuned circuit.

From the experience at other uni-
versities, it had been expected that
trouble would occur when the oscil-
lator was operated with the dee
tank evacuated and the magnetic
field present. As had been predicted,
discharges in the tank prevented the
dee voltage from rising beyond 100
volts or so. These discharges have
been variously ascribed to resonant
secondary-emitted electrons, Phil-
lips ionization gage effects, and
other mechanisms,

Berkeley workers had solved this
problem by insulating the dee so
that a d-c bias could be applied that
would provide a sweeping field. The
Harvard machine was built with
this necessary contingency in mind,
but first a grid of wires insulated
from the r-f system and to which
a d-c bias could be applied were
tried. These wires were installed
with some difficuity owing to the
geometry of the dee and its stubs,
but they did indeed reduce the dis-
charges. Each wire, however, be-
haved like a continuously excited
transmission line and, deriving its
energy from the oscillator, acted
like a high-voltage, low-impedance
generator. This made the problem
of isolating the r-f from the exter-
nal biasing circuit an extremely dif-
ficult one.

Various resistor and choke net-
works were tried but no elegant or
satisfactory solution appeared less
difficult than proceeding with the
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insulation of the dee itself. To pre-
vent discharge along the stubs as
well as on the dee, special mica
capacitors were designed and built
to replace the shorts at the ends of
the stubs as shown schematically in
Fig. 6A. While this placed the ca-
pacitors at a low-voltage point of
the system and hence made the iso-
lation of the bias supply easier, the
high current (1,000 amperes) made
it imperative that the capacitors
have low loss. Further, the capaci-
tance had to be high enough to

would not oscillate over the lower
half of the range until the connec-
tions were made half-way down the
stacks of plates. A hole then ap-
peared in the dee voltage-versus-
frequency curve, which was found
to result from a resonance in the
ring of capacitors. This was deter-
mined by measuring the impedance
of the capacitor network as a func-
tion of frequency. The hole ap-
peared where this impedance rose
to 80 ohms from the normal value
of less than half an ohm. Figure 8

Oscillator dolly with attached dee partially removed. Type 9C21 oscillator tube at
right, grid leak, metering circuits and ceramic water coil at left

insure no substantial change in ef-
fective stub length, and to keep the
change in effective length small
with changing frequency.

Capacitors in Yacuum

The capacitors were tested in air
for breakdown at 3,000 volts d-c,
but when they were installed in the
vacuum system whose pressure was
in the region of 10° mm of Hg,
breakdown along the surface of the
mica occurred at about 1,200 volts.
Commercial fixed air-dielectric
types were then tried in the vacuum
system and could be operated at
over 2,000 volts d-c.- These units
(sixteen of 750 puf each per stub)
were intended by the manufacturer
to be fed at the end of the stack.
With this connection the effective
capacitance was 1,000 ppf per unit,
indicating an effective inductance
of approximately 0.016 microhenry.
With these capacitors, the machine
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shows a possible mode of resonance.
An additional capacitor was con-
nected in the ring and the nearest
high impedance points occurred, for-
tuitously, just each side of the de-
sired range.

A new capacitor congisting of an-
nular rings of 20-mil copper sheet
and using the vacuum as a dielec-
tric has reduced the losses further
and eliminated the resonances.

No critical study of the oscillator
performance other than that indi-
cated has been made. The efficiency
varies from 25 percent at 21 me to
70 percent at 26 mc, a condition
that can be improved by different
plate-line impedance and length, or
by using an electronic grid leak,
which could be made to maintain
optimal conditions over the range.
Even with this low efficiency, how-
ever, an average dee voltage of
8,500 volts is obtained with a plate
power input of 4.5 kw.
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Top panel — adjust-
able autotransformer
with a-¢ vm to give
constant line voltage
for all units

Three meters for test
receiver

Phantom microphone
panel and handset

Distortion and noise
meter, with cps check
dial at right

Receiver for highway
range and tuner for
converting urban
range to 27.5 mc

Metering circuits for
alignment of trans-
mitters

R4 wattmeter, loud-
speaker and switch-
ing circuits

Conventional 50 1o
15,000-cps audio oscil-
lator and audio am-
plifier

Heavy cast iron plate
on floor of dolly truck
improves stability of
relay rack. Rubber
pads on floor of truck
protect tubes and pre-
set controls from
shock

Mobile transmitter be-
ing tested is on bench
at right of relay rack
containing testing set

Mobile

\
LIMITER METER

TRANSMITTER
|
R-F Rop | UNDERTEST | oy Tone| *° AF|  aA-F A-F|  AUDIO
f IWATTMETER [ AMPLIFIER OSCILLATOR
| R °
| oFF [MCR
| PHANTOM
| MICROPHONE
STRAY CIRCUIT WITH
| R-F COUPLING MICROPHONE {1l A REPEATING COUL
|
|
Y
! | MONITORING
I | HIGHWAY RANGE RECEIVER MONITORING AND | LOUDSPEAKER
L AND AF SWITCHING .
URBAN RANGE TUNER PANEL )
DISTORTION
@ } AND NOISE
eI A oiscriminaTOR METER
VI |
METER | MEFIER

FIG. 1—Arrangement of mdjor units in transmitier testing set
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N THE initial stages of mobile tele-

phone use and even now in some
rare instances, the so-called talk
test was considered the complete
final test for servicing purposes. In
this test the operator speaks into
the regular microphone which mod-
ulates the transmitter under test.
The modulated carrier is picked up
by a nearby test receiver and con-
verted into sound, and the intel-
ligibility of the reproduced speech
is checked by another operator.

The talk test must be considered
inadequate from the standpoint of
insuring maximum reliability along
with low servicing cost. The satis-
factory result of a simple talk test
does not insure the proper behavior
of the transmitter under a variety
of operating conditions since it pro-
vides only a fragmentary picture of
the transmitter’s performance. For
instance, it is impossible to estab-
lish quantitatively what the per-
formance of the transmitter will be
when its transmission is received at
a small fraction of its original
strength, or when the full dynamic
range of speech is applied to the
microphone. It is equally difficult
to evaluate how the speech will
sound after it reaches the telephone
subscriber over the telephone lines.

General Test Procedure

To insure that a mobile trans-
mitter will do what it is supposed
to after being connected to the tele-
phone system, the four shop tests
described below are now made be-
fore installation of the equipment.
The talk test has not been omitted
but is the fifth and supplementary
test. A testing set developed for
the purpose permits making the five
transmitter tests almost as quickly
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Transmitter Testing Set

Quickly and accurately checks performance of private or common-carrier p-m or f-m

mobile telephone transmitters, such as those used in 30 to 44-mc highway and 152 to

175-mc urban service. Measures r-f power output. audio sensitivity, signal-to-noise

ratio and harmonic distortion and gives speech intelligibility check in few minutes

as if only the talk test were made.

The transmitter testing set is
primarily used for production-line
testing of both new and serviced
phase-modulated or frequency-
modulated mobile or land transmit-
ters operating on frequencies from
30 to 175 mec with outputs up to 80
watts. The tests are made with a
single modulating frequency, usu-
ally 1,000 cps. With minor modifi-
cations, a-m transmitters operating
from 540 ke to 110 me and almost
all types of higher-power f-m, p-m
and a-m communications transmit-
ters on the above frequency bands
can also be tested. For outputs over
80 watts, however, power measure-
ments must be made with a separate
instrument. After a day or so of
instruction a relatively inexperi-
enced operator can perform the
tests in a satisfactory manner.
After a few days of experience he
can completely check a transmitter
in a few minutes.

The measurements are normally
made on two main types of trans-
mitters, the p-m highway type
which operates between 30 and 44
me and the p-m urban type which
operates between 152 and 175 me.

The arrangement of the major
sections of the testing set is shown
in Fig, 1. The unmodulated output
of the transmitter is connected to
a shielded load resistor located in-
side an r-f wattmeter, and the
power is read directly in watts. The
transmitter is modulated thereafter
by a single frequency. The stray
r-f coupling between the wattmeter
and a very sensitive receiver is
sufficient to obtain an audio output
from the receiver for measurements
of audio modulation sensitivity and
modulation deviation. Next the
same output is analyzed for distor-
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tion and signal-to-noise ratio in a
suitable meter. Finally, speech is
substituted for the single frequency
modulating the transmitter. The
receiver output is heard from a
loudspeaker and evaluated for intel-
ligibility. All of the measurements
are made with the mobile transmit-
ter operating on controlled battery
supply voltages.

R-F Power Test

For the first test, the unmodu-
lated r-f output of the transmitter
is delivered through a coaxial line
to an aperiodic resistive load in the
r-f wattmeter. This load provides
the correct standard terminating
impedance (practically pure re-
sistance) that remains constant
over the range of 30 me to 300 mec.
External r-f radiation from the
wattmeter complies with FCC rules
yet provides the required r-f input
to the receiver. The rectified voltage
across the load is measured with a
d-c voltmeter calibrated directly in
watts. The tested transmitter must
have an output power which is
above a minimum value.

Audio Sensitivity and Noise Test

With SW, in Fig. 1 set to TONE
and SW. at either position, the
modulating circuits of the trans-
mitter are connected through the
phantom microphone circuit to the
a-f amplifier and the output of the
audio oscillator. The oscillator is
usually set to 1,000 cps and its out-
put, adjusted to a predetermined
level indicated by voltmeter V,, is
injected into the transmitter. The
transmitter audio gain control R is
set for minimum sensitivity of the
modulating ecircuits. This simu-
lates the condition when an ideal-
ized customer speaks into the mi-

crophone at a standard sound level
while the transmitter operates at
its lowest permissible audio sensi-
tivity. The r-f output of a trans-
mitter which meets the require-
ments should now be adequately
modulated.

The modulated carrier is picked
up due to stray coupling by the test
receiver or tuner tuned exactly
to the same frequency as the
transmitter. To insure that the
stray coupling produces a suf-
ficiently strong signal in the re-
ceiver, the limiter grid current in
the receiver is checked with micro-
ammeter A4, Another microam-
meter, u.4., serves as a discrimina-
tor output meter and is used in
tuning the receiver to the frequency
of the transmitter under test. An a-f
voltmeter, V. is connected across
the audio output of the receiver and
is calibrated to read modulation de-
viation in ke. This tells directly
whether the modulation deviation
of the tested transmitter is within
or outside the prescribed limits for
a minimum setting of the transmit-
ter modulation sensitivity control.

The receiver in the testing set
is a commercial communications
model in which frequency drift has
been minimized and signal-to-noise
ratio boosted to 41 db by preselec-
tion of tubes and use of a special
alignment procedure. Elaborate
multiple shielding, both static and
magnetic, and a grounding system
are used in the testing set to
reduce external noise and hum pick-
up, so that the same high signal-to-
noise ratio of 41 db is obtained for
the complete testing set at 5.5-ke
modulation deviation and a 1,000-
c¢ps modulating frequency.

With connections and adjust-
ments the same as for the audio
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sensitivity test, the distortion and
noise meter is connected by means
of SW, to the output of the receiver.
Control R is adjusted until volt-
meter V, shows a predetermined
modulation deviation, usually 5.5
ke. The distortion and noise meter
measures first the receiver output
in db. Next, modulation is removed
by setting switch SW, to OFF and
the receiver output in db is again
measured. The ratio of these two
voltages, expressed as a difference
of two db readings, is the signal-to-
noise ratio of the tested transmit-
ter under specified conditions.

The distortion and noise meter
used in the set is an aperiodic aver-
age-reading vacuum-tube voltmeter.
Thus the measured ratio is the
so-called unweighted ratio. The
usual requirement is that the tested
transmitter must have a signal-to-
noise ratio of at least 35 db. The
difference between this minimum
and the safely assumed 41-db ratio
of the testing set is 6 db. This dif-
ference causes an error of 1.2 db in
the measurement of the transmit-
ter’s signal-to-noise ratio. Thus it
is always possible to find whether
this ratio is lower or higher than
35 db.

Noise weighting consists of as-
signing different relative values to
noise components of different fre-
quencies, depending on the disturb-
ing effect they have on the average
ear. The curve showing these rela-
tive values as a function of fre-
quency is called the weighting char-
acteristic. There exists sufficient
correlation between the unweighted
and weighted ratios for each
weighting characteristic so that
limits for unweighted ratios can be
established when weighted meas-
urements are required. Also, for
the type of noises found in mobile
telephone transmitters there exists
a correlation between the indica-
tions of the average-reading meter
used here and the rms noise meters
often used for the same purpose.

The unweighted and average
method of noise measurement con-
tributes considerably to the simplic-
ity of the set’s construction and to
the flexibility of measurements as
well as to the reduction of both the
initial and maintenance costs. It
does not affect the accuracy of noise
measurements.
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During tests, the transmitters are
usually supplied with somewhat less
than 6vor12vd-c from a full-wave
rectifier with a floating battery.
This type of power supply produces
a 120-cps ripple voltage which tends
in some cases to decrease the meas-
ured signal-to-noise ratio. There-
fore, during this and the following
distortion test, if the transmitter
does not meet the requirements the
rectifier is temporarily switched off
and the transmitter is supplied with
current from the battery only.

Harmonic Distortion Test

With the same setup as in the
snr test, the required modulation
deviation is obtained and the audio
output voltage of the receiver is
measured with the vtvm of the dis-
tortion meter. A continuously vari-
able null network tuned to 1,000 cps
is then inserted between the output
terminals of the receiver and the
vtvm of the distortion meter to
eliminate the 1,000-cps fundamental
frequency. The resulting measured
audio output voltage now represents
the average of all harmonic distor-
tion products. The ratio of the last
voltage to the first expressed in per-
cent istheaverage harmonic distor-
tion, and is directly indicated by the
distortion meter. This reading is
approximately the sum of the distor-
tions produced by the audio oscil-
lator, a-f amplifier, phantom micro-
phone, tested transmitter and
receiver, including the tuner for the
urban range.

In the second measurement, the
residual signal after elimination of
fundamental frequency consists
of both the harmonic distortion
products and noise. Since the noise
is usually 35 db or more below the
audio output level when standard
modulation is applied and since the
permissible harmonic distortion of
the transmitter is usually about 10
percent, the error caused by noise
may be neglected. The residual sig-
nal may be considered as represent-
ing harmonic distortion of the com-
plete testing setup.

Talk Test

With SW, set to MICR, SW, set to
position 1 and modulation sensi-
tivity control R set to a predeter-
mined position, the operator talks
in a normal voice before the micro-

phone. Through the stray coupling,
the tuner and/or the receiver pick
up the signal and convert it into
sound. Another operator judges the
intelligibility of the speech from
the loudspeaker and watches meter
V. to see that the modulation devia-
tion does not exceed the limit.

The range of modulating fre-
quencies in the mobile telephone
system is from 300 to 3,000 cps,
hence a supplementary check with
other modulating frequencies than
1,000 cps is useful in providing
quick qualitative information on the
transmitter’s performance. If in
the talk test a greater testing rate
is desired, a magnetic wire recorder
may be used instead of a micro-
phone. A repeating record consist-
ing of a few specially chosen
sentences provides an adequate se-
lection of modulating vowels and
consonants which cover the range of
modulating frequencies. This meth-
od speeds up the talk test and dis-
penses with the use of another man
for this test.

