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Complete image, using NTSC field-test B Successive fields of A
signal specifications phase error

NTSC
‘Color Television Images

(see page 88)

Monochrome image resulting when chro-
matic signal is removed from A
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Chromatic image resulting when mono- Yellow and white bars, showing removal
chrome signal is removed from A of color fringes by color phase alternation




y PERMALLOY DUST TOROIDS
FOR MAXIMUM STABILITY...

The UTC type HQ permalloy dust toroids are ideal for all audio, carrier and sapersonic
applications. HQA coils have Q over 100 at 5,000 cycles... HQB coils, Q over 20( at 4,000
cycles... HQC coils, Q over 200 at 30 KC... HQD coils, Q over 200 at 60 KC... H{E (mini-
ature) coils, Q over 120 at 10 KC. The toroid dust core provides very low hum nickup...
excellent stability with voltage change... negligible inductance change with tenrperature,
etc. Precision adjusted to 1% tolerance. Hermetically sealed.
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Type No. Value Price Type No. Value Price Type No. Valu2 Price
HQA-1 5 mhy.| $7.00 |  HQA-16 7.5 hy. | $15.00 HaC-1 1 mhy. | $13.60
HOA-2 12.5 mhy. 7.00 HQA-17 10.  hy. 16.00 Hac-2 2.5 mhy.| 13.00
HQA-3 20 mhy. 7.50 HOA-18 15.  hy. 17.00 Hac-3 5 mhy.| 13.00
HOA-4 30 mhy. 7.50 H@B-1 10  mhy.| 16.00 Hac-4 10 mhy.[ 13.00
HQA-5 50  mhy. 8.00 HaB-2 30  mhy.| 16.00 HAC5 20 mhy.| 13.00
HQA-6 80  mhy. 8.00 HaB-3 70  mhy.| 16.00 HaD-1 4 mhy. | 15.00
HaA-7 125  mhy. 9.00 HaB-4 120 mhy.| 17.00 Hap.2 1 mhy.| 15.00
Haa-8 200  mhy. 9.00 HQB-5 5 hy. 17.00 Hao-3 25 mhy.| 15.00
HRA-9 300 mhy. | 10.00 HQB-6 1. hy. 18.00 HaD-4 5  mhy.| 15.c0
HOA-10 5 hy. 10.00 HQB-7 2. hy. 19.00 HaD-5 15  mhy.| 15.00
- HQA-11 .75 hy. 10.00 HQB-8 35 hy. 20.00 HQE-1 5  mhy. 6.00
HOA-12 1.25 hy. 11.00 HQB-9 75 hy. 21.00 HQE-2 10 mbhy. 6.00
o = HOA-13 2. hy. 11.00 HQB-10 12.  hy. 22.00 HQE-3 50  mhy. 7.00
. . ; . HQA-14 3. hy. 13.00 HaB-11 18.  hy. 23.00 HQE-4 100 mhy. 759
1/2x15716x 1 3/16 High H2A-15 5. hy. 14.00 HEB-12 25.  hy. 26.00 H2E-S 200 mhy.l 8.9
UTC INTERSTAGE AND LINE FILTERS
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Shey These U.T.C. stock units take care of most STOCK FREQUENCIES
S common filter applications. The interstage (Number after letters is frequency)
filters, BMI (band pass), HMI (high Net Price $25.00
pass), and LMI (low pass), have a BMI-60 BMI-1500 | LMI-20m BML-400
nominal impedance at 10,000 ohms. BMI-100 8MI-3000 L::‘?‘” Bml‘;ggo
13/16x111/16, The line filters, BML (band pass), HML BM1-120 BMI-10000 |  LMI-1030 HML
. ; BM!-400 HM!-200 LM!-2000 HML-500
I 5/8 x2 1/2 High (high pass), and LML (low pass), i
! ; 0 b cireui BMI-500 HMI1-500 LMI-3000 LML-1000
are intended for use in 500/600 ohm circuits. BMI-750 HMI-1000 | LMm1-S@00 | LML-2500
All units are shielded for low pickup BMI-1o00 | HMI-3000 | LMI-1o000 | LML-3000
(150 mv/gauss) and are hermetically sealed. LML-12000
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REGISTERS OPERATING TIME OF
MACHINE TOOLS, ELECTRONIC,
ELECTRICAL OR GENERAL
INDUSTRIAL EQUIPMENT

SPECIFICATIONS

e Registers in 1/10 hour
steps t09999.9 or hour steps
to 99999

o Hermetically sealed, glass
to metal

e Moisture-proof, dust-proof

e Drawn steel case provides
magnetic shielding

e Self-starting synchronous
motor

® Moderately priced

Marion’s new Running Time Meter is abso-
lutely tamper-proof because it is sealed in
a drawn steel case. Designed for a wide
range of operating temperatures, it is also
ideal for use in hazardous atmospheres.
The easy-to-read dial is viewed through
tempered glass crystal which is fused
directly to the case.

Powered by a durable self-starting
synchronous motor, available for 110-125,
220-250 volts...50 or 60 cycle A.C....the
Marion Running Time Meter occupies no
more panel space than an ordinary 3'2"
meter.

Demands of our national mobilization pro-
gram come first, of course, but we will gladly
supply further information and serve you
to the best of our ability.

MARION ELECTRICAL INSTRUMENT CO., 401 CANAL ST., MANCHESTER, N. H.

)
MANUFACTURERS OF MARION GW PANEL METERS
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What It Costs to Build
a Television Station

Investments range from modest
$135,000 minimum to cool
$593,500 or more

PEANUTS will not pay for a new
television station, even if you get
a break on legal and engineering
fees and land, add to an existing
transmitter building or build a new
one as low as $1.50 per cubic foot
and omit fancy fixtures.

Neal McNaughten, director of

powers permitted under the same
ruling would be 100 kilowatts on
channels 2 to 6 and 200 kilowatts
on channels 7 to 13. Complete very-
high-frequency television stations
using such powers would cost
$593,500 in the first case and $587,-
500 in the second, including re-
mote-pickup truck and double-hop
microwave relay equipment. Ultra-
high-frequency stations, when
these are licensed, would cost at
least $1,500 more.

NARTB will soon distribute a
booklet titled Television Construc-
tion Costs to its members. The

“Trends in

the News

engineering for the National Asso-
ciation of Radio and Television
Broadcasters, has checked with ex-
isting stations concerning real-es-
tate and construction costs, and
with manufacturers of transmitters
and towers. He comes up with
these estimates of minimum overall
budget:

Complete,

With With
City New Dual

(with power and  Without Trans. Camera
antenna height) Studio Bldg. Chain

under 50,000 pop. $135,000- $159,000 $219,000
(1 kw, 300 f1%)

50,000-250,000 184,750 211,750 274,000
(2 kw, 500 ftt)

250,000-1,000,000 200,000 237,500 299,750
(10 kw, 600 ftt)

over 1,000,000 244,500 292,000 356,250

(50 kw, 600 ft1)

* Add $12,500 if tower is self-supporting instead
of guyed; 1 add $38,500 if tower is self-supporting.

» Maximum Power More — Mc-
Naughten’s conservative figures
cover the cost of new television
stations using minimum effective
radiated powers permitted by the
Federal Communications Commis-
sion under a new ruling soon to
become official policy. Maximum

booklet will break down station
costs into individual items, give
many more facts useful to existing
and potential licensees.

Navy Reports On
Electronics Production

TOTAL PRODUCTION of the electronies
industry in the current fiscal year
(July 1, 1951-June 30, 1952) will
reach $4 billion, says the Office of
Naval Materiel, Department of De-
fense. A report, not yet publicly
released, states that planned mili-
tary production for '52 will repre-
sent 58 percent of the total.

A Navy survey of 367 companies
engaged in manufacturing elec-
tronic equipment shows that large
companies estimate 56 percent of
total planned production will be for
military use; smaller companies will
produce 70 percent for the military.
Eighty companies are now doing
military work exclusively, while 29
report that none of their production
is for the armed forces.

“No Electronic Bottle-
necks So Far’—NPA

30-months of military equip-
ment production covered by
present funds.

ALLOCATION OF MATERIALS to elec-
tronic equipment producers is in
good shape. So said E. T. Morris
and J. A. Milling of NPA and Col.
C. A. Poutre of Munitions Board at
industry meeting in Washington
January 11th. To date no single
case of military electronic equip-
ment production stoppage due to
shortage of material has been en-
countered and none is anticipated
so long as supply of nickel holds up.

At the electronics meeting, fifth
scheduled with press and represent-
atives of large defense industries
(others: metals, machine tools, con-
struction, chemicals) it was pre-
dicted that in 1952 electronic con-
sumer durables would be down 32
percent below 1951, industrial elec-
tronies up 20 percent and military
electronics up 165 percent. Even
with military running far above the
1951 rate, materials are expected to
be available for all needs, except
possibly nickel. Nickel supplies
seem ample, but processing and dis-
tribution, from producer to tube
plants, is so complicated that NPA
feels some may be lost in the shuffle.
Substitution for nickel in compo-

nents other than tubes must
accelerate.
» Material Allocations—Other

tricky question is the delicate bal-
ance between electronic end prod-
ucts and components that go into
them. Of all materials allocated
except steel, 80 percent now goes
into components, 20 percent to end
products. In steel, due to consump-

INDUSTRY REPORT ==

February, 1952 — ELECTRONICS



For low impedance applications...

SYLVANIA Germanium Diodes

All Germanium Diodes are notable for
their low forward impedance. But the
1N56 is specially engineered to make
the most of this quality.

Typical 1N56 Resistance Characteristic Use this diode for high efficiency cir-
cuits with low input and output im-
pedances. Use it for relay activation,
heavy current and surge applications

5 /’”l'% with low impedance coils, transformers

and condensers.

Try the 1N71 varistor in carrier teleg-
raphy and telephony work. The low

IN56 DIODE with a potential of +1 shuntcapacitanceinsureshighefficiency

vo!t will pass a current of 15 ma. or more. throughout the high frequency range.

With a potential of —30 volts, less than —_ . .

300 pa. will flow. You will find this varistor equally ef-
ficient in low impedance modulator cir-
cuits of the carrier suppression or
carrier transmission type.

Both the 1N56 Germanium
Diode and 1N71 Varistor
are available from your Syl-
vania Distributor. Ask him
for copies of the two books
shown below. Price of each
is only 25¢, together they
comprise the most complete
collection of Germanium
Diode applications yet pub.
lished.

For Carrier Communications
I1N71 VARISTOR—The IN71 con-
sists of 4 matched low impedance
diodes each of which, with 41 volt
impressed, will pass a current within
one ma. of the average current of
the four.

r——————————————— —

Sylvania Electric Products Inc.

Dept. £-2602, Emporium, Pa.

O Please send me “40 Uses for Germanium Diodes.”
Enclosed is 25¢

O Please send me “Electronic Shortcuts for Hobbyists.”
Enclosed is 25¢

Name.
ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT: FLUORESCENT TUBES, Sy
FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SEIS City Zone State.
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INDUSTRY REPORT—Continued

tion in chasses, the percentage is
about 50-50. Changes in design
and in spare-parts orders affect this
balance, require careful monitoring.

Relations between NPA and De-
fense Department are expected to
remain harmonious so long as
present even keel is maintained.
But misunderstandings sometimes
arise in industry cirecles due to con-
flicting definitions. NPA says an
item is electronic if it has electron
tubes. Munitions Board figures
cover these items as well as every-
thing else in communication and
control.

Only about 45 percent of the

military dollar goes into radio and
radar, (25 radar to 20 radio); 55
percent goes into spare parts and
such items as telegraph, telephone,
teletype, wire, cable and other non-
tube items.
> Some Contract Lag-— Acknowl-
edged is a lag behind schedule of
about 30 percent (dollar value) of
electronic production. But a large
fraction of this value is not large-
scale production, represents cost
of services, engineering, and “ex-
cessively high” costs of prototype
models of radar, sonar and test
gear. Largely because engines
and other components of aircraft
are also behind schedule, the lag
in aircraft electronic items has
not yet affected delivery of air-
craft in quantity. The outlook,
moreover, is for a faster makeup
of schedule in electronics than in
other aircraft items.
» Second-Quarter Prospects —Allo-
cations to consumer goods for the
second quarter of 1952 were re-
leased by DPA same day: com-
munications division gets 43.4
kilotons steel, 43.6 megapounds
copper, 2.6 megapounds aluminum;
electronics division 58.9 kilotons
steel, 30.8 megapounds copper and
12.2 megapounds aluminum. NPA
officials hope and expect these
amounts can be maintained in
third and fourth quarters. If so,
7.5 to 8 million radio sets can be
produced during the year with 3.5
to 4-million tv sets, compared with
12.5 million radios and 5.2 million
tv sets in 1951.

At the moment NPA knows no
method of adjusting allocations to
conform to seasonal consumer buy-
ing habits. Consequently, to meet

6

the heavy business (about half the
total) which traditionally appears
in' the last four months, manufac-
turers will have to put sets in in-
ventory in the spring. NPA points
out this gamble is not an unmiti-
gated evil, since steady flow of
materials through allocation chan-
nels makes for steady employment
and loading on plant during the
vear. But manufacturers, remem-
bering unhappy inventory experi-
ence in mid-51, may well wish they
could get materials when they
know the murket is ready, rather
than months before.

Actually, in 1951 many radio-tv
manufacturers did not consume
all materials allocated to them due
to slack demand and misunder-
standing on extension of allocation
to components and materials sup-
pliers. Now, the working of con-
trols is better understood, and a
more normal atmosphere prevails.
Scare buying is not anticipated if
4 million tv sets can be built this
vear. Lifting the freeze should
keep the market potential at
present ‘“‘reasonably satisfactoryv”
level as soon as new stations take
the air.

Expansion of plant is indicated
in certificates of rapid tax amorti-
zation granted in 1950 and 1951;
216 certificates represented ex-
pansions valued at a total of $165
million. Completed end-product

HIDE-AND-SPEAK MIKE

,
&
.-
S
Miniature radio transmitter used in

Hollywood movie studios operates on
50-megacycles, Using a four-foot an-
tenna, which winds around the body,
the 2-tube unit is hidden in the clothes
of the actor. A receiver located else-
where on the set picks up the actor’s
words, feeds them to a magnetic-tape
recorder

plants took 77 c¢f these for $90
million, tube plants 51 for $49
million, components 60 for $23
million, remainder miscellaneous.
» Future Outlook — The future
health of the electronics industry
is bound up in analysis revealed
for first time at the meeting: the
backlog of military electronic pro-
duction now amounts to 20 months
at the 1952 going rate of produc-
tion, and a further 10 months of
production contracts remains to be
let on currently available funds.
With 30 months military work
ahead, and a near-normal year in
radio-tv production, the outlook
can only be labelled—good.

New Index of
Electronics Output

Manhour and productivity bar-
ometer reading to be published
monthly (see page 8).

BEGINNING with this issue, a new
index of the overall output of the
electronies industry will be pub-
lished monthly in ELECTRONICS for
the guidance of businessmen in this
field. The monthly service, devel-
oped by the editors and the
McGraw-Hill Economics Depart-
ment, covers the production of radio
and television receivers, commercial
radio and television equipment,
military radio and radar equip-
ment, electronic equipment and
components, and communications
equipment. It will appear regularly
on the ‘Figures of the Month’ page
(p 8).

The output index is computed
from monthly figures collected by
the Bureau of Labor Statistics on
the number of production workers
employed in the electronic fields
named above, and the average
weekly hours worked. The index
figure is the product of these num-
bers, adjusted for average increase
in productivity, which is taken as
8 percent per year. The average
of the monthly indexes for 1947 is
taken as 100 percent. On this basis,
the current index based on the

INDUSTRY REPORT =

February, 1952 — ELECTRONICS



HIGH-TEMPERATUREZAGNET WIRE

A most important aid in the miniaturization of small
transformers, reactors, relays, and other copper-wound
components of electronic equipment and aircraft! That's
the rapidly spreading story about CEroc T, the new and
important development in magnet wire, -

The first and only magnet wire to operate safely at a
continuous temperature of 250°C., Sprague CEROC T wire
has considerably higher current ratings than conventional
magnet wires of equivalent AWG size. Consequently, you
can use smaller sizes of CEROC T to achieve & consider-
able saving in the physical dimensions and weight of
small electric apparatus.

ELECTRIC AND

Aunon
4 CERAMIC

Or if it is necessary to ““beef up” equipment already de-
signed to fit a certain space, you can switch to CErRoC T
windings for a marked increase in electrical rating.

Ceroc T Magnet Wire is made by an exclusive, patented
Sprague process for applying its insulation of inorganic
ceramic and Teflon. It has excellent solvent and abra-
sion resistance and high dielectric strength. Complete
specifications are yours for the asking in Engineering
Bulletin 402F.

UP TO 200°C.—CEROC 200 — This ceramic-silicon
coated wire is your best choice for operating temperatures
up to 200°C. Write for Bulletins 401 and 403B.

NORTH ADAMS, M S 4

ELECTRONIC DEVELOPMENT

CERQC is a registered trademark of the Sprague Electric Company

ELECTRONICS — February, 1952

See Us ot the L.R.E. Show—Booths 27-28



INDUSTRY REPORT— Continued

175 -

= FIGURES OF T

IEMONTH ~—

T

|25 =
EIOO — AT T T e e e e i
o
2 : :;
75 R mmmee
50 — l e =11 _l____ B . [
1947 = 100 ;
25— | — s m———
oil'lh'lllll lH!lIIJlIlIIIIHHIHIJHIU!!I!I] oAhin, 0l Bl B l 1 l
JEMAMIJASONDJFMAMIJIASONDIFMAMIJASONDIFMAHJJASOND J F ® A M J J & § 0 N D J F
1947 1948 1949 1950 1951 1952
Year Ago Previous Month Latest Month
. -e
Electronics Output Index (above): 146.6 142.8 144.0
Nov '50 Oct '51 Nov '51
Year Previous Latest Year Previous Latest
Ago Month Month Ago Month Month
gfgf)'b’g%w COMMUNICATION AUTHORIZATIONS
R . , ) (Source: FCC) Nov ’50 Oct '51 Nov '51
(Source: RTMA) Nov ‘50 Oct '31 Nov ‘31 Aeronautical ... .. .. , 23,802 31,989 31,415
Television sets ....... 738,800 411,867 415,332 Marine 27 945 33309 33707
Home Radio sets ...... 721,500 513,609 477,734 Police ﬁre etc ' 8‘279 9'%5 9‘%9
Portable sets ........ 50,400 94,053 64,111 Industlrial ! S 7’605 10’930 11‘233
Auto sets . ... ... 443,700 267,061 206,069 Land Transportation 3,962 4,542 5,362
Amateur .. ... .. U 90,198 97,587 99,292
RECEIVER SALES 7 Citizens Radio . ... . ... 397 674 674
(Source: Licensee figures) Oct ‘50 Sept ‘51 Oct ’51 Disaster ............ 0 22 28
Television sets, units. .. 898,638 490,520 608,274 Experimental ... ... .. 478 442 452
Electric radio sets, units 672,937 435,917 540,915 Common carrier .. .. .. . 829 834 835
Battery sets, units. . ... 89,919 75,169 65,703
Auto sets, units. .. .. .. 396,730 319,816 265,215 EMPLOYMENT AND PAYROLLS
Television sets, value...$178,354,646  $78,980,657  $96,111,904 (Source: Bur. Labor Statistics) Qct ‘50 Sept ‘51 Oct ‘51
Electric radio sets, value $18,101,307 $9,703,146 $11,517,531 Prod. workers, electronic 271,900 250,300 260,400-p
Battery sets, value. .. .. $1,713,303 $1,411,362 $1,176,656 Prod. wkrs., radio, etc. . . 187,000 155,000 161,700-p
Auto sets, value.... ... $10,654,753 $9,355,890 $8,088,701 Av. wkly. earnings, elect. $59.02 $62.84 $63.62-0
Av. wkly. earnings, rad.o $57.03 $59.55 $60.39-¢
RECEIVING TUBE SALES Av. weekly hours, elec.t.. 41.8 41.1 41.1-p
(Source: RTMA) Oct ’'50 Sept ‘51 Oct '51 Av. weekly hours, radio. 41.6 40.9 41.0-p
Receiv. tubes, total units 40,105,611 27,946,193 34,137,519
Receiving tubes, new sets 32,305,648 16,176,604 21,103,669 E;IET_wPobRIKf BBI LeLl)NGz 50 Oct ‘51 N 51
Rec. tubes, replacement. 6,699,448 7,363,721 9,615,159 ZUA;C/EFMiABE 0. Bureau o ;’4‘;) 55 I 1‘5*8 s 55 2‘;‘(’) ;0
Receiving tubes gov't. . . 182,177 1,568,880 1,567,199 AM/EM—CBS " se 455478 55,615,723-r $51257,254
Receiving tubes, export.. . 918,338 2,836,988 1,851,501 AT 51,357,529 $1,759,468_r $1,583,291
Picture tubes, to mfrs.. . 848,387 294,951 455,636 a IR e e ’ 3"
AM/FM—NBC ... .. ... $5,040,404 $4,414,200-r  $4,315,546
TV—ABC ... ... .. .. $1,243,549 $1,897,427-r $1,911,243
TV AUDIENCE , TV—CBS ...... ... $2,215,744 $4,731,219-r  $4,605,506
(Source: NBC Research Dept.) Dec ‘50 Nov 51 Dec ‘51 TV—Dumont .........  Notavail. $768,684-r  $847,373
Sets in Use —total.. .. 9,845,300 14,555,800 15,176,200 TV_NBC $3,070,010 $7.132.685-r  $6,555 205
Sets in Use—netw'k conn. 8,337,500 13,777,700 14,363,700 e o -
Sets in Use — New York. 1,935,000 2,630,000 2,720,000 ~——— Quarterly Figures —-——ory
Sets in Use—Los Angeles 764,000 1,045,000 1,065,000 Year Previous Letast
Sets in Use — Chicago. . 765,000 1,020,000 1,060,000 INDUSTRIAL Ago Quarter Quartcr
EQUIPMENT ORDERS
BROADCAST STATIONS (Source: NEMA) 3rd '50 2nd '51 3:d 51
(Source: FCC) Dec ‘50 Nov ‘51 Dec ‘51 Dielectric Heating .. .. $300,000 $600,000 $210,000
TV Stations on Air. . .. . 107 108 103 induction Heating ..... $1,100,000 $2,300,000 $1 900,000
TV Stns CPs—not on air 2 0 o]
TV Stns— Applications.. . 374 463 475 INDUSTRIAL TUBE SALES
. X (Source: NEMA) 3rd ‘50 2nd ‘51 3rd ‘51
AM Stations on Air. ... 2232 2321 2408 Vacuum (non-receiving). $3,370,000  $7,750,000  $8,420,000
AM Stns CPZ_”l‘_’t ‘;f‘ lig iz GBS 7 Gas or vapor. .. ..... $1,660,000  $2,700,000  $2,620,000
AM  Stns— Applications. 266 302 P Phototubes ... ... $230,000 $360,000 $275,000
FM Stations on Air. .. 676 635 650 Magnetrons and velocity
FM Stns CPs—not on air 27 12 13 modulation tubes . $2,050,000 $4,130,000 53,750,000
FM Stns—Applications. . 10 10 8 p—provisional; r—revised; e—estimated
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SAVE making all these
expensive soldered connections

by using &nab Printed Circuits instead!

for more information...see the next two pages } } '

:




HERE ARE THE STANDARD PRINTED

S i % CER S SER e E R e
PRINTED ELECTRONIC CIRCUITS
P.EC. are complete or partial circuits (including all integral They provide miniature units of widely diversified circuits —
circuit connections), consisting of pure metallic silver and from single resistor plates to complete speech amplifiers.
resistance materials fired to Centralab’s famous Steatite or All those illustrated here are available for standard applica-
Ceramic X and brought out to convenient, permanently an- tions. Save these pages for reference. Numerous other circuit

chored leads.

complements can be furnished for volume requirements.

S S R R e S AR

PC-2 PC-52
SINGLE FILPEC
RESISTOR 2 Send for

Send for Bulletin 42-24
Bulletin 42-24

R=47K
Ci=50 mmf.
C:==50 mmf.

o 5] PC-21 PC-70
DUAL MIDGET
RESISTOR COUPLATE
‘ Send for Send for
Bulletin 42-24 ,., Bulletin 42.127
R1=500K C;—=5000 mmf.

B =MoK Cz plus C3=250 mmf,

T R

PC-30 PC-71
RESISTOR- MIDGET
CAPACITOR o COUPLATE
Send for Se'nd for
Bulletin 42.24 " Bulletin 42-127
GROURD
RIS 240K Ri==250K C1=5000 mmf.
SEUEW e Re=500K G plus C5=250 mm.

PC-33 PC-80
RESISTOR- "‘ STANDARD
CAPACITOR (, COUPLATE
Send for : Sef!d for
Ri=1 Meg. Bulletin 42-24 r-m asing Bulletin 42-127
C1=1000 mmf.

R1=500K C1=.01 mfd.

==500K C: plus C3=250 mmf.

PC-36 PC-81
RESISTOR- STANDARD
CAPACITOR COUPLATE
Send for Send for
R1=100K Bulletin 42-24

Bulletin 42.127

C1=100 mmf.

C1=.01 mfd,
Cz plus C3=250 mmf,

PC-50

Bulletin 42128

- e Iﬁ'lL 4 PC-90
i FILPEC T T I J PENTODE
e Q2 Send for o X g)'n 'Tu Send for
Bulletin 42.24
H

R=—=47K

R1=4.7 Msg. C3==5000 mmf,

Ci=100 mmf. Ra=1 Meg. C2=50 mmf,
C2==100 mmf. R:=2.2 Meg C3=2000 mmf.

B o s N SR & S ety
1
PC-51 T © PC-91
FILPEC 4« PENTODE
T Ja 3 E-
13 2 Send for [ k7 2 Send for
Bulletin 42-24

J Bulletin 42-128
H

— 47K R1=4.7 Meg. C1=5000 mmf.
R--—I750 . Rz=1 Meg. C2=100 mmf.
g:_’"so ::f R3=2.2 Meg. C3=5000 mm#.




CIRCUIT PLATES ALREADY TOOLED FOR YOU

)
PC-92
=u PENTODE
Send for
& Bulletin 42-128
R1=4.7 Meg. C1=5000 mmf.
Ra=1 Meg. C2=100 mmf.
R3=2.2 Meg. C3=2000 mmf.
(D Mﬁ‘“"”“I”W‘W—l—C‘ PC-100
L] 27 n
- = e VERTICAL
{43 (3] (3] b
PC-120 INTEGRATOR
crou (¥ Send for
1: 2 Bulletin 42-126
R1=22K C1=2000 mmf.
R:=8.2K C2=5000 mmf¢.
R3=8.2K C3=5000 mmf.
(O A v
LT TR TR pC-101
@ i ol s A VERTICAL
PC-101 INTEGRATOR
! ooy Send for
Ry—22K Ci=.01 mfd. Bulletin 42-126
R:—=8.2K C2=2000 mmf.
R3=8.2K C3=5000 mmf,
R—22K C;—5000 mmf,
‘ ¥ PC-150
AUDET
OUTPUT STAGE
| Send for
7 Ci=2000 mmf. Bulletin 42-129
R1—6.8 Meg. C>=220 mmf.
R.=—470K C3 plus C5=250 mmf.
R3—470K C4s—5000 mm¢.
e y PC-151
T AUDET
‘_I-r.’ } | OUTPUT STAGE
L b =170K Send for
L cal;moo mm¢. Bulletin 42.129
Auor C-—220 mm¢.
R1—6.8 Meg. Ca plus C:=250 mmf.
Ra—=470K C1=5000 mm#.
T T 3 pemi0
3E (LJ | t — = -
1 \'%‘-0 FILPLATE
-"H.—_,F ] |_ FILTER PLATE
Lk B Send for
Bulletin 42-131
R1=1000 ohms C1=5000 mmf.
Rs—=820 ohms C2=5000 mm¢.

Filplates as connecled in TV I IF c:rcuns

— ;
_ 3k E%} L,—l PC-111
. =4 FILPLATE
?" °‘,_¥ l __* T FILTER PLATE
el 1 Send for
Lz Bulletin 42-131
R:=220 ohms Ci—=5000 mm¢.

R.=1000 ohms C.=5000 mmf,

Filplates as connected in TV LF. circuits

Model ‘
AMPEC

Send for

Bulletin 42-130
R:=—3000 ohms
Ci=.02 mf.
C:—.005 mf.
C3—.001 mf
€1=.0002 mf,
Cs=.005 mf.
Ce=2.001 mf,

R1=3.3 mecg.
Rs—=1.5 meg.
Rs=10 meg.

Ri= .75 meg.
R:—3.3 meg.
R3=1.5 meg.

IMAGINE THE SAVINGS YOU GET WITH THESE
CENTRALAB PRINTED ELECTRONIC CIRCUITS!

® Many less soldered connections
@ Fewer pieces to buy or inventory
® Far less handling costs

@ Fewer wiring errors

® Lless weight and smaller space

® More uniform circuitry

When you check the details of standard circuits — each
available in one simple component — you’ll sec the
savings in Centralab’s Printed Electronic Circuits.

You'll see how they save weight and space. You'll see
how several components are replaced by one, saving time
and errors in wiring — reducing your component inven-
tory, and how the uniformity of Printed Electronic Circuits
assures you of circuit stability between component parts.

That’s why more and more clectronic design engincers
will tell you that 10 other low power electronic develop-
ment offers more time and cost saving advantages ihan
Centralab Printed Elecironic Circuils.

If none of the standard plates meets your requirements,
submit your circuit to our engincering department. We
can usually design a special plate for your particular
needs, at nominal cost.

Check Printed Circuit advantages now. More informa-
tion and dctails will be mailed to you right away; — just
fill out the coupon below.

Industrial Electronic Parts Distributors

carry many of these plates in stock.

®
Division of GLOBE-UNION INC. * Milwaukee 1, Wis.

Centralab, Div. of Globe-Union Inc.
914 East Keefe Avenue, Milwaukee 1, Wisconsin

Please send me the Technical Bulletins on
Printed Electronic Circuits as checked below:
O42-117 []42-126 [ 42-127
] 42-130 [ 42-131 [142-149

0 42-24
[ 42-129

[042-12

INAMIC . covreseersvesneranssmseiomsmsnssaissasgtosmmn f2msen seen

AUAress. .. ..o memretimesrimms

Company....
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October 1951 BLS figures is
142.8 percent, or 42.8 percent above
the 1947 base,

To show the trend, the index is
plotted from January 1947 to the
present, and a new figure is added
as each issue goes to press.

The index is not adjusted for

seasonal variations and long-term
trend. These latter adjustments
may be incorporated when the
necessary experience is accumu-
lated.
» Significance Of Output—The
most significant indication of the
state of health of the electronics
industry is production of wealth,
as measured by the output of all
plants in the field. Three possible
measures of output are: the num-
ber of units produced, the dollar
value of shipments, and the man-
hours worked at a known level of
productivity, Physical output fig-
ures are hard to come by; most
military production figures are
classified. Dollar values are not a
good index of production activity
because price changes are frequent,
and are almost impossible to follow
statistically. So manhours was
chosen as the basis of the Elec-
tronies Output Index.

Output is closely geared to man-
hours worked, provided that pro-
ductivity is taken into account. The
data on manhours are accurate,
taken from the broadest availuble
industrial basis, the BLS monthly
report in this field. Moreover the
figures are timely, usually not more
than seven weeks behind ELEC-
TRONICS’ publication date. Finally,
an index based on manhours is the
most sensitive of all production
measures. The instant a change in
production is put into effect, man-
hours increase or decrease ac-
cordingly. Shipments and prices
reflecting the change may lag many
weeks or months.
> Weighting of Figures — The
choice of manhours as a basis
automatically provides the proper
weighting for the various branches
of the industry. Obviously the
production of 1,000 tv sets is more
important than the production of
1,000 receiving tubes, but the man-
hours worked in the two cases tend
to reflect the difference. For exam-
ple, in 1950, 67.8 percent of elec-
tronic production manhours were

12

EDISON’S 105TH

The 105th anniversary of Thomas Alva
Edison’s birth is being celebrated this
month throughout the world. Edison is
hailed as the founder of the science of
electronics. Shown above is the inventor
with diode tube in which he discovered
electron conduction, basis of all subse-
quent electronic development

worked in producing radio sets and
allied equipment; 17.4 percent
electron tubes, 12.8 radio com-
munication, telephone and tele-
graph equipment, and 2 percent
other communications equipment.
Changes in these categories occur,

but are averaged out in the overall
manhour and productivity figures.
The year 1947 was chosen as the
base of the index because the last
complete census of manufacturers
was taken in that year, and because
it represents a typical post-war,
pre-Korea year.

One possibility of error exists
which cannot, for the time being,
be recognized in the index. The
BLS figures are taken from estab-
lished electronic firms, doing peace-
time as well as war production
business. Currently many firms
outside the traditional boundaries
of the electronics industry, such as
milling companies, sparkplug pro-
ducers, ete, are accepting contracts
for production of electronic war
items. The production workers of
such firms are not reported by the
BLS under the electronics category
and their contribution to the overall
output is accordingly not reflected.
At present the error is negligibly
small but it may become larger as
more such extra-industry contracts
are let. The editors are maintain-
ing close touch with NPA and DPA
officials to follow this trend and
will publish corrective information
as it is released by the war pro-
duction authorities.

Government Actions

Vast TV Expansion
Ready for FCC Nod

Applications for new stations
expected to flood Commission
as defreeze approaches

NEARLY a billion dollars is ready to
be invested in new television broad-
cast stations, according to FCC
Chairman Coy, waiting only the go-
ahead from two agencies. First,
the FCC must issue its long-awaited
report on television expansion, set-
ting up new allocations and rules
for vhf and uhf stations. Second,
NPA’s Industrial Expansion Divi-
sion must allot critical materials,
particularly structural steel for
buildings and towers.

The first step, lifting the freeze,
has been promised regularly every

six months since issuance of con-
struction permits was discontinued
in September 1948. Now, 40 months
later, Pandora’s Box is to be opened,
but wide. On hand in the Commis-
sion offices at presstime were 476
applications for new tv stations,
27 of them for uhf. At least 1,000
additional applications were ex-
pected to follow closely on the an-
nouncement that FCC is again
handing out permits. Taking the
total investment in a new tv sta-
tion at NARTB’s average estimate
of $250 thousand, 1,500 applications
add up to the tidy sum of $375
million. And this is onlv the be-
ginning. Two thousand stations are
planned for.

» Allocations Report—Release of
the FCC report is expected before
March 1st, may even occur before

INDUSTRY REPORT wup-
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ALL-METL BARRYMOUNTS
Available for Unusual
Airborne Applications

These Barrymounts give the aircraft
and electronic engineer a vibration iso-
lator designed to mcet the unusual
temperature and environmental condi-
tions met in high-altitude, high-specd
fiight. Using no organic compounds,
these mountings are not subject to
tempcerature influences that may affect
the performance of other mountings.

ALL-METL Barrymounts have wide
load range with uniform performance.
Natural frequency is about 7Y% cycles
per second; horizontal stiffness is low
for maximum isolation of horizontal
vibration. Transmissibility at resonance
is only 4Y4. There is no snubber con-
tact nor resonance carryover when
vibrated at government-specified ampli-
tudes.

Designed especially for unusual mil-
itary conditions, these mountings meet
the vibration requirements of JAN-C-
172A, MIL-E-5272 (USAF), and MIL-
T-5422 (BuAcr). Ask for your free
copy of Catalog 509, containing details
of these mountings.

BARRY RUGGEDIZES
ISOLATORS AND BASES
For Aircraft Carrier Service
and Crash Landings

Barry vibration isolators and mount-
ing bases arc available in “ruggedized”
construction, to withstand the severe
shocks of arrested landings on aircraft
carriers and in crash landings. These
units are tested to meet the shock-test
requirements of Specification AN-E-19,
for the equipment sizes listed in
JAN-C-172A.

Ruggedized mounting bases equipped
with either ALL-METL or Air-damped
Barrymounts can be furnished in stand-
ard JAN-C-172A sizes and in special
sizes to meet customers requirements.
A conspicuous advantage of 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 50 pounds, by design modifica-
tion of standard JAN bases. For greater
loads, ruggedized Barry bases are of
stainless steel instead of aluminum.
Write for listing of ruggedized bases
and unit mounts.

ELECTRONICS — February, 1952

SHOCK and VIBRATION NEWS

o~

LBARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION

the answer

TO YOUR SHOCK AND VIBRATION PROBLEMS

will be found in this complete family of Barrymounts.
From tiny, ounce-rated unit mounts . . . through rug-
gedized bases . . . to heavy-duty isolators for industrial
machinery . . . Barrymounts meet all your needs. FREE
CATALOGS give you details of dimensions, load ratings,
and military specifications met by these effective vibra-
tion and shock isolators.
FOR AIRCRAFT SERVICE

Catalog 509 describes ALL-METL Barrymounts for use
at extreme temperatures. Catalog 502-A covers Air-
damped unit mounts and bases. T

FOR INDUSTRIAL USES

Catalog 504-B describes the general line of Barrymounts

rated from 13 ounce to 3300 pounds. Catalog 607 covers

the use of Barrymounts with heavy industrial machinery.
And for SPECIAL PROBLEMS

ask the advice of our Field Engineering department, or-

ganized to apply our wide experience to your particular
needs.

Address all inquiries to:

THE BARRY CORP

707 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS

SALES REPRESENTATIVES IN
Atlonto  Chicago Cleveland Dollas Dayton Detroit Los Angeles
Minneapolis New York Philodelphio Phoenix Rochester St. Louis
San Froncisco Seattle Toronto  Washington
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this issue of ELECTRONICS reaches
subscribers. In the report will
appear these items:

+ A geographical assignment of
the 12 existing vhf channels and 70
new uhf channels to 1,250 cities
and towns.

+The engineering standards of
allocation. These are expected to
follow recommendations of such
professional advisory bodies as
JTAC and to meet with general
approval of technicians.

+ A decision on the controversial
issue of reserving channels for
educational institutions not now
financially able to apply for them.

+ Action on the proposed alloca-
tion plans submitted by Allen B.
DuMont and others which will
have a far-reaching effect on the
competitive positions of tv net-
works.

Behind the report is a vast
amount of work by FCC engineers
and clerical staff. Already solved
is the critical problem of fitting in
stations in the crowded New Eng-
land area, first region set up for
consideration. Tentative solutions
for other populous regions have
also been reached, but a sharp
reduction in clerical staff, follow-
ing recent budget cuts, has cur-

tailed the paperwork follow-
through.
> Licensing Action — Following

issuance of the report, a period of
about 60 days is anticipated to
allow applicants to revise their
applications (from uhf to vhf or
vice versa, change in location,
ete). During this period the Com-
mission will probably not act on
any application and all those from
a given city will be placed on equal
footing. A firm cutoff date is ex-
pected at the end of this filing
period; broadcasters filing there-
after will probably find themselves
in the second balcony.

The Commission will then take
up applications and act on the
merits of each. First to be settled
will be the easy cases where the
number of applications from a
given city does not exceed the
number of channels reserved for
that city. These are smaller com-
munities with limited capital and
low market potential.

Next will follow a long series of
competitive hearings, during

14

which the Commission must sort
out the haves from the have-nots
where applications exceed facil-
ities. Complicating this procedure
will be the existence of uhf and
vhf assignments in the same area,
with substantial difference in cov-
erage and, hence, competitive ad-
vantage. Of the 1,985 station
assignments planned in the tenta-
tive allocation released last year,
526 are for commercial vhf, 1,250
for commercial uhf, 82 for educa-
tional vhf, and 127 for educa-
tional uhf. It is expected that this
division will hold in the final allo-
cation, with a possibility of a
reduction in the educational reser-
vations.

Two major hazards confront the
industry in the competitive phase
of allocation. First, any coura-
geous or foolhardy applicant may
throw the whole plan into the
courts via the injunction route.
Such action, which might delay
competitive hearings a year or
more, is not expected from estab-
lished operators. But there is
much new money waiting to be in-
vested in a highly profitable busi-
ness, and a disappointed applicant
may dare the Commission’s wrath
by appeal first to the district
courts and ultimately to the Su-
preme Court. The networks are
holding their breath over this pos-
sibility because they, as well as
the Commission and the public,
have no stomach for further delay.

The second hazard is the short-
age of hearing examiners. Only
seven are now available; the Com-

mission has already gone to Con-
gress for funds to hire an addi-
tional seven men for this rough
service.

> UHF and Materials—The fate of
the uhf band is cloudy at the
moment. The Commission is fear-
ful that many uhf channels may
go begging, due to lack of receiv-
ing equipment, if manufacturers
hold back waiting for stations to
start operation. The industry is
banking, therefore, on strong Com-
mission support for the uhf appli-
cant, even to the extent of allow-
ing broadcasters who already own
the legal limit of five vhf stations
to own several additional uhf out-
lets.

FCC Broadcast Division Chief
Curtis Plummer stands on his
earlier prediction that from 50 to
80 uhf or vhf stations will be
authorized in smaller non-competi-
tive markets by the first of July,
and that an equal number will be
issued quarterly thereafter. It
is problematical whether NPA
actions on steel allotments and
other materials controls would
provide for new stations at this
rate. Certainly if grants were
issued faster shortages could take
control in a big way. Even if they
do, Commissioner Sterling is bet-
ting that operators will get on the
air somehow, mit ersatz maybe,
but on the air. He points out that
uhf antennas are small and can be
supported temporarilv on wooden
poles if need be.

So. this spring, tv is off to the
races.

Markets and Sales

Lake Carriers Buying
VHF Radiophones

GREAT LAKES ‘bulk carriers’ such
as ore, coal, pig iron and limestone
ships are installing very high fre-
quency radiophones to supplement
equipment now operating on over-
crowded medium and high-fre-
quency bands.

The Electronics Committee of the
Lake Carriers Association, follow-
ing a recommendation of the Wash-

ington consulting firm of Jansky &
Bailey, is urging ship operators to
buy 30 eight-channel sets working
in the vicinity of 160 megacycles.
Operators have already ordered 19
and installed several, will buy more
if the sets pan out satisfactorily in
1952,

»318 Prospects—There are 318
bulk carriers under U. 8. Registry
in the Great Lakes. Of these, 314
are equipped with radiophones op-
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‘ ‘ ’hether you're talking in the simple terms of drink-

ing water . . . a drink for yourself . . . the needs of
a construction crew . . . or designing the latest in electronics
equipment . .. capacity is important on every job. El-Menco
Silvered-Mica Capacitors meet exacting requirements over

a wide range . .. from the tiny CM-15 (2-525 mmf{. cap.) to
the mighty CM-35 (3300-10000 mmf. cap.).

The safety factor of a half-filled jug is built into every
El-Menco Capacitor. Each unit is factory-tested at double
its working voltage. You are assured of dependability in
every application. El-Menco Capacitors offer peak perform-

ance for all specified military capacities and voltages.

For higher capacity values — which require extreme tem-
perature and time stabilization — there are no substitutes
for EI-Menco Silvered-Mica Capacitors.

Write on your business letterhead
for catalog and samples. P

Laféyd

MOLDED MICA E]. mencnmu TRIMMER
CAPACITORS

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

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT
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erating in the 2, 4, 6 and 8 mega-
cycle medium and high-frequency
bands. Aside from interference
caused by ships operating in close
proximity to each other on these
bands, the frequencies involved
cause signals to travel much
greater distances than are nor-
mally needed and so cause addi-
tional interference.

New and supplemental vhf radio-
phones are expected to cover ap-
proximately 60 miles from ship to
shore and 40 miles from ship to
ship. About 75 percent of all bulk-
carrier communications, says the
Committee, is confined to those
ranges.

Printed Circuits—
Past, Present and Future

‘50 was a development year, ‘51
brought pilot-plant runs, ‘52
may see mass production

PRINTED CIRCUITS were the subject
of intensive research and develop-
ment in many plants in 1950. The
work had progressed far enough
by 1951 to warrant pilot-plant
runs. The vear 1952 will see the
beginning of mass production, and
proponents think that by 1953
printed circuits will be used in a
substantial number of electrical as
well as electronic products.
Military interest sparked print-

ed-circuit research during World
War II. Contrary to popular opin-
ion, however, the Services have
since then ordered cautiously, with
the result that in the postwar
period commercial applications
have accounted for most of the
modest volume. The market is now
in the process of reversing, with
military contracts constituting
over half the business on the
books.

» Broad Field—The words ‘printed
circuits’ cover many processes and
in several instances are a mis-
nomer. There are numerous ways
of reducing labor and material
costs involved in the use of in-
dividual wires and soldered joints
in electrical and electronic appa-
ratus. Conductive liquids or pow-
ders containing metal such as
silver can be deposited in required
patterns on plastic or ceramic in-
sulation by ‘silk screen’ methods
commonly used in the manufacture
of nameplates. Similar ‘wiring’
can be printed by means of more or
less conventional presses. Insulat-
ing materials can be electroplated
with metals such as copper, and
part of the metal chemically etched
away by photo-engraving. Or
sheets of metal can be stamped or
laminated firmly into plastics and
unwanted areas mechanically cut
out by means of dies.

In general, silk screening and
printing methods are used where
only a small amount of electric
current must be carried and ex-

Printed-circuit technique, in elemental form: silk-screen process

treme compactness is the para-
mount need. Stamping and lami-
nation are more commonly found
in heavier-duty electrical equip-
ment. Several mechanized-wiring
techniques are used in the fabrica-
tion of component parts, as in the
internal connections of a multi-
contact rotary switch. Some parts
such as resistors and capacitors
may be printed right along with
wiring. Subassemblies such as
amplifiers involving printed or
stamped wiring and components
may form part of large units other-
wise wired by conventional means.
Dip soldering is frequently used
for interconnection of such units.
On the other hand, some relatively
simple devices such as hearing aids
may utilize mechanized-wiring ex-
clusively.

» Typical Users—Avion Instru-
ment Corp. thinks it will produce
$25,000 worth of printed or
stamped circuits in 1952.

Centralab, reporting “a sub-
stantial increase in orders” for
1952, thinks ’53 will be “the big
yvear”, speculates that printed-cir-
cuit business may stack up in
about this order of importance for
most manufacturers: ordnance
items including guided missiles,
communications equipment and
radar, computers, tv subassemblies
and other electronic items.

Decimeter, Inc., using copper-
laminated wiring in a two-tube
television preamplifier for the past
two vears, hopes to have the tech-
nique approved for use in connec-
tion with a government contract.

Elm Laboratories has spent
$10,000 developing a lamination
process, is now in production on a
pocket-size test instrument, also
has a military contract, hopes to
get its investment back in ’52.

Emeloid expects a 10-time in-
crease this year in orders for both
component parts and subassem-
blies using mechanized-wiring
techniques, has commitments that
seem to insure it.

Erie Resistor, so far supplying
printed circuitry largely for hear-
ing aids, says tv manufacturers
are finally taking a more serious
look at the technique and that this
forecasts a sharp increase in
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SPECTROPHOTOMETER

AN ISOTRONIC DC POWER SOURCE

ACCURATE TO0 *0.07%

The best of sectrophotometers operates erratically when input Furthermore, circuitry developed for the Model E-6/2-5 Noba-
power looks like this tron is advanced in simplicity, involving no moving parts. That
means easy maintenance, trouble-free operation.

6 WDC . . .
Write for information.
2vDC
instead of like this 1hr 2 hr 3hr 4hr
Input voltage range 95-130VAC, 1¢, 50-60 cycles
Output
6 VDC #1 for lamp 6VDC adjustable #=10% at 5 amperes
p
2 voe #2 for filament 6VDC at 100 Ma.
c #3 for bias 2VDC adjustable +10% at 100 Ma.
Filtering
b . . #1 1% max.
?‘la;en’t you befaTn pfoguef:! by input volto?ge dl:op, pcrhculgrly #2813 0.05% max.
fn the CO\UFSGZ fOng'rUEnmE.'eer”me.n's~ Or Eve )’OUth t; Regulation accuracy +0.01% against line changes
l{lfel'rUIpf Odl'? eter work while batteries were éing charge Time constant 0.1 seconds under most severe line changes
or replaced?
The Sorensen Model E-6/2-5 Nobatron* has been specifically Size: 17 x 12)4 x 17 self contained

19 x 12)4 panel for relay rack mounting
Weight: Approximately 90 pounds

Meters:  No meters are provided due to the extreme
regulation accuracy involved.

designed fo exclude this difficulty. Using it, you can be sure
your equipment is getting 2 and 6 volts DC, plus or minus
0.01%, with that accuracy maintained indefinitely at normal

room temperature.

*Reg. U. S. Pat. Off. by
Sorensen & Co., inc.

FOR THE LATEST AND BEST IN ISOTRONICS . . .
A ———

L7 79 SORENSEN

SORENSEN AND COMPANY =& 375 FAIRFIELD AVE., STAMFORD, CONN.
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ND“type of business.
Klin Airloop did $400,000
i1 of stamped wiring business
951, says “the prospect for 1952
oks particularly bright in that
Sylvania has signed a non-ex-
clusive license agreement.”

Mallory, working on a powdered-
metal technique, “expects to bring
out at least one important new
product for the general consumer
this year”, has a high-priority mili-
ary contract that appears to lend
itself to printed wiring.

Photocircuits Corp. did $50,000
worth of business, on pilot run and
production orders, in 1951. The
company thinks sales will increase
from five to tenfold this year, cov-
ering telemetering devices, com-
puters, decoding machines, tv tun-
ers, classified ordnance items and
hearing aids.

Plastics & Electronics has
orders for printed circuits used in
subminiature servo amplifiers and
a subminiature transceiver, is
making 150,000 voltage dividers
each of which replaces 22 conven-
tional resistors. In addition, the
firm also expects to produce a
four-tube subminiature broadcast
receiver.

M. J. Sears is working on a
method of turning out mechanized
wiring on a continuous-strip basis,
expects $30,000 worth of business
this year,

F. W. Sickles is developing
major television components using
printed-circuit techniques.

Stupakoff is getting ready for
production of integrators, multi-
pliers and amplifiers for both mili-
tary and commercial use.

U. S. Gasket is moving out of the

development stage.
» Promising Volume—No accurate
estimate of the total volume of
printed-circuit business is possible
at this time for two major reasons:
Many manufacturers of electronic
equipment other than those spot-
checked are using the technique to
some extent in their own produc-
tion rather than for resale or are
‘not talking’; and an increasing
percentage of the volume covers
applications which are of necessity
classified.

It is known only that business
currently available is substantial,
and growing more so every day.
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Germanium - Threat or Promise
to Electronics Industry?

Semiconductor devices will
eventually replace many vac-
uum tubes—but try to buy a
transistor today!

GERMANIUM, basis of transistors
and new power rectifiers, is the
enigma of the electronics industry.
The material itself is a puzzler.
Combining the properties of a con-
ductor like copper and an insulator
like glass, its importance in elec-
tronics resides in its ability to carry
strong current under the control of
a weak one.

This ability to amplify was once
a virtual monopoly of the vacuum
tube; by passing electrons through
a vacuum or gas-filled space it is
possible to exercise control over
them. Now the same trick has been
turned in a solid material. This not
only eliminates the need for the
vacuum, a costly if imponderable
material, but makes possible the
transistor, an amplifier having
great mechanical strength, long
(possibly indefinite) life, and high
efficiency.

COAST-TO-COAST
COLOR SURGERY

Closed-circuit tv transmission in color of
an operation taking place in Los An-
geles, Calif., was viewed by a group of
doctors in New York recently. The oper-
ating surgeon, shown at left center with
glasses, operated to remove an arterial
constriction in the heart of the patient

R. M. Burns of the Bell Labora-
tories, a pioneer in germanium elec-
tronics, predicted this month to the
Society of the Chemical Industry
that a new industry will grow from
this material, rivalling the chemical
industry in size. This is a big
prediction, but one to be taken seri-
ously since Bell Labs people are
noted for conservatism in all things,
let alone public utterances.

» Transistors, Tomorrow—But all
this is in the future. Technicians
have to be well connected to get
samples today. ELECTRONICS called
six manufacturers known to be
working on commercial forms of
the transistor, asking for order-
placing information, got the fol-
lowing replies: Western Electric,
none available, all going to mili-
tary; General Electric, limited
supply to equipment manufactur-
ers only; Raytheon, did have model
CK-703 available for $18, now dis-
continued in favor of model CK-
716 expected to be available next
month; Sylvania, not on market,
still in engineering stage; West-
inghouse, not available commerci-
ally; RCA, not available. The new
day may be dawning, but it’s still
pretty dark in the channels of
trade.

» 0ld Material—Discovered in
1886, germanium found few uses
(manufacturing special opticsl
glass and treating anemia) until
electronic technicians found it was
a rectifier, that is, would change
alternating current into pulsating
direct current. But it had strdng
competitors in silicon and selen-
ium in the rectifier field, Then
Bardeen and Brattain of Bell Labs
produced the first germanium
transistor in 1948, and in 1956 the
same group produced an improved
form, the junction transistor. The
latter unit is the ‘hot item’ that
promises to revolutionize elec-
tronics.

One of the rare metals, a by-
product of lead vefining, germa-
nium has been quoted for years at
about $200 per pound. The.demand
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Large values of capacitance
are housed in CP 70 style con-
tainers. Soldered-in glass in-
sulators assure hermetic seal-
ing. Small values of capaci-
tance are housed in our popu-
lar glassmike style containers.

OUR SPECIALTY is engi-
neering capacitors to exact-
ing requirements.

We invite your inquiries.

MANUFACTURERS
Glassmike Capacitors
Plasticon Capacitors
HiVolt Power Supplies

Pulse Forming Networks ondenser

7517 North Clark Street « Chicago 26, Illinois

utilize polystyrene

as the solid dielectric—es-
pecially suitable for these
applications:

computors @ calculators
saw-tooth oscillators

RC circuits

electronic controls

® integrating circuits

Plasticon Type “P” Capacitors have gained wide acceptance
for a variety of applications in addition to those listed above.

If you require the following characteristics, specify

Plasticon “P" Capacitors:

Electrical characteristics at 25°C ambient

temperature:

® high resistance 10" ohms /mfd or 10" ohms

max.

® low power factor 0.05% or less
® low dielectric absorption 0.05%
® Qs practically constant from DC to 100 K¢

Other features:
® voltage ranges available 100, 400 and

1000V

® capacitance range 0.001 to 25 mfd
® capacitance tolerance 10% standard —

also available 5%, 2% and 1%

® temperature range —60°C to +90°C
® temperature coefficient approx. 150 PPM/

°C negative

All Phones: AMbassador 2-3727

roducts Company
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for it is still so small that the
price of the raw product has not
changed materially (present quo-
tation $180 per pound). The
amount of germanium used even in
the larger rectifier units is so
small that raw material cost is
almost negligible. Special refin-
ing methods, carried out in the
manufacture of the transistor or
rectifier, account for bulk of the
material cost.

