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MINIATURE AUDIO UNITS...RCOF CASE

3
1 Type MIL Pri. Imp. Sec. Imp.  DCin Response Max. level  List
° No Application Type Ohms Ohms Pri., MA == 2db. (Cyc.) dbm Price
- H-1 Mike, pickup, line to grid TF1A10YY 50,200 CT, 500 CT* 50,000 0 50-10,000 + 5 $16.50
1 . H-2 Mike to grid TF1A11YY 82 135,000 50 250-8,000 +21 16.00
. H-3 Single plate to single grid TF1A15YY 15,000 60,000 0 50-10,000 + 6 13.50
’ H-4  Single plate to single grid,  TF1A15YY 15,000 60,000 4 200-10.000 +14  13.50
4 L4 DC in Pri.
3 H-5 Single plate to P.P. grids TF1A15YY 15,000 95,000 CT 0 50-10,000 4 5 15.50
RCOF CASE . H-6 Single plate to P.P. grids, TF1A15YY 15,000 95,000 split 4 200-10,000 +11 16.00
DC in Pri.
";\f';f;h ¢ H-7 Single or P.P. plates to line TF1A13YY 20,000 CT 150/600 4 200-10,000 21 16.50
' . ¢ H-8 Mixing and matching TF1A16YY 150/600 600 CT 0 50-10,000 + 8 15.50
Mounti [} -9 82/41:1 input to grid TF1A10YY 150/600 1 meg. 0 200-3,000 (4db.) <410 16.50
ounting . $ H-10 10:1 single plate to single  TF1ALSYY 10,000 1 meg. 0 200-3,000 (4db.)  +10  15.00
Screws .. grid
Cutout ... . H-11 Reactor TF1A20YY 300 Henries-0 DC, 50 Henries-3 Ma. DC, 6,000 Ohms. 12.00
Unit Weight .......... .
L ]
L ]
[ ]
. COMPACT AUDIO UNITS...RC-50 CASE
e Type MIL Pri. 1mp. Sec. Imp. 0C in Respanse Max. level  List
° No. Application Type Ohms Ohms Pri., MA = 2db. (Cyc.) dbm Price
[ H-20  Single plate to 2 grids, can TF1A15YY 15,000 split 80,000 split 0 30-20,000 +12  $20.00
. also be used for P.P. plates
H-21 Single plate to P.P. grids, TF1A15YY 15,000 80,000 split 8 100-20,000 +23 23.00
° DC in Pri.
RC-50 CASE . H-22  Single plate to multiple line TF1A13YY 15,000 50,200, 8  50-20,000 +23  21.00
Length ... o 125/500**
Width H-23  P.P. plates to multiple line TF1A13YY 30,000 split 50/200, 8  30-20,000 +19 20.00 I
o ht“ U 125/500** BAL.
& . [ H-24  Reactor TF1A20YY 450 Hys.-0 DC, 250 Hys.-5 Ma. DC, 6000 ohms . .. 15.00
Mounting 65 Hys.-10 Ma. DC, 1500 ohms.
Screws .. N
Cutout. .. L4
Unit Weight .
<
e SUBMINIATURE AUDIO UNITS...SM CASE
L ]
. Type MIL Pri. Imp, Sec.lmp. DCin  Response Max. level List %
o No. Application Type Ohms Ohms Pri., MA = 2dh. (Cyc.) dbm Price
o H-30 input to grid TF1A10YY 50*** 62,500 0 150-10,000 <413  $13.00
H-31 Single plate to single grid, TF1A15YY 10,000 90,000 0 300-10,000 413 13.00
. 3:1 i
[} H-32  Single plate to line TF1A13YY 10,000**** 200 3 300-10,000 413 13.00
° H-33  Single plate to low TF1A13YY 30,000 50 1 300-10,000 +15 13.00
impedance
° H-34  Single plate to low TF1A13YY 100,000 60 .5 300-10,000 + 5 13.00
. impedance
° H-35 Reactor TF1A20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms. 11.00
.
T I———e— e o
. . .
The impedance ratings are - * 200 ohm termination can be used for 150 ohms or 250 ohms, 500 ohm termination can be used for 600 ohms.
g;'v‘::u'sry":;‘r:::gr':‘"::':‘i’,’r; ** 200 ohm termination can be used for 150 ohms or 250 ohms, 125/500 ohm termination can be used for 150/600 ohms.
a 15,000 ohm primary imped- O *** can be used with higher source impedances, with corresponding reduction in frequency range. With 200 ohm source,
ance can operate from a tube ° secondary impedance becomes 250,000 ohms ... loaded response is —4 db. at 300 cycles.
representing a source imped- ****can be used for 500 ohm load ... 25,000 ohm primary impedance ... 1.5 Ma. DC.

ance of 7700 ohms, etc. In
addition, transformers can be

used for applications differ-
ing considerably from those
shown' keeping in mind thot
imped. .ce ratio is constant,
Lower source impedance wiil
improve response and level
ratings . . . higher source im-
pedance will reduce frequency
ronge. and level rating.

150 VARICK STREET ¢ NEW- YORK 13, N.Y.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16,-N. Y. CABLES: ‘“‘ARLABY
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Shown Approximately Twice Size.

Everything you need in standard terminal lugs
... or made to your own specifications!

C.T.C. has exactly the types and
sizes of terminal lugs you want . . . or
will quickly make them to your specifi-
cationg in any production quantity.
Very likely you’ll find what you’re
looking for in the broad C.T.C. line of
standard terminals. There are 28 dif-
ferent types, each available in varied
shank lengths.

C.T.C. standard terminals are of
silver plated brass, coated with water
dip lacquer to keep them chemically
clean for soldering.

In addition, combination screw and
solder terminals are available in 3
sizes, and a complete line of phenolic or
ceramic terminals can be furnished.

All materials, processes and finishes
meet applicable government specifica-

2

tions. Finishes include hot tinned,
electro-tin, cadmium plate or gold
plate on special order. In the event
standard terminals don’t meet your
needs, C.T.C. offers a special consulting
service to solve your sclder terminal
problems without extra cost or obliga-
tion.

CAMBRIDGE
CORP

custom or stanﬂ'ﬁ :

See ovr listing in Electronics Buyers’ Guide

www americanradiohistorv com

TH
ORA

For all specifications and prices,
write to Cambridge Thermionic Cor-
poration, 437 Concord Avenue, Cam-
bridge 38, Mass. West Coast Manu-
facturers contact: E. V. Roberts, 5068
West Washington Blvd., Los Angeles
16 and 988 Market Street, San Fran-
cisco, California.
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RECEIVER TV AUDIENCE
PRODUCTION (Source: NBC Research Dept.)  July'51 June '52 July ‘52
(Source: RTMA) June ‘51 May ‘52 June’52 Sets in Use—total. 13,093,600 17,627,300 17,983,200
Television sets ... .... 326,547 309,375 361,152-p Sets in Use~netw’k conn. 11,045,800 16,656,500 17,955,000
Home Radio sets .. ... 346.135 204,515 422158-p Sets in Use—New York. 2,435,000 3,005,000 3,040,000
Portable sets ........ 228454 128 351 205.186-p Sets in Use—Los Angeles 1,002,000 1,200,000 1,215,000
Auto sets . .......... 494202 215.478 246,909-p Sets in Use—Chicago. . 940,000 1,160,000 1,185,000
RECEIVER SALES COMMUNICATION AUTHORIZATIONS
(Source: Licensee figures) Apr.'51 Mar. '52 Apr. '52 (Source: FCC) June '51 May ‘52 June '52
Television sets, units. . . 285,498 370,905 349,015 Aeronautical ........ 34,061 32,852 32,603
Electric radio sets, units 485,970 380,846 354,518 Marine ............. 29,544 35,476 35,500
Battery sets, units. ... 136,981 68,339 82,873 Police, fire, etc....... 9,129 10,965 11,143
Auto sets, units. ... 1,057,484 204,990 235,651 Industrial ........... 9,551 13,056 13,680
Television sets, value. .. $49,061,450  $62,988,663  $58,872,294 Land Transportation .. 4,253 4,966 5,027
Electric radio sets, value $11,222,433  $7,963,825  $8,594,861 Amateur ..., 90,585 110,931 113,092
Battery sets, value. ... $2,592,267  $1,332,640 $1,495,919 Citizens Radio ....... 560 1,175 1,401
Auto sets, value. ... .. $26,076,566  $5,912,217  $6,700,718 Disaster ............ 2 65 71
Experimental .. ...... 475 357 488
Common carrier .. .... 815 970 985
RECEIVING TUBE SALES
: RTM ' ' '52
(Source- TMA) ' June '51 May '52 June EMPLOYMENT AND PAYROLLS
Receiv. tubes, total units 27,667,099 23,636,484 24,365,462 o , , ,
Receiving tubes, new sets 17,055,759 15,807,449 15,770,335 (Source: Bur. Labor Statistics)  May’51 Apr.’52 May ‘52
Rec. tubes, replacement 7,462,606 4,178,292 5,187,557 Prod. workers, electronic 247,200 268,300 266,600-p
Receiving tubes, gov't. 313,065 2,433,605 2,477,569 Prod. wkrs., radio, etc.. 157,000 168,100-r  167,200-p
Receiving tubes, export. 2,835,669 1,217,138 930,001 Av. wkly. earnings, elect. $61.05 $63.75 $64.96-p
Picture tubes, to mfrs.. 221,759 247,724 285,975 Av. wkly. earnings, radio $57.41 $59.51-r $60.87-p
Av. weekly hours, elect. 41.0 40.3 40.6-p
BROADCAST STATIONS Av. weekly hours, radic. 40.2 39.7 40.1-p
(Source: FCC) July’51 June ‘52 July '52
TV Stations on Air. 107 108 109 STOCK PRICE AVERAGES
TV Stns CPs—not on air 2 0 21 (Source: Standard and Poor's)  July’51 June ‘52 July’52
TV Stns—Applications. . 424 716 838 Radio—TV & Electronics 233.6 288.9 295.7
AM Stations on Air. .. 2287 2355 2356 Radio Broadcasters ... 225.3 276.7 282.4
AM Stns CPs—not on air 101 65 95 .
AM Stns—Applications. 282 323 300 Yeor Quor;z{l);o:;gures Latest .
FM Stations on Air. .. 647 629 627 INDUSTRIAL Ago Quarter Quarter
FM Stns CPs—not on air 1 19 18 EQUIPMENT ORDERS
FM Stns—Applications. 4 2 12 (Source: NEMA) 1s5t'51 4th ‘51 1st '52
Dielectric Heating .. .. $520,000 $560,000 $150,000
NETWORK BILLINGS induction Heating ... $4,270,000  $3,400,000  $2,400,000
(Source: Pub. Info. Bureau) June ‘51 May'52 June ‘52
AM/FM—ABC .. ..... $2,720,268 $3,323,092 $3,001,314
AM/FM—CBS ....... $6,201,963 $4,989,424 $4,590,536 INDUSTRIAL TUBE SALES’ ) ,
AM/FM—MBS . ... ... $1,191,691  $1,820,521  $1,632,977 {Source: NEMA) 1st ‘51 4th ‘51 1st ‘52
AM/FM—=NBC ....... $4,739,193 $3,861,882 $3,708,014 Vacuum (non-receiving).  $6,550,000  $14,300,000  $11,320,000
TV=ABC ........... $1,437,593 $1,501,148 $1,276,250 Gas or vapor ........ $2,230,000 $3,170,000 $3,100,000
TV—CBS ........... $2,900,782 $5,602,634 $5,385,820 Phototubes ......... $410,000 $400,000 $500,000
TV—DuMont $564,478 $775,063 $758,356 Magnetrons and velocity
TV-NBC ........ $4,244,240 $6,822,982 $5,904,546 modulation tubes . $1,400,000 $6,670,000 $8,460,000