Carrier Frequency Test

A separate crystal-controlled fre-
quency monitor shows whether
there is any deviation from the fre-
quency which is assigned to the
transmitter. In case of excessive
deviation, the tester has to adjust
the transmitter to the proper fre-
quency. Actual experience shows
that frequency adjustment does not
appreciably affect the transmitter’s
performance as established during
the five standard tests. Therefore,
if needed, the frequency check may
follow the talk test.

Maintenance Problems

The problem of the maintenance
and calibration of transmitter test-
ing sets to produce uniform results
in more than a dozen different loca-
tions all over the country is natu-
rally complex. In each location
there are available either two high-
precision f-m signal generators for
two basic frequency ranges or only
one such f-m highway range gen-
erator and another a-m type cover-
ing the urban range only.

A heterodyne spectrum analyzer
of the Panalyzor type is used as in
Fig. 2 for the calibration of the
modulation deviation of the f-m sig-
nal generators. A typical transmit-
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ter, previously tested and meeting
all requirements, is connected to the
r-f wattmeter as usual and gen-
erates an unmodulated carrier of
normal strength. A small antenna
is connected through a switch to
the receiver or to the tuner preced-
ing the receiver. For urban range
calibration the tuner is considered
as included in the receiver block.

Both the receiver and the trans-
mitter are tuned to exactly the same
frequency f, as indicated by a zero
reading on the diseriminator meter.
The limiter meter indicates the re-
quired minimum strength of the in-
jected carrier. Now the f-m signal
generator is substituted for the
transmitter and is tuned to the fre-
quency of the receiver. The gen-
erator output control is set to inject
the same carrier voltage into the
receiver as the transmitter pro-
duced. This generator’s output is
simultaneously connected to one in-
put of the Panalyzor. Another sig-
nal generator, set to a frequency
500 ke higher or lower than f, is
connected to the second input of the
Panalyzor. When the first f-m gen-
erator is modulated, starting from
zero deviation in the direction of
higher deviations, different equidis-
tant pips appear on the screen of
the Panalyzor and show the spec-
trum distribution of the f-m or p-m
modulated carrier.

In accordance with the theory of
Bessel functions applied to f-m and
p-m transmissions, a definite modu-
lation index corresponds to each
relative strength of a selected side-
band or carrier with respect to the
unmodulated carrier strength.
When the modulation is gradually
increased to give higher deviations,
the pip which corresponds to the
carrier starts decreasing and soon
reaches a minimum, starts increas-
ing until it reaches a maximum, and
continues repeating this cycle of
inereasing and decreasing carrier
pip height. To each minimum
and maximum corresponds a defi-
nite modulation index, or for a fixed
modulating frequeney a definite
modulation deviation. The values of
modulation indexes may be found
in the tables of Bessel funection co-
efficients. The voltages indicated by
V. are now calibrated against the
modulation deviations or indexes
indicated by the Panalyzor. Simul-
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taneously the modulation deviation
control knob or the deviation meter
of the signal generator is calibrated.

Harmonic Distortion of
Testing Set

Periodic measurements are made
of the constant harmonic distortion
produced by the testing set itself.
The distortion produced by the
audio oscillator, a-f amplifier and
phantom miecrophone together can
be measured directly by connecting
the output of the phantom micro-

ey
Cﬁg 2
= Zh
S
STRAY §>z 3
R-F ~. &8 2

COUPLING \

)
~6 LIMITER METER
®

// f
I3
TYPICAL 7= CALIBRATED
TRANSMITTER TEST
AND RECEIVER
R= WATTMETER 3 | TunED O
f
F-M SIGNAL
GENERATOR f PANALYZOR
+500 KC
UNMODULATED
SIGNAL
GENERATOR

FIG. 2—Setup for calibration of modula-
tion deviation of test receivers

phone to the distortion meter. The
distortion produced by the receiver
can be found by connecting the
audio output from the first three
units to the external modulation ter-
minals of an f-m signal generator
known to produce a very low har-
monic distortion. The r-f output of
this signal generator is connected
through a suitable pad to the an-
tenna terminals of the calibrated
receiver or tuner.

The distortion meter connected in
the usual manner to the receiver
output now measures the total dis-
tortion of all connected apparatus.
The distortion of the first three
units is already known, while the
distertion introduced by a precision
signal generator may be neglected;
therefore, the balance represents
the harmonic distortion introduced
by the receiver. Using this method,
a constant value of harmonic dis-
tortion introduced by each trans-

mitter testing set can be found.
This constant value can be estab-
lished separately, if necessary, for
urban and highway ranges.

The testing set’s own signal-to-
noise ratio is checked against that
of a mobile transmitter selected to
have a snr of 39.8 db or more as
measured by the testing set. This
transmitter is considered as the
maintenance standard and pre-
served in a careful manner.

Experience shows that the signal-
to-noise ratio of the available trans-
mitters cannot be higher than in
the upper 40’s. The ratio for the
test equipment can be expected to
be at least 0.4 db better than the
test result (39.8 db), with the prob-
ability that it will be at least 1.2
db greater than the test result. If
during one of the periodical mainte-
nance checks it is found that the
snr of the same transmitter has
dropped below 39.8 db, then this
condition indicates that the signal-
to-noise ratio of the testing set has
dropped below the permissible mini-
mum. The trouble must be analyzed
and the ratio brought again to the
minimum level.

The signal-to-noise ratio of the
transmitter maintenance standard
can be cross-checked by using a pre-
cision f-m signal generator modu-
lated from the testing set’s audio
oscillator through the amplifier and
phantom microphone. The setup is
the same as in Fig. 1 except that
the signal generator is connected
directly to the antenna terminal of
the test receiver or tuner. To obtain
the highest possible ratio for the
generator, its circuits should be sup-
plied from a B battery instead of
from a rectified a-c¢ power supply,
and an A battery should be used for
its tube filaments or heaters. To be
suitable for cross-checking opera-
tions, the signal-to-noise ratio of
the generator should be at least 47
db for 5.5 ke modulation deviation
at 1,000 eps.

The author makes grateful ac-
knowledgment to Brynjulf Berger
for his advice and aid in the de-
sign and development stage of the
project, to the members of his staff
for their cooperation in some of the
problems and, in particular, to
Ernest Reuther for his assistance
in the building and adjustment of
the equipment.
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Television Studio

By J. L. HATHAWAY and R. E. LAFFERTY

Assistant Manager

Development Engineer

Engineering Development
National Broadcasting Company
New York, N. Y.

Superheterodyne receivers may be

carried in pocket or worn around waist

on a belt. Sound is piped from electro-

mechanical transducer in set to ear by

thin vinylite tube which also contains
antenna

Standard commercial type batteries pro-
vide d-c power for receiving units at a
cost of 2 cents an hour

NCREASED programming activity

in television studios across the
country has greatly crowded both
facilities and personnel. Technical
and production crews, perform-
ers, scenery sets, cameras, micro-
phone booms, floor lights and turn-
tables all compete for limited space.
To add to the confusion, nearly
everyone and every thing, with the
exception of performers and scen-
ery, requires a flexible cable connec-
tion into “the system”. The result
is a maze of ever-shifting rubber-
covered cables.
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For cue and direction from the
producer in the control booth, sev-
eral of the production staff must
wear telephone head sets. A floor
manager frequently finds it neces-
sary to cover large areas which usu-
ally means changing his connecting
cable from an outlet along one wall
to one on the opposite side of the
studio. This, at a crucial moment
on a split-second timed show, re-
quires rapid movement and is quite
a gymnastic feat. There is also
the ever present danger that the
ear phones will be torn from his
head as the cable trips up an unsus-
pecting actress, perhaps breaking
the cable or producing an audible
thump on the air.

To reduce the tangle, a project
was initiated to eliminate the rov-
ing earphone cords not integral
with camera or other cables. With-
out these, the production staff has
complete freedom of movement for
better direction and more accu-
rately-timed cues. The present
studio communications system has
replaced wired roving telephone
head sets in the NBC studios, and
at the same time provides improved
audio quality and wearing comfort
over long periods of time.

Requirements

Miniaturization of equipment
generally demands specialized com-
ponents and techniques, including
considerable model shop artistry.
For small quantity manufacture
these factors should be avoided,
wherever possible, to keep the cost
down and simplify the replacement
problem. While compactness of the
radio receiver is highly important
in this type of service, numerous
other factors rate higher priorities.
For example, the most compact re-
ceiver consists of a crystal detector
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operating into an earpiece. This,
however, necessitates a high-power
transmitter for reliable coverage of
a large studio. Such a transmitter
is expensive and television equip-
ment is highly vulnerable to r-f
pickup. A compromise is indicated
for practical transmitting and re-
ceiving equipment.

The item of utmost importance is
reliability. The system must oper-
ate satisfactorily every time it is
required, assuming  reasonable
maintenance, and receivers must
function at all positions on the
floor. Furthermore, maintenance
must not require appreciable time
or skill, since the system represents
but a small portion of the total
studio apparatus. Batteries must
be long lived—not the smallest that
could be made to operate such re-
ceivers. The hourly battery cost is
important, since those required in
a number of studios may account
for 2,000 hours weekly operation,
corresponding to about $2,000 annu-
ally at the rate of only 2 cents per
hour.

Selectivity should permit simul-
taneous operation in adjacent
studios without audible interfer-
ence; on closely-spaced frequencies,
and automatic gain control should
substantially eliminate wave-inter-
ference level fluctuations. The re-
ceivers must be worn with comfort
and should have only a single ex-
ternal control for power and volume
—the latter necessitated by the
large range of ambient sound
within the tv studio on different
types of programs. Signal-to-noise
ratio must be excellent, implying
high audio frequency de-emphasis
in the receivers.

The radio transmitter should
possess excellent automatic audio
¢ain control to reduce variations of
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Cueing Equipment

Several thousand hours of operating experience, engineering skill and model-shop artistry

have led to development of an almost foolproof transmitter-receiver combination for

relaying instructions from control booth to production staff on tv set

speech level, frequency stability to
within =#+0.01 percent, pre-empha-
sized high-frequency response to
permit receiver noise reduction
through compensation and reason-
ably low audio distortion at high
modulation percentages. The trans-
mitter, or at least its radiator,
should be centrally located within
the studio for best coverage at
minimum power. It should be a
completely  self-contained  unit,
operating from a low-level, low-
impedance audio circuit, such as the
direct output of a high-quality rib-
bon or dynamic microphone. High
audio frequencies should be pre-
emphasized in order to compensate
for de-emphasis within the receiv-
ers.

Operating Frequency

Operating frequency must per-
mit satisfactory coverage with prac-
tical and available components. The
state of the art ruled out uhf and
indicated either hf or vhf, all fac-
ters considered. With the ever
present likelihood of radiation be-
vond the studio confines, licensing
was required. There are a number
of allocation possibilities around 27
me, including low-power industrial,
diathermy and broadcast remote
pickup frequencies. Tirst experi-
ments and later studio operations
were conducted with FCC sanction
within the 27-me diathermy band.
More recently, under expanded
operation, in order to stagger fre-
quencies in adjacent studios, remote
broadeast pickup frequencies were
authorized and are used, namely,
26.35 and 26.55 mec. These require
Restricted Radio Telephone Li-
censes and the keeping of simple
logs.

First exploratory investigations
of the utility of an r-f studio in-
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struction system were conducted
using a rod antenna, a tuning coil
and crystal detector all mounted on
the band of a headset, together with
a transmitter having less than 1-
watt radiation. This combination
lacked receiver age as well as sensi-
tivity but indicated good possibili-
ties otherwise. Next the rod was
eliminated in favor of a tuned pick-
up coil, and an audio amplifier was
added with a semblance of age.
Performance was greatly improved,
with fading only in locations of
severe wave interference. Actually,
this cumbersome unit, with bat-
teries carried in a pocket, was
immediately commandeered into
studio operations as a marked im-
provement over the wired system.
Thus it was used until more refined
receivers became available.

The first really successful model,
completed in mid-1946, consisted of
a single-stage r-f amplifier with
ave, a voltage doubling detector,
and a single-stage audio amplifier.
Like present-day models, sound was
generated within the receiver and
conveyed to the user’s ear through
a thin-walled vinylite tube about 80
inches in length. This tube also
contained the flexible antenna wire,
meaning that only a single connec-
tion through the case was needed
for both input and output. The
wearer could carry the unit within
a pocket or by means of a belt
slung over the shoulder or strapped
around the waist.

After minor improvements, a
number of very similar units were
constructed for use in two studios.
These have been used an average of
6 hours daily during the past five
yvears. Recently, when ten more tv
studios and theaters were to be
equipped with radio communica-
tion, it was decided to incorporate

WMAAMA=-a R EEcaREackaistaRacoa

Transmitter is hung from cziling as near

center cf studic as possible. Forty-inch

whip is electrically short far 27 mc but

inefficiency can be tolerated because
of reserve of power available

Top view of transmitter shows plcece-

ment of components. High audio fre-

qguency pre-emphasis compensates for
talling response of receiving units
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FIG. 1-—Receiver uses crystal control to give single control (audio gain) operation with complete reliability

numerous improvements, including
a change of circuit from trf to
superheterodyne, in order to in-
crease selectivity.

Development of the transmitters
has gone through fewer stages than
the receivers. Suitable transmit-
ters are inherently rather straight-
forward since there is no special
restriction on space. Hence, present
units are similar to early models
except where minor alterations
have offered improved performance
and reliability.

Present Receiver

Power supply maintenance and
hourly cost are of sufficient impor-
tance to justify designing around a
preferable battery after selection
of tube types and establishment of
power requirements. Obviously, the
largest power source that can be
accommodated should be used for
reasons of economy. Small batteries
cost as much or even more in many
instances than those of several
times greater capacity. The 455 type
of 45-volt unit represents an excel-
lent compromise between size and
operating life and was selected for
this application. With a B drain of
around 2.5 ma, it affords 150 hours
of operation down to a 34-volt end
point. Companion A Dbatteries
should last either an equal number
of hours or a submultiple thereof
for greatest economy and minimum
maintenance. At the same time
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they should be compatible in size
and shape to avoid mechanical com-
plications and loss of usable volume,
Two paralleled type 1005E cells
were selected after consideration of
all factors, giving 75 hours of serv-
ice on the normal starting drain of
115 ma. This combination with an
intermediate change of A battery
for each new B battery results in
an operating cost of just under 2
cents per hour, at 1951 prices.

To meet selectivity and stability
requirements a superheterodyne
circuit is utilized with a crystal-
controlled oscillator, as shown sche-
matically in Fig. 1. The miniature
quartz crystal is of harmonic type,
connected from grid to ground in
a triode-heptode converter circuit.
The r-f signal voltage is stepped-up
by the tuned input circuit, which

also rejects spurious signal re-
sponses. Mixer output is fed
through a band-pass filter and

single i-f amplifier resonating at a
nominal frequency of 1,580 kec.
This i-f tuning may be altered suf-
ficiently to permit reception over
the range from approximately 26.0
to 26.8 me, assuming a crystal fre-
quency of 27.96 mec.