> New Process—Until recent
months, transistors and germa-
nium rectifiers were made from a
slab cut into strips with a saw.
Despite great caution in process-
ing, it proved well nigh impos-
sible to produce a uniform product.
Consequently the early point-con-
tact transistors were difficult to
produce to the tolerances com-
monly met by vacuum tubes. Then
the production of single-crystal
germanium was tried, by with-
drawing material slowly from a
melt just on the point of freezing.
Tests showed that this material
was highly uniform. Moreover
specific impurities, necessary to
produce the rectifving and ampli-
fying action, could be thereby in-
troduced with great precision. Out
of this technique came the junec-
tion transistor, and the germa-
nium power rectifier.

At the moment the germanium

power rectifier has the center of
the commercial stage. As a recti-
fier in tv sets, and elsewhere where
commercial alternating current
must be changed to direct current,
it promises to displace immedi-
ately the traditional vacuum tube
rectifier and the less efficient
selenium rectifier.
» Today’s Market—Even in the
heavy-current industrial field, the
promise is nearly a reality. In
theory an area the size of your
little fingernail (one square centi-
meter) of single-crystal germa-
nium will rectify 1,000 amperes,
and 300 amperes has actually been
carried in practical tests. This
puts the germanium rectifier in
the heavy-duty class, quite pos-
sibly a competitor to the thyratron
and ignitron in such large scale
applications as resistance weld-
ing control.

The long-term future is with the
junction transistor, which will put

20

electroniecs into local telephone
exchanges and other large-scale
equipment where electron tubes
have never been used because of
limited life and costly consump-
tion of power. It will radically

reduce the size of computers, and
so simplify maintenance that such
brain-savers may someday be com-
monplace in many business offices.
But don’t try to buy a transistor
today.

Industry

Activities

JETEC Holds First
General Conference

Committees discuss tube stand-
ardization but individual engi-
neers seem preoccupied with
television

FIRST GENERAL CONFERENCE OF
JETEC, the joint electron tube engi-
neering council of the Radio-Tele-
vision Manufacturers Association
and the National Electrical Manu-
facturers Association, attracted 120
tycoons from the tube business to
Absecon New Jersey’s swank Sea-
view Country Club.

Topic officially discussed by 11

committees was standardization of
tubes, work in progress ranging all
the way from type designations to
packaging. Unofficially, there was
much talk about tubes for tele-
vision.
» Tube Trends—Engineers button-
holed at the conference seemed
preoccupied with the development
of television-picture-tube glass
faceplates having cylindrical cross
sections, It appears that as picture-
tube sizes increase conventional
spherical-cross-section  faceplates
become annoyingly susceptible to
reflections from room lights above,
below or off at the sides of the
screen. Cylindrical - cross - section
faceplates reduce side reflections.
Television picture tubes having
smaller-diameter necks are evi-
dently also under development.
Easier vertical and horizontal de-
flection of the pencil-pointed elec-
tron beam forming the lines of the
picture in large-screen sets is, we
were told, the objective.

Receiving-tube engineers en-
countered at the JETEC meeting
were in many cases thinking about

radio-frequency amplifier types
they hoped would be suitable for
use as the first tube in tuners de-
signed for the ultra-high-frequency
television band, Here the problem
appears to be one of obtaining high

MEETINGS

MarcH 3-6: IRE National
Convention, Waldorf-Astoria
Hotel and Grand Palace, New
York, N. Y.

MARCH 30: Sixth Annual
NARTB Broadcast Engineer-
ing Conference, and 30th An-
nual Convention of NARTB,
Stevens Hotel, Chicago, Ill.

APr. 7-9: Radio Component
Show, Grosvenor House, Park
Lane, London, W1, England.

MAY 5-7: Second Government-
Industry Conference, spon-
sored by RTMA, NEMA,
AIEE, at National Bureau of
Standards, Washington, D. C.

MAY 5-16: British Industries
Fair, Earls Court and Olym-
pia, London, England, and
Castle Bromwich, Birming-
ham, England.

MAy 13: Rapio CLUB of America,
Room 502, Engineering Socie-
ties Building, New York, N. Y.

MAY 16-17: Fourth Southwest
IRE Conference and Radio
Engineering Show, Rice Hotel,
Houston, Tex.

May 19-22: 1952 Electronics
Parts Shows, Exhibition Hall,
Stevens Hotel, Chicago, Ill.

JUNE 23-27: AIEE Summer
General Meeting, Hotel Nie-
ole, Minneapolis, Minn.

Auc. 12-15: 1952 APCO Con-
ference, Hotel Whitcomb, San
Francisco, Calif.

Avuc. 27-29: Western Electronic
Show and Conference, Munici-
pal Auditorium, Long Beach,
Calif.

SEPT. 8-12: National Instru-
ment Conference and Exhibit, |
Cleveland, Ohio. I

Ocr. 20-22: Radio Fall Meeting, |
RTMA Engineering Depart-
ment, Hotel Syracuse, Syra- ‘
cuse, N. Y.
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INSULATED
TUBULARS

designed for
MINIATURIZATION, RUGGEDIZATION

Erie Ceramicons fulfill all the requisites pacitors are shown above. Feed-Thru's
for efficient by-passing—compact de- are supplied in values up to 2000 mmf,
sign, low inductance, and conservative Stand-Off units up to 3000 mmf, Tubular
500 volt D. C. rating. Erie Resistor offers and Disc units up to .01 mfd. Also shown
the most complete line of ceramic by- above are two Silver Button Micas repre-
pass units available. Each design has senting the 370 series for values up to
been thoroughly proven in domestic 1000 mmf and the 4700 series for values
and military equipment. up to 6000 mmf. Write for samples to
Sixteen populer styles in ceramic ca- meet your specific requirements.

Etectnonics Division

ERIE RESISTOR CORP., ERIE, PA.

LONDON, ENGLAND . . . TORONTO, CANADA

ELECTRONICS — February, 1952



INDUSTRY REPORT—Continued

gain without introducing serious
noise within the tube itself.

Power-tube engineers in several
plants are concentrating on types
that generate the final output power
for 1 to 5-kilowatt uhf television
transmitters.

TV Antenna Tested
By Helicopter

HELICOPTERS have been used to de-
termine the best location for tele-
vision station towers with some
success. Now there are indications
that the versatile aircraft may
prove equally useful in facilitating
adjustment of tv transmitting an-
tennas for best coverage after they
are installed.

When WJZ-TV moved to New
York’s Empire State Building and
at the same time increased power,
the expected increase in signal
strength was achieved in all but a
few locations. One of these was
nearby Long Island’s north shore.
Engineer John Preston boarded a
helicopter and circled the antenna
about 1% miles out, carrying signal-
strength-measuring equipment in
his lap. A ‘dip’ in signal strength
was noted in the direction of Long
Island.

The antenna was adjusted and
Preston went up again. This time
the ‘dip’ was gone, and reports from
the former weak-signal area later
confirmed the improved coverage.

The helicopter test, incidentally,
took ten minutes to run. Similar
tests at ground level would have
required weeks.

TV Labor Costs Drop

Man-hours down 27 percent per
set in latest plant survey

CosTs GO DOWN as production goes
up. Nowhere is this better illus-
trated than in a report -covering
the radio and television business
just released by the Department of
Labor.

The Department’s Bureau of
Labor Statistics questioned 22
plants late last year, now comes up
with the fact that factory man-
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hours required for the production
of a typical television set declined

27 percent in 1949 . . . the latest
full year for which figures are
available . . . as against 1948, while

man-hours required for the fabri-
cation of an average radio set in-
creased 2 percent.

» Production Time—Time re-
quired for the production of equip-
ment in the period covered by the
BLS survey ranged from 1% man-
hours on a table radio to 20% man-
hours on a combination tv-radio-
phonograph.

Women comprised 50 percent of
the work force in the radjo-tv
manufacturing business in Sep-
tember; they represented 27 per-
cent of the work force in all manu-
facturing plants in that month.

Production workers engaged in

the manufacture of radio and re-
lated products, in plants reporting,
totalled 112,700 in 1949 as against
123,000 during the previous year.
» Detailed Report—Additional de-
tails regarding productivity are
available in a report entitled
“Trends in Man-Hours Expended
Per Unit . .. Television and Radio
Sets,” available from the United
States Department of Labor,
Bureau of Labor Statistics, Wash-
ington, D. C., or its nearest
regional office.

Fighter Planes Using
New Lightweight Radar

A SMALL automatic radar unit that
feeds information directly into a
computing gunsight is now being
installed in Air Force, Navy and
Marine Corps fighter planes
throughout the world.

This lightweight device elimi-
nates guesswork on the part of the
pilot. The radar is so accurate, it
is reported, that inexperienced
pilots, during aerial gunnery prac-

tice, have consistently downed
towed targets with their first
bursts.

Many types of fighter aircraft
now incorporate the radar at the
time of manufacture; others are
scheduled to have it in the near
future.

Now being produced on an assem-

Major General H. M, McClelland (left)
inspects new gunsight radar

bly-line basis, the device is the most
widely used radar in the world
today, according to General Elec-
tri¢’s Electronic Division.

Predict Distant A-Blasts

Trays On Roof Used In
Radiation Count

TRAYS perched on the roof of 70
Columbus Avenue, (Atomic Energy
Commission Building) New York
City, or others in strategically lo-
cated parts of the country, could
tell the story of a Russian atomic
explosion.

The AEC has set up radiation
monitoring and warning systems,
using 50 U. S. Weather Bureau sta-
tions throughout the country.

» Labs Test Samples—After col-
lecting samples of particles in
the air, the weather bureaus
forward them to a laboratory lo-
cated near them, in New York City,
Rochester, N. Y.; Upton, N. Y.;
Oak Ridge, Tennessee; Richland,
Wash. and Los Angeles, California.

From dust and liquid samplings,
the laboratories test for atomic
radiation. Information is pro-
vided concerning location at which
the sampling was taken, direction
and speed of winds, and whether
previous samples have come from
that direction. The Commission
says, in guarded language, that
they are able to predict the loca-
tion from which the collected
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YES: here’s an inorganic electrical insulation that is supe-
rior in every respect and yet casts less than any compar-
able cordage . . . the characteristics speak for themselves:

YARDS TENSILE

DIAMETER

PER LB. STRENGTH
® exceptional EC9-1-U .009” 3,620 15
. . EC9-2-U .026" 702 80
high tensile EC9-3-U 034" a8 135
strangth Al EC9-4.U 052" 209 220
8 EC9-5-U, .076” 103 330
- ¥  Ec9-s-u 083" 87 420
e resistance to Ll Eco.7-u 095" 65 510
moisfure’ oi’s’ EC9-8-U .‘]9" 43 725
. EC9-10-U 149" 28 940
corrosive fumes,
acids, alkalis i ) I
EC9-1-N 0105” 3,240 ¢ 14
_ . EC9-2-N 032”7 638 62
e will notrot, K1 ecoan 039" 387 105
stretch. or shrink 8 EC9-4-N 062" s 180
i R EC9-5-N 084" 98 295
¥ EC9-6-N .094” 84 340
e not affected [} EC9-7-N .110” 61 440
EC9-8-N .128” a2 540 |
by fungus EC9-10-N 165" 27 750
MIRAGLAS* CORDS are made by plying fine,
° _ y plying
strong, flexible fiberglas (filaments of glass).
Available either treated or untreated. Treat-
ments: oil, neoprene or wax.
et L.
RN L

Electrical

Insulation
Headquarters

v

LY
*Woven of ﬁborglo:}\

™
4,

Manufacturers of electrical apparatus and
appliances, repdir and maintenance depart-
ments and rewind shops will find MIRA-
GLAS* CORDS ideal wherever a high qual-
ity binder twine or high strength tension
member is required for: banding field and
armature coils . . . wrapping string bands
on small armatures . . . protecting front of
commutator V-ring . . . reset strings . . .
tying slot insulation . . . binding on V-ring
extension . . . filling in winding coils . . .
lashing ends of coils in large motors and
generators—and when wax-treated for as-
sembling and tying wire harnesses, etc.

For MIRAGLAS* CORDS .as for all other ELECTRICAL
INSULATIONS you can depend upon MITCHELL-

RAND “Electrical Insulation Headquarters® since 1889.

Write to MITCHELL-RAND for free samples and descriptive data.

™ & i3

A PARTIAL LIST OF M-R PRQDUC'FSEI FIBERGLAS V;«RNISHE‘D ;TUBING‘,’_'.,TAP'E“AND CLOTH * INSULATING PAPERS
AND TWINES » CABLE FILLINGEAND POTHEAD COMPOUNDS = FRICTION JAPE AND SPLICE + TRANSFORMER COM-
POUNDS - FIBERGLAS SATURATED SLEEVING - ASBESTOS SLEEVING AND TAPE.- VARNISHED CAMBRIC CLOTH AND
TAPE : MICA PLATE, TAPE, PAPER, CLOTH, TUBING - FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND
SLEEVINGS - IMPREGNATED VARNISH TUBING * INSULATING VARNISHES OF ALL TYPES.- EXTRUDED PLASTIC TUBING
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samples had started as well as an
approximate time and date.

» Results and Equipment—AEC
discussed one result of the latest
Nevada test, with relation to New
York City. They revealed that
radiation reaching that city
amounted to 1/300th of that used
for an average chest x-ray, for a
24-hour period.

Electronic equipment used in
the sampling tests, being con-
ducted daily, is supplied the
weather bureaus and laboratories
by AEC. This insures that all sta-
tions are working with the same
type of equipment. No new de-
vices have been developed for
these tests. Instead, modified
versions of standard commercial
equipment are being used.

Did AEC pick up dust samplings
‘on the winds’ from Russia last
yvear? Corbin Allerdyce, the Com-
mission’s Public Information
Officer in New York, ducked the
answer by saying “at the present
time, such types of question cannot
be answered.”

Radio Stations Test Plan
To Fool Enemy Bombers

Use Air Force planes in
19-state ‘air attack’

EASTERN AIR DEFENSE FORCE planes
and 400 broadeasting stations con-
duct exercises this month in 19
states to test a method of staying
on the air for direction of civil de-
fense units during an enemy air
attack.

A similar exercise, conducted in

November, was worked out by the
Federal Communications Commis-
sion and put into operation after
preliminary tests in the western
states. The current exercises will
be the largest yet attempted.
P Objective Of Plan—The plan,
discussed last year in ELECTRONICS
(p 94, August 1951), is based on
the ‘synchronous sequential’
method of transmission.

Synchronous sequential opera-
tion requires that each station of
a cluster or group carrying the
same program operate intermit-
tently. As the first station leaves
the air, another immediately comes

24

on. Ideally, the sequence in which
the stations follow one another is
varied.

The change in transmitters
causes the radio compass of enemy
planes to fluctuate erratically. If
they attempt to ‘home’ on a partic-
ular station it will be off the air
before they can successfully do so.
Another station at some unknown
place, in a different direction, will
take its place.

» Method Used In Test-—The 400
stations selected for the exercise
are those which ordinarily go off
the air between midnight and 1
A.M. They will be ordered to
return to the air on a common fre-

quency at a specified time selected
in advance of the test.

From 1:30 A. M. to 5:00 A. M.,

each of the stations will broadcast
for one minute or less, after which
the program will be passed on to
the next station of the group.
» Progress Reported—The results
will not be revealed, since they
fall under military security classi-
fication. When queried concern-
ing the previous test, Major
General Frederic H. Smith, Jr.,
commanding general, Eastern Air
Defense Force, and director of
these quarterly exercises, com-
mented, “We’ve come a long way
but still have a long way to go.”

Business Briefs

» Next 5 Years should see a vastly
improved supply of copper, ex-
tremely important in the elec-
tronics field. So says Cornelius F.
Kelley, Anaconda Copper Mining
Company. He believes that the
government’s “propaganda” cam-
paign urging the substitution of
aluminum for copper is unnecessary
if scheduled major projects are
carried out.

Kelley predicts an increase of 40
percent in the copper supply by
’56, with imports from friendly
foreign sources plus stepped-up
U.S. production. At that time, he
savs, there should be at least 125,-
000 tons produced per month, in
comparison with present produe-
tion levels of 90,000 tons.

One reason for the copper short-
age. Kellev feels, is sub-normal
scrap intake.

» Bids Are Being Accepted for the
construction of a $2 million storage
and repair building for electronic
equipment at the Naval Station,
San Diego, California.

The -1th Naval District Public
Works Office reports that construc-
tion will be started this year under
supervision of Navy civil engineers.

»Extra Compensation to electronic
engineers for longer-than-normal

hours has been approved by the
Salary Stabilization Board. The
engineers will be allowed to re-
ceive extra pay comparable with
that paid to production workers
for extra work.

» No Public TV In Japan likely in
1952, State Departmenf repre-
sentative in Tokyo says, quashing
a rumor prevalent in trade circles
that technical, regulatory and finan-
cial obstacles prevent commercial
licensing of tv at this time. Four
tv license applications pending . . .
one experimental station operating.

»Six Month Guarantee on cath-
ode-ray picture tubes has been set
up for receiver manufacturers by
DuMont Laboratories. Guarantee
starts from date of actual installa-
tion of receiver in consumer’s home.
Plan, which starts immediately,
may set tube guarantee pattern for
the industry.

» 2,000 Women Hold amateur radio
operators’ licenses in the U. S., ac-
cording to QST, official organ of the
American Radio Relay League,
which has instituted a column to
serve feminine interests. The
column reports stations contacted
and distant countries worked by the
YL’s and XYL’s.
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L
104 Series

1000 V (RMS)

Flange Diameter .200

Mounting hole 14"

Electrode treatments
SW and L

109 Series
2500 V (RMS)

Flange diameter 33"

Mounting hole %"
Electrode treatments
TH, HT, FP, HTL,
and FPSW

.

\l-l

112 Series
3000 V (RMS)

Flange diameter 2"

Mounting hole %"

Electrode treatments

HTL, HT, FP, FPSW,
and FPNH

—

ij

105 Series

1500 V (RMS)
Flange diameter ,250
Mounting hole 75"
Electrode treatments
SW and L

110 R Series
3000 V (RMS)

Flange diameter 5"

For exterior mounting

Electrode treatments

HTL, HT, FP, FPSW,
and FPNH

112 R Series
3000 V (RMS)

Flange diameter 14"
For exterior mounting
Electrode treatments
HTL, HT, FP, FPSW,

FPNH and FP Threaded

©)

o

T

105 TB-FP
1500 V (RMS)

Flange %" hex.
28 threaded

FP only

106 FP

1500 V {RMS)
Flange diameter 19/64"
Movunting hole 15"
Electrode treatment
FP only

107 Series
2000 V (RMS)

Flange diameter 75"

Mounting hole 15/64"
Electrode treatments
TH, HT, FP, HTL,
and FPSW

108 Series
2000 V (RMS)

Flange diameter %"
Mouynting hole 7%”
Efectrode treatments
TH, HT, FP, HTL,
and FPSW

Mounting hole V4"

Electrode treatment

f

Glass to Steel for a
True Fused Hermetic Seal

Protect Sensitive Electrical Components from

DIRT
FUMES

MOISTURE
CHANGING PRESSURES

GENERAL SPECIFICATIONS

materials - - CR. steel disc and steel
electrodes. Interfused with glass.

finish - - fused electro tin plate,

voltage fest - - see individual ter-
minal.

pressure test -- 12 pounds gauge.

insulation test - - 10,000 megohms
after salt water immersion.

sudden thermal shock test o
dry ice to boiling water.

Key to Electrode Treatment Available on These Terminals

L

i

FLATTENED HOLLOW
AND PIERCED TUBE

%z/»t

TURRET
HEAD

LOOPED

AL |

HTL

HOLLOW NAIL
TUBE LUG HEAD

STRAIGHT
WIRE

PLETE LINE AND

OF ¢
EN EERING DETAILS -- DEPT. B

- TERMINALS >

™ PHOTECT PRODUCT |
v PERFORMANC >
¢ tiw

4 N
Epme?

b
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INDUSTRIAL
ORDER

CERAMICS

ARE AVAILABLE IN AN UNLIMITED
RANGE OF CHARACTERISTICS

Although scarcity of materials are causing trouble, even in
ceramics — you can be sure that your needs will be com-
pletely satisficd by Steward’s increased capacity to produce
“LAVITE” Ceramics — (LAVITE Steatites, LAVITE Ferrites,
LAVITE Titanates), if those needs can be at all answered.

Standard Ceramic products, most of which are in production
cvery day, are promptly available in large quantities.

Send for tables of characteristics Special requirements receive immediate and experienced
of standard "LAVITE" Ceramics. s by S d . . ientifically d
For special needs send your specifi- attention by Steward engineers assuring scientifically de-
cations to our engineers for recom- veloped solutions to your most exacting Technical Ceramic
mendations, problems.

Remeaber —

There are non-critical Ferrites D. M A STEWA R D MA N U FACTU RI NG co,

f -critical def g
or non-erifical detense uses 3604 Jerome Ave. Chattanooga, Tennessee

Sales Offices in Principal Cities
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CoNDENSERS -PLUS NS FUERYTHING

ESISTORS - PANELS - Bt |
TRANSFORMERS - RELA I ELECTRONICS

MiTERS RG CABLE & W at your fingertips —

from THE NATION'S
GREATEST INDUSTRIAL
ELECTRONIC

. DISTRIBUTOR!

1100 PAGE
CATALOG!

Purchasing Agents! Engineers!

Here’s the answer to your procurement problems! Send toaay for
our gigantic new 1952 Buying Guide. describing and illustrating
over 75,000 standard brand radio—electronic items—most of
which we carry in stock! Write on your company le-terhead,
stating your official position or title. Address Dept. EF.

MII.O— INDUSTRIAL SPECIALISTS —

GEARED 100% TO SERVING INDUSTRIAL ACCOUNTS!

Jsst one dependable source for all your electronic needs! PARTIAL VEEW OF OUR “ m
1ILO stocks everything used in all electronic applications! IMMENSE SPFOCK ROOM3 18 | ¥ :

PHONE — WRITE — WIRE or TELETYPE FOR FAST SERVICE!

=1
COMPLET
& ELECTRONICS CORPORATION 'g,ffgggls) Always
200 GREENWICH STREET, NEW YORK 7, NEW YORK
Phone BEekman 3-2980 ¢ Teletype NY1-1839 ¢ Wire MILO-WUX-N.Y_ ¢ Cable MILOLECIRO-N.Y.
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3 New Resistors

—=55°C to +150°C

Complete aridity to saturation ... An un-

precedented temperature and humidity range /
/4
/7
4"”’,
Type 65
S ‘
! &
| 4
¥
Type 90
qr
W i,
—_— l ‘wl" .
- o
-

Type 95
. TYPE 95
%L DIAMETER 14"
AN 4 ] Wattage ond Voltage 1 wo'm @ 70°C
b i 7 Rating with 500 V mox.
{ ocross snd tarminels

1+156°C 16 =25%¢

BULTHS BEVERE APteitning

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

TYPE 65

TYPE 90 {miniaturized)
'!/I‘ %n

1 watt @ 70°C Yy watt ® 70°C

with 500 V max. with 350 ¥V moax.

across ond terminals across snd terminals



/N M'!Ii_tary
== | becifications

JAN-R-94, Type RV-28
CTS Type GC 45 with Switch
Compoylion

=- Wkl S
J WA -y

JAN-R-9, Type RV-IB JAN-R-24; Type RV-2A JAN Type RY-48 JAN “ype RY-4A
CTS Type GC 35 with Swiich CTS Type 45, 15/,4” Diameler CT5 Tybe FGC 95 with Switch CTS Type 95, 114" Diameter
Comdositien Compasition Composition Composition

MEETS ALL
JAN-R-19 SPEClFl(;A_TlONS
{ %

&«

Ly

AN Type RA 20A i P
2 Wi tlHd-S Type 252) " JAN Type RA 23B <308

JAN Tpe RA 208 JAN Type RA 25A or 30A 3 0~ 4 Wat! |[CTE HpelGC 25)

2 Watt (CT5 Type GC-252) 3 or 4 Watt (CTS Type 15]

REPRESENTATIVES SOUTH AMERICA
Henry E. Sanders Jose luis Pontet
401 Nerth Broad Street Buenos Aires, Argentino

Philadelphic 8, Pennsylvan'a -
Phone: Walnut 2-5369 Montevideo, Uruguay

W. S. darmon Company Rio de Janeiro, Brazil
1638 So. La Cienega Bivd. Sao Paule, Brazil

Los Angeles 35, California

FOUNDAED l £96 Phone: Bradshaw 2-3321
IN CAN'ADA Sylvan Ginsbury
C. C. Neredith & Co. 8 West 40th Street

Streets=ille, Ontario New York 18, N. Y.

OTHER EXPORT
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| RELATIVE POVER ONE WAY (db)
o
c>Q <

@‘f’ ‘

The ship- borne sea- -search radar antenna pictured
here is_being put through pattern tests on the, Work- .
shop range. The trcnsmmer is an 8-foot parabolic ' )
antenna mounted on a __5__‘Q,Q,Jower 3300 feet dis-
tant. The Workshop range is one of the longesf" in
industry, and 'is cbmplete_l_y e({gipped for Eore}ul
accurate pattérn measurements. ;Thus;range is fyp|cal'
of Workshop’s outstanding facilities for research, |

? development and’ production. These fccllmes are

constantly at work for government |and! mdusfry! in

L the solution of dlfflCUh antenna problems.

1 | |

RN |

The woﬂKsuopJ ASSOCIATES

I DIVISION ‘DF THE GABRIEL COMPANY

- .

S pecmlzyz‘y m‘Hz(gb -Frequency Antennas

135 Crescent | Rohd Needham Helghts 94, Massachusetts
ff.l.irll‘.i‘ai
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PUNCH IT—

Intricate parts are
punched on high
speed presses.

%

DRILL IT—
Dilecto drills
fast and clean.

SAW IT—

Dilecto can be fed
rapidly, without
forcing.

MILL IT—

Dilecto takes higher
. %/ speeds and feeds.
[

A LAMINATED PLASTIC THAT'S EASY TO MACHINE!

] Dilecto sheets, rods, and tubes have been machined into thousands of parts
—some simple and some amazingly intricate. Engineers everywhere are
specifying Dilecto for applications requiring a strong, low cost, high quality
plastic. Here’s why:

Non-metallic Dilecto remains unaffected by water, steam, oil, most chemi-
cals, dies, solvents, acids. Silicone—glass fibre Dilecto withstands 200°C.
(392°F.) continuous operating temperature. Mechanically strong, electrically
superior, Dilecto is light weight and easy to fabricate.

Your C-D-F sales engineer can tell you about applications, grades, deliver-
ies. Give him a call today (sales offices in principal cities)—he’s a good man
to know!

Write C-D-F, Newark, Del,, for new . . . free plastics machining notebook.

ELECTRONICS — February, 1952 31




SPARE PARTS BOXES

No. 1025—)

No. 1025—6 12 x 6" x 6"
18” x 9 x 9 . :

24 STOCK SIZES

Modé to Army-Novy specificotions — Jan-8-233: amendment — 2 —
Mar. 10, 1950, Army No. 65-15. Navy No. 4239C, Army green,
Navy grey. Immediote Delivery.

Number | Length] Width [ Height | Number Lengtt | Width Heigh!/
1025- 1] 12 6 6 ‘l1025.13 18 18 12
1025- 2 | 12 9 6 o254 30 15 12 |
1025. 12 102515 | 24 15 12
No. 1025—14 1025. 12 102516 | 24 15
307 1025. 18 102517 | 24 18
{PartitioOui. 1025. 18 1025-18 | 24 18
: 1025. 18 102519 | 24 18
1025. 18 102520 | 24 12
1025. 9 | 18 Jr102521 | 42 9
102510 | 18 Jrozs22 | 36 12
102511 | 18 102523 | 30 15
102512 | 18 {1025.24 42 12

i

COLE STEEL EQUIPMENT CO.

285 MADISON AVE., NEW YORK 17, N.Y.

FACTORY:. YORK, PA.
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[RST to establish the

relationship betweem
electricity and magmetism

Hans Christian
Qersted

1777-1851

Thi= gr=at Danish phbysicist
accidentally discovered
thct a compass reedle
is deflacted when brosght
near a wire carrying a ¢ur-
remd. n-urther exper mants,
he established that such
cur-ents produce a circular
magae-ic field around the
wire, Tae oersted, C. G. S.
uni- of magnetizing force,
is ramed for him,
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from an original drowing made for OHMITE

(’j _;_ j HJ\J‘X _g g J" E: . ‘..FIRST in Rheostats

More manufacturers have standardized on Ohwite

@HM"TE rheostats for their products . . . more companies are
buying Ohmite rheostats for their awn use . . . than

any other make of rheostat on the market, today.

RHEOSTATS The primary reason for this industry-wide preference
RESISTORS for Ohmite rheostats is their proven depeniability

. .. their ability to give extra years of unfailing, trou-
ble-free service.

TAP SWITCHES



BUSHINGS FOR SPECIAL
PANEL THICKNESS

Extra-long hush-
ings and shafts
allow mounting
on panels up to
2 inches in
thickness. Seven
bushing lengths
are available,
from 1} 10 214
inches.

SCREW DRIVER SLOT SHAFT

Where infre-
quent adjust-
ments are need-
ed, shaft ends
can Dbe slotted
for operation
with a serew-
driver. Tamper-
ing with the
shalt setting is
thus minimized.

TANDEM ASSEMBLIES

Ohmite rheo-
stats ecan be
mounted two or
more in tandem,
for simultane-
ous operation of
several cireuits.
Universal joints
provide smooth,
positive mechan-
ical action.

360° WINDING

OHMITE MANUFACTURING COMPANY
4816 Flournoy Street, Chicago 44, lllinois

Two small mod-
els available
with continuous
circular core and
endless winding.
Unlimited rota-
tion of shaft and

contact arm.
Tapssupplied at
any desired an-
zle on windings.

SEALED, ENCLOSED CAGES

Compact, corro-
sion - resisting
metal enclosure,
permanently
sealed by a dou-
ble seam, pro-
tects the unit
completely.
Available with
rheostat Moulels

H and J.

Toggle switch is
operated with a
positive snap by
the movement
of the contact
arm. Opens the
rheostat circuit
or switches an
independent cir-
cuit.  Available
for all models.

DEAD LUG OFF POSITION

Opens the cir-
cuit at the high
or low resist-
ance position as
the contact
passes on to the
lug, which is dis-
connected from
the winding.
Recommended
for light duty.

SNAP-ACTION OFF POSITION

Opens the rheo-
stat circuit at
the high or low
resistance posi-
tion. The circuit
is opened as the
brush snaps into
an insulated
notch next to
the lug, provid-
ing indexing.

LESS THAN STANDARD
ROTATION

Rheostats can be
supplied with
winding space
and angle of ro-
tation less than
standard. Rheo-
stats can also be
supplied with
fixed or adjust-
able stops.




I AIR-COOLED

Eiimac 4X20000A

* 20 Kw Peak Sync. Qutput
* 5 Mc. Bandwidth
* 216 Mc. Operation

% Ceramic Envelope

- 84 Dia. -1
| B _i
f_mﬁ - ‘

Here‘s the companion tube to Eimac's sensational
4W20000A . . . the 4X20000A, the new powerful and prac-

tical air-cooled transmitting tetrode developed for TV on VHF.

The 4X20000A incorporates all the special characteristics of [
the water-cooled tube including a ceramic envelope that )
gives greater mechanical strength and higher resistance to

thermal shock. Integral contact fingers assure proper ter-

minal contact and simplify circuit construction. TYPICAL OPERATION
Thi ! H . et H Class-B Linear Amplifier — Television Visual Service
his tube’s potentials are not limited to television. Write for (Per tube, 5-Mc. Bandwidth, 216 Mc)

available literature. Peak Synchronizing Level
load Impedance . . . . . . . 400 Ohms
D-C Plate Voltage . . . . . . 5500 Volts
D-C Screen Voltage d . . . 1200 Volts

] SEE THE 4X20000A at the D-C Control Grid Voltage . . . —240 Volts

D-C Plate Current . . 8 7.1 Amp.
D-C Screen Current (opprox) .. 500 Ma.

March IRE Show, our regular booth No. 36 ok RF Grid Input valtage . . 430 Vel
Plate Power Input . . . . . . 39.1 Kw.
Plate Dissipation . ... 165 Kw.
Useful Plate Power Outpul .. . 20.1 Kw.

Follow the Leaders to

EITEL-McCULLOUGH, INC.
S AN B RUNO, CALIFORNIA
Export Agents: Frazar & Hansen, 301 Clay St.,, San Francisco, California
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new uses for an old friend...

You probablv know Lasicomn (Laminated Plastic) as
an old triend for such uses as tube socket supports, coil
formis, dials, panels, antenna parts and many other
applications.

The same qualities that make it adaptable to these
uses may also provide practical answers to your material
shortage problems . . . and perhaps even bring you sav-
ings or improvements! )

Lavicotp is made with fllers such as glass, nylon,

High Dielectric Strength
Low Power Factor

>I< Heat Resistance
Low Moistuie Absorption

High Impact Resistance
Dimensional Stability
Light Weight

Tensile Strength
Abrasion Resistance

paper, fabric, ctc. and a variety ol resins. This wide
range of materials makes it almost certain that Lanticon
can give you the essential mechanical, siructural, or
insulating characieristics your product requires.
Lanicomissupplied asstandard sheets, rods and tubes,
or labricated into paris to vour specification. Why not
let us put our 38 vears of experience to work on vour
clectrical insulation problems. Send your blueprints
and specihcations 1o us today [or prompt quotation.

MICA %ﬁMz COMPANY

Schenectady 1, New York

Offices in Principal Cities

LAMICOID {Laminated Plastic) « MICANITE (Built-up Mica)

34

EMPIRE (Varnished Fabrics and Paper} « FABRICATED MICA
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ORGANIZE CIRCUITS QUICKLY

Schematics of most electronic equipment can be
brokem down into circuit blocks of logically
associated functions. These functional
blocks can be mounted readily either in the Alden
“20" plug-in packages or Basic Chassis unit. Tube
sockets and associated components quickly lay
out on full scale Unit Planning Sheets for mount-
ing on terminal cards. These special pre-punched,
multi-hole terminal cards have wide flexibility to

circuit

take an infinite variety of circuit variations. Both
sides of card can be used to obtain maximum
component density area. Using the Unit Planning
Sheets, functional circuit units are all planned in
one step.

IT'S AS SIMPLE AS THIS!

Miniature Terminals — 650 Series

Terminal cards have been designed to accommo-
date tremendous number of circuit variations — to
make neat tbe and component sub-assemblies with
a minimum of wiring and simplified assembly tech-
niques. Special Alden Miniature Terminals are new
and radical punch press configuration — ratchet slot
holds various size component leads for soldering —
no twisting of leads with pliers. Figure ‘‘eight”
shape accommodates cross wiring and buss leads.
Terminals are punch press parts — so take a min.
imum of solder, reduce solder time, eliminate danger
of cold solder joints.

Back Connectors — 462MIN Series

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 connectors.
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
terminals for soldering — avoids rat nests of con-
gested conventional back connector wiring. Color

<oded, the Alden back connectors provide beautiful,

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

Hinged Front Panel Design

Hinged front panel design of chassis allows rheo-
stats, indicator lights, jacks. etc. 10 be mounted on
panel as another easy-to-work sub-assembly. This
panel actaches easily to chassis — is wired — swung
up and fastened with Alden Target Screws,

FROM STANDARD STOCK COMPONENTS
YOU CAN SIMPLIFY DESIGN —

SPEED PRODUCTION — AND CUT
SERVICE COSTS

Decade

W Portable

GET EASY SUB-DIVISION
OF LABOR

Solder terminals and sockets quickly rivet to
Alden terminal card according to layout on Unit
Planning Sheet. Components snap into the special
Alden Miniature Terminals which hold them for
soldering — (No twisting or wrapping of leads
necessary) — With all tube sockets and their asso-

ciated components mounted on one card — the
wiring and soldering of circuits is an open, easy-
to-work sub-assembly operation.

Target Screws

These screws have concave head with arced notch
so power screw driver locates head quickly, \no
danger of it slipping out and marring 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.

’Serve-A-Unit Lock”

Assembled — the Basic Chassis simnlifies operation
of 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.

TO GET STARTED QUICKLY!

Wire for sample Basic Chassis at $40. — and Alden
20" Plug-in Packages at $10. — write Dept. B for
booklet “Basic Chassis and Components for Plug-
in Unit Construction.”

SEE US AT BOOTH N3 THE IRE
SHOW, GRAND CENTRAL PALACE,
NEW YORK CITY

AJ.DEN PRODUCTS COMPANY 127 North Main Street, Brockton, Massachusetts

CUT SERVICE AND
MAINTENANCE COSTS
IN FINAL EQUIPMENT

In field, shop, or office your equipment main-
tenance is reduced to 30 second changeovers,
Basic replacement elements are small enough in
weight and size to be shipped by parcel post
for repair.

FOR SMALLER UNITS
ALDEN “20"
PLUG-IN PACKAGES

Here is a plug-in package unit using the above
method of converting schematic into finished assem-
bly quickly. Simply mount the completed terminal
card sub-assembly on the Alden “20" Non-Inter-
changeable base, dip solder the leads — add cover
or housing and handle and it's completed — In op-
eration, visual or instrument checks are easily made
— if trouble occurs doubtful units are quickly
isolated — these units easily unplug and a compre-
hensive inspection made. Spare units can be plugged
in s0 equipment doesn't have to be inoperable while
repairs are in process.

Construction

Shielded

Construction

20" 20" Rack and Chassis
Non-Interchangeable Mounting Sockets
Base
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BROWN ELECTROMETER

For measuring and recording currents as low as 10-15 amperes. High
accuracy provided through use of a null balance servo system antd
a-c anplifiers which eliminate drift common to d-c amplifiers. Used
to measure and record minute currents in ionization chambers and
wherever currents as low as a billionth of a microampere are en-
countered. The only such system that incorporates a recorder as an

integral part of the circuit.

Electrical Characteristics

Full Scale Current Ranges Available: 107

amperes with 10! ohm resistor, and selector
switch adjustment for full scale or 107! or
10" amperes. Using other rasistors, ful
scale current changes up to 1077 a nperes ¢ .n
be supplied with selecior switch adjustmen

up to 107> amperes.

Input Resistor: 10" ohms for most sensitive
current measurement. (Also supplied in
values down to 105 ohms.)

System Accuracy: Approximately 1 per cent
of scale.

Zero Drift: Should not exceed 0.3 millivolt
per day.

System: Noise: Approximately 5 microvolts.

Ins'rument Speed of Kesponse: Available for
either 24, 12, or 4% seconds full scale.

Maximum Speed of Response Using 4%
Second Instrument Speed: 5 seconds for 90
per cent of change, with preamplifier located
al source.

Power Sunply: 115 volts, 60 cycles. Also dry
cell supplied in instrument.

Power Reguirements: 65 watts.

For further information, send for Data Sheet
No. 10.0-4.

FUNCTION PLOTTER

Special Instrus

BROWN EXTENDED RANGE PRECISION INDICATOR

Ideal for facilitating the measurement of a variable where it changes
throughout a wide range, and where precise evaluation and good
readability are vital factors. Incorporating extended scale with
automatic range changing operation, the instrument can be supplied
with from two to five ranges, calibrated in emf or the specific quantity
under measurement (i.e., pounds or tons of force or thrust, millivolt-
age, temperature, etc.).

For further information, send for Data Sheet No. 10.0-3.

DUPLEX TWO PEN RECORDER

Provides simultaneous measurements of practically any combination
of two independent. variables (voltage, current, te nperature, pressure,
etc.) on a single chart thereby facilitating comparisons of the two
variables. Has two separate measuring svstems with associated pens.
I’ens are entirely independent. and traverse the full eleven inches
of chart width without interfering with each other. Both me suring
circuits are standardized simultaneously by means of a push button.
Actuation and range of the circuits may be the same or totally
different.

For further (uformation, send for Data Sheet No. 10.0-6.

Can be advantageously employed wherever there is occasion to
depict graphically one variable as a function of another. It imparts
speed, accuracy and efficiency to the plotting of curves.

ents

NARROW SPAN RECORDERS

New narrow span potentiometer circuil makes possible precise
measurement of spans as low as 100 microvolts. Instruments em-
bodying this new circuit (recorders and precision indicators) are
available as self-contained units requiring no pre-amplifier unit. ‘[ 'he
instruments find ready use wherever accurate measurement of d-c
potentials of the order of microvolts is required. Potentials as low as
one microvolt can be precisely determined. Can be calibrated in
terms of temperature, emf, etc,

For further information, send for Data Sheet No. 10.0-8.

NEW ElectroniK HIGH SPEED RECORDER

Ideal for accurately measuring and recording rapidly changing
variables often found in research, engineering analyses and other
technical investigations. Develops a pen speed sufficiently high to
traverse its 11-inch graduated chart in one second. Full scale signals
which vary as rapidly as 20 cycles per minute can be accurately
recorded. Signals with a peak-to-peak amplitude of 109, of scale can
be reproduced at variations up to 180 cycles per minute.

For further information, send for Data Sheet No. 10.0-7.
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BROWN CONVERTERS

May be used with any system requiring the conversion of low power d-c signals,
of the order of 100 microvolts, to 60 or 400 cycle alternating voltages. Output is
unaffected by atmospheric pressure changes. Special material in reed assembly
reduces pick-up of strays and transients to negligible proportion. Particularly
useful in applications requiring error voltage measurements or null detection.

Electrical Characteristics of 400 cycle Converters

Driving Coil Requirements: 18 volts, 94 milli-
amperes, 400 cycles—10 per cent.

Contact Rating: SPDT switching. Nominal

rating—6 volls to one microvolt. 1.0 milli-

ampere; maximum power 100 microwatts.

Switching Action: Each contact closed 55 per

cent of each cycle. Contacts closed simul-

taneously 5 per cent of the time, twice each

cycle.

Symmetry: Within 5 per cent.

Local Characteristics: Resistive or inductive.

Shielding: Shell and coil shield, both grounded
through pin No. 2

Vibration Resistance: Output voltage will vary
less than 2 per cent, with rates of vibration from
0 to 10 g (gravity).

Phase Shift: Output vollage differs from that of
driving voltage by 45 1o 50 degrees.

Stray Pick-up: Electrostatic—2x10710 volts per
ohni of input circuit impedance. Flectromag-
nelic—2X10°5 volts, constant to 2X10°6 volts.
For further information, send for Data Sheet
No. 10.20-1.

BROWN SERVO AMPLIFIER SYSTEM

Comprises a converler (if the signal to be detected or measured is d-¢); amplifier;
and balancing motor. Ideal for null detection and correction of error signals.
General characteristics are:

Amplifier | Flnput Sensitivity, | Over-All 60-Cycle 60-Cycle
No. | Impedance Ohms Volts Voltage Gain Output Current | Output Voltage
351921 | 400 I 2 x 10 106 0-12 | 0-154
354547 ' 7000 | 0.5 x 108 4 x 106 I 0-12 | 0-154

- The amount of resistance in series with the input necessary Lo reduce the output voltage by one-ha If
with the input voltage maintained constant.
For further information, send for Data Sheet No. 10.20-3.

« An amplifier with added stage of amplification and greatly increased sensitivity is also available.
It produces motor drive from signals as low as 0.05 microvolt. Special features eliminate spurious sig-
nals resulting from thermal potentials and stray a-c pick-up.
For further information, send for Data Sheet No. 10.20-4.

BROWN 60-CYCLE BALANCING MOTOR

Totally enclosed and self-lubricated, ideal where positive positioning 1s re-
quired. Designed to have a tapered curve of speed versus voltage and, at the
same time, maintain high torque at low speeds.

| 27 RPM MOTOR | 54 RPM MOTOR | 162 RPM MOTOR
MAXIMUM l Approx. Approx. ‘ Approx.
TORQUE 85 inch-ounces 43 inch-ounces_ | 1¢ inch-ounces
MAXIMUM Approx. 6300 inch- [ Approx. 67— inch- |  Approx. 8150 inch-
POWER ozs. per minute at ozs. per minute at ‘ ozs. per minute at

approx. 17-18 rom. | approx. 30-32 rpm. approx. 100 rpm.

POWER I Line field approx. 9.5 Watts. Amplifier field—approx. 4 Watts.
REQUIREMENTS Total power —approx. 13.5 Watts

For further information, send for Data Sheet No. 10.20-2.

and components
for a mm'et of applz’mtz’ons

These products are representative of the thousands of modifications of
the ElectroniK Potentiometer and the great numbers of Brown Electronic
Components which are being utilized as precision measuring devices and
as integral elements of various analytical systems. Perhaps your research
program can benefit from such specialized instrumentation . . . your
inquiry is invited. MINNEaPOLIS-HONEYWELL REGULATOR Co., Indus-
trial Division, 4428 Wayne Ave., Philadelphia 44, Pa.

H MI N NEBAPOLI S ll
BROWN INSTRUMENTS HONETWELL

® Tmtontant Reference Data :i st W &m‘&‘

Write, today, for a copy of Research Bulletin No. 15-14 . . . “Instruments Accelerate Research’’.
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KINNEY MANUFACTURING €O.
3565 WASHINGTON ST., BOSTON 30, MASS.

Please send new Bulletin V-51B. Our vacuum problem involves:

[:] Vacuum exhausting D Vacuum distillation
[:] Vacuum dehydration [:] Vacuum metallurgy
[] Vacuum coating [ ] Vacuum research
Name. ... T —— Company ...
Address. . ... P BT e e e
City oo s State

How Low is a
HIGH VACUUM?

You can’t measure a working vacuum by pressure
alone because time also is a big factor in any vacuum
processing operation. To provide these two essentials
of high vacuum — (1) the required low absolute pres-
sure (2) in the shortest possible fime — is the job for
fast, dependable Kinney High Vacuum Pumps.

Fast — Kinney High Vacuum Pumps have the ability
to save processing time by speeding up the tempo of
your vacuum operations,

Dependable — Kinney High Vacuum Pumps have
the ability and stamina to produce the vacuum you
need, whether it's measured in fractions of an inch of
mercury or fractions of a micron.

Remember, there’s a Kinney Pump for every vacuum
requirement, from the midget 2 cu. ft. per min. pump
to the new giant 1600 cu. ft. per min. model. Send
coupon today for new Kinney Bulletin V-51B. KINNEY
MANUFACTURING CO., Boston 30, Mass. Representa-
tives in New York, Chicago, Cleveland, Philadelphia,
Houston, New Orleans, San Francisco, Seattle, Los

Angeles.

FOREIGN REPRESENTATIVES: Gen'l Engineering Co., Ltd., Rad-
cliffe, Lancs., England * Horrocks, Roxburgh Pty., Ltd., Melbourne,
C. I. Australia * W. S. Thomas & Taylor Pty., Ltd., Johannesburg,
South Africa * Novelectric, Ltid., Zurich, Switzerland + C.I.R.E.
Piazza Cavour 25, Rome, Italy.
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Originally many stations across the nation thought

that the advent of the tape recorder meant the
WTIc — HARTFORD eventual death of the disc. But, it didn’t turn oul

that way! Convinced of the continuing need for disc

recording and faced with an increased load of disc

work, WTIC—Hartford’s 50 kw station—decided

2
- seove rs lo augment its disc equipment.

Having received 12 years of constanl service [rom
‘their PRESTO 8-A disc machines, WTIC naturally
turned to PRESTO for ils new equipment . . . lwo
new 8-DG recorders, 92-B amplifiers and 160-B
equalizers, along with a central console mounted
between the recorders. Housed in ils own studio.
the new equipment turned out more than 400
recordings the first two months and is estimaled to
save the station $1,000 a year by culling

microgroove reference discs.

A wide range of WTIC activities, including agency

program auditions, special gift records for VIPs
appearing on the air, recordings of network
programs originating al the station, as well as

q community sevvice shows for other Counecticut
oo o 4 stations, keep WTIC’s dis¢ equipment turning almos!
Stadio engineering . .
supervisor Albert constantly . . . proof that disc recorders are slill

Juekson (right)
alang with
maintenance
engineer Fred
Edwards (below)
planned and
installed WTIC’s
new PRESTO
disc-recording
stidio.

very much in the spin!

@ﬂ@ RECORDING CORPORATION

PARAMUS, NEW JERSEY

Export Division:
25 Warren Street, New York 7, N. Y,

Canadian Division:
h Walter P. Downs, Lid., {
WREtENer you go °t Dominion Square Bldg., Montreal
"

Nt



SLANT vour

REQUIREMENTS

TO [[1:\ FOR

MINIATURE

This ICA plant—brand new inside and out
—contains the most modern and complete
facilities available anywhere in the

world for the exclusive production of
Miniature Slip-Ring and Commutator
Assemblies to precision standards. It is
now in full scale production to meet your
requirements in the fastest possible time
at the lowest possible cost.

ICA Assemblies are produoced undér
exclusive license by Electro Tec
Corporation. They are manufactured

by molding plastic blanks around , TYPICAL

the wire leads, then machining V SPECIFICATIONS:
these blanks to the exact size and Y y Sizes: .045" 1o 24~
shape required, after which hard § Cylindricol or Flot

silver rings are electro-plated into < Cross-sections: 055" to
the machined grooves. Final 060" or Mare
machining produces a one-piece Finish: Polish o 4 Micro-
assembly of extreme accuracy and Inches or Befter
free from the accumulated errors Breakdown: 1000 V Hi-Pat
common in fabricated assemblies. Inter-Circuit
Ring Hardness: 60 to 70 Brinell

Before placing an order for
assemblies of any other type,
check with ICA on price and
quality. Our new facilities
offer exceptional advantages
which should not be
overlooked. Our engineering ~
staff is at your service at N

all times for consultation.

Rotation Speeds: To Over 12000 RPM

Surface Protection: Pollodium ond Rho-
dium or Gold Prevent Tornish, Minimize Wear

INSTRUMENT
CORPORATION
OF AMERICA

BLACKSBURG ¢ VIRGINIA

UNDER EXCLUSIVE LICENSE
OF ELECRO TEC CORPORATIO|

EUSTRUMENS
CORPORATION
OF AMERICA
T N el
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For GAS SWITCHING TUBES

TR-ATR-PRE TR and

MICROWAVE COMPONENTS Consull . . . onmnmauac
Bomac has available an extensive line of TR,

ATR, Pre TR and attenuator tubes covering
all the frequency bands and power evels in

1826
use. Many types are in high level production; K BAND 1836
specialized types can be supplied on short BL-11

notice.

The Bomac engineering staff includes person-
nel who have been associated with TR develop-
ment since the inception of Microwav= Radar
and have made major contributions to TR de-
velopment. Their accumulated experience is at

X, BAND B3O
1851

your disposal.

X BAND S BAND
BL-3 1827  1BS57
1824A 1838 1B58
1835 1844  1B62
1837 1852 7218
1860 1B53 5792
7248 1B54 5793
6038 1B55 5853
ATR388 1856  ATR387
1B63A
BLIOS
BL106
BAND PRESSURIZING BL107
WINDOWS BLI12
1823
1840 BLI14

Catalog available on
request. Write (on
your company letter-
head) Dept. C, Bomac

Laboratories, Inc.,
Salem Road, Beverly,
Massachusetts.

WE INVITE YOUR
INQUIRIES REGARDING

® ENGINEERING /.? {)é j
© DEVELOPMENT omac aboralories, Jnc.

¢ PRODUCTION BEVERLY . MASSACHUSETTS



ROLLING ELECTROLYTIC CAPACITORS with "“Scotch” Electrical Tape

WHAT’S NEW IN TV TAPES?

High-purity, stick-at-a-touch
tape cuts condenser break-
downs at The Magnavox Co.

At last—a tape that won’t corrode electrolytic
condensers! It’s “Scotch” Electrical Tape No. 42
—a tape with extremely low chloride content, and
i’s now proving its worth at The Magnavox Com-
pany, Fort Wayne, Indiana. Condenser breakdowns
caused by usual wrapping methods have been
sharply reduced.

fi e 1

| I

} Minnesota Mining & Mfg. Co. I

| Dept. E22, St. Paul 6, Minnesota :

i Please send a copy of “Tapes for Television,” T
Namie. . R s - N I

' ]
Fitmm e mre o o smommmrsr e s v oo R STT s o % 5o T e e e e e

| I

: e P e Ty L I

{ City. ... swwwmwnggmn, . ..t Zone....State............ I

PSR S S SOy LSS S = S S UL J

The term “"SCOTCH™ and the plaid design are registered trade marks for the more than 100 pressure-sensitive adhesive tapes made in U.S.A. by Minnesola Mining &
Mfg. Co., St. Paul 6, Minn.—also makers of "SCOTCH" Sound Recording Tape, “UNDERSEAL" Rubberized Coating, "SCOTCHLITE" Reflective Sheeting, “SAFETY-
WALK™ Non-slip Surfacing, “"IM™ Abrasives, "3M" Adhesives. General Export: Minn. Mining & Mfg. Co., International Division, 270 Park Avenue, New York 17, N. Y.

In Canada: Minnesota Mining & Mfg. of Canada, Lid., London, Canada.

42

This “‘Scotch” Electrical Tape is only one of
many *‘Scotch” Electrical Tapes designed to give
you lower costs, faster production and more de-
pendable results.

Over 30 of these stick-at-a-touch tapes are de-
scribed in a new booklet we’d like you to have as a
reference. The booklet is titled “Tapes for Tele-
vision,”” and it gives you facis like dielectric strength,
caliper, type of backing and mechanical strength of
tapes that can save you real money.

Wreite for your copy of this handy booklet today!
Use coupon below for immediate attention.

ELECTRICAL
TAPES

February, 1952 — ELECTRONICS

No. 42 ot The Magnavox Company, Fort Wayne, Indiana.
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W A.C. MoTor camacirors !

CORMELL DB YR,
e

o

Year after year, more motor manufacturers use more
Cornell-Dubilier A.C. motor capacitors than any
other. The reason: a great record of trouble-free service in
the field! Filled with C-D’s world-famous Dykanol, and
conservalively rated for extra dependability. Dept. K-22,
Cornell-Dubilier Electric Corp., South Plainfield, N. J.

CORNELL-DUBILIER
CAPACITORS

1910-18851 w PLANTS IN SOUTH PLAINFIELD.'N. J.: NEW BEDFORD. WORCESTER, AND
CAMBRIDGE, MASS,: PROVIDENCE. R. 1.: INDIANAPOLIS, IND.: FUQUAY
SUBS!D'ARY. SPRING3, N. C.; AND SUBSIDIARY, THE RADIART CORP., CLEVELAND, OHIO
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= Visit IRC at
,/' Booth #102

RADIO ENGINEERING SHOW
March 3-6

P

A 100% increase in output of composition resistors-—
that’s IRC’s answer to current Government and
Industrial needs! And this tremendous expansion is
accompanied by fully mechanized step-ups in all
other IRC resistor lines. In addition, licensees in
Canada and Denmark supplement IRC capacity —
while licensees in England, Australia and Italy
serve our foreign markets. Even your urgent experi-
mental and maintenance requirements can be met
with little delay. For ’round-the-corner delivery of
standard sizes and types, simply call your nearest
IRC Distributor.