p—provisional; r—revised; e—estimated

Septembes, 1952 — ELECTRONICS
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Manufacturers Set for UHF-TV Antenna Rush

High-gain systems seen neces-
sary for satisfactory reception
in most locations

ANTENNAS FOR uhf television have
had manufacturers trimming and
bending steadily ever since uhf-tv
was officially announced. This rela-
tively new commercial application
of spectrum space will not enjoy the
gradual break-in period that vhf-tv
had. Uhf licensing puts pressure
on the manufacturers, since con-
sumers are accustomed to vhf con-
ditions which promise to be difficult
to duplicate at uhf.

Antenna manufacturers’ plans
vary from simple wire dipoles to
elaborate arrays of pipe, screen and
tubing. Several new-to-the-public
designs will appear, including sin-
gle-mast rhombics, flat, corner and
parabolic reflectors, Yagis, consist-
ing of rows of smaller-than-usual
elements, and arrays of stacked ele-
ments in V’s, X’s, O’s and A’s.

» Time Will Tell—One set manu-
facturer claims a built-in antenna
that will pick up acceptable signals
in 8 out of 10 locations. At the

same time an antenna manufacturer
uses the 8 out of 10 figure to de-
seribe locations that will require

Good high-gain television antennas will be even more essential at uhf than at present vhf.
will appear is Taco’s line of uhf high-gain sky hooks

ELECTRONICS — September, 1952

high-gain outdoor antennas for sat-
isfactory reception. Another manu-
facturer says tests prove that
high-gain antennas of the corner
and parabolic reflector type will be
needed at locations more than 15
or 20 miles from a uhf station.
The presently popular flat 300-
ochm twin lead will in many cases
be too lossy for use at uhf fre-
quencies. Tubular twin lead and

even coaxial cable will often take its
place.

Many problems have yet to be
solved—indeed, many problems have
yet to be discovered. On occasion,
New York can receive Bridgeport
experimental uhf-tv signals when
Bridgeport cannot receive Bridge-
port, and so on. It remains to be
seen if antennas can be designed
to cope with such irregularities.

Military Planners Take Look Ahead

Seek means of holding produc-
tion nucleus for special elec-
tronic items

MILITARY planners are anticipating
the day when production of mag-
netrons, crystals, synchros and
other items used extensively in
military equipment is cut back as
government orders dwindle.
Complete shutdown could well
prove tragic in the event of a war
that allowed for no preparatory
time.
» Present Goal—Announced cur-
rent aim of the military, to create
a vast industrial capacity while
only producing the quantities of

WWW.americanradiohistorv.com

end-items actually needed, is said
to be rapidly nearing fulfillment.
Government planners intimate that
existing and scheduled electronics
capacity, particularly for com-
ponents, can with very few excep-
tions produce the initial military
requirements of full mobilization.
Remembering how fast capacity
evaporated after V-J day, however,
they now seek practical wavs of
encouraging industry to maintain
a broad electronics production base
as military requirements stretch
out over longer periods.

» Possibilities—No perfect solution
is likely. Where highly specialized
skills are needed, involving training

o PR

Typical of new configurations that
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periods as long as 18 months, some
planners favor keeping a nucleus
of operators producing these items
beyond current needs.

Where production equipment is
specialized but no high skill is
required, warehousing of certain
production equipment for military
items is being considered. Synchros
are an example here; these being
variations of small electric motors,
workers and much of the equipment
can be diverted to civilian needs.

» Funds—Military budgets contain
large sums for industrial mobiliza-
tion planning. Some authorities
want to use part of these funds
to preserve and keep up-to-date the
strategic electronic mobilization
base we now have. As the first step
toward this, a detailed study of each
component parts field has been sug-
gested. It is recognized that com-
ponent manufacturers will be
hardest hit by an eventual slacken-
ing of military orders.

Missile Computer Ready for Navy

Big Navy computer for air de-
fense points towards better
business machines

EXPERTS from Special Devices Cen-
ter, Office of Naval Research, are
tickled pink with their new digital
automatic computer soon to be in-
stalled at Point Mugu, California.
Fed with radar and telemeter in-
formation from guided missiles
launched by BuAer technicians, it
will not only analyze the flight pat-
tern, but will also recheck its own
computations.

Since the overall cost of some
launchings approximates a half mil-
lion dollars (the missile itself con-
tributes only a part of this cost) the
value of immediate analysis and

-

Test sctup of RAYDAC before shipping to
Point Mugu, California

correction is apparent. At present,
observations are amassed on each
flight, but it takes a team of work-
ers 20 or 30 days to evaluate the
results.

» Machine Has Conscience—Be-
cause it has so far proved impos-
sible to design a perfect computer,
this one has been equipped with a
conscience that keeps it worrying
about its own accuracy. In event
of a mistake, the machine stops.

Despite its size, 44 feet long plus
a control console, it requires 25
kilowatts of power, 5,000 tubes and
18,000 germanium diodes.

Experts are pleased by Raydac’s
diminutive proportions as compared
with such versatile marvels as the
Whirlwind computer, which require
several times the space.

Heut from many tubes and com-
ponents requires the use of massive
castings attached to hollow support-
ing channels through which a liquid
refrigerant is pumped. The en-
closing room must also be air con-
ditioned to prevent condensation of
moisture on the cooling pipes and
frames.

Raytheon Manufacturing Co,,
which has been laboring over it
since 1948, says Raydac can’t think
but will produce 1,900 additions,
1,900 subtractions, 1,100 divisions
or 1,400 multiplications a second
from coded data and instructions
fed in. Results are printed on a
teletypewriter.
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Electronic Imports Low;
Trade Gap Widens

Radio-tv apparatus and parts
imports running 50 percent
below last year

ELECTRONIC imports are showing
the same marked decline this year
that is evident in total U.S. im-
ports. Despite a substantial increase
for April, radio-tv apparatus and

EXPORTS VS IMPCRTS
RADIO-TV APPARATUS AND PARTS

$936
EXPORTS[ ]

MILLI%)N
meorTs [ I

- $504
: MILLION
MILLION LU

$277
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=1

P |$53 I
MILLION iM'“‘ N (516
} L L MILL ION

JAN-APR'S2

parts imports (which represent
most of the dollar volume of all
electronic imports) total only $1,-
685,639 compared to last year’s
$2,308,620 for the same period.

As shown in the graph, yearly
imports of radio-tv apparatus and
parts have steadily increased since
1949 and last year reached the high-
est volume since the war. But 1951
U. 8. exports of radio-tv apparatus
and parts almost doubled the pre-
vious year’s volume, making the gap
between exports and imports of this
equipment the largest in history.

With the import trend downward
and exports increasing, this year’s
scale of trade in electronics will
be even more unbalanced.

» Leading Countries—Since 1950
Canada has exported more radio-
tv apparatus and parts to the U.S.
than any other country and con-
tinues to lead at present. France
became important as a U.S. elec-
tronic equipment supplier in 1951.
She replaced the United Kingdom

(Continucd on page 8)
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Sylvania to Serve
West Coast Electronics Market
from
California Location

s g

Sylvania has announced that construction
is under way on a modern, completely
equipped Electronics Division plant and
laboratory in Mountain View, California.

This up-to-date facility of 35,000 square
feet is being made available to West Coast
manufacturers as a source of electronic
components including semiconductor devices,
microwave components, and special purpose
tubes.

A research and development laboratory
will be included to handle design and
applications problems on these and other
related products.

The addition of this California location
to Sylvania’s existing electronics facilities
marks another step in the company’s long-
term plan to provide the finest quality
products and fastest service to all markets.