Two germanium rectifiers are
employed for voltage doubling de-
tection, providing 3 to 4 db greater
gain than a conventional detector
with the same type of germanium
rectifier. Automatic volume control
actuating voltage is derived from

the detector and applied to both the
r-f and i-f grid-return circuits.
Following detection, a potentiom-
eter permits manual control of
audio grid excitation to the power
amplifier. A power switch is in-
tegral with this potentiometer. Al-
though a pilot light is not provided,
since it would create excessive bat-
tery drain, the switch knob is ma-
chined so as to expose a brilliant
vellow indicator except when in the
off position.

Receiver Output

A miniature step-down trans-
former couples the power output
stage to an electroacoustic trans-
ducer, in the form of a modified
hearing aid ear piece. Sound is
conducted from this, through a
thin-walled vinylite tube of a little
over Ts-inch diameter bore, to a
soft molded-rubber ear plug. The
tube also contains a flexible an-
tenna wire, which must be insulated
from the housing and undue capaci-
tance avoided. An insulated metal
jack permits ready insertion and
removal of this combined sound
tube and antenna for maintenance
purposes, and permits individual
wearers to retain their own plugs
for subsequent use—thus avoiding
possible communication of ear
infection.

The plug is applied to the end of
the sound tube by simply slipping
it over the retaining flange of a
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FIG. 2—Transmitter circuit is straightforward with exception of high audio frequency pre-emphasis and delayed agc circuit

metal fitting. Sound transmission
through this length of small-diam-
eter tubing results in appreciable
attenuation, especially at the higher
audio frequencies. However, high-
frequency loss is not considered
especially detrimental since this
constitutes a ready means of de-em-
phasis to achieve noise reduction.
The general loss of level is com-
pensated by increasing audio out-
put power.

The receiver measures 5% by 3%
by 17 inches thick with no pro-
tuberances excepting the sound
tube jack, the control and the strap
clips. It is fabricated of rigidized
stainless steel and weighs 22 ounces
complete with batteries. The hinged
cover is retained in the closed posi-
tion by means of a compact-case-
type of clasp and, when opened,
provides ready access to the battery
section for replacement or removal
of the entire receiver from its
housing.

Sensitivity is sufficient to produce
0.1-volt audio across a 100-ohm
load resistor with a l-millivolt r-f
signal applied through 10 ppf to
the input. These input and output
connections are employed for all
test and alignment procedures.
Maximum undistorted audio output
power into the resistive load is ap-
proximately 3 milliwatts with a 1-
volt A battery and 36-volt B.

Selectivity curves obtained with
blocked ave show response to be
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down 6 db, 10 kc off resonance and
30 db, 50 ke off. Oscillator and i-f
frequencies are almost completely
independent of both voltage and
temperature variations within the
ranges encountered in operations.

Tube life has not been deter-
mined as no failures of the sub-
miniatures have yet occurred after
many thousand hours of operation.

Transmitter

The radio transmitter should
preferably be centrally located above
stage, by hanging it from the ceil-
ing, a catwalk or other permanent
fixture. Even when so located,
especially in a studio with low ceil-
ing, movement of such objects as
microphone booms and scenery sets
would make impractical the use of
a long antenna. A }-wave spike,
for example, protruding 10 feet
from the transmitter might fre-
quently be damaged. Hence, a
small fractional wavelength an-
tenna, only 40 inches in length, is
utilized despite the low resultant
efficiency. Actually, since ordinary
small tubes have been found to
furnish adequate power for cover-
age of a studio, antenna radiation
efficiency is of little consequence.

The fransmitter schematic shown
in Fig. 2 is largely self-evident. A
Pierce crystal oscillator circuit ex-
cites a frequency tripler, whose out-
put is amplified by a class-C output
stage which is coupled to the

antenna. The audio portion con-
sists of a low-level amplifier, an
automatically-controlled push-pull
amplifier, and a push-pull modula-
tor stage transformer-coupled to
the class-C power amplifier. The
automatic control utilizes full-wave
rectification with delay bias. Gain
reduction is not as rapid as for
types designed for high-quality
broadcast service, since momentary
overloading at the start of high-
level speech is of little impor-
tance. Excepting this, the control
limits modulation to just under
100 percent on extremely loud
speech into the cue microphone.
Speech of 20 db lower acoustical
level produces around 50-percent
modulation. In order to compensate
for the high-frequency de-emphasis
in the receivers, with consequent
noise: reduction, high frequencies
are pre-emphasized in the trans-
mitter.

Power output in the form of radi-
ation from the short studio antenna
is around 0.5 watt.

Metering is provided for plate
currents and also for grid current
of the class-C amplifier, a facility
especially useful in preliminary
alignment as well as in periodic
preventative maintenance. All tubes
and components within the trans-
mitter are operated at small frac-
tions of their ratings for maximum
reliability and minimum mainte-
nance.

13



High-Current Dual-Pulse

Research laboratory at New York University, showing dual-pulse electronic stimulator in rack at right. Constant-temperature salt bath
containing muscle being stimulated is barely showing at lower left. Rack back of it contains various amplifiers and oscillators used with
dual-beam oscillograph in center for recording mechanical and electrical responses of the muscle

N CONNECTION with a program of
I research on muscular contrac-
tion, currents ranging from a frac-
tion of an ampere to as high as 6
amperes were required.

In the experimental procedure a
physiologic structure such as mus-
cle is immersed in an electrolyte
bath containing two large (dis-
tributed, or so-called massive)
silver-silver  chloride electrodes
symmetrically flanking the muscle,
as shown in Fig. 1. An electric
stimulating pulse must pass from
electrode to electrode through the
intervening electrolyte solution and
on its way stimulate the muscle sup-
ported in the electrolyte. Measure-
ment proves that the impedance of
this massive electrode system is
only 9.2 ohms.

By using 6AS7G power ampli-
fiers, the required high output
currents through such a low impe-
dance were obtained directly from
the 117-volt d-¢ power line. Con-
struction of a special high-power
d-c supply was thus obviated.

14

The new stimulator produces a
unit cycle consisting of two rec-
tangular pulses each of which is in-
dependently and smoothly variable
in duration from 30 to 100,000 usec,
with amplitude variable from zero
to maximum and with the same or
opposite relative polarity. In addi-
tion, the two pulses are separable
by an interval independently vari-
able from 5 to 100,000 psec. The
rise time of each square wave from
zero to 90 percent of peak ampli-
tude is 15 psec and the fall time is
10 psec. Within the limits set, the
stimulator, delivering correspond-
ingly short pulses, has operated at
repetition rates up to 2,000 per
sec.

General Operation

The overall operation of the
stimulator can be understood from
the block diagram in Fig. 2. A
positive trigger of about 30 volts
triggers the first phantastron,
whose Interval determines the
duration of the trapezoidal output

WWW.americanradiohistorv. com

pulse. The two shaping circuits
which follow change this to a rec-
tangular pulse, which the driver
stage amplifies to about 250 volts
for feeding to the power amplifier
either directly or through the
mixer.

The first phantastron output is
also fed through a cathode follower
to a differentiating circuit or
peaker. The positive spike from
the peaker, corresponding to the
trailing edge of the first phantas-
tron pulse, is used to initiate a
blocking-oscillator pulse of the or-
der of 1 psec for triggering the
interval-determining phantastron.

The output of the interval phan-
tastron is fed through a cathode
follower to a peaker whose output
triggers a blocking oscillator. A
sharp trigger voltage is obtained
which marks the trailing edge of
the interval phantastron and initi-
ates the action of phantastron II,
whose trapezoidal pulses are shaped
and amplified for feeding to the
power amplifier by way of the
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Physiologic Stimulator

Sixteen paralleled 6AS7G dual-triodes operating directly from 117-volt d-c power line

deliver pairs of 6-ampere pulses for Navy-sponsored basic research project involving

stimulation of live muscles supported in electrolyte. Three phantastron time-delay stages

provide complete control over pulse width and spacing

By DAVID MOSTOFSKY

Instructor in Physiology

College of Dentistry
New York University

mixer when pulses are of the same
polarity, or directly to the power
stage when pulses are of opposite
polarity.

The power amplifier delivers
maximum pulses of 6 amperes peak
current through the 9-ohm output
impedance when the pulses are of
the same polarity, and about one-
fourth of this when the pulses are
of opposite polarity.

Circuit Analysis

The circuit of the stimulator is
given in Fig. 3, The basic timing
and pulse-forming action is per-
formed by phantastron -circuits®.
The output of such a circuit is a
negative trapezoidal pulse, smoothly
variable over a wide range and
with a rapid fall and rise time.

Diodes (all in a 6AT6) are con-
nected to the first grids of the three
phantastron circuits to permjt op-
eration at high repetition rates

~67 u SEC
} IN‘(ERVAL

NN LS
10,000 CPS

25,000pSEC EACH

= 1

25,000 SEC EACH

AWV 00 cPs WWWWWWiooces

Examples of trains of pulses produced
by stimulator, as recorded with dual-
beam oscillograph to get timing wave
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ALEXANDER SANDOW

Associate Professor of Biology
Washington Square College of Arts and Science

with the relatively wider pulses
and intervals. The diodes permit a
more rapid recovery of the grid
voltage after the pulse. Switching
in the extra capacitor in the phan-
tastron circuit permits extending
its pulse duration to 100,000 usec.

The time of the phantastron
pulse, in general, is determined by
a voltage applied to the plate. Ex-
cept for extremely narrow time in-
tervals there is a linear relation-
ship between this voltage and the
pulse width. The control voltage
is applied to the plate of phantas-
tron V, through diode V, which
isolates the plate from the control
voltage during the phantastron
cycle. The two 5,000-ohm potentio-
meters in the phantastron circuit
are screwdriver adjustments which
determine the minimum and maxi-
mum voltage obtained from the 20,-
000-ohm wire-wound potentiometer
that serves as the phantastron pulse
width control. The 500-ohm wire-
wound potentiometer is a vernier
control.

The trapezoidal output of phan-
tastron I is taken from its cathode
and fed to the grid of V, where grid-
clipping action flattens the pulse.
On the plate of this tube the pulse
is a positive rectangular voltage
with a negative overshoot, This
pulse is coupled to the next stage
through a large time constant net-
work in order to pass the wide
pulses. The 6H6 diode connecting
the grid side of the coupling capaci-
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FIG. 1—Method of electrically stimulat-
ing a muscle with so-called massive
electrodes connected to output of high-
current electronic pulse generator. Mus-
cle is clamped at its lower end, and
upper end is connected through a lever
to a piezoelectric pickup., Muscle (of
frog) can live for many hours in the
salt solution serving here as electrolyte

tor to ground is a clamper or d-c
restorer,

Tube V, is biased to cutoff so
only the positive part of the pulse
is amplified; the negative overshoot
is not obtained in the plate circuit
of this tube.

From the plate of V. the pulse,
now negative, is inverted and clip-
ped by V,, and then passed through
attenuator stage V,,. Attenuation is
limited by the fixed 22,000-ohm re-
sistor so that, at any setting of the
potentiometer, the pulse finally
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passed on to the power amplifier is
built up on a fixed pedestal which
overcomes the large cutoff bias of
the power tubes. Switch S permits
feeding the pulse from V, either
directly to the power stage, or
through mixer V,,, in which mixing
with the corresponding second
pulse is accomplished. The cathode
of V., is biased by its 80,000-ohm
resistor connected to B+, in order
to minimize interaction between the
attenuation setting of either pulse
with that of the other.

Pulse Interval Circuit

The interval-determining second
phantastron V,, is triggered by a
spike that corresponds to the trail-
ing edge of the first phantastron.
The pulse on the cathode of the
first phantastron is connected to
a trigger-forming circuit by way of
cathode follower V,, which isolates
the phantastron from the circuits
that follow. The following tube, V.,
differentiates the pulse. Thus on
the secondary of the pulse trans-
former, in the plate circuit of V,,
there appears a narrow spike which
triggers blocking oscillator V, after
going through isolation stage V..
The latter is normally cut off by
the network in the cathode, and
conducts only during the positive
spike that is derived from the trail-
ing edge of the first pulse. The
gsharp positive pulse which is ob-
tained at the cathode of V, is di-
rectly coupled to the interval phan-
tastron which it triggers.

The output of the interval phan-

sponding to the trailing edge is ob-
tained through the circuits associ-
ated with Ve, Vi, Ve and Vi,
which are the same as V,, Vi, V,
and V,. The blocking oscillator
spike triggers phantastron II
which determines the second rec-
tangular output pulse.

Second Rectangular Pulse

The output of phantastron II is
shaped and attenuated in Vs, Vs,
Vs, and Vy, After passing
through switch S it is used in ei-
ther of two ways. If two pulses of
the same polarity are required, the
output from Vy; goes through cath-
ode follower V,, where it is mixed
with the corresponding wave from
V.. When the pulses are to be of
opposite polarity, the wave from
Vaus i8 led directly to the power
stage, each pulse being in its own
channel. The reason for this switch-
ing will become apparent later in
the discussion of the power am-
plifier stage.

Power Amplifier

Switches S, and S, change the
power amplifier circuit to either of
two forms, one for pulses of the
same polarity and another for
pulses of opposite polarity. For
pulses of the same polarity all the
tubes are in parallel, with appro-
priate isolating resistors in the
plate and grid circuits, as in Fig.
4A. Use of 6AS7G tubes makes
it possible to obtain relatively high
currents with low plate voltage.
Five, ten, fifteen or twenty tubes

tastron is differentiated and a may be used independently since
blocking oscillator pulse corre- there are individual filament sup-
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FIG. 2—Major stages of stimulator and waveforms of pulses at various points
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plies and B+ switches. The circuit
is arranged as a cathode follower
and the load is connected directly
between cathode and ground. Fixed
200-ohm and 9-ohm resistors are
permanently incorporated as output
loads of the power amplifier to per-
mit tests without a working load.
This is desirable because the mas-
sive electrodes are easily polarized
when handling large currents.
When output pulses are to be con-
nected to the massive electrode
stimulating system, output switch
S. is set for the 200-ohm resistor
and the massive electrode system
is connected as a shunt across this
resistor. Since the impedance of
the massive electrode device is only
about 9 ohms, the 200-ohm resistor
gives no appreciable loading. For
any load impedance used, the power
tubes are heavily biased beyond cut-
off, and thus no current flows
through the load except when a
pulse is applied to the power tube
grids. The diode in the grid cir-
cuit clamps the grid bias to an ad-
justable value, usually set at —120
V.

For output pulses of opposite
polarity, the circuit is switched to
correspond to the simplified sche-
matic of Fig. 4B. This resembles a
push-pull arrangement with half
the tubes receiving the first pulse
from V., and the other half receiv-
ing the second pulse from Vy,.
When this setup is used under work-
ing conditions, each set of tubes is
connected to its own 9-ohm cathode
resistor and each side of the mas-
sive electrode load is connected to
the one of the common cathode ter-
minals. Under these conditions al-
ternate pulses will be opposite in
polarity at the output provided by
the massive electrode load.