Where JAN Specificotions are a problem,




‘Where a combination of characteristics is
“essential in precision applications, you'll cut
“costs with IRC PRECISTORS. These deposited
carbon units solve availability problems in high
frequency applications, metering and voltage
_divider circuits—combine accuracy ond econ-
- omy where carbon compositions are unsuitable
‘and wire wounds too expensive. We make the
two sizes of PRECISTORS to customers’ speci-
fications, rather than to standard RTMA values
—subject, of course, to minimum and maximum
‘values for each type. Write for complete dato
in Catalog Bulletin B-4.

When experiments, pilot runs or main-
tenance demand standard resistors double-
quick, you’ll appreciate the advantages
of IRC’s Industrial Service Plan. This
enables you to get prompt, 'round-the-
corner service from the local stocks of
your IRC Distributor. Call him for your
minimum-quantity requirements. If you

don’t know him, we’ll gladly send you his

name and address.

When you need dependable small-size controls, specify IRC
1%'* Type Q Controls. New Type Q's are rugged and com-
pact, yet increased arc of rotation permits the same resistance
ratios used in larger IRC controls. Type Q's are characterized
by low noise level, unusual durability and efficiency, negligible
changes in resistance even after long exposure to humidity,
adaptability to a great variety of small-space applications.
Complete mechanization of production and testing assures
uniformity of construction and performance —and affords
greater availability. Bulletin-A-1 gives full detoils.

For exceptional stability and economy in low range applications,
choose IRC Type BW Insulated Wire Wound Resistors. Uniformly
wound and completely insulated, these compact units have excellent
performance records in meters, analysers, low-range bridge
circuits, high stability attenuators and similar applications. Type
BW's are supplied in standard RTMA ranges, tolerance +10%
standard—values of 10 ohms and above in +5%. Available also
in matched or balanced pairs. Full data in Catalog Bulletin B-5.

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad Street, Philadelphia 8, Pa.

Send me additional data on items checked below:

vanc s

NAME—

TITLE

COMPANY.

ADDRESS

ayo— o — -ZONE STATE




VERSATILE G-E AMPLISTATS PROVIDE
HIGH-GAIN DC AMPLIFICATION

@ INSTANT STARTING—No warm-up time

® STATIC OPERATION—No moving parts, no maintenance
@ DURABILITY—Unaffected by moderate shock or vibration
@ LONG LIFE—Will operate indefinitely without attention

|

|

|

46

As part of a continuing effort to better
serve the electronics industry, General
Electric has recently enlarged its line of
amplistats  (self-saturating  magnetic
amplifiers). These remarkable units, for
amplifying small d-c signals from rela-
tively low-impedance sources, can be
profitably applied to many control and
instrumentation circuits both in con-
junction with, and in place of, electronic
equipment.

At present, G-E amplistats are avail-
able in three component ratings and one
“educational” or laboratory research
device. G-E engineers will he glad to
aid and advise in developing complete
amplification systems around these
products.

1-VA AMPLISTAT is easy to connect and
remove because it’s mounted on a
standard tube-type base. Maximum
power gain is over 2000 watts per watt.
Response time is ! § sec or less. Operates
directly on 40-volt, 60-cycle a-c. Dimen-
sions, 2 x 2 x 2% in. high including
octal base. Weight, 11 oz. Further de-
tails in Bulletin GEC-784.

40-VA MODEL has selenium rectifiers and
four separate control windings. Maxi-

400-cycle amplistat

mum power gain is 15,000 w/w. Re-
sponse time is 2 sec, corresponding to
maximum-gain conditions. No special
power supply—operates directly on 115-
volt, a-c. Dimensions, 5 x 7% x 494 in.
Weight 7 1b. See Bulletin GEC-790.
400-CYCLE UNITS are push-pull output, d-¢
linear amplifiers with three separate d-c
input windings. Designed as the first
and second stages for thermocouple
signal amplifiers meeting aircraft re-
quirements, they’re also applicable to
many other amplification problems.

Available for power supplies rated 15
or 30 volts, they have a maximum power
gain of 2050 w/w. Response time ranges
from 0.0036 to 0.0177 sec. Qutput rat-
ings, 20 to 30 milliamp. Dimensions,
333 % 27% x 234 in. Weight, 14 oz. For
further information write to Special
Products Sales, General Flectric Com-
pany, Schenectady 5, N. Y.

“EDUCATIONAL™ AMPLISTAT is useful in labora-
tories for experimental work and for
studying new circuits. Operates directly
from 115-volt, 60-cycle power. Gain is
up to 25,000 watts per watt. Output
is 1.0 amp continuous. Get more details
in Bulletin GEC-599.

February, 1952 — ELECTRONICS



TIMELY HIGHLIGHTS

ON G-E COMPONENTS

HOLD VOLTAGE STEADY—OR ADJUST IT

S

For precise and dependable step-
less voltage regulation or variation
it's G-E inductrols. These single-
phase units are available in ratings
from 3 to 240 kva for circuits 600
volts and below. Motor-operated
units, used with automatic control,

G-E SELSYNS INDICATE
POSITION—CONTROL MOTION

G-E selsyn transmitters and re-
ceivers provide automatically syn-
chronized indication or control at
one location with respect to an
initial remote reference point. Built
for accurate, economical, continu-
ous service, they can be used to in-
dicate angular or linear movement,
or to control the motion of a device
by controlling its actuating ele-
ment. Two types are available—
general purpose, for accuracy with-
in =5 deg; and high accuracy,
=1 deg. See Bulletin GEA-2176.

CONTROL WIRING SIMPLIFIED
WITH G-E TERMINAL BOARDS

You get positive electrical con-
nections without soldering using
G-E Type EB-6 terminal boards
fabricated from strong, durable
molded Textolite* parts. To facili-
tate marking, reversible marking
strips are white on one side, black
on the other. Boards have 4 to 12
poles. Rated 30 amp, 60O volts.
Complete details are contained in
Bulletin GEA-1497.

*Reg. Trade-mark of General Electric Co.

PRECISELY— WITH G-E INDUCTROLS

e i s -

maintain voltage within narrow
limits regardless of line-voltage
variation. Hand-operated models
provide smooth and precise voltage
adjustment for instrument calibra-
ton, rectifier control, and similar
uses. Check Bulletin GEC-795.

I :

o

EQUIPMENT FOR
ELECTRONIC MANUFACTURERS

A portial list of the thousands of items in
the complete G-E line. We'll tell you about
them each month on these pages.

Components

Timers
Indicating lights
Control switches

Meters and instruments
Capacitors
Transformers

Pulse-forming networks Generators
Delay lines Selsyns
Reactors Relays
*Thyrite Amplidynes
Motor-generator sets  Amplistats
Inductrols Terminal boards

Push buttons
Photovoltaic cells
Glass bushings
Dynamotors

Resistors

Voltage stabilizers
Fractional-hp motors
Rectifiers

Development and
Production Equipment
Soldering irons
Resistance-welding control
Current-limited high-potential tester
Insulation testers
Vacuum-tube voltmeter
Photoelectric rezorders
Demagnetizers

General Electric Company, Section C667:18
Schenectady 3, N. Y,
Please send me the following bulletins:

Indicate: 4/ for reference only
X for planning an immediate project

{ ) GEA-1497 Fabricated Terminal Boards

( ) GEA-2176 Selsyns

( ) GEC-599 Educational Amplistat

( ) GEC-784 One-Volt-Ampere Amplistat

( ) GEC-790 Forty-Volt-Ampere Amplistat

( ) GEC-795 Single-Phase Inductrols
NOMIE . . o s
COMPANY . .. oottt e
Address . . ..ot
[ o 1 3 2 I State

GENERAL @3 ELECTRIC
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Burnell

TOROIDAL COIL

Dillers

;&%

THE VARIED AND OFTEN UNUSUAL APPLICATIONS THAT
HAVE BEEN FOUND FOR TOROIDS AND FILTERS IN MILI-
& TARY ELECTRONICS HAVE KEPT OUR ENGINEERING STAFF
CONSTANTLY ON ITS TOES. EVERY DAY WE ARE CON-
FRONTED WITH THE TECHNICAL PROBLEMS OF QUR CUS.
& TOMERS WHO ARE TRYING TO MEET THE DEMAND FOR
SMALLER, LIGHTER AND MORE SERVICEABLE EQUIP-
MENT. FORTUNATELY OUR INGENUITY AND EXPERIENCE
[ 3] HAS SERVED US IN GOOD STEAD IN THE DEVELOPMENT
OF FILTERS TO MEET THESE DEMANDS. CONSEQUENTLY
IT IS WITH MORE THAN A LITTLE PRIDE THAT WE SEE
» OUR PRODUCTS SPECIFIED BY MORE AND MORE ENGINEERS
WHO CANNOT BUT REALIZE THAT IN THE DESIGN OF
QUALITY EQUIPMENT THE “BILL OF MATERIALS” SHOULD
INCLUDE BURNELL PRODUCTS.

B
L%
®
® YONKERS 2, NEW YORK
L CADLE ADDAESS BURNELL™
& EXCLUSIVE- MANUFACTURENS OF COMMURICATIONS NETWORK COMPONENTS
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TO AMERICAN

A MESSAGE

INDUSTRY o

ONE OF A SERIES

| TAL

N

...and Ourselves

The purpose of this editorial is to help Win-
ston Churchill obtain the aid Britain needs

(1) to weather her present financial crisis,
and

(2) to avoid a chronic recurrence of such
crises.

This is not a philanthropic purpose.

Britain is our staunchest ally in the free
world’s continuing fight for survival. She can-
not perform her role effectively if she is
broke, or if she careens from one financial
crisis to another.

Then, too, a nation such as ours —commit-
ted to private enterprise as a way of economic
life—has a special interest in helping Winston
Churchill to help Britain. His administration
is relatively friendly toward, private enter-
prise. Should he fail, he would be replaced
promptly by a Socialist government more
hostile than ever. And that would weaken
the standing of private enterprise in the free
world.

Cause of the Crisis

It is the drive of the Western World under
our leadership to rearm against Russian ag-
gression that has precipitated Britain’s finan-
cial crisis. It set off a scramble for raw mate-
rials from which armaments could be made,
and for many other materials that might be

short in the event of war. So the prices of the
things that Britain must import—mostly raw
materials—have been boosted more than the
prices of things she can export—mostly fin-
ished products. That leaves Britain short of
funds to pay for essential imports. This diffi-
culty increases as the necessity becomes more
urgent to divert industrial effort from produc-
tion for export to production for security.

The Basic Trouble

Although Britain’s immediate crisis was
touched off by the rearmament drive of the
Western World, her basic affliction is one
from which she has suffered since the end of
World War II. Stated in its simplest terms,
Britain does not produce enough goods to pay
her own way as one of the family of free
nations.

For years this deficiency in home produc-
tion was made up by income from shipping
and overseas investment. But Britain had to
sell a large part of her foreign investments to
finance her heroic part in World War II. So
her income from that source has been greatly
reduced. And, in spite of an increase of about
a third above prewar in her own production
of goods and—thanks to a continued “auster-
ity” program—a much larger increase in her
exports, Britain still is not paying her own
way.




Two Ways to Solvency

Britain has two ways to restore her sol-
vency. One is to cut down on what is con-
sumed—the belt-tightening process. The other
is to step up British production.

To surmount the present crisis, Mr.
Churchill has asked for some cutting down.
He probably must ask for more.

Except as a stop-gap expedient, however,
more cutting down of Britain’s consumption
is clearly a dangerous course. That would
further depress a British standard of living
which, not more than half as high as ours,
already is too low. Politically such a course
would grease the skids for Winston Church-
ill's administration, even now governing by
a wafer-thin parliamentary margin. Also, as
The (London) Economist remarks, the “lazy
expedient of cutting trade” would result in
“hurting other people and forcing them to
take similar action” —by cutting the market
for their produects.

The Only Cure

The best and, in fact, the only way to help
cure Britain’s economic ills is to help Britain
produce more. Here the technical possibilities
are encouraging. On the average, the British
industrial worker produces only about 40
percent as much a year as the American
worker. That is a British estimate, made by
Sir Ewart Smith.

Wider use of better industrial methods and
modern tools and an infusion of the compet-
itive incentive into British industry — to re-
place the cartel and other restrictive practices
— would go a long way to narrow this wide
gap in worker productivity. This is the con-
sensus of experts on both sides of the At-
lantic.

Since 1948 the Anglo-American Council
on Productivity has done much to encourage
output per man-hour in Britain and to foster
this doctrine with both labor and manage-
ment. But much yet remains to be done.

In the United States it is increasingly sug-

gested that before we give Britain any more
economic aid we should insist that everything
possible be done to exploit the technical pos-
sibilities of increased production. This em-
phasis on production is needed. But if we
Americans were to impose upon the hard-
pressed British people conditions that could
be construed as an affront to a friendly and
sovereign nation, we might well put into the
hands of a masterful rabble-rouser such as
Aneurin Bevan, the anti-American leader of
the Labor Party’s left wing, a campaign issue
on which to maneuver himself into the Prime
Ministership.

Churchill Can Insist

But Winston Churchill is not so handi-
capped as we should be in imposing prereq-
uisites of further aid. As Britain’s own, most
honored leader he will raise no touchy ques-
tions as to Anglo-American relations if he
insists that Britain have firm plans to cure her
economic ills, plans sharply focussed on ways
and means of increasing Britain’s industrial
efficiency.

By presenting a convincing plan to cure
Britain’s recurring crises through great-
er production, Mr. Churchill will greatly
facilitate the process of getting the aid
his country must have. He will also re-
move an increasingly dangerous element
of dissension in Anglo-American rela-
tions —the feeling of many Americans
that more aid to Britain is more money
down the drain. The way to counter that
feeling is to come up with a prescription
for an economic cure, not a request for
another economic poultice.

Technically, such a program is entirely
feasible. It will perhaps be the supreme test
of Winston Churchill’s statesmanship to make
it politically feasible as well.

In the interest of Britain, of the United
States and of the whole free world, we wish
him all success.

McGraw-Hill Publishing Company, Inc.




. A. and Canadian inquiries to
MULTI C O R E S
164 Duane Street * Ne )
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MULTICORE SOI.DERS LTD.
Mellier House, Albemarle Street * London, W. 1, England
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SPECIFY

for better products at lower cost-

t..m.‘tp

MYCALEX glass-bonded mica insulation is
the one highly adaptable, versatile insulating
material that combines every desirable char-
acteristic required in a modern dielectric.
Although far superior to lower cost dielectrics,
MYCALEX offers considerable advantages
over many materials costing several times as
much. MYCALEX is available in various

JAN APPROVED

MYCALEX 410 is approved fully as Grade L-4B under
National  Military Establishment Specification JAN-1-10,
“Insulating Materials, Ceramic, Radio, Class L.”

MYCALEX 400 is approved fully as Grade L-4A under
National Military Establishment Specification JAN-1-10,
“Insulating Materials, Ceramic, Radio, Class L.”

Write for 20-Page Catalog Today!
A voluable compilation of engineering data and manufac-

turing information on electrical insulation that you'll surely
want for your technical file. Request it today—no obligation.

SINCEI919

® MOLDS AND MACHINES
TO CLOSE TOLERANCES

® MOLDABLE WITH METAL INSERTS

® CAN BE TAPPED,
THREADED, SLOTTED

® AVAILABLE IN RODS,
SHEETS, SPECIAL SHAPES

® MOLDED IN PRACTICALLY
ANY SHAPE OR SIZE

® LOW-LOSS FROM 60 CPS
TO 24,000 MCS

grades, each featuring specific characteristics
to meet particular needs. Since proper appli-
cation of the right grade of MYCALEX has
resulted in simultaneous product improve-
ment and lower cost in hundreds of instances,
it’s good business to check with MYCALEX
before specifying sheet, rod, fabricated or
molded insulation.

CHARACTERISTICS

MYCALEX GRADE 400 410 410x
POWER FACTOR, 1 MC 0.0018 0.0015 0012
DIELECTRIC CONSTANT, 1 MC 74 92 69
LSS FACTOR, 1 MC 0.013 0014 0.084
DIELECTRIC STRENGTH, volt/mil 500 400 400
VOLUME RESISTIVITY, ohm/cm  2x1015 1x1015 5x1014
ARC RESISTANCE, seconds 300 250 250
MAX. SAFE OPER. TEMP., °C 370 350 350
WATER ABSORPTION % 24 hrs. NI NIL NIL

Owners of ‘"MYCALEX' Patents and Trade-Marks

@ % MYCALEX CORPORATION OF AMERICA

ORI (...t 01fices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General 0ffices: CLIFTON, N.J,
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* another
Hardwick, Hindie
ten-strike !

Instructions to our engineering depariment were:

“design a rheostat—completely new construction

if necessary—that embodies all features

essential to producing a rheostat that ‘can take it’

in the wide industrial field.”

Thev did—and this is it.

1. Of course it is bonded with ournew blue-gray
enamel coating—thermo-shock-proof—assuring
greater protection under most ru gged service—
under extremes of humidity and abnormal at-

mospheric conditions.

2. Still greater safety factor—more resistant to

excess heat and shock.
3. Still higher terminal strength.
4, New trouble free construction—minimum

number cf parts—uniform torque, adjustable
pressure, smoother electrical control, etc.

ELECTRONICS — February, 1952
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And please note; this new H-50 is designed to comply
with current standards of:
(a) Military Specifications JAN-R-22.
(b) Underwriters” Laboratories.
(¢) RTMA.
(d) NEMA.

Send today for our new bulletin, containing
additional information.

HARDWICK, HINDLE, INC.

Rheostats and Resistors
Subsidiary of

THE NATIONAL LOCK WASHER COMPANY

Established 1886 NEWARK 5, N. J., US.A,

The mark of guality for more than half a century

St



How to use GLUBAR

TYPE BNR
4 RESISTORS

to advantage

1
; ] APPLICATION RESULT
' Oil burner ignition High voltage feed back
—_ — transformer into line is prevented.
& N B Small motors Arcing of governor
The unusual characteristics of GLOBAR type contact points is

. . . ly dec d.
BNR ceramic resistors make them practical greatly decrease

for a diverse number of advantageous

uses. Charted here are five typical applications Rectifier circuits Peak voltages are
. i limited thus stabilizing
where these resistors are being used to circuits.

advantage at present.

Electronic devices Successful use in
voltage control
Our Bulletin GR-2 contains detailed engineer- circuits.
ing data which may well suggest applications in
your own products. It will give you facts that
will help you decide how these ceramic resistors DC Circuits Solenoid valve coils

can be of value to you. Let us send you a copy. are protected.
Write Dept. E L 87-101, The Carborundum
Company, GLOBAR Division, Niagara Falls, N.Y.

GLOBAR ceramic Resistors

sy CARBORUNDUM

TRADE MARK

“Carborundum” and " Globar” are registered trademarks which indicate manufacture by The Carborundum Company, Niagara Falls, N. Y.
ar-101
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CHOOSE THE TUBE
ALL INDUSTRY IS BUYING!

COMPARE ! Why is the GL-5545 showing its heels to
similar types? Compare this G-E control tube point-by-point

GL-5545 'I'hyr.cfron sales have climbed with other-make thyratrons rated the same capacity:
spectacularly since introduction. Their
sharp up-curve is proof of the tube’s CHARACTERISTIC 6L-5545 | TUBE'A”|TUBE"B"| TUBE''C"
wide acceprance, of its brilliant performance.
b o o Avg current 6.4 amp Same Same Some
Make users’ enthusiasm yoxr guide . . .
specify the efficient, extra-long-lived Poak current 80 amp LOWER | LOWER | LOWER
GL-5545 in your new fi-c-fnotor Foult current 120 amp | LOWER | LOWER | LOWER
or other control circuit!
, Max voltage, peak forward | 1,500 v LOWER LOWER LOWER
. Max voltoge, peak inverse | 1,500 v LOWER LOWER LOWER
Ambient temp ronge —551t0 +70 C Same LOWER Same
C ion factor® 130 LOWER LOWER LOWER
Saubber circuit needed ? No YES YES YES
1948 Shielded grid construction? | Yes KO NO NO
*Commutation factor is the product of the rate of decay of current in
amperes per microsecond just before commutation, and the rate of rise
1949 1950 1951 of inverse voltage in volts per microsecond just after commutation.

For complete performance facts . . . for application counsel
. .. wire or write Electronics Division, General Electric Com-
pany, Schenectady 5, New York.

//‘ L

\

N
GL-5545

6.4-amp THYRATRON
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N
-, =
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Way back in 1922, the late Henry:C. Gates, well known
industrialist, decided to make the name GATES synonymous
with service in the electronics field.

Today, 30 years later, it would be a rare exception to
find anyone who does not know about GATES products.

One of the oldest manufacturers of electronic equipment
in the world, the GATES RADIO COMPANY specializes
in radio transmitting equipment of all types — AM, FM,
TV, Communications, etc.

By so specializing — and through production efficiency
—GATES is able to offer higher quality at more modest prices.

No job is too large or small, too complex or simple

for GATES to tackle.

Because GATES itself manufactures a large number of
the components that go into finished GATES equipment,
designs are not assemblies built to the convenience of some-
one else’s particular size of material.

This means GATES offers "‘custom-built'’ quality and
efficiency at prices that pleasantly surprise.

All of these points are of outstanding importance to you
— are specific reasons for wanting your transmitting equip-
ment to bear that familiar and trusted name — GATES.

GATES PRODUCTS

o Commercial broadcasting equipment ¢ Commercial com-
munications transmitting equipment ¢ Television transmitting
equipment ¢ Frequency modulated transmitting equipment
+ Mobile transmitting equipment * Audic equipment in-
cluding: broadcast, recording, public address ¢ Specially
designed electronic instruments including: vibration fatigue
apparatus, laboratory hearing aid
equipment, recording equipment
. Xnd many other items.

15,000 watt High Speed
Telegraph Transmitter for
Inter-continentaj service

F.C.C. Approved
Frequency Monitor

Tube Sockets fcr

GATES Inductor High Powered
Tubes

GATES RADIO COMPANY » MANUFACTURING ENGINEERS * QUINCY, ILLINOIS, U.S. A,
2700 Polk Avenue, Houston, Texas * Warner Building, Washington, D. C. * International Division, 13 E. 40th St, New York City
Canadian Marconi Company, Montreal, Quebec

54
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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 CO., INC.

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

ELECTRONICS — February, 1952
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SOLDERLESS WIRING DEVICES

for the electronics industry

SPECIAL SOLDERLESS PINS, PLUGS,
CONTACTS, AND CONNECTORS

Eliminate unnecessary parts, speed production, and reduce costs by designing
with AMP'S special connectors in mind. We stock many unusual items, and can
make new ones for your particular needs. These terminals are all applied
to wire at high speed (from 2,000 to 4,000 per hour) by special AMP Auto-
matic Machines. (see below)

PRE-INSULATED DIAMOND GRIP

Trade-Mark

SOLDERLESS TERMINALS

No extra insulation sleeving necessary. One operation installs completely
insulated, vibration-proof connection.

Plastic insulation of high dielectric properties is bonded to full-length copper
sleeve—cannot slip or be removed. Min. breakdown voltage: 2500 volts D.C!
in air at sea level. Will withstand high pressure crimp, temperatures at 350°
F. for 10 hours without damage. Wire is supported to prevent fraying of wire
insulation and torsional stress. Color-coded in wire size ranges from # 22 to
#10. Available in a variety of tongue shapes and connector styles.

U S. Patents #2,410,321, 2,379,567; 2,405,111, 2,468,169; other U. S. Patents Pending.

SOLISTRAND SOLDERLESS fERMINAI.S

Trade-Mark U. S. Patents Pending

Unique crimp makes this non-insulated terminal equally valuable for solid,
stranded, square, or irregular shaped wire. Brazed seam. One piece con-
struction of high conductivity pure copper, electro-tinned for corrosion
resistance. Available in a wide variety of tongue shapes and connector
styles from #22 to #4/0,

TOOLING

Whatever your production requirements, there is an AMP tool for the

WRITE F OR COMP LETE purpose. Strong, positive-action hand tools; light weight, compact pneumatic
tools; bench presses; dies; hydraulic tools; and Automatic Machines. Ter-

e ”
WIRE SIZE CATALOG minals feed into AMP Automatic Machines in strip form to yield crimping

rates up to 4,000 coniplete terminations per hour.
P J P

98 page catalog lists
all AMP tools and terminals,
BY WIRE SIZE RANGES.

Send for your copy today!

\ ulllllﬂ"" l”

AIRCRAFT-MARINE PRODUCTS INC,
~5 ELECTRONICS DIVISION
AMP Trade-Mark Reg. U. S. Pat. Off 2100 Paxton Street, Harrisburg 10, Pa,
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WRITE FOR
FOR YOUR EXPERIMENTAL NEEDS

Here's a handy reference, chock full of detailed
permanent magnet information. If you are de-
signing new products, or wish to improve present
ones, this catalog will be of great value!

16% GREATER ENERGY

And, remember, all INDIANA permanent magnets
described are available in INDIANA HYFLUX Al-
nico V—the permanent magnet material that offers
an energy product averaging 5% million BH max
or more, with 5% million guaranteed!

Even though INDIANA HYFLUX Alnico V offers
16% greater energy product than reguiar Alnico V,
it costs not a penny more!

INDIANA is the only manufacturer furnishing all
commercial grades of permanent magnet alloys.
You have a choice of cast, sintered, formed or
ductile materials.

SRECIALISTS

ELECTRONICS — February, 1952

THIS CATALOG OF STOCK MAGNETS

IN “YPACKAGED ENERTG Y™

INDIANA engineers, with more than 30,000
successful permanent magnet applications to
their credit, will be happy to help you with
every permanent magnet problem,

Write—or phone—INDIANA today!
Ask for Catalog No. 11A4-2

THE INDIANA STEEL PRODUCTS COMPANY

VALPARAISO, INDIANA ¢ o » Sales Offices Coast to Coast

S INCE 1908
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Precision Resistors
for Precision Electronics

MEPCO, INC.,, MORRISTOWN, NEW JERSEY
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WE'VE DECIDED NOT
TO HIDE OUR LIGHT

UNDER A BUSH

EL
Ty //.{‘ -
%

THE COMPANY
ANNOUNCES THE MANUFACTURE OF

ELECTRICAL INDICATING INSTRUMENTS

2
s
Pk
o
S
&
RUGGEDIZED

By license arrangements with Marion Electrical Instrument Company.

now has at its disposal all of the Marion know-how, procedure and
experience.

personnel, trained at Marion in Manchester, New Hampshire, are now

able to produce these instruments in quantity.

Your inquiries are invited.

Environment Free
ELECTRICAL EQUIPM

ELECTRONICS — February, 1952 59



FOR MAXIMUM PERFORMANCE AND LONG LIFE
OF ELECTRICALLY-OPERATED EQUIPMENT

2\ STABILINE

i

VOLTAGE REGULATORS

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

TYPE IE510028

" n STABILINE Type IE is a completely electronic unit with no moving parts
i e | =k . . . is used where instantaneous and extremely close correction is
A . required. It maintains a constant output voltage regardless of line
{ i - F2 variations at no load, full load or any intermediate load. The output
£ voltage is held to within = 0.1 volts of nominal for wide line varia-
tions; within &= 0.15 volts of nominal for any load current change or
TVee load power factor change from lagging .5 to leading .9. Maximum

: - ES1005 waveform distortion never exceeds 3%.
N Standard models are available in cabinets or for relay rack mounting
in numerous ratings as listed below. In the event you have a special
requirement involving other frequencies or ratings, SECO voltage
control engineers will study your specific problem and make recom-

mendations without obligation.

INSTANTANEOUS ELECTRONIC CABINET MODELS

Input Output Rated
Voltage Yoltage Frequency | Load Range | Load Power Output
Range Range In Cycles | In Amperes | Factor Range KYA Type
95-135 110-120 60 *= 10% 0-22 0.25 1E51002*
195.255 220-240 60 *= 10% 0-1.1 0.25 1E52002*
95-135 110-120 60 = 10% 0-45 .5 lagging 0.5 1E51005*
195.255 220-240 60 = 10% 0-22 0.5 1E52005*
95-135 110-120 50 = 10% 0-4.5 0.5 IEL51005*
195-255 220-240 50 = 10% 0.22 0.5 1EL52005*
95-135 110-120 60 = 10% 0-85 to 1.0 IE5101*
195.255 220-240 60 = 10% 0-4.5 1.0 1E5201*
95.135 110-120 50 = 10% 0-85 1.0 1EL5101*
195.255 220-240 50 = 10% 0-45 1.0 IEL5201*
95-135 110-120 60 %= 10% 0-220 2.5 IE5102*
195-255 220-240 60 = 10% 0.11.0 .9 leading 2.5 1E5202*
195-255 220-240 50 = 10% 0-11.0 2.5 1EL5202*
95-135 110-120 60 = 10% 0-435 5.0 IE5105
195.255 220-240 60 = 10% 0-22.0 5.0 1E5205 \
* Also offered in rack models.

REMEMBER, STABILINE TYPE EM (ELECTRO-MECHANICAL) UNITS ARE ALSO AVAIL.
ABLE. RATINGS FROM 2 TO 100 KVA, LITERATURE ON REQUEST.
There’s a STABILINE Automatic Voltage Regulater for every need. Send
today for literature and specific information. Write The Superior Electric
Co., 202 Thure Avenue, Bristol, Conn.

BRISTOL, CONNECTICUT

POWERSTAT VARIABLE TRANSFORMERS o YOLTDOX A-C POWER SUPPLIES @ STABILINE YOLTAGE REGULATORS
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NEO-NIL

CORPORATION

PLUG IN TYPE HEADERS
oc-8 13 0C-12
\EE“&‘EY_‘J!E Q930 PN 3’7$q: L Cnanactens o9 e ¥
‘ ... 040 '

i
.

b

FLASH OVER VOLTAGE
6000V PIN TORIM

NULTIPLE TYPE HEADERS

000 SERIES AVAILABLE 2000 SERIES AVAILABLZ
WITH 2 TO 10 TERMINALS WITH 2 TO 6 TERMINALS

cq‘mumugs ] CNIIR‘;:'VL“_S RETAINER
I N
432N\ ':\'('N ' ||

-0 - - - -
..l.f—r -,
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6500V PINTORIM 968 -
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3
FLASH OVER VOLTAGE
6500V PIN TO RIm

NEO -SIL HERMETIC SEALS
INDIV QUAL TYPE TERMINALS

E-)
-
{1
= GO
" [
ol
ot
e
FLASH OVER
2500V VOLYAGE 5500V

TEST DATA

_ The result of the Electrical Testing Laborator es
Inc., Report #330655, dated March 18, 1949, on
this material shows the following:
Volume Resistivity at 800 Volts d-c
Room Temperature 25°C R.H. 30 percent
Megohmeinches ohm-centimeters
1.4 x 10° 3.5x10"
Diclectric Constant and Dissipation Factor
Diclcetric Dissipation

Cunstant Factor Loss lactor

@ 60 cycles per second
.058

9.22 5.32
@ 1 megacycle per second
6.17 .0455 .28
@ 50 megacycles per secand
5.35 0.20 14
Dielectric Strength at 60 cycles
Volts per mil — 370
Durometer Average — 80 £ 5
Temperature — Rated as a Class A material @on-
servatively + 175° to —70° centigrade.
The Flashover Voltages indicated were taker at
a temperature of 68° Fahrenheit, and 47% R=la-
tive Humidity.

ELECTRONICS — February, 1952

E3LW TERMINAL

“E-Series terminals are ap-
plicable on MIL require-
ments and will withstand
thermal shock, vibrations,
mechanical strains, and ex-
cessive pressures with no
impairment of the seal or
other functional character-
istics. E-3LW terminals are
now being used at 1000 psi
static oil pressure and under-
go 5000 psi tests,”

—

4" SHAFT
WATERSEAL BUSHING

“Rotary Waterseal Panel
Assemblies, with GRAF-SIL

cellent five year customer

history on gas filled pressur- \
ized components. They are

available for %" shafts and

for potentiometers and

switch bushings.”

e T TR S TS e e
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Packing Glands, have an ex- __‘

“NEO-SIL's proven Hermetic sealing components will eliminate
rejects resulting from breakage, strains, cracks, etc. Each NEO-SIL
component is pressure checked at 25 psi — to meet military require-
ments and as applied to our units, NEO-SIL rubber will resist abusive
temperature cycling, salt water, most acids and alkalies, and with-
stand high pressures and vacuums.”

“In addition to the items illustrated above, NEO-SIL offers many
other components, such as Hermetically Sealed Fuse Holders, Octal
Type Plug In Headers, Multiple Pin Headers, Hermetically Sealed
Cables, Hermetically Sealed Line Cords With Plugs For European use,
Meter Gaskets, Panel Gaskets, Adapters (U.S. to Continental}, Coil
Forms, Crystal Contacts and other molded bakelite and NEO-SIL rub-
ber units.”

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

Your special probl are solicited

NEO-NIL

CORPORATION

26 CORNELISON AYE., JERSEY CITY 4.N. J.
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/ .
f for unsurpassed
4
POWER RECTIFIERS
Ratings up to 250 KW
Efficiency to 87 % —
STANDARD CELL SIZES Power Factor 95%
B[] e
¢ [o] e
] O Ix3
£ lo} A% x4%"
F (0} 5"xb’ =
Over 500,000 KW, DC
Power, is operated with International
L o - Selenium Rectifiers. A recent month’s production included Rectifiers to
supply 40 microamperes, 1,000 volts, and Rectifiers with a capacity of 140,000
amperes, 14 volts. Designed and built to meet Government Specifications.
Manufactured for temperatures up to 100° C ambient—100% humidity. Owned
and managed by Engineers who are specialists in the design and
manufacture of Selenium Rectifiers. Submit your problems for analysis and
we will be glad to offer our recommendations.
&
Photo-Electric Cells
Self-Generating Type
Output up to 600 microamperes Hermetically Sealed Rectifiers High-Voltage Rectifiers
at 100 foot-candles illumination Cartridge Type—up to 60 ma., Cartridge Type —up to 60 ma., Miniature Rectifiers
and 100 ohms external resistance. 9,000 volts per cartridge. 9,000 volts per cartridge. From 65 to 1,000 ma.

GENERAL OFFICES:
1521 E. Grand Ave.
El.Segundo, Calif.
Phone El Segundo 1890

CHICAGO BRANCH OFFICE:
205 W. Wacker Dr.
Franklin 2-3889
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Special Features

which make these relays first

choice of exacting design engineers

THE CLARE Type "K' RELAY

Fast operation—adequate contact pres-
sure—high resistance to shock and vibra-
tion—long life—small size—1%2" x 114"
x A"

THE CLARE Type "KX" RELAY

Same features as Type "K' but adds
greater operating range and increased
sensitivity by use of a slightly longer coil
which can be safely wound to a maximum
resistance of 8000 ohms. Size: 13%4” x
115/32" x 1”.

THE CLARE Type "R" RELAY

Same basic features as Type "K” but adds
still further sensitivity and operating range
to the Type "KX" by the use of a coil
which is not only longer but of increased
diameter to provide even greater wind-
ing space. Size: 174¢” x 1%4” x 14

THE CLARE Type “N' RELAY

Same basic features as Type "K' but de-
signed for operation on extremely fow
power, This results from a close-coupled
magnetic circuit, generous use of magnetic
iron and unusvally efficient coil design.
Size: 1% x 1%4” x 1",

-

TYPE "N"

@ The Clare Type “K” Relay was the first of the famous CLARE line of
small, lightweight, telephone-type relays. It is still the mainstay of design
engineers who must have superior relays to operate in extremely small space.

Its fast operation, adequate contact pressure, high resistance to shock and
vibration, long life and complete all-around dependability have met many
complex requirements.

The other three relays shown here supply all these advantages of the Type
“K”_ but each adds certain other features to meet such specifications as a
greater operating range, greater sensitivity or operation on extremely low
power. All except the type “N”’ retain the reed armature suspension of special
alloy which engineers recognize as one of the subtler reasons for the superior
performance of these small CLARE Relays.

Clare sales engineers are located in principal cities to give you first hand infor-
mation on the entire line of CLARE Relays . . . all of them designed to meet
the most exacting relay requirements. Call them or write to C. P. Clare & Co.,
4719 West Sunnyside Avenue, Chicago 30, Illinois. In Canada: Canadian
Line Materials, Ltd., Toronto 13. Cablec Address: CLARELAY.

All relays available in hermetically sealed form

All of these four CLARE
small relays are available
enclosed in hermetically
sealed steel containers.
Connection diagrams are
permanently imprinted on
the base of the enclosure
by silk screen process.

CLARE RELAYS




Name your needs in terminal boards

oowe’ll

The rigid specifications of govern-
ment agencies and the armed forces
need pose no problem to you. C.T.C.
is in an excellent position to handle
government sub-contracts for elec-
tronic parts and assemblies.

Our Custom Engineering Service
is constantly supplying special ter-
minal boards to the top names in
electronics. These boards are built
to severe government specifications,
are fabricated of certified materials
to fit the job. Among the specifica-
tions involved are: MIL-P-3115A,
MIL-P-15037, MIL-P-15035A,
MIL-P-15047, MIL-P-997A.

Boards can be made of cloth,
paper, nylon or glass laminates
(phenolic, melamine or silicone
resin), and can be lacquered or
varnished to specifications: JAN-
C-173 and JAN-T-152. Lettering

64

meet them accurately

and numbering is done by rubber
stamping, silk screening, hot stamp-
ing, engraving. Inks used in rubber
stamping contain anti-fungus and
fluorescent additives.

Terminals, feed-throughs, mount-
ing hardware and all other terminal
board fixtures meet all applicable
government specifications.

Standard “All Set” Boards,
scribed for easy separation, for the
assembly line and laboratory are

CAMBRIDGE

J
custom or standard. . . the guaranteed components =

See our listing in Electronics Buyers’ Guide

THERMIONI
CORPORATION

available in cotton fabric phenolic
per specification MIL-P-15035A and
in nylon phenolic per MIL-P-
15047A.

For complete information write:
Cambridge Thermionic Corpora-
tion, 437 Concord Avenue, Cam-
bridge 38, Mass. West Coast manu-
facturers, contact: E. V. Roberts,
5014 Venice Blvd., Los Angeles, or
988 Market Street.,
San Francisco, Cal.
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2 to 700,000,000 cps

New -hp- 410B Vacuum Tube Voltmeter

Gives same wide range and flat response per-
formance as -hp- 410A voltmeter, but sets new
standard of mechanical convenience, ease of
operation, minimum bench space. Readily de-
tachable probe leads fit in handy compartment
in new, compact, streamlined case. Special
diode probe design places capacity of approxi-
mately 1.3 pufd across circuits under test. Shunt
impedance is extremely high—10 megohms ot
low frequencies—thus circuits under test are not
disturbed and true voltage readings are as-
sured. New -hp- 410B provides 1 db accuracy
from 20 cps to 700 mc; and moy be used as a
voltage indicator up to 3,000 mc. Also serves
as audio or dc voltmeter or ohmmeter.

RESPONSE

e — 9
r . ™ Town
D N O S
" /7 3 vourst
| 1 vou!
Wepn O0cm  1000eps S Y e [ WG 000~

Response, -hp- 410B Voltmeter

HEWLETT-PACKARD CO.

2251A Page Mill Rd. * Palo Alto, Calif., U.S.A.

Sales representatives in principal areas
Export: Frazar & Hansen, Ltd.
San Francisco = New York = Los Angeles
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From 2 cps to 700 mc, there’s an accurate, easy-to-use -bp- voltmeter for
any voltage measuring job. You can choose from 5 precision instruments
(including a battery-operated portable unit) the dependable -hp- volt-
meter that exactly fills your need. Each gives you familiar -hp- operating
characteristics of high sensitivity, wide range, broad applicability, time-
saving ease of operation. -bp- also provides a complete line of voltmeter
accessories—voltage dividers, connectors, shunts and muldpliers—to
extend the useful range of your equipment. For complete details, sce
your -bp- sales representative or write direct.

e PRIMARY FREOUENCY

INSTRUMENT USES RANGE
General purpose

-hp 400A ac measurement LOcnsjlepiia:

-hp- 4008 o ] 2 cps 10 100 ke
oc measurements

Wide range

-hp- 400C ac measurements 20 ¢ps ta2 mc
High sensitivity
Portable, baltery

-hp- 404 ‘

p- 404A operated 2 cps to 50 ke

Audio, rf, VHF

-hp- 4108 measurements;

de voltages;
resistonces

-hp- 400C Vacuum Tube Voltmeter

General purpose precision voltmeter offering
wide range, high sensitivity, high stability.
Quick-reading linear meter scale shows RMS
volts or dbm direct from —72 dbm to +- 52 dbm.
Broad usefuiness includes direct noise or hum
measurements, transmitter and receiver volt-
ages, audio, carrier or supersonic voltages,
or power gain. Also may be used as 54 db am-
plifier to increase signal level to ascilloscopes,
recorders, power amplifiers, etc.

20 cps to 700 mc

VOLTAGE INPUT

RANGE IMPEDANCE PRICE

.005 to 300v 1 megohm

9 ranges 24 ppid shynt $185.00.
.005 to 300w 10 megahms

9 ranges 24 pptd shunt $195.00
.0001 10 300v 10 megohms

12 ronges 15 pptd shunt $200.00
.0005 to 300v 10 megohms

11 ranges 20 ppid shunt $185.00
0.1 to 300v 10 megohms

7 ranges 1.3 ppfd shunt $245.00

-hp- 404A Battery-Operated Voltmeter

Precision vacuum tube instrument for general
voltage measurement where ac power is not
available. Compact, portable, splash-proof—
ruggedly constructed for field operations. Wide
voltage range permits all types of measure-
ments including remote broadcast line and car-
rier checks, strain gauge system tests, telemeter-
ing and geophysical circuit measurements, etc.
In the loboratory, offers completely hum-free
measurements of very low noise level.
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the truth about
Dow Corning
Silicones...

¢ & o & @ o o

o :

- .. is more fantastic than the patter of the :
pitchman or the spiel of the barkers that . .
doubled in advertising and sales . .
a generation ago. For example: DOW CORNING_SILICONE EXPOSITION  —
. now scheduled for .

® Silicone (Class H) electrical insulation makes motors . CLEVELAND 5
and other kinds of electrical equipment last 10 times . DETROIT .

q ° PHILADELPHIA .

as long as they ever did before. : e ;

® These same insulating materials are used to . :I?gcs)lﬁaGH .
double the power per pound ratio in electric machines. . : CHICAGO E

® Silastic,* the Dow Corning silicone rubber is used to seal : :ggr&%m” i
hot air at 600°F., hot oil at 350-400°F., limit switches and e LOS ANGELES )
bomb bay doors at —100°F. ~*  If you want to know more  °

. o . * about this Exposition *

® Dow Corning Slllcone‘mls'and greases «  write for complete infor-  ®
make permanent lubrication a practical reality. * mation including our new  *

¢ 32-page book which ¢

To many engineers and executives, such silicone facts * answers in simple words *
as these still sound too good to be true. That's why i g:‘:sﬁ‘zf“’ef,'w:z,s%;‘ ]
we have built and assembled 16,000 pounds of «  Silicone?” Address De- *
demonstration units and typical applications to °  partment BE-14 ¢
prove that our snhcgng products will do all thot we . DOW CORNING B
claim for them. This is the first comprehensive . CORPORATION .
Silicone Exposition ever assembled. Previewed . Midland, Michigan i
in Washington, D. C. during the week of ATLANTA ]
October 22nd, this exhibit will be given CHICAGO . .

private showings in major industrial

centers across the country. CLEVELAND DO w c 0 R N I N G

DALLAS

Rl SILICONES
DOW CORNING CORPORATION

NEW YORK

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

MIDLAND, MICHIGAN

WASHINGTON, D. C.

In CANADA: Fiberglas Canada, Utd,, Toronte @ In GREAT BRITAIN: Midiand Silicones, Ltd., London
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WILCOX ELECTRIC COMPANY

14t+h and CHESTNUT KANSAS CITY 1, MISSOURL U.S. A,
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n general-purpose DUA[-heam

FEATURES

to fit your neegs technically

TYPE 322

Not just another specialized dual-beam oscillograph, but a
brand-new type designed for general development work but
rugged enough for production testing and industrial applica-
tions as well. Compactness, lightweight, ruggedness and ver-
satility mark the Du Mont Type 322 as another milestone in
cathode-ray oscillography.

All the well-known features of the 304-H, and...
Thoroughly field-tested.

Individual and common time bases with driven or recurrent
sweeps and sweep expansion on all sweeps.

Conventional single-ended input with stepped and vernier
attenuators, or balanced input with no attenuation, on both
Y-axes.

Concentric controls for easy-to-operate, compact control
panel.

High-gain D-C amplifiers on both channels.
Amplitude calibration on either channcl on both axes.
Illuminated scale with dimmer control.

0s, 0/7/0

I/]Jﬂ .
_lafy

> g M

SPECIFICATIONS

Cathode-ray Tube — Type 5SP — Dual-bezm
Cathode-ray Tube. Accelerating potential,
3000 volts.

Y-Deflection Sensitivity — 0.028 peak-to-peak
(0.01 rms) volts/inch from D-C to 300 KC (50%
down at 300 KC); A-C coupling, 10% down at
5c.p.s. )

X-Deflection Sensitivity — 0.3 peak-to-peak
(0.1 rms) volts/inch from D-C to 300 KC (down
50% at 300 KC); A-C coupling down 10% at
5 c.p.s.; common, D-C to 200 KC (down 50%
at 200 KC).

Linear Time Base—Recurrent and driven sweeps
variable in frequency from 2 to 30,000 c.p.s.
Front panel connections provided for lower fre-
quency by adding external capacitance.
Intensity Modulation — Input impedance
0.2 megohm, paralleled by 80 ,..f. Negative sig-
nal of 15 volts peak blanks beam at normal
intensity settings.

Beam Contro! Switch — On front panel to turn
beams on or off independently or simultaneously.
Calibrator — Regulated potentials of 50 milli-
volts and 1 volt peak-to-peak squarewave at
power line frequency available at front panel
binding posts.

Power Source — 115/230 volts — 50-400 c.p.s.
— 225 watts.

Dimensions — Height 153%~, width 1214~,
depth 227%”, weight 75 Ibs.

Instrument Division

$83 500 Write for complete technical defails: Allen B, Du Mont Laboratories, Inc.

1500 Main Avenue, Clifton, N, J.

February, 1952 — ELECTRONICS



RECOGNIZED LEADERS IN
SUPPLY AND SERVICE

TO THE ELECTRICAL

AND ELECTRONICS
INDUSTRIES

RELY on REPUBLIC

FOR

ALUMINUM CONDENSER FOIL

OF UNIFORM HIGH QUALITY

Leading condenser manufacturers specify Republic aluminum condenser foil
because, based on long experience, they recognize that the straight cut edges,
accurate gage and uniform strength of Republic foil give maximum performance.
As specialists in the production of condenser foil, Republic makes available its
entire facilities for the solution of your individual problems. Your orders and
inquiries will receive prompt and individual attention.

REPUBLIC FOIL & METAL MILLS
INCORPORATED
DANBURY CONNECTICUT

209 W. Jackson Blvd., Chicago 6, lIl.

BRANCH SALES OFFICES: 666 Mission St., San Francisco 5, Calif.




PRECISION RESISTOR LINE
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Bradley

SELENIUM AND COPPER

OXIDE RECTIFIERS

development and low cost
roduction of
recision rectifiers

Even while expanding, we have retained the basic operating character-
istics of a production laboratory. Our manufacturing operations are
laboratory methods placed on a volume production basis.

This means that your regular rectifier requirements are not simply
manufactured. They are lab-controlled. You can depend on Bradley
rectifiers to perform according to specifications, not just in a majority
of cases but in all cases.

And being a production laboratory, we have the ideal facilities for
handling special rectifier problems. If we make your rectifier in our
laboratory, you can count on a production component that will duplicate
performance in cvery respect. Just as important, you can be sure of the
lowest possible unit cost for a rectifier of this type.

VACUUM-PROCESSED for PERFORMANCE AS RATED

72

SELF-GENERATING

PHOTOELECTRIC CELLS

BRADLEY LABORATORIES, INC.

168 COLUMBUS AVENUE ¢ NEW HAVEN 11, CONNECTICUT

SELENIUM RECTIFIER SR 114
USED AS PRECISION LIMITER

This hermetically sealed
rectifier was developed to
restrict current flow with-
in critical specified limits.
It typifies the laboratory
type job that Bradley
can produce on a produc- {
tion basis. Tests for this
rectifier are critical to a
hundredth of a volt, and
many principal values are
fractions of a volt,

P —— = 4
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MICROWAVE POWER MEASUREMENTS
10 to 12,400 mc!

COMPLETE COVERAGE!

Instantaneous, direct readings! No adjustment during
operation! No tedious computations! Complete new
instrumentation for fundamental measurements of

CW or pulsed power!

Instrument Frequenfies— Frequencies— Price
Coaxial Waveguide {f.o0.b. Factory)
4758 Tunoble Bolameter Mount 1,000 to 4,000 me $200.00
[
476A Untuned Bolometer Mount ! 10 to 1,000 mc $125.00
S485A Detector Mount* 2,600 to 3,950 me $125.00
G485B Detector Mount T 3,95C to 5,850 mc $95.00
14858 Detector Mount T 5,850 10 8,200 mc $90.00
H4858 Detector Mount T 7.05Q 10 10,000 me $85.00
X4858 Detector Mount T 8,200 to 12,400 mc $75.00
[
. For use at any microwave frequency.
4308 Microwave Power Meter Operates with mounts listed above. $250.00
‘For use with bolometer anly tFor use with bolometer or crystal.
& ;:'
...
i
A L ﬁ

-hp- 485 Detector Mounts

For rf power measurements in wave
guide systems, 2,600 to 12,400 mc (see
table) in conjunction with -5p- 430A or
430B Power Meter and Sperry 821 bar-
retter. Also may be used to measure
relative level, or detect rf energy using
a type IN21 crystal. Semi-tuned by
means of a built-in movable short.

-hp- 475B Bolometer Mount

Tunable from 1,000 to0 4,000 mc for uni-
versal application, greatest convenience
in making microwave power measure-
ments. Double-stub design, coupling
energy from 50 ohm coaxial systems
into 100 or 200 ohm bolometers. Uses
Sperry 821 barretter,thermistor ot 1/100
ampere instrument tuse.

Get complete information! See your local -hp- representative or write to factory.

HEWLETT-PACKARD COMPANY

2161-A PAGE MILL ROAD -

PALO ALTO, CALIFORNIA, U.S5.A.

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

-hp- 430B Microwave
Power Meter—measures pulsed
or (W power— .02 to 10 mw

Model 430B gives you instantaneons tf
power readings direct in db or mw at any
frequency. (Operates with bolometer
mount. Table at left shows -hp- mounts
now available.) Measures CW power with
instrument fuse or barretter as bolometer
element;also measures CW or pulsed power
using negative temperature coefficient
thermistor at 100 or 200 ohm levels. Reads

ower direct .02 to 10 mw or in dbm
from —20 to +10. 5 ranges selected on
front panel switch. Accuracy 5% of full
scale. Higher powers may be measured by
adding attenuators (-hp- Models 370, 380)
to rf system. Directional couplers may be
used to sample rf energy.

-hp- 476A Universal
Bolometer Mount

2 Requires no tuning, no adjust-
ment; measures rf power at
- any frequency 10 to 1,000 mc.
- Extremely low VSWR: Less
l than 1.15. 20 to 500 mg; less
LT than 1.25, 10 to 1,000 mc. Re-
i flected power less than 0.1 db
-z under normal conditions. In
combination with -/p- 430A or
430B Power Meter gives automatic, instantan-
cous readings from 0.02 to 10 milliwarts. Meas-
ures higher power with addirion of attenuators
and directional couplers. 50 ohms impcedance.
Has Type N connector and terminates flexible
cables RG8/U, RG10/U, etc.

. 4

HEWLETT-PACKARD @ INSTRUMENTS
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Simplify electrical studies
with these Brush instruments

‘ SPEEDS UP INSPECTION. Resistors,capacitorsand inductors
are rapidly and accurately inspected by this Brush Deviation
Test Bridge. Indicates percentage of deviation of a test com-
ponent from the standard. Has large, easy-reading dial. Very
high indicating speed permits testing at rates as high as
4,000 elements per hour. Free bulletin on request.

RECORDS TWO PHENOMENA SIMULTANEOQUSLY. This
team of Brush Dual Channel Amplifier and Magnetic
Oscillograph are here being used to record generator voltage
and field current time-curves. This simplifies plotting of
saturation curve to study build-up of voltage. Requires only
Brush Deviation Test Bridge 3 few minutes . . . compared to hours for conventional plotting
methods. Investigate these Brush instruments for the study
of many other electrical variables. Write for bulletin.

REGULATES FREQUENCY, The Brush Regulated Frequency
Power Supply furnishes moderate power at 60 cycles that
is completely unaffected by the frequency of the primary
power source. It will govern the operation of fractional horse-
power synchronous motors at fixed speed or set the charac-
teristics of controls where accurate frequency is essential.
No adjustments are needed for any loading from zero to full
capacity of 60 watts. Rugged construction permits use in
field. Frequency accuracy is one part in 100,000. Write for
complete information and specifications.

FOR PHYSICAL VARIABLES. The Brush “Universal Analyzer” Brush Model
. 8 A N . rus odel BL-809
gives instantaneous, accurate recording of a wide variety of Regulated Frequency Power Supply
physical variables such as strain, pressure, acceleration,
torque, force, temperature, displacement and vibration. This
new Brush Analyzer, consisting of a Carrier Type Bridge
Amplifier and Direct-Inking Oscillograph, is a complete unit.
You simply connect it to your standard pickup elements. With
proper calibration resistors, its ink-on-paper records can
be interpreted immediately and easily in any desired units
of physical measurement. Write today for complete details. ’

Write Dept. K-19 for free copy of Bulletin 618
giving details on these Brush instruments.

Brush ““Universal”’ Strain Analyzer

PUT IT IN WRITING WITH A BRUSH RECORDING ANALYZER

PIEZOELECTRIC CRYSTALS AND CERAMICS « MAGNETIC RECORDING
ELECTROACOUSTICS « ULTRASONICS « INDUSTRIAL & RESEARCH INSTRUMENTS

DEVELOPMENT CO.
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~ WALDES TRUARC RINGS REPLACE COTTER PINS...
SAVE 44% IN LABOR AND ASSEMBLY COSTS

COTTER PIN WAY: Flint wheel shaft in lighter assembly requires cotter pin,
washer. Difficulty in drilling perfect hole causes rejects. Assembly is slow, costly.

TRUARC WAY: Waldes Truarc "'E'" ring fits into groove in shaft; locks ase
sembly securely for life. Groove is quickly, easily cut. .. assembly is simple, speedy.