For complete information on Sylvania
Electronic Products, write Dept. E-2609,
Sylvania Electric Products Inc.,

1740 Broadway, New York 19, N. Y.

SYLVANIA

ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; RADIO TUBES; TELEVISION PICTURE TUBES; FLUGRESCENT TUBES, FIXTURES, SIBN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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INDUSTRY REPORT—Continued

then in second place and continues
to hold that position according to
latest figures. Prior to 1950, the
Netherlands was the top foreign
electronics supplier.

For any of the leading suppliers,
the total yearly dollar volume of
equipment sold to us is very small
when compared to U.S. exports to
these countries. For example, radio-
tv apparatus and parts imports from
Canada for the whole peak year of
1951 totalled less than $1.5 million,
while monthly U.S. exports of
similar equipment approached $1
million.

» Tariffs—The U.S. government
appears anxious to increase imports
and decrease tariffs so that foreign
countries, especially in Western
Europe, will have dollars available
for defense purposes and for buying
more U. S. exports.

Tariffs now are estimated to be
about 15 percent on the majority
of electronic items. On precision
electronic equipment such as the
electron microscope the tariff is
nearer 40 percent. With foreign
labor costs only 3 of U.S. rates,
manufacturers of such equipment
in this country feel that duties are
fair and should be maintained so
that the nation will not become de-
pendent on foreign production.

Pocket Volume Control

Hearing-aid-type earphone and varia-
ble attenuator for sound-level adjust-
ment are features of a new Airphone
device, CAA approved for use with
aircraft radio receivers
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NEW radio-relay systems appear, as . . .

Power Companies Go Microwave

Federal projects set trend but
private users are numerous and
increasing steadily

MICROWAVE RADIO will soon furnish
multichannel communication for
nearly 30 electric power companies.
The systems will span more than
3,000 miles and use 219 towers.
Largest systems will be operated
by the federal government through
the Bonneville Power Administra-
tion and Tennessee Valley Author-
ity. Bonneville, with 206 miles of
microwave radio relay in operation,
plans 1,006 miles using 47 towers.
TVA will begin operating its first
links this month; a 461.5-mile sys-
tem is planned using 36 towers.
Large nongovernment systems in-
clude Central Illinois Public Service
(400 mi), Union Electric of Mis-
souri (250 mi), Public Service of
Indiana (180 mi), Central Arizona
Light and Power (150 mi) and
Southern California Edison (146
mi). Other large systems are
planned by Middle South Utilities
and Carolina Power and Light.

P Smaller Users—Use of micro-
wave by power companies is not
limited to large systems. ELEC-
TRONICS surveyed 12 power compan-

www americanradiohicetory com

ies whose present systems total only
323.7 miles. Their investment is
now $295,781, but they report that
within the next five years $914,000
will be spent to expand facilities;
$183,000 is earmarked for this year.

Outlook is bright for microwave
sales in the electric power field. A
large purveyor of power-line carrier
equipment, backbone of power-
company communications, discloses
that most new inquiries request an
estimate for alternate microwave
facilities. Microwave has two ad-
vantages over carrier: additional
channels are available at slight ex-
tra cost, and power-line relaying by
microwave goes on if lines come
down.

» Uses of Microwave—Multichan-
nel communication by microwave
fits well into the complex opera-
tions of a power utility. Telephone
channels are available for load
dispatching, system operation and
maintenance. Teleprinter and fac-
simile channels speed adminis-
trative functions. Channels are
available for generator load control
and supervisory channels permit
unattended operation of remote
stations. Automatic fault-finding

(Continucd on page 10)
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SPRAGUE

MOLDED
PRPER

TUBULAR

o
An unprecedented failure-free service

record is the proof of the pudding on the
quality of Sprague’s Black Beauty phenolic-

based on the exclusive Sprague dry assembly proc-
ess, which prevents contamination of capacitor
sections during manufacture. Not only is the

molded paper tubular capacitors! - insulation resistance of these capacitors ex-
And that’s why service-conscious TV and radio §:_ tremely high, but their capacitance stability

manufacturers are showing an increasing prefer- B and retrace characteristics are unique. The

ence for these dependable capacitors which not only = molded housings are non-flammable and

prevent expensive in-warranty service calls but which offer excellent moisture protection.

are insurance for years of set owner satisfaction. Write on your company letterhead for
The superiority of Sprague molded capacitors is Engineering Bulletins 210-B and 214-A,

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

SPRAGUE ELECTRIC COMPANY * NORTH ADAMS, MASSACHUSETTS
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INDUSTRY REPORT— Continued

equipment that locates both per-
manent and transient line faults
uses a video timing pulse trans-
mitted by microwave.
Telemetering is becoming in-
creasingly important. Not only are
power, voltage and frequency tele-
metered but also stream-gage read-
ings to determine river flow for
hydroelectric stations.

TV Tower Delivery
Lagging

New cp’s may have to impro-
vise until steel is available;
aluminum towers may be used

STEEL fabricators estimate that tv
tower deliveries for new tv cp’s
may not be forthcoming until the
first quarter of next year as a re-
sult of the recent steel strike and
the consequent delivery restrictions
imposed by the government. They
say that the heavy angle, solid
round and tubing steel needed for
tower construction is not available

Breaking The TV Tape

in the quantities necessary and
won’t be for three to six months.
As a result, many of this year’s
crop of new tv towers may be
replicas of KFEL’s 25-foot wooden
support (see below).

Television transmitter manufac-
turers who handle tower arrange-
ments for their customers are more
optimistic, however. They say that
two-week delivery can still be made
on smaller towers but admit that
the larger ones may not be de-
livered for months. It is reported
that some companies, in an effort
to bypass the bottleneck, are con-
sidering the use of aluminum for
tower construction and are having
pilot models made for testing.

» Tower Facts—TV towers on the
average use from 250 to 450 tons
of steel, depending on the height,
the antenna’s weight and whether
or not the structure is to be self-
supporting or guyed. Guyed an-
tennas use less steel, are easier to
erect and thus cost less. If land is
available at the transmitter site, it
is likely that ep holders will use
this type.

First post-freeze television station on the air, Denver's KFEL-TV brought its
viewers the Democratic National Convention via this temporary composite-

dipole transmitting antenna.

Located on Lookout Mountain and beamed

toward the heart of the city 2,200 feet below, the antenna is mounted on a

wooden structure

10
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Before the recent rise in steel
prices, tower costs ranged from
about $8,000 for a 200-foot struc-
ture to as high as $143,000 for a
1,000-foot tower. New steel prices
may raise these costs as much as
$2,700 more.

» Outlook—The steel industry has
made rapid strides in getting
back into production since the
strike. Latest reports show that
steel output is already up to 80
percent of capacity and will be at
full capacity much sooner than
many observers predicted. This fast
come-back coupled with the past
output performance of the steel in-
dustry, especially during World
War II, indicates that the steel tv
tower bottleneck may be broken
even before it is seriously felt.

Manufacturers Study
Spare-Parts Business

Most production orders for
parts include estimated 10-
year demand for spares

THE PHILOSOPHY of rendering a
service rather than merely selling
a product is creeping back into the
thinking of more and more elec-
tronic equipment manufacturers.
This means seeing that each prod-
uct gives good service for its ex-
pected life span, long past the
original guarantee or warranty
period.

Although extensive stocking of
spare parts has generally been con-
sidered a red-ink nuisance by in-
dustry, a number of far-sighted
electronic firms have found that
with proper planning and manage-
rient this part of the business can
break even or show a small profit.
The essential requirements include
an efficient setup for estimating
and ordering spare parts concur-
rently with production orders.

»Crystal Ball—No formulas will
tell exactly how many or what kinds
of spare parts will be needed dur-
ing the useful life of a given
product, before production is even
started. Yet this is the time when

(Continued on page 14)
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Let’s get our circuits straight

PRINTED CIRCUITS

PRINTED ELECTRONIC CIRCUITS are complete or Fartial circuits
[

in truly miniature sizes — furnished complete with con-
ductors, resistors, capacitors and brought out to convenient,

ermanently anchored mechanical leads. Centralab, the orig-
inators of Printed Electronic Circuits, makes the world’s
most complete line — from single resistor plates to com-
plete specch amplifiers.

For more information on how Centralab Printed

you big savings...turn the page ... cm o om oo - - = o - -

ARE NOT PRINTED ELECTRONIC CIRCUITS

A PRINTED CIRCUIT is a conductive pattern of an electric cir-
cuit, but provides conductors only. Don’t be misled. A
Printed Circuit is #ot a Printed Electronic Circuit. There
is a place for both in electronic design. Many times they
can be used together in the same circuit. But don’t expect
Printed Circuits to do the job that can be provided only
by Printed Electronic Circuits.

Elecirenic Circvits can offer




CENTRALAB now offers
smaller sizes in PRINTED

Compare the size of the former
Vertical Integrator, (shown actual
o size at left) with Centralab’s new
smaller design (actual size, below).
Only 2/; as much space is needed by
this new miniaturized Printed

Electronic Circuit.

Don’t overlook the savings achieved by new, reduced prices on
this “bargain group” of PEC's. Check coupon for bulletins.
Pentodes (Bulletin 42-128), Vertical Integrators (Bulletin
42-126), Audets (Bulletin 42-129), Pendets (Bulletin 42-149).

Now — Centralab gives you even more versatility . . .
still greater savings in electronic design. Yes, the
rices of several Printed Electronic Circuits have been
reduced. What's more, these components have been
miniaturized to still smaller sizes. We've achieved max-
imum compactness plus top performance . . . at a new
low price.
If your designs specify the capacities fulfilled by Pen-
todes, Vertical Integrators, Audl;ts, or Pendets — look
forward to savings ranging from 0.1 to 7 cents per unit.