Of special interest are the results
for the 9-ohm output for which
the stimulator was designed. When
sixteen 6ASTG output tubes are
in parallel (32 triodes), the out-
put for the maximum 250-v pulse
applied to their grids is about 55
volts, thus giving us a pulse of
about 6 amperes. Considerably
greater voltages and currents may
be obtained by adding still more
tubes.

When the output stage is set for
push-pull operation, the output is
about one-fourth of that for paral-
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FIG. 3—Circuit of pulse generator and synchronizer.

Power amplifier requires 117-volt d-c power line, and all other stages operate

from a common 300-volt regulated power supply

lel operation, because when the
tubes on one side of the push-pull
arrangement are conducting, the
tubes on the other side are inactive;
the current delivered by the set of
active tubes now subdivides be-
tween its cathode resistor and the
parallel circuit including the load
in series with the cathode resistor
of the inactive tubes. Thus, the
power dissipated across the actual
load (the stimulating bath) be-
comes quite small. This available
power is sufficient, however, for
certain critical physiological ex-
periments requiring  alternate
pulses of opposite polarity.

The d-c line used as a B+ supply
for the power amplifier is not per-
fectly steady. Apart from the oc-
casional relatively large fluctua-
tions, there is a constant ripple of
the order of one volt. This appears
with essentially constant absolute
value at the output, regardless of
the magnitude of the desired pulses.
When the pulses are small, and thus
the ripple relatively large, this diffi-
culty is circumvented by delivering
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INPUT

-i20V
(A) BOTH PULSES HAVE
SAME POLARITY

(B) PULSES HAVE
OPPOSITE POLARITY

FIG. 4—Simplified circuit of power am-
plifier for the two settings of the polar-
ity-changing switch

maximum or near maximum volt-
ages to the input of the power stage
and then attenuating by means of
variable resistor R in series with
the output load. In this way the

ripple is always of the tolerable
relative order of about 1 percent of
the final pulse voltage, no matter
how small this is.

The stimulator has been in al-
most daily use for many months.
Throughout this time the generator
has proved to be highly stable and
dependable, and well suited to the
special needs for which it was con-
structed. Although these needs are
physiological, this type of high-cur-
rent pulse generator may have
other applications.

The work on this project was
aided by a contract between the
Office of Naval Research, Depart-
ment of the Navy, and New York
University (NR113-300). The
authors express their indebtedness
to Harvey Mandel, who did much
of the wiring of this stimulator,
and Arthur J, Kahn who aided in
the testing.
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Cathode-Follower

Excellent square-wave response from 10 to 40,000 cycles is obtained from eight double

triodes directly driving loudspeaker voice coils. Direct-coupled stage has power gain of
37 db. Up to 20 tubes can be used for auditoriums

By E. W. FLETCHER

Cruft Laboratory
Harvard University
Cambridge,

ANY AUDIO EXPERIMENTERS,
M including the authors, have
felt that the power cathode follower
was the ideal audio amplifier output
coupling stage into a speaker sys-
tem. Heretofore, either prelimi-
nary investigation or practical cir-
cuit design has led previous
attempts to utilize the cathode-fol-
lower power stage into the com-
promise of coupling the speaker or
speaker system with an output
transformer.

Such an arrangement has gained
some advantages, notably, good fre-
quency response, excellent damping
qualities and low distortion. The
transformer has, with all its design
problems, still been the limit-
ing component of such an audio
amplifier. Disadvantages, such as
low efficiency and low power sensi-
tivity inherent with this device
might be ignored by those seeking
true and distortionless reproduc-
tion. On the other hand, the lack of
voltage amplification of the cathode
follower imposes such severe re-
quirements upon the preceding
driver stage that the avoidance of
distortion is very difficult, if not
quite impossible.

The authors have felt strongly
that if an arrangement could be de-
veloped to couple the cathode-fol-
lower stage directly to the voice coil
of the speaker, or dividing network
of a speaker system, many real ad-
vantages would accrue. Initial in-
vestigation of such a power cathode
follower using the 2A3 class of
triodes was not too encouraging;
the ideal remained without practi-
cal implementation.

In 1946, the introduction of the
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FIG. 1—Basic cathode-follower stage
for direct coupling to low-impedance
voice coils

twin-power triode type 6AS7G re-
vived interest. Single-ended and
balanced arrangements were tried
using inductive and capacitive
coupling, but finally a direct-
coupled, push-pull balanced stage
evolved. Figure 1 shows a sche-
matic of a cathode-follower stage
utilizing a total of eight twin-
triodes of the 6AS7G type. Such a
balanced stage retains all the inher-
ent advantages of a push-pull am-
plifier and permits direct coupling
to the low-impedance voice coils
with no direct-current flow through
these coils.

Balanced Stage

An equivalent circuit of this bal-
anced stage containing eight tubes
is shown in Fig. 2. The cathode-
follower stage is loaded by the 16-
ohm audio load shunted by the
cathode resistors, making an ef-
fective load of 14.22 ohms driven by
a generator having an internal im-
pedance of 23.67 ohms.

For a given number of twin
triodes, increasing the cathode-re-
sistor value will make the useful
audio power into the speaker ap-

S. F. COOKE

Case Institute of Technology
Cleveland, Ohio

proach a limiting value of I'R../2,
where I is the peak current and E..
is the speaker resistance. Decreas-
ing its value will lower the plate-
supply voltage and increase the
electrical damping on the speaker.
Such a design eliminates the output
transformer from the audio ampli-
fier, enabling one to build a com-
pletely direct-coupled amplifier or
an all-stage capacitance-resistance
coupled audio amplifier.

The input impedance of a cathode
follower is high; this is an obvious
advantage. Manufacturers of the
6AS7G recommend that for cathode
biasing a grid resistor of not
greater than 1 megohm be used to
limit ion collection on the grid, thus
avoiding erratic operation. For
eight paralleled triode sections, a
125,000-ohm grid resistor would be
required.

The gas current in these tubes
has been low enough to justify a
0.5-megohm resistor, whieh has
proved satisfactory for this cath-
ode-follower service. The high-im-
pedance input into the follower
stage allows the use of a simple
voltage amplifier as a driver, while
a 2-uf coupling capacitor gives ade-
quately low frequency response.

In addition, the drive voltage is
relatively small at each of the out-
put cathodes. With five volts rms
phased 180 degrees apart across a
16-ohm load the dissipation is 6.32
watts. Since eight triodes in
parallel as a composite cathode fol-
lower have a voltage gain of 0.254,
the necessary voltage at the grids
is less than 20 volts rms. This is a
moderate and easily fulfilled con-
dition for a resistance-coupled am-
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Loudspeaker Coupling

plifier. The power sensitivity is
even greater than the power tubes
and transformer combination when
replaced by the power cathode fol-
lower. An input of 1.32 milliwatts at
the cathode-follower grids corre-
sponds to 6.32 watts in a 16-ohm
load across the cathodes, a power
gain of 37 db!

A  square-wave test of the
power cathode-follower output stage
loaded with a 16-ohm noninductive
resistor was so good that the prob-
lem of building an amplifier and
preamplifier to match its perform-
ance became nonconventional audio
practice. To avoid angular phasing
within the audio range of 20 to 20,-
000 cps, one might make the em-
pirical stipulation that the ampli-
fier be capable of linear amplitude
response from 2 to 200,000 cps.

Square Wave Test

If the amplitude drops 0.1 db at
either end of the audio spectrum, a
corresponding 10-degree phase shift
is suffered while a 3-db drop corre-
sponds to 45 degrees. A balance
should be maintained in extending
frequency response at both ends of
the audio spectrum. That is, if an
extension of upper response is
made to 200,000 cps, then an exten-
sion of the lower response frequen-
cies should be made to 2 cps. One
rule of thumb has been to make the

%

R,=280
u =2
n =8 TRIODES

o 070, 2

G—l+“ 3

FIG. 2—Equivalent circuit for the eight-
tube stage shown in Fig. 1
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product of the upper and lower
half-power frequencies equal to
400,000. Figure 3 shows a sche-
matic of an amplifier that fulfills
these conditions, It passes a square
wave over the frequency range of
20 to 20,000 cps, which compares
favorably with the response of the
cathode-follower stage.

Power Supply

Perhaps the most difficult prob-
lem to be solved in the design of an
amplifier incorporating this power
cathode-follower stage is an ade-
quate power supply whose cost, size

and weight remain small. A supply
voltage of 200 volts and 2,000 ma
will supply sixteen triodes of an
eight-tube cathode-follower stage
at the manufacturer’s recommended
operating conditions. This require-
ment was easily accomplished by
using 4 rectifiers, type 872/8724,
in the bridge circuit shown in Fig.
4.

The output had a capacity of
2,500 ma, which allowed a 300-ma
additional drain for the amplifier
heaters. They are in series with a
300-ma field in the tweeter. The
woofer field absorbed another 100
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FIG. 3—Suggested resistance-coupled preamplifier with good squdre-wave response
from 20 to 20.000 cps
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FIG. 4—Unique power supply used to

operate the cathode-follower multitube output
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ma while 50 ma supplied the volt-
age amplifier., This drain brought
the total load on the supply to 2,-
450 ma.

Pi-section filters, consisting of
500-uf capacitors and 0.072 henry
inductors, adequately reduced power
hum in the speakers to an inaudible
level, —10 mv of 120-cps ripple.
The cost of this supply was held
to a ridiculously small figure by uti-
lizing parts available on the surplus
market. The extraordinarily low
frequency response of the follower
makes the hum problem all the more
difficult, but the hum level in the
balanced output stage itself is
down more than 90 db below the
maximum output of 6.32 watts for
eight tubes. Shot noise, although
not objectionable, is more serious
than hum. Careful attention to
grounding techniques, and the use
of an all d-c heater supply in the
amplifier kept its hum level below
that of the output stage. It might
be pointed out that there is no hum
pickup problem here such as that
encountered with output transform-
ers owing to winding linkage or
magnetic coupling.

The maximum audio power out-
put for the cathode-follower stage
consisting of eight twin-triode
6AS7G tubes coupled to a speaker
system of 16-ohm nominal impe-
dance, where the limiting condi-
tion is class A operation, is I’R../2
= 16/2 = 8 watts, if the cathode
resistor were infinite in value. For
the 64-ohm cathode resistors actu-
ally used, the total power into these
resistors and the 16-ohm speaker
system is I’'R./2 = (16 x 128)/2
(16 + 128) = 7.11 watts of which
only 6.32 watts divides to the audio
load while the remaining 0.79
watt is dissipated in the 64-ohm
cathode resistors.

In view of the fact that most
good audio-amplifier designs claim
output powers of 10 to 20 watts,
and more recently values even as
high as 30 to 50 watts, this value
of 6.32 watts seems small. How-
ever, with this output cathode fol-
lower, the best speakers available
are hard pressed even to approach
the follower performance. This
precludes the use of the output fol-
lower with any but the best types
of speakers available. Relatively,
such speakers are highly efficient.
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Table I—Comparison of Multitube Cathode-Follower Stages

|
Number of 6AS7G Tubes l 4 8 | 12 16 20
in Stage |
[ |
Plate Supply Current (ma) 1,000 | 2,000 | 3,000 I 4,000 4,600
Plate Supply Voltage (volts) 167 199 231 263 282
Push or Pull Composite Tube
Characteristics
Plate Current (amp) 0.50 1.00 | 1.50 2.00 2.30
Tons Conductance (umhos) | 28,000 | 56,000 | 84,000 (112,000 | 140,000
Plate Resistance (ohms) 70 35| 23.33 17.5 14
Cathode Resistance (ohms) 64 64 | 64 | 64 64
Bias Voltage (volts) 32 32 33 37 41
Follower Resistance (ohms) 23 .67 11.67 7.78 5.83 4.67
Generator Resistance (ohms) 46 23.33 | 15.56 11.67 9.33
Load Resistance (ohms) 14.22 | 14.22 | 14.22 | 14.22 14.22
Damping Resistance (ohms) | 34.33 | 19.72 | 13.87 | 10.69 8.69
Audio Power to Speaker (watts)| 1.58 6.32 | 14,22 | 22,78 33.38
Audio Power to Cathode IRe- i
sistors (watts) 0.20 0.79 1.78 2.85 4.17
Voltage across Load (volts) 5.0 10.0 15.0 | 19.0 23.0
Amplification 0.156 | 0.253 | 0.319 | 0.369 0.402
Power Gain (db) 36.5 37.0 37.2 37.5 37.5
Drive Voltage (Push or Pull) |
volts (rms) 16.0 19.7 23.5 25.7 28.7
Total Power Input (watts) 320 610 960 | 1,280 1,600
Overall Efficiency (percent) 0.5 1| 1.5 1.78 2.09

A speaker system and dividing
network of good efficiency in a room
of 2,300 cubic feet volume, with
sound intensity distinctly uncom-
fortable, had a measured average
power into the dividing network of
only 100 milliwatts. At a comfort-
able, more desirable level, the meas-
ured average power was less than
20 milliwatts!

Average power of 6.32 watts or
12.64 peak watts leaves a consider-
able factor of safety for the dy-
namic range required to reproduce
a symphonic orchestra over this
average power of 0.02 watt. In
Symphony Hall, Boston, this may
be greater than 90 db above back-
ground noise, but a-m and f-m
broadcasting as well as record re-
strictions hold the range below 60
db above noise.

Simplitied Amplitier

In the form presented, the cath-
ode-follower power amplifier has
low power efficiency as well as poor
weight and space efficiency. There
is reason to believe that a follower
stage, utilizing only four twin
triodes of the 6AS7G type, will do
as well except for a reduction in
average power to 1.59 watts. No
deterioration in reproduction could

be detected by a listening test in
the original system with four
tubes removed.

At an average power output of 20
milliwatts, a 22-db factor of safety
for peaks still remains. If a four-
tube system were acceptable (neigh-
bor objection may be anticipated in
a single-house residential section
where house spacing is on approxi-
mately 100-ft centers, if the aver-
age level is maintained as high as
50 milliwatts) a supply of l-am-
pere capacity would suffice.

A selenium rectifier of the full-
wave bridge type could be used to
advantage for space economy. One-
ampere chokes of approximately
100 millihenrys in a double-pi filter
will be more than adequate filtering
if used with three 500-uf capacitors
of the proper voltage rating.
Proper isolation of the cathode-fol-
lower stage and speaker system
might allow the rectifier to be sup-
plied directly from the a-c line
without power-line transformers.

Four amplifiers using eight tubes
have been built and lived up to all
expectations. Those who may have
requirements for much more power
output, such as an auditorium or
theater, might consider a 20-tube
system. Table I gives an interest-
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FIG. 5—Square-wave oscillograms obtained in comparison between follower output stage and various high-quality transformers.
Top row shows the follower results. Transformer types are listed in the text

ing comparison of cathode-follower
output stages, using 4, 8, 12, 16,
and 20 tubes.