COMPARATIVE COSTS

Cotter Pin Way Trvare Way

Brown & Bigelow, St. Paul, Minn., saved  ever you use machined shoulders, bolts, Material $PEM  Material $PETM
$6.95 per thousand unifs by incorpo-  snap rings, cotter pins, there's a Truarc | Shaft 48 Shaft 35
rating Truarc Rings in the design forthe  Ring designed to do a better job of \C,;’;';’e’:i“ ]'5“8 Truarcring 8.68
REDI-FLAME compressed gas desk holding parts together. 244 9.03
lighter! In spite of greater initial cost Waldes Truarc Rings are precision- | Labor Labor
of Truarc Rings as against cotter pins, engineered...quick and easy to assem- |

] Shaft 10.22 Shaft 227
they were able to cut machining and  ble and disassemble. They can be used Washer 72
assembly costs drastically—for an over-  over and over again. AMMH% A”emmy——z—':—;

all savings of 44%! Find out what Truarc Rings can do TOTAL $22.66 TOTAL  $15.71

Redesign with Waldes Truarc Rings  for you. Send your blueprints to Waldes

: - ot TOTAL SAVINGS WITH TRUARC RINGS:
and you too will cut costs, Wherever Truarc engineers for individual atten- I $6.95 or 44 % -

you have a fastening problem...wher-  tion, without obligation,

For precislon internal grooving and undercutting . .. Waldes Grooving Tool.

r——-——————-—————-———1
SEND FOR NEW BULLETINS » Waldes Kohinoor, Inc., 47-16 Austel Place, L. . C. 1, N. Y. I
Please send engineering specifications and data on Waldes 1
n Dns Truarc Retaining Ring types checked below. E024 I
w L [ Bulletin #5 Self-focking ring types I
I O Bulletin #6 Ring types for taking up end-play
/ O Bulletin #7 Ring types for radial assembly I
| O Bulletin #8 Basic type rings |
—d \ : O Send me information about the Waldes Grooving Tool. =
1y — | Nome 1
i i g REG, U, S.PAT, OFF. I‘ Ti'le '
RETAINING RINGS I Company I
WALDES KOHINOOR, INC.,, LONG ISLAND CITY 1, NEW YORK | Business Address 1
WALDES, TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING | C" z e S'u" YY) I
U.8. PATENTS: 2.382,947: 2,382,948, 2.416,852; 2.420,921; 2,4208.341; 2.439,785; 2,441.046; 2.455.163; L |Y o BJ
2,483 380; 2,483,363; 2,487.802: 2,467.803; 2,491,306; 2,509,081 AND OTHER PATENTS PEMDING, ¥ ¥ §¥r¥r ¥ K ¥ §F_ B _ B B8 N N L N N N N ]|
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RECOMMENDS

Model 303

VACUUM TUBE VOLT-OHMMETER

Says Harry M. Neben: *

‘I understand the 303 was developed

to be of particular use to television service men for aligning sets in the field —

so it's designed to perform a lot of test

functions and is compact and easy to

carry around. These same features make it quite a valuable laboratory and

production tool here at Amphenol.”
In the photo, Mr. Neben is using the

Simpson 303 in conjunction with an

Amphenol test fixture to measure insulation resistance between one wire
and all other wires of a cable assembly.

SPECIFICATIONS

DC VOLTAGE: Ranges 1,2, 12, 60, 300, 1200
{30,000 with Accessory High Voltage Probe).
Input Resistance 10 megohms for all ranges.

DC Probe with one megohm isolating resistor,
Polarity reversing switch.

OHMS: Ranges 1000 {10 ohms center).

100,000 (1000 ohms center).

1 megohm (10,000 ohms center).

10 megohms {100,000 ohms center).

1000 megohms (10 megohms tenter).

AC VOLTAGE: Ranges 1.2 12, 60, 300, 1200.
Impedance (with cable) approx. 200 mmf. shunted
by 275,000 ohms.

AF VOLTAGE: Ranges 1.2, 12, 60.

Frequency Response Flat 25 to 100,000 cycles.
DECIBELS: Ronges —20 to 43, —10 to <423,
+41to 4 37, 418 to 451, 430 to 43,
Zero Power Level 1 M. W., 600 ohms.

GALVANOMETER: Zero center for FM discriminator
alignment and other galvanometer applications.

R. F. VOLTAGE: {Signal tracing with Accessory High
Frequency Crystal Probe).

Range 20 volts maximum.

Frequency Flat 20 KC to 100 M.C.

LINE VOLTAGE: 105-125 V. 50-60 Cycles.

SIZE: 54 ”x7”x314” (bakelite case). Weight: 4 Ibs.
Shipping Wt.: 61 Ibs. )

STILL AT THE SAME NET PRICE: Model 303, in.
cluding DCY Probe, ACY—Ohms probe and Ground
Lead with Operotor’'s Manual—$58.75

Accessory High Frequency Probe, $7.50

Accessory High Voltage Probe, $9.95

Also available with roll top case, Model 303RT—
$66.70

Available through your Parts Jobbers

ELECTRIC COMPANY

5200 W. Kinzie St., Chicazc 44, lllincis Fione: COlumbus 1-1221
In Canada: Bach-Simpson, Ltd., London, Ont.

Worlel’s, Largest Makers of Electonic Test Egupment
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Ve CLECD

9-RSPC

Reve-sfle Pna:umatic Screw Driver
Larger enc¢ more powerful than
the Tlxcy> A-_. This light weighe
procuctidn tcol is used for screw-
driviagznd nut running on many
procuction jabs.

Capacity 14" machine screws or
No. 14 wood screws.
Write far bulletin. P-851.

of potentiometers by running No. 8 nuts fast/

as a result, production is increased even further.

in your own plant.

' CLECO DIVISION
of the REED ROLLER BIT COMPANY, 5125 Clinton Drive, Houston 20, Texas, U.S.A.
DIVISION OFFICES

So small it is almost hidden by the man’s hand, this
Cleco A-1 pneumatic screw driver is increasing production

Ideal for similar small work,the A-1 is much easier to
handle than larger tools. Operator fatigue is reduced and

In spite of its small size and light weight, the Cleco A-1
is a rugged production tool built for years of service. Write
for bulletin S-750 or, better yet, ask us for a demonstration

GEORGIA: Atlanta 3, 502 Peters Bldg. ® ILLINOIS: Chicago, 5701 West Madison St. ° MASSACHUSETTS: Worcester, 23 Enfield St.
MICHIGAN: Detroit, 2832 East Grand Blvd. ° MISSOURI: St. Louis 3, 2322 Locust St. ° NEW JERSEY: Newark 4, 75 Lock St.
OHIO: Cincinnati 2, 729 Temple Bar Bldg. ®  PENNSYLVANIA: Philadelphia 20, 5220 North Fifth St. . .. Pittsburgh 17, 5626 Phillips Ave.
TEXAS: Fort Woith, 1717 East Presidio ® CALIFORNIA: Los Angeles, 1317 Esperanza St. ® MARYLAND: Baltimore 20, 39D Oak Grove Dr.

In Canada: Cleco Pneumatic Tool Company of Canada, Ltd., 927 Millwoed Road, Toronto (Leaside), Ontario
DISTRIBUTORS IN PRINCIPAL CITIES OF THE UNITED STATES AND THOUGHOUT THE WORLD
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TIME DELAY RELAYS

AT TORRINGTON

159 . " HEADQUARTERS FOR

N3 TIMING
5'.‘1.‘.-2 . ’ y ) E

INTERVAL ™.

TIMERS \\~
ELAPSED TIME
" INDICATCRS

o ——
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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-
ually small size. Motors totally enclosed. Controlled lubri-
cation with separate rotor and gearing lubricating systems
permits selection of best method and lubricants. Operates
continuously in any position. Simple to mount securely.
Interchangeable design in only 2 motor series with standard
speed range from 60 rpm to one revolution in 7 days. Write
for Motor Catalog.

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.

e L 1
s o .

TIMING DEVICES

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.

HAYDON Manufacturing Co., Inc.

SUBSIDIARY OF GENERAL TIME CORPORATION

2426 ELM STREET, TORRINGTON, CONNECTICUT
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When electrical noise suppression is a problem . . .
~put MALLORY'S specialized skills to work for you

You can turn to Mallory with complete confidence when you
need help in meeting the rigid electrical noise suppression require-
ments for military equipment.

Mallory personnel, facilities and experience which helped many
manulacturers beat this problem during World War II are at
vour service today ... ready with the filters and capacitors . . .
ready, too, with application “know-how” essential to satisfactory
noise suppression in your equipment.

And since the war, Mallory has worked steadily on noise sup-
pression problems created by the ever-increasing use of electronic
equipment by our Armed Forces.

Put Mallory’s specialized skills and experience 10 work for you
whenever you need standard filters and capacitors to meet Signal
Corps and Ordnance specifications . . . or when you need special
tvpes for unusual uses. Call or write Mallory today.

Representutive

types of noise suppres-
sion filters and capaci‘ors.

’ —_—
| -
y P.R.MALLORY & CO. Inc, SERVING INDUSTRY WITH
| Electromechanical Products—Resistors s Switches ¢ TV Tuners o Vibrators
2 A L L 0 R Electrochemical Products—Capacitors s Rectifiers e Mercury Dry Batteries
Metallurgical Products—Contacts ¢ Special Metalse Welding Materials

IND{ANA

6,

P. R: MALLORY & CO., INC., tNDIANAPOLIS
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ELECTRONICS...DONALD G.

FINK...Editor..FEBRUARY,

1952

» REPORT ... Beginning on page
4 of this issue, ELECTRONICS inau-
gurates a new service to its readers
under the title “INDUSTRY REPORT”.

The purpose of INDUSTRY REPORT
is to inform our readers of sig-
nificant trends in the industry, with
particular emphasis on the “busi-
ness end” of electronics. The style
of reporting is brief, the language
nontechnical; the subjects range
cver the whole field of electronics—
industrial, business, government
and commercial activity. Technical
topics will be treated (in this issue,
an interpretative piece on germa-
nium, for example) but always in
nontechnical language. We plan to
do a bang-up job on industry sta-
tistics and have formulated a
monthly index of business activity,
geared to physical production
vhich, we hope and predict, will be
followed with interest by all readers
of this magazine.

The philosophy behind the new
service is simply stated. The indus-
try of electronics has grown enor-
mously since prewar years. Factory
value of products has increased
from $250 million in 1941 to nearly
$4 billion in 1951. The core of this
great production of wealth is the
technical man, the reader of ELEC-
TRONICS, if you will, who has the
specialized vocabulary to read the
technical material we publish. But
superimposed on this technical
core, is a very sizeable second
group of individuals, some with

ELECTRONICS — February, 1952
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TALK

business training but without
formal technical background, others
with engineering training, whose
management responsibilities pre-
vent their keeping up with technical
details. INDUSTRY REPORT is geared
for both groups. We hope it fills
the bill, and we urgently solicit your
comment and eriticism.

This is an addition to our estab-
lished editorial content. Nothing
has been removed, in quantity or
quality, from the editorial section
which begins, as usual, on this page.

» DEPARTMENTS . . . Readers
will note changes in the “back of
the baok’” in this issue. Two de-
partments have been combined, a
new department started and a new
style of departmental makeup
adopted. Since 1935, our readers
have grown to know Tubes at
Work and The FElectron Art.
The distinction between these de-
partments has become increasing-
ly diffuse, so we have decided to
combine them under the title
Electrons at Work. This, inci-
dentally, admits the transistor and
its cousins to the Tubes At Work
category and sidesteps the ques-
tion of what is a transistor. Ron
Jurgen will edit E at W.

The new department, Produc-
tion Techniques is a departure
to a field not heretofore covered
every month. Its purpose is fully
deseribed on page 220. Comments,
criticisms and contributions for

PT should be sent directly to John
Markus, who edits the new pages.

The makeup change will, if our
mail is any indication, be greeted
with shouts of joy. Effective this
issue, each department now runs
in consecutive pages and columns
to its end before the next starts.
This will avoid skipping through
the back of the book, following
page numbers: it will also cause
certain departments to appear in
unaccustomed positions. If you
don’t find your old friends in the
regular place, consult the table of
contents, page 1.

» RELIABLE . . . JETEC is cur-
rently engaged in a commendable
effort to improve the reliability of
electronic equipment through im-
proved design of electron tubes
and better understanding of their
ratings. We will shortly print
material germane to this program.
Meanwhile we observe that this
subject should not go under the
name merely of “tube reliability”.
Circuit reliability is equally im-
portant. Tubes and circuits are so
indivisibly related that it is im-
possible to achieve reliable oper-
ation without equal attention to
both phases. Nor should JETEC
feel shy about tramping on the
toes of the circuit men outside its
sphere of influence. This is—
must be-—a ‘“tube and circuit re-
liability” program. And it's every-
bodv’s business.
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Electronics Engineering

Medical progress depends to a great extent on progress in electronic devices that enable

the research worker and clinician to measure and control physiological phenomena.

Past, present and future jobs for electronics are discussed

EDICINE, as it has been prac-

ticed through the years,
cannot be considered a science. It
would be more aptly termed a
pseudo-science.

The present state of the practice
of medicine results from the ac-
cumulation of some facts and a gen-
erous proportion of fancy. The
doctor who practices successfully
must still lean heavily on the art of
medicine. On the other hand, the
doctor who devotes his time to re-
search must stick more closely to
elaborations of the so-called “known
facts and concepts.” However,
knowledge of many of these “facts”
has been gleaned only through a
pseudo-scientific approach.

Available Tools

In the clinical practice of medi-
cine, there are two basic units on
which to a large measure, our diag-
noses and treatments are based. The
first is the reactions of the patient
in describing the history ef his ill-
ness. The second is the reaction of
the doctor to his findings. For most
illnesses there are no mathematic-
like responses on which we can rely
to achieve a more scientific back-
ground for our diagnoses.

An interesting exception to this
may be given in the development of
the electrocardiograph. Prior to
the time that this instrument was
in general use, it was rather diffi-
cult to distinguish between a major
and a minor heart attack,

With the introduction of the
electrocardiograph, physicians were
presented with a truly impersonal
means of assistance. They were
able to render a more accurate
diagnosis, and to estimate better
the prognosis of the disease.

Unfortunately there are too few
examples such as this that may be
cited. The x-ray, the electroen-
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cephalograph, the chemical tests,
the photoelectric caleulators and
possibly a few others have been
most helpful in minimizing the
personal reaction. For the most
part, the contributions which medi-
cine requires for its advance, are
still forthcoming.

Roentgenology

In the field of roentgenology, a
number of important contributions
are needed. Our current apparatus
produces excellent visualization of
bony structures. More recently we
have been able to diagnose soft-
tissue disturbances by using differ-
ent techniques of exposure. By
soft tissues we mean any of the
body structures other than bone.

The tissue differential might be
made so great that even minor
degrees in density of structures
might cause them to record differ-
ently. It is not inconceivable that
even the color of internal organs
may some day be recorded and used
as an indication of the presence of
pathologic change.

There is a tremendous need for

Accurate blood pressure measurements
are simplified by use of electronic setup

developed by University of Kansas
Medical Center and the Hathaway In-
strument Company. Twelve-channel re-
corder permits simultaneous study of
pressures at various parts of the body

the miniaturization of x-ray equip-
ment. Almost everyone has been
subjected at some time to an x-ray
at the doctor’s office. I feel sure
that the large, cumbersome equip-
ment must represent an eyesore to
those engineers who are interested
in a miniaturization program. A
huge structure is not necessarily
more efflicient. Newer, smaller and
better equipment must eventually
be provided.

It would be unwise to leave this
field without some thoughts on the
need for additional and more varied
radioactive materials. Cancer may
have several causes, and there is no
proof that different cancers stem
from a single disease. Therefore,
its solution will probably not de-
pend on a single element. However,
the wedge for medical-engineering
cooperative work is progressing in
a remarkable manner with newer
radioactive materials.

Recently, for example, radio-
active cobalt has been introduced.
It is now being studied in the treat-
ment of cancer of the uterus. Other
drugs are eliminated by the body in
a specific, known manner; through
the skin, the kidneys or the intes-
tinal tract. Their combination with
radioactive elements may prove
valuable. It would seem that we
are on the verge of making inter-
esting discoveries along this line.

Anesthesia

Some words should be expressed
regarding our expectations in the
field of anesthesia. At this time, to
perform an operation it is neces-
sary to render the patient uncon-
scious with a general anesthetic or
to inject a drug locally or region-
ally in order to establish insensibil-
ity of a specific part. General
anesthesia has some obvious dis-
advantages, Although local anes-
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Needed 1n

By HERMAN I. KANTOR

Assistant Professor of Obstetrics and
Gynecology
Southwestern Medical Branch
University of Texas
Dallas, Texas

thesia is quite safe, it also presents
a number of drawbacks.

We still have hopes that per-
haps our imaginative engineering
friends will be able to develop an
apparatus to produce a temporary
form of nerve paralysis.

Measuring Pain

Pain is the cerebral recognition
of noxious stimulation in a distal
part. There are definite known
pathways along which these stimuli
travel, Moreover, when these path-
ways are blocked chemically, as
with novocaine, the stimuli are no
longer conveyed for cerebral re-
sponse. This is the mechanism of
local and regional anesthesia. It
would not appear impossible that
we may learn to block these same
pathways electrically. With re-
moval of the block, a normal intact
nerve trunk would be left to funec-
tion in its usual manner. This
would truly offer the means to safe
anesthesia.

There is a tremendous difference
between individuals in their evalu-
ation of the symptom of pain. One
patient with a minor headache will
present it as a major catastrophe.
Another may minimize to unim-
portance the presenting symptom
of a serious disease. It would seem
that an apparatus for determining
the degree of pain would prove
most valuable to us.

Fertility

Our efforts to overcome human
infertility are in urgent need of
assistance. For example, it is
thought that the ovaries of normal
women produce a single egg in each
menstrual cycle. However, we lack
scientific methods of proving, first,
that the egg is actually produced
and, second, when in the cycle it is
produced. Most of our current
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Extreme versatility of electronics in medicine is illustrated by

MEDICINE
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the University of

Kansas Medical Center ballistocardiograph table that records motion imparted
to the body by the blood velocity change with each heart beat

means for these deductions are in-
direct and perhaps often inaccur-
ate. An electrical apparatus has
been made to help in this problem,
but the results have been questioned
by many investigators. It s
thought that a change in potential
does occur at the time of ovulation.
Undoubtedly a better recorder can
be made for this purpose.

We need assistance in the better
evaluation of the fertility of semen
specimens, and in the treatment of
some of the deficiencies found.

Future Possibilities

In the foregoing discussion, the
surface of the current needs of
medicine has only been scratched.
All branches will have their own
requirements, and the potential co-
operative ventures are enormous.
The ophthalmologist, the laryngolo-

gist, the dermatologist—they all
have problems to present; the engi-
neers must find solutions.

Whenever a physician must de-
pend on his senses or his judgement
to measure a response, an electronic
replacement is probably needed. A
permanent committee in our uni-
versities to supervise medical-engi-
neering cooperative ventures would
have an almost endless task.

A more daring individual than
the writer might perhaps even pre-
dict a change in future conversa-
tions. When friends meet, the
prosaic “How do you feel” may be-
come obsolete. Perhaps it may be
replaced by the question “How is
your electronic recording today?”

The need for a more functional
and more scientific approach by
medicine to its practical problems is
truly great.
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New Pennsylvania Turnpike

Valley Forge interchange, eastern terminus of the Pennsylvania Turnpike, is also eastern end of microwave system, as indicated by
one-way set of parabolas in upper left-hand corner of photograph

ROBLEMS in proper radio cover-
Page have always been presented
by the Pennsylvania Turnpike be-
cause of the mountainous terrain
through which most of it passes.
There is also the necessity to keep
all sections advised of constantly-
changing conditions of weather,
roadway, and the thousands of
other problems generated in the
administration of such a vast road-
way system.

Complete Circuit

A microwave circuit as a through
circuit with a vhf system in con-
junction with it for broadcasting
to mobile units and intermediate
fixed stations has proved to be an
excellent solution to a difficult prob-
lem. In addition, a radio-teletype
circuit for handling routine matters
and a second voice circuit for ad-
ministration communications, form
a complete comprehensive com-
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munication system stretching from
Valley Forge to Pittsburgh and
rapidly expanding with the road-
way itself to the Ohio border.

The east circuit, which starts at
the present eastern terminal at
Valley Forge, uses 960-mc equip-
ment (RCA Type CW5A). The
through microwave stations carry
this circuit to Everett, Pa. and the
Everett Control Center. The west-
ern division microwave circuit orig-
inates at Everett and stretches to
the Ohio border and the western
terminus near Petersburg, Ohio,
through an additional five relays.
A second control point is located at
the Harrisburg office, the source of
administration for Turnpike affairs.
The basic voice circuits are divided
into eastern and western divisions
at Everett to separate the traffic
load for greater flexibility and ease
in handling. The Teletype circuit
and the administrative voice circuit

is tied through from east to west.

Nine Teletype outlets are pro-
vided at the key points including
the east and west terminals, the
Harrisburg office, and the Everett
Control Center. At each relay sta-
tion (13 total) is located a vhf re-
ceiver (RCA CR9A) and a vhf
transmitter (RCA Type CT124).
The receivers pick up signals orig-
inating within their individual
range from a fixed station (an in-
terchange, a maintenance building,
or a police barracks) or a mobile
unit, and inject this signal into the
microwave circuit. Once the signal
is originated into the microwave
circuit it is automatically retrans-
mitted by all of the vhf transmit-
ters on the particular circuit (east
or west).

The instant a signal originates at
any given point in the system it
electronically locks out the possibil-
ity of a second signal gaining con-
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UHF Communications System

Microwave circuits used in conjunction with existing vhi equipment provide ultimate 1n

dependability and efficiency of communications system. Topography along 327-mile route

from outskirts of Philadelphia to Ohio border presents unique problems

trol until the transmission is com-
plete. The control and lockout is
accomplished by the use of sub-
carrier tone transmitters (Lenk-
urt) and tone receivers in conjunc-
tion with special switching circuits.

All vhf transmitters at the relay
station operate on one frequency in
the 152 to 162 mec band. All other
mobile and fixed station transmit-
ters on the Turnpike use a second
frequency in the same band. Thus,
a signal from a mobile unit is re-
ceived at a relay station and then
rebroadcast and received at the
other mobile and fixed stations on
the Turnpike.

The microwave relay stations use

Thirteen two-way microwave relay sta-

tions of the type shown furnish depend-

able communications along the route.
Average hop is 24 miles
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By D. N. LAPP

Chief, Field Operations
Raymond Rosen Engineerinyg Products
Philadelphia, Pennsylvania

a heavy-duty fire tower (Aermotor
Corp.) type construction with cabin
atop. The equipment and parabolic
antennas are mounted so as to pro-
vide minimum transmission-line
loss. The equipment is installed in
racks mounted within the cabin and
4-ft and 6-ft parabolic antennas
(Andrew Corp.) feed the signal
cross country.

Each relay station is operated
from commercial power and a
stand-by 8 or 5-kw gasoline-pow-
ered generator (Kohler) is pro-
vided to take over instantly in the
event of an emergency. These gen-
erator houses are located adjacent
to the base of the tower at each of
the relay locations.

The highest tower in the entire
system is at the Ohio Gateway
microwave terminal, and this is a
150-ft guved steel tower (Stainless
Inc.) with the equipment mounted
in a transmitter building at the
base of the tower. This tower is
adjacent to the interchange and
the transmitter is remotely con-
trolled from the interchange.

Interchange Buildings

There are a total of 43 inter-
change and maintenance buildings
across the entire Turnpike, most of
which originate signals in the vhf
band. All of these fixed vhf sta-
tions use (RCA CTR1A) 15-watt
152 to 162-mc f-m transmitter-re-
ceivers. These stations also use a
Yagi antenna (Andrew) pointed in
the direction of the nearest relay

statien. These antennas are mounted
on 40 or T5-ft steel masts erected
near the building.

Each of the transmitters is modi-
fied for a standard two-wire tele-
phone switching circuit.

Many of the interchanges require
operating points in the utility build-
ing in addition to the toll booth or
booths directly adjacent to the util-
ity building. The radio equipment
is installed in the utility building
on wall-mounting racks. Press-to-
talk telephone type simplex opera-
tion is provided with a line ampli-
fier and speaker at each handset
location for audible monitoring.
When the handset is picked up from
the hanger or cradle, the speaker
mutes and telephone-type transmis-
sion and reception is obtained.

All interchanges and maintenance
buildings are provided with gaso-
line-driven emergency generators
which automatically take over when
the commercial power fails.

A standard mobile unit with a 30-
watt f-m transmitter and receiver
(RCA Type CMV4A) is used in the
Turnpike equipment. These units
are located in the police cars, those
of the highway maintenance super-
visors, and all other Turnpike
vehicles requiring direct contact
with the control centers of the
Pennsylvania Turnpike Radio Sys-
tem.

To better acquaint the reader
with the microwave system, it is
desirable to trace a typical point-to-
point transmission. This descrip-
tion used in conjunction with the
overall system layout will give a
better illustration of the manner
in which typical messages originate.

Assume that a police patrol car
is moving along the Turnpike near
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Harrisburg, Pa. and comes upon a
situation which requires assistance.
The officer listens to make certain
that the eastern division is not in
use and then depresses his press-to-
talk button to call the New Cumber-
land maintenance building and sum-
mon an ambulance. His 155-me
f-m transmitter signal is delivered
to the receiver at the Bunches relay
station and modulates the f-m
transmitter at that point, in addi-
tion to transmitting the signal both
east and west from Valley Forge to
Everett on the microwave through
circuit. All of the stations in the
eastern division, in addition to the
New  Cumberland maintenance
building, hear the signal and realize
that an emergency exists. During
periods like this, normal traffic
stands by until the condition is
properly taken care of.

Emergency Action

The New Cumberland mainte-
nance building would receive the
signal through their Yagi antenna
and associated fixed station re-
ceiver. They would immediately
reply and advise that the request is
being complied with. In the event
of an emergency where it is neces-
sary to absolutely stop other traffic,
the control operator at Harrisburg
or at Everett takes command of the
system and keeps the circuit clear
until the emergency has passed.
Standard coded signals as used by
the State Police are used through-

out of the entire Turnpike system.

At any point where microwave
facilities are available a Teletype
station can be installed. The equip-
ment operates on a subearrier
which after being received at a mi-
crowave station and demodulated,
can be placed into any standard
two-wire circuit to a Teletype
machine.

The Teletype printers presently
in use on the Turnpike are installed
at the eastern and western term-
inus, the Harrisburg office, and the
Everett Control Center plus certain
of the tunnel stations requiring this
service. The tunnel stations are
fed by cables which are buried
under ground and come down the
side of the mountain from the relay
stations on top. These cables, inci-
dentally, are from the old original
radio system installed in the first
Pennsylvania  Turnpike system
stretching from Carlisle to Irwin
(116 to 119 mc, see ELECTRONICS,
May 1942),

Antennas

The microwave equipment uses
standard antennas of the 2, 4 and
6-ft parabola types. The size of
the dish is determined on the basis
of the signal required as deter-
mined by the original survey made
across the state before the actual
relay sites were established.

All interchanges and mainte-
nance buildings use the Yagi-type
antenna beamed at the proper relay

%
S

Emergency power stations at each relay
position insure communications in the
event of regular power system failure

station. In some cases a corner-
reflector antenna (Andrew) is used
to provide signal improvement. The
fixed relay stations vhf and uhf re-
ceivers use omnidirectional (An-
drew 704A2) antennas since the
signals being received and trans-
mitted are required to reach points
both on and off the Turnpike right-
of-way.

Survey

The Pennsylvania Turnpike Sys-
tem for the proper coverage from
Valley Forge to the Ohio Border
required a comprehensive study
of topographical maps to determine
the approximate locations and the
length of the microwave jumps prior
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Sysiem layout

plan shows communications equipment used at various points along
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Authorized
TURNPIKE SERVICE

' MCCAUSLAND

MOTORS

INC.

k . PHOENIXVILLE 615

All mobile units transmit on a common frequency (1£9.21 mc) and receive on a separate common frequ
mobile operator presses his “talk” button, he aut

to the actual installation of the
equipment. The maximum jump
in the system is 40 miles and the
average jump is 24 miles.

After the locations had been ap-
proximately determined it was
necessary to conduct an actual
radio survey, and on the basis of
survey signals the losses were cal-
culated and the proper tower height
and antenna size was determined.
From this survey the locations were
pin pointed and the necessary ac-
quisition of land, construction of
roads, towers, and buildings, plus
the extension of power line facili-
ties was made.

The basic microwave system from

started in April 1950 and the east-
ern end was in test operation in
October 1950. The entire system
from Valley Forge to the Pitts-
burgh Interchange has been in
operation by the Pennsylvania
Turnpike since May 1951.

A total of 104 mobile units are
in operation across the Turnpike,
and the entire system is serviced
on a continual basis by three
men plus a supervisor. Service
records for the first few months
indicate few service problems and
a minimum loss of microwave cir-
cuit time.

The microwave circuits to the
Ohio border are being completed

ency (155.67 mc). When a
omatically takes over the microwave system and his message is relayed to all appro-
priate stations

tion with the opening of the road-
way.

5,991 Tubes

The microwave vhf relay and
terminal stations use a total of
2,202 tubes. Interchanges and
maintenance buildings account for
another 1,293 tubes plus 2,496 tubes
in the mobile equipments. Thus,
the entire system uses a grand
total of 5,991 tubes. A single
two-way operation requires very
close to 1,000 tubes for complete
operation.

This complete comprehensive
system sets a pattern for radio sys-
tems to fulfill a communication need

Valley Forge to Pittsburgh was and will be in operation in conjunc- which radio alone can serve.
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the 327-mile Pennsylvania Turnpike. The complete system uses almost 6,000 tubes

ELECTRONICS — February, 1952

87



rinciples of
NTSC COMPATIBLE

By C. J. HIRSCH

W. F. BAILEY

B. D. LOUGHLIN

Chief Engineer, Research Division [ ] Supervising Engineer o Supervising Engineer
Hazeltine Corporation
Little Neck, N. Y.
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HE SPECIFICATION of color re-

quires three independent quan-
ties such as the intensity of three
primaries, red, green, and blue. In
a color television system, this might
seem to imply three separate and
complete high-resolution pictures,
one in each primary color. How-
ever, it is a fact that the eye can
distinguish small changes in bright-
ness (both in space and time)
whereas color changes are much

Presented at the IRE-RTMA Radio Fall
Meetings, Toronto, Oct. 1951.
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frequency reinforce each other on suc-

cessive scanning of same line; (B} odd

harmonics cancel out

FIG. 4—Dot pattern corresponding to
fruit in bowl, Plate A on ELECTRONICS

front cover, when monochrome signal is

absent and alternate frames are sup-
pressed

less easily resolved. Hence it has
been shown that a color picture
need not contain three times as
much information as a monochrome
picture.

A satisfactory color picture need
ccontain only slightly (10 to 80 per-
cent) more information than the
same picture in monochrome"*®, To
achieve this economy, color should
be expressed in another set of three
subjective quantities, luminance,
dominant wavelength, and purity,
(corresponding to brightness, hue
and saturation) and the color pic-
ture should be sent as a full-resolu-

tion monochrome picture to which
the minimal requisite color infor-
mation is added.

In the color television method
now being field tested by the
NTSCY, the information is trans-
mitted by two simultaneous signals.
One of these is called the mono-
chrome signal and supplies all the
luminance, (brightness) informa-
tion. This signal is transmitted by
the present FCC standards for
black-and-white television and may
be received by any black-and-white
receiver without any change what-
soever. The other signal is called
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COLOR TELEVISION

First public disclosure of the technical basis of NTSC field-test specifica-

tions explains choice of color subcarrier frequency, and modulation

method, describes advantages of vestigial sideband color transmission,

color phase alternation and constant-luminance transmission

the “color subcarrier”. This signal
supplies the “coloring information”
which, when added electrically to
ithe monochrome signal and supplied
to a tricolor tube, reproduces the
colored picture.

The signals are so formed that
each picture element is reproduced
in its proper color instantaneously
rather than sequentially. Thus,
purple is made up of a simultaneous
combination of red and blue, in-
stead of a time sequence of red and
blue.

Plate 4 on the front cover of this
magazine shows such a colored pic-
ture. It consists of the mono-
chrome picture shown in Plate C to
which the chromaticity (coloring)
information shown in Plate D has
has been added electrically. All the
pictures on the cover are reproduc-
tions of photographs of actual tele-
vision pictures.

Band-Sharing of Monochrome
and Color Signals

The monochrome and color sig-
nals occupy the same frequency
band, that is, the band normally re-
quired for the transmission of
monochrome pictures. This is pos-
sible because the spectrum of a tele-
vision picture consists essentially
of discrete frequencies, with the
energy concentrated near harmon-
ics of line-frequency (even harmon-
ics of half line-frequency).”*® This
spectrum results because television
pictures are reproduced by a peri-
odic scanning process; each picture
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contains a very high amount of re-
dundancy, and its spectrum can
therefore be expressed approxi-
mately as a Fourier series.

The spectrum of the coloring sig-
nal consists also of such bunches of
energy, and these are interleaved in
the gaps of the monochrome spec-
trum at locations corresponding to
odd harmonics of half-line fre-
quency, as shown in Fig. 1.

Figure 2 shows the video spec-
trum of the complete color picture.
It consists of a monochrome signal,
made up of bundles of energy lo-
cated near even harmonics of half
line-frequency, and a color sub-
carrier, located at an odd ‘“har-
monie¢” of half-line frequency,
whose sidebands are interleaved be-

Black-and-white receivers display
only the monochrome signal because
the interleaved color sigmal tends
to cancel itself every two frames.
Reference to Fig. 8 explains how
this occurs. Figure 3A shows a line
whose modulation frequency occurs
at an even harmonic of half line-
frequency. By definition, the time
period (63.5 microseconds) con-
tains an integral number of whole
cycles of the modulation. Successive
lines, therefore, repeat in phase
and the first line of the next frame
(line 526) reinforces line 1. On
the other hand, Fig. 3B shows a
signal due to color information. As
stated above, this signal has a fre-
quency which is an odd harmeonic of
half line-frequency. By definition

tween those of the monochrome a line period contains an extra half
signal. cycle. This extra half cycle causes
MONOCHROME
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FIG. 5—Block diagram of typical equipment for generating and transmitting NTSC
field-test signal
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a phase reversal on successive lines
and line 526 cancels the informa-
tion on line 1.

The cancellation would be com-
plete if the system were linear, and
if the eye had complete refentivity
from frame to frame. This is not
entirely the case, because the sys-
tem is only approximately linear,
and the eye cancels only that part
of the color modulation which it
remembers from frame to frame.
For this reason only a part of the
amplitude of the color information
cancels itself out. If the coloring
signal is transmitted at too high a
level, the peaks of the color subcar-
rier and its sidebands appear as
dots in the colored parts of the
transmitted picture when viewed on
a monochrome receiver.

Figure 4 illustrates in exagger-
ated form the dot pattern corre-
sponding to a portion of the picture

COLOR

79
MIEREY) SUCaRRIER

Y

-\Ml [ER%_ EY']

FIG. 6—Phase relations between modu-
lation components of the color subcar-
rier on successive fields

in Plate A on the front cover. This
image appears when only the color
subcarrier is transmitted, and when
only alternate frames are displayed,
so as to make the interfering pat-
tern most evident. This exagger-
ated condition never appears in
practice since the monochrome com-
ponent is always present for any
color (except black) and because
cancellation results when all frames
are displayed.

To transmit the color subcarrier
at high enough amplitude for ade-
quate signal-to-noise ratio and yet
make the dot pattern invisible, the
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FIG. 7—Block diagram of typical equipment for receiving NTSC field test signal

frequency chosen for the subcarrier
is high enough (8.898125 mc) to be
attenuated considerably by existing
monochrome receivers, This fre-
quency is equal to the 495th har-
monic of half line-frequency (See
Fig. 2).

Monochrome Signal

The monochrome signal voltage,
E,, can be obtained directly from a
camera whose output is propor-
tional to luminance. More usually
it is made up by combining voltages
(Ez, Es, and E; related to the red,
green, and blue reproducing pri-
maries) which are derived from a
three-color camera. In the latter
case, the three components E,, E,,
and E, are combined in proportion
to their contribution to the total
luminance.

The luminance signal is made up
as follows:

E, =059 Eg 4 0.30 B+ 0.11 E5 (1)
This expression indicates that the
green, red, and blue reproducing
primaries* contribute respectively
59, 30, and 11 percent of the lumi-
nance of white (defined by the chro-
maticity coordinates z = 0.310; Y
0.316, that is, illuminant C).
Note that the sum of the numerical
factors in Eq. 1 is unity.

The system is so proportioned
that white is produced when E, =
E; = E; Hence for white light,
substituting in Eq. 1.

E,, = Ek = EG = EB

(1a)

* Standard reproducing primaries ure
red x = 0.670; ¥y = 0.330; green & = 0.210;
v = 0.710; blue # = 0.140; v = 0.080.

It is evidently desirable that the
coloring information disappear
when there is no color. For this
reason, this information is trans-
mitted in terms of two components
(E: — E,) and (E; —,) which
are called “color difference” sig-
nals” From Eq. 1a (E, — E,) =
O = (E, — E,) for white light (no
(no color).

Color-Difference Signals

Since the eye is insensitive to color
in fine detail, these color-difference
signals are usually, but not neces-
sarily, limited in bandwidth to 1 or
2 me?

Green, when present, is trans-
mitted by these signals even though
it does not appear explicitly. Green
is, as Eq. 1 states, the main com-
ponent of E,. The color receiver
recovers (I, — E,) and (E, — E,).
The receiver can obtain (E, — E,)
by a mixture of —0.51 (E, — E,)
and —0.19 (E. — E,), as shown
below.

Substituting Eq. 1 in (E; — E,)
and (F, — E,) we obtain
~ 051 (Ep — E,) — 019 (Ep — E,)
= —051(—059Eqg+0.70 Er — 0.11

Ep) — 0.19(— 0.59 Eg — 0.30Ex +

0.89 Ep)
=041 E¢ — 030 Er — 0.11 E

=E¢— (059 Eg+ 030 Er + 0.11 Ep)
= FEqg—E, (2)

The color receiver adds the lu-
minance signal to each color-differ-
ence signal as follows:

(ER—E,,)TE,,= ER (38)
(Es — E,) + E, = Ep (3b)
(E¢ — E,) + E, = Egq (3c)

The voltages Ey, Eq4 and E, are
applied between the respective con-
trol grids and cathodes of a three-
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gun color picture tube.” This may
be done'by applying E, to one elec-
trode, and the color-difference sig-
nal to the other.

Gamma Correction

The foregoing discussion is over-
simplified because the light output
(L) of the picture tube is not di-
rectly proportional to the electrical
input (E) but varies approximately
as a power (v) of this input as

L=KEY (4)

The voltages applied to the pic-
ture tubes must therefore be pre-
distorted by a process called gamma
correction. One way in which this
may be done is by transmitting the
following signals:

1. A monochrome signal made up
of gamma-corrected primary volt-
ages described as follows:

E, =0.59 EqV/7 4+ 0.30 ExV/7 + 0.11 E'B(lg‘;

2. The two “color-difference”
components (E E/) and
(Ei = B e

Complete Color Signal

A scheme for generating the
complete color signal, shown in Fig.
5, uses individually gamma-cor-
rected primary voltages. These are
mixed to form the monochrome and
color-difference signals.

A sine wave can carry two inde-
pendent sets of information by
modulating it in amplitude with one
set and in phase with the other or,
what is essentially the same thing,
by splitting the sine wave into two
components in quadrature and am-
plitude modulating each component
with one set of information. Each
modulation can then be recovered
by heterodyning the modulated
wave with a sine wave having the
same frequency and phase as the
carrier component carrying the de-
sired modulation. This process is
sometimes called synchronous de-
tection and must not be confused
with other forms of detection which
recover the modulation envelope.

The information which is utilized
to establish the reference frequency
and phase at the receiver® is trans-
mitted by a few cycles of the refer-
ence signal, called the color burst,
on the horizontal blanking pulse
following the line synchronizing
pulse (see paper by R. B. Dome,
this issue). Its frequency is that
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of the color subcarrier (3.898125
me), and it leads the phasor repre-
senting the blue color-difference
component of the modulated wave
by 90 deg.

Referring to Fig. 5, we see that
(E,)* — E,) is made to modulate
sin wt; while (E:"" — E/) modu-
lates = cos wt. Balanced modu-
lators are used so that the subcar-
rier is suppressed on white light.
The outputs of the two modulators
are first combined with each other
to form a single color subcarrier
signal and then combined with the
monochrome signal to complete the
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FIG. 8—Cancellation of crosstalk pro-
duced by vestigial sideband transmis-
sion: Al-4 red and blue on field 1, Bl-4
red on field 2, Cl-4 blue on field 2

color picture signal E,.,, whose equa-
tion is
En=E,/ + Mi\[ M:(Eg/Y — E,) sin wt
+ (Ep/Y — E,') cos wt | (6)
In this formula, the phase refer-
ence is cos wt (which is that of the
color synchronizing signal), M, de-
termines the amplitude of the color
subecarrier relative to the mono-
chrome signal E,/, and M, deter-
mines the relative proportions of
the two color-difference components.
The phase of the (E;" — E)
component is reversed after each
field. This is the meaning of the =+
sign. This process, known as color

phase alternation, allows the use of
vestigial sideband operation for the
color subcarrier, as described later.

Phase Equalizer

The relative phase of the two sets
of sidebands is shown in Fig. 5,
near the respective modulator out-
put leads. The phasors represent-
ing the color subcarrier components
of Eq. 6 are shown in Fig. 6. It is
evident that the phase angle « of the
color subecarrier with respect to the
(Ey"" — E) component depends on
the ratio of the two color-difference
components, and therefore on the
hue (dominant wavelength) of the
picture. The amplitude depends on
saturation (purity) since it is seen
to disappear on white. The ampli-
tude depends also on Iuminance
since it is seen to involve absolute
values of £, E,, and F,.

The complete color signal is im-
pressed on the phase equalizer unit
whose function is to modify the
delay of the low-frequency portion
of the monochrome signal with re-
spect to the high-frequency portion
and the color subcarrier to insure
time-coincidence at the second de-
tector of a typical receiver.” This
is desirable because the receiver
selectivity results in delaying high
modulation frequencies, where the
color subcarrier is located, more
than low frequencies. The complete
color signal then is applied to the
r-f transmitter whose useful out-
put is frequency limited in practical
receivers so that vestigial sideband
transmission of the color subcar-
rier results (See Fig. 2).

Color Receiver

Figure 7 shows a block diagram
of a typical receiver. The complete
color signal, monochrome plus color
subecarrier, is applied to the three
grids of the picture tube. This sig-
nal drives the three grids equally
and produces a monochrome picture
as shown in Plate C on the front
cover. Some reduction of the color
subearrier in the monochrome
path to the picture tube may be
desirable to eliminate color de-
saturation due to picture tube
nonlinearity. This can be accom-
plished by a low-pass filter located
in this path.

The signal is also applied to the
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FIG. 9—Waveforms (A-H) which pro-
duce yellow-white bars shown in Plate
E on front cover. At (I), a is the path
traversed in the chromaticity diagram
in going from white to yellow when
using symmetrical sidebands; b and ¢
are the paths when using vestigial
sidebands

demodulators through a separate
path. A bandpass filter is inserted
in this circuit to attenuate the low-
frequency monochrome components
and sound carrier beats. The demod-
ulation will be described first as if
the signal had double sidebands.
Then the correction required for
the vestigial sideband transmission
actually used will be described.
The color subecarrier signal ap-
plied to each demodulator consists
of two sets of sidebands as shown
in Fig. 7 (fields 1 and 2) with re-
spect to the two quadrature carrier
components. The phase of one of
these carriers is in the (E,” —
E/) direction, and the other in the
(F, E) direction. If the color
subcarrier is heterodyned with a
signal having the subcarrier fre-
quency, and in phase with the
(E,* — E) direction (sin wt) the
result, after filtering r-f terms, will
consist of the (E," — E,) signal
because the sidebands of only that
signal can change the magnitude of

92

the heterodyning signal (the side-
bands of the (E;"" — E,) signal
cancel in the (E;” — E,))direc-
tion). Likewise the (E;"* — E,)
signal can be recovered by hetero-
dyning with == cos wt. If, however,
the heterodyning signal has a phase
which is other than 0° or 90° with
respect to the two color-difference
components, the output will be a
mixture of the two.

The following analysis may help
to clarify this point. Assume that
the color subcarrier is being hereo-
dyned by a signal represented by
2 sin (ot + 6). Then the output
E, of the demodulator is
E, = [MiMy(EpV/Y — E}') sin wt &

M\(Eg'Y — EY’) cos wt] 2sin (wt + 6) (7)
= 2M\My(Eg'/Y — E,’) sin wt sin (wt + 6)

+ SM(ERYY — E,) cos wtsin

(wt + 6) (8)
The following trigonometric iden-
tities apply
sin wi sin (wt + ) = 1/2 cos 6 —

1/2 cos (2wt + 6) )
and cos wt sin (wt + #) = 1/2sin 6
+ 1/2 sin (2wt + 6) (10)

Terms having 2w in Eq. 9 and 10
are eliminated by the lowpass filter

in the demodulator output. Hence
there remain
sin wi sin (w! + ) = 1/2 cos 6 (9a)
cos wt sin (wl + 0) = 1/2sin @ (10a)

substituting, Eq. 9a and Eq. 10a

in Eq. 8

E,. = Mle(Enl/‘y = E‘r') cos § +=
M] ([4],(1/7 — FE g sin 6 (]1
= M\M(Ep/Y — E,)) if 6 =0 (12)
=+ M(Ep/Y — E,)/) if 6 = 90° (13)
From the above derivation we

wBURST

REFERENCE WHITE LEVEL

BLANKING LEVE

see that the receiver can separate
the red and blue color difference
signals by applying the signals to
two synchronous demodulators, to
which is also applied a reference
voltage of the proper phase.

If 6 equals neither 0 nor 90 deg,
that is, if there is a phase shift be-
tween the color subcarrier and the
reinserted reference signal, then
the modulator output will contain
terms from both color difference
signals and color contamination re-
sults, as shown by Eq. 11. This
color contamination is greatly mini-
mized by means of color phase al-
ternation.

The (E;’* — E,’) video signal is
obtained from the other two as
shown in Eq. 2 and Fig. 7.

The three color-difference signals
may then be applied to the respec-
tive cathodes of the color picture
tube. Since the tube is operated by
the cathode-grid voltage, the light
output of the green gun is

L= K(E¢/Y — E,/ + E,))* = K Eg
and likewise for the other guns.

Notice that all the items of in-
formation required to define a pic-
ture element in luminance (E,’),
and in chromaticity (E."” — E/;
E; — E/; E/; and E/" — E))
are present simultaneously,

Crosstalk Due to Vestigial
Sideband

Vestigial sideband modulation
of the color subcarrier for high
modulation frequencies is brought

= e -—h‘---o o st o

SYNC =

SYNC LEVEL

FIG. 10—Oscillograms of signal applied to red electron gun when reproducing
yellow-white bars of Plate E, front cover
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about by the necessity of transmit-
ting and receiving the complete
signal within a band of not more
than 4.5 me. The use of single-side-
band modulation, as contrasted
with vestigial sideband, results in
the division of the power equally
between amplitude and phase mod-
ulation for these modulation fre-
quencies.

Stated in another way, single-
gsideband transmission results in
two sets of equal sidebands, one set
being in phase and the other set in
quadrature with the carrier. This
is shown in Fig. 8.

Fig. 8A1 represents a carrier o,
having a lower sideband o, of fre-
quency (w, — w,). Fig. BA2 repre-
sents the same signal except that
an upper sideband +w. having
half the amplitude of the lower
sideband, has been added symmet-
rically about the carrier. However,
another signal —w. equal and op-
posite in phase to -+w, has also
been added. This leaves the signal
of Fig. 8A2 identical with that of
Fig. 8A1.

The sidebands of Fig. 8A2 can
now be distributed, as shown in
Fig. 8A3 and 8A4 to represent
modulation in phase (4o, and
—w,) and in quadrature (4w, and
—w,) with the carrier. Thus to red
color difference signal, amplitude-
modulating a carrier by means of
double sidebands, will, on losing one
sideband, have part of its energy
transferred to a component in quad-
rature with the carrier, which will
then appear as a spurious signal
registering in the blue color differ-
ence channel.

Since observers are quite critical
of the hue of the colors in large
areas in reproduced pictures (faces,
for instance), it is highly desirable
that the sidebands for low modula-
tion frequencies (say up to 0.4 mc)
of the components of the color sub-
carrier be transmitted by vestigial
rather than true single-sideband
transmission. The slope of the
overall passband in the region of
the color subcarrier should be
gradual enough to change from es-
sentially zero to maximum trans-
mission in about 0.8-mec bandwidth.
This minimizes the color crosstalk
in large area color which other-
wise could occur as shown in Fig.
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8A by using single-sideband trans-
mission of the color subcarrier.

Color Phase Alternation®

It is desirable to use a high fre-
quency for the color subcarrier to
reduce its visibility in black-and-
white receivers. This limits the
frequency range over which upper-
sideband transmission may be used
for the color subcarrier compo-
nents. However, the lower sidebands
may extend for a considerable
range, one or two megacycles below
the color subcarrier. These unequal
sidebands result in crosstalk of
each component of the color sub-
carrier to the other one, as dis-
cussed in the previous section. While
this crosstalk cannot be eliminated
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FiG. 11—Test set-up (A) for measuring
annoyance of luminance noise vs color
noise. Voltage fluctuations and corre-
sponding brightness fluctuations in con-
stant-luminance transmission are shown

at (B}

in the electrical signals, it may be
effectively neutralized at the eye by
reversing the phase rotation of the
color subcarrier components after
every field at the transmitter, and
simultaneously making the corre-
sponding change in the receiver
demodulators,

In this process, called color phase
alternation, the quadrature compo-
nent which results in an excess of
blue (or red) in one field also re-
sults in a deficiency of blue (or red)
in the next field. This alternation
between excess and deficiency oc-
curs on adjacent lines in the pic-

ture and averages out because the
eye cannot see color in fine detail.

The process is demonstrated in
Plate E on the front cover which
shows a yellow stripe followed by
white and a return to yellow. The
stripe shown at the top was ob-
tained with double-sideband trans-
mission and shows no contamina-
tion.

A voltage-time diagram is given
in Fig. 9 for different parts of the
receiver when receiving this stripe.
Figure 9A shows the time-space
distribution of the stripe. The lu-
minance signal E, applied equally
to the grids of the three guns is
shown in Fig. 9B. Its amplitude is
found by substituting E; = E, =1
and E, = 0 (for the yellow re-
gion) and E; = E. = E, = 1 (for
the white region) in Eq. 5. The
value of E/ is equal to 0.59 +
0.30 = 0.89 for yellow and 0.59 +
0.30 + 0.11 = 1.0 for white.

Figure 9C shows the amplitude
of the red and green color differ-
ence signals. This is (Ez" — E/)
= 1.0 — 089 = 0.11 = (E;" —
E/) for the yellow area and
(E;" — E/) =10 — 1.0 =0
(E,;'r — E) for the white areas.
Figure 9D shows the amplitude of
the blue color difference signal. It
isequalto £, — E,/ =0 — 0.89 =
—0.89 for the yellow areas and
1.0 — 1.0 = 0 for the white area.

Figure 9E shows the total color
signals applied to the red and green
guns, It is made up of the sum of
the signals of Fig. 9B and 9C and
is constant at unity. Figure 9F
shows the signal applied to the blue
gun. It is equal to zero during
the vellow stripe and to unity for
the white area (because £, = E. =
E, = 1 for white).

When the picture is transmitted
by vestigial sidebands, as is the
case for the second row of Plate
E, the signal cannot go directly
from yellow to white and back to
vellow. Instead, the color subcar-
rier undergoes a phase shift for
one transition and an opposite
phase shift for the other transition.
Stated in other words, the red and
blue color difference components
of the subcarrier produce crosstalk
on each other, and excite the red
and green guns, as shown in Fig.
9G and 9H. The crosstalk intro-
duced at the blue gun has negligible
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effect in this case. The shift in hue
can be understood by referring to
Fig. 91 which plots the hue shift
on the CIE chromaticity diagram.
This hue shift is seen, in the second
row of Plate E, at the edge between
yvellow and white, which is contami-
nated with orange, and at the edge
between white and yellow which is
contaminated by green. There is no
color shift in the main yellow areas
because these require only low fre-
quencies which are transmitted
with nearly symmetrical sidebands.
The third row of Plate E was ob-
tained for the same condition as
those of the second row except that
the phase of the red color difference
component of the subcarrier was
reversed. The contamination at the
edges are opposite in sequence to
those in the second row of Plate E.
In the fourth row of Plate E, the
red color difference signal leads
and lags the blue color difference
signal on alternate fields so that
adjacent lines in the picture have
opposite color contamination with
resultant visual cancellation.

Red-Gun Signal

Figure 10 is an oscillogram of the
waveform of the voltage applied to
the red gun when transmitting
Plate E. The signal labeled (1) in
Fig. 10 corresponds to the top row
and was transmitted with symmet-
rical sidebands. No crosstalk is ap-
parent. The signals labeled (2)
and (3) were obtained when trans-
mitting the second and third row
of Plate E respectively. These sig-
nals are seen to be contaminated
by an excess of red, followed by
a deficiency, at the edges for one
signal and with an opposite contam-
ination for the other signal. The
signal labeled (4) was photo-
graphed when transmitting several
fields corresponding alternately to
signals (2) and (3) of the fourth
row of Plate E. The contaminations
of opposite polarity are clearly seen.

Cancellation in Large Color
Areas

A phase shift, between the color
subcarrier and the demodulating
reference signal, results in color
contamination even for large areas
of unchanging color where sym-
metrical sidebands are received®™.
This is evident from Eq. 11 above
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FIG. 12—Visible eifect of c-w interference when using constant-amplitude transmis-
sion. Annoyance of bars is reduced about 8 db with constant-luminance transmission

which shows, for values of ¢ close
to zero, that some red color differ-
ence signal is added to the blue
color difference signal if only the
plus or the minus sign is used.
Likewise some blue color difference
signal is added to the red color dif-
ference signal for values of 6 close
to 90 deg. This equation also shows
the means of cancelling this cross-
talk.

The output of the blue color dif-
ference demodulator is alternately
raised and lowered on successive
fields by an amount equal to M,
(E;" — E/) sin 8. The equivalent,
of course, occurs in the output of
the red color difference demodu-
lator. Since this occurs on alter-
nate fields, and, therefore, on adja-
cent lines in the picture, the effect
cancels out.