Actually, these miniature components have always
saved you money in time and labor. Now, for the first
time, their first cost is less than that of the components
they replace.

Add up these savings — lower first cost . . . less pro-

duction time and labor . . . reduced purchasing and
inventory requirements. No wonder volume users find
they can save thousands of dollars with Centralab Printed
Electronic Circuits.

WWW.americanradiohistorv.com



even greater savings,
ELECTRONIC CIRCUITS

Save time and money ... space and weight with these PEC's

FILPLATES (2 resistors and 2 capacitors) for bypass and filter appli-
cation in TV, FM and AM, where filter networks of comparable
component values and layout are needed. 289 less soldered connec
tions. Save vital low wattage resistor stocks. Technical Bulletin 42-131.

$0% Less Soldered Connections with
Centralab Triode Couplates

CENTRALAB TRIODE COUPLATES replace 5 components normally used
in audio circuits. Triode Couplates are complete assemblies of 3 ca-
pacitors and 2 resistors bonded to a dielectric ceramic plate. Available
in a variety of resistor and capacitor values. Technical Bulletin 42-127.

Standard Model 2 AMPEC Miniature
3-Stage Speech Amplifier

AMPEC — A full 3-stage speech amplifier. Provides highly etficient
performance. Size 114" x 1%4” x 3§” over tube sockets! Used in
hearing aids. mike preamps and other applications where small size
and outstancing performance count. Tecﬁnical Bulletin 42-1i7.

L7

PLATE CAPACITORS AND RESISTOR-CAPACITORS. Excellent for minjature
use. Actual size photograph. Because of size, they readily fit all
types of miniature and portable electronic equipment — overcome
crowded conditions in TV, AM, FM and record player chassis.
Technical Bulletin 42-132.

New Model 3 AMPEC — A Sub Miniature
3-Stage Speech Amplifier

CENTRALAB'S CONSTANT RESEARCH produced this amazing development
in Printed Electronic Circuits.. The remarkably small dimensions of
this new amplifier unit are approximately 1140” x 1544” x 114",
Check coupon for Technical Bulletin 42-130.

Cen

A Division of GLOBE-UNION INC., Milwaukee 1, Wis.
- 1. s 32 1 0 1 8 03 0 0B B I 0 J |

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

Pleasc send me the Technical Bulletins on
Printed Electronic Circuits as checked below:

[ 42-128 [142-129 [J42-131 [ 42-127 [J42-117
[J42-126 [ 42-149 [J42-132 [J42-130

Name

Address.... . S— T

Company...... [P S i

Titlececeee
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| INDUSTRY REPORT— Continued’

replacement parts must be ordered,
in order to obtain the spares at the
same low price as production
components.

One example of a successful
spare-parts operation is that main-
tained by RCA. Their catalog of
home-instrument service parts lists
more than 16,000 items, and about
25,000 additional parts are stocked
for other product lines.

Over two-thirds of the employees
in RCA Service Parts activity have
been in it over 15 years. Their
experience in crystal-gazing is con-
sidered largely responsible for the

orders for spare are for estimated
10-year needs, but may be for
much longer periods on special
parts for some equipment.

BYearly Parts Sales—One manu-
facturer estimates the dollar-vol-
ume of his spare-parts business
per year as % percent of the accu-
mulated past sales of all its prod-
ucts, both figures being in terms
of what the manufacturer gets.
Discarding of early production
is drowned out in this percentage by
the exponential rise in electronic
production and sales during the

Capacitor Makers Plan
Factories In Brazil

Two new radio capacitor factories
are to be set up in Brazil, one by
Cornell-Dubilier, the other by a
U. S. group yet to be named by the
Radio and Television Association
of Sao Paulo.

Low-priced sets are made almost
entirely from locally produced com-
ponents.

Brazil’s 18 manufacturing plants,
located mainly in the Sao Paulo
area, expect to produce 500,000

success of the activity. Initial past ten vears. radio receivers this vear.
) COMMUNICATION AUTHORIZATIONS BY MONTHS
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Communication Authorizations Near Quarter Million

Increasing demands for spec-
trum space show up in latest
analysis of FCC figures

GRrAPHIC proof of increased crowd-
ing in the radio spectrum is pre-
sented in the accompanying plot of
monthly communication authoriza-
tion statisctics, seventh item on the
“Figures of the Month” page (p
4). Amateurs and land transporta-
tion equipment users are mainly
responsible for the continuous up-
ward trend.

Communication authorization fig-
ures presented monthly by ELEcC-
TRONICS include station licenses and

14

other authorizations issued by the
FCC for ten classes of stations.
They give a rough index to the
number of communication stations
actually authorized to be on the
air, but this does not apply in cer-
tain fields, notably land transpor-
tation, where a single license may
cover a4 number of stations.

> Everything Going Up—The ac-
companying charts show the trend
in communication stations from
January 1950 in eight of the ten
listings. All classes of communica-
tion stations, except common car-
rier, have followed an upward trend
during this period. Most numerous

www americanradiohistorv com

are the amateur stations, which now
exceed 100,000 by a substantial
margin. The amateur curve showed
a sudden spurt as of June 1951,
coinciding with the issuance of
novice licenses, for which beginners
can qualify under substantially less
stringent requirements than for-
merly applied.

Figures, supplied monthly by the
FCC, show the status of each class
of authorization as of the first of
the month in each case. Most of
the listings are self explanatory.
Our entry “police, fire, etc.” corre-
sponds to the FCC “public safety

service” category. Further break-
(Continued on page 16)
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IF SHOCK IS YOUR PROBLEM

Y DESIGNING FOR

/| SHOCK RESISTANCE
[

~

/
[ | YOU NEED THESE

‘\

ENGINEERING REPORTS

"Designing for Shock Resistance' sets forth the principles
used by the Navy Department in design of shock-proof
equipment for shipboard applications. Published in “Ma-
chine Design” Dec. 1950 — Jan. 1951.

"Shock Testing of Airborne Electronic Equipment' describes
the characteristics of shock and tells how shock testing
machines are used. A paper presented at the Dayton Air-
borne Electronics Conference, 1951; later reprinted in
“Tele-Tech”.

"How to Evaluate Shock Tests" tells how mechanical struc-
tures respond to shock and shows how such response can
be evaluated under controlled test conditions. Originally
published in “Machine Design” December 1951.

These Barry reports are part of the complete service we offer
in handling shock and vibration problems. When you have an
isolation problem, call the nearest Barry representative, or
ask our field engineering service to help you.

wﬁ*' THE n A R R ' CORP.

707 PLEASANT ST, WAIERIOWN 72, MASSA(HUSHTS

: SALES REPRESENTATIVES IN .
Atlanta . Chicage Cleveland Daflas Daoyton Detroit lLas Angeles Minneapolis New York Phlladelphia
Phoenix  Rochester 4, Lowis Son Francisco Seatte Toronts  Washingten

5
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INDUSTRY REPORT—Continued

downs (for which space is not avail-
able) are available from the
FCC under “industrial.” The in-
dustrial users include power, petro-
leum, forestry, special, low-power
industrials, relay press, motion pie-
ture, agriculture, and land radio
location. Separate figures on com-
mon carrier services (experimental,
domestic land mobile, fixed public
telephone and fixed public tele-
¢graph) are also available from the
FCC.

TV Type Scan improves
Search Radar Displays

Memory tube stores ppi picture,
tv provides image for comfort-
able daylight viewing

IMPROVED presentation of surveil-
lance radar images is made possible
by a new CAA-developed system.

The cathode-ray tubes normally
used for ppi presentation are in-
herently low in light output and
require at least partial darkness
for viewing. With the new system
of presentation, an RCA graphe-
chon memory tube monitors the ppi
screen and stores a complete picture
of the situation. A television scan-
ning syvstem looks at the memory
tube and presents a brightened
image on an ordinary television pic-
ture tube that can be viewed in a
normally-lighted room.

The new system permits viewing

Improvement brought about by new

CAA-developed radar presentation
system is vividly illustrated by photo-
graph showing the old (right) and the
new {(left)

surveillance radar in the control

tower, where such information is

most necessary in air traffic control.
Further advantage lies in the ease
with which repeaters may be tied
in to the system for auxiliary view-
ing positions.

Electronic Pilot
Conirols Rescue Craft

REMOTE control system for emer-
gency life boats, primarily for use
in rescuing fliers downed in enemy
wiaters, has been successfully tested
by Bendix Aviation Corporation.
In the tests, new type lifeboats

Business Is Good

comparison.
Sales
Company 1952
(6 mos.)

General Electric

Westinghouse . . 681,378,000

Radio Corp. of America 305,838,000
Philco 165,156,000
Sylvania 104,227,000
Admiral 83,015,000
Motorola 69,793,000
Stewart Warner 62,202,000
Zenith . 46,926,000
Stromberg-Carlson 19,861,000
Lear Inc. 17,903,000

This table shows net sales and profits for first half of 1952 for various companies
active in electronics and allied industries. Figures for first half of 1951 are given for

$1,171,202,000 $1,184,735,000

Sales Net Profit Net Profit
1951 1952 1951
(6 mos.) (6 mos.) (6 mos.)
$57,119,000 $70,326,000
590,562,000 31,507,000 31,564,000
302,333,000 11,300,000 15,703,000
171,023,000 4,289,000 5,741,000
103,823,000 3,399,000 5,681,000
103,587,000 2,523,000 4,093,000
73,450,000 3,130,000 3,757,000
51,410,000 1,810,000 2,209,000
53,008,000 1,336,000 1,586,000
14,960,000 580,000 169,000
8,660,000 426,000 222,000

WWW.americanradiohistorv.com

equipped with an automatic pilot
capable of shortwave radio remote
control were dropped from an air-
craft to “survivors” adrift below.
By means of pushbutton radio from
the aircraft, the Ilifeboats were
guided directly to the survivors,
after which they were headed along
a4 preset compass course by the
same radio control from the plane.
The heart of the phantom pilot,
invented by Blair Dickinson, is a
photoelectric cell which teams up
with a light beam in the compass
and an automatic rudder to start
swinging the boat on course when-
ever it deviates a fraction of a
degree from the desired heading.