Highly efficient speakers, not
acoustically matched throughout
the whole of the audio spectrum,
must be well damped electrically.
Some advocates propose an effec-
tive impedance looking back into
the amplifier of a fraction of an
ohm, usually accomplished by heavy
feedback. Another theory proposes
that such electrical damping have
a resistance of the order of value
of the voice-coil impedance. What-
ever may be the better for trans-
former coupling into an electro-
dynamic speaker system may be
questionable, but no evidence of
overshoot can be detected in a
Klipsch speaker system driven by
the 8-tube cathode-follower stage.

The 15-inch driver is damped
properly by virtue of good acoustic
matching into the horn. The damp-
ing resistance for this case is 19.5
ohms. It is well-known that the
speaker impedance is highly vari-
able and the resistive damping af-
forded by the follower is probably
critical when using speakers that
have proper acoustic loading. If
electrical damping is desirable or
necessary, a feedback link from the
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voice coil back into the amplifier
could be used with no danger of in-
stability or oscillations.

Square-wave tests of five of the
best available audio transformers
and the eight-tube cathode follower
stage exhibited the striking results
shown in Fig. 5. The conditions
of testing were as follows: Square
waves were fed from a balanced
generator through resistors equiva-
lent to the plate load of the power
tubes driving the transformers. A
noninductive resistance load of
proper value (16 ohms) was used
on the secondary. All transformers
and cathode follower were tested
under identical conditions. No
compensation of any kind was used.
Numbers at the left identify the
following equipment: (1) cathode
follower, 8-6AS7G tubes; (2) Gen-
eral Radio, Special; (8) UTC LS55;
(4) Thordarson CHT, 15591; (5)
Partridge, English Williamson am-
plifier; (6) Peerless S-245-Q.

The first oscillogram in each set
was taken with a 20-cps, 0.7-volt
input square wave. The second at
20 cps and 20 volts shows the seri-
ous effect of the transformers’ in-
sufficient inductance. The remain-
ing sets were taken at 60, 200, 600,
2,000. 6,000, 11,000, and 20,000 cps

all with an input voltage of 20 volts.

The authors have used the cath-
ode-follower stage driven by the am-
plifier in Fig. 3 to feed a good di-
viding network of less than 0.5- db
insertion loss coupled to an 18-in.
cone woofer and a metal-diaphragm
multicellular tweeter. The reaction
after several months of listening to
this system might be likened to liv-
ing with a great painting. At first
you are convinced that it is good,
but as more live program material
is sampled you slowly realize that
it is remarkable in its ability to
handle extremes of frequency, dy-
namic range and transients.

In the cathode follower, no prob-
lem of leakage inductance nor
shunt capacitance exists, therefore,
better results at the high frequen-
cies are obtained, especially in the
reproduction of percussion instru-
ments. Here steep wave fronts re-
quire a frequency response pos-
sibly as high as 100 or even 200
kilocycles. Response at the low-fre-
quency end is much better than any
transformer available, especially at
low power settings. There is an ap-
parent reduction in record scratch
while at the same time the high-
frequency response is better than
with the best transformers.



FIG. FIG. 3—Eighth sound i-f harmonic on

channel 7, a 1.55-mc beat for 22.1 mc.

1—Interference from third video
i-f harinonic on channel 5

FIG. 2--Eighth sound if harmonic on
channel 7 produces a 50-kc beat

Internal Television

Minimum interference from harmonics of sound and video carrier intermediate frequen-

cies 1s provided when 21.75 mc is used for the sound i-f. Harmonic-generating capabilities

of the video detector are analyzed and optimum frequencies given for intercarrier and
41-mc operation

By BERNARD AMOS and WILLIAM HEISER

Head, Cwrrent Production Emngineering Receiver Engineering Department
Television Receiver Manufacturing Division

NE TYPE of television picture
O interference which has re-
ceived little attention is that caused
by harmonies of the video and
sound carrier intermediate frequen-
cles. A large majority of television
receiver manufacturers still use the
21 to 26-me band for the sound and
video intermediate frequencies of
their receivers and consideration
should be given to the elimination
of possible interference between
the harmonics of these intermedi-
ate frequencies and the incoming
television signal.

The harmonies of the video car-
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rier intermediate freguency are
cenerated almost entirely in the
video detector stage. The harmon-
ics of the sound carrier intermedi-
ate frequency are generated to some
extent in the limiter stage, but
mainly in the diseriminator circuit.
These harmonics may feed back
into the antenna or tuner by many
different paths.

Common filament and power leads
are a potential source of trouble.
It has also been observed that the
video 1i-f harmonics will feed
through the video amplifier and
appear on a lead to the cathode-ray

www.americanradiohistorv com

tube socket. Since this is usually
near the antenna input connection,
feedback may take place along this
path. The use of a dual diode, such
as the 6ALS5, for the video detector
and d-c restorer furnishes another
path by which these harmonies may
reach the leads to the ert socket and
then the tuner input.

This problem has become increas-
ingly more important as the sensi-
tivity of receivers has been in-
creased. Use of a single video
amplifier, because of economic
reasons, necessitates relatively high
level video detection, with corres-
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TABLE 1

Harmonics of I-F Present on Channels 2—13 Video I-F =26.4 Mc
Sound I-F —21.9 Mc

Harmonic
Video Falling in Harmonic Beat
Channel Carrier Channel in Mc Frequency
2 55.25 Mc
3 61.25 3rd Sound |-F 65.7 4.45 Mc
4 67.25
5 77.25 3rd Video I-F 79.2 1.95
6 83.25 4th Sound |-F 87.6 4,35
7 175.25 8th Sound |-F 175.2 0.05
8 181.25 7th Video I-F 184.8 3.55
9 187.25
10 193.25 9th Sound I-F 197.1 3.85
11 199.25
12 205.25
13 211.25 8th Video I-F 211.2 0.05

Receiver Interference

pondingly larger magnitude of the
video i-f harmonics. The built-in
antenna has also served to empha-
size the importance of this problem,
since obviously a receiver with a
self-contained antenna will be more
susceptible to interference from
these internal harmonics than one
which has its antenna located some
distance away. The wide-spread
use of unshielded 300-ohm trans-
mission line also increases the pos-
sibility of interference from this
source.

Harmonics Involved

To illustrate this type of inter-
ference in more detail, consider a
typical television receiver with a
sounid carrier i-f of 21.9 me and a
video carrier i-f of 26.4 mec. Table
I lists the video carrier frequencies
of the twelve television channels,
the harmonic present on a particu-
lar channel, and the frequency of
the beat resulting from the har-
monic and the video carrier for the
above intermediate frequencies.

The table shows that seven of the
twelve television channels have an
i-f harmonic existing within their
bandwidth. The harmonics exist-
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ing on channels 3 and 6 give beat
frequencies much greater than the
3.5-me bandwidth of usual video i-f
amplifiers and therefore their effect
will probably not be noticeable in
the video output signal. Since at
least part of the 3.85-mc beat on
channel 10 will come through the
video i-f pass band, we have five
channels where harmonic interfer-
ence may occur,

Figure 1 shows the 1.95-mec beat
from the third harmonic of the
video i-f interfering with the
channel 5 signal. Notice that this
interference pattern may be easily
mistaken for local oscillator radia-
tion.

Figure 2 shows the 50-kc beat be-
tween the eighth harmonic of the
sound i-f and the channel 7 signal.

Figure 3 illustrates the inter-
ference of this same harmonic on
channel 7 for a sound i-f of 22.1 me,
the resulting beat frequency being
1.55 me. Note that this interfer-
ence is quite similar to that ob-
tained from an external f-m signal.
The harmonies falling in channels
8, 10 and 13 are similar in nature.

In most television receivers, the
video detection, because of the rela-

tively large signal required to drive
a single video amplifier and the
high intermediate frequency which
makes small amounts of capaci-
tance important, may be essentially
regarded as being peak linear detec-
tion. Figure 4 shows the simplified
video detector with the diode resist-
ance neglected and the output volt-
age waveform for an unmodulated
input signal at 26.4 me of one volt
zero to peak.

Schade (Proc. IRE, Aug. 1943)
has given a method for determin-
ing this waveform. Since at point
P the discharging capacitor volt-
age equals the steady state voltage,
no transient will occur. After
solving for B, it is only necessary
to make a Fourier analysis of the
output waveform to determine the
magnitude of the harmonies. Un-
fortunately, it has been found that
these results do not check experi-
mentally and that the diode resist-
ance must be considered for repre-
sentative video detector loads.

Detector Analysis

Figure 5 shows the simplified
video detector with the diode re-
sistance R, considered. While this
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resistance will vary with the magni-
tude of the input signal, for our
purposes it will be considered as the
average slope of the diode charac-
teristic over the input signal range.
The steady-state a-c relations of the

. . RS
load circuit for a sine-wave input 5 WRZC
are shown at the left of Fig. 5. The 2 Z‘ %t Trwro?'
alternating waveforms are shown
on the right-hand side of the figure. WRC

Note that the steady state cur-
rent now leads the input voltage by
a smaller angle, 6, than before.
Since the steady-state capacitor
voltage still leads the current by
the same angle, ¢, as before, we now
have the capacitor voltage leading
the input voltage. At point P the
transient capacitor voltage equals
the input voltage and the diode
starts conducting. However, since
this voltage is different from the
a-c steady-state capacitor voltage,
a transient effect will take place.
We will assume that this dies out
by the end of the diode conduction
time so that at point @, the trans-

C:IL5upF
ient and steady- itor FR
olta ’ eud); i Ry DC LEVEL 3RD HARMONIC 7 TH HARMONIC
voltages are equal. RMS VOLTS RMS VOLTS

Assume also a sine-wave varia- — —— e = e

tion for the capacitor voltage dur- 0 2.253v 107,000 4 v 14,100 pv
ing the diode conduction period. 250 2.01v 55,200 uv 7,700puV
The angle B may be found in the EL ORI YO 28,400 uv 4,280V

same manner as before except that
0 now has a different value because
of the diode resistance.

Figure 6 shows the output wave-
form alone with its two equations.
A Fourier analysis of this wave-
form was made. Figure 6 gives
the results of this analysis for the
third and seventh video i-f harmon-
ics generated in a typical video de-
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FIG. 5—Simplified video de
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FIG. 6—Output waveform and representative magnitudes of video i-f harmonics

The results are given for three
values of diode resistance for pur-
poses of comparison; the actual
tube used, a 6ALS5, was considered
as having a resistance of 250 ohms.
The results obtained for the 6ALS5
checked experimentally. From the

these harmonics, it can be seen
that only a small fraction need
reach the tuner to interfere
with a weak incoming signal.
By increasing the time constant of
the load so that the output voltage
variation between cycles is reduced,

tector by a 3-volt peak input signal. relatively large magnitude of the magnitude of the harmonics will
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FIG. 8—Beat frequency versus sound if. Dotted lines in this
and Fig. 9 and 10 indicate harmonic below video carrier
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be decreased. However, then the
load capacitor will be unable to
follow high modulation frequencies
near 3.5 me, and distortion will
ocecur.

Minimum Beats

One possible means of reducing
the interference caused by these
harmonics is to select intermediate
frequencies in the 21 to 26-mc band
for the sound and video i-f ampli-
fiers that give the least number of
objectionable beat signals. Figure
7 shows the location of the various
harmonics falling in the twelve
television channels as the sound
carrier intermediate frequency is
varied from 21.1 to 22.8 me¢ (video
i-f varies from 25.6 to 26.8 mc).

Figure 8 shows the frequency of
the various beats from the sound
i-f harmonics as the intermediate
frequency is varied. Figure 9 gives
the beat frequencies from the har-
monics of the video i-f signal as the
video i-f is varied.

A study of these two figures will
show that a sound-carrier inter-
mediate frequency of 21.75 mec
(video i-f = 26.25 mc) appears to
give the most reduction in number
of objectionable harmonics. With
these intermediate frequencies the
beat frequencies under 3.5 mega-
cycles are:

(1) A 1.5-mc beat on channel 5
due to the 3rd video i-f harmonic.

(2) A 2.5-mc beat on channe] 8
due to the Tth video i-f harmonic.

(3) A 2.5-mc beat on channel 10
due to the 9th sound i-f harmonic.

By moving the sound carrier i-f
from 21.9 me to 21.75 mc, the num-

ber of objectionable harmonics has
been reduced from five to three.
The amplitude of these harmon-
ics is such that interference may
only be noticed under weak-signal
conditions. The use of shielded
cable for the antenna lead-in and
careful chassis layout will minimize
this interference. It may be neces-
sary to use a series or parallel reso-
nant trap to stop the 3rd video i-f
harmonic from feeding back to the
tuner under most signal conditions
on channel 5, The other harmonics,
being much smaller in amplitude,
may usually be eliminated by
proper lead dress and adequate by-
passing. The use of two diodes of
a triple diode-triode tube, such as a
6T8, for the sound discriminator,
tends to aggravate the problems due
to the sound i-f harmonics, because
of the introduction of additional
feedback paths to the tuner.

Intercarrier Sound

The use of intercarrier sound
substantially reduces the chances of
interference from any sound i-f
harmonics since now these may only
be generated in the video detector
where the sound carrier is of rela-
tively low amplitude. Therefore
the only i-f harmonic interference
is due to the video i-f harmoniecs
as shown in Fig. 9.

By selecting a video intermediate
frequency of 25.6 mc and using
intercarrier sound, the possibility
of harmonic interference is almost
eliminated since the frequencies of
the two offending harmonics lie
almost outside the video i-f pass-
band.

The use of intermediate fre-
quencies in the vicinity of 41 mc
makes the selection of the actual
frequency much less critical than in
the 22-mc region. Figure 10 shows
the beat frequencies from both
sound and video i-f harmonics that
are possible for sound intermediate
frequencies from 40.9 to 41.6 mc.
Notice that only three harmonics
fall into any of the twelve televisicn
channels. If intercarrier sound is
specified, the only harmonic which
must be suppressed for the above
range of sound i-f is the 4th video
i-f which falls on channel 8. Con-
sequently, the exact selection of the
sound i-f frequency, say at 41.25
me, can be dictated by other consid-
erations.

It is also possible, if the tuner
image rejection ratio is not suffic-
iently large (as it may be on the
high television channels) for i-f
harmonics existing above the local
oscillator frequency to cause inter-
ference in the picture. For example,
consider a receiver tuned to chan-
nel 9, with a sound carrier i-f of
21.75 me, the local oscillator fre-
quency will be 213.5 me. The elev-
enth harmonic of the sound i-f is
239.25 mec. The 25.75-mc beat be-
tween these two frequencies can
possibly appear in the picture (as a
0.5-mc beat) if a feedback path
exists. These harmonics, lying
above the local oscillator frequency,
will not usually cause trouble. How-
ever, the possibility of interference
from this source should be recog-
nized.

The authors wish to thank Carl
Quirk for helpful assistance.
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FIG. 10—Beat frequencies from both video and sound i-f harmonics
using an if near 41 mc
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EXTENDED Q-METER

Permit determination of a wide range of resistance and reactance in balanced or

unbalanced circuits from 50 ke to 30 me.