Plates A and B on the front
cover illustrate this cancellation.
Plate A was obtained with color
phase alternation and 20 deg mis-
phasing of the receiver reference
signal. No difference in color val-
ues could be observed visually on
reducing this phase error to zero.
However, Plate B shows the two
individual fields which, when in-
terlaced, result in the picture on
Plate A.

The left-hand picture of Plate B
shows a counterclockwise shift in

the CIE chromaticity diagram; the
cup is too blue and the fruit ap-
pears less ripe than in Plate A.
The right-hand picture of Plate B
shows a shift in the opposite direc-
tion; the cup is too green and the
fruit is more ripe. This is one
case where two wrongs do make a
right!

The large tolerance to phase error
and the ability to use vestigial side-
bands, made possible by color phase
alternation, eases the design of in-
termediate-frequency amplifiers be-
cause less attention need be paid
to the flatness of the amplitude and
delay characteristics in the vicinity
of the color subcarrier frequency.

Color vs Luminance Fluctuations

Studies of flicker using lights
having different colors show that
the eye is less sensitive to chroma-
ticity than to luminance fluctua-
tions. This suggests that the
conversion of noise and other
perturbations from luminance to
color, wherever possible, might re-
sult in a reduction of their visibil-
ity™.

To determine the relative annoy-
ance value, the apparatus shown in
Fig. 11A was set up. The back-
ground controls of the green and
red tubes were adjusted to give a
flat bright yellow field. The yellow
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color was adjusted so that the addi-
tion of a suitable blue would give a
reasonable white. Then opposite-
polarity noise was applied to the
two picture tubes. Upon adjusting
the amplitude of the noise applied
to the green channel, the normal ob-
server would find a critical balance
point at which the annoyance value
of the noise was reduced. This cor-
responded to constant luminance
conditions as shown in Fig. 11B.

Similar-polarity noise at reduced
amplitude was then applied, by
throwing the double-throw switch,
and the observer was requested to
adjust for substantially the same
annoyance value as that obtained
under the constant luminance con-
ditions.

Data from a small group of
observers indicated that about 8
db more noise could be tolerated for
the same degree of annoyance when
the noise had only chromaticity
fluctuations.

Constant Luminance
Transmission

The monochrome channel of a
color receiver is no more subject to
noise or interference than a mono-
chrome receiver of the same reso-
lution. However, these perturba-
tions may affect the color channel
to an appreciable extent unless suit-
able precautions are taken™ The
demodulators heterodyne interfer-
ence, noise, and components from
the luminance signal, whose fre-
quency is close to that of the sub-
carrier, to a lower frequency where
it becomes coarser and more visible.

Figure 12 shows the effect of c-w
interference, whose frequency is
500 ke lower than the subcarrier, in
a receiver built for an earlier
version of the color signal. In that
version, an appreciable part of the
luminance was supplied by the color
channei,

This receiver made use of
three demodulators, having equal
gains and heterodyned by three
equal voltages 120 deg apart. The
500-kc luminance beat note is
clearly visible in Fig. 12, This beat
note varies the luminance and chro-
maticity.

Since the outputs of the three
demodulators are equal in ampli-
tude and differ by 120 deg in phase,
the total intensity coming from the
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picture tube should cancel. This
would be the case were it not for
the fact that the eye is more sensi-
tive to green than to red, and is
least sensitive to blue. The result
is that variations of equal intensi-
ties in green, red, and blue result in
unequal sensations when combined
by the eye, and therefore there is
no cancellation. This is made
clearer by reference to Fig. 13
which shows how the three guns
of the picture tube are excited by
the beat note as a function of time.
The lower part of this figure shows
how this fluctuation in time is
translated to one in space as the
electron beam scans. It also shows
the unequal sensations of bright-
ness evoked from green, red, and
blue when equally excited. Finally
it shows the total brightness fluctu-
ation which appears in Fig. 12.

VOLTAGE

BRIGHTNESS

FIG. 13—Voltage and brightness wave-

formsg for interference pattern of Fig. 12.

Note that voltage variations cancel but
brightness variations do not

The visibility of the interference
can be greatly reduced by so pro-
portioning the signal that the com-
bined outputs of the demodulators
result in no brightness fluctuation.
When this is done, the beat note
is one of chromaticity only and is
greatly reduced in visibility. It is
for this reason that the complete
color signal is transmitted in such a
manner that the monochrome sig-
nal supplies all the luminance in-
formation while the color subcar-
vier supplies only variations in
chromaticity.

Plate A, the complete color pic-
ture, is made up by adding the elec-
trical signals which produced Plate
C to those which produced plate D.
Plate C is obtained when only the

monochrome channel is operative.
It contains all the geometric defini-
tion present in Plate A. Plate D is
produced when only the color-differ-
ence channel functions, and is re-
sponsible for all the color in Plate A.

Advantages of NTSC
Specifications

Examination of Plate A shows
that a system using these specifica-
tions is capable of producing color
television pictures with the full
resolution of which present day
monochrome television is capable.
In addition it can transmit all the
color information that the eye can
resolve. This transmission takes
place within the bandwidth now
allotted to black and white tele-
vision.

Existing 6-mc¢ monochrome chan-
nels are, therefore, adequate for
color. Transmitters can readily be
converted to color transmission.
This color transmission can be re-
ceived, as a monochrome picture, on
any existing black and white re-
ceiver without altering the receiver
in the slightest degree. Likewise
monochrome transmissions can be
received on color receivers. This
has been accomplished by designing
the system to take into account the
properties of the viewer’s eye,
which is the actual terminal equip-
ment of the system.
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NTSC Color-TV

Specification for field testing is a compromise that takes account of existing black and

white transmitter and receiver characteristics. Its parameters can easily be varied some-

M

(A) B8
/ch)\—’nlwk (D]

CONTINUOUS oscillation wave of
A stable phase is required at the
subcarrier frequency at the receiver
by the NTSC color television speci-
fications. This is necessary to per-
form the function of demodulation
of the color information contained
in the sidebands of the color sub-
carrier. The purpose of the color
synchronizing signal is to provide
information to lock the receiver
local subcarrier frequency oscilla-
tion generator to a proper refer-
ence.

The color information during the
picture interval is transmitted as a
variable phase and variable ampli-
tude signal of the suppressed-car-
rier type. Broadly speaking, the
hue may be thought of as being
represented by the phase of the
wave while the saturation data is
transmitted by the amplitude of the
wave. The amplitude is chosen to
be zero for the reference white of
the system and since the carrier
itself is suppressed, it will be found
that neither the subcarrier nor any
of its sidebands are transmitted
during the picture interval when
shades of gray corresponding to
different levels of luminosity of
white are being dealt with.

It is thus apparent that no use
can be made of the color informa-
tion itself to synchronize the re-
ceiver oscillator, and that in fact,

Presented at the IRE-RTMA Radio Fall
Meeting, Toronto, Oct. 1951
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what as test proceeds

By R. B. DOME

Electrical Consultant
General Electric Co.
Syracuse, N. Y.

FIG. I—Alternative positions of color-sync
burst signal explained in the text

a synchronizing signal separate and
distinct from the picture signal
must be employed. Since picture
transmission occupies all of the
time available except that of the
blanking intervals, it is necessary
to transmit the color subcarrier
synchronizing information during
the blanking intervals.

Several proposals for synchroniz-
ing signal positions in the blanking
interval were made before NTSC
Panel 14. All proposals chose the
subearrier frequency itself for the
oscillation period of the synchroniz-
ing signal rather than a submul-
tiple of the color subecarrier fre-
quency such as one-half or one-third
of the color subcarrier frequency.

Choice of Subcarrier

The reasoning behind this de-
cision was that the phase relation-
ship between the synchronizing sig-
nal and the color subcarrier during
the picture interval would not tol-
erate the phase variation that
might exist between them as the re-
ceiver tuning changed either as the
result of drift in the first-detector
oscillator frequency or as the result
of manual manipulation of the tun-
ing controls. In a receiver having
uniform time delay throughout the
video spectrum this would not mat-
ter, but practical receivers have
some nonuniformity in time delay,
particularly in the vicinity of cutoff
where the color subecarrier is lo-

cated. It should be pointed out that
the phase of the local oscillations
must agree with the color subcar-
rier information to within some
+5 to 10 degrees if hues are to be
reproduced satisfactorily.

Another point of agreement in all
proposals was that synchronizing
data should be transmitted during
every horizontal blanking interval
of every picture field but not neces-
sarily during all of the vertical
blanking period.

It was agreed that synchroniz-
ing information must not be per-
mitted to occupy any of the
amplitude range of the com-
posite television signal presently
reserved for picture transmission,
which means that color synchroniz-
ing signals must be kept above the
black level of the picture part of the
signal. If this were not done, those
sets already in the hands of the
public, particularly those receivers
not having horizontal blanking sig-
nals added to the picture tube,
would show undesirable spurious
picture-tube light output on retrace
and hence would not provide a satis-
factory working condition.

Another point of agreement was
that the synchronizing signal must
not impair the operation of syn-
chronizing systems employed in the
monochrome receivers already in
the hands of the public. This latter
decision is basic to the precept of
compatibility.

With these points having been
agreed upon, the Panel considered
several possible positions for the
color synchronizing signal within
the horizontal blanking interval.
Some of these positions are shown
in Fig. 1.

Figure 1A shows the subcarrier
color synchronizing signal posi-
tioned on top of the normal hori-
zontal synchronizing pulse. This
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Synchronizing Signal

method has the advantage of per-
mitting a fairly long train of sub-
carrier frequency to be transmitted
and also it keeps the back-porch
clear of signals so that clamping is
in no way interfered with. It has
the disadvantage that the peak
power of the transmitter must be
increased to accommodate the in-
creased overall signal amplitude.

At Fig. 1B is shown the train of
subcarrier frequency occupying a
position on the back porch immedi-
ately following the horizontal syn-
chronizing pulse. This method has
the advantage of permitting maxi-
mum of back-back porch for any of
the methods where the color syn-
chronizing signal is not located on
top of the horizontal synchronizing
pulse. It has the possible disad-
vantage that transmitter clamps
may be confused by such a signal so
as to give faulty clamping. This is
particularly true for those clamp-
ing systems utilizing the trailing
edge of the horizontal pulse for
triggering the clamping pulse. This
method, however, is worthy of some
additional study.

Figure 1C shows the color syn-
chronizing signal shifted to the
right by the maximum possible
amount so that no back-back porch
remains. This method results in
the maximum length of gap be-
tween the horizontal synchronizing
pulse and the color synchronizing
pulse. It has the advantage of per-
mitting the maximum time for
transmitter clamping following the
cessation of the horizontal pulse but
has the disadvantage in the receiver
of allowing for no back-back porch
so that any slightly erratic receiver
gating might result in passing part
of the picture information into the
synchronizing channel.

At Fig. 1D is shown a method
intermediate between the second
two methods. Here the color syn-
chronizing pulse is positioned on
the back porch with adequate allow-
ance for a back-back porch but with
a somewhat reduced gap between
horizontal synchronizing pulse and
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color synchronizing pulse. It was
generully believed, however, that
the gap would be adequate for
transmitter clamping and it is this
form of color synchronizing pulse
that was formally recommended for
the initial field tests.

Figure 2 shows this recom-
mended synchronizing pulse in
greater detail and includes di-
mensions and tolerances. This pulse
is shown in the form that it may be
observed at the point where it is
generated and not how it would ap-
pear after passing through band-
width-limited circuits. The burst
of color subcarrier frequency has a
duration of some 10 cycles.

Omission of Bursts

Some discussion arose concerning
the omission of bursts in the equal-
izing pulse and vertical pulse
periods, but it was decided to omit
the bursts during these intervals
for initial field testing but to add
them later if necessary.

The bursts may be utilized in the
receiver in any of a number of ways
to obtain a continuously running
oscillation at the subcarrier fre-
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FIG. 2—Waveform characteristics recom-

‘mended for field test

quency for the purposes of syn-
chronous detection of the color in-
formation,

A preliminary analysis has been
made of the requirements of the
continuous wave insofar as phase
stability is concerned and it was
found that the energy contained in
the burst appeared to be sufficient
to provide a degree of uaccuracy
so that horizontal scanning syn-
chronizing stability and color data
would be provided with about the
same degree of immunity from dis-
turbances arising from the pres-
ence of random noise along with the
signal.

One other matter with which
Panel 14 is concerned is that of the
question as to whether or not there
was a sufficient amount of informa-
tion present in the standard tele-
vision waveform to distinguish
clearly between odd and even fields
so that a synchronizing pulse to
identify the respective fields could
be derived at the receiver, especi-
ally in the presence of noise. The
existing information in the wave-
form is the timing of horizontal
pulses with respect to the vertical
pulses. On one field the horizontal
pulses are coincident with the lead-
ing edges of the odd-numbered
blocks of the six blocks of the ser-
rated vertical pulse. On the next
field the horizontal pulses are so
phased that these pulses are coin-
cident with the leading edges of the
even-numbered blocks of the six
blocks of the serrated vertical pulse.

Suggestions were made regard-
ing the inclusion of additional field-
sensing synchronizing pulses so as
to provide more positive field recog-
nition at the receiver. However,
for the present, it has been decided
to begin field testing without such
additional signals. Meanwhile a
subcommittee of Panel 14 has been
set up to make a study of this
particular problem.

BIBLIOGRAPHY

Specifications for Color TV Field Tests,
ELECTRONICS, p 126, Jan. 1952.

97



Vibrating-Plate

Viscosity indication directly on a meter with range from 0.1 to 100,000 and accuracy

within = five percent are provided. Indefinitely large volumes down to 0.5 milliliter can

be handled as long as a thin flat plate can be immersed in the liquid

ISCOUS damping exerted by a

liquid on a flat plate oscillat-
ing in the liquid is measured by an
electromechanical transducer in the
viscometer to be described.

A thin, flat plate oscillating in its
own plane and immersed in a vis-
cous liquid sets up shear waves in
the liquid. The liquid exerts a re-
tarding force against the motion
of the plate.’* This force comprises
a resistive component which damps
the motion and a reactive compo-
nent which adds to the effective
mass of the vibrating plate.

Both the resistive and reactive
components are approximately pro-
portional to \/fne where f is the
frequency of vibration, v is the co-
efficient of viscosity and o is the
density of the liquid. If the damping
force acting on the plate can be
measured, the value of %z can be
deduced. This has been accom-
plished in the vibrating-plate vis-
cometer by coupling the plate to a
resonant mechanical system and
comparing the amplitudes of vibra-
tion with and without the liquid
damping while maintaining a con-
stant driving force. Since the sys-
tem is always operated at resonance,
only the resistive component of the
liquid loading need be considered.

Vibrating System

The vibrating plate is made of
stainless steel or other suitable ma-
terial 0.010-in. thick. It is essen-
tially circular in shape, having a
diameter of 0.200 in., and is
mounted by means of a clamping
block on the free end of a flat
steel reed which is rigidly clamped
at the opposite end. The reed is
0.010-in. thick, 0.200-in. wide and
0.875-in. long. It is set into vibra-
tion by an electromagnetic driving
system of which it forms a part.
The remainder of the driving sys-
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Complete system of the vibrating-plate viscometer

tem comprises an L-shaped pole
piece carrying a coil form and coil,
an air gap between the pole piece
and the free end of the reed and a
steel block on which both the reed
and the pole piece are supported.
Vibratory motion of the reed causes
the plate to execute linear oscilla-
tions in its own plane.

A ceramic barium-titanate block
is mounted on each side of the steel
reed for the purpose of measuring
the amplitude of vibration of the
reed. The rather remarkable elec-
trical properties of barium tita-
nate®® and its use in mechanoelec-
trical transducers®* have been
discussed at length elsewhere. It is
sufficient to say that motion of the
reed causes a flexing of the barium
titanate which, in turn, generates a
piezoelectric voltage at electrodes
on the surface of the barium tita-
nate. This voltage is proportional
to the amplitude of vibration.

While a vibrating system of this
type has a theoretically infinite
number of resonances or modes of

vibration, only the two lowest modes
were found to be useful for the vis-
cometer. The lower of these two
resonances occurred in the neigh-
borhood of 80 cycles, and the higher
near 800 cycles. The 80-cycle res-
onance gave slightly greater sensi-
tivity but the low-frequency vibra-
tions were transmitted throughout
the supporting structure of the vis-
cometer so that the internal me-
chanical damping, and hence the
amplitude of vibration of the reed,
was influenced by the manner and
the location in which the instru-
ment was held. This made it diffi-
cult to secure completely reproduc-
ible measurements of viscosity.
Troubles of this sort were not seri-
ous at 800 cycles, so the higher res-
onance was chosen for the design of
the present device,.

Several electrical accessories are
necessary for the operation of the
vibrating-plate viscometer. These
include a d-c source for polarization
of the electromagnetic driving sys-
tem; an a-c source variable in fre-
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Viscometer

By J. G. WOODWARD

Radio Corporation of America
RCA Laboratories Division
Princeton, N. J.
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FIG. 1—Circuit diagram of the electromechanical viscometer

quency in the neighborhood of 800
cycles for driving the vibrating sys-
tem and a vtvm for measuring the
voltage generated by the barium-
titanate blocks. The a-c must be
variable in frequency because the
resonant frequency is slightly dif-
ferent for different liquids, depend-
ing on the value of 7p, and the
system must always be operated at
resonance.

Circuit Operation

Since it would be inconvenient
to manually adjust the frequency
each time a viscosity measurement
is made, a circuit has been devised
which automatically drives the
vibrating system at the proper res-
onance regardless of the frequency
required. In addition, the driving
current is automatically maintained
at a constant magnitude regardless
of the load on the vibrating plate.
The circuit also provides the polar-
izing current and includes the vtvm.
The circuit diagram is shown in
Fig. 1.
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The sinusoidal voltage generated
by the barium titanate as a result
of vibration of the reed is ampli-
fied by the preamplifier stage, V.
The voltage is further amplified
and also converted into square
waves by the stages of V, and V..
When the square-wave alternating
voltage is applied to the grid of V,,
the cathode current of this tube con-
sists of a direct current upon which
a square-wave alternating current
is superimposed.

The coil of the electromagnetic
driving system is connected in the
cathode circuit of V,, so the direct
current is the polarizing current
and the alternating current is the
driving current of the vibrating
system. This constitutes a complete
feedback loop wherein motion of the
reed generates a voltage which is
amplified and returned to the driv-
ing system to furnish driving
power and the system is self-oscil-
lating.

Since the driving system is elec-
tromagnetic and the generating sys-
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tem is piezoelectric, the driving cur-
rent in the coil and the voltage
generated by the barium titanate
are 90 degrees out of phase at the
resonance of the vibrating system.
To have the frequency of oscillation
coincide with the resonant fre-
quency of the mechanical system,
the 90-deg phase discrepancy must
be corrected. This is done electri-
cally by the simple R-C network
comprising the capacitance of the
barium-titanate blocks and the
grid resistor of V.. This R-C net-
work alone can give a maximum
phase shift of 90 deg. Actually, due
to other phase shifts in the circuit,
a total compensation somewhat
greater than 90 deg is required and
the necessary additional amount is
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provided by the R-C network in the
grid circuit of V,.

With these phase corrections, the
system oscillates at the mechanical
resonance of the vibrating system
near 800 cycles. Only when the
vibrating plate is immersed in
liquids of extremely high viscosity,
2,000 centipoises or greater, is the
viscous damping so great as to pre-
vent proper self-oscillation of the
syvstem. When it is desired to make
viscosity measurements of highly
viscous materials, therefore, an ex-
ternal oscillator must be used. This
oscillator may be connected to ter-
minals I and ground, shown in the
circuit diagram, after removing the
Jjumper between J and X.

The need for maintaining a con-
stant driving force independent of
the loading of the vibrating plate
was mentioned previously. This re-
quirement is met by converting the
sinusoidal voltage from V., into a
square-wave driving current whose
amplitude depends only on circuit
parameters and not upon the ampli-
tude of motion of the reed. The
magnitude of the driving current,
along with the polarizing current,
can be altered when desired by put-
ting additional resistance in the
cathode circuit of V, by means of
the 5-position amplitude switch,
The current through the driver coil
can be measured by connecting «
milliammeter between special term-
inals not shown.

A portion of the alternating volt-
age from V, is further amplified
by V. and applied to the diode rec-
tifier V,. Approximately 17 db of
negative feedback around the two-
stage amplifier of V. makes this por-
tion of the circuit highly stable. The
diode circuit and the microammeter
form a conventional peak-reading
vtvm, The level of the signal applied
to the diode, and hence the meter
deflection, can be altered by means
of the METER RANGE switch and the
FULL SCALE ADJ. potentiometer.

The remainder of the circuit of
Fig. 1 constitutes a power supply.
The two OD3 regulator tubes, V,
and V., maintain a constant B for
relatively large changes in line
voltage.

Calibration and Use

After a warm-up period of a few
minutes duration, the instrument is
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readied for use by adjusting the
gain of the vtvm circuit to give full-
scale deflection of the meter with
the reed and plate vibrating in air.
Then, when the plate is immersed in
a liquid, the meter reading is less
than full scale and depends on the
value of 7o of the liquid. By using
a number of different liquids having
known values of 7; a calibration
chart for the instrument can be
made. This calibration can be trans-
ferred to the face of the meter to
permit direct indications of rp. In

2.

this calibration, n is in centipoises
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FIG. 2-—Coefficient of viscosity as a

function of time following immersion of

the vibrating plate in thixotropic ferrite
suspensions

and ¢ is in grams per cubic centi-
meter. Increased precision is made
possible by constructing the cali-
brated meter scale in three ranges
corresponding to the three positions
of METER RANGE switch shown
in Fig. 1.

Performance

The vibrating-plate viscometer is
capable of significant measurements
from ng = 0.1 to mp = 100,000. This
range encompasses acetone and al-
cohol at one end and cup grease and
petrolatum at the other. Accuracies
within =5 percent are possible.
Higher precision can sometimes be
obtained if only relative measure-
ments between similar liquids are
desired. Liquid samples having vol-
umes as small as 0.5 milliliter may
be used if they are held in a con-
tainer shaped to give ample clear-
ance for the vibrating plate. Indefi-
nitely large volumes may be used as
long as they offer a free surface into
which the vibrating plate can be
immersed.

Since the vibrating-plate vis-
cometer gives a practically instanta-
neous meter indication, a measure-
ment of viscosity may be made in a
matter of seconds. On the other

hand, the instrument may be used
to give a continuous indication as
the viscosity of a liquid sample
changes with time.

If desired, the rectified output of
the diode which drives the indicat-
ing meter may be fed to an auxil-
iary amplifier and used to operate
a recording galvanometer. As an ex-
ample, a curve was automatically
and continuously recorded in this
way for a congealing gelatin solu-
tion whose viscosity changed from
10 to 200 centipoises over a period
of 65 minutes.

The results of one application of
the viscometer are presented in
Fig. 2, The materials under test in
this case were two ferrite suspen-
sions such as are used in the slip
casting of powdered-iron trans-
former cores. These suspensions are
thixotropic, which means that their
viscosities can be temporarily
altered by stirring or shaking.
Thus, any attempt to measure the
viscosity causes the viscosity to
change even while the measurement
is being made. This is true regard-
less of the type of viscometer used.

Figure 2 shows how the viscosi-
ties of these two suspensions change
with time following immersion of
the vibrating plate. It is observed
that after a sufficient time an equi-
librium is reached and the viscosity
becomes constant at some value de-
pending on the size and the ampli-
tude of vibration of the plate. Since
only a comparison of the two sus-
pensions was required in this ex-
periment, the final values of vis-
cosity gave a satisfactory result.

These examples illustrate some of
the possibilities of the vibrating-
plate viscometer. Others could be
cited, but that is bevond the scope
of the present article. It is apparent
that in the vibrating-plate viscome-
ter the application of electronic and
electromechanical principles has
once more afforded a new approach
to an old field of measurement.
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Inexpensive
Square-Wave Generator

A cathode-controlled multivibrator employing three tube envelopes gives square waves

from 50 cps to 1 me with only 2-percent tilt in the negative half. An additional circuit is

described in which a pair of pentodes replaces cathode resistors to produce square waves

PLATE WAVEFORM~

LI LI

APPROX 2% TILT
OF OVERALL
AMPL ITUDE

FIG. 1-— Singlestube (double-triode)

square-wave oscillator circuit

By G. W. GRAY

RCA Laboratories Division
Princeton, N. .J.

N RECENT years there have been

many articles in the literature
concerning the use of square-wave
techniques for testing amplifier cir-
cuits; however, no simple and inex-
pensive cireuit for producing good-
quality square waves is shown.

In producing such a generator it
would appear that the use of clip-
per stages following a sine-wave
oscillator is ruled out, since clip-
ping at the bandwidth required for
television testing requires several
stages with carefully adjusted
peaking coils and biasing. Thus a
multivibrator - type square - wave
generator is indicated. However,
ordinary multivibrators show some
serious shortcomings, the most
serious of which is the grid current
they draw.

This grid current is required
since it is by rapidly charging a
capacitor with grid current and
then slowly letting it discharge that
the frequency of oscillation is deter-
mined. Since the grid current is
produced during the switching ac-
tion it slows down the speed of oper-
ation of the circuit just the same
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as shunt capacitance to ground
would do. In other words, it mat-
ters very little whether current
must be put into a shunt capaci-
tance to cause a voltage change or
whether a series capacitance must
be charged with grid current. Thus,
it is difficult to design ordinary
multivibrators with fast enough
switching actions to produce square
waves suitable for testing tele-
vision-type amplifiers.

Another effect of such grid cur-
rent is the production of overshoot
on the negative-going portion of the
square wave at the plate. It is
caused by grid current flow as the
conducting tube momentarily draws
more than zero bias current when
its grid is driven positive. This

overshoot must then be removed by
a clipping stage since it appears
much like the square-wave response
of certain types of overcompensated
A further shortcoming

amplifiers.

of conventional multivibrators is
that to change the frequency and
keep the square wave symmetrical
it is necessary to change two capaci-
tors in the circuit. The switching
problem is cumbersome because
neither side of the capacitors is
customarily grounded.

Cathode-controlled Multivibrator

A cathode-controlled multivibra-
tor circuit has been developed that
overcomes these difficulties. In the
circuit shown in Fig. 1, each plate
is coupled to the other tube’s grid
by a clamp circuit such that the
positive peak of any recurrent
waveform is clamped at zero bias.
This coupling circuit must have a
time constant long compared with
the period of oscillation desired, but
otherwise has no effect on the
period, The gain from grid to
plate of each tube is less than unity
because, as will be shown, to pro-

Under-chassis view shows simplicity of wiring and lack of crowding.

Top deck is

correspondingly simple
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duce good-quality square waves it
i8 necessary to have the cathode re-
sistor considerably larger than the
plate resistor.

If capacitor C between the
cathodes is removed, the circuit will
not oscillate because even though
the phase of the feedback is regen-
erative the loop gain is less than
unity, However, when capacitor C
is added, another loop is completed
as follows. If the cathode of one
tube goes slightly negative, the sig-
nal is coupled to the other cathode
by C, which in turn produces an
amplified negative signal on its
plate. This signal is coupled to the
grid of the first tube, which drives
the cathode even more negative.
This loop may easily have enough
gain to cause oscillation. In addi-
tion, the grid-plate loop aids the
regeneration even though by itself
it could not cause oscillation.

Figure 1 shows the plate and
cathode voltage waveforms as a
function of time. The grid wave-
form of each tube is exactiy the
same as that of thé plate to which
it is coupled since the coupling cir-
cuit has a long time constant. From
these waveforms it cau be seen that
the period of oscillation is deter-
mined by capacitor C discharging
through the cathode resistor of the
cutoff tube until the cathode reaches
a low enough voltage to start con-
ducting. Now the regeneration of
the circuit is such as to turn the
cut-off tube on and the conducting
tube off.

This switching can occur rapidly
because there is no grid current
drawn to slow down the switching
action and there are two positive
feedback loops both acting in the
same direction. After the switch
has occurred, the off tube is doubly
cut off since its grid has been driven
negative by the plate of the conduct-
ing tube and its cathode has been
carried positive by capacitor C
coupling the positive impulse from
the cathode of the conducting tube.
Capacitor C now discharges until
the cathode of the cut-off tube be-
comes low enough to start condue-
tion, at which time the circuit flips
over and the same cycle repeats
again.

As may be seen in the oscillogram
of plate voltage, there is a slight
amount of tilt in the negative half

102

of the square wave. This is due to
a variation in the discharge current
through capacitor C as the voltage
varies across the cathode resistor of
the cut-off tube. Since this current
must come from the cathode of the
conducting tube, the variation
shows up as a slope in the voltage
at that point. The grid of the con-
ducting tube is at a fixed potential
so the change in cathode potential
that results from the change in cur-
rent from the cathode results in an
even greater slope on the plate
voltage.

To minimize this effect the
cathode resistor should be made
as large as possible compared to the
cathode self-impedance of the con-
ducting tube. The major term in
the cathode self-impedance of the
conducting tube is a factor (1/g..)
+ (R,/p), where ¢, is tube trans-
conductance, p is amplification
factor of tube and R, is impedance
in plate of tube,

If the cathode resistor is made
too large the ¢, of the tube is low-
ered excessively because the plate
current of the tube is reduced too
much and the ratio between cathode
resistor and cathode self-impedance
is reduced. Optimum cathode re-
sistor size is indicated by minimum
tilt in the negative half of the
square wave. With a 2C51 tube it
is possible to reduce the tilt to 2
percent of the overall square-wave
amplitude while with a 12AT7 tube
the tilt will be 5 percent.

Frequency Control

The frequency of this cathode-
controlled multivibrator as a fune-
tion of capacitor C is shown in Fig.
2. With the 10-megohm resistors
from grid to cathode, the time con-
stant of the coupling circuit is only
1/20 second so that at about 60
cycles per second the curve de-
parts from linearity. This range
of linear relation between frequency
and capacitance may be increased
by removing the 10-megohm grid
resistors since they are really not
needed. Leakage through the ca-
thode-coupling capacitors and gas
current from the tube will both
tend to make the grid go positive so
that the circuit is effectively the
same without the resistors except
that the time constant is much
longer. This effect is shown in Fig.
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FIG. 2—Calibration of frequency versus
capacitance of C in Fig, 1
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FIG. 3—Three-tube version of the
square-wave oscillator in which pen-
todes replace cathode resistors. This
circuit also provides for synchronizing

2 where, without the grid resistors,
the curve extends linearly much
further.

If it is necessary to have the neg-
ative half of the square wave flatter
than is obtainable with the circuit
of Fig. 1 the cathode resistors may
be replaced by pentodes as shown
in Fig. 3. With this circuit the
discharging of the frequency-detes-
mining capacitor C must be a con-
stant-current discharge since a pen-
tode is a constant-current device.
With the discharge current con-
stant the plate current of the con-
ducting tube is a constant and thus
there is no tilt in the negative half
of the output square wave.

This circuit has the additional
advantages that: (1) a synchroniz-
ing pulse may be inserted on the
grid of one of the pentodes; (2)
changes in the plate current of the
pentodes will produce small changes
in frequency; (3) if the plate cur-
rent of the pentodes is made un-
equal it is possible to make the
square wave quite unsymmetrical
so that the circuit becomes a pulse
generator.

This cathode-controlled multi-
vibrator circuit overcomes the diffi-
culties inherent in more conven-
tional circuits because no capacitor
is required to change charge dur-
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FIG. 4—Complete square-wave generator circuit and output wave forms. Balanced
cathode-follower output (12AT7 tube) equalizes power supply drain and simplifies
filtering

ing the switching cycle, except for
the unavoidable shunt-wiring ca-
pacitances. The circuit is conse-
quently fast in action and has no
undesirable transients such as over-
shoot. Also the problem of chang-
ing frequency is reduced to chang-
ing one capacitor to vary the fre-
quency range by a factor greater
than ten million.

Figure 4 shows the circuit of a
complete square-wave generator.
In order to provide a low-impedance
output at a reasonable level a ca-
thode-follower output is used. To
minimize the load changes on the
power supply, two cathode follow-
ers driven out of phase are used so
that the current drawn by the two
is more nearly constant. This is
necessary since it is virtually impos-
sible to filter a power supply for
low-frequency square waves by
means of capacitors, yet for this
small generator an electronically
regulated supply is an unwarranted
complexity. The extra output can
be differentiated and is handy as a
synchronizing signal that is not
affected by the setting of the gain
control. Although the rectifier tube,
a 6X4, is nominally rated for 6.3-
volt heater the power transformer
used has only a 5-volt winding for
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the rectifier. Owing to the low-
current requirement of the gener-
ator this has proved adequate.

The total power consumption for
the complete generator illustrated

is about 20 watts at 120 volts input, -

the cverall size is 4 X 5 X 6 inches,
the output amplitude is 3 volts
across 200 ohms, and the frequency
range is from about 30 cycles to 1
megacycle. Any of five predeter-
mined frequencies is available di-
rectly by means of the switch on the
front panel. Any other frequency
may be obtained by connecting the
proper size capacitor across the two
binding posts and turning the fre-
quency switch to the external-capac-
itor tap. To find the proper value
of capacitor for the frequency de-
sired a calibration chart can be at-
tached to the front panel of the
square-wave generator.

Since the calibration is so nearly
linear, as given in Fig. 2, one decade
of the graph may be expanded in
order to obtain increased accuracy.
For any other frequency range it is
only necessary to multiply the ca-
pacitance scale by the inverse of the
factor of ten by which the frequency
scale need be multiplied.

To make the calibration chart for
any particular square-wave gener-

ator, it is only necessary to measure
the frequency resulting from the
use of a known value capacitor.
This will give one point for a graph
that is logarithmic in both direc-
tions. By drawing a straight line
with a slope of minus one on the
graph the proper calibration will
be obtained. In passing, it might
be noted that this high degree of
linearity between capacitance and
frequency offers the possibility of
making a wide-range capacitance
meter with this circuit.

The oscillograms in Fig. 4 de-
lineate the output of the circuit.
The 100-ke square wave starts to
show a little overshoot that is a
function of the amplifier used in
the oscilloscope and is not actually
present in the output of the gen-
erator. This fact is borne out by
the photograph of the 1-me square
wave that was made by putting the
output of the square-wave gener-
ator directly on the deflection plates
without using any amplification.
The oscillogram was then enlarged
photographically to a picture ap-
parently in poor focus.

Nevertheless, the oscillogram
serves to illustrate that no over-
shoot or other undesirable trans-
ients are present. Also the rise time
may be measured and is approxi-
mately 0.05 microsecond, which is
fast enough for testing television
video amplifiers. Since the multivi-
brator does not change the charge
on any capacitor while switching,
the rise time is virtually independ-
ent of frequency instead of being
some fraction of pulse duration as
is the case with most multivibrators.
To produce very low frequencies it
is necessary to use large capaci-
tances obtained practically only
from electrolytic capacitors. Since
the polarity of the voltage across
the capacitor reverses, it is neces-
sary to use two capacitors with
their negative ends connected to-
gether and the two positive ends
connected across the cathodes of
the multivibrator.

The square-wave generator de-
geribed is adequate for most pur-
poses. The major limitation is
probably the lack of means for syn-
chronizing from some external
source. If this feature is required
too, it may be added by using the
circuit of Fig. 3.
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R-

F Bursts

Technique for using simple gas diodes as radio-frequency

actuated switches in storage, accumulator and other circuits

of electronic computers. Bursts from pulsed r-f oscillators

are applied to bands around diodes. Operating speeds up
to 100.000 pps are feasible

Actuate

@
T

_4 |

By H. J. GEISLER

International Business Muaclines Corp.
IPoughkeepsie, New York

HE GATE to be described is a
Tspecial gas tube requiring for
one of its inputs r-f energy supplied
by a pulse-driven oscillator which
usually is the common driver.

The required r-f energy to actu-
ate the gate is coupled to the tube
through the d-c¢ electrodes and a
single conducting band around the
tube envelope. The cold open-circuit
tube resistance is several meg-

ohms and the capacitance is less

than 1 uuf between electrodes and
also between the band and the
electrodes.

In the IBM-36 developmental
tube, approximately 100 volts peak
at 15 me ionizes the gas filling. The
oscillator provides 215 volts to
assure good conduction in less than
one microsecond provided initial
electrons are present. With no r-f
voltage present, the tube will not
conduct until the d-c¢ voltage is in

|
|

Assembly of nine special gas diodes having their outer metal bands connected in

parallel for excitation by single 6AQ5 oscillator. Note use of fuse clips for making

contact with metal bands. Standard NE-2 neon indicator diodes project up through
grommets
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FIG. 1—Typical d-¢c voltage relations

excess of 100 volts. This d-c strik-
ing potential is reduced as r-f
excitation is increased toward 100
volts.

With 15-me r-f energy applied
to the tube, the d-c voltage-cur-
rent relation is as in Fig. 1. A
10,000-ohm load line is drawn to
illustrate typical output voltages
that can be obtained by r-f modu-
lation when 50 volts d-c is applied
between the electrodes. Although
higher d-c¢ voltages and load resist-
ances will develop greater output
voltages, the recovery of high re-
sistance following the r-f burst is
materially slowed down.

Total tube dissipation in excess
of 3 watts, when applied over long
periods of time, tends to decrease
the conduction and increase the
ignition requirements. For 215
volts of r-f excitation and 50 volts
d-c through a 10,000-ohm resistive
load applied continuously for 5,000
hours, the resulting power input
of approximately 0.6 watt yields
less than 10-percent change in con-
duction and ignition characteristics.
Other tube structures have been
built to handle more power where
larger currents are required.

Pulse discrimination of the tube
is improved by removing the r-f
near the end of the last pulse to be
transmitted by the tube, rather than
stopping the r-f burst after the last
required pulse and before the first
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Gas-Tube Switch
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FIG. 2—Gas-tube storage system using r+f bursts to initiate switching

unwanted pulse, and by keeping the
circuit resistance small. Recovery
to 0.5 meg under these conditions
occurs in 10 usec.

The tube has the characteristic of
being ionized by an r-f burst of
less than the normal ionization
value when such burst occurs
shortly after a burst of normal
value. Whenever the second burst
follows the cessation of the normal
actuating burst sooner than 200
microseconds, the amplitude of the
second r-f burst must be less than
half the normal ionization value, if
ionization is not to occur.

Computer Storage Application

Gas tubes can be used for both
storage (reading in) and reading-
out elements, as shown in Fig. 2.
Tubes T.,, T.. to T,.. are ordinary
glow lamps having about 40 volts
between d-c ignition and sustaining
values. A portion of this voltage
difference will develop across any
resistor R,,, R.. to E.. where m
is the order and n the number posi-
tion, upon ignition of its associated
glow tube. The ignition is brought
about by conduction of a time-
positioned pulse at the time a par-
ticular digit oscillator is turned on.

Once conducting, the glow tube
remains ignited until the voltage
falls below the sustaining value.
One oscillator is provided to actu-
ate all tubes of each digit position.
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Voltages may or may not be present
across resistors R, to E.. at the par-
ticular time an oscillator is turned
on. Only upon the simultaneous
appearance of voltage across a re-
sistor R... and an r-f burst will a
particular tube T... be ignited.
During read-out, another oscilla-
tor excites a gas switch in any row
R.. so that all orders are energized
for the period of time required for
the oscillators to sense all positions
of the resistors R, . This long-
duration r-f burst can be held by an
extra r-f actuated gas tube which
acts as a holding contact on the
oscillator positive drive until a pulse
at “9” time turns it off. Any volt-
age that is found across any re-
sistor R,.. of Fig. 2 is developed
across the resistor R,., whereupon
the particular read-out switch
passes the signal to its destination.

Accumulator Application

Another computer application for
the r-f actuated gas tube is found
in the accumulator read-in circuit
of Fig. 3. One oscillator supplies
nine r-f bursts to all columns of
r-f actuated read-in switches by
the usual gating methods. Resistors
R., R., R, and R, are so chosen that
voltage across the IBM 36 gas tube
is zero unless a time-positioned sig-
nal has changed the level of the
read-in storage device. The voltage
level of the storage device is shown

FIG. 3—Example of accumulator read-in circuit

ufozMJ\(f_WﬂWﬁtﬁme

FIG. 4—Waveforms for reading in the
numerals 5 and 8

to drop at the end of the fifth and
ninth r-f burst in Fig. 4, indicating
that after the fifth and ninth pulses
the storage tube level was returned
to the conditions where the voltage
at the gas tube was zero. The carry
signals are held in another storage
element until a suitable point in
the cycle is reached, at which time
another oscillator simultaneously
energizes another r-f actuated
switch in each order, thereby pass-
ing any stored-carry signals to the
input of the next-order accumulator.

R. L. Palmer, manager of the
Poughkeepsie Laboratory of Inter-
national Business Machines Cor-
poration, initiated development and
application of this tube in 1949.
Since that time, many individuals
have contributed in that direction.
Credit is particularly due to A. L.
Samuel, B. E. Toben and M. L.
Wood for helpful suggestions dur-
ing preparation of this paper.
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More College Defense

Research?

More than 400 qualified faculty members in 200 educational institutiens are not now

doing any defense research at all. Although 81 percent of the total college research time in

electronics is directed towards defense, half the load is carried by only eight institutions

SURVEY by the Engineering Col-

lege Research Council shows
that more than 400 faculty mem-
bers who are considered qualified to
perform research in electronics are
not now doing studies of any kind.
These scientists are at 200 educa-
tional institutions throughout the
United States.

And although 81 percent of the
total research time in electronics
under way in American colleges and
universities today is directed
toward defense needs, eight insti-
tutions only are now responsible for
more than half of this effort. Over
150 educational institutions, with
425 faculty members qualified to
undertake research, today have no
defense research assignments.

Research In General

This summary of electronics re-
search in educational institutions
comes from an analysis of fignres
in a national inventory of college
and urniversity research resources
completed during mid-1951 by the
Council’s Committee on Relations
with Military Research Agencies,
at the request and with the active
cooperation of the Research and
Development Board in the Office of
the Secretary of Defense.

In all, this extensive national in-
ventory covered the special inter-
ests and activities of faculty and
graduate students in all physical
and engineering sciences at 750 col-
leges and universities in the United
States.  Nearly 25,000 faculty
members, and an equal number of
graduate students, were reported
in all fields of physical and engi-
neering sciences. Of these 20,000
are considered by their institutions
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By JOHN I. MATTILL

Secretary
Engineering College Research Couneil
Cambridge, Mass.

to be qualified to perform research,
but only 12,700 are now active in
research. An average of 27 percent
of the time of faculty members re-
ported is spent on research activ-
ities, and on a national average 52
percent of this time is already spent
on defense research—studies spon-
sored by military agencies or their
industrial contractors.

Electronics Defense Research

The Council’s figures show 1,119
faculty members and full-time sen-
ior research personnel in electron-
ies. Of there, 1,082 are judged
qualified to participate in research
projects, and 625 of them are now
engaged in research. This effort is

American Society for
Engineering Education
Engineering College
Research Council
Dr. Gerald A. Rosselot, Chairman,
Georgia Institute of Technology
Committee on Relations with
Military Research Agencies

Dean A. F. Spilhaus, Chairman,
University of Minnesota
Dr. A. P. Colburn,
University of Delaware
Dean W. L. Everitt,
University of Illinois
Prof. F. B. Farquharson,
University of Washington
Prof. C. W. Good,
University of Michigan
Dr. Paul E. Klopsteg,
Northwestern University
Dr. James S. Owens,
Ohio State University
Dr. J. R. Van Pelt,
Montana School of Mines
Dr. Eric A. Walker,
Pennsylvania State College

equivalent to that of a research
staff of 387 working between 85
and 40 hours a week. Of these full-
time equivalents, 814 would be en-
gaged in defense projects for mili-
tary agencies or their contractors.
By this computation, electronic de-
fense research amounts to about 81
percent of the total college and uni-
versity effort in electronics in the
United States today.

Junior Workers

A total of 1,107 graduate
students and assistants in electron-
ics were reported by the survey,
equivalent to the full-time work of
558 junior research staff members.

More than 200 colleges and uni-
versities reported one or more staff
members interested in and qualified
for research in at least one field of
electronics, and nearly 100 schools
indicated a broad range of interests
in the field.

The Unequal Load

Nevertheless, the University of
Michigan, New York University,
University of Pennsylvania, Cor-
nell University, Massachusetts In-
stitute of Technology, Georgia
Institute of Technology, Pennsyl-
vania State College, and University
of Florida account for more than
half of the total defense research in
electronics in colleges and universi-
ties, with an equivalent of 157 full-
time senior research staff members.

Yet, these same eight institu-
tions have only 259 faculty mem-
bers and senior research personnel
in electronics—about a quarter of
those available throughout the na-
tion. In the “big eight” nearly
two-thirds of the total teaching and
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research effort in electronics is de-
voted to defense research, compared
to slightly more than one-quarter
in all colleges and universities.

Of the 1,032 senior faculty and
research staff members qualified to
perform research in electronics in
colleges and universities, only 625
—a little more than half—are now
engaged in any research work in
that field. This leaves at least 400
faculty members not now active in
research who are presumably avail-
able for research assignments. If
they undertake research on only a
quarter-time basis, the equivalent
of 100 more full-time research
scientists is added to the nation’s
research force, an increase of 32%
in one of the most critically short
areas of today’s effort.

Research Potential

Widely diversified capabilities
for increased service to military
agencies and industry are avail-
able. In connection with the Coun-
cil’s inventory, institutions were
asked to indicate special fields of
glectronics in which one or more
staff members were interested and
competent in research. The answers
are summarized in Table L.

This list dees not imply equal
competence on the part of each edu-
cational institution indicated. Po-
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tential contractors uand sponsors
must still select with care institu-
tions to receive contracts for spe-
cific projects. But it does indicate
that wvastly wider resources are
available than have thus far been
tapped—and there are important
reasons for pressing into service
less-experienced scientists who may
indeed turn in a performance quite
as creditable as that from the more
familiar sources contractors would
choose to approach first.

Special Equipment

Many research projects in elec-
tronies require specialized equip-
ment not available at all schools. In
general, however, lack of qualified
personnel is the pricipal bottleneck
in the current necessary expansion
of research. If competent man-
power is available, necessary equip-
ment can probably be supplied to
the potential research workers.

Nevertheless, a partial inventory
of specialized equipment found only
uncommonly at educational institu-
tions was attempted in the belief
that the availability of such equip-
ment might be an important factor
in the location of research there.
Thus, such electronic equipment
as computers and analyzers, corre-
lators, electron microscopes, elec-
trostatic generators, linear accel-

Number of

Field of Competence Institutions
Antennas and wave propagation 106
Communication theory 133
Components . ... . ... 62
Countermeasures . A 24
Electroacoustics ...... .. . . 6l
Electromagnetic waves . . ...... 86
Electronic circuits and tacory... 201
Electronic computers ... ... .. 54
Electronic control equipment. ... 125
Electron theory 108
Electron tubes ... .. ......... . 114
Microwave circuits .. ........ .. 101
Miniature and printed circuits. . 19
Navigation aids and direction

finding . 1
Radar S - .97
Radio communication 147
Radio interference . 57
Radiosonde ... 20
Speech security and scrambling. 17
Television ......... 50

Table [—Research Specialties in
Electronics

erators and vocoders were listed by
institutions where available.

Decentralizing Research

Other, secondary benefits may re-
sult from the decentralization of
assigning research to many schools
not now involved. New research
activities will, if properly organ-
ized, contribute to strengthening
the educational programs ‘with
which they are associated. This, in
turn, will assure an increasing
supply of well-trained students
to help fill the critical manpower
needs now fucing the electronies
industry.

Another important gain may be
realized by increasing the ratio of
graduate students to full-time
senior faculty and staff on research
projects in those schools where
graduate education is under way.
This should have a similar effect of
increasing the future supply of
electronics manpower.

The full statistical report of the
survey project, entitled “University
Research Potential”, identifies all
schools reporting personnel, compe-
tencies, and equipment. Copies are
available from the Secretary of the
Engineering  College  Research
Council at Room 7-204, 77 Massa-
chusetts Ave., Cambridge 39, Mass.,
at $1.00 each.
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CONCENTRIC-LINES

By EDWARD E. HARRIES

Sales Manager,

ESIGN of a tuner for the uhf

television bands presents a
number of problems. In addition to
those involved in tuning the com-
plete frequency range, it is neces-
sary to consider oscillator tracking
for different i-f frequencies, stray
circuit parameters and their effects,
and resetability of contact arrange-
ments.

Metal strips arranged in a nonin-
ductive, concentric path are em-
ployed as dual-inductor elements in
the Mallory uhf Inductuner. The
edge-mounted strips provide the re-
quired inductance range in 270 de-
grees of rotation. The strips are
pressed into molded grooves in a
mica-filled phenolic base material.
Terminals for each tuning element
protrude from the bottom of the
tuner and one, two, three, or four
sections can be assembled in a
single case.

The preselector tuning elements
are shaped differently from each
other and from the oscillator tuning
elements to provide good uhf track-
ing. Typical frequency versus dial-
rotation curves for the r-f and osecil-
lator sections with an intermediate
frequency of 82 megacycles (chan-
nel 5 or 6) are shown in Fig. 1.

Best performance is obtained by

A\
A

ROTATION IN DEGREES
@
o]

\ --PRESELECTOR
120 N ;
OSCILLATOR
% }\ A
40 \\\

360 480 600 720

FREQUENCY IN MC

840 900

FIG. 1-—Tuning curves for producing an
i-f of 82 mc
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TV Tuner Div.
P. R. Mallory and Co., Inc.
Indianapolis, Indiana

MADISON CAWEIN

Consultant

Three-section tuner for tv channels 14 to 83

using an unbalanced, 300-ohm
input circuit. A split-capacitor
arrangement is used for antenna
coupling. A 300-ohm, balanced-
input circuit is under test, but has
not been finalized as yet (indicated
in Fig. 4).

The input-cireuit equivalent, Fig.
2, indicates a preferred circuit ar-
rangement for preselector tuning
elements. This arrangement repre-
sents an impedance step-up from
the antenna to match the tuned cir-
cuit impedance. This step-up is sev-
eral fold, depending on the relative
values of C, and C, (approximately
2.2-to-1 capacitance ratio, or 5-to-1
impedance ratio).

The tuning elements in the pre-
selector circuit cover the tuning
range of the uhf band (10-mc over-
travel at each end) with an external
tank capacitance of approximately
1 puf. The oscillator tuning element
will cover the required range for a

converter (oscillator frequency be-
low preselector frequency) with an
external tank capacitance approxi-
mately equal to the grid-plate capac-
itance of the 6AF4, approximately
1.5 uuf external.

The circuit shown in Fig. 3 illus-
trates one preferred method of
using the tuner element. As the
element is relatively symmetrical in
structure, both terminals may be
operated in a balanced condition
above ground. One advantage of
this connection is the provisien for
placing the a-c potential of the vari-
able inductance coil center at
ground. Another advantage is that
of being able to couple into the cir-
cuit, at tapped-down points, from
two relatively isolated circuits, as
in an antenna circuit or a mixer
circuit.

The preselector tuning elements,
when connected to ground as shown
in Fig. 3, exhibit a suck-out reso-
nance at approximately 370 me. If
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TUNE UHF CHANNELS

Continuous coverage of television channels 14 to 83 is provided by edge-mounted metal

strips and movable shorting bars for tuning each stage of a receiver front end. Design and

circuit analysis includes complete converter using the elements

Front and rear views of antenna-coupling section

the magnitudes of the two capaci-
tors are unbalanced (made slightly
different in opposite directions),
two spurious resonances will oceur
at frequencies slightly lower and
higher than 370 me. If the value
of each C shrould be decreased to 1.2
unf, the spurious resonance will be-
come high enough to cause a loss of
gain at the low end of the uhf band.

1t is advisable to provide a physi-
cal ground at G.. In practice,
grounds G, and G. can be inches
apart on the chassis. The purpose
of this ground is to short-circuit
any low-frequency interference
which may be present and to reduce
oscillator radiation.

Suck-Outs

When operating the oscillator
above 760 me, it is necessary to con-
nect the inner, concentric conductor
back on itself, otherwise. an unde-
sirable resonance (suck-out) oc-
curs at approximately 780 mc. This

ELECTRONICS — February, 1952

suck-out will reduce or kill the oscil-
lator output above 760 megacycles
in some types of oscillator circuits.

A wide-strip, oscillator tuning
element is available for applications
above 760 megacycles. In these
elements, the suck-out occurs above
900 mec.

A 3-section tuner is used in the
converter circuit of Fig. 4 to pro-
vide coverage of channels 14 to 83.
The oscillator operates on the low
side of the carrier to prevent
inversion of the video and audio
carriers, and thus enables the con-
verter to be used with a conven-
tional vhf receiver.

The circuit consists of a prese-
lector, crystal mixer and oscillator,
followed by an i-f stage. The input
impedance is 300 ohms nominal,
shown as a Dbalanced line, and
the output impedance is 75 to 300
ohms. The gain of this converter is
approximately 1.0 when used with
the 500-ohm output connection and

a 300-ohm receiver input.

The preselector utilizes two tun-
ing elements for double-tuned selec-
tivity and an impedance match
ahead of the mixer. Each tuning-
element has spurious resonance
below the band at approximately
370 megacycles. A single oscillator-
tuning element, which has spurious
resonance above 900 megacycles, is
employed.

In this case the three tuning ele-
ments are all different. The input
element provides balanced coup-
ling to the antenna and its shape
differs from that of the second
preselector tuning element. Both
elements are shaped to track the
oscillator.

Input Coupling

The antenna-coupling means,
shown in Fig. 2, represents a com-

5
Z: 1500 OHMS
AT 660 MC
Lyax* 004 MH

FIG. 2—Equivalent input circuit employ-
ing impedance step-up from antenna

FIG. 3--Preselector circuit showing bal-
anced condition
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promise between energy transfer
(from various types of antennas or
lines), alignment problems, oscilla-
tor radiation and noise figure.

The band-pass coupling arrange-
ment of Fig. 4 can be represented
by C, and L, and contains an auto-
matic adjustment of bkandwidth
across the range of the converter.
When properly aligned, it is possi-
ble to maintain tv channel band-

widths in the uhf range at approxi-
mately 10 to 14 megacycles. The
coupling between circuits provided
is
1

34 (1—1)C/C

The symbol, » = f/f,, is the ratio
of selector resonance to the reso-
nance of L,C,. The value of C, should
be adjusted for a bandwidth of 12
mc¢ at 700 megacycles, while L, is

k=

Bottom view of converter chassis shows critical wiring arrangement necessary tor
low-inductance leads at these frequencies

¢

Complete converter covers the range from 470 1o 890 mc
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a few centimeters long and prob-
ably has an inductance of about
30 millimicrohenries. Probably C,
is of the order of 4uuf. Thus, C,L,
resonates near 1,500 megacyvcles,
and % increases at high frequencies
to compensate partially for in-
creased power factor, thus keeping
peak separation (which is equal to
VE — p°) relatively constant.

In the mixer circuit shown in
Fig. 4, the input coupling circuit
resonates at approximately 350 me.
This circuit may exhibit a second
resonance near 900 megacycles.