Aluminum Wiring

Copper shortage stimulates in-
terest in more plentiful metal;
soldering bugs being solved

ELECTRONICS ENGINEERS have been
reluctantly  experimenting with
hard-to-solder aluminum wire as
insurance against any more serious
future shortage of copper. And,
surprisingly enough, this invest-
ment of man-hours is beginning to
pay off.

Chief hope lies in development
of equipment for continuous tinning
of bare aluminum wire. Once
tinned, it become just as easy to
use as tinned copper wire.

» Ultrasonics the Answer—A new
Mullard 1,000-watt ultrasonic driver
for large solder pots is said to
make tinning feasible even at the
high speeds required by wire-manu-
facturing plants. The driver vi-
brates standard lead-tin solder at
around 20,000 cps, producing cavita-
tion that destroys the tenacious
oxide film on aluminum. The solder
then alloys with the cleaned metal
surface.

Some 150 smaller ultrasonic sol-
der pots are already in use in this
country for tinning the ends of

-aluminum leads.

»Pros and Cons — Aluminum’s
lighter weight for a given conduc-
(Continued on page 18)
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at Audio Frequencies
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FREQUENCY MULTIPLIER

The @ Type 1301-A Low-

Distortion Oscillator provides an
exceptionally pure waveform . .. less
than 0.19, distortion between 40
and 7,500 cycles, and not more
than 0.159, at all other frequencies.
For distortion measurements and
audio facility checks at broadcast
stations or in the laboratory, for
production checking of high-fidelity
audio equipment, and where dis-
tortion measurements must be made
rapidly and yet with confidence in
the results, this iInstrument has
proven most useful.
Type 1301-A Low-Distortion
Oscitlator. .. ...$425

Type 1301-P1 Range Exiension Unit
(2to15¢cps.)......588

ELECTRONICS — September, 1952

Very Low Distortion — frequency selective
network provides complete degenera-
tion of all frequencies above and below
frequency adjusted to

5,000-0hm output — distortion less than
0.1%, from 40 ¢ 7,500 cycles; less than
0.159, from 7,500 cycles ta 15 kc; less
than 19, with Extension Unit from 2
to 40 cycles

600-ohm output — distortion less than
0.1% from 50 to 7,500 cycles; 0.25%,
from 20 to 50 cycles and 0.15%, above
7,500 cycles

Rapid Coverage of Audio Range — 27 fixed
frequencies between 20 and 15,000
cycles selected by push buttons. Any
desired frequency between steps ob-
tained by plugging in external re-
sistors. Type 1301-P1 Range Exten-
sion Unit covers 2 to 15 cycles

ouTPUT

OO

High Stabllity — internal voltage regulator
eliminates frequency drift due to varia-
tions in plate supply. Changes in load
have no effect upon frequency. Fre-
quency drift not greater than 0.02%,
per hour after the first ten minutes
operation

Constant Output — AVC diede controls
regeneralive tube bias, holding output
constant to within 1 db over the entire
range. Three Outpuls: 5000 ohms un-
balanced, 600 ohms balanced and
unbalanced. Cutputs: 18 mw into 600
ohmt and 100 mw into 5,000 ohm loads

Accurate Frequency Calibration — adjusted to
within =1 % + 0.1 cycle)

No Temperature or Humidity Effects — opera-
ton s substantially independent of
climatic changes normally encountered

GENERAL RADIO Company

275 Massachusetts Aven
S0 West Street NEW YORK &

www americanradiohietory com

920 S. Michigan Aze. CHICAGO §

ue, Cambridge 39, Mass.
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INDUSTRY REPORT— Continued

tivity has tremendous appeal in air-
borne equipment.

» Cost—The cost of aluminum
(from one-third to one-half that
of copper in the larger wire sizes)
makes the white metal attractive
for many other commercial appli-
cations.

On the other side of the picture,
the greater bulk of aluminum for a
given conductivity possibly pre-
cludes its extensive use in iron-core
components and other parts having
critical space factors for windings.

In the military category, the
Navy is experimenting with alu-
minum conductors for wiring in
submarines, because of the metal’s
ability to resist acid fumes. The
Signal Corps is experimentally
dropping aluminum wire out of
airplanes when establishing tele-
phone lines across rough terrain.
Here the lighter weight, and re-
sistance to corrosion, are assets.

The Atomic Energy Commission
has been ordering hundreds of
pounds of No. 22 aluminum wire
monthly, for an unrevealed use.

has gone to aluminum conductors
for some of its multiconductor
cables because of shortage of cop-
per wire. Splices are made with
squeezed-on sleeves. Gages currently
used are No. 17, 20, 22 and 24.
Motors for dishwashers and
washing machines have been wound
successfully with aluminum wire
when copper supplies ran out.
Bare aluminum wire for ground-
ing television antennas is now avail-
able at about half the price of
equivalent copper wire. Much the
same wire has long been used by
farmers for electric fences and by
housewives for clotheslines.

» Auto Uses—Firms are now using
0 and 00 gage aluminum wire for
battery and starter cables of auto-
mobiles. The ends are tinned using
ultrasonic solder pots, after which
terminal lugs can be sweat-soldered
conventionally. Compression-type
terminals are also being used; these
have long been satisfactory in the
electric power field, where new high-
voltage transmission lines use
aluminum conductors almost 100

Commercially, the Bell System percent today.
PG R M A SRS S R SNV

Navy's New Electronic Plane

The shark-like fin on top, and the ’‘balloon’’ below this Lockheed Super

Constellation are huge radomes incorporated in Navy's new WV-2.

Exact

mission of WV-2 is secret, but official reports describe it as a high-flying

radar sentinel for domestic defense
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Electronics Expansion
Program Set by U.S.

ELECTRONICS industry has been
called on by the Defense Produc-
tion Administration to complete a
$396 million expansion in manufac-
turing facilities by 1954. Already
a total of $288 mililion for expansion
has been certified through govern-
ment-incentive fast-tax-amortiza-
tion certificates, so that only $108
million more will actually be pro-
moted.

High on the list of facilities to
be expanded are those used to pro-
duce such items as special-type
radar antennas, hydrogen-thyra-
tron tubes, transistors, dies for
mica separators, industrial televi-
sion and highly specialized end
equipment.

The total electronics expansion
program of $396 million was set
after a study of the level of pro-
duction necessary to support our
permanent military preparedness
program. Consideration was given
to such factors as stockpiling, allow-
ance for civilian consumption, in-
creases in technological change,
costs, delays and scarce material
substitutes.

Microwave Radio Relay
Aids Airport Control

MICROWAVE LINKS installed at sev-
eral international airports are mak-
ing a major contribution to air
safety. Used to transmit signals be-
tween airport control towers and
air-to-ground antenna arrays, they
keep major antenna arrays out of
the path of incoming planes. Air-
to-ground communication is im-
proved since receivers are removed
from the ignition noise area. An-
tenna towers in many cases may be
erected atop neighboring mountains
to extend the range of air-to-ground
signals.

First of these installations links
Mexico City airport with the re-
ceiving station at Maria Licia, nine

(Continued on page 20)
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AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE
OFFICES: METROPOLITAN AREA: 671 Broad 5t., Newark, N. J., Mitchell. 2.8159 ® PHILADELPHIA, T649 North Brocd 5i., Stevemson 4.2823
SOUTHWEST: John A. Green Co., 6815 Orisle Drive. Dsllas 9, Dixen 7918 © NEW ENGLAND, 1374 Massachusetts Ave.,

i Cambridge, Moss., Kirkland 7-4458
LOS ANGELES, 5603 North Huntington Drive, Capitel 19114 ® CHICAGO, 228 North laSolle .St., Central 6-1721 ® ST, LOUIS, 1123 Washington Ave., Gorfisld 4959

www americanradiohistorv com
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miles away. Aeronautical Radio de
Cuba operates a similar link at Ha-
vana airport. Both of these links
employ Federal equipment.

Aeronautical Radio of San Fran-
cisco operates microwave links
using Motorola equipment at Seat-
tle, San Francisco, Honolulu, and
Tokyo. At Honolulu, the microwave
equipment is used to carry signals
over the mountains around the air-
port and bring planes in over a
1,200-foot path in the mountains
to the airport at sea level.

United Radio Communications of
San Francisco has recently ordered
a microwave remote-control link
from the General Electric Co.

Raydist Checks Speed
of SS United States

Radiolocation system finds new
application about new luxury
liner in speed tests

ANOTHER “first” was added to the
already lengthy list established by
the new liner United States when
an electronic system was used for
the first time in determining speed
at sea.

»The Old Way—Under unormal
procedures, a ship’s speed is de-
termined by using a stopwatch and
a measured-mile course. The only
course capable of meeting the deep-
water requirements of the United
States was at Guantanamo Bay,
Cuba. However, the water there
was too warm for efficient con-
denser operation under full throttle
operation.

» And the New—Raydist, a precise
radiolocation system developed by
Hastings Instrument Co., enabled
the speed trials to be conducted
in the open sea. The system con-
tinually measured the distance be-
tween a floating buoy and the ship
with an accuracy of one part in
5,000.

The system proved reliable and
easy to use. Before the first mile
run was completed, the speed at-
tained during the first half of the
run had been calculated and
delivered to the bridge.