Straight-edge charts are provided for

approximate solutions. Transformer design and constructional details are given

ONE of the more versatile instru-
ments found in most every
radio laboratory is the Q-meter. It
is capable of measuring a wide va-
riety of circuit constants including
r-f resistance and reactance. An
important gap exists, however, be-
tween measurable values of low re-

sistance (series connected) and
high resistance (parallel con-
nected). The latticed portions of

Fig. 1 show the approximate range
of low and high resistance that can
normally be measured on the Q-
meter.

In addition, the inherent unbal-
ance of the Q-meter circuit prevents
measurement of balanced circuits,
such as transmission lines, filters
and attenuators.

This paper proposes a means of
extending the resistance and re-
actance range of the Q-meter with
transformers. The primaries are
connected to the Q-meter and the
unknown impedances connected
across the secondaries. The im-
pedances are then transformed to
values suitable to the Q-meter
range. Impedance as used herein
signifies resistance whose phase an-
gle in radians is 10 or less, or re-
actance whose Q is 10 or more.

The transformers are usable at
frequencies that give accurate Q
measurements—from 50 ke to 30
me. The shaded portion of Fig. 1
shows the range of resistance that
can be measured with this method.
Inductors as low as 1,000 uph and
capacitors as high as 1.0 uf can also
be measured. All measurements can
not, of course, be made with a sin-
gle transformer. A frequency range
of approximately 3.5 to 1 and resist-
ance coverage of 15 to 1 is normal
for average transformers. Investi-
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gations, however, are generally re-
stricted in scope regarding fre-
quency and impedance, and only a
few transformers will normally be
required.

Measurement Procedure

Select a transformer to operate
at the required frequency and cover
the range of impedance desired to
be measured.

Connect the primary of this
transformer to the inductor term-
inals of the Q-meter, Resonate the
Q capacitor with the primary in-
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FIG. 2—Input resistance of an unter-
minated video attenuator at maximum
attenuation, 62.5 db

ductance leaving the
open-circuited.

Note values of C, and Q, as
defined in Appendix I. 'Fhen short-
circuit the secondary terminals with
a short copper strip. Retune the Q
circuit and read C; and Q. (Q: is not
needed for most measurements).
Remove "the short-circuit and con-
nect the unknown impedance in its
place. Tune the Q meter once more
and note C, and Q..

The nature of the unknown im-
pedance may be determined by com-
paring C; and Q, with C, and Q,. If
Cs equals C, but Q, is less than Q,,
the unknown is resistive. If C, dif-
fers from C,, the unknown is reac-
tive. It is capacitive if C, is less
than C, and inductive when C, is
greater than C,.

For best results when making
these measurements, it is recom-
mended that the Q meter operate
from a constant-voltage, power-line
regulating transformer.

secondary

Resistance Measurement

If the impedance is resistive, its
value can be calculated from the
equation

G
(1-a)
R = w L& 2 (7)
(-4)
[
where oL, is the reactance of the
secondary winding and must be
equal to or less than R/10.

It is always well to compare a
new measuring technique with an
established one. Figure 2 is the
input resistance of a video attenua-
tor measured from 200 kec to 10 me
with a GR model 916A r-f im-
pedance bridge and a Q-meter. The
curves show excellent agreement.
It should be noted that the attenua-
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MEASUREMENTS

By RAYMOND E. LAFFERTY

HEngineering Development Group
National Broadcasting Co.
New York, N. Y.

tor is only recommended for use up
to 5 me.

Capacitive Reactance

If the unknown impedance is ca-
pacitive, its reactance equals:

X.=wl, 1)

a _cz—c.)
G\ C-G

where oL, should be less than X./5
for normal capacitors. This rela-
tionship is discussed in more detail
in Appendix I.

Inductive Reactance

When the impedance connected to
the secondary terminals is induc-
tive, its reactance can be found
from:

Ci C; — Cy

Xp=wl,— ———)

a\c-c 12

There is no restriction to the size
of L, when measuring inductive re-
actance. For best results, however,
L, should be about equal to L. This
condition is not possible when meas-
uring very small inductors, but if L
is greater than L,/20, acceptable
measurements can be made.

Direct measurement for the true
inductance of small coils on the Q
meter demands the use of high fre-
quencies. Should these frequencies
approach the self-resonant fre-
quency of the coil, a serious error
results. For example, if the fre-
quency used is one-half the self-
resonant frequency, the measured
inductance will be 33 percent higher
than the true inductance. Using a
transformer permits the measure-
ment to be made at a frequency well
below the self-resonant frequency,
and hence, yields the true induct-
ance.

A matter often overlooked when

ELECTRONICS — November, 1951

Two fo seven-megacycle transformer plugged into the Q-meter inductor terminals

g
i

Transfermer with shield removed has primary wound in two sections. This arrange-
ment allows adjustment of inductance

measuring induetors with cores, is
the change of the effective per-
meability of the core material with
frequency. Clearly, the frequency
for which the coil is designed
should be used in the measurement
for significant results. In many
cases this can be done directly on
the Q-meter, but where the range
of the Q capacitor restricts such
measurement, the inductor ecan
usually be measured at its operat-
ing frequency with a properly de-

MMM EE AR St e

signed transformer.

When measuring inductors of
5,000 ush and less, the inductance
of the shorfing strip should be
taken into account. Grover' gives
a formula for the inductance of
straight conductors of rectangular
form. If this inductance is small
compared to L,, the measured value
can be corrected, to a first approxi-
mation, by subtracting the induct-
ance of the strip from the meas-
ured value. Typical strips used by
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Alignment Charts

Although the equations presented
for resistance and reactance are not
complex, they require the use of a
slide rule to evaluate. Alignment
charts in Fig. 3 and 4 have there-
fore been constructed for the ap-
proximate solution of Eq. 7, 11 and
12. Two families of curves are sug-
gested in Fig, 5 and 6 as the
simplest means of determining re-
sistance or reactance once the trans-
former constants are known and
values of C and @ have been meas-
ured. The value @, is included as a
parameter of Fig. 5 since tempera-
ture and humidity may cause
diurnal variations of this quantity.

Transformer Design and
Construction

Primary Winding: The induct-
ance of the transformer primary is
designed to resonate over the de-
sired frequency range with the
variable Q capacitor. The operating
Q of this winding should not ex-
ceed 250 to avoid changing the Q-
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circuit injection voltage. The initial
Q, however, may be as high as prac-
tical. By shunting the primary,
then, with a high resistance, the
Q can be lowered to a value some-
what under 250. This lessens the
mutation of Q with frequency and
a substantially flat Q curve is ob-
tained.

Inaccuracies in the measured
values of C and @ result from the
presence of distributed capacitance
in this winding. Correction equa-
tions for these errors are pre-
sented later, but it is well, when de-
signing the primary, to keep the
distributed capacitance, and hence,
the error, to a minimum.

Secondary Winding: The in-
ductance of this winding will de-
pend on the values of the unknown
impedances. When measuring re-
sistance, wL, must be equal to or
less than 1/10 the smallest resistor
and equal to or greater than 1/150
the largest resistor to be measured.
To measure small coils and large
capacitors, the secondary induct-
ance should be small, yet preserve a
high degree of coupling.

At low frequencies where uni-

versal windings are necessary for
the primary, they should be wound
in pies for high Q and low dis-
tributed capacitance. Satisfactory
coupling may be realized by placing
the secondary between the last two
primary pies at the low-potential
end.

Solenoid windings are best suited
for medium and high-frequency op-
eration. The secondary may be
wound over the low end of the
primary winding, as illustrated.
The coil form can also be grooved
for a turn or two of copper ribbon
and the primary placed directly
over the secondary.

Another type of transformer that
lends itself to high-frequency appli-
cations can be constructed with a
special triaxial cable consisting of
a solid center-conductor, insulation,
copper tubing, more insulation and
an outside copper tube. The center-
conductor forms the primary; the
inside tubing acts as an electro-
static shield and the outside tubing
is the secondary. Where low react-
ance is required for the secondary,
only one turn of the outside tubing
should be used. Even so, the cou-
pling will be moderately high, k
being 0.38 for a typical transformer
designed by the author. Tubing of
this type is manufactured by the
Precision Tube Co.

The terminal leads of low-react-
ance secondary windings must be
as short as possible to minimize the
inductance.

Core Materials

Powdered iron and ferrite cores
can be used at low and medium fre-
quencies to increase the coefficient
of coupling, reduce the number of
turns and improve Q. Care should
be taken to check L, and the ratio
C,/C. over the entire frequency
range of the transformer when
these cores are used since the effec-
tive permeability may vary with
frequency.

However, charts, similar to those
in Fig. 5 and 6 can be drawn for
transformers with any type core,
such as air, ferrite or powdered
iron.

Measuring L,: One factor, that
affects the percentage error of the
measurements described in this
paper, is the accuracy with which
L, is measured. Medium values or
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secondary inductance offer no great
problem. When measuring small
values of L,, however, at the fre-
quencies required by most instru-
ments to measure low-inductance
coils, the transformer primaries ap-
proach self-resonance and consider-
able error ensues.

Self-Calibration

One satisfactory method of meas-
uring low secondary inductors in-
volves standard fixed capacitors
suitable for r-f operation, a grid-
dip oscillator that will work at low
radio frequencies and a means of
accurately checking those frequen-
cies. With short copper strips, con-
nect a standard capacitor to the
secondary terminals. Loosely cou-
ple the grid-dip oscillator to the
secondary winding and -carefully
find the resonant frequency of L,
and the standard capacitor, C,,..
The inductance, L,, is then

1
T
The frequency of measurement

should be at least 1/10 the self-
resonant frequency of the primary
winding.

There is an alternate method of
self-calibration that can be used to
determine L,. High-frequency pre-
cision resistors such as the WE
deposited carbon type 145A serve
well as standards to measure the
secondary inductance of these
transformers. Connect one of these
precision resistors, having a resist-
ance approximately twenty times
the estimated value of wL,, to the
secondary terminals and follow a
procedure as if to measure the
standard resistor. After noting the
Q-meter readings, transpose Eq. 7
and solve for wL,.

; (=)

o)

Likewise, a standard capacitor
of suitable value can be connected
to the secondary terminals and Eq.
11 transposed to solve for L,

C; (C, — C5)
@ Cyea C1 (C2 — Cy)
These measurements should be
made with the Q capacitor near
maximum, otherwise the dis-
tributed capacitance of the primary

(7a)

wl, = (11a)
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will produce an error in the calcu-
lated value of L,. However, if cor-
rections, given later, are applied,
the measurement can be made with
any value of Q capacitance.

If the proper transformer is cali-
brated first, it may be used to meas-
sure the secondaries of subsequent
transformers.

Tf the Q meter has a constant per-
centage Q error and a standard ca-
pacitor is used to measure L,, re-
sistance measurements will be in
error but reactance measurements
will not suffer. If a resistance
standard is used to determine L,, a
correction is introduced that com-
pensates for the error in Q and
other resistance measurements will
be correct. Measured values of re-

actance, however, will be inaccurate.

It is important, therefore, that
regardless of the method used to
measure L,, the Q meter read ca-
pacitance, Q@ and frequency cor-
rectly if the measurements de-
seribed in this paper are to yield
results of acceptable accuracy.

In general, resistance can be
measured with an error of less than
3 percent and in no event should it
be greater than 5 percent if precau-
tions are observed in calibrating the
transformer. Similarly, reactance
measurements can usually be made
with an error of less than 2 percent.

Miscellaneous: To measure small
inductors and large capacitors, the
degree of coupling between primary
and secondary must be reasonably

(C-Cric,-¢)
INDUCTIVE

PIVOT LINE

(€= Cyl/(CmCy)
CAPACITIVE

FIG. 4—Nomograph for reactance X in Eq. 17 and 18. If C: equals 150 uuf, C: equals
200 puf. Cs; equals 180 puf and wl, equals 8 ohms, then X equals 4 ohms

129



high. Values of k of 0.5 to 0.7 are
adequate for most purposes. For
the measurement of resistance, the
coupling need not be as great, but
should be sufficient to make C, 20 to
30 percent greater than C, (k of 0.4
to 0.5).

It is advisable to shield the trans-
formers in copper or aluminum
cans. Besides protecting the trans-
former from stray fields, it pre-
vents coupling between trans-
formers and inductors connected
for measurement, a condition that
would otherwise produce large
errors.

Distributed Capacitance Errors

Transformer primaries are not
immune to distributed capacitance
and at the upper-frequency limits
of the transformer this capacitance
is normally sufficient to cause errors
in the Q-meter readings of C and Q.
When making measurements at fre-
quencies where the Q-meter tuning
capacitor is used near the maximum
end of its range, the errors are
usually negligible, but at higher
frequencies, where the tuning ca-
pacitance is small, the error can ac-
count for appreciable inaccuracies
in the measured values of R and X.

The true values of C and Q. in the
presence of distributed capacitance,
can be found with the following
equations.

C=Ca+Ca 1)
and
_ Ca + Cd
0-q (L) (25)

where C and Q are the true values,
C. and Q, the apparent values as
measured on the Q meter and C,; is
the distributed capacitance of the
primary winding. The value of C,
can be measured on the Q meter
following standard instructions fur-
nished with the instrument.
Equations 21 and 25 are derived
in Appendix II and were used in the
construction of Fig. 5 and 6. An
example of the correction required
for a transformer with somewhat
more than normal distributed
capacitance, is shown in Fig. 7.

Appendix |

Nomenclature used:

w =2 7 times the frequency of
measurement

L, = inductance of primary winding

R, = series resistance of primary
winding
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L: = inductance of secondary wind-
ing

R, = series resistance of secondary
winding

Q: = Qof secondary winding, wL,/R,

M = mutual inductance between
primary and secondary wind-
ings

Crand @, = C and Q of the primary circuit
with the secondary open-
circuited

Crand Q. = C and Q of the primary circuit

with the secondary short-
circuited
Csand Q; = C and @ of the primary circuit

with the unknown impedance
connected across the secondary

R = unknown resistance

Xc¢ = unknown capacitive reactance

Qc = Q of unknown capacitor

R¢ = series resistance of unknown
capacitor, X¢/Qc¢

X1 = unknown inductive reactance

Q1 = Q of unknown inductor

Ry = series resistance of unknown
inductor, X7/Qr

Qsec = Q of secondary circuit with un-
known reactance connected for

measurement
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Derivations of the equations are
based upon the transformer shown
schematically in Fig. 8. It has been
shown® when the secondary is short-
circuited and its Q is greater than
10, the reactance reflected back into
the primary equals

Reflected reactance, o M2
secondary shorted = (1)

w L,
To maintain resonance in the pri-
mary with this amount of reflected
reactance, C; must be changed to
C., from which

(o~ 4) @)

Equation 2 is correct only if
@, = 10. The value of @, can be
found from readings on the Q-
meter. The resistance reflected into
the primary with the secondary
shorted, is

w? M? =

Reflected resistance,

2 2
secondary shorted 2oL

= TSiLE (3)
It can be shown that

_00C-C)
“="te-Ge @

If a resistor R equal to or greater

than 10 oL, is connected to the sec-

ondary terminals, substantially no
reactance will be reflected into the
primary. A resistance component
is reflected, however

w? M2

Reflected resistance = —R— — (5)

This reduces the primary Q from
Q: to Q.