The resistance component of the
mixer impedance is estimated to be
1,000 ohms, based on injection of
approximately 1 mw of oscillator
power. Thus, the Q of the mixer
circuit is probably somewhat less
than 10 at 900 me.

The oscillator tuning section
covers a range from 378 to 828
me for an i-f of 82 me.

Oscillator Analysis

The oscillator equivalent circuit
is shown as a reactance network
in Fig. 5. The circulating current
in the tank circuit, composed of
the reactance arms of the network
produces out-of-phase potentials be-
tween grid and plate,

The cathode is tapped in near
a null-point of the network due
to approximate balance between
total C, and C,, and R, and
R,. Consequently, the reaction of
the cathode and heater circuits on
the oscillator tank ecircuit is mini-
mized. Value R, is made up of plate
resistance in parallel with isolating
resistance. The grid leak, in paral-
lel with the transit-time condue-
tance constitutes R, which changes
with frequency.

Mixer excitation is derived from
coupling to the cathode through
the heater-cathode capacitance of
the tube (effective value of C,, is
2.7 uuf approx for the 6AF4).
Thus, the preselector circuits cou-
pled to the mixer have a minimum
reaction on the oscillator. The oscil-
lator injection is relatively uniform
across the band. The reactance of L,
increases with frequency, and tends
to increase the output as the tran-
sit-time loading of the input cir-
cuit increases. This action offsets
the general tendency toward reduc-
tion in oscillator voltage due to
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FIG. 4—Complete circuit of converter with three-circuit tuner

decrease in R, at higher frequen-
cies, while R, remains relatively
unaffected.

Although the ideal ratio of total
grid-circuit capacitance to total
plate-circuit capacitance is not
maintained in this network (ideal
2,/)G, = w/2 = 8), the tendency
toward reduced oscillations at the
higher frequencies, due to transit-
time phase-shift, is offset.

Referring to Fig. 6, voltage E,
lags the tank current I by 90 de-
grees, and voltage E, would lead by
90 degrees if the power factors of
both C, and C, were small. The
power factor of C, decreases with
frequency, but the power factor of
C, increases with frequency (p =
1/RCw) because R, varies inversely
with the square of frequency. Thus,
E, tends to lead by more than 90
deg as the frequency increases and
reaches its maximum before it
should. This phase lead offsets the
increasing transit-time delay be-
tween maximum E, and maximum
E, as the frequency increases.

The compensation of transit-time
phase shift is necessary at high
frequencies to maintain oscillations.
This compensation will not occur
for values of C, that are compara-
tively greater than C,, because
the power factor of the grid cir-
cuit would then be proportionally
smaller (current and voltage would
be substantially 90 deg out of
phase) and the grid maximum
would occur too late for transfer-
ence-in-time to the plate.

QOscillator drift has been mini-
mized by the location of parts and
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by thermal isolation from heat con-
tributed by the i-f and power-sup-
ply tubes. For intercarrier audio
sets, the converter stabilizes during
normal set warm-up time (approxi-
mately one minute). For split-audio
receivers, a 3 to 5 minute warm-up
may be required.

I-F Amplifier

The well-known cascode circuit
is used as the i-f amplifier. This re-
quires neutralization to maintain a
good noise figure at high values of
i-f frequency. The circuit arrange-
ment takes account of the distrib-
uted tube constants. Though the cir-
cuit is inherently good, from the
standpoint of noise figure, the trans-
it-time loading of the first-tube grid
represents a noise source having an

effective noise-temperature ratio
(to room temperature) of t = b
(corresponding to t = 1, 2, 3, or

higher for a erystal). The transit-
time conductance ¢, is inversely
proportional to the square of the
frequency up to 200 megacyecles.
For the 6BQ7, the transit-time
loading is approximately 10,000
ohms at 82 megacycles. This con-
stitutes a noise generator between
grid and cathode.

Noise Figure

It can be shown that the princi-

pal noise sources in an amplifier are

related to an input network of
equivalent resistors (See Fig. 7)
or conductances, whose tempera-
tures may not be all the same. Fur-
ther, the available noise power out-
put of conductances in parallel, all

INJECTION .

FIG. 5—Reactance network equivalent
of oscillator

TANK L

FIG. 6—Analysis of compensation for
oscillator transit-time phase shift

FIG. 7—Equivalent resistances and con-
ductance of amplifier

at the same temperature T, is equal
to KTB over a bandwidth B. This is
identical to the available output
from any resistor at temperature T,
regardless of its magnitude.

Each resistor contributes only a
portion of the total noise power.
Due to the presence of the others,
only a portion of KTB is available
from each. This portion depends di-

m



NEUT CHOKE

GAIN, 2
G,»22-4

INPUT TRANS
==

OUTPUT TRANS

130 VOLTS

il,OOO}{}lF

FIG. 8—Operating conditions of i-f amplifier

CONVERTER Colg\ﬁs_sgw GRS
TERMINALS\ 2.2 uuF vt
VA 11& .
|' LAY I 1 ]
TRANS-  [Ry300, | Re*300 L } m? 50 ¢
MISSION $«” S& > > SI-F
LINE . 33ppF 3 s
Ta j Te*Ta |\ lgs=2,340‘ lgs 2340 (grs2 1gs=500
2 e
953,300 9c=3,300 NETWORK ‘TRANSFORMED SOURCE TM/Tp= 3
STF’%ngw CONDUCTANCE
EP-DOWN
633 _p.9 Ggr 52 xesoo 2340
33+22' 25 (TRANSFORMED BY G BUT NOT BY G)

FIG. 9—Faciors involved in figuring cverall noise figure

rectly upon the temperature of the
resistor and upon the ratio of its
conductance to the total conduec-
tance. Thus, the total noise power
available from the network is the
sum of the noise powers available
from each rozsistor, regardless of
whether they are in series or paral-
lel.

Noise figure for a passive net-
work (containing noise sources) is
defined as the available signal-to-
noise power input divided by avail-
able signal-to-noise power output.
The available noise power input
from the signal source resistor R,
is attenuated by the network, but
the signal impressed at 7 is the
same as that which appears at O.
Therefore, noise figure as defined in
the literature (since 1944) is really
the ratio of noise-power output to
noise-power input.

It can be shown that the noise
figure of the network is

gs T g. T, g: T,
=9 9 214 |
T}

9sTs Gs ﬁ [ gs
parallel conductances
& '*__ e +jl)2 T %)
Gegs I

series conductances
The conductance form of the
noise figure equation is often more
convenient than the resistance
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form, since transit-time econduct-
ance (g, versus frequency) curves
are usually given for vacuum tubes,
and g, (equivalent plate-current
noise resistance referred to the
grid circuit) usually can be taken
as ¢./2.5 for a triode. This ex-
pression for noise figure can be ex-
tended for any number of parallel
or series conductances.

In most cases, all the tempera-
tures are equal to T, except T,,
which is the cathode temperature
and is equal approximately to 5 X
T,, so Eq. 1 can be simplified.

(0 + 9. + 902
glg!

P=14 r‘."..}.&

+
gs gs

(2)
The operating diagram of the i-f
amplifier is shown in Fig. 8. The
noise figure of the second tube com-
puted for Eq. 2 is 5.5. The noise
figure of the first tube is 3.34. Since
the gain of the first tube is 1.0, the
overall noise figure of the i-f ampli-
fier is 7.84.

The overall noise figure of the
converter can be computed by
reference to Fig. 9.

1 F,—1

=+ — 3

Pyt £ 8 G_ GG.G,

ge G

Eaech noise-figure contribution is
referred to the input.

The i-f output circuit is a double-

tuned transformer, 12 me wide at
the half-power points, with center
frequency at 82 me. The gain of
the i-f amplifier is approximately 6,
from input to output terminals.
The output impedance is nominally
300 ohms for channels 5 and 6.
Since the conversion gain is 0.25
and there is voltage step-down of
0.6 ahead of the converter, the over-
all gain is approximately 1.0.

Noise Figure

From the thermal noise stand-
point it is not necessary for a uhf
converter to have a gain greater
than 1.0 so long as the converter
itself is a source of consider-
able noise. When the noise figure
is as high as 100 (20 db), the
noise power output is 100 times the
noise power input. Since the input
and output impedances are equal
(300 ohms), the noise voltage de-
veloped at the receiver input termi-
nals is 10 times that at the antenna
terminals normally.

Thus, the noise figure of the re-
ceiver becomes negligible because
the receiver noise contributions are
referred to a much higher source
noise than in vhf reception. This
means that, although there are
normally only 4.2 uv of noise across
the 300-ohm input of a vhf receiver,
with a bandwidth of 3.5 me, there
will be 42 uv from a converter with
a 20-db noise figure and unity gain.

If it is arbitrarily stated that a 2
to 1 peak signal-to-noise ratio is
required for a usable picture, then
the peak signal should be 2 x 1.4
< 4.2 = 11.76 uv for vhf reception
or 117 uv for uhf reception, using
the converter. It will not help to
increase the converter gain, for
this will not change the signal-to-
noise ratio at the antenna. Almost
any television receiver will operate
on 117 uwv of signal. Any addi-
tional gain will merely back-down
the ave, but will not change the
signal-to-noise ratio. Signal-to-
noise may be improved for uhf re-
ception only by obtaining more
than 117 uv of signal at the con-
verter input, or by adding r-f
amplification ahead of the mixer to
improve the noise figure.

The authors appreciate the tech-
nical aid given by B. B. King and
W. E. Garrigus.

February, 1952 — ELECTRON!CS



Magnetic Modulators

Conversion of low-level, low-frequency or d-c signals to a-c signals capable of being
amplified by conventional means is accomplished by magnetic-amplifier-type device that

combines high efficiency and reliability with extreme ruggedness .

By E. P.

AI'VIPLI}‘ICATION of small direct
and subaudio a-¢ signals has
always presented problems such as
high noise and poor zero-stability.
Many ingenious methods for cir-
cumventing these difficulties have
been proposed and used. Most in-
volve the conversion of the signals
to be measured to a-c signals of
frequencies that ean be readily
amplified by conventional means.

This paper describes such a
method emploving a magnetiec mod-
ulator, or magnettor.

A magnettor is a low-level sig-
nal converter employing magnetic
modulation. While magnettors fall
in the general category of magnetic
amplifiers, they correspond func-
tionally to the modulators, some-
times called mixers or converters,
in the electron-tube art. Their con-
version efficiency, low noise level,
and linearity adapt them particu-
larly well to applications requiring

FELCH, V. E. LEGG and F. G. MERRILL

Bell Telephone Laboratories
Murray Hill, New Jersey

Their frequency response extends
downward to direct current. The
freedom from moving parts and
critical balances common to other
types of converters not only per-
mits extended frequency response
but also achieves long life and free-
dom from maintenance.

The principles underlying the
operation of magnettors are far
from new. Extensive studies of the
behavior of high-permeability mag-
netic materials as low-level modula-
tors have been carried out as indi-
cated by the bibliography at the
end of this article.

Principles of Operation

In its simplest form, as shown in
Fig. 1, a magnettor consists of a
core of magnetic material sur-
rounded by a single winding. A
pure sinusoidal current of exciting
frequency f is applied to the wind-
ing and increased in value until

low-level signal conversion for the core is nearly saturated during
which they are ordinarily used. a portion of every half cycle. If
o 000
SWITCH EXCITING
FREQUENCY SIGNAL
BLOCKING BLOCKING
0-C CHOKE CAPACITOR WAVE
— SIGNAL MAGNETTOR: ANALYZER @
SOURCE 2f, 4f, 6f,
EXCITING ETC
FREQUENCY §
SOURCE

FIG. 1-—Basic circuit shows magnettor (magnetic modulator) being used to convert
d-c signal to proportional a-c signal capable of being amplified by conventional means

the voltage across the coil is ana-
lyzed, it will be found to consist of
the exciting frequency and odd
harmonics thereof. No even har-
monics of the exciting frequency
will be present, in the ideal case.
However, if a direct-current signal
is super-imposed on the alternating
current in the winding, the second
and higher even harmonics of the
exciting frequency will appear
across the winding.

This behavior is a consequence of
the perfect symmetry of the normal
B-H curves, which produces corre-
sponding symmetry of the output
voitage wave. This symmetry can
be measurably upset by unidirec-
tional flux which may be many
orders of magnitude less than the
saturation flux value.

If the amplitude of the second
harmonic output voltage is com-
pared with the d-c¢ signal current,
a linear relationship will be found
to exist over a range of at least 300
to 1, or 50 db, limited by noise and
by saturation at the lower and
upper extremes of the range,
respectively.

Polarity, Phase and Sidebands

Direct-current signal inputs of
opposite polarities produce second-
harmonic output voltages differing
in phase by 180 degrees. In other

FIG. 2—Straight tubular core magnettor requires considerable shielding to eliminate spurious signals from ambient fields. Permalioy
sheet at left is rolled into cylinder and placed in 2-in-long methacrylate spool
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FIG. 3—Toroidal core configuration reduces shielding requirements., One-mil thick
strip (left) is wound around 1Y%-inch ceramic spool

words, the phase of the secornd-
harmonic output voltage follows the
polarity of the d-c input signal.
This is an exceedingly useful prop-
erty. By employing a phase-sensi-
tive rectifier for reconversion of
the second harmonic voltage to di-
rect current, the polarity of the in-
put signal may be recovered in the
output. The frequency and wave
shape of a-c signal inputs can be
reproduced in the output provided
that demodulation is aceomplished
in a phase-sensitive demodulator.

If a simple rectifier or demodu-
lator is employed the input-output
relationships are quite different.
For direct-current signal inputs of
either polarity, the rectified output
i1s d-c of a single polarity.

For a-c signal inputs the prinei-
pal demodulator output consists of
the second harmonic of the a-c
input signal. The magnettor out-
put for an a-c signal input contain-
ing no d-c component comprises two
sidebands of frequencies numeric-
ally equal to the sum and difference,
respectively, of the second har-
monic of the exciting frequency and
the input signal frequency. Since
there is no second harmonic gen-
erated in this case the signal fre-
quency to sideband relationship is
like that associated with sup-
pressed-carrier modulation systems.

The degree and permanence of
carrier suppression obtainable with
magnettors significantly exceeds
that of other types of modulators
because of the almost perfect in-
herent symmetry of the B-H char-
acteristic, upon which this balance
depends. This is in contrast with
the usual situation where carrier
balance is a function of the identity
of pairs of nonlinear circuit ele-
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ments of indifferent stability.

Superposition of a d-c input sig-
nal restores the second-harmonic
carrier and produces a relationship
analogous to that encountered in
conventional amplitude modulation.

The amplitude, phase and side-
band relationships mentioned above
hold for all of the higher even har-
monics as well as for the second.
This fact has been exploited in
some magnetometers.

The performance of magnettors
is dependent upon their physical
design and upon the ecircuit in
which they are used. Characteris-
tics of principal interest include
transimpedance, noise level, linear-
ity, frequency response and input
impedance. Transimpedance z,, is a
term given to the derivative of the
open circuit second harmonic out-
put voltage with respect to the
input current
_ 4By _ WN

Zn al ]

X 1077
where u’ is the effective permeabil-
ity (approaches permeability of
core material for torodial or other
closed coil structure), N the num-
ber of turns, A the cross-sectional
area of the core in square centi-
meters, f the excitation frequency
in cps and ! the length of the wind-
ing in centimeters.

Core Materials

The selection of core material
affects both the transimpedance
and the excitation requirements.
Desirable characteristics are high
permeability, for maximum trans-
impedance; low coercive force, for
minimum loss of excitation power
through hysteresis; and ease of
producing saturation at relatively

low magnetizing forces.

These properties are combined
to a highly satisfactory degree
in 4-79 Molybdenum-Permalloy.

The thickness of metallic core
materials affects the eddy current
losses—the thinner the material,
the lower the losses.

The design of the core structure
influences two aspects of magnettor
performance to a marked degree—
transimpedance and noise level. De-
sirable characteristics are high u’
for maximum transimpedance, free-
dom from mechanical strain of the
core material for minimum noise
level and zero offset, and rigidity
and mechanical stability for mini-
mum noise level. Two basic core
structures have been employed in
the simple circuit of Fig. 1—the
straight tubular type and the toroi-
dal form.

Tubular Cores

The straight tubular cere mag-
nettor is shown in Fig. 2, These
perform excellently as d-c to a-c
converters, if adequate shielding
is provided to eliminate spurious
signals from ambient magnetic
fields, such as that of the earth or
of neighboring electrical machin-
ery.

As shown in Fig. 2 this core
consists of a strip of 4-79 Mo-
permalloy one mil thick and 2 inch
wide rolled into a tubule about 1/10
inch in diameter and 1% inches long.
The rolled core has barely more
than one convolution. After it is
annealed it is slipped over a glass
tube, which is then inserted in a
Lucite spool as shown.

The tubular form of core posses-
ses a number of advantages over
other straight-core structures such
as flat strips and wires. Inherent
rigidity and adaptability to strain-
free mounting are perhaps its out-
standing virtues. In any magnet-
tor core structure strains of a
permanent or a transient nature
give rise to zero offset and noise,
respectively.

In a straight core or, for that
matter, in any core structure with
a large air-gap, the effective perme-
ability p” is a function of the core
geometry as well as of the perme-
ability of the magnetic material
itself. In a solid cylindrical core
the value of p’ is particularly de-
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pendent upon the length-to-diam-
eter ratio. It is greater for long
slender cores. For tubular cores
the effective diameter is not the out-
side diameter but it approximates
more closely that of a solid cylinder
containing the same amount of
material, and having the same
length.

It is difficult to be rigorous con-
cerning values of g for cores of
various dimensions. However,
Table I, which is based upon exper-
imental data, illustrates the influ-
ence of core dimensions upon the
value of p’. All of these cores were
made from 4-79 Mo-permalloy tape
1 mil thick, and contained one or
more convolutions to make up the
areas indicated. A figure of merit
is shown in the last column. This
is simply the product of p” and the
area of core material, as they both
appear in the formula for trans-
impedance.

Despite the approximate nature
of these data it may be concluded
therefrom that for a tubular core
magnettor the transimpedance is
approximately proportional to the
length of the core, and is influenced
to a minor degree by the amount of
material in the core. Since, how-
ever, the required exciting volt-
amperes is a function of the area
of core material it appears advan-
tageous to employ cores containing
the minimum amount of material.

The effective output impedance
of straight tubular core magnet-
tors is affected principally by the
value of u’, and secondarily by the
area of the core. These effects also
favor cores of smallest practicable
cross-section,

Toroidal Cores

Magnettors with toroidal cores,
for applications not involving meas-
urements of the earth’s field, have
proven attractive from two stand-
points. The problem of shielding
the core from earth’s field is re-
duced by a factor of about 1,000
compared with those having
straight cores, and the transimped-
ance which can be realized is in-
creased by at least an order of mag-
nitude for structures utilizing
approximately equal volumes. The
latter advantage arises from the
fact that the value of u” approaches
closely the permeability of the ma-
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terial itself and is practically inde-
pendent of core dimensions. The
only drawback to this is that the
permeability of the material may be
somewhat less stable than that of
w’ for tubular cores. This provides
a partial explanation for the
slightly higher residual noise level
observed in toroidal core magnet-
tors.

The transimpedance and the ex-
citing power in this case are both
approximately proportional to the
cross-sectional area of core mate-
rial. The effective output imped-
ance has been found to be almost
p-oportional to core area. Hence,
both the open-circuit output voltage
and the output power into a
matched load for a given d-c input
current are linearly proportional to
the core area.

Two general types of toroidal
cores have been found useful. One
consists of a pile-up of permalloy
washers insulated from each other
and enclosed in an annular box of
rigid material. The box insulates
the core material from mechanical
strains. Another toroidal core de-
sign which lends itself well to
manufacture by more or less con-
ventional methods is illustrated in
Fig. 3. The ends of the tape are
spot welded and the assembly is
annealed as a unit. The coil wind-
ing is applied directly to the ce-
ramie form. The core illustrated
consists of a single turn of tape. The
core area may be increased as de-
sired by applying more turns of

perimentally for this type of struc-
ture are in the order of 30,000.

Windings

From the standpoint of signal
input the significant parameters of
the winding are resistance and N/,
the turns per unit length of the
winding. Minimizing resistance and
maximizing N/l increase the volt-
age and current sensitivities, re-
spectively. For a-c signal inputs
the impedance of the winding is
important, and this is proportional
to N?, the square of the number of
turns. The output voltage for a
given ampere turn signal input is
proportional to N. However, since
the effective output impedance is
approximately proportional to N*,
the power output into a matched
load is substantially independent of
the number of turns.

Multiple Configurations

As a logical consequence of the
above relationships magnettors
have been constructed with multiple
windings, giving the designer a
wider choice of N for various
functions. When separate exci-
tation windings are employed a
further advantage may be gained
by pairing the magnettor with
a second two-winding core struc-
ture. The excitation windings
may then be connected in oppos-
ing fashion while the signal in-
put and output windings are con-
nected in aiding fashion. This

tape. Values of u’ determined ex- arrangement is shown schematically
Table I—Typical Characteristics of Tubular Cores
Core Figure
Ouler Malerial w” of
Core Lenglh Diameler Area Merit
(in.) (em) (em) (sq cm) (u' X Area)
— _ I
.15 1.9 0.27 0.006 200 1e
1.0 2.5 0.27 0.003 600 1.8
1.0 2.5 0.27 0.006 300 1.8
1.0 2.5 0.27 0.023 75 L5
1.5 3.8 0.24 0.003 1,000 3.0
2 5.1 0.16 0.003 1,400 | 4.2
2 5.1 0.16 0.013 300 3.9
2 5.1 0.24 0.003 2,000 6.0
b | 5.1 | 0.24 0.013 400 5.2
4 10.2 | 0.27 0.005 2,200 11
4 10.2 0.27 0.013 1,100 17
4 10.2 0.32 0.003 4,000 ‘ 12
48 122 0.32 0.010 15,000 150
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in Fig. 4 for magnettors illustrated
in Fig. 3. It provides conjugacy
between the excitation and output
circuits, which relaxes filtering
requirements.

The signal input and output volt-
ages appear across the windings in
the same sense. This appears to be
an indissoluble relationship which
necessitates a series or parallel feed
arrangement of the input signal.
In the circuit of Fig. 4 this is read-
ily accomplished by employing a
floating input winding in the out-
put filter in conjunction with a
capacitor shunting the input signal
circuit.

Another method of accomplish-
ing these objectives is to place the
exciting windings upon the two in-
dividual cores and then place a
single signal input and output
winding around the two cores
stacked together.

Circuit Design

Many aspects of the design of
circuits employing magnettors have
alreadv been discussed earlier in
this paper. The choices of excita-
tion and output frequencies are in-
fluenced by several factors.

Favoring a higher excitation fre-
quency are considerations of: (1)
Signal bandwidth or speed of re-
sponse. The wave-form of the use-
ful output is delineated by the
envelope of the excitation fre-
quency. (2) Sensitivity and signal-
to-noise ratio. The transimped-
ance is a linear function of the
excitation frequency.

Favoring a lower excitation fre-
quency are considerations of: (1)
Unwanted winding resonances.
These are particularly troublesome
if a large number of winding turns
are required to match a high-im-

pedance signal source. (2) Eddy-
current losses. These become sig-
nificant in 1-mil 4-79 Mo-permalloy
at excitation frequencies above 5
to 10 ke. (3) Availability of excita-
tion power. This favors operation
at power frequencies of 60 or 400
cps. An excitation frequency of
1,000 cps has found considerable
use, representing a compromise be-
tween the conflicting factors men-
tioned above. For a wider signal-
frequency bandwidth, 20 and 60 ke
excitation frequencies have been
used.

Once the choice of excitation fre-
quency has been made the choice
of output frequency remains. That
is, the second, or any higher har-
monic may be selected. The output
voltage for the various even har-
monics for a given input current
and excitation frequeney are sub-
stantially equal, but the equivalent
output impedances increases lin-
early with frequency. Consequently
there is little advantage to be
gained from utilizing a higher har-
monic than the second.

In an experiment aimed at de-
termining qualitatively the per-
formance at higher frequencies of
the twin-core magnettor shown in
Fig. 3 it was supplied with an exci-
tation frequency of 60 kc. This re-
quired about 30 times the driving
power required at 1 ke to attain
adequate saturation. An audio-
frequency signal of about 10 milli-
volts from a variable reluctance
phonograph pickup together with a
somewhat greater d-c voltage were
introduced in the signal windings.
The output spectrum was explored
with a radio receiver. Carrier and
audio sidebands were present at
120 kc intervals throughout the
frequency range 720 to 1,440 ke.

The frequency response was flat
from d-c to beyond 8 ke, where the
radio receiver started to cut off
anyway. The quality of reproduced
music was comparable with that ob-
tained from radio stations at each
output frequency. By dropping the
excitation frequency to 20 ke the
spectrum was filled with outputs at
40-kc intervals, with no perceptible
loss in quality.

Excitation Source

The primary requirement to be
met by the excitation source is that
it deliver sufficient power to drive
the core material close to satura-
tion during a portion of each half
cycle. The transimpedance of a
magnettor increases rapidly with
increasing exciting current up to
a maximum and then gradually de-
creases. It is desirable to operate
at or just beyond this maximum for
several reasons. First, the influ-
ence of changes in exciting current
upon transimpedance is minimized.
Second, the memory effect of large-
signal inputs is eliminated. Third,
the dynamic range of signal ampli-
tudes between noise and overload is
approaching maximum.

It has been found advantageous
to employ excitation sources having
appreciably lower internal imped-
ance than that of the magnettor.

Another important requirement
is that the spurious second har-
monic output voltage from the ex-
citation source be low. While the
balanced magnettor circuit reduces
the transmission of second har-
monic from the excitation source
into the useful output circuit, it is
still necessary that it be minimized.
With unbalanced magnettors and
those operating at extremely low
signal levels, a second harmonic re-
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FIG. 4—Circuit shows typical use of magnettors in conjunction

with vacuum tube
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FIG. 5—Single-tube exciting oscillator has low-impedance out-

put and excéllent level stability
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jection filter is necessary between
the output of the excitation source
and the magnettor to reduce the
spurious second harmonic reaching
the useful output circuit,

Good regulation or level stability
of the excitation source is essential
in order to realize the minimum
noise from magnettors.

A single-tube oscillator combin-
ing the attributes of low output im-
pedance (less than 10 ohms) and
excellent level stability is shown in
Fig. 5. The power output is around
10 milliwatts.

Output Filters

Two factors determine to a large
extent the requirements for the
output filter used with a magnettor.
First, the bandwidth must be ade-
quate to handle the sidebands cor-
responding to the highest signal
input frequency. Second, the dis-
crimination against the excitation
frequency and odd harmonics there-
of must be sufficient to reduce their
contributions to zero offset and
noise to acceptable values. The fil-
ter may also be designed to fulfill
two additional functions—imped-
ance matching to the grid of an
electron tube, and providing a se-
ries or parallel feed path for the
signal input current.

The simplest form of filter ca-
pable of meeting these requirements
consists of a tuned circuit. For
ratios of excitation frequencies of
the order of 50 or greater, such
simple filters or impedance-trans-
forming pi circuits are quite
adequate. For bandwidths in the
order of 1@ percent of the excita-
tion frequency. band-pass struc-
tures are necessary, Care must be
exercised to insure that the indue-
tors employved in the filters do not
themselves act as magnettors and
impair the overall linearity. This
can be avoided by using inductors
having air cores or suitable mag-
netic cores exhibiting low modula-
tion.

A phase modulator, as noted
previously, is useful for conversion
to d-¢ of the filtered and amplified
magnettor output with output polar-
ity corresponding to that of the
input. Such a phase modulator is
capable of discriminating against
unwanted second harmonic voltages
in quadrature with the voltages of
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the same frequency produced by
signal inputs.

A magnettor designed for use in
an automatic telephone line insula-
tion resistance test set furnishes a
practical example of the usefulness
of such devices.

Insulation Tester

The requirements for this appli-
cation called for the linear con-
version of signal currents of 1 to
100 microamperes in the frequency
range of d-c to 100 cycles. Partic-
ularly troublesome to the tube ap-
proach were the stipulations that
the measuring circuit could intro-
duce no more than 50 ohms resist-
ance in the circuit, and that the
entire signal circuit must operate
off ¢round.

The magnettor circuit arrange-
ment of Fig. 4 successfully meets
these requirements. A twin-to-

roidal-core magnettor with single-
turn cores, as shown in Fig. 3,
employed. Exciting windings are
200 turns each and the signal wind-
ings are 1,000 turns each. The ex-
citing frequency of 1,000 cycles is
derived from the single-tube oscil-
lJator shown in Fig. 5. The second
harmonic output is selected with a
filter having a pass band 200 cycles
in width.

The d-c input—a-c output char-
acteristies are shown in Fig. 6 for
four values of exciting voltage. The
slope is about 10 millivolts per
microampere corresponding to a
transimpedance including filter
step-up of 10' ohms. The power
gain in the magnettor itself is
about 6 db. The zero-signal output
is equivalent to an input of less
than one-half microampere or about
107 watts. The linearity is excel-
lent from 1 to 100 microamperes

and the overload point is greater
than 1,000 microamperes. Since the
signal input impedance is 30 ohms,
the zero-signal residual or offset
corresponds to less than 20 micro-
volts. The signal-frequency re-
sponse is flat within 3 db from
direct current to 100 cycles.

A magnettor of the twin-core
type having 70 convolutions in each
core and windings similar to that
mentioned above was tested with
its output connected to a wave
analyzer. Excitation was provided
by a well-filtered 1,000-cvcle oscil-
lator. The second harmonic output
into one megohm for a one-micro-
ampere signal was 70 millivolts.
This corresponds to a transimped-
ance of 70,000 ohms. The power
cain in the magnettor alone was
more than 1,000, or 30 db. The zero-
signal residual or offset and noise
was less than one-tenth microam-
pere or less than 1077 watts. The
output was linear from 0.1 up to
100 microamperes. The equivalent
output impedance of the magnettor
was in the order of 200.000 ohms.

Magnettors offer advantages over
other techniques for signal conver-
sion in many applications.

A great deal of exploratory work
still needs to be done to realize
their full potentialities. However,
as a note of caution, prediction of
their performance is difficult, and
measurements are not easy because
of the unusual and changing
waveforms encountered and the
number of parameters involved. It
is hoped that this paper will stim-
ulate activity iIn this somewhat
neglected field.
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FIG. 1—Plot of Eq. 1 covering the range of p, from 0.3 to 2.0 and 6. from 0 to 90 degrees. Values of #, from 90 to 180 degrees are

NCREASING developments in elec-

tronies, such as radar and tele-
vision, require numerous applica-
tions of wide-band i-f amplifiers.

This article with the aid of nomo-
graphs and charts, simplifies the
design calculations of two types of
stagger-tuned i-f amplifiers, that is,
the Butterworth (or maximally
flat) response and the Tschebycheff
(or equal-ripple) response. Pro-
visions are made for bandwidths up
to twice the center frequency and
for two-pole to six-pole staggers.

The usual method of design is to
calculate the equivalent low-pass
poles (or resonant frequencies and
their damping factors) and then
transform these poles to their de-
sired band-pass values by
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Yo = Zu/2 + {1+ (Z./2)) (1)

where
Zn = pn Lba (2
= R, /sin7!§, (3)
Rn = fn/fa 4
28, = B,/f. = damping factor of band-
pass pole (5)
pn = magnitude of low-pass pole
6, = phase angle of low-pass pole

f. = frequency of nth pole (or stage)

B, = bandwidth of nth pole

Equation 1 is plotted in Figure 1.
This chart covers a range of o, from
0.3 to 2.0 and 6, from 0 to 90 de-
grees. For values of ¢, less than
0.3, the approximations (Eq. 20 and
21) for Equation 1 result in more

accurate values. The values of 0,
from 90 to 180 degrees are not
necessary because of the geometric
symmetry exhibited by the band-
pass poles for both the Butterworth
and Tschebycheff type of stagger.
This fact is used to reduce the num-

ber of calculations. For N poles:
Ryyrn = 1/R, (6)
6N+l-n = 8y (7)

where n is a particular stage of an
N-uple stagger, n = 1 is the high-
est frequency of the N-uple, and »n
=N is the lowest frequency of the
N-uple. Another saving is for the
case where N is odd. The center
pole (o.0.) is always at 90 degrees
(R. = 1.00) and 3, is equal to
0./ 2.

To use the chart in Figure 1, the
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by Stagger Tuning

Simplified design calculations use nomographs and tables to compute either Butterworth or

Tschebycheff-response stagger-tuned i-f amplifiers. Resultant wide-band circuits for radar

and television have practicable conformations, and employ noncritical components

low-pass equivalent pole is calcu-
lated in a vector form (p, £ 6.).
Then simply go into the chart to
the point representing this vector
and read off the corresponding
values of R, and 3,. The actual
frequencies and bandwidths can
then be found from Eq. 4 and 5.

The following definitions are for
both the Butterworth and the
Tschebycheff type of stagger.

fu = upper frequency of pass band

fr. = lower frequency of pass band

fo = (fufr)} = center frequency
(geometric) (8)

a = (fu—fL)/fo 9)

The first type of design is the
Butterworth or maximally flat stag-
ger. It has the response shown in
Fig. 2. The normalized gain (G,),
as a function of frequency, is of the
form

G, = 1/(1 4 z2)4 10)
—
a / & ]
e 308

Pte —f | | -
l
I
|
I
|
|
| |
| |

iL ff‘ fl.|

FIG. 2—Response of a circuit with But-
terworth or maximally flat stagger

where

TEE] W

Equation 11 is for the usual case
where the amplitude response is
down 83 db at f = f, and f = f..
However, if it is desired to have
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the response down only ¢ db at f.
and f;, then « must be increased by
a factor 1/y. Symbol ¥ represents
the bandwidth reduction factor and
depends only upon N and & It
may be found from the nomograph
in Fig. 3. Eq. 11 then becomes

=B

The mean stage gain of a Butter-
worth staggered amplifier is

(12)

=20 log 2T — :l (13)
where g¢.. the tube transcon-
ductance

C = the total shunt capacitance
For the Butterworth case

=== p, (14)

= 2"_
0, = v

(90) degrees (15)

The required values of 0, are
listed in Table I for values of N

from 2 to 6.

Butterworth Method

(fu — fL) /1o
(40 — 20)/28 3 =0.707
y = 0.73 (from Fig. 3)

ao/y = 0.707/0.73

[v4

=35
e =0.2db
fu = 40 megacycles
fr = 20 megacycles
f = (jqu)z = (20 X 40)’1 = 28.3 mc

Therefore ¢, =

= 0.969
6r = p2 = 05 = pu = ps = 0.969
From Table I, 6, = 18°, 6, = 54°,
6, = 90°

R, and &, can be found from Fig.
1 at point (A) where ¢ = 0.969
and 0, — 18 degrees.

R, = 156 5, = 0.135
Similarly R, = 1.35 3, = 0.370
¢s is the center pole of an odd
N-uple, therefore

Rg =1 .00, and
e _0.969
B g =g 0.485

By symmetry (Eq. 6 and 7)
1/R: = 1/1.35 = 0.742

64;52_03
R5=1/R1—-1/1 56 = 0.641
& = & = 0.135

The actual frequencies and band-
widths are found from Eq. 4 and 5

fi = Ri X fo = (1.56) (28.3)
An example of a Butterworth = 44 2fmegac(ocli3§5)x(44 2
q g . . B = =9
deS}gn will be given to clarify the 1z 1 leegacycles
design procedure. .
A quintuple stagger-tuned ampli- Similarly
fier is required to have a pass band ? = ggg me, gz = %‘;}1 me
q q = .3 me, = .4 me
flat within 0.2 db from 20 to 40  { 5/ 0me B, = 7.8 me
megacycles. fs = 18.1 me, Bs = 4.9 me
POLES

tuned circuit

The frequency response of an electrical network can be expressed as the ratio
of two polynomials. The roots of the numerator polynomials are called zeros and
those in the denominator are called poles.
they completely describe the response of the network. Therefore, knowing these
roots, the response of the network can be readily determined. Or, if a given type
of response is desired, the response may be broken down into its individual roots
(or poles). For a stagger-tuned amplifier each pole can be represented by a single
tuned circuit. If the pole is written as a vector quantity, its magnitude represents
the resonant frequency and its phase angle is @ measure of the damping in the

These roots are useful tools in that
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Assuming 6AKS5’s are used

Jm = 5,000 ,uthS

C = 11.0 uuf

The mean stage gain may be cal-
culated from Eq. 13

G = 20 log
Ll O
(2 7) (28.3 X 108) (11 X 1071 (0.707)
G =84db
Since all the tubes are the same,
the total gain is five times the mean
stage gain or 42 db.

Equal Ripple Method

The Tschebycheff or equal ripple
response is calculated by a method
similar to that used for the Butter-
worth response. The gain versus
frequency response for this type of

and the desired gain tolerance are
known, the value of sinh 8 and tanh
g can be found from Fig. 5. Now ¢,
can be calculated from the following
equation

pn = a [(cos ¢,)* + (sinh 8)%% (16)
Cos g, is listed in Table II. (g, is
the equivalent of 6, in Table I).
The value of 0, can be found from
Fig. 6 using tan ¢, from Table 11
and tanh 8.

The center pole of an odd N-uple
is simply

« sinh 8
90 degrees

(am

Pe.
bc

With these values of ¢, and 9,
the actual frequencies and band-
widths can be calculated in the same
manner as for the Butterworth

design is shown in Fig. 4. The Stagger. .
. .. The mean stage gain for the
gain variation over the pass band Tschebyeheff st F
1s = ¢/2 or a total of ¢ db. The schebychell stagger 1s
number of bumps in the response G — 90 low G :'
corresponds to the degree of the ' "L2xfCop.
stagger. o p
Since the degree of stuggering gy (D7 (18)
r3.o
I €=10L06 (14y2M)
2.0
1.0
| 1.0 —
— . N
— 07 07 — 3
| € i
] 2
0.5 Y 05
l— 0.3 0.3j
— 0.2
— 0.1

The total gain is simply the sum of
the mean stage gains and for a de-
sign using the same tubes through-
out (g¢.. and C are the same for all
stages) the total gain becomes

G = 20 Nlog [ 5 "’j“. _J + 20 log
T Jo

PN .(:l

[Em) (p2) 1 'E

(=1 19)

Where sy = 2,

As an example of a Tschebycheff
design the bandwidth, gain toler-
ance, and degree of staggering will
be chosen the same as for the But-
terworth example.

w=;

e =0.2db
Ju =40 me
JL = 20 me
Jo = 28.3 me
a =0.707

From Fig. 5 for N = 5 and -
0.2 db

sinh 3 = 0.46 tanh 8 = 0 42

From Table II for N
=1

= 5 and n

cos ¢ = 0.951, tan ¢, = 0.325

¢: can be found by Eq. 16

o1 = a [(cos @)* 4 (sinh g)?]}
=0.707 [(0.951)% (0 46)2)}
p = 0.747

0, can be found from Fig. 6 using
tan g, and tanh 8

6, = 7.7 degrees
Similarly s, = 0.528 and 0. - 30
degrees
o, is the center pole of an odd
N-uple, therefore

p: = asinh 8 = (0.707
;= 90 degrees

0 .46)]= 0 325

FIG. 3—Nomograph for finding bandwidth-reduction factor y that depends upon the
number of poles N and attenuation ¢ for the upper and lower pass-band frequencies

120

FIG. 4—Gain-frequency response for a
Tschebycheff or equal-ripple stagger
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Table II—Tan o, Used to Find @, from Fig. &

Table I—Phase Angle of Low-Pass Pole

6. Degrees n=1 n=2 n=3
N —— — = - N | ————— —_— -
n=1 n ==2 n=3 Cos ¢1 Tun ¢ Cos ¢ Tan ¢ Cos ¢: Tan ¢z
2 45.0 —_ —_— 2 0.707 1.00 —_ —_—
3 30.0 | 90.0 _— 3 0.866 0.577 0 — -
l e T ™|
4 22.5 | 67.5 e 4 0.924 0.41t 0.383 2.41 _ —_—
5 18.0 l 51.0 90.0 5 0.951 0.325 ¢.588 1.38 0 —_—
‘ ) T R - .
6 15.0 45.0 75.0 6 0.966 0.268 0.707 1.00 0.259 3.73
H — 4.0
\ g e
» TAN Hg3 SINH 3 sg Eao0 =75
F ot5 Fois 0 4 E E o TAN HG
T B E’ - 1.0 3
- 5 02 o2 1 Eeo — 60 08
. 2.0 r E .
L. 4 0.3 -f B = =
1 { | | Tané,. = ]
T _ B o 3
0.4 -t 0:4 10 i 1.0 C 20 0.4 —
;]-_ 0.8 E‘ I =
j i — 0.8 B E
= 3 0.5 1-0.8 0.6 - o C 0.3 ;:
En - L L 10 3
06 144 0.4 — 06 E . 3
2NB=COSH_I(§—'%8—6) ES 03 4 | F = I
0.7 10 4 1 F a2 2
= 0.2 ] o = 1
1.2 04 4 =l
08 + 14 e T TANO =TAN¢,=TANH( -
L2 18 o1 - 3 E ]
03 2 ]
= 0.1 -

FIG. 5 -Intermediate.computation nomograph used to find sinh
£ and tanh 8 by the Tschebycheii-stagger technique

Now R, and 3, can be found from
Fig. 1

R1 = 143, 51 = 0050
Ry =196, 8 =0.125
Ry = 1.00, 8; = ps/2 = 0.163

By symmetry (Eq. 6 and 7)

R.= 1/R: = 1/1.26 = 0.79,
54 = 52 = 125
Re= 1/R; = 1/1.43 = 0.70,
8 = & = 0.050

The actual frequencies are found
the same way as for the Butter-
worth response.

Rf, = (1.43) (28.3) = 40 4 me
28,f1 = (2) (0.050) (40.4) = 4.04 me

h

B;

Similarly f, = 35.6 me, B, = 8.9 mc

f; = 28.3 me, B; = 9.2 me
f, = 22.4 me, By = 5.6 me
fs = 19.8 me, B; = 1.98 me

Using 6AK5’s, as in the Butter-
worth example, the total gain by FEq.
19 is
G = (20) (5) log
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value for p: using

]

1
[(0.”747) (0.528) (0.325) (0.528) (0.7 17)]

. 0.2
L 1)
{(— 1) 2

G=40.7+259—-0.1=66.5db

[ 5,000 X 1076
(27) (28 3 X 109) (11 X 107%)
+ 20 log

Cascading Butterworth or
Tschebycheff N-uples

If a given stagger (Butterworth
or Tschebycheff) is cascaded m
times, the gain tolerance is in-
creased m times. Therefore, with
the overall gain tolerance given, the
gain tolerance ¢ used in the design
of the individual stagger is equal
to the overall gain tolerance divided
by the degree of cascading (m).

When o, is less than 0.3, R, and
s, cannot be found by using Fig. 1
because the lines are squeezed.

FIG. 6—Determine ¢; from values in Table {I and Fig.

5. The

the equalripple stagger, is found by Eg. 16

IHowever, they can be found by the

approximations of Eg. 1 given
below.
R,=1+ p)" - cos 0, (20)
b, = "2 sin 6, (21)

After R, and 3, are found us shown
above, the design is continued in the
same manner as if the values of E.
and 5, were found from Fig. 1.
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Regulated 1600-Ampere

By A. W. VANGE
and
C. C. SHUMARD

RCA Laboratories Division
Princeton, N. J.

HE POWER SUPPLY to be de-

scribed was modified from a
plating rectifier unit rated at 6 volts
d-c at 2,000 amperes, to include a
pair of type 105 thyratrons back-to-
back in series with each primary of
the three-phase transformer, with
suitable apparatus for grid phase-
control of these thyratrons. The
banks of selenium rectifiers were
corrected for three-phase full-wave
operation and suitable filtering
added.

To obtain phase shift for output
voltage control, the error signal is
chopped at a 60-cycle rate using one
phase only on one d-c/a-c converter
since a high degree of regulation is
not considered necessary. Tube pair
V.-V. feeds with equal drive tubes
Vs, V. and V, used as grid limiters.
The circuit is so arranged that a
sinusoidal voltage introduced into
the cathode-to-ground circuit of
pair V.-V, produces a voltage across
each secondary of the transformers
in the output circuits of tubes V;, V,
and V. of substantially square wave-
form and of 40 volts amplitude.
Tube V, operates without phase
shift, tube V, with 60 degrees lead-
ing phase shift and tube V, with 60
degrees lagging phase shift.

By reversing a secondary wind-
ing of T, or T, relative to one of T,
a secondary voltage obtained from
T. will lag that of T, by 120 degrees
and that obtained from T, will lead
that of T, by 120 degrees. Thus,
when properly related, the six sec-
ondaries of T', T, and T, give square
waves of equal amplitude and of 60-
degree separation. These voltages
are of fixed phase relative to the
sinusoidal voltage introduced in the
cathode circuit of pair V,-V..

Phase shift is now obtained by
converting the error voltage, or a
difference voltage, from its d-c value
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FIG. 1—Circuit used to requlate filament voltage in Project Typhoon analog-digital

computer built by RCA for the U. S. Navy

to a square-waveform value, filter-
ing it to reduce the harmonics in
the network preceding tube V., am-
plifying in V,, further filtering it in
the plate circuit of V, and amplify-
ing the substantially sinusoidal
voltage of V.. This resultant sinu-
soidal voltage is then introduced
into the grid-to-ground circuit of
tube pair V,-V..

The voltage reference used is ob-
tained from a local regulated +300
volt supply that is itself referenced
to a glow tube. The voltage is
divided down to operate against the
voltage obtained from the filament
supply output voltage at the dis-
tribution point. Thus, the difference
between the reference voltage and
the filament voltage is the error
voltage. This difference or error
voltage is connected between the
center arm of the converter contacts
and the center-tap of input trans-
former T,. Triple shielding on this

transformer was used to reduce the
magnetic pickup present due to the
close proximity of the power trans-
formers.

Figure 2 shows how the error or
difference voltage controls the regu-
lation by controlling the firing time
of the thyratrons. Since all thyra-
trons operate identically but 60
degrees apart, only the voltages on
a particular thyratron V,, are
shown. In the figure only the line
voltage e, is drawn to scale. All
phase relations are referenced to
this line voltage for convenience.
The tube designation V., is meant
to denote that this tube conducts
some time while voltage E,. is posi-
tive.

For phase rotation, leg voltage
C-N (ecs) lags line voltage e,, by
30 degrees and leg voltage A-N
(esv) lags the C-N leg by 120 de-
grees. Since voltage e, is going
positive, it is desired that the grid
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Filament

Supply

Moderate degree of regulation required for heating 6-volt filaments of some 4,000 tubes

in a computer is provided. Error signal acts through chopper, amplifier and grid limiters

to control firing time of thyratrons in primary legs of three-phase transformers

voltage on tube V.. be negative
until V. is to be triggered, at which
time it should rise rapidly. Since
the square-wave voltage present at
the secondaries of transformer T,
will be in phase with egy, one of
these secondaries is chosen and so
polarized that its voltage eoy will go
positive at 30 degrees. This will
allow conduction of V¢ even earlier
in the e cycle if the output voltage
is low, as will be seen.

Now, suppose a positive differ-
ence or error voltage exists. Then
the polarity is chosen so that an a-c
voltage e,y in phase with phase A
will be applied in the grid circuit of
V.-V. The grid-to-cathode voltage
on tube pair V.-V, will now be the
algebraic sum of the voltages e.y
and e., giving voltage e, The
square-wave voltage ¢;” will now be
obtained instead of eqy’, so that
thyratron V. will be fired 10.9
degrees later.

Actually, a sinusoidal voltage of
approximately 110 volts peak to
peak is maintained between the
plate of V, or V, and ground. Ex-
aggerated magnitudes of error are
chosen for clarity of illustration in
Fig. 2 since the principle is the
same. Normal regulation occurs at
much smaller error amplitude. For
example, an error of 0.01 volt intro-
duced across the converter input
gives a peak-to-peak sinusoidal
voltage of approximately 120 volts
between the plate of V, or V, and
ground with no a-c¢ introduced into
the cathodes of V-V..

Thus, if e« has a maximum am-
plitude A which is +0.2 C where C
is the maximum amplitude of ecs,
the delay angle will be 10.9 degrees.
Also, the resulting maximum ampli-
tude of the resultant voltage e. will
be 0.918 C. The square-wave volt-
age e,/ is then produced by e:.
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Similarly, if the amplitude A is
—0.2 C, giving the voltage shown
as —e,y corresponding to an error
voltage representing too low an out-
put voltage, the resultant sinusoidal
voltage shown as eQ will be ob-
tained which will lead e.y by 9 de-
grees as will the square-wave volt-
age eQ produced by eQ. Voltage
eQ will then trigger thyratron V.e
earlier and therefore increase the
output voltage.

While a definite value of line
voltage E o is shown, this voltage is
the principal source of variation
which requires adjustment of the
time of firing to obtain output volt-
age control. At starting, the line
voltages as well as the output volt-
age are both low, particularly since
the coarse autotransformer is used
then, hence the phase shift is con-
siderably leading so that the thyra-
trons are fully conducting through-
out the starting period.

An a-c voltmeter is switched
across the thyratron pairs to meas-
ure and allow adjustment of the
regulating voltage E. appearing
across them. For the 30-degree
angle shown as the mean position of

LINE VOLTABE (E ¢ TO SCALE; OTHLRS SYMBOLIC)

RELATIVE PHASE RELATIONS IN DEGREES

FIG. 2—Firing control curves for one of
thyratrons in the circuit

operation in Fig. 2 and the rms

value for E, of 700/7/2 volts, E,
has the value of 84 volts. Actually,
for a 1,000-ampere load the meas-
ured value of E,; was 495 rms volts
and E. was 70 rms volts. The trig-
gering angle for this condition was
therefore slightly less than 30 de-
grees. The above formula does not
take into account tube drop, which
is approximately 15 volts during
conduction, and waveform distor-
tion which may be appreciable.

To filter the output of the sup-
ply, a 0.25-mh reactor having a re-
sistance of 0.1 milliohm and a
nominal capacitance of one farad
was used. The reactor is of the
internal-gap type to minimize ex-
ternal field. The capacitance is
considered interesting, not only be-
cause of its large value, but also
because of the method of mounting
the 166 individual capacitors of
6,000 microfarads each on their
connecting terminals to minimize
lead length. The effective capac-
itance was greater than one farad
in the frequency range where it
was desired that it be most effective,
due to the inductance of the leads.
Measurements at 420 cycles gave an
effective capacitance of approxi-
mately 1.8 farad and a series re-
sistance of 6.8 X 10~ ohms.

To test the supply, long strips of
Nichrome V four inches wide and
0.03 inch thick were connected in
parallel as desired and cooled by
fan. After some adjustment of the
stabilizing network to the values of
30 ohms and 300 p.f shown in series
across the error voltage input cir-
cuit in Fig. 1, stable regulation was
obtained for load values from 25 to
1,680 amperes. The hum level
dropped slightly from 4.5 mv for
the 25-ampere load to 2.5 mv at full
load.
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Evaluating Performance

By JULIUS GREEN

Research Division
Philco Corporation
Philadelphia, Pennsylvania

ELEVISION receiver perform-
Tance is and should be evalu-
ated on the basis of the qualitative,
subjective judgment of the viewers.
However, the engineer attempting
to design a component part of the
receiver should be provided with a
quantitative method for evaluating
the performance of each component
to avoid the time-consuming, sub-
jective method of evaluating the
final picture by viewing.

The performance of the r-f, i-f,
video and deflection circuits can be
quantitatively evaluated by well-
known and convenient methods. Un-
fortunately, the designer of the
display tube and its associated com-
ponents does not have such con-
venient methods. The picture
brightness and the range contrast
can be measured photometrically,
but fhe detail contrast, which
largelv determines the picture qual-
ity, lacks a convenient quantitative
method of measurement. The detail
contrast is primarily determined by
the cross-section of the electron
beam striking the phosphor, but it
is also affected by halation and dif-
fusion of light in the phosphor.
The designers of the electron gun,
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FIG. 1—Block diagram of system for measuring c-r tube spot dimensions under actual
operating conditions

the focusing device and deflection
voke, and the phosphor would be
helped considerably by accurate
measurement of the detail contrast
at various points of the tube face.

Many present methods of meas-
urement of spot size are based on
compression of raster size until the
line or dot structure of the raster
disappears’, or on visual inspection
using a microscope. These methods
suffer from inaceuracy because a
certain amount of judgment is re-
quired, and they do not take into
account the effects of the diffusion
disk of the spot and halation on the
picture quality.

This paper will describe a method
of measurement and an experimen-
tal equipment which has been built
and used by the Phileco Research
Division to measure spot size and
detail contrast.

Object of Measurements

Since the spot size is of premier
importance in determining picture
quality, measurement of its dimen-
sions, or its effect, is of primary
importance. By spot is meant the
spot of light as viewed from the
front of the picture tube face. Since
the spot may be round onlyv at the
center of the tube face, becoming el-
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FIG. 2—Line selector unblanks c-r tube to show one line or two adjacent lines for measuring
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of TV Picture Tubes

Accurate measurements of spot dimensions are made under operating conditions for

quantitative evaluation of phosphors, electron guns, focus devices and deflection yokes.

Svstem makes allowances for effects of diffusion disk of spot and halation

liptical at the edges, at least two
dimensions should be specified.

The vertical dimension of the
spot, and the distribution of light
intensity across it, determine to a
large extent the effect of the raster
structure on the vertical definition
of the picture. This is measured
by the subject equipment by eras-
ing all but one line of a horizontal
standard monochrome television
raster, to eliminate the interfering
effects of the adjacent lines, and
scanning the line at right angles to
its length with a small light-meas-
uring aperture, thus obtaining a
plot of light intensity against ver-
tical distance across the line.

The horizontal dimension of the
spot primarily determines the hori-
zontal definition of the picture. It
would therefore be desirable to
measure the distribution of light in-
tensity across the width of the spot.
In the subject equipment however,
it has proved technically simpler to
measure the horizontal definition
directly, thus measuring the effect
of the horizontal size of the spot
rather than the size itself. This is
accomplished by applying to the crt
grid a signal from a gated square-

wave generator such that when the
tube is deflected in the standard
manner, a series of vertical bars of
light of variable fineness is pro-
duced on the face of the tube. This
pattern is then scanned at right
angles to the bars by a small light-
measuring aperture, producing a
plot of light intensity versus dis-
tance across the bars. From data
taken in this manner, the drop in
contrast, or the loss of definition,
as the bar pattern becomes finer, is
easily obtained.

Equipment Used

The block diagram of the com-
plete equipment is given in Fig. 1.
Inasmuch as most of the equipment
built was of standard design, cir-
cuit diagrams will be given only for
the more novel parts of the system.
As shown, provision is made for ap-
plication of low-frequency voltage
to either the horizontal or the verti-
cal deflection coils, causing -the en-
tire raster to move slowly either
horizontally or vertically.