20

Radar-controlled camera overlooking New Jersey’s busy Route 4 photographs
license plate of any New York-bound car doing 55 mph or more

Lawful Cyclops Snaps Speeders

MYTHOLOGICAL Cyclops was a one-
eyed, lawless giant who forged
thunderbolts for Zeus. His fabulous
modern counterpart, using a camera
eye triggered by a microwave radar
thunderbolt, is aligned on the side
of law and order. He gets the goods
on speeders whose contribution to
modern slaughter would amaze even
the old giant.

Many motorists are already fa-
miliar with radar speed indicators
in use by Connecticut State Police
and others. Ordinary radar sends
out a pip of energy that is reflected
from an obstacle. The time between
sending and receiving indicates the
distance. When the obstacle is
changing distance, the time differ-
ence betwéen:two -vsuccess_j:\gg_ reflec-
tions can be used to determine the
speed. i@

The Radar Control Devices Co.,
taking technology one step farther,
has married 32,000-megacycle radar
to a 16-mm movie camera that snaps
one frame at a time. Mounted on a
pole and aimed up the road, it
photographs the license plate as it
records date and time. Speed is
not indicated, but the device is set
to trigger whenever an approaching
car exceeds .the legal maximum. In

www americanradiohistorv com

a 50-mph zone, for example, it
might be set to operate the shutter
at 55 and above. Cars approaching
at 54.9 would not be photographed.

» Leased Cop—The company, still
operating at the production-proto-
type stage, plans eventually to
rent equipment to municipalities
at a cost between $30 and $50 a
day, servicing the device daily and
delivering a roll of developed film
to the police within a day of the
infraction.

Diathermy Users
GivenOneMore Chance

FCC extends deadline for com-
pliance with radiation regula-
tions to June 30, 1953

A YEAR’S EXTENSION has been
granted by the FCC for medical
diathermy users to comply with
Section 18.51 of the Rules and Reg-
ulations governing radiation from
such equipment. This action results
from pleas from users claiming
inability to meet the original dead-

(Continued on page 22)
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marion’s \
NEW

MODEL M-2

MEASURES
SENSITIVITY AND RESISTANCE

for testing and calibration of D. C. instruments in the
laboratory and on production lines

3 Y ENNY
N

Marion’'s New Metertester (Model M-2) retains proven Marion fea-
tures but increases application flexibility. In addition to improved
circuitry for sensitivity measurement it also measures internal resist-
ance of sensitive instruments without exceeding full scale rating of

the instrument under test,

FEATURES SPECIFICATIONS

* Regulated Power Supply ACCURACY: Overall better than ¥ of 1 %
e Stepless Vacuum Tube Voltage Control RESISTANCE RANGE: 0-5000 ohms

¢ [lluminated 8%" Mirror-Scale Standard POWER SOURCE: 115V A C 60 cycles
Instrument, Hand Calibrated CASE SIZE: 15%" x 10%" x 5%"
¢ Marion Ruggedized Null Indicator WEIGHT: 15 lbs.
I movement for bridge balance indication
e Decade of .1% accurate Manganin

3
SN,

N\ \\\\\\\\\ JEORRRNN
O

SENSITIVITY RANGES

Wire Wound Resistors 0-25UA 0-200UA 0-800UA 0-10 MA
e Direct Reading Bridge Circuit using Helipot 0-50UA 0-400UA 0-1 MA  0-100 Volts
e Complete. No accessories required 0-100UA 0-500UA 0-5 MA

The New M-2 Model can also be used for additional purposes,
such as a precise source of DC current and voltage and as a pre-
cision Wheatstone bridge in the 0-5000 ohm range.

For further information write Marion Electrical Instrument Co.,
401 Canal Street, Manchester, N. H., U.S. A.

a - |
marion ieier:

Reg. U.S. Pat. Off.

MANUFACTURERS OF RUGGEDIZED, HERMETICALLY SEALED AND STANDARD PANEL INSTRUMENTS
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INDUSTRY REPORT —Continued

line because of curtailed produc-
tion of new models during the
defense buildup.

Procrastinators are warned by
the FCC, however, that any further
requests for extensions will be

handled on an individual basis, with
consideration given to efforts made
in each case to replace nonconform-
ing equipment during the period
for which extension 1is being
oranted.

NUMBER OF
EMPLOYEES

Electronics Industry of Western Germany

Electronic equipment and components are being made by 74 firms employing
158,000 people in Western Germany, according to an Office of Economic

Affairs tabulation.

Product breakdowns and employment figures ore given

here for 50 of these firms, of which the four lorgest ore Robert Bosch, Brown
Boveri, Telefunken and Siemens & Holske

22
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Small Electronic Firms
Share in Navy Contracts

OF $900 million in prime electronic
contracts awarded by the threr
Navy bureaus, Aeronautics, Ship:
and Ordnance, approximately $200
million was awarded to small com-
panies during the first 10 months
of this fiscal year.

The ratio is in keeping with the
Navy’s overall procurement figures,
which show that for the same
period small business in all lines
received $1,795 billion or 22.7 per
cent of the total Navy procurement
dollar.

By the end of the current fiscal
vear it is estimated that small busi-
ness will have received over $2
billion in prime Navy contracts,
compared to $1.2 billions last vear.

Remote Gearshift
MovesRobotTV Camera

Armed services get preview of
versatile television pickup for
viewing dangerous operations

MOVING OBJECTS can be followed
with a camera equipped for remote
as well as manual control, demon-
strated by engineers of General
Precision Laboratory of Pleasant-
ville, N. Y. If desired, continuous
remote control can be switched off
and pushbutton movement to any
one of six preset positions used.
Often proposed as a means of view-
ing dangerous operations from a
distance, television has so far been
limited to a single-angle shot for
each camera.

» How It Works—Heart of the sys-
tem is the standard GPL camera
with four-lens turret in which lens
selection, focus and iris settings
are already connected for remote
control. This camera is mounted
upon a newly designed pan-and-tilt
pedestal and the five different
operational features wired through
a 1,000-foot cable to a miniature
control unit somewhat resembling
the gear shift lever on the steering

(Continued on page 24)
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Bogue Magnetic Amplifiers Bogue DC Generators

for 1 for

PRECISION CURRENT LOW RIPPLE
CONTROL WITHOUT PRACTICALLY PURE
MOVING PARTS DC CURRENT

AC or DC

R, —
- : E - 1

Bogue Power Supplies Bogue 400 Cycle Power

for for
CONTROLLED CURRENT & LABORATORY ¢ PRODUCTION
VOLTAGE — OUTPUT REGULATED TESTING OF

TO 1%, LESS THAN 1% RIPPLE ELECTRONIC EQUIPMENT

O

Bogue Control Panels Bogue Motor Alternators
for
CONVERTING DC POWER
TO SPECIFIED FREQUENCIES

OF ALTERNATING CURRENT

for
ALL TYPES OF PRECISION
AUTOMATIC PROCESS
AND ELECTRIC CONTROL

BOGUE PRECISION POWER
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INDUSTRY REPORT —Continuved

column of an automobile (see tech-
nical description and photographs
beginning p 252 of this issue).
Servomechanical devices make
the camera and its pan-tilt pedestal
slave to the orders transmitted from
the control unit by the remote
cameraman. In addition to con-
tinuous servo-manual control, the
unit has a memory that enables
shifting instantly to any of six
preset positions. Other refinements
include automatic rate pan, which
keeps the camera moving in the

desired direction at any uniform
speed and a stiffness control. The
latter operates only in the manual
position and can be adjusted to
eliminate jerky movement when
making panoramic shots under diffi-
cult conditions,

Although suggested for use in
military action as a robot observer,
its inventors also think the device
may have advantages over manned
cameras in overcoming the hazards
of maneuvering in political conven-
tions and other public gatherings.

Public Tests Plated Circuit Radios

New process shows promise for
automatic production methods
in radio and television

LARGE-SCALE commercial application
of plated circuits has resulted from
a six-year million-dollar research
and development program at Motor-
ola. Suitability of plated circuitry
was verified by marketing some
10,000 radio sets incorporating
chasses fabricated by the new pro-
cess. No news from consumers
turned out to be good news, and as
a result the company plans to adapt
the process to other models of home
and portable radios and eventuallv

to television receiver production.

» Placir—The plated circuit pro-
cess, called “placir” consists of plat-
ing a thin copper pattern on a
stamped plastic base. This replaces
the conventional chassis and much
of the usual sub-chassis wiring.
Sockets are made at the time of
plating by boring holes in the plas-
tic base. All of these operations
are done by automatic machinery.

The process is expected to per-
mit high-speed production of radio
and television sets, with advan-
tages in small size, light weight,
improved operating charuacteristics
and greater reliability.

Plated parts for a 5-tube miniature broadcast set and televisicn receiver—
products of Motorola’s million-dollar ““placir’’ process

24
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BBC Adopts F-M for
VHF Broadcasting

3RITISH Broadcasting Corporation,
queen mother of government-oper-
ated radio systems, finds her plan
for complete national coverage by

three programs running into a
dead end.
Failure of the Copenhagen

Wavelength Plan for Europe, in-
creased jamming by skywave-
propagated foreign signals and
technological difficulties in main-
taining synchronized transmitters
on exactly the same frequency are
partial roadblocks. Worst trouble
is plain lack of radio roads or
channels.

> More Paths—Usual cure for
allocations ills is to whack out
new trails higher up in the fre-
quency spectrum. Britain has
long had available 88 to 100
megacycles, but has been loath to
use frequency modulation, which
makes the region habitable. Igni-
tion noise is bad here for standard
broadcast amplitude modulation.
After extensive tests, BBC is
enthusiastic about f-m and has
extensive plans for coverage of the
United Kingdom.