1

wC

S S o) ®)

0w Ci Q1 R

Substituting Eq. 2 for
solving for R

w*M? and

(1--&)
R=wl, Qa————— (7)
(i--5)

This form is well suited for slide-
rule calculation.

Now assume a reactance is con-
nected to the secondary. To allow
the equations for X, and X, to be
simplified to a workable form, the
circuit Q of the secondary must
equal 10, or more. Thus, for capac-
itors

Xe— wl,

= - _— >
Qsec k. + R, = 10 (S)
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and for inductors

Xet ol o 10 ©)

Usee = R.+ R, =

When measuring capacitors, if
X, approaches wL,, it can be seen
from Eq. 8, that the secondary cir-
cuit Q will approach zero. For ex-
ceptionally high-Q capacitors, where
R, is negligible compared to R,, the
lower limit for X, is: X, = 20L,.
A safer value for normal large
capacitors is: X¢ = BolL,.

With a capacitor that satisfies
Eq. 8 connected to the secondary,
the reactance reflected back into the
primary equals

wz M2

(10)

Refl d = —
eflected reactance X — oL

This causes a change in the primary
tuning from C, to C,, and it follows

that
- a i G-5
Xe=wl, ¢ ('6{—'@“) (11)
For inductive reactance, it can
similarly be shown that
B C. (C—C
Xp=wL-¢ ( ) ) (12)

The Q of the unknown reactance
can be derived as follows

Reflected w? M2 (Re + R.)
resistance = (X. — oL (13)
and
Reflected reactance = - Xw M L (14)
& T Wil

Using these equations and simple
coupled-circuit theory, it can be
shown that

CG(C—C)

B G
Q:i Ql CI - Cd
N Y X
& @ @ ) él) (13)
Similarly, by changing (C, — C.)
to (C. — C.), we can write, for
Q:
- GG — Cs)
QL o o )( )_
QS Ql C 3 Cl
¢, _ C: C; —
02( 4 () ) Cx) (16)
Due to the complexity of these
equations, only a fair degree of

accuracy can be expected with their
use.
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FIG. 7—Curves showing the extent of

correction required for transformers with

moderate distributed capacitance in the
primary

FIG. 8—Basic Q-meter circuit with a

transformer connected to the inductor

terminals. Electrostatic shield and dotted
connections optional

FIG. 9—Basic Q-meter circuit with the
primary inductance of a transformer and
its distributed capacitance connected to
inductor terminals. Secondary not shown

Appendix 11

Nomenclature used:

@ = 2 7 times the frequency of measure-
ment

L = true inductance of coil

R = series resistance of coil

L, = apparent inductance of coil as
measured on the Q-meter

R, = apparent series resistance of coil

C, = capacitance of Q-meter that reso-

nates with Lg at w radians

(' = capacitance required to resonate with
L at o radians

C, = distributed capacitance of primary
winding

Q true Q of coil, w L/R

Q. = apparent @ of coil as measured on
the Q meter, w Lq/R,

By looking at the circuit in Fig.
9, equations that correct the errors
in C and Q, owing to distributed
capacitance can be derived as fol-
lows: The combination of L, R and
C. produce an apparent inductance
L,, resistance R, and figure of
merit Q.. The parallel reactance of
L and C,, neglecting R since @ > 10,
is

wl

wle = = L0y (17)

from which
L .
L=1=wtc; (i%)
By definition
) iy 1 {

L= g (19)

and
1

L =—5 (20)

Substituting, there results

C =0C,+Cy (21)

Q. is defined as wL,/R.. R, can

be found by solving for the resist-
ance component of Z ...

L = Ra + 7 w L, =
—-J IC' (R +ij>
= = - (22)

Ic—j(- —wL)

from which, if @ > 10, R, equals

= Ia__ —
Cd £
(-
Substituting Eq. 20 in Eq. 17 and
dividing by Eq. 23, we have

Q=— _Qa N
(1--¢)
C

However, since C can not be de-

termined on the Q-meter, and C,

can, if we substitute Eq. 21 for C

in Eq. 24 we get, for the true Q of
the coil

(23)

(24)

C
= Q (VC"ir “ ) 25)
Cs
REFERENCES
(1) Frederlck W. Grover, “Inductance

Calculations,” D. Van Nostrand Co., New
York, 1946, p 35.

(2) P. M. Honnell Note on Measuring
Cou5p11ng Coetticient, Radio, p 41, Feb.
1945.
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Universal Equalizer Chart

HE single chart in Fig. 1 re-

places as many as eleven
conventional equalizer charts, yet
gives all solutions containing
positive resistances or conduc-
tances for the commonly used
equalizer structures of Fig. 2.
The chart is derived by applying
to the two general forms of
equalizer equations (Eq. 10 and

FIG. 1—Universal equalizer
chart

By D. A. ALSBERG

Rell Telephoie Laboratories
MNurray Hill, N. J.

11 in Fig. 2) the bilineav trans-
form

utgo=Q0+8/(t—-¢ (12)
where ¢ is a complex number.

This transforms the conven-
tional rectangular grid of # and v

o
DEGREE INSERTI?N PHASE SHIFT
I

bridged-T audio equalizers

Modification of familiar Smith chart consolidates on one time-saving plot all

positive-value solutions to the two general equations for series, shunt and

to a set of orthogonal circles, all
of which pass through the point
£ = + 1, and the circle ¥ = 0 is
identical with the unit circle in
the ¢ plane. This grid of ortho-
gonal circles representing the u
and v coordinates is identical to
the grid of the familiar Smith
chart.

(continued on page 134)
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A Joint development of ERIE RESISTOR
CORP., and CINCH MANUFACTURING
CORP., now in universal use, commercial
and military types; available also in
Octal, Loktal and Noval type socket.

CINCH-ERIE
p; -

TUBE SOCKET

.« - PROVIDES SHORTEST ELECTRICAL
PATH TO GROUND ... SIMPLIFIES
WIRING ... REDUCES SPACE REQUIRED
BY CIRCUIT COMPONENTS

— with built-in Ceramic Condensers, Plexicon Tube
Sockets, no larger than standard receiver socket,

Bayonet shield base when

shielding of tube is necessary. provide the most effective method of by-passing
proremaey  [Mounting] SR . . . with condenser close to tube element providing

shortest path to the ground.

| @y

. capacity up to 1,000 MMF — tube element may
be coupled or by-passed as desired.

Reduces set assembly costs —saves space; permits
moving other components closer to tube socket.

]

Three lengths of shield cans are

datory, as in Airborne equipment, the Plexicon
ilable: height: 1%, 1%, R . . .
e Erie Ceramic socket is the solution.

Condensers

Where space and weight makes compactness man-

b @b

CONSULT CINCH!

The silvered ceramic condensers are shown in yel-
low. Capacitors built into socket may be either by-
passed to ground directly, or left open for coup-
ling applications. On by-pass applications, ground
strap contacting outer plate of capacitor is con-

1 nected to metal chassis when tube socket is mounted.

CINCH MANUFACTURING CORPORATION
1 1026 South Homan Ave., Chicago 24, lllinois
i tmc“ Subsidiary of Lnited-Carr Fastener ’ -

Corporation. Cembridge, ass.
ELECTROWIE oreten Sembrde,
COWPOWEWTS

Cinch Components available ?@
ot leading Jobbers —— every-
where



Universal Equalizer Chart (continued from page 132)

| — [ INSERTION £.0SS of T T T T
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FIG. 2—Basic equalizer circuits, pertinent equations, and example

Solving Eq. 10 in the % plane,
the lines of constant insertion
loss become circles centered on
the point £ = —1 and whose loci
are defined by

o (db) = ~ 20 log |(1 -+ ¢)/2] (13)
The lines of constant phase shift
are radii through the point { =
—1 whose angle from the real
axis in the ¢ plane is equal to
the phase shift.

The solution of Eq. 11 in the Z
plane is essentially the same as
Eq. 10 except that the center for
the loss circles and phase shift
radii is now the point { = + 1
and the loci of the loss circles are
defined by

a(db) = —20log |(1 — £)/2] (14

Applications

Series and shunt equalizer con-
figurations are useful when it is
unnecessary to maintain con-
stant impedance, such as in elec-
tron tube interstages. When the
network must have constant im-
pedance, the bridged-T equalizer
is used. The constant-current
generator is a special case of the
shunt equalizer and is particu-
larly useful in electron tube
stages which behave substan-
tially like constant-current gen-
erators, such as pentodes. One
specific use is to compute the
effect of shunting parasitic ca-

pacitances on the gain and phase
of an electron tube stage. In this
case the parasitic shunt react-
ance would be considered Z..

While Eq. 1 to 9 have been
written for a pure resistance
R,, R, may be replaced in all
these expressions by a complex
impedance Z,. Then the values
v and v in the chart represent
the real and imaginary compo-
nents of the fraction Z/Z, or
the product YZ,. The chart is
also useful when measuring im-
pedance using the insertion loss
and phase principle.

Example of Use

Curve A in Fig. 2A represents
an amplifier response curve. The
objective is to flatten the re-
sponse peak at 10 ke. A con-
venient place to perform the
equalization is found in the plate
circuit of a tube which has an
internal plate resistance R, =
3,000 ohms and works into a load
of B, = 1,000 ohms, as in Fig.
2B. The shape of curve A sug-
gests use of a parallel-tuned
circuit shunted by a resistance
in the case of a series equalizer.
With three independent elements

in the equalizer, three inde-
pendent parameters may Dbe
chosen. As first parameter we

choose to tune the circunit to o,

= 10 ke. As second parameter
we choose to make the equalizer
loss exactly 3.5 db at 10 ke, and
as third parameter we decide to
match exactly the excess gain of
1 db at », = 5 ke.

Proceeding with the computu-
tion on a normalized admittance
basis, at resonance the suscept-
ance of the equalizer must be
zero. Entering the chart as
shown in Fig. 2C on the zero-sus-
ceptance line, we find the 3.5-db
loss circle intercept at the 2.0
conductance circle. Thus the
equalizer must contain a norm-
alized conductance of GR, = 2.0.

At 5 ke the loss was set to 1 db.
We now find the intercept be-
tween the 2.0 conductance circle
and the 1.0-db loss circle at a
susceptance of 4.0. From reso-
nance at o,

] 1
w,L/R,

From the solution of Eq. 10 at

Wy

w,CR, - =0 (15)

wCR = | p =40 (16)
then
4
=)

wy — -

Wi
= 4.25 X 1075 a7
L/R, = 597 X 10~¢ (18)

From Eq. 17 and 18 the net
normalized susceptance of the
network at any frequency may
be determined. To find the loss
associated with each of these
susceptance values the equalizer
chart is entered on the 2.0 con-
ductance circle and the intercept
with the computed susceptance
circle is located, at which point
the loss value is read. The result
is plotted in curve B on Fig. 24,
and the resulting net transmis-
sion characteristic is plotted as
curve C.

Assuming curve C to be ade-
quately flat, the actual element
values of the equalizer are found:
From Eq. 1, R, is 4,000 ohms.
Substituting this in GR, = 2.0
gives 2,000 ohms for 1/G. From
Eq. 17, C is 0.0106 «f. From Eq.
18, L is 23.9 mh.
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When you specify Mallory Capac-
itors for television receivers or
other equipment where heat is a
problem, you can be sure they will
stand the test. Mallory FP Capac-
itors are designed to give long,
trouble-free performance at 85°C.
—naturally they give even longer
service at normal temperatures. In
addition, Mallory FP Capaciiors
are [amous for their long shelf life.
Wrile for your copy of the IP
Capacilor Engineering Data Folder.

Mallory FP Capacitors
Easily Withstand

High Ripple Currents
In TV Circuits

The superior heat dissipation characteristic of Mallory FP Capacitors
—long inherent in our production method—proved to be an im-
portant factor in meeting the problem of high ripple currents in
TV receivers.

Thorough testing demonstrated that standard Mallory FP Capacitors
would stand up in the rugged service involved in the voltage doubling
rectifier circuit. The jump from radio ripple currents of about .15
amperes to five or six times this current in TV service places a
tremendous burden on capacitors. But Mallory FP Capacitors are
giving long, uninterrupted performance . . . at temperatures approx-
imaling the boiling point of water.

That’s result beyond specification!

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

FP is the type designation of the Mallory developed electrolytic capacitor having the char-
acteristic design pictured and famous throughout the industry for dependable performance.

ELECTRONICS — November, 1951

P.R. MALLORY & CO. Inc.

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

SERVING INDUSTRY WITH

Electromechanical Products

Switches
Vibrators

Resistors

TV Tuners

Electrochemical Products

Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products

Contacts Special Metals
Welding Materials
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TUBES AT WORK

Including

INDUSTRIAL CONTROL

Edited by RONALD K. JURGEN

Electronic Switch for Video Frequencies. .......................
Photoelectric Dew-Point Hygrometer
Frequency Checking of Mobile Equipment.....................
Radiographic Examination of Tubes
Improved High-Frequency Cable..
Testing for Microwave Relay Tower Location..................
Unusual Photoelectric Applications
Small Tubes Made by Electrodeposition
Universal Holding Jig.............

............................

Electronic Switch for Video Frequencies

By R. LEE PrICE

Research Department
Zenith. Radio Corp.
Chicago, Ili.

AN ELECTRONIC SWITCH capable of
handling the signal amplitudes and
frequencies commonly found in tv
receivers without distortion or need
for corrective networks has been
built utilizing controlled cathode
followers.

In the circuit of Fig. 1, two
6BF5’s are connected as cathode fol-
lowers with the output signal ap-
pearing across a common cathode
resistor, These two tubes are al-
ternately switched by two 6BF5
control tubes which shunt the re-
spective screens of the cathode fol-
lower stages.

A push-pull square-wave voltage
is applied to the grids of the control
tubes. On the positive half cycle of
input square wave, the control tube

compared with the 20,000 ohms
from B+, and the cathode-follower
screen voltage is thus reduced to a
value below the minimum cathode
voltage.

On the negative half cycle of in-
put square wave, the control-tube
plate current is cut off and normal
screen voltage is re-established on
the cathode follower. Thus it is
seen that the cathode currents in
the two cathode followers are al-
ternately switched by the square
wave.

Stabilization

To provide adequate stabilization
of cathode-follower screen voltage
for low frequencies without intro-
ducing time-constant difficulties
during switching, OC3’s are used to
maintain constant screen voltage
during the conducting period. The
0.01-uf capacitors across the gas

plate impedance becomes low as tubes provide a bypass at higher
PUSH-PULL 2sov
S o] SQUARE WAVE 5 o
8 3 8 INPUT 2 3% 8
8 S Jun o 83
6BF5 6BF5
s 0.35 Jo,zs i
- L L/ 2
INPUT NO.1 68FS | YR ¥ _|6BFs l FINPUT NO.2
= = =
o - p— -——
3 == '—E—-- P
2 O'O'T o3 =2 - oc3 O'O]\
o ] ) o Louteur
g - 2% 33
3 3
8 S v g 8]
- 100 o
o *83
N
t : -
FIG. 1—Electronic switch for video frequencies
136

frequencies where gas tubes are no
longer effective.