Mixed sync from the sync sepa-
rator is fed to the line selector
whose circuit is given in Fig. 2.

After amplification and integration
by V. the resultant vertical sync
triggers a 30-cps blocking oscil-
lator V.. The positive cathode pulse
triggers the cathode-coupled multi-
vibrator V, whose on time can be
varied from 10 milliseconds to 1/30
second. The pulse obtained by dif-
ferentiation from the trailing edge
of this pulse triggers a 60-usec
cathode-coupled multivibrator V..
This signal is applied to the sup-
pressor of the gate tube V., and
selects any one horizontal sync
pulse from the composite sync ap-
plied to the grid.

The selected sync pulse is in-
verted and amplified by V, and trig-
gers V,, a cathode-coupled multivi-
brator whose on time is variable
from 50 to 120 microseconds. The
resulting positive pulse is fed to the
cathode follower V. and is the out-
put of the circuit.

When this pulse is applied to
the c-r tube biased below cut-
off and deflected in standard tele-
vision fashion, the result on the
face of the tube is one or two lines
of either field of the scan, which
may be positioned at any spot on
the raster by varying the on-time
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of the delay multivibrator V..

The same result may be
achieved without V,, V, and V, but
this part of the circuit materially
increases stability.

Square-Wave Generator

The square-wave generator is
keyed by pulses derived from the
grid of the horizontal sweep output
tube as shown by the circuit of Fig.
3. The 1N34 crystal diode shorts
out the positive part of the wave-
form as shown. After inversion by
V., the pulse triggers multivibrator
V., which produces on its cathode a
negative pulse that can be varied
in width from 5 to 50 psec. The dif-
ferentiated trailing edge of this
pulse triggers the 8-usec multivi-
brator V. The negative output
pulse is fed to gated oscillator V..

This circuit is essentially a Hart-
ley oscillator with a normally con-
ducting triede across the tuned
circuit whose low resistance pre-
vents oscillation. When the damp-
ing triode is cut off by the 8-usec
pulse, oscillation takes place. The
8-psec burst of oscillation is fed
via buffer amplifier V, to clipper
tubes V, and V.. These tubes have
positive bias on the grids, to offset
the self-bias developed by the ex-
cessive drive and maintain proper
clipping action. The output of V., a
burst of square waves, is amplified
by the video amplifier, V., V, and
Vet

If the output of the amplifier is
applied to the grid of a normally de-
flected c-r tube, the result will be a
series of vertical bars. Four switch-
able tank circuits are provided for
the gated oscillator, so that its fre-
quency can be varied from 1 to 5.65
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FIG. 3—Square-wave generator output applied to c¢-r tube grid produces
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FIG. 4-Oscillograms of square-wave
generator output

me thus varying the fineness of the
bars. By changing the on time of
V., the bars can be moved to any
horizontal position on the raster.
Figure 4 shows the output wave-
forms taken with a low-capacitance
probe connected directly to the de-
flection plates of an oscilloscope.

Optical System

The optical syvstem consists es-
sentially of a microscope objective
lens, a slit of adjustable width and
an eyepiece. The distance from lens
to slit and from slit to eyepiece are
variable. The assembly is mounted
on a microscope stand and may be
rotated 90 deg about an axis paral-

lel to the optical axis of the system.
By varying the lens-skit separation,
the magnification may be varied
from approximately 3 to 6.

The eyepiece is used to focus the
optical system on the phosphor of
the c-r tube being investigated. It
is then replaced by a 931A photo-
multiplier, in a light-tight housing,
for measurements. The area viewed
by the photomultiplier is rectangu-
lar in shape. In most measure-
ments, the slit width is set so that
the smaller dimension of area is
theoretically 0.0004 inch. Actually
due to light scattering at the lens
surfaces, it is approximately
0.0008 inch.

Line-Width Measurement

In making line-width measure-
ments, the optical system is aligned
so that the slit is parallel to the
lines of the raster and an enlarged
image of the phosphor is focused
on the slit.

The sweep output terminal of
a Tektronix 512 oscilloscope pro-
vides a waveform identical with
the horizontal deflection of the
oscilloscope. This is applied to the
vertical deflection coil of the tube
under test, thus causing the entire
raster to move vertically in sawtooth
fashion, in synchronism and corre-
spondence with the horizontal de-
flection of the oscilloscope spot, at
a 3-cps rate. The line selector is
used to blank out all of the raster
but the one line viewed by the opti-
cal system. The photomultiplier
output is connected to the vertical
deflection amplifier of the oscillo-
scope.

Figure 5 clarifies the line-width
measurement technique. The dotted
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vertical bars of adjustable fineness for determining horizontal dimension of spot

rectangles indicate the successive
relative positions of the inspection
aperture and the raster line at the
times when the deflected spot is
writing the raster line. The number
of looks per 3-second scan of the
line is usually much greater than
shown. It can be seen that the line
is effectively scanned by the slit
aperture and the envelope of the

pattern on the oscilloscope is a plot

of light intensity vertically across
the line, with light intensity as
ordinate and distance as abscissa.
The pattern may then be photo-
graphed using a 3-sec time ex-
posure. To improve the presenta-
tion, the base line of the oscillo-
scope, which would otherwise be
very bright, is erased by applying
the amplified photomultiplier signal
to the cathode of the oscilloscope crt.

_—--OSCILLOSCOPE
y -It TUBE FACE
/ [~13SEC —
§ 3eccz
L A ?7) | s
i 7
234%¢ 78 TS
RASTER LINE*
FIG. 5—Simplified representation of

line-width measuring technique

The base line is restored to
the photograph by another exposure
with no photomultiplier output.

Calibration

To calibrate the photograph with
respect to distance, a companion
photograph of two lines is taken
under identical conditions. The
distance between the peaks is then
1/245 of the raster height, for a

standard televisien raster.

Figure 6 shows the results ob-
tained with a four-inch tube usually
used in flying-spot scanners and
projection television. From these
photographs, the line width, or ver-
tical spot dimension is easily
obtained.

The critical nature of the focus
adjustment is well illustrated by
Fig. 6. It was found in the course
of the work that it was necessary to
adjust the focus current using the
pattern on the oscilloscope as the
criterion. The long persistence of
the scope P-7 phosphor helps this
adjustment.

Measurements have shown that
the spot does not have the usually
assumed ¢ distribution of inten-
sity. The distribution usually is
more nearly the form

FIG. 6—Oscillograms showing vertical distribution of light intensity for a single line and for two adjacent lines on a TP-400A projection
tube. Focus currents are A, 39 ma: B, 38 ma, and C, 40 ma. Comparison shows importance of correct focus current

ELECTRONICS — February, 1952

127



FIG. 7—Oscillograms show horizontal
resolution resulting from square wave
of four {requencies being applied to grid
of a 16WP4 picture tube. At low fre-

quencies, output is approximately
square, but at 5.6 mc, considerable
rounding off has occurred

Ae(K =2 + Be (K, =z 2

where 4 and K, are respectively
several times larger than B and K..
It is not clear whether the tails indi-
cated are due to the electron beam
distribution or to light diffusion in
the phosphor.

Contrast Measurements

In measuring contrast versus line
number, the square-wave generator
output is applied to the grid of the
c-r tube under test. The optical
system is focused on the phosphor
as before with the slit now parallel
to the vertical bars. The oscil-
loscope sweep output terminal is
connected to the horizontal deflec-
tion coil of the tube under test caus-
ing the raster to move horizontally
in a sawtooth fashion past the opti-
cal system. The result is a plot of
light intensity versus horizontal
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distance. A typical result is shown

in Fig. 7.

Aperture Theory

In understanding the origin and
significance of these measurements,
a brief simplified summary of aper-
ture theory is helpful. Consider an
iluminated pattern of black and
white bars viewed by reflected light.
Let us move a small square inspec-
tion aperture over and at right
angles to these bars, and plot the
total light flux from the pattern
passing through the aperture versus
time (Fig. 8). If the aperture is in-
finitesimally small compared to the
bars, the resultant plot is almost ex-
actly the brightness of the bars
versus distance. As the bars become
finer and comparable to aperture
width, the plot becomes a poorer
reproduction of the pattern. It can
readily be seen that the effect of any
aperture on the reproduction of the
pattern can be summarized by a
curve of ¢ ,.. — Y., versus 3/A or,

normalizing, a curve of - /wex = ¥min
(‘;Lrnnx - \[/min)o
versus 3/A where (V... — Ymim). I8

the difference in peak flux obtained
for bars very large compared to the
aperture. Furthermore, these curves
can be calculated for various shaped
apertures with nonuniform trans-
mission®.

Bar Patterns

The same concepts can be applied
to a bar pattern painted on a
surface by an aperture turned on
and off in square-wave fashion and
moved across the surface, provided
that conditions are such that the
surface integrates: that 1is, the
brightness of a point on the surface
is proportional to the time integral
of the painting {lux which has hit it.
Since it is a fair assumption that a
commercial television c-r tube satis-
fies this condition, it should then
be possible to specify the size and
shape of the painting aperture, the
light spot, by obtaining the

Buwux — Buin
zEmn:_ Bmin)a
curve where B is the brightness of
the phosphor and the subscript o
refers to the condition where the
bars are much larger than the light
spot. It should be noted, however,
that this curve describes completely

the effect of the light spot on the
square-wave information to be
painted on the face of the tube.

Furthermore, this curve, which
after Schade, we call the amplitude
response curve, is comparable to a
frequency response curve which
would be obtained by inserting at
the input of a video amplifier a
square wave of fundamental fre-
quency f and measuring the peak-
to-peak voltage output as f is in-
creased: that is, the square-wave
frequency response of the amplifier.
In this way, physical apertures and
amplifiers have similar effects on
signal information passed through
them.

Typical Case

To illustrate, consider the subject
system. For simplicity, we shall
employ square apertures of uniform
transmission. The square wave
emerges from the square-wave gen-
erator with a rise time of approxi-
mately 0.03 usec. The spot on
a 16-inch standard television tube
with a 13.7-inch wide raster, moves
horizontally at a rate of 0.24-inch
per usec or 0.0072-inch in 0.03 usec.
We can, therefore, consider the
square-wave generator as a square
aperture of 0.0072-inch width
through which we have passed the
ideal square wave before applying it
to the c-r tube.

Since the aperture or light spot
of the usual 16-inch tube is several
times larger than 0.0072 inch, the
effect of the square-wave generator
aperture is negligible by compari-
son.

Similarly, the effect of the op-
tical system aperture, approxi-
mately 0.0008-inch wide, is neg-
ligible, and the predominant deteri-
oration of the pattern obtained and
photographed on the face of the
oscilloscope is due to the light spot
of the c-r tube under test. The sit-
uation is exactly analogous to tak-
ing the frequency response of sev-
eral cascaded low-band-pass ampli-
fiers where the frequency response
obtained is that of the amplifier
with the band pass much narrower
than the others.

The data of Fig. 7 were taken
with the square-wave generator out-
put adjusted so that the cathode
current of the c-r tube under test
was driven from the indicated peak
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value to zero. Since the bars of
Fig. TA are much wider than any
reasonable value for the spot size,
one would expect B,.. to be zero.
This is obviously not the case. Ha-
lation maintains the minimum
brightness value and thus lowers
the detail contrast regardless of the
spot size’.

As illustrated in Fig. 7B, C
and D, however, the square wave
begins to lose its shape due to the
spot size and the contrast also de-
creases due to spot size, The like-
ness of the tube to a low-band-pass
filter is indicated by the fact that
only the fundamental component of
the higher frequency square waves
is reproduced.

The amplitude response curves
from the data of Fig. 7 are shown
in Fig, 9. The abscissa here is
the number of vertical black or
white bars which could be placed
on the full raster of the tube;
that is, the line number equals the
horizontal sweep time, 53.5 usec,

multiplied by twice the square-wave
fundamental frequency. Because of
the halation and the nonlinear input
grid characteristics, the horizontal
spot =ize and shape cannot be in-
ferred from these curves. How-
ever, they are in themselves of value
in that they completely describe the
etffect of the tube under test on
square-wave patterns of various
fineness.

The gated square-wave signal,
suitably attenuated, can be inserted
at the video amplifier input of a
television receiver, thus ascertain-
ing the effect of the video amplifier
on the final pattern reproduction, or
it can be used to modulate signal
generators for insertion in the re-
ceiver r-f or i-f sections. By com-
paring the various results obtained,
one could evaluate the effect of the
various sections on the definition of
the final picture.

It should also be noted that a
cated sine wave signal could be used
instead of the square wave signal
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FIG. 8—Aperture method of studying picture quality

ELECTRONICS — February, 1952

for all these tests.

The effects of astigmatism or
edge defocusing on the picture ean
be evaluated by measuring the line
width and the amplitude response
curve at various points on the c-r
tube and comparing to the results
obtained at the center.

Conclusions

This method provides a perma-
nent quantitative record of the filter
characteristies of a c¢-1r tube assem-
bly. It can be used to determine the
effect of changes in the design of
the electron gun, focus device, de-
tflection yoke or phosphor on some of
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FIG. 9—Measured amplitude response
curves obtained with equipment de-
scribed

the dominant factors which influ-
ence television picture quality.

It should be noted that any c-t
tube testing setup can be adapted to
take these measurements., A line
selector, a gated square or sine-
wave generator, a modified micro-
scope and a Tektronix Model 512
oscilloscope with a suitable camera
are the only additional equipment
needed. The stability of the deflec-
tion circuits must be very good to
prevent considerable error in the
measurements.
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FIG. 1-—Antenna sits on rotating plat-
form which turns with recording drum

Microwave Antenna

FIG. 2—Special absorbing screen elimi-
nates reflections

INPUT SIGNAL FIRST | LOGARITHMIC
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By JOHN W. TILEY

Research Division
I'liileo Corporation
Philadelphia. Pennsylvania

TO OVERCOME the inherent time-
consuming process of recording
antenna patterns manually, without
requiring unnecessarily expensive
equipment, a compact, automatic
antenna pattern recorder has been
developed. The instrument is shown
in Fig. 1.

Careful mechanical and electrical
design has made it possible to re-
cord satisfactorily a complete 180-
degree curve in two minutes, a
speed which is adequate for present
applications. Transmitter power
level changes or frequency drifts
are not likely to be appreciable in a
two-minute period. Provisions are
also made for minimizing energy
radiated from surrounding objects.

Location of Equipment

In determining a suitable loca-
tion for the transmitting antenna,
reflecting surfaces must be avoided.
Since the receiving antenna is to be
tested, the transmitter is fixed, but
the location is usually such that a

- . : .
SH'IST SE'VER portion of its energy is reflected
AZIMUTH and thus arrives at the receiving
Tt antenna at a small angle. In this
FIG. 3—Block diagram shows pen-drive servo system
8+
TO LOGARITHMIC
ATTENUATOR
\
0.2 t
SIGNAL
INPUT g" r

220,000

cE

270,000

1

FIG. 4—First amplifier receives signal from bolometer detector and passes it to logarithmic attenuator
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Pattern Plotter

Furnishing a complete pattern in two minutes, this automatic instrument turns antenna

platform and recording drum in synchronism, while detector-amplifier-servo system drives

recording pen in accordance with variations in received energy. Special absorbing surface

eliminates interfering reflections

case it would be impossible to
achieve accurate antenna gain
measurements since the standing
waves due to the sum of the two
different beams add up to different
energy levels in the receiving area
as the plane of the antenna is
changed. The actual effect on the
antenna pattern would be to render
the results below the major lobe in-
accurate, the degree of inaccuracy
being dependent on the power level
and direction of such extraneous
radiation.

To increase the accuracy of the
results, an r-f probe is used to de-
termine the energy levels over the
receiving area. Where standing
waves of any appreciable magni-
tude exist, the transmitting antenna
must be changed. Probing is done
in the absence of the receiving
antenna to eliminate this cause of
field distortion.

When approximate tests of an-
tenna patterns are made in the
laboratory, greater freedom from
reflection has been made possible
by the development of a black ab-
sorbing surface.® This unit is able
to absorb energies from 3,000 mc

to at least 30,000 me. The vswr of
an antenna looking into this surface
is approximately 1.05 to 1 over the
above frequency range with the pro-
tective plastic screen in place.

A portion of the absorbing screen
is shown in Fig. 2. The screen con-
sists of 1}-inch square pyramids 6
inches high which are cast from a
mixture of lamp black and plaster
of paris in sections 18 by 3 inches
and assembled in a wood frame six
feet square. During measurements
the screen is placed behind the re-
ceiving antenna being tested so
that energy passing the test an-
tenna will not be reflected back and
cause erroneous results.

Servo System

Recording of the antenna pattern
is accomplished by means of the
electromechanical system shown in
Fig. 3. It consists essentially of a
first (bolometer) amplifier which
receives a signal from the bolom-
eter detector and passes it through
the logarithmic attenuator into the
second (potentiometer) amplifier
where the signal level is increased
so that it may be detected.

-DRIWVE SHAFT

MOUNTING BASE

OUTPUT SLIDING CONTACT

INPUT TERMINAL'

_~GROUND CONTACT STRiP
0 AND CLAMPING BAR

FIG. 5—Attenuator is calibrated within 0.1 db over the top 30 db of the full 40-db range
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After detection the signal is ap-
plied through a bridge to the servo
amplifier, amplified and applied to
the servo motor which is connected
through a string drive to the re-
cording pen and logarithmic atten-
uator, thus completing the circuit.
All time constants throughout the
system must be fast with respect
to the mechanical time constant of
the servo motor since it is the motor
which determines the speed of
recording.

The first amplifier, shown sche-
matically in Fig. 4, must have an
output range of greater than 80 db.
This is necessary as the square-law
detector output voltage is propor-
tional to the r-f input power, thus
requiring the amplifier to have
twice the range that is recorded.
To achieve this range, power sup-
ply ripple or line noise feed-through
must be minimized. The input
transformer must be located in an
area free from a-c magnetic fields;
grid bias voltages must be kept
free from a-c from the power sup-
ply or from other amplifiers; and
suitable shields must be inserted
where necessary.

The first amplifier uses a twin-T
feedback network, but differs from
the ordinary bolometer amplifier in
that moderate output power is re-
quired to drive the 600-ohm log-
arithmic attenuator. The pass band
of the twin-T must be wide enough
to allow transmission of the sharp
peaks or valleys in the pattern.

Attenuator

The logarithmic attenuator, shown
in Fig. 5, has a low impedance so
that stray pickup and drift may be
minimized. It consists of a resist-
ance card with a bar attached along
one side and a pickup probe that
slides along the other side parallel
to the bar. The input terminal is
attached to a point in line with the
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pickup probe path. Adjusting fin-
gers are provided at points along
the bar so errors due to slight non-
linearity of the first amplifier, vari-
ations of resistance in the card and
other minor sources may be reduced.
When a signal generator and an
accurate attenuator are used as a
calibrating means, it is possible to
adjust the accuracy of the attenu-
ator over the top 30 db of the com-
plete 40-db range within 0.1 db; the
accuracy of the lower ten db is usu-
ally limited by local noise. When
the maximum signal is applied the
actual attenuation will be 80 db.

Second Amplitier

The main function of the second
amplifier (I'ig. 6) is to increase the
signal to a reasonable level for de-
tection. The 1-millivolt input sig-
nal is thus amplified to a level of
one or two volts before it is de-
tected. To reduce contact noise,
this is a twin-T type of feedback
amplifier.

The 1N34 germanium detector
is followed by half a 6SN7
used as a cathode {follower as
shown in Fig. 6. The d-c¢ output
level is adjusted to the input re-
quirements of the servo amplifier by
means of the network in the cathode
circuit of the 6SN7. A constant d-c
voltage of suitable level is provided
by a voltage-dropping network.

The d-¢ signal is chopped in the
servo amplifier at a 60-cyvcle rate,
amplified and fed to the servo
motor. Since the drive motor de-
termines the recording speed. its
speed may be reduced to record ex-

tremely sharp peaks or valleys. All
time constants in the amplifier in
the servo loop are small with re-
spect to the time constant of the
servo motor for this reason. The
transient response of the servo sys-
tem is indicated in Fig. 7, which
was obtained by switching a 10-db
pad in and out of the input circuit.

The power supply is regulated
and filtered. A pair of 5W4’s feed
a pair of 6L6’s controlled by a 6SL7
to provide adequate protection from
a-c line voltage changes. Twenty
volts a-c line change produces little
change in d-¢ output level. Bias
voltages are supplied by a separate
transformer, 6 X 4 rectifier tube,
and an 0A3 voltage regulator tube.

A special mechanical system for
driving the turntable and drum had
to be devised so that repeat errors
in azimuth of not greater than 0.1
degree could be obtained. Referring
to Iig. 8A, the drive energy
branches at the motor in two direc-
tions, one to the turntable and the
other through a pair of selsyns to
the recordng drum. The drive is
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FIG. 7—Translent response curve for
servo system obtained by switching
10.db pad in and cut of input circuit
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FIG. 8—Mechanical system drives turn-

tablz and drum in synchronism with

azimuth error of not greater than 0.1
degree

shown in Fig. 8B. Two pins (con-
nected by string) move respectively
in two straight parallel slots.

For purposes of illustration, the
string is loose with its ends
anchored in the two pins. The drive
force is applied at the center of the
string in a direction parallel to the
slots. When the drive direction is
reversed, the two pins will start in
the reverse direction at a later time,
but moving simultaneously. Thus
in the recorder, regardless of selsyn
or gear backlash, the turntable and
drum always move simultaneously.
The two requirements of this me-
chanical system are the use of good
quality gears and good mechanical
design. A backlash adjustment is
provided on one set of gears for
fine adjustment of tracking.

Conclusions

Many plots have been made with
the automatic antenna recorder, and
the results have been very satis-
factory. Thus, by a thorough con-
sideration of extraneous radiation
and a well-designed recorder, it is
now possible to make accurate an-
tenna plots in both the field and
laboratory without the laborious
and time consuming process of
manual recording.
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Atmospheric
Absorption Chart

Varying absorption of microwaves, millimeter waves and infrared rays by the at-

mosphere is analyzed and charted for region from 0.001 mm to 10 cm. Absorption

peaks should be avoided when designing radar and communication equipment

By ARNOLD SHOSTAK

Electronics Branch, Office of Naval Research

ACTORS affecting the amount
F of absorption experienced
by a propagated electromagnetic
wave include: path length, wa-
ter vapor content and oxygen
content of the air. The combined
effects of these factors are shown
in the accompanying chart,.

The drop in 4-em waves is
about 0.01 db per kilometer,
whereas in the oxygen absorp-
tion band around 5 mm the drop
may be as high as 10 db per km,
The infrared waves from 1 to
500 microns (0.001 to 0.5 mm)
usually sustain complete absorp-
tion in the first 15 meters, with
ensuing attenuation due to
Scattering.

Water exists in the atmos-

Washington, D. C.

phere both in the form of rain
drops and in the form of vapor.
The amount of water per unit
volume is dependent on tem-
perature. Rain drops, as a func-
tion of their diameter and the
wavelength of the propagated
wave, mostly result in scatter-
ing of the wave energy. Water
vapor, on the other hand, is made
up of H.O molecules which have
a permanent electric dipole
moment. This moment interacts
with the electric vector of the
impinging electromagnetic field,
with resultant energy absorp-
tion. The water vapor absorp-
tion band in the region of 1.33
cm is due to this type of inter-
action. Carbon dioxide also has
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a permanent electric dipole
moment that causes absorption.

Oxygen does not have a perma-
nent electric dipole moment; it
does, however, possess a perma-
nent magnetic moment. This
moment interacts with the mag-
netic vector of the electromag-
netic wave to cause absorption,
principally around 5 mm.

Most of the factors governing
absorption of electromagnetic
waves are thus manifested in the
very short wavelength regions,
from 0.001 mm to about 20 mm.
Waves above 3 ecm are attenuated
by scattering, especially in rain-
storms, but the relative effect is
usually small compared to ab-
sorption in the smaller wave-
length regions. In the infrared,
violent oscillations in the plot of
wavelength versus absorption are
noted, principally due to the
closely-spaced energy levels of
the various molecules of the
gases making up the atmosphere.
Infrared transmission at sea-
level is limited to very short
ranges and must exploit the
wavelengths of low absorption
indicated in the chart. As may
be noted, these bands of low ab-
sorption, called windows, are of
very narrow width, compelling
the use of very selective gener-
ators and receivers for successful
transmission of electromagnetic
energy over significant distances
at these wavelengths.
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Automatic Currency-Selector Unit

By PauL J. SELGIN

Clief, Engineering FElectronics Section
Nalional Bureau of Standards
Washington, D. C.

AUTOMATIC VENDING and change-
making devices perform a necessary
function and an increasingly im-
pcrtant one in view of personnel
shertages.  Usefulness of such
eqiipment has been limited by the
inability to handle paper currency.
The device to be described is capa-
bie of accepting paper currency
with a relatively good margin of
safety.

Requirements

The requirements of a suitable
paper selector are as follows: Oper-
ation must not depend on exact
placement of the bill. By having a
receptacle or slot exactly fitted to
the dimensions of the bill, approxi-
mate positioning without effort or
attention on the part of the opera-

tor may be obtained. The operating
cycle must be short, preferably less
than five seconds. The machine must
be simple, dependable and require
a minimum of service. Last, the
machine must be relatively inex-
pensive.

The unit finally evolved, called the
Nomoscope, is essentially a camera,
It is used as a camera initially, be-
fore it is put into normal operation,
to produce a partial negative. This
negative is reduced in size and is an
authentic copy of the document
placed in the slot S of Fig. 1. After
developing, the negative is put back
into its holder H. In operation, an-
other copy is placed in S. A lid (not
shown) presses it down against the
transparent floor of the slot, initiat-
ing the operating cycle by the clos-

——— +400V
+350v
. = g
93t-a 1 =I-4 A
Hil T o0 ar
1 : H
\ S - f
W] b ssnrp— (¢ T
B E : B
7 E—
LIGHT FROM -400v
NEGATIVE
Circult d.agram of the Nomcsc:pe
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FIG. 1—Sketch of the mechanical por-
tions of the currency selector

ing of a switch. A light L goes on,
illuminating the copy and causing
its image to be projected upon the
negative.

If both copy and image are in
exactly the same position as when
the negative was made, the light
transmitted through the negative
would be almost entirely blocked.
This is true because each luminous
area of the image would fall on a
dark area of the negative and vice
versa.

Such an exact coincidence cannot
be obtained in practice. However, if
both the lens and negative are os-
cillated at right angles to one an-
other and at frequencies differing
in the ratio of about 100 to 1,
there will be times when the slow
oscillation of the lens brings the
image into line along one coordi-
nate, Then the fast oscillation of
the negative will take care of the
other coordinate and cause the peri-
odic occlusion of the light, at a fre-
quency double that of the fast oscil-
lation itself.

Amplifier
An amplifier tuned to the proper

frequency (double the fast oscilla-
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Measure Differential

FREQ RANSE

In Designing Tuned Circuils the effect on QQ o7 adding capacitors,
iron cores, or resistors must frequently be determined. The Q
of the separate components is also often nceded. These measure-
ments made on Q Meters formerly available required the use of
a small difference between two large Q values in various formulee.
This led to large errors. The Q Meter Type 190-A reads the
difference between the Q) of a reference circuit and the ) of this
circuit when new components are added. The scale that indicates
this Differential Q) has a sensitivity 4 times as great as the scale
which reads Q. The accuracy and ease with which Differential Q
can be read is greatly improved by use of the 190-4 Q Meter.

The Q Meter Type 190-A has a “Lo Q" scale which reads Q
down to a value of 5. The internal resonating capacitor is directly
read and has a vernier arrangement for accurate reading of
capacitance. The dial rotates approximately 10 times 1 covering
the capacitance range. All readings are made on a single meter
corrected for parallax.

SPECIFICATIONS

EREQUENCY COVERAGE: 20 mc to 260 mc. Continuously Variable in Four Ranges.
FREQUENCY ACCURACY: Calibrated to = l%.
RANGE OF Q MEASUREMENTS: 5 to 1200.
RANGE OF DIFFERENTIAL Q@ MEASUREMENTS: O to 100.
ACCURACY OF Q MEASUREMENTS: Circuit Q of 400 read directly on meter can

be determined to accuracy of = 5% to 100 mc and to = 12%, to 260 mc.
INTERNAL RESONATING CAPACITANCE RANGE: 7.5 mmf to 100 mmf (direct

reading) calibrated in 0.1 mmf increments.
ACCURACY OF RESONATING CAPACITOR: = 0.2 mmf to 20 mmf

=+ 0.3 mmf to 50 mm¢f
= 0.5 mmf to 100 mmf

POWER SUPPLY: 90-130 volts—60 cps (internally regulated). Power Consumption—
55 watts,

{Specifications subject to change without notice)

PRICE: $625.00 F.O.B. Factory

ELECTRONICS -— February, 1952

with
The Q METER
Type 190-A

BOONTON
RADIO CORPORATION

SINGLE, EASY-TO-READ METER
WITH PARALLAX CORRECTION
FOR ALL FUNCTIONS

Q indicating voltmeter: 50 to 400.
Multiply Q scale: 0.5 to 3.0.

® A differential Q scale for accurately in-

dicating the difference in Q between two
test circuits.

® Additional accurate expanded scale for

measuring low values of Q.

® A counter type resonating capacitor dial

for improved setting and reading
accuracy.

® Regulated power supply for increased

stability and accuracy.

® Careful design to minimize instrument

loading of circuit under test.

‘RADIO
otpotelion

BOONTO

BOONTON-N-J<U-S-A-
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tion frequency) in combination
with a detector, relay and photo-
tube will cause the energizing of the
appropriate circuits when the peri-
odic fluctuations occur, indicating
identity of the copy with the
original.

It should be noted that the flue-
tuations will be present if coinci-
dence occurs over only part of the
area, provided it is a substantial

part and they will not be appre-
ciably affected by superimposed
marks. However, they will not occur
if the copy “looks” like the original
but is not identical to it, line for
line. The fine structure of the en-
gravings must match. These fea-
tures make the principle particu-
larly applicable to the currency
selector problem since marked, torn
ot soiled bills will not be rejected.

L

F-M Detector Tuning-Indicator Circuit

By H. B. KArPLUS

Armour Research

Foundation

Illinois Institute of Technology
Chicago, Ilinois

RECOM MENDED CIRCUITS given in the
manufacturers’ handbooks for a
6AL7GT tuning indicator do not
make full use of all its potentialities
except for a discriminator squelch-
detector circuit. For the ratio-detec-
tor type of discriminator, the pat-
tern appears very similar when a
station is exactly tuned as when no
station is received. This is shown in
Fig. 1 and 2 of the RCA 6AL7GT
description.

Pattern changes similar to Fig. 3
(on the same manufacturer’s data
sheet) may be obtained with a ratio
detector if the indicator is con-
nected as shown in the accompany-
ing Fig. 1. Use is made here of the
large positive potential developed
at the cathode of one of the detector
diodes to control the current in the
indicator which is normally biased
almost to cut off. Excessive plate
current is prevented on strong sig-
nals by a large resistor, about 1
megohm, in series with the grid. In
addition, the pattern may be shifted
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FIG. 1—Tuning eye and ratioc detector
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when a station is tuned by connect-
ing the common plate D, to the plate
of the diode as shown in Fig. 1.
Discriminator

A positive potential may be ob-
tained from a diseriminator to con-
trol the indicator tube current, from
the center point of the detector
load, if the cathodes of the diodes
dare connected to the transformer.
To obviate trouble due to heater
cathode capacitances, crystal diodes
are recommended as shown in the
accompanying Fig. 2.

X

x

TO LIMITER
OR GROUND

FIG. 2—BAL7 tuning eye and discrimi-
nator

In the circuits of Fig. 1 and 2,
the potential divider R,R, may be
replaced by a large cathode resistor
of around 20,000 ohms, depending
on plate potential. Complete extinc-
tion is then not possible and the in-
tensification obtained on weak sta-
tions is reduced due to the feedback
effect of this resistor.

The chief advantages of the cir-
cuits described are the clear distinc-
tion between exact tuning and com-

plete detuning and also the in-
tensity indication obtained from
signals which are too weak to pro-
duce enough potential on D, to give
a useful amount of pattern shift on
the indicator.

Model Antenna Range

TO FACILITATE the measurement of
antenna radiation patterns in the
vertical plane, a new model antenna
range has been completed by the
National Bureau of Standards.

As shown in Fig. 1 and 2, the an-
tenna range consists of an inverted
V-type structure which supports a

Adjusting a test antenna on the antenna

range. Antenna is the high-frequency

model of one normally used at a much
lower frequency

test or target transmitter about 50
feet above the ground. The model
antenna to be tested is placed in
the center of the ground plane be-
neath the V frame.

Current investigations are par-
ticularly concerned with the high-
frequency band from 3 to 30 mc.
At these frequencies, wavelength
varies between 300 and 30 feet and
measurements of full-sized an-
tennas would require a site several
thousand feet long. When the ver-
tical-plane pattern is required, the
problem becomes even more com-
plex.

Techniques employed at NBS use
the principle of electrodynamic
similitude. As applied to an an-
tenna, an equivalent performance
is obtained from a model 1/nth as
large as the prototype antenna if
the operating frequency of the
model is made » times the proto-
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GAS OR LIGHT LIQUID
SAMPLES

this
analytical laboratory

is here to serve you

ELECTRICAL COMPUTER

Since 1949 Consolidated has operated this

precision analytical service—utilizing

mass spectrometry under the supervision of
Consolidated’s experienced staff. It serves research
organizations and industry having analytical
problems, but where the number of samples does not
justify the purchase of an instrument.

Sample requirements are very small. Recommended
containers are 100 cc for gas and 5 cc for liquid.
Where isotope ratios are required, samples must be

in the vapor phase. Cost of the scrvice is low.
For further information, request Bulletin CEC-1813.

consolidated
engineering

corporation

300 No. Sierra Madre Villa §
Pasadena 8, California

analyfical service 5=
=

J Analytcal Instruments for Science and Industry
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FIG, 1—Full view of the model antenna range with the target
transmitter raised to the 90-deg position

type frequency. As the model fre-
quency is increased, the free-space
wavelength is decreased propor-
tionately. Also, the distance be-
tween the transmitting and the
receiving antenna can then be re-
duced by the same scaling factor
of n.

By using a sufficiently large scal-
ing factor, it becomes possible to
mount a target transmitter on a
rigid structure, to move it over and
about the model antenna under test
and to obtain radiation patterns

substantially the same as the true
long-distance radiation patterns of
a full-scale antenna.

In addition to dividing the physi-
cal dimensions of the model by the
scaling factor m and multiplying
the frequency by the same factor, it
is necessary to multiply the conduc-
tivitv of the antenna and the
ground by n. In most practical h-f
antennas, the copper losses are
small and the conductivity effects
may be ignored without introduc-
ing any serious error.

FIG. 2—Checking the operating frequency of a target transmitter.
Unit derives its power irom wet-cell batteries

In operation, the model antenna
is located at the center of the
ground plane and receives energy
from the target transmitter located
in the V structure. The energy in-
tercepted by the model antenna is
rectified and the signal voltage is
transmitted along underground
cables to a recording pen attached
to an automatic pattern plotter.
Synchrogenerators, connected to
the axis of the V frame, transmit
its position to the turntable of the
pattern plotter.

Low-Frequency Adapter for Audio Oscillators

WHEN a low-frequency signal
source is occasionally needed, it is
feasible to build a small adapter to
extend the range of an ordinary re-
sistance-tuned audio  oscillator
down to a few cycles. In the case
of Hewlett-Packard and similar os-
cillators, those models whose lowest
range extends only to 20 cps are
susceptible to this conversion with-

R-C OSCILLATOR

3-30CPS
L.F ADAPTER

roo
Tax

FIG. 1-—Plug-in unit for adding 3 to 30-
cps range to conventional R-C audio
oscillator
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By JoskrH HoULE
Falls Church, Va.

out disturbing their calibration on
the original ranges. The adapter or
range-extender is a small box with
a dial, plugged in when needed.
Figure 1 shows the circuit. Pin
jacks or a panel connector are in-
stalled on the osci.llator, connected
to the frequency-determining net-
work as indicated. Excessive added
stray capacitance should be avoided.
The adapter is merely another tun-
able R-C network, plugged in paral-
lel with the network in the oscil-
lator. The range switch in the
oscillator should be set on the low-
est range. The impedance of the
internal network 1is then about
three orders of magnitude higher
than that of the adapter; the
adapter determines the frequency
of oscillation. In the adapter shown,
the two-gang 30,000-ohm poten-

WE. 1A
THERMISTOR

FIG. 2-—Moditied audio oscillator circuit
using thermistor as amplitude control
gives improved performance
tiometer covers the range from 3
to 30 ¢ps. If linear potentiometers
are used, the dial scale will be
crowded at the high end; tapered
units are better. Composition vol-
ume controls appear to track well
enough, although their permanerce
of calibration is questionable. Ca-

pacitance tuning is not feasible.
The 110-volt, 3-watt lamp used as
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N
You can make better products from clean, -
smooth, flat Chase Sheet Brass and Copper. ’%

Chase sheets are free from oxide coatings, excess
grease and oil. That means they are uniform

in color and have a bright finish.

CMP orders. We can make favorable mill }%
deliveries on authorized Controlled Materials L
orders. In many cases our warehouses can \}{\“

ship from stock. Your inquiries are invited.

Chase ,ﬁ BRASS & COPPER

WATERBURY 20, CONNECTICUT o SUBSIDIARY DF KENNECOTT COPPER CORPORATION

« The Nation’s Headquarters for Brass & Copper

Aibanyt Cievetand Kansas Gity, Mo.  New York Szn Francisco
Atlanta Dallas Los Angeles Phitadelphia Seattle
Battimare Denver} Milwaukee Pittshurgh Waterbury
Boston Detroit Minneapolis Providence

Chicago Houstont Newark Rochestert (fsabs
Cincinnati  Indlanapalis New Orleans St. Louis office only )
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PRODUCTION

AMPHENOL RG CABLES set the standard for guality
in a field where quality and dependable performance
are a "must.” Frequent laboratory and procuction tests
insure uniform quality and perfcrmanca. Uszers of
Amphenol RG Cables know that thsy will perform as
specified!

AMPHENOL RF CONNECTORS rrovide an-etficient
cognecting link between coaxial cables. They Zeature
never-failing continuity, extremely low RF lass cnd the
assurance of a long life of sustained quclity. The design,
materials and finishes of each type connector are care-
fully chosen to give maximum performanze under the
required conditions.

AMPHENOL AN CONNECTORS are strong! They have
a tensile strength of 53,000 pounds. Engineered to meet
the rigid Army-Navy specifications these connectors
insure lowest milivolt loss. The ron-retating soldes pock-
ets cut soldering time and reduce operator fatigue.
Amphenol has the widest selection of AN Tonnectors
to meet Mil-C-5015 specifications.

AMERICAN PHENOLIC CORPORATION

~ PREPAREDNESS

ELECTRONS AT WORK (continued)

the automatic amplitude control in
many commercial oscillators has
easy availability as its chief ad-
vantage. The lamp resistance
varies but slowly with changing
current, and its range of control is
quite limited. Adjustment of the
series resistor R, (Fig. 1) which
determines the operating point of
the lamp, is rather critical and must
be tailored to the individual lamp
used. The thermal time constant of
these lamps is long enough to give
satisfactory control down to about
5 c¢ps, but below this frequency the
lamp “follows” and distortion sets
in.

A thermistor works a lot better.
Its time constant is longer than
that of the lamp, but its resistance
is so steep a function of the heating
current that it controls the ampli-
tude, in effect, more quickly than
the lamp. Its correcting action is
better damped, and it can correct
for larger changes in gain. The
Western Electric 1A thermistor has
been used successfully for ampli-
tude control of an oscillator work-
ing down to 1 cycle.’

Fig. 2 shows the application of
the 1A thermistor to a commercial
audio oscillator (Hewlett-Packard
200C). The lamp is replaced by a
750-ohm resistor, and the series re-
sistor R, is replaced by the 1A
thermistor. No other change is
necessary, and no adjustment.

While the adapter outlined above
is practical without this additional
modification, the addition of the
thermistor is very desirable, both
because of the lower distortion at
the lowest frequencies, and because
the constancy of amplitude is bet-
ter maintained in the face of mis-
tracking of the ganged potentiom-
eters.

A low-frequency source has be-
come almost indispensable with the
advent of wide application of nega-
tive feedback to audio amplifiers.
Flatness over the audible frequency
range is, in fact, an indication that
the frequencies beyond both ends
must be explored for peaks which
betray an inadequate margin
against oscillation.

REFERENCES

(1) Lawrence Fleming, Thermistor-
Controlled Low-Frequency Oscillator,
ELECTRONICS, p 97, Oct. 1946.

(2) J. A. Becker, C. B. Green, G. L.
Pearson, Properties and Uses of Thermis-

February, 1952 — ELECTRONICS



b > —

b

.
’ i —— ———
- ®
Py 3
s e ——— —
o
4
— i A et e —
. e — ¢
— y— J
rl -
A el _m——‘ e o= - -
L4 .
:
‘bt s
P L4
et o e -
[
L4
- .
-
2 o ‘
) st £3
- . i @ I
|
- " ’ I
— — - L4
B
-
4 -
— 4 -
.
-
e
o?
—— e ———— \
- T eas
-
. 4
. - -
et =5 e - —— e — - —e-s A
4
m——— —_ . — -

PHOTOGRAPHY

A peak power of 21,000 KVA will create the mag-
netic field in -he cosmotron now under construction
at Brookhaven National Laboratory. The design calls
for whirling protons through the field of a giant
doughnut-shaped magnet, over 60 feex in diameter.
At every poin- of the protons’ path along the ci-cular
quadrants anc¢ at all times during the second while the
magnetic fielc is rising to its top value, the conf gura-
tion of this field must be the same, or the protons will
collide with the walls and be lost.

This monster magnet is built of laminations »f 15"
steel sheets, § feet high, 12 in a 5.7-ton bundle, 288
bundles in all. Each bundle had to be car2fully matched
to its neighboes to give the utmost overall unifcrmity
of magnetic parameters.

Photography provided a practical solution 10 the
matching problem. The magnetic phenomena of each

HELPS A COSMOTRON KEEP PROTONS IN LINE

block were displayed on a cathode-ray oscillograph
and photographed with a2 Kodak 35 camera. Five
months and 8,000 oscillograms later (the shutter
didn’t fail once), 2 complete set of photog-aphs like
those seen here of the characteristics of eich block
made it possible to determine the position of each one
in the magnet ring, to insure the most satisfactory
magnetic field.

Quantitative records—full of detail, quickly made,
available for reference whenever needed—are pho-
tography's contribution in a great many kinds of
scientific and engineering jobs. Kodak makes a large
variety of films and papers for them. Drop us a line,
and we'll send you a complimentary copy of a new
booklet that helps you make the best selection among
them. Eastman Kodak Company, Industrial Photo-
graphic Division, Rochester 4, N. Y.

PHOTORECORDING. .. an important function of photography




bringing
Your Product

to market

is a full time job for. .. electronics

When you consider that there are more than 2,000 widely-diversified
products sold to manufacturers and users of electronic equipment, the
problem of bringing your product to that market — and selling it, might,
at first, seem complicated. But it isn’t,

Consider first how products are bought and by whom. Components
and materials used in the design, testing or production of electronic
equipment of all sorts are bought for engineering reasons by engineers.
That this is true is obvious when one considers the extremely technical
nature of the industry’s products. The buying for this industry is done
by men like the one shown ... back-in-the-plant, design, development
and test engineers, generally inaccessible to salesmen.

And it is their counterparts throughout industry and. of course, in
communications and broadcasting who, by use of electronic equipment
to solve their own design, test, production and control problems, create
the markets for packaged electronic equipment,.

It is for these men that ELECTRONICS is edited. Bringing them the
up-to-the-minute electronic design, use and product information is
ELECTRONICS’ full time job. (A job it has held for over twenty years.)
Because of this, they work with ELECTRONICS at their sides and refer
to it more than to any other single source for the information they need
in their work. It is for this reason that bringing your product to this
market isn't as complicated as it might seem at first. ELECTRONICS
provides a market place, the only one, in which you can reach these
men who do the specifying and buying of electronics throughout in-

— o dustry...be it electronic manufacturing or general industry.

e

IeCtrn ics THE DIRECT ROUTE T~ — —

12 REGULAR ISSUES

supplying latest tech- A McGraw-Hill Publication © 330 West 42nd St., New York 18, N.Y.
nical information, de-

sign and product news
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— = — A $3,800,000,000 MARKET PLACE

What is YOUR PRODUCT?

With ELECTRONICS’ blanket coverage of all industry, it
doesn’t matter whether your product is a material, component
or piece of electronic gear — a getter or a gear train, a capacitor
or a cabinet, a servo or a spring, a motor or a motor control.

Both designers and users of electronic equipment find
ELECTRONICS their best source of information. Manufacturers
find it their best source of sales to both.

It is published fact that more than 12% of all moneys being
spent for defense equipment goes for electronic devices. Great
sums are already allotted to hundreds of prime contractors who,
in many cases, find it necessary to make time-consuming search
for sub-contractors with the ability and the capacity to share in
this huge business. Do they know about you?

Selling for defense is as competitive as selling to civilians.
Particularly in electronic equipment, using as it does not only
electronic components, but electrical and mechanical assemblies
and parts, it is necessary to expose yourself to buyers. There is
no speedier, surer, more economical way to do so than by selling
by the written word in the advertising pages of ELECTRONICS.

Further evidence is the list af the right showing some
of the allied products currently being advertised success-
Fully in ELECTRONICS. Positive evidence of the market
offered by ELECTRONICS for your particular product can
e obtained profitably by advertising it in ELECTRONICS.

ANNUAL BUYERS' GUIDE
supplying all basic prod-
vct source and tech-
nical specifying dato

ELECTRONICS — February, 1952

Following is a partial list
of allied products currently
being advertised success-
fully in ELECTRONICS . ..

BEARINGS

BLOWERS

BOBBINS

BUSHINGS

CARBON

CERAMICS
COUPLINGS
DRAFTING EQUIPMENT
FASTENERS

GASES

GEAR TRAINS
GRAPHITE

HAND TOOLS
HEATING TANKS
INSULATION
IONIZATION CHAMBERS
LIGHTING EQUIPMENT
METAL STAMPINGS
METALS & ALLOYS
MOLDINGS

MOTORS
MOUNTINGS

PAPER
PHOTOGRAPHIC EQUIPMENT
PLASTICS

RINGS

SEALS

SOLDER

SOLDERING GUNS
SPRINGS

TAPES

TUBING

WASHERS

WIRE & CABLE
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- . ELECTRONS AT WORK {continued)
e

TO MEET MIL-T-27 SPECIFICATIONS

tors-Thermally Sensitive Resistors, Hlec-
trical Engineering, Nov. 1946,
(3) R. L. Shepherd, R. O. Wise, Fre-
| quency Siabilized Oscillator, Proc. IRE,
| 31, p 2566, June 1943.

Tachometer Pickup Device

By IRVING GOTTLIEB
Mountain View, Calif.

IN INDUSTRIAL and laboratory in-
strumentation, it is often necessary
to obtain electrical information per-
taining to the angular velocity of a
rotating mechanical member. A
common way of meeting this re-
quirement consists of an adaptation
of the inductor-generator principle
or an application of electromagnetic
induction resulting from relative
motion between a magnetic field
and a solenoid.

The inductor-generator system
makes use of a piece of permeanble
material attached to the rotating
member. The magnetic properties
of the material must differ appre-
ciably from that of the rotating
member in order to develop a good
response in a nearby polarized
solenoid.

In the second method, a segment
of the rotating member is mag-
netized or a small permanent mag-

net is mounted thereon. An emf
HUMIDITY CYCLING is induced in a nearby solenoid con-

— sisting of a winding on a soft iron

TEMPERATURE CYCLING

Step One 1-—15minutesat 185°F (85°C).

Step Two 2—15 minutes at room
temperature.

Step Three 3—15 minutes at-67°F (-55°C).

Step Four 4—15 minutes at room
temperature.

Step Five 5—15 minutes in saturated
salt bath.

These steps are repeated for five consecutive
cycles and the unit is then subjected to a
dielectric strength test at 100% of the speci-
fied voltage for five (5) seconds and the
insulation resistance checked.

3 : . -
c F——f— — s 1 . S

*At the end of ony 25 9%):5/‘» _9%12‘53/'» | | core by virtue of .the periodic ap-

5 cycles the unit is | - i | | proach and recession of the mag-

removed from the 60} 1 e : . : s

humidity chamber o] INITIALIDRYING | - / I | | n.etlc field. Stllll E‘mother applica

and subjected, for | 24 HOURS / 1 / \ # VIBRAT|¢N* tion of magnetics involves the use

15 r’nin:'es, te 40 —‘X‘—Iy / \/ ‘ % TF_ST:i'— of bismuth wire, the resistivity of

simple harmonic 3¢ e _ : . .

motion of 0.037 ) = ' \ \vhn‘:h is a function of magneto-

omplitude, with the 2© I SORH: — 1_ _‘*‘ n motive force.

frequency varying 10— w = With the first two methods, both

vniformly from 10 o | ! ]

to 55 CPS and re- i

turn to 10 CPS in -IO} — ‘l

one minute. HOURS o 4 8 12 16 20 24
f+~ REPEATED FOR i0 CONSECUTIVE CYCLES —=

CK 525 AX oo FXS
e

- = " A
{ H / \
— -/ 20000 o
‘ | W i* I .

3 POLE OF
@] S A (©) PM.
sve 200020 ey 7
N 250V = '
. ‘ o5V (—5>
Stancor Engineering (8) - (d) —

Laboratories have complete |

Equipment for making these Tests. | FIG., 1—Tachometer pickup device.
Tachometer element circuit (A), direct-

)STANDARD TRANSFORMER CORPORATION (s i e

mal component of mmf{ interacting with
3578 ELSTON AVENUE « CHICAGO 18, ILLINOIS

electron flow within tube (D)
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The newest addition to Sperry’s Microline* is

Model 296B Microwave Receiver for laboratory use.
This instrument is an important addition to

the microwave laborztory where a good secondary
standard of attenuation is required.

“he versatility of Model 296B permits measurements
%0 be made at all microwave and UHF frequencies.
In addition to its use as a secondary standard

~f attenuation, this receiver has many

“ther uses . .. one of the more important

“eing antenna pattern measurements.

s

N

Model 296B consists of a 30 mc pre-amplifier,
_FF amplifier and precision 30 mc waveguide
~elow cut-off attenuator. Included in the receiver
-z a well-regulated klystron power supply.
=lystron stability is assured by self-contained,
automatic frequency control circuitry.

Our Special Electronics Department will be happy
) give you further information on this,
-astrument as well as other Microline equipment.

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

GYROSCOPE COMPINY

DIVISION OF THE SPERRY CDRPORATION

SREAT NECK, NEW YORK- CLEVELAND - NEW DRLEANS - BRODKLYN - LOS ANGELES - SAR FRANCISCO - SEATTLE
UN CANADA — SPERRY GYRDSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC

NEW SPERRY

MICROLINE

RECEIVER FOR

ACCURATE
MEASUREMENTS
AT MICROWAVE

FREQUENCIES

i
B w1

Model 296B Microwave Receiver

30 Mc Amplifier Gain: 70 db + 3 db preamp gain
— 15 db insertion loss.

IF Bandwidth: 1.8 Mc.

Attenuator: Insertion loss 15 db; 30 db attenuasion
range with detent positions a 10 db steps.

Local Oscillator Power Supply: Beam supply
600 to 800 volts 50 ma, contituously variaktle,
positive grcunded. Reflactor supply continudusly
variable fram —10 to —500 wolts with respect
to cathode.

Accessories Supplied: One pre-amplifier, one pre-
amplifier power cable, ane kivstron power Gible.
two 30 Mc IF cables.

Accessories Needed: Loca. Osci lutor Klystron
and a mixer.

Visit our booths 57-58-59 at the Radio Engineering Show, Grand Central Palace, March 3-6.
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Miniature Telephone Type Relay

NEW LK RELAY

MOUN'"NG: End mounting for back DlMENS|°"s‘

of panel or under-chassis wiring. Inters 7 .
changeable with standard ‘‘Strowger’* 1% HIGH, 27/3;"" LONG,

3
type mounting. 13/3," WIDE

COIL POWER: From 40 millwans 1 2€5¢ are the dimensions
to 7 watts D.C. for the 6 pole relay.

CONTACTS: Standard 2 amperes,
special up to 5 amperes, 2 amperes up
to 6 P.D.T. 5 ampere contacts (low volt-
age) up to 4 P.D.T. Special 20 ampere
power contacts S.P.S.T, normally open,

Will meet Army and Navy
aircraft specifications
as a component unit,

paralleled.

Can be furnished
hermetically
sealed with

solder terminals.

PLUG-IN MOUNTING~
SPECIAL.

SK RELAY

MOUNTING: Front of panel mounte
ing and wiring.

€OIL POWER: From 100 milliwatts
to 4.5 watts D.C.

CONTACTS: Same as “LK".

DIMENSIONS: 14" HIGH, 1%/
LONG, 3!/3,” WIDE.

These are the dimensions
for the 4 pole relay.
Will meet Army and Navy
aircraft specifications
as a component unit,
CAN ALSO BE FURNISHED ;.
HERMETICALLY SEALED SK, HERMETICALLY SEALED'

'WITH SOLDER TERMINALS.
PLUG-IN —SPECIAL.

ALLIED CONTROL CO. INC. 2:ast enD AVE., NEW YORK 21, N. Y.
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“Pennies saved . . . dollars lost”

Twice in one month, when the burglar
alarm went off, the police and protective
service men had swarmed down on the
Benedict Laundry. Each time it had been
a false alarm. Inferior insulation on the
alarm switch had weakened—the short-
ing sct off the alarm. The second ''run”
sent two men to the hospital—a police
car crashed as it rushed to the plant.

Little items, like electrical insulation,
arc often a matter of pennies in original
costs. Iailure however, can mean much
in direct and indirect losses.

Guard against product breakdown
with the right electrical insulation. Out-
standing in the field is BH “649”,
designed espccially for tough jobs.

Permanently flexible and abrasion
resistant it will take unusual abuse with-
out loss of physical or dielectric proper-
ties. BH “649” can be pushed back
without breakdown for ease in assembly

—spread to cover knobs and terminals
—bent or knotted—it will not lose its
dielectric strength. Flexibility is con-
stant under heat or cold. Tested from
15 minutes at 425-450°F, to 1500
hours at 220-230°F, and down to
—45°C, there was no cracking or split-
ting. Chemical and oil resistance are
additional features that help make it a
must for high product protection.

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

Address Dept. E-2

Bentley, Harris Manufacturing Co.
Conshohocken, Pa.

¢BH Non-Fraying Fiberglas Sleevings are made hy an exclusive Bentley, Harris process (U. S. Pat. No.