What will this mean to Ameri-
can manufacturers? Probably
little. Coupled to dollar shortages
in Britain is the generally cool
attitude of receiver manufactur-
ers, busy with tv, towards produe-
ing enough good f-m sets to
satisfy even the U. S. market.

Auto Radio Business
Triples in Six Years

Set manufacturers compete
with automobile business itself;
both do well

In 1946 there were approximately

8 million radio-equipped passenger
cars in the U. 8. Today, the Broad-
cast Advertising Bureau estimates
that there are over 24.5 million.
This represents more than 65 per-
(Continued on page 26)
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KRUHN.HIIE is Setting the Pace for

Low Frequency Electronic Instrumentation
QUALITY INSTRUMENTS ... PROVEN PERFORMANCE

moderately priced

» Oscillators — .009 c¢ps to 520 kc

[ - B [ Power [
Model Feo'vnng frequency Range Distortion Ovtput | Consumption Price
= ‘+ — — = —— — ]
Sine and Square che |
The Models 400-A, 400-A True RC Oscillator ! 009 cps to 1.1 ke 19 25 mw/10v| 45 watts | $350.00
490-A, and 430-A - Compact Design | o | —, | - + |
; are compact RC Os- Sme and Square que
callcfdors w.thf out- 410-A AmLplnudDe +£95db | .02 cpsto 20 ke 1/4% 10 mw/5 v . 150 watts | $950.00
Models 400-A, 420-A, 430-A standin erform- ow Distortion |
127 W|de,7 high < g tel B | e e - — = |
ance, moderately Sine and Square Wove
priced. The Models 400-A and 420-A provide 490.A | Audio and Sub-Audio | .35 cps to 52 ke 1% 95 mw/10 v | 45 watts | $290.00
both sine and square wave output. o Compact Design | 1 Ju B Py
Wide Range | |
430-A Compact Design | S cpsto 520 ke 1% SO mw/10v | 45 watts | $145.00
{7 ) QOutstanding \/alue_ | L < [ n _I
The Models 410-A, | Sine and Square Wave | |
400_(:, and 490-C 400-C g 'Rockgoonel .009 cps to 1.1 ke 1% | 100 mw/10v| 65 wats $375.00
are designed with e —— —l[— S ——
sturdy steel cabinets | Sine and Square Wave | | [
Models 410-A, 400-C, 420-C for rack panel 420.C [ Rack Panet .35 cps to 52 ke 1% 100 mw/10 v| 65 watts | $325.00
(o= Ay Audio and Sub-Audio
197 wide, 8% high mounting. These - —_— =T — e - = T
units feature sine and square wave output. Push-Button Controlled i
The Model 400.C prowdes either balanced 440-A l ExcEgsaniZS;?:?ol:‘llny .01 ¢ps 1o 100 ke 1/10% 100 mw/10 v | 120 watts | $450.00
or single ended output. L 1 1 I | !

% Filters

The Models 310-A 1 ' [ Nose | Power
and 330-A are vari- podey LY:'_ - i _ LF’W“Y:M”'::;: & Hum *._J%L_,ICWW"‘ tion m‘,,_'
able E."’h"d'F."’ss fil- Variable Band-Widih |
ters wit . unity pass 310-A | Band-Pass Zero db Insertion Loss 20 cps to 200 ke 3mv | 40 watts | 5275.00
band gain and 24 — 94 db/octave Slope | -
¥ G5 db/octave outside Low fnternal Noi T |
. . h b d Both ow Interna A olse |
L'ehpcsfj Icn . e Band-Pass | dezodgl/u |nseruosr; Loss f 02 cps 1o 2 ke 0.1 mv 50 watts | $450.00 |
Models 310-A and 360-A igh and low cut-o 8 | 24 db/octave Slope =, L.
12” wide, 7" high gequencies are in- 330-A | Audioand Sub-AudioRange T TL
ependently adjust- | Band-Pass 24 db/octave Slope | 0.2cpsto 20 ke 0.1 mv ‘ 50 watts = $450.00
The Models 350-Aand  gle over the entire | Variable Band-Width J |

[ |
40 watts | $350.00

e | — B

360-A are variable re- frequency range
jection filters which i
provide either a rejec-
tion band in which the
gain falls at a rate of
94 db/octave or a
sharp single frequency

I
I ‘ Proportional-Plus-Derivative

340-A | Servo Proportional-Plys-Integral | .01 cpsto 100cps | 10 mv
t

Servo-Design Filter

— — I
I' Low Internal Noise |

350.A Rejection Rejection Band or Null .02 cps to 2 ke 01 mv 50 watts | $450.00
24 db/octave Slope | |
W Gl =IARSSN ———— || I .

i . L Variable Rejection Band !
Frlzeléui?c}:;‘ggrsznlgg = 360.A 1 Rejection ] - dg;io e NSL:I | 20 cps 1o 200 ke | Smv | 40 watts | $275.00
- octave Slope
pendently adjustable. 9%k 3?3;’A]g?‘:ﬁg:°“ : . ! I L !

—

ABOUT THESE INSTRUMENTS

The Oscillators and Filters described here are being
effectively used in a growing number of interesting
applications for engineering, research, and production.

WELTE FOR A FREE DESCRIPTIVE CATALOG

@ INSTRUMENT COMPANY
- [ ] 580 MASSACHUSETTS AVENUE
= CAMBRIDGE 39, MASS., U.S.A.

ELECTRONICS — September, 1952 25

All instruments are fully guaranteed for one year

against defective materials and workmanship,

Prices Net F.O.B. Cambridge
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INDUSTRY REPORT—Continued

cent of the nation’s 37 million auto-
mobiles and 22 percent of all radios
in the U. S.

Much of the growth has taken
place since 1949. Over 14 million
car sets have been produced since
then, equaling about 75 percent
of automobile production for the
period.

» L.eaders—A leading factor in the
huge auto-radio business is General
Motors, whose Delco division has
produced more than 7 million auto
sets. In 1950 alone, Delco made
nearly 2 million of the 4.7 million
sets produced that year by the
entire industry. It makes radios for
all GM divisions and for other car
manufacturers as well. However,
not all GM divisions use Delco sets
exclusively. Some of them purchase
from outside radio companies.

No other car manufacturer makes
its own sets, so that a very substan-
tial market is available for auto
radio producers. For example, the
I'ord Motor Company is a good cus-
tomer of such firms as Bendix,
Motorola and Sylvania. The Chry-
sler Corporation uses Motorola
sets and buys from Philco as well.

These two car manufacturers,
along with General Motors, have
accounted for much of the auto-
radio business, although a large
volume is also done through regular
radio outlets and mail-order chains.
Between 1949 and 1951 the follow-
ing percentages of cars sold have
been radio-equipped: General Mo-
tors, 74.1 percent Ford, 70.4 per-
cent; Chrysler, 66.7 percent.

» OQutlook—Despite past perform-
ance, the immediate trend in car-
radio production and business is
not dazzlingly bright. A 50-percent
decline in auto set production has
taken place this year, reflecting the
slump in auto sales last spring.
Units produced during the first half
of the vear total 1,543,877 while
in 1951 production had reached
2,969,632 for the period.

But auto-radio manufacturers
are optimistic about the future.
The effect of the steel strike, even
though it may cut total car output,
has put the automobile back into a
seller’s market—and that is when
auto-radios really sell.
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SEPT. 3-13: International Elee-
trotechnical Commission Meet-
ing, Scheveningen, Nether-
lands.

SEPT. 5-7:Fourth Preconference
ISA Instrument Maintenance
Clinic, Cleveland, Ohio.

SEPT. 8-10: American Standards
Association, Third National
Standardization Conference,
Museum of Science and Indus-
try, Chicago, Ill.

SEPT. 8-12: National Instrument
Conference  and Exhibit,
Cleveland, Ohio.

SEPT. 10-12: Convocation of the
Centennial of Engineering,
Congress Hotel, Chicago, IIl.

SEPT. 13-22: Italian Radio and
Television Fair, Sports Palace,
Milan, Italy

SEPT. 20: Cedar Rapids Section,
IRE, Communications Confer-
ence, Roosevelt Hotel, Cedar
Rapids, Iowa,

SEPT. 22-25: NEDA Third An-
nual Convention and Manu-
facturers’ Conference, Ambas-
sador, Atlantic City, N. J

SepT. 23-30: Conference on In-
struments and Measurements,
Stockholm, Sweden.

SeEpPT. 29-OcCT. 1: Eighth Annual
National Electronic Confer-
ence and Exhibition, Hotel
Sherman, Chicago, I11.

OcT. 1-3: Canadian Electrical
Manufacturers  Association,
General Brock Hotel, Niagara
Falls, Ont.

Ocr. 6-8: NAED, Fall Meeting
of the Pacific Zone, Hotel del
Coronado, Coronado, Calif.

Ocr. 13-17: AIEE Fall General
Meeting, New Orleans, La.

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

OcT. 20-24: National Metals
Show, Philadelphia Auditor-
ium, Philadelphia, Pa.

Oct. 21-23: Twenty Ninth An-
nual Session, Communications

MEETINGS

Section, Association of Ameri-
can Railroads, Edgewater
Gulf Hotel, Edgewater Park,
Miss.

Ocr. 26-29: NAED, Meeting of
Board of Governors, Grove
Park Inn, Asheville, N. C.

Ocr. 28-30: AIEE Middle East-
ern District Meeting, Commo-

Perry Hotel, Toledo,
Ohio

Oct. 29-Nov. 1: Audio Fair,
Hotel New Yorker, New York,
N. Y.

Nov. 5-7: Sixteenth Annual
Time and Motion Study and
Management Clinic, Sheraton
Hotel, Chicago, Il

Nov. 10-13: NEMA, Haddon
Hall, Atlantie City, N. J.