Biasing the cathode-follower con-
trol grids positive with respect to
ground allows the handling of sig-
nal voltages up to about 40 v rms
without distortion. The variable re-
sistance in the grid return of the
first cathode follower operates to
provide variable separation of d-c
levels. The frequency response of
this unit was found to be essentially
uniform from 60 cps to above 4 me.

In practice it was found desir-
able to keep the square wave switch-
ing rate low and to synchronize it
to a submultiple of the scope sweep
frequency so that the transient due
to gas tube ionization would not
interfere with the waveform of the
signal being observed.

Photoelectric Dew-Point
Hygrometer

By RoNALD C. WALKER

Physicist and Engineer
Reading, England

THE INSTRUMENT to be described
indicates dew point to a high degree
of precision and is designed to act
as a convenient means of measur-
ing the water content of the atmos-
phere down to —85 C and enables
the relative humidity to be found
immediately by the aid of tables.

In the instrument, a small metal
thimble is cooled by continuous con-
duction through a heavy copper rod
which is immersed in liquid oxygen
or is alternatively cooled by a small
refrigerator. A small quantity of
the air to be tested is blown through
a jet across the top of the thimble
and when the temperature falls to
the dew point, a deposit of frost or
moisture forms on its surface.

The surface of the thimble is
brightly illuminated by a lamp and
optical system and when the mois-
ture forms, the light is scattered
and detected by a photocell. The
photoelectric current is amplified
and used to control a heater wind-
ing on the thimble which tends
to disperse the moisture by increas-
ing the temperature. The system
thus operates to maintain a temper-
ature at which a steady deposit is
just formed on the surface.

The measuring device comprising
the thimble and associated optical

November, 1951 — ELECTRONICS



The finest solder made

for all television and radio work

. . . Everything Electrical

Kester Plastic Rosin-Core and Kester “/Resin-
Five’” Core Solders are recognized by the
trade as outstanding for the finest type of
radio, television and electrical work.

These two Solders, which are available
in the usual single-core type, can now also
be had in a 3-core form.

Only highly skilled craftsmen are employed
by the Kester Solder Company. Flux formu-
las and specifications are rigidly adhered to
for perfect uniformity.

Making Kester Solder is an exact science
from the raw material to the finished prod-
uct. Everyone knows and prefers Kester be-
cause it can be relied upon to do the job
right every time, even under the most diffi-
cult soldering conditions.

WRITE FOR FREE COPY “SOLDER AND SOLDERING TECHNIQUE”

Be sure to get your free copy of
Kester’s Technical Manual filled with
valuable information regarding the
most advanced and efficient indus-

trial solders and fluxes.

KESTER

Kester... Standard for the TV and Radio Felds (LRI

KESTER SOLDER COMPANY
4204 Wrightwood Avenue, Chicago 39, lllinois
Newark, N. J. * Brantford, Canada
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O PENING of the new trans-

continental tv and tele-
phone relay system by the Amer-
ican Telephone and Telegraph
Company is a result of construc-
tion work started in 1947. The
radio-relay system spans the
country from East to West in
106 steps with a total of 107 sta-
tions. The various stations along
the route are spaced from nine to

THE FRONT COVER

fifty miles apart with the average
spacing about 30 miles. Height of
the antenna towers along the
route, not including antennas,
varies from 2% ft on the Utah
salt flats to 415 ft at Des Moines,
Iowa. Stations are placed in a
zigzag manner to prevent the
signal from overshooting one
station and being picked up by
the following one.

The cover photograph shows
the Buckhorn Mountain, Colo-
rado installation, one of the last
towers to be constructed. This
tower is located 63 miles north-
west of Denver at an elevation of
8,306 ft. It constitutes the second
jump out of Denver. The accom-
panying photograph is of the
Cisco Butte, California station
which is located in a valley high
in the Sierra-Nevada Mountains.

New developments incorporated
in the system are a vacuum tube
with outstanding performance at
superhigh frequencies, an im-
proved metal lens antenna and a
unique system of filters.

equipment is built in a unit and the
thimble is totally enclosed to avoid
contamination of the air under test.
The electrical equipment is made up
in interconnected units with par-
ticular attention given to the circuit
design, Fig. 1, to ensure stability
of output.

Referring to Fig. 1, the photo-

electric current is amplified in an
electron multiplier and simple am-
plifier followed by a magnetic am-
plifier to supply the heater of the
thimble. A standard photocell am-
plifier may be used to operate a
recorder from the thimble.

At ordinary temperatures, the in-
strument will respond in about 0.5

D-C AMP.

MAGNETIC
AMP

r—-PHOTOCELL‘/?

DEWPOINT AIR JET--7
TEMP IND X’Z,{ 1S e
MAGNETICI e o = THIMBLE
% | amp Pl - b
/ S ,
~ -
THERMO- 7 HEATER 40 \é,ugg&ws
STATICALLY
CONTROLLED, (
oL BATH T
!/ REFRIGERATOR
THERMOCOUPLES"
RECORDER

FIG. 1—Photoelectrically controlled dew-point hygrometer

sec depending mainly on the rate of
air flow in the pipes and will record
the dew point to about 0.25 C. The
time of response increases and the
accuracy decreases at lower water
contents until a frost point of —80C
is reached where the response time
is about 10 to 20 sec and the ac-
curacy 1 to 2 deg C.

The slow response at low tem-
peratures is due to the very small
amount of water vapor available
and the lower accuracy is due to
the difficulty of eliminating the ef-
fects of water given up, even by
clean metal pipes, to the air under
test.

Frequency Checking of
Mobile Equipment

By M. H. DIeHL AND C. J. STATT

Commercial Equipment Division
General Electric Company
Syracuse. New York

ONE OF THE MOST ACCURATE means
of frequency measurement for mo-
bile transmitting equipment is the
crystal-controlled multivibrator, de-
tector and interpolation oscillator
method. The major disadvantage
here is that it is too slow and very
susceptible to human error for
large-scale testing. The system to
be described here is a highly spe-
cialized application of this method.

A Dblock diagram of the synchron-
ized-pulse system is shown in Fig.
1. All frequencies shown and those
used in the explanation are for
equipment operating in the 30 to
50 me band, but the same general
principles apply to the other types
of equipment. Since the channel
spacing is 40 ke in this band, a
multivibrator is needed with a
repetition rate of 40 ke to generate
the required harmonics. This would
require that the 40-ke¢ harmonics be
used up through 50 me. Harmonics
can be generated this high (as in
the receiver checker) but they have
low amplitude and a large amount
of amplification would be required
before or after mixing. For this
reason and for simplicity in circuit
layout, it was decided to measure
the frequency at the lower, oscil-
lator level.

The total multiplication in the

(Continued on page 156}
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SPRAGUE

You won’t find today's most widely used
military capacitors listed in JAN!

Joint Army and Navy compo-
nent specifications were never
meant to limit engineering pro-
gress—and, with Sprague, they
most certainly haven’t!

. . . Sprague subminiature capacitors
have pioneered size and weight reduc-
tions plus high-temperature operation
that would have been impossible with
conventional capacitors. You’ll not find
these unique, hermetically-sealed capac-
itors listed in the current issue cf Joint
Army-Navy specification JAN-C-25. In
every case, however, they have been fully
approved for use. The reason is simple:
In effect, Sprague subminiature capaci-
tors are super-JAN types. They 3reatly
exceed the already high minimum quality
limits established by JAN specifications.

ELECTRIC COMPANY .

NORTH ADAMS,

As the long-time leader in
capacitor development, Sprague

. clearly recognizes that its en-

~— gineering obligation extends far
beyonc conventional stand-
dards—so markedly so that much of to-
day’s tremendous production of Sprague
components for military use is based on
types for which no JAN specifications yet
exist!

Thus, to eqiipment manufacturers
faced with the problems of reduecing size
and weight or of paving the way to higher
temperature operation, Sprague offers
help along many lines—from the sub-
miniature capacitors shown here to Vita-
min Q” photo-flash capacitors to Ceroc®

250°C. ceramic-Teflon insulated magnet )

/

wire and many others.

-

/

2 ﬁ'._.ﬂ'
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Parallel-Connected Magnetic Amplifier

Electronic Drinkometer

Measuring Distributed Capacitance of Coils. . . . . .. e Pl -y W T g5 Ao SO
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Parallel-Connected Magnetic Amplifier

THE RECENT DEVELOPMENT of a par-
allel-connected magnetic amplifier
at the Naval Research Laboratory
has resulted in a considerable im-
provement in magnetic-amplifier
performance. The circuit is shown
in Fig. 1.

Np
&
r_ gl
R, 0k, ¢
T H

Eac=125 VOLTS RMS(60 CPS) R =130 OHMS

Ejc=625 « = N=2380 TURNS(*23)

Ry= 75 OHMS N=1190 TURNS (*32)
DELTAMAX CORES

N,

+

2
-+
£,

1

o

FIG. 1—Circuit diagram of parallel-con-
nected magnetic amplifier

Among the advantages offered by
the new arrangement are short
response time, high gain, good
linearity, wide output range, virtual
independence of supply voltage, and
good output power to weight ratio.
Time-of-response measurements for
the experimental amplifier show the
output current reaches the steady-
state condition one-half cycle after
application or removal of control
voltage.

The independency of output cur-
rent with respect to line voltage,
indicated by theoretical considera-
tions, was also checked experi-
mentally, as shown in Fig. 2. With
the control voltage set at a constant
value to give one-fourth maximum
output current, the line voltage was
reduced to 50 percent of nominal
value with a resultant change in

140

output average current of less than
10 percent.

If power absorbed in the control
source is considered as the input
power and that absorbed by the load
impedance the output power, the
gain of the amplifier may be exam-
ined. On this basis, it has been ex-
perimentally determined that gains
of more than a thousand can be
obtained at 60 cycles per second
(with 100 percent response within
a cycle) using materials now
abundantly available commercially
and without compensating for con-
trol current. With care in selection
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TIG. 2—A linear transfer characteristic

is one feature of an NRL-designed

experimental parallel magnetic ampli-

fier which is also characterized by high
gain and short response time
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FIG. 3—Curves show theoretical and

experimental input characteristics. Theo-

retical curve is for matched cores with

vertical magnetization loops and ideal
rectifiers

of core materials and rectifiers,
gains of the order of 10,000 at 60
cycles per second are possible with
appropriate circuitry. The response
time will remain less than one cycle.
This performance is compared with
today’s commercially available mag-
netic amplifiers which, with similar
response characteristics, exhibit
power gains in the range of 20 to
50. Operation at higher frequencies
should give increasingly better per-
formance.
Voltage Sensitivity

This approach to the magnetic
amplifier problem was based on the
fact that the magnetic amplifier is
a voltage-sensitive device and not,
as generally believed, a current-sen-
sitive device. Control voltage is the
only truly independent variable. The
theoretical and experimental input
characteristics are illustrated in
Fig. 8.

High gain with short response
time was also secured in a series
magnetic amplifier based on this
consideration, but the transformers
required would be quite large for
any given output and the output
characteristic far from linear.

Electronic Drinkometer

IN CERTAIN CIRCLES the rate of in-
take of certain liquids to the body is
a topic of prime importance. One
research group has applied elec-
tronics to the job of making an ac-
curate record of the number of laps
an animal’s tongue makes in a
given interval of time.

At The Johns Hopkins University
an “electronic drinkometer” has
been devised for this purpose. The
principle is as follows: whenever

the animal touches the fluid with
(Continued on p 224)
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MODEL 815

B SUPPLY:
0-600 volts, 200 Ma.

C SUPPLY:
0-150 volts,

5 Ma.

FILAMENT SUPPLY: 6.3 volts AC, 10 Amp., CT.

DC POWER SUPPLY SPECIFICATIONS
REGULATION: %% for both line (105-125 volts) and load variations.
REGULATION BIAS SUPPLIES: 10 millivolts for line 105-125 volts. L
2% for load at 150 volts.
RIPPLE: 5 millivolts RMS.
VOLTS CURRENT VOLTS CURRENT | MODEL
100-325 0-150 Ma. 0-500 0-300 Ma.
0-150 Bias 0-5 Ma. 0-150 Bias 0-5 Ma. 615
6.3 ACLT.* 10 Amp. 6.3 ACLT. 10 Amp.
----- 200-500 0-200 Ma. #1 0-600 0-200 Ma. :
6.3 AC.CT. 6 Amp. #2 0-600 0-200 Ma. 800
#3 6.3 ACCT. 10 Amp. .
0-300 0-150 Ma. ’
0150 Bias 05 Ma #4 6.3 ACLT. 10 Amp. 5
6.3 ACCT 5 Amp. ] 0-600 0-200 Ho.
' ' | 0-1508ias 0-5Ma. | 815
0-500 0-300 Ma. 6.3 AC.CT. 10 Amp.
6.3 AC.CT. 10 Amp. ~ 1 70-1000-Ripple 10 mv. | 0-20 Ma. "0 | %
#1 200-500 0-200 Ma. 6.3 ACCT. 10 Amp.
#2 200-500 0-200 Ma. 0-1200-Ripple 10 mv. | 0-20 M 4
#3 6.3ACCT. 6 Amp. caaca [ ioamp. | 1220 1
#4 6.3 ACCT. 6 Amp. V— :
4 P [ 200-1000-Ripple 20mv]0-500 Ma. | 1250 i
1 0-500 0-200 Ma. ’ - ~’
0-150 Bias 0-5 Ma. | 0-1000-Ripple 20 mv. | 0-500 Ma. 1350 .
6.3 ACCT. 10 Amp. Specify your voltage and current SPECIAL .
#1 0-500 0-200 Ma requirements. Regulation avail- SERIES L 3
#2 0-500 0-200 M(l able .5°/o, .]o/o, .0]°/o. ]
#3 6.3 ACCT. 10 Amp. L *All AC Voltages are unregulated. All units
#4 6.3 AC.CT. are metered except Models 131 and 315.
All units desig

The Kepco Voltage Regulated Power
Supplies are conservatively rated. The
regulation specified for each unit is
available under all fine and load con-
ditions, within the range of the in-
strument. Write for specifications.
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NEW PRODUCTS

Edited by WILLIAM P. O'BRIEN

Count-Rate Meters

ATOMIC INSTRUMENT Co., 84 Mas-
sachusetts Ave.,, Cambridge 39,
Mass., has available two new count-
rate meters. MModel 410 has an ac-
curacy of 2 percent. In addition to
the standard Geiger probe input
the instrument is suitable for use
with an alpha scintillation probe.
Incorporation of a true Schmitt dis-
criminator  permits  sine-wave,
square-wave and pulse counting
without affecting calibration. Model
409 meter is accurate to 5 percent
and is ideally suited for applica-
tions that are conside<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>