ELECTRONICS — February, 1952
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Lase 1hHe Squeeze
077 C/OCK1Ea/0 COST's

SESSIONS Ti e, as used in
ESQUIRE [Clock Radio

Only Sessions offers vou all these
important clock radio timer features
at lowest possible prices.

The famous Sessions Clock move-
ment has fewer moving parts and a
compact subsynchronous motor that
eliminates annoying “whine” of high
speed gears. And the Sessions silent,
long life switches are rated at 10A
and 15A (UL approved). All Sessions

Timers are factory tested and guar-

1
Other famous norTe

clock radios now
equipped with
SESSIONS TIMERS:

Admiral
Jewel
Esquire
Phitharmonic
Sylvenia
Continental
Aircostle
Ambossador
Philco

Regal

150

anteed accurate . .. and they cost less!
Fase the squeeze on your new
by

available with

clock radio costs specifying
Sessions Timers . . .
choice of switching arrangements
and features . . . dial and hand
styling to specifications if you wish.
Write for complete technical bulle-
tin. The Sessions Clock Company,

Timer Division, Department 42,
Forestville, Connecticut.

ELECTRONS AT WORK (continued)

the frequency and amplitude of the
emf’s developed in the solenoid are
proportional to the speed of rota-
tion of the mechanical member. If
a wide range-of rotational speed is
to be measured, the accuracy tends
to be adversely affected because the
indicating device and the circuitry
associated therewith generally re-
spond to the undesired, as well as
the desired, parameter. As the
rotational speed becomes lower, it
is increasingly difficult to induce a
usable emf in a solenoid of prac-
tical dimensions. A pick-up probe

| made from a noninductive winding

of bismuth wire is free from these
shortcomings but the high thermal
coefficient of resistivity of this ele-
ment must be considered if accu-
racy is to be preserved.

The New Pickup Device

The author has applied a differ-
ent type of magnetic responder
which delivers constant-amplitude
pulses over a rotational speed range
just greater than standstill to the
highest to be encountered with me-
chanical equipment. There is no
disturbance from temperature vart-
ation. The indicating apparatus is
designed and calibrated to depict
rotational speed as a function of
frequency.

The principle and the application
thereof are illustrated in Fig. 1.
A subminiature tube is used as the
actual pickup element. The low
velocity electrons in the interelec-
trode space between control and
screen grids are deflected in their
trajectory by a magnetic field. This
will be evidenced by a reduction in
screen grid and plate current.

The screen grid is used as the
anode whereas, the plate, operating
at a lower potential, functions in
the manner of the repeller electrode
in a klystron. The plate imposes
a retarding field to the electrons in
the region between screen grid and
plate. This results in a higher
screen-grid current than would
otherwise be the case.

For optimum sensitivity, many
electrons should reach the screen
grid but their velocity should be
low. By making the control grid
slightly positive with respect to the
filament, a large number of elec-
trons are imparted with velocities
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. “There's One Important Answer...

ﬂj;/ﬂd Wéq Should /
Use Buss Fuses?’

FUSES PROTECT
YOUR GOOD NAME

S€. ..
Zeca”BUSS FUSES

Are trouble-free—never any
-~ complaints about the operation of
¢ equipment due to faulty fuse blows.

First, each individual BUSS fuse is
tested in a sensitive electronic device to
make sure it will operate properly under
all service conditions.

Second, the millions and millions of
BUSS house fuses, industrial fuses, and
fuses for the automotive and electronic
industries have firmly established the
unusual merits of BUSS fuses in the mind
of the public.

The BUSS reputation for quality means
that a distributor, dealer or consumer will
know you have chosen the best fuses
available.

With the cost of a fuse being so
insignificant compared to the value of the
equipment it protects—how can any
manufacturer take a chance on any fuse
except a BUSS fuse—the standard of
dependable quality for more than 37 years!?

ine of
s a complete h;?e
radios

BUSS offer

e8 — for te‘eViSion’ BUSSMANN MFG. co.

fus . s and auto- St ?" nsty yo.u » University at Jefferson  5t. Louis 7, Mo.
controls, avloﬂ\cs n selectlng or des'gning Division of McGraw Electric Company
LUS a comp? the fuse or fuse mount-

mobiles . - P
jon line of fu
blocks, and fuse

se clips, fuse ing best suited to
holders: your needs.
USE THIS COUPON — Get all the Facts

Bussmann Mfg. Co., University at Jefferson
St. Louis 7, Mo. (Division McGraw Electric Co.)

Please send me Bulletin SFB on BUSS Small
Dimension Fuses and Fuse Holders.

Name_____

Title S

Company_ —

Address _

City & Zone » State ELRC-152
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TYPE 2001-2, BASIC UNIT

Frequencies 200 to 2500 cycles.
Dividers and Multipliers available
for lower and higher frequencies.
Miniaturized and JAN construc
tion. OQutput, 6 volts.

L Lk 1]
o 8

L X 2%
”~ee

k(ﬂ

TYPE 2005, UTILITY UNIT

Consists of Type 2001-2 and booster
to provide 10 watts at 110V at pre-
cision frequencies from 50 to 500
cycles at input power frequencies
of 50 to 500 cycles, 45 watts.

TYPE 2121-A, LAB. STANDARD

Qutputs, 60 cycle, 0-110 Volts, 10
Watts; 120-240 cycle impulses. In
put, 50-400 cycles, 45 Watts.

CD/Z@MM%
FREQUENCIES

GUARANTEED
ACCURATE

TO 1 PART IN 100,000 (.001%)

THE basis of these frequency standards is an elec-
tronic fork which is temperature-compensated and
hermetically sealed against humidity and barometric
pressure.

Type 2001-2 and similar units are available inde-
pendently. Complete instruments of our manufacture
are used extensively by industry and the armed forces
where unvarying, dependable high precision is re-
quired, such as for bombsights and fire control.

WHATEVER YOUR FREQUENCY PROBLEMS,
OUR ENGINEERS ARE READY TO COOPERATE.
PLEASE REQUEST DETAILS BY TYPE NUMBER.

American Time Products, Inc.

OPERATING UNDER PATENTS OF New York 19, N. Y.

580 Fifth Avenue

WESTERN ELECTRIC COMPANY

TYPE 2111, POWER UNIT
50 Watt output. 0-110-220V at 60
cycles, or any frequency 50 to
1000 cycles. Input. 50-100 cycles,
275 watts.

WIDELY USED
IN SUCH FIELDS AS:

Aviation
Astronomy
Ballistics
High-Speed Photography
Viscosity Measurement
Nuclear Physics
Telemetering
Radiation Counting
Fluid Flow
Chemical Reaction
Navigation
School Laboratories
Industrial Research Labs.
Accurate Speed Control

152
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There’s no substitute for molded iron
cores in a long list of applications—elec-
trically, mechanically or economically!

Besides all regular styles for high, low
and standard frequencies, Stackpole offers

full facilities for the quality-contrclled
production of almost any needed special
type. Write for Catalog RC-8 to Electronic
Components Division, Stackpole Carbon
Company, St. Marys, Pa.

ELECTRONICS — February, 1952
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ELECTRONS AT WORK (continued)

Potter & Brumfield’s
Super Midget Relays

The same number of electrons could
be made to reach the screen grid by
increasing the potential of that
electrode. This would, however,
also result in higher electronic ve-
locity, thereby rendering the tube
less responsive to magnetic fields.
The amplitude of the pulses will
depend upon the field strength
normal to the plane of thermionic
emission. It is easy to obtain one-
| half volt pulses from an alnico-V
permanent magnet about a quarter
of an inch from the tube. With
anpropriate amplification, separa-
tion distances greater than an inch
might even be used. The tube
should be oriented about its three
| axes of rotation to empirically de-
termine the most sensitive position
for the particular magnetic condi-
‘ tions in the actual application.

’ sufficient to reach the screen grid.
|

Actnal

Size

Hermetically
Sealed W

Photographing R-F
Modulation Patterns

By JoHN M. CARROLL

Ensign. USNR
| Washington, D. C.
‘ (on Military Leave from ELECTRONICS)

RADIATION CHARACTERISTICS of most
communications transmitters may
readily be studied from photo-
graphs taken of the transmitter’s
modulated r-f envelope. The photo-
graphs shown were taken with the
incoming signal displayed along an
f-m time-base which was varied to
permit each particular signal to be

. . . when Product Performance Requires:

Vibration Resistance
Meets 10-G Air Force Tests

An unbelievable degree of vibration re-
sistance has been engineered into the |
SM by the use of an extremely light
movable element. Any type will stand

10-G test with V4

Sensitivity
Operates on only 75 MW.

In spite of its small size this unique relay
is capable of remarkable sensifivity.
With maximum coil resistance of 10,000
ohms it will operate on only 2.75 ma
while with minimum

resistance of 0.15
ohm only 0.7 amp.
is required. Relays
for voltage opera-
tion are provided
with 2 watt coils up
to 60 volts; 1.2 watt
at 115 volts. Maxi-
mum coil power per-
missible is 1.75 watt.

Compactness
Y2 Ounce — Y2 Cubic inch

—for the unsealed relay. Sealed in
drawn steel case, this relay is same size
as miniature tube and fits into 7-pin
socket with or without standard hold
down shield. Weight of sealed relay is
only % ounce!

watt in coil and
the sealed relay
mounted in socket
with shield will pass
this test with only
0.1 watt. Also meets
25-G shock test and
will stand 50-G test
non-operating with-
out damage.

Another example of P & B's progressive relay engineering, the rugged, sub-
miniature SM has successfully fulfilled many "tough” assignments under rigid
government specifications. Has consistently proven itself in guided missile and
related control applications. Send specifications for samples and quotations.

Potter & Brumfield offers a wide selection of standard and special relays for
industrial and military applications—electronic, sensitive, power, miniature
telephone, shock proof, motor starting, etc. Samples, recommendations and
quotations promptly forwarded on request. Write today for Catalog 109.

Polber s Prumbi

Stondard P & B Relays ore available at

Your Local Electronics Parts Distributor
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EXPORT: 13 E. 40TH ST. N. Y.
SALES OFFICES IN PRINCIPAL CITIES

visualized best.

As contrasted with the usual
panoramic display of a video signal
after detection, examination of the
i-f envelope reveals details within
the modulation envelope such as
parasitic oscillation, sideband splat-

FIG. 1—Unmodulated r-f carrier
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Superior Tubular Parts
...mean Superior
Electronic Performance

Superiorsupplies disc cathodes, cups
and anodes for the famous Rauland
“Tilted Offset” Electron Gun used in
peak-performance piciure tubes. This
new development of Rauland permits
the use of a single Ton Trap magnet,
bends the electron beam only once
and gives the sharpest possible beam
focus. The new Indicator lon Trap
reduces adjustment time to a matler
of seconds, eliminates the need for
mirrors or guesswork in lon Trap ad-
justment. This “Double Feature”
gun is a triumph of Rauland research.

But no electronic device can be better
than the components of its assembly.
That’s why Rauland and so many other
electronics manufacturers specify
Superior tubular parts.

Here at Superior we combine produc-
tion know-how, research facilities and
engineering experience to produce
tubular parts, in many forms and
metals, each designed to do tough
electronics jobs better. We have spe-
cialty equipment for the high speed
production of anodes, cups, cathodes,
grid cylinders and many other parts
for television and cathode ray gun
structures. If you are not now a cus-
tomer of Superior it will pay you to
check on the many ways in which we
can serve you. Write for information

no obligation of course. Superior
Tube Company, 2500 Germantown
Ave., Norristown, Pennsylvania.

Which Is The Better For Your Product . . .

SEAMLESS . . . ? The finest tubes
that can be made. Standard produc-
tion is .010”* to .121’7 O.D. inclusive,
with wall thicknesses of .0015"" to
.005”*. Cathodes with larger diameters
and heavier walls will be produced to
customer specification.

Or LOCKSEAM* . . .? Produced
directly from thin nickel alloy strip
stock, .040"" to .100”” 0.D. in standard
length range of 11.5 mm to 42 mm.
Round, rectangular or oval, cut to
specified lengths, beaded or plain.

Part of Inspection Procedure on Lockseam
Nickel Cathodes as they come off the pro-
duction machine. Each cathode musi under-
go many rigid lesls before being approved.

Engineering . . laboralory equipment for
all kinds of testing, including emission
characteristics of nickel cathode materials.

H L e o - 7: —
To Guard Against contamination by proc-
essing lubricants, Superior tubing is thor-
oughly degreased before each annealing

operation.

All analyses .0i0" to %' O.D.
Certain analyses (035" mox. wall) Us to 1% O.D

fuFp UNDER U. 5. PaTs. SUPERIOR TUBE COMPANY -« Electronic Products for export through Driver-Harris Company, Harrison, New Jersey ¢ Harrison 6-4800
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Permendur, steel or alumi-

¥ sand Cas'A’um"num .’acke's num bases, inserts and

keepers as specified. Mag-

w/' Dig Die Cas' A’uminum .’acke's Complete assemblies with

. netized an abili 3
% Celastic Covers R K
.
<> THE ARNOLD ENGINEERING (JOMPANY
] @ p SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, Hlinois
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a [ ]
MODELS A, B, & C HELIPOTS
A—10 turns, 46" coil, 1-13/16" dia., 5 watts=
resistances from 10 to 300,000 ohms.

B—15 turns, 140°’ coil, 3-5/16" dia., 10 watts
—resistances from 50 to 500,000 ohms.

€—3 turns, 13.1/2” c¢oil, 1-13/16" dia., 3
watts—resistances from 5 to 50,000 ohms.

MODELS D AND € HELIPOTS

Provide extreme accuracy of control and ad-
justment, with 9,000 and 14,400 degrees of
shaft rotation.

D—25 turns, 234" coil, 3-5/16" dia., 15 watts
—resistances from 100 to 750,000 ohms.
E—40 turns, 373 coil, 3-5/16" dia,, 20 watts
~resistances from 200 ochms to one megohm,

LABORATORY
MODEL HELIPOT

The ideal resistance
unit for use in labora-
tory and experi-

MODELS FGG AND J PRECIS:ON il e,
Also helpful in cali- MODELS R AND W DUODIALS
¥ SINGLE-TURN POTENTIOMETERS S checkine puoot

brating and checking
test equipment. Com-
bines high accuracy
and wide range of
10-turn HELIPOT with
precision adjustability of DUODIAL. Avail.
able in eight stock resistance values from
100 to 100,000 ohms, and other values on
special order.

Each model available in standard turns.ratios
of 10, 15, 25 and 40 to 1. Inner scale in-
dicates angular position of HELIPOT sliding
contact, and outer scale the helical turn on
which it is located. Can be driven from knob
or shaft end.

R-—2'" diameter, exclusive of index.
W~—4.3/4" diameter, exclusive of index. fea.
tures finger hole in knob to speed rotation.

Feature both continuous and limited me-
chanical rotation, with maximum effective
electrical ratation. Versatility of designs per-
mit a wide variety of special features.
F—3.5/16"" dia., 5 watts, electrical rotation
359°—resistances 10 to 100,000 ohms.
G—1.5/16" dia., 2 waits, electrical rotation
356°—resistances 5 to 20,000 ohms.

J—2" dia., 5 watts, electrical rotation 357°
—resistances 50 to 50,000 ohms.

— e = s o——
B

| S =y
For many years The Hrevipor Corporation has been a

leader in the development of advanced types of potentiom- |

Q eters. It pioneered the helical potentiometer—the potentiom- |
{ . eter now so widely used in computer circuits, radar equip-
{  ment, aviation devices and other military and industrial

| applications. It pioneered the DuobiAL*—the turns-indicat- |

' ing dial that greatly simplifies the control of multiple-turn

potentiometers and other similar devices. And it has also

' pioneered in the development of many other unique potenti-

ometric advancements where highest skill coupled with ability

I to mass-produce to close tolerances have been imperative.

Helipot

...world’s largest manufacturer of such equipment!

FOR PRECISION
POTENTIOMETERS

come ¥

In order to meet rigid government specifications on these
developments—and at the same time produce them economi-
cally—HELIPOT* has perfected unique manufacturing facilities,
including high speed machines capable of winding extreme
lengths of resistance elements employing wire even less than
001" diameter. These winding machines are further supple-
mented by special testing facilities and potentiometer “know-
how” unsurpassed in the industry.

So if you have a problem requiring precision potentiom-
eters your best bet is to bring it to The HELIPOT Corporation,
world’s largest manufacturer of such equipment. A call or [
letter outlining your problem will receive immediate attention! |

¢Trade Marks Registered

C 8 [
3.GANGED MODEL A HELIPOT AND
DOUBLE SHAFT MODEL C HELIPOT

MULTITAPPED MODEL B HELIPOT AND
6-GANGED TAPPED MODEL F

ELECTRONICS — Febiuary, 1952

ANl HELIPOTS, and the Model F Potentiometer,
ccn be furnished with shaft extensions and
mounting bushings aof each end to facilitate
ccupling to other equipment.

Tre Model F, and the A, B, and C HELIPOTS
are available in multiple assemblies, ganged
at the factory on common shafts, for the con-
trol of associated circuits.

This Model B Helipot contains 40 taps, placed
as required at specified points on coil. The Six-
Gang Model F Potentiometer cantains 19 addi-
tional taps on the middle two sections. Such
taps permit use of padding resistors to create
desired non-linear potentiometer functions, with
advantoge of flexibility, in that curves can be
altered as required.

ﬂt CORPORATION, SOUTH PASADENA 2 CALIFORNIA

Fleld Offices: Boston, NPYNI, Phlladeiphia, Rochester, Cleveland, Detrolt, Chicago, St. Louls, Los Angeles and Fort Myers, Fiorida. Export Ageats: Fratham Co., New York 18, 0.Y,

157



\L/

PN
S~

FOSTERITE

developed by Westinghouse

it WHEELER

Service under military and naval field conditions has sharply emphasized the

importance of adequate moisture-proofing for transformers, coils and related com-
ponents in many types of electrical apparatus. FOSTERITE* materials and methods,
developed by Westinghouse and applied by WHEELER under license, now provide
an economical, practical and highly satisfactory solution to such problems. FOS-
TERITING, in effect, completely seals and encapsules each unit in a neutral, stable,
permanent moisture-proof jacket.
FOSTERITED Wheeler Components will meet exacting military and industrial
specifications with full assurance of long-range performance. The process can be ap-
plied either to your own components shipped to our plant or to components devel-
oped by our engineers to meet your specifications.

Capacity will naturally be limited. We suggest you get in touch with us at once.

* ®Westinghouse Elec. Mfg. Co.

MAGNET WIRE
' COILS

COMMUNICATIONS
EQUIPMENT

v
MAKES THESE PRODUCTS A Wé‘y’
THE WHEELER INSULATED WIRE CO., INC,, 1101 EAST AURORA ST., WATERBURY 20, CONN.

Division of The Sperry Corp.
8WHS5?2 perry P
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ELECTRONS AT WORK (continued)

FIG. 2—Carrier with spurious modulation

ter, unwanted f-m due to oscilla-
tor instability and other spurious
emission. Some of these details are
lost altogether in the process of
detection.

The pattern of an unmodulated
carrier is shown in Fig. 1. The
bandwidth is somewhat exagger-
ated in all such sweeping pano-
ramic signal presentations due to
the finite time, in this case 1/30
sec, taken for the f-m time-base
sweep. The carrier appears to be
free of undesired modulation. It
produces a clear note when hetero-
dyned with the receiver beat-fre-
quency oscillator.

Figure 2 was also taken of a c-w
carrier. However, this signal would
be described as producing a rough
note when heterodyned with the
bfo and its spurious modulation
content is readily apparent from
the photograph. The appearance of
broadcast music is shown in Fig. 3.

A frequency-shift keyed radio-
telegraph signal is shown in Fig.
4. In this type of frequency modu-
lation, the shift in the frequency
of the r-f carrier corresponds to
the ‘space’ and ‘mark’ intervals of

FIG. 3—Broadcast music
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Sold Complete-— with the
following Probes and Cables

o Direct Probe and Cable
e DC Probe

o Ohms Cable and Probe
e |- Current Cable (Red)
e — Current Cable (Black)
e Ground (Case) Cable

Accessory Probes Available
on Separate Order

« WG-264 Crystal-Diode Probe
for measuring ac voltages at
frequencies up fo 250 Mc.

« WG-289 High-Voltage Probe,
with WG-206 Multiplier Re-
sistor, for increasing de-volt-
age range to 50,000 volts and
input resistance to 1100 meg-
ohms.

ELECTRONICS — February, 1952

The new RCA WV-87A

FEATURING an 815”7 meter, the new WV-87A
Master VoltOhmyst is really the master of every
testing application. Its peak-to-peak scales are
particularly useful for television, radar, and other
types of pulse work.

The WV-87A measures dc voltages accurately
in high-impedance circuits, even with ac present.
It also reads rms values of sine waves and the
peak-to-pcak values of complex waves or recur-
rent pulses, even in the presence of dc.

Like all RCA VoltOhmysts, the WV-87A fea-
tures 19 multiplier and shunt resistors,a *=2%
meter movement, high-input resistance, zero-cen-
ter scale adjustment for discriminator alignment,
dc polarity-reversing switch, and a sturdy metal
case for good tf shielding.

On direct-current measurements, extremely low-

g/l

Measures...(Full-scale ranges)

DC VOLTAGE: 0 to 1.5, 5, 15, 50, 150, 500, 1500 volts

PEAK-TO-PEAK VOLTAGE: O to 4, 14, 42, 140, 420, 1400, 4200 volts

RMS VOLTAGE: Oto 1.5, 5, 15, 50, 150, 500, 1500 volts

RESISTANCE: O to 1000 megohms in seven overlapping ranges

DC CURRENT: 0 to 0.5, 1.5, 5, 15, 50, 150, 500 milliamperes; 0 to 1.5, 15 amperes

VoltOhmyst
$“250

Suggested
User Price

meter resistance gives an average voltage drop of
only 0.3 volt for full-scale readings on all ranges.
Nine overlapping ranges provide dc readings from
10 microamperes to 15 amperes.

An outstanding feature is its usefulness as a
television signal tracer . .. made possible by its
high ac input resistance, wide frequency range,
and direct reading of peak-to-peak voltages.

The RCA WV-87A Master VoltOhmyst has the
accuracy and stability for laboratory work. Its
large, easy-to-read meter also makes it especially
desirable as a permanently mounted instrument
in the factory and repair shop.

For complete information on the WV-87A, see
your RCA Test Equipment Distributor or write
RCA, Commercial Engineering, Section BX42,
Harrison, New Jersey. #Reg. U, 8. PaL. Off.

Get complete details today from your RCA Test Equipment Distributor.

TEST EQUIPMENT

RADIO CORPORATION of AMERICA

HARRISON. N. J,
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KLEINS

C)uality plers for radlio-
felevigion-ampllifer work |

No. 301 KLEIN
LONG NOSE PLIERS
Extra long reach of jows permits
getting into difficult places.
Hordened and tempered to assure
positive grip at point. Avoiloble in §,
6 ond 7 inch lengths.

No. 202 KLEIN NARROW
NOSE OBLIQUE CUTTING
PLIERS

One of the most useful tools in your
kit. Narrow head permits uyse in
confined ploces. Individuolly honed
knives meet occurately ot all points
ond stoy sharp. Availoble in 5 or 6
inch sizes.

e There is a Klein Plier made for every job in wiring radios, television
or sound system amplifiers. Long nose pliers that assure a tight grip even
in confined spaces. Keen edged cutters that stay sharp even after continued
service. Flat nose pliers, duck bill pliers, curved nose pliers—many types
and sizes to meet every wiring need.
By having a full selection of these quality
tools, you will save valuable time
in any wiring work.
This Klein Pocket Tool
Guide gives full infor-
mation on all types and
sizes of Klein Pliers.
A copy will be sent
withost obligation.

ASK YOUR SUPPLIER

Foreign Distributor
International Standard
Electric Corp.
New York

¢ %) Mathias & Sons

3200 BELMONT AVENUE, CHICAGO 18, ILLINOI!S

ENGINEERS
DESIGNERS
PHYSICISTS

HE Aerophysics & Atomic Energy
Research Division of North Ameri-

can Aviation, Inc., offers unparalleled
opportunities in Research, Development,
Design and Test work in the fields of
Long Range Guided Missiles, Automatic
Flight and Fire Control Equipment and
Atomic Energy. Well-qualified engi-
neers, designers and physicists urgently

needed for all phases of work in

Supersonic Aerodynamics,
Preliminary Design & Analysis,
Electronics.
Electro-Mechanical Devices,
Instrumentation,
Flight Test,
Navigation Equipment,
Controls,

Servos,

Rocket Motors,
Propulsion Systems,
Thermodynamics,
Airframe Design,

Stress & Structures.
®

Salaries Commensurate with
training & experience.
Excellent working conditions.
Finest facilities and equipment.
Outstanding opportunities

for advancement.

Write now—Give complete resume of

education, background and experience

PERSONNEL DEPT.
AEROPHYSICS & ATOMIC ENERGY
RESEARCH DIVISION

NORTH AMERICAN AVIATION

INC.
12214 LAKEWOOD BLVD.
DOWNEY, CALIFORNIA
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February, 1952 — ELECTRONICS



* ol
H1-Q “serves nationaL DE
Wher

The amazing and intricate science of
electronics has provided new eyes and ears
to bring our airmen straight home from
anywhere . .. 1o sight a target many hori-
zons beyond the span of human vision. On
land and sea, electronics likewisEhae bes
come a vital keystone in national de ¢
And wherever you find electros e,
you'll find H1-Q...Small Ceramic Disk
Capacitors, for example, ol h
by-pass,and temperature conif?
types. Tubulars, perhaps . . . Plate
new High Voltage units. And w
you find H1-Q you’ll find
dependability, rigid adherence to,
cations and tolerances, and lon
Whether your needs are for stand
or specially designed components, Hi
engineering and production keenness
can meet your most exacting requirements.

Specializing in ceramic capacitors, Hi-Q
has developed a complete line of Tempera-
ture Compensating Disk Capacitors with a
capacity range from 475 mmf to .3 mmf and
standard tclerances of +5%, 10% or 20%.
For applications requiring a large gradient
of capacity vs. temperature Hi-Q Extended
Temperature _ompensating Disk Capaci-
tors are available. These together with
Hi-Q By-pass Disk Capacitors give you one
source of supply for all ceramic Disk type
capacitors. Write for New Engineering
Bulletin on Disks.

*Trade Mark Reg. U.S. Pat. Office

' .5&;&&:&5 Reactance (Zort.

SALES OFFICES: New York, Philadelphio, Detroit, Chicago, Los Angeles
PLANTS: Olean, N.Y., Franklinville, N. 7., Jessup, Pa., Myrtle Beach,S.C.

OLEAN, NEW YORK

JOBBERS — ADDRESS

740 Belleville Ave., New Bedford, Mass.
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AN
OLD

A
NEW

PROBLEM: One of greater durability for police,

bus and truck two-way communication antennas

. too many antennas being broken from over-

hanging branches and obstructions because of an-

tenna height . . . high repair costs . . . vehicles
laid up . . . efficiency impaired.

SOLUTION: WARD engineers came through
with the answer in the form of the “coil-spring”
SPPC-88 . . . the perfect answer for all roof-top
mounts where reliable communication is important.

DATA: The SPPC-88 is equipped with two
springs. One, of heavy steel, mounted to the vehicle
surface . . . the other, a combination spring and
electrical coil. The antenna can be deflected to a
horizontal position protruding only four inches with-
out breakage or deformation. If you would like
further information, write us.

This is typical of the many antenna problems
that are being solved by WARD, everyday. If you
have an antenna need . . . contact WARD — for
WARD has the experience to solve your problem
and the facilities to produce it economically, meet-
ing your delivery requirements.

PROBLEM

SOLUTION

ELECTRONS AT WORK (continued)

FIG. 4—Frequency-shift-keyed radiotele-
graph

radio-printer code. In this case,
the frequency shift is 850 cps.

The appearance of a more com-
plex signal is shown in Fig. 5. This
type of modulation is known as
double single-sideband. To the left
of the carrier, which is suppressed
60 db, are 12 audio tones each 170
cps apart in frequency. Each adja-
cent pair of tones constitutes a
two-tone keyed radio-printer chan-
nel. To the right of the carrier are
the lower sidebands of the narrow-
band voice channel associated with
the system. The 440 cps tone modu-
lation pattern of standard fre-
quency station WWYV is shown in
Fig. 6.

The signal is received on a
standard communications-type re-
ceiver coupled to a panoramic inter-
cept adapter which provides an f-m
sweep to sample the signal in fre-
quency in step with the oscilloscope
time-base. Exposure for the photo-
graphs is 1/5 second at f 3.5.

The 455-kc i-f signal is taken off
the plate of the receiver mixer tube.
This avoids reduction in bandwidth
due to receiver i-f selectivity and
approaches the ideal condition for
this type of work which would be
a receiver with a wide-open front
end. The panoramic r-f amplifie-
has a 180-kc passband.

" The panoramic f-m oscillator is
‘ WORLD'S OLDEST AND LARGEST
swept from 581 to 781 ke at a 30-
EXCLUSIVE MANUFACTURER OF cps rate. The panoramic i-f ampli-
: A N T E N N A s | fier is sharply tuned to 226 kec.

Thus, the 200-ke passband centered
about 455 ke is sampled 30 times

THE WARD PRODUCTS CORPORATION

Division of The Gabriel Co. )
1523 East 45th Street e Cleveland 3, Ohio per second. A 30-cps sawtooth
In Conado: Atlas Radio Corp., Ltd., Toronto, Ont.

| voltage, which also provides the
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Three New Products Developed by
LABORATORY for ELECTRONICS, INC.

The LFE Model 401 Oscilloscope
is 2 high gain, wide band, versatile
general purpose instrument capa-
ble of quantitative measurements
of high and low speed electrical
phenomena. It is perfectly suited
for the precise examination of
pulse wave-forms and transient
phenomena, in addition to custom-
ary oscilloscope applications.

OUTSTANDING FEATURES

e High sensitivity
e Excellent transient response
e Triggered and recurrent linear sweeps
e Continuously adjustable precision

sweep delay Ny
e Signal input line terminations \\ " Mode! 401 OSCILLOSCOPE
e Functionally grouped and colored con- o

trol knobs

MERCURY DELAY LINES

LFE Mercury Delay Lines meet severe military requirements
and are precision built under controlled conditions. Used for
storage of information, compatison of two sets of information,
correlations and sequential timing devices, they are the small-
est, most compact lines available. Currently recognized as a
foremost supplier of mercury delay lines, LFE furnishes a wide
range of delays and assures quick delivery.

Model 101 MAGNETOMETER

The Pound Magnetometer is a device for accurately measufing
magnetic field strength using the principle of nuclear reso-
nance. Accuracy of measurement is limited only by the accuracy
of the frequency measuring equipment. Because of its simplic-
ity, accuracy and wide range, the Model 101 Magnetometet is
ideal for engineering and research organizations working
with magnetism.

See these three new products demonstrated at the
New Yorg, I R. E. Show, fourth floor, booth 461

43 LEON STREET BOSTON 15, MASS.
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Here’s why those in the know

‘ 4:(0

RKenvon
TRANSFORMERS

2

—demand I 1

SOLENOIDS

16 366 Solenoid —18.7 Ib.
minimum pull-with 1/2”
stroke at 24 v, at 1700F.
Also available with 1-1/6”

Spring for locking mechanism.

Small coil to release lock, .

Switch controlling coil
circuits

Here's a special purpose Cannon D.C. Sole-
noid, #16366 for aircraft. Design and
safety conditions require that the armature
lock in the actuated position for an indefinite
time, without relying on a continuous flow
of current.

The ingenious ball-and-sleeve latch locks
the armature as the main coil circuit is broken
through the built-in switch. When current
is applied to the smaller coil, motion of the
sleeve releases the main armature. Study of
the drawing shows how a smooth-acting,
positive lock is accomplished.

This is one of more than GO different
Cannon D.C. Solenoids built around 18
basic coils for either continuous or intermit-
tent service. Write for Solenoid Bulletin
free on request.

CANNON ELECTRIC

Since 1915

CANNON ELECTRIC COMPANY

LOS ANGELES 13, CALIFORNIA

Factories in Los Angeles, Toronto, New Haven. Great Lakes
Division, Benton Harbor, Mich. Representatives in principal

cities, Address inquiries to Cannon Electric Co., Dept. B-120,
P.0.Box 75, Lincoln Heights Sta., Los Angeles 31, Calif.

164

stroke

Main actuating coil

Ball and sleeve latch

Cannon type AN receptacle

5.
R waal _—

#1154 an intermittent service sole-
noid, 12v, D.C.—10.5 amps.—stroke
9/32”, weight 13 oz.

|

©=

#4440 a continuous service solenoid,
24v, D.C.—3.6 amp. (starting) .42

E ]

amp. (holding) —stroke 38” weight
16 oz.

_ SN |

# 11790 a continuous service sole-
noid, 24v, D.C.—3.6 amp. (starting)
.42 amp. (holding)—stroke 3"
weight 15.5 oz.

<

‘0

R
FOR STANDARD
AND SPECIAL
APPLICATIONS

%
‘0

For more than 25 years,
Kenyon has led the field in
producing premium quality
transformers. These rugged
units are (1) engineered to
specific requirements (2)
manufactured for long,
trouble-free operation (3) meet
all Army-Navy specifications.

%
.0

KENYON TRANSFORMERS FOR

<

4

e JAN Applications

¢ Radar

¢ Broadcast

e Atomic Energy Equipment
¢ Special Machinery

¢ Automatic Controls

e Experimental Laboratories

Write for details

KENYON TRANSFORMER €O., Inc,
840 Barry Street, New York 59, N. Y,

>
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Got a
really tough
capacitor
network
problem for us?

let our network designers help you solve it!

[—— o — 1 Whether your problem deals with guided missiles — aircraft—1land or
ure [ hovRs ¥ | sea radar equipmenls,(}x:neral Flectric application and design engineers

» can help you solve it. We've designed and built capacitor networks
for every type ol pulse radar equipment since the inception of radar.

l Take service life for example. You can specify a service life of
T ‘ 10,000 hours—or just 60 seconds. And we’ll deliver pulse networks
to match your requirements. Here’s why:

CONSTANT K

Since 1944 General Electric has been running continuous life
tests on many types of networks. We’ve established life limi-
{ations, under varving conditions of temperature and voltage,
for all types of dielectrics, bushings. materials for coil forms

100}
1000
10000}
100000

This curve resulfs from actual life tests of

ccpccifor networks under pulsing conditions ﬂnll lrealinc })I'OCGSSGS.

in o radar modulator. Service life, for varying =

values of “K”, starts at 2 tenths of one hour . . . e . T

N iratches out to something over 40,000 Let us use this store of information and experience to solve your

hours @moﬂi f'hlclin 4'/; years °)f continuous capacitor network problems. Your inquiry addressed 1o your nearest

operation at full-rated voltages. - . i L. .
It's just one example of actual performance | Apparatus Sales Office, or to Capacitor Sales Division, General Electric

data G-E engineers use in designing capacitor Company, Hudson Falls, N. Y. will receive prompt attention.

| networks for the job they must do.
| General Electric Company, Schenectady 5, New York.

GENERAL & ELECTRIC
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a versatile

High Vacuum “Packaged System”

for leak detecting,

gas filling, sealing

Alse...vitamins A and E... distilled monoglycerides . .

high vacuum research
and engineering

® DPi’s 10-PORT VACUUM MANIFOLD SYSTEM is
greatly improving the efficiency of processing sealed relays,
small containers, and delicate mechanisms in the electron-
ics industries.

Used specifically for leak detecting, gas filling, and seal-
ing, it is particularly effective in checking units for micro-
scopically small leaks. (A Consolidated Leak Detector,
which is connected to the system, can sound an alarm fora
leak so small that a thimbleful of air would take 30 years
to get through.)

The Vacuum Manifold System is a completely contained
“packaged unit,” designed to operate from any 110-volt,
60-cycle line capable of handling 35 amperes.

Two mechanical pumps serve as the roughing and the
backing pumps for the unit. The roughing pump evacuates
the ports to a pressure within the operating range of the
diffusion pump. The backing pump maintains a forepres-
sure on the diffusion pump that is well below the required
pressure for efficient diffusion pump operation. And three
electrically energized solenoid valves on each port of the
manifold permit continuous operation of the diffusion
pump during the entire processing cycle.

This diffusion pump, DPi model MC-275, is capable of
producing an ultimate vacuum of approximately 5x 10=*
mm Hg.

The unit is equipped with a two station Pirani gauge and
a PHG-1 Philips gauge.

If you would like complete technical data on this unit, or
perhaps information on some of the many other ways in
which DPi is putting high vacuum at industry’s service,
simply write to Distillation Products Industries, Vacuum
Equipment Department, 727 Ridge Road West, Rochester
3, N. Y. (Division of Eastman Kodak Company).

DPi’s 10-Port Vacuum Mani-
fold System in use ar Buarber-
Colman Company, Rockford,
Ulinois.

-more than 3400 Eastman Organic Chemicals for science and industry



ELECTRONS AT WORK (continucd)

FIG. 5—Double single-sideband sup-
pressed caarier

horizontal time base for the pan-
oramic scope, is used to vary the
transconductance of the reactor

tubes across the f-m oscillator tank. |

Trke 30-cps sawtooth generator is
synchronized with the power-line
frequency.

The Y-axis amplifier of the oscil-
loscope has substantially flat video
response from 20 cps to 2 mc thus
permitting the modulated i-f envel-
ope of the target signal to be visu-
alized without distortion. Since
provision is made to synchronize
the internally produced X-axis
sweep voltage of the oscilloscope
with the power-line frequency, the
f-m oscillator sweep of the pan-
oramic adapter is easily synchro-
nized with the horizontal time-
base sweep of the oscilloscope.

With this equipment, it is pos-
sible to select a portion of the 200-
ke spectrum displayed on the pan-
oramic scope for more thorough
examination. The controls on the

FIG. 6 Standard frequency station
WWYV

ELECTRONICS — February, 1952

where performanc
of product or process
demands
dependable timing
specify

Vo __-. T

/Q\“\\““"l' Jro,
1 h

Widely used in indusirial controls for heat trecting,
for the control of plastic and injection moldirg, \\ 5 y
lapping, induction heating, mixing and agitation,
purging gas fired ovens etc. — where accwracy of timing
improves quality, reduces supervision ar vitally protezts the process or
equipment itself — the Cramer Type TEC Time Delcy Relay
provides an adjustable time delay between the
operation of a control circuit and th2 subsequen: closing or
opening of a load circuit. Designed for dependable,
trouble - free service . . . compact construction

. extremely accurate.

For complete details of the Type TEC —
and other dependable Cramer

timing instruments — send today for

copy of new Cramer Catalog. “
THE R. W. CRAMER CO., INC.

BOX 3, CENTERBROOK, CONN.

Builders of dependable timing devices for more than 25 years.

INTERVAL TIMERS + TIME DELAY RELAYS « RESET TIMERS + CYCLE TIMERS
PULSE TIMERS +» RUNNING TIME METERS + PERCENTAGE TIMERS




When You Think of

TOROIRAL COMPONENTS...

Think of

COMMUNICATION
ACCESSORIES CO.

COMMUNICATI

Wnite for our
latest catalog B

(Company

HICKMAN MILLS, MISSOURI

\

UNCASED COILS ADJUSTED
TO YOUR SPECIFICATIONS

A wide variety in physical size, power
capacity and frequency range is offered.
Coils are wound to comply with cus-
tomers’ requirements and specifications.
Engineering assistance and suggestions
are offered without charge.

Coils may be supplied to a tolerance of
plus or minus one percent, or matched
to a standard inductor to a tolerance of
one-tenth percent, or one turn.

Coils may be supplied with temperature
coefficient of 180 parts per million per
degree Centigrade, or may be supplied
with 0° C. coefficient through a limited
temperature range.

MOISTURE PROOF

PLASTIC COATED TOROIDS

To eliminate the possibility of damage to
the exposed winding during assembly, we
offer toroids coated with tough thermal
setting plastic coating. These coated
toroids are recommended where coils
are subject to high humidity and where
coils must be mechanically mounted.
Plastic coating is available in all types
of toroidal coils,

STEEL CASED TOROIDS

AND FILTERS

C.A.C. engineers, with years of experi-
ence in the design of filter networks are
at your service to design or help you
design the proper networks for your re-
quirements. Where space requirements
are severe, filters may be miniaturized
by the use of wedding ring toroids and
special capacitors. Typical filter cases are
shown. However, cases may be fabri-
cated to your specifications.

ON ACCESSORIES

GENERAL
NETWORK ANALYSIS

Just Published!

Develops both underlying phe-
nomena and techniques of analy-
sis. Covers steady state in lumped
networks, steady state in distribu-
ted systems, and transients in
Iumped networks. Gives special-
ized techniques such as matrices,
syvmmetrical components, trans-
mission-line charts, Fourier series,
Fourier integral, and Laplace in-
tegral. LBy Wilbur Lel’age and
Samuel Seely, both of Syracuse
University. 505 pages, 561 illus.
6 x 9, $8.00.

TELEVISION PRINCIPLES

A practical treatise on the princi-
ples and theoryv of television
transmission and reception. Em-
phasizes hasic TV transmitier and
receiver design, and such subjeects
as video amplifiers. cathode fol-
lowers, grounded-grid amplifiers,
signal-to-noise ratios in head-
ends, intermediate frequency am-
plifiers, and derection. Ty Rebert
B. Dome, General Electric Co.
281 pages, 85 illus., $5.50.

FRENCH-ENGLISH
SCIENCE DICTIONARY

2nd Ed. Just Published!

Conveniently translates over
43,000 scientifie and technical
terms pertaining to chemistry,
physics. mathematics, ete., and re-
lated fields, adapting to the in-
creasing overlapping of the
sciences. Second edition supple-
ment defines terms in aeronautics,
electronics, radar, and television.
By Louis DeVries, Towa State Col-
lege. 2nd Ed. 596 pages, $6.50.

RADIO ENGINEERING
HANDBOOK

Provides quick answers to routine
and special assignments in com-
munications, broadcasting, air-
craft radio, television, and related
fields. Reflecting modern develop-
ments in the field, this handbook
gives a complete coverage of every
aspect of radio engineering—from
inductance, power-supply systems,
and electron tubes . . . to receiv-
ing systems, and code reception
all arranged in concise, quick-
reference form. By Keith Ilenney,
Editor-in-Chief. ith Ed. 1197
pages, 1038 illus., $10.00.

pr—

SEE THESE BOOKS 10 DAYS FREE
__________________.I
McGraw-Hill Book Co., 330 W. 42nd St., NYC 36

Send me hook(s) checked below for 10 days’ exami-
nation on approval. In 10 days I will remit for
hook{s) 1 keep, plus a few cents tor delivery, and
return unwanted. hook(s) postpaid. (We pay for
delivery if you remit with this coupon: same return
privilege.)

O LePage & Seely
2] Dome—TELEVISION PRINCIPLES
7 DeVries—FR. ENG. SCIENCE DICT. . ... $6.50

I

I

I

I

} GEN. NETWORK ANAL.$8.00
I

: O lenney—RADIO ENGINEERING HDBK . £10.00
I

I

I

I

I

I

I

|

|

$5.50

|
|
|
|
|
]
|
|
|
(l'rint) |
|
|
[
|
|
I
!
I

Name

Address .

Sy . .Zone. State.

Company

Cosition . . 1.-2
|_ This ofter applies to U. 8. only L
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Cuts Costs in Half

, -
e with SPEED NUTS

Edison specifies SPEED NUTS after cost comparisons
reveal 50% savings over other militarily
acceptable fastening methods.

In the very earliest design stages of their aircraft
fire detection relay panel, engineers of Thomas A.
Edison, Incorporated, checked various methods of
attaching connectors to the panel.

Their requirements were rigid. The fastening
means had to be light in weight, resist vibration
loosening, provide quick and easy assembly, and
be in line on cost. Tinnerman Aircraft Connector
Mounting Rings proved to be the only fastener

‘
-~

ELECTRONICS — February, 1952

that qualified on all counts. Connectors are quickly
inserted through these mounting rings and
the panel.

As for cost, Tinnerman SPEED NUTS turned in
the finest record by far! Easily 50% assembly sav-
ings over acceptable military substitute fasteners
were provided by faster, easier, better SPEED NUTS.
Complex or simple, solving fastening problems is
Tinnerman’s specialty. New booklet, “A Story of
Quality”, reveals how we can help you. Write for
your copy. TINNERMAN PRrODUCTS, INC., Dept. 12,
Box 6688, Cleveland 1, Ohio. I# Canada: Domin-
ion Fasteners Ltd., Hamilton. Iz Great Britain:
Simmonds Aerocessories, Ltd., Treforest, Wales.

Cut-away view of Edison Fire Detection
Relay Panel, left, shows two SPEED NUT
Connector Mounting Rings in position.
“U” Type SPEED NUTS, self-retained on
4 corners of ring, line up with screws
driven from outside panel. Detail draw-
ing, befow, is close-up of assembly.

169



the wotlds toughest teansformers

wear these exclusive one-piece drawn-steel cases

NEW EQUIPMENT
TRANSFORMERS

THE ONLY COMPLETE*, VERSATILE** LINE WITH
TOUGH SEALED-IN-STEEL CONSTRUCTION

When tougher transformers are made, cHICAGO
makes them-—in rugged, streamlined drawn-steel
cases that provide the fullest enclosure and protec-
tion, that look well with other modern electronic
components and enhance the appearance of the
equipment. The exclusive cHICcAGO one-piece
drawn-steel case (no seams or spot welds) is the
strongest, toughest type of mechanical construc-
tion. Further, the one-piece design provides a con-
tinuous electrical and magnetic path which means
better electrostatic and magnetic shielding. Seam-
less construction assures maximum protection
against adverse atmospheric conditions-— means
longer, more dependable transformer life.

*COMPLETE.There’s o CHICAGO"Sealed-
in-Steel” unit for every application: Power,
Bias, Filament, Filter Reactor, Audio,
MIL-T-27, Stepdown, Isolation—all in one-
piece, drawn-steel cases.

**VERSATILE. Available in 3 constructions
to meet most requirements—a type for
every application.

H-Type. Steel base cover is deep-seal
soldered into case. Terminals hermetically
sealed. Ceramic bushings. Stud-mounted
unit. Meets all MIL-T-27 specs.

Whether your transformers must pass the most
rigid MIL-T-27 specifications or are intended sim-
ply for average, normal applications, it’s wise to
choose CHICAGO ‘‘Sealed-in-Steel’’ Transformers
(the world’s toughest) for that extra margin of
dependability under all operating conditions.

S-Type. Steel base cover fitted with phe-
nolic terminalboard. Convenientnumbered
solder lug terminals. Flange-mounted unit.

C-Type. With 10" color-coded stripped
and tinned leads brought out through fibre
board base cover. Flange-mounted unit.

SEND FOR “"NEW EQUIPMENT” TRANSFORMER CATALOG

Have the full details at your fingertips on CHICAGO'S New
Equipment Line—covering "“Sealed-in-Steel” transformers
designed for every application and geared to today's circuit
requirements. Write for your copy of this important catalog
today, or get it from your electronic parts distributor,

| A

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

TRADE MARK REG.

; .3501 ADDISON STREET « CHICAGO 18, ILLINOIS

ps
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SLECTRONS AT WORK (continued)

front panel of the puanoramic
adapter and the oscitloscope may be

| adjusted to present a portion of

spectrum varying in width from 10
to 200 ke. Hence, two or more sig-
nals may be studied concurrently
which may be particularly desirable
in studies of adjacent carrier inter-
ference.

The views expressed in this arti-
cle are the private ones of the
author and are not to be construed
as ollicial nor as representing the
views of the Navy Department or
the Naval Service at large,

Gain-Stabilized Mixer

RETENTION OF GAIN CALIBRATION
over long periods of time is an out-
standing feature of a new type of
feedback mixer developed by the
National Bureau of Standards. This
feature makes the device especially
applicable to continuous radio field
intensity recorders as well as to
other types of frequency-selective
measuring equipment.

Gain stabilization is accomplished
in the mixer circuit by using the
difference frequency voltage from
the output of a superheterodyne
as negative feedback. When a high
degree of feedback is employed, the
gain is approximately proportional
to the ratio of two constants deter-
mined by the switching or modulat-
ing function of the mixer tube. One
constant is related to the average
value of amplifier transconductance
and the other refers to the conver-
sion transconductance. Variations
in the constants are mainly due to
tube aging but are also affected by
changes in circuit impedances, os-
cillator and supply-voltage insta-
bility, and so on.

If both constants are changed in
a similar manner by approximately
the same percentage, there is little

FIG. 1—Schematic diagram of a single-
tube feedback mixer using the gain-
stabilization principle

February, 1952 — ELECTRONICS






For simple,
reliable,
economical
remote
confrol....

Use S.S.WHITE Fiexible Shafts

Whether your design calls for transmitting rotary control over long
distances—as in the aircraft radio receiver above—or for just a few
inches, youw’ll find S.S.White flexible shafts the ideal way to do it.
Here’s why-—

® S.S.White remote control flexible shafts are specifically
engineered for this service. They provide smooth sensitive
tuning between any two points regardless of curves. con-
gested conditions or distance.

® They give you full freedom in locating both the con-
trolled parts and their controls wherever desirable to suit
space conditions, to facilitate wiring, assembly and servie-
ing and to provide more convenient operation.

® They can be quickly and easily installed and require
little or no attention in service.
® Their wide range of sizes and characteristics allow you to

salisfy the requirements of practically any remote control
apphication.

SEND FOR THIS 256-PAGE

FLEXIBLE SHAFT HANDBOOK . . .

It contains complete authoritative facts on flexible
shaft construction, selection and application. Copy

sent free if you write for it on vour business letter-
head and mention your position.

%% INDUSTRIAL DIVISION

172

DENTAL MFG. €O. Dept. E, 10 East 40th St.
@7 NEW YORK 16, N. Y.

Western District Office * Times Building, Long Beach, California

® ELECTRONIC
DESIGN ENGINEERS

® TECHNICAL WRITERS
® DESIGN DRAFTSMEN

® PHYSICISTS

V\/E:stinghouse

offers you

SECURITY AND
OPPORTUNITY

EE’s and ME’s with over 3 years
experience . . . a number of excellent
positions are now available in our
Electronic & X-ray and Air-Arm
Divisions for work on:

¢ Broadcast Transmitters

* Power Line Carrier
Communication Equipment

» Railroad Radio

* Radio Frequency Heating

* Medical and Industrial X-ray

» Commercial Radar

* Balancing Equipment

* Military Radar (ship, ground,
airborne)

* Military Transmitters

* Specialized Electronic
Equipment

* Fire Control Systems

» Automatic Pilots

¢ Guided Missiles

Check These Ouvtstanding Benefits:
Top pay, ideal working conditions,
advancement on merit, graduate
study opportunities, employee
scholarships, paid re-location ex-
penses, Baltimore location.

Send resume of experience and edu-
cafion to: Manager of Industrial
Relations, Westinghouse Electric
Corp., 2519 Wilkens Ave., Balti-
more 3, Md.

you caAN BE SURE...iIF TS

VVestmghouse
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@ BUSINESS MACHINES
® ALARM SYSTEMS
® AUTOMATIC CONTROLS

o POWER
@ TURRET CONTROL
@ GUN FIRING

® COMMUNICATIONS

Fast...accurate ... the power, gun firing, turret control and
communications in a fighting tank depend on expert industrial
design and production techniques on the homefront, where speed
and precision meet again in business machine “paper work”. OCTAL PLUG  A. N. CONNECTOR
In mills, factories and in banks Guardian Relays control devices
that count—compute—sort—convey—package—vend—meter
and mail. Basic . .. flexible . . . government approved . ..

hermetically sealed or open type mounted ... Guardian Relays

serve all fronts . .. will serve you well!
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AN-3320-1 DC. TN-332#i D. C. N s 595 D.C, . Series 610 A.C.—615 .C.
Get Guardian’s New HERMETICALLY SEALED RELAY CATALOG Now!

GUARDIAN (ELECTRIC

® COMPLETE LINE OF RELAYS STRVING AMERICAN suDUSIRY
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ELECTRONS AT WORK (continued)
effect upon the gain with feedback.
Such tubes as the 6SA7 and 6SB7-Y
react this way. ,

In an experimental single-stage
circuit, as shown in Fig. 1, a
6SB7-Y was employed as the mixer
tube. With 26 db of feedback and
a plate supply of 100 v or greater,
the gain variation was less than
5 percent of that which would be
experienced without feedback. In
order to make substantial improve-
ment in the gain stability, a rela-
tively high degree of feedback is
required. For this reason, a tube
with a high conversion transcon-
ductance should be selected. If a
relatively narrow bandwidth is de-
sired, the tuned plate circuit should

‘ FIG. 2—Circuit using an extension of
the gain stabilization principle to a

mixer couple

|

|

have a high impedance and a high Q.
If feedback is applied over two
stages, Fig. 2, using practically ob-
tainable coils of high Q, improved
flatness with a relatively narrow
bandwidth will result. Feedback
voltage is obtained from the capaci-
tive voltage divider of a tuned-plate
circuit and is returned to the
cathode of the first stage through
a parallel resonant circuit. Result-
ing improvement in gain stability
for the mixer couple operating at
3.75 mc with 23 db of feedback is
greater than that obtained in the
single tube circuit,

Degeneration of both signal and
oscillator voltages is appreciable
when the mixer tube is operated
with a fairly large cathode resistor.
In order to avoid this, the phase of
the feedback voltage is reversed by
suitable means and the feedback
applied to the signal grid of the
mixer. The circuit is similar to the
mixer couple described except that
the feedback voltage returns to a
junction between a parallel-tuned
grid circuit and a grounded shunt

February, 1952 — ELECTRONICS



ELECTRONS AT WORK (continued)

cirecuit composed of R, C and L.

The purpose of the grounded shunt 1

is to furnish the correct terminat-
ing impedance for the feedback cir-
cuit as well as to provide a suffi-
ciently low impedance at the signal
frequency to bypass the grid re-
turn. This arrangement has been
used to maintain a constant feed-
back ratio over a frequency range

of 1 to 20 me. ‘

The mixer couple provides im-
proved gain stability, increased gain
vandwidth and a gain-frequency
zharacteristic which more nearly
approaches an ideally rectangular
shape as compared to a cascade,
synchronous, single-tuned mixer-
amplifier arrangement.

R-F Noise Test for |
Solderless Connectors |

To DETERMINE whether crimped |
solderless connectors produce noise |
in high-gain r-f circuits, a reel con-
taining 7,000 connectors in series
was made up by Aireraft-Marine
Products Ine. of Harrisburg, Pa.
After aging the reel for two years
in a warehouse, it was connected as

Connectors on reel for noise test, with
battery. r-f choke, variable capacitor
and noise meter above. Magnified view

below shows the series connectors,
spaced apart by an insulating rope
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