Nov. 10-30: International Radio
and Electronics Exhibition,
Bombay, India.

Nov. 17-18: AIEE, Technical
Conference on Recording and
Controlling Instruments, Ben-
jamin Franklin Hotel, Phila-
delphia, Pa.

Nov. 19: American Standards
Association, 34th  Annual
i\\I’Ieeting, Waldorf Astoria,

Y

Nov. 21-22: Fourth Annual IRE
Regional Papers Technical
Conference, President Hotel,
ter Conference, Park Shera-

DEc. 10-12: IRE-AIEE Compu-
ter Conference, Park Shera-
ton Hotel, New York, N. Y.

JAN. 14-16, 1953: Joint AIEE-
IRE Conference on High Fre-
quency Measurement, Wash-
ington, D. C.

Fes. 5-7: IRE Southwestern
Conference and Electronics
Show, Plaza Hotel, San An-
tonio, Texas.

MarcH 23-26: IRE National
Convention, Waldorf-Astoria
Hotel and Grand Central
Palace, New York, N. Y.

MAY 11-13: National Conference
on Airborne Electronics, Day-
ton, Ohio.

Business Briefs

» FCC has granted a special tem-
porary authorization to RCA to
operate four modified Signal Corps
transmitters at the site of WOR-
TV. They will be used to obtain
data concerning the effect of an-
tenna height on tropospheric and
ground wave propagation in the
upper portion of the uhf television
band (842-845 me).

> Sale of aircraft-quality steel by
warehouses, for use in military
electronic  and  communications

www americanradiohistorv com

equipment bearing allotment sym-
bols A-7, was authorized by the
National Production Authority on
July 30.

» Transistor licensees under West-
ern Electric patents now total 26
domestic and nine foreign firms.

» Savings of over $2.5 million in
labor and metal costs will be effected
as a result of a new schnorkel-sub
extensible radio and radar mast de-
sign. The new mast is made from
monel-covered low-alloy steel tub-
ing instead of stainless steel billets,
according to the Navy.
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To You, Belden's Golden
Anniversary Means

—product performance
that can come only
from a “know-how”
that has grown
through actual serv-
ice since the early
days of the electr1-
cal industry.
—an ability to co-
operate in pio-
neering new
wires to meet or
anticipate in-
dustry’s grow-
ing needs.

In the years
that follow
This Belden

ProgramIs

—T0 BE
CONTINUED

A scrap of paper that led to a
Class A product improvement. Let us
prove that these savings are possible
in your plant, too.

WRITE: Belden Manufacturing Co.
4625 West Van Buren Street
Chicago 44, Iilinois

w | R E M A K E R F O R | N D U S T R Y
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In all our experience, no resistor has

been so extensively tested—and so
unanimously approved—as IRC’s new Type
BOC Boron-Carbon 4-watt PRECISTOR.
Of the 3,000,000 already manufactured,
more than 100,000 were given the most
stringent tests-in-production,

including critical temperature cycling and
500-hour load-life tests. Result: —

Type BOC conforms to all requirements

of MIL-R-10509A! Also, customers have
conducted their own laboratory and

field tests—and they express their
approval of Type BOC in letters

like those shown here.

In the case of IRC’s new JAN Type
Precision Wire Wounds and Advanced Type
BT Resistors, too, rigid quality control
and continued testing have won
industry-wide approval. Most stable

and reliable of all precision wire wounds,
Type WW’s far surpass JAN-R-93
Characteristic B Specifications.

And Type BT’s continue to meet.

and beat JAN-R-11 Specifications.




—

importan

New JAN Type Precision Wire Wound Resistors
Excel JAN-R-93 Characteristic B Specifications

9% Chge Resistance Chie

Ist 2nd  3rd  4th  Resist Total from Lasl at £nd of 10C
Original Cycle Cycle Cycle Cycle alfnd % Temp Cycle| Hrs Load only
Resist. % % 7% 9%  of 100 Chge to End of

cn'ée Chge Chge Chge hrs foad 100 hrs. load “no cy‘,llng
(]
1 {100,010 +.04 +.04 4 05 +.05 100,050 + 04 — 0l 100,040 —.02
2 [ 100,000 + 03 +.04 +.03 + 05 100,060 + 06 + .01 100000 0 |
3 | 100.000 +.01 +.02 +.02 +.05 100,000 0 +.05 100,050 — (@
|4 1.100.000 + 02 0 +.02 .02 100.000 0 —.02 100.040 — 01
5 |100.010 4+ 03 +.04 + 04 .05 100,000 0 —.05 100,030 — 03
6 | 100,000 0 -+ 03 +.04 404 100.100 + 1 + 06 99.980 C
7 }100,000 + 04 +.05 + 04 + 04 100,070 + 07 +.03 100,000 C
8 {100.000 + 03 + 05 & 05 4 05 100.050 + 0% 0 100,000 C
9 1100,000 + 08 + 03 + 05 + 04 100.010 4 01 —.03 100.050 S
10 | 100,000 + 02 4 02 + 02 + 04 100,010 + 01 —.03 100,000 C
11 | 100,000 0 401 +.01 +.03 100.000 0 — 03

Most relioble and stable of all wire-wound precisions, these
new Type WW's have proved their ssperiority in unbiased
tests. Severe cycling and 100-hour load tests resulted in vir-
tually zero changes in resistance. Other stringent tests proved
JAN Type WW's high mechanical st-ength, freedom from
shorting, resistance to high humidity. New winding forms—new
winding technique—new type insulation—and new termina-
tions assure long life, accuracy, ruggedasess in service. IRC JAN
Type WW's are becoming the choice of leading producers
of military equipment. Get full techrical data in Catalag
Bulletin D-3.

= e e . HERS

Type BT Advanced Fixed (6mposiﬁpn Resistors -Meet

/_
/ 3

Type BOC Boron Carbon '/2 Watt Resister
Surpasses Signal Corps Specification MIL-R-10509 A

c ==
=
5 ff ~reonwae TR co
= At O 00
K 450 .
2 400| - a B8O
5 ote: Coefl Of Boro a
< 350 e 0
§ 300
S
u;; 250 I I
5 |
ﬁ 200 = Wire Type N (Nickel-Chrome-lron]
,‘g 150 Wire Type ) (Nickel-Chrome .
5 100 T l I [
a
T T
& Wire Type | u(Hugh‘Reslsnwn Nickel-Chrome
0 1 81| s e B B 5 i nm D0
10 100 1,000 10,000 . 160,000 1,000,000
Ohms

The ultimate in stable, reliable non-wire-wound resistors,
Type BOC's are especially designed for military electronic
equipment—radar, gunnery control, communications, tele-
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permit their
use in place of costlier wire wound precisions in many
critical applications. Lower capacitive and inductive re-
actance suit them to circuits where wire-wound stability is
needed. Small size makes them ideal in limited space.
Tolerance: —1%, 2% and 5%. Resistance Values:—10
ohms to 2 megohm. Send for full technical data in Catalog
Bulletin B-6.

and Beat JAN-R-N Specifications

Type BTS Meets and Beats Rigid G Characteristic

These are the famous Advanced Type BT's whose characteristics set
new performance records for fixed composition resistors. They com-
bine a unique filament-type resistance element with exclusive con-
struction features to assure extremely low operating temperature
and excellent power dissipation. Yet they are compact, light in
weight, fully insulated. Intensive tests by independent agencies have
proved their superiority under actual field conditions. For full tech-
nical data, send for Catalog Bulletin B-1.

Py ki oo~ 30
Mail Coupon Today for Full Details of These IRC Resistors

ey SEEEEE SEEGEE SEEGES SEmee EESES S EEDEN SIIII) BN GENME SSuSGY B S ressem @

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad $t., Philadelphia 8, Pa.

Please send me full dota on the following checked items

Type BOC Boron-Carbon PRECISTORS
Type
T » R

NAME

TITLE____ 3

COMPANY_

ADDRESS

CITY. ZONE STATE

wWwWw americanradiohistorv com



IF MAGNET WIRE I3

PHELPS DODGFE has the

/" MOST COMPLETE AND
/' UP.TO-DATE LINE OF MAGNET
WIRE IN THE INDUSTRY

e

e

/" EVERY TYPE OF INSULATION
/' TO MEET DESIGN REQUIREMENTS

Black Enamel - Formvar - Sodereze® - Bondeze® - Nylon = :

Glass - Paper - Cotton - Multiple Combinations

——

© AVAILABLE IN ALL
Ef/SIZES AND SHAPES—ROUND,
SQUARE, RECTANGULAR . . .
Over 400 different types!

Ot takes the Lost
PHELFS DODGE COFFER PRODUCTS

CORPORATION

30 September, 1952 — ELECTRONICS
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INCA MANUFACTURING DIVISION

FORT WAYNE. INDIANA
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@ HERMETIC SEAL TERMINALS — Applicable on MIL require-
7 ments,  Will withstand thermal shock, vibrations, mechanical
slrains, aod excessive pressures with no impairment of the seal or other functional char-

acteristics, E-3LW terminals are now being used at 1000 psi static oil pressure and
yndergo 5000 psi tests for two minutes,

OCTAL TYPE PLUG IN HEADERS — Applicable for MIL require-

- Tl ments,  These units. can undergo sustained vidrations, farge
temperalure changes, and ofher strains without impairment to the seal or other func-
llonal characteristics. Available with eight and twelve pins,

MULTIPLE PIN HEADERS — Applicable for MIL requirements.
Presently being used on MIL-T-27 fransformers, These unils
are available mthﬂo 10 pins, These units can undergo cooditions mentioned above
with a0 Impairmenl 1o the seal or other characteristics,

3 FUSE HOLDERS, HERMETICALLY SEALED — Available for
3-AG and 4-AG fuses, These ynits are completely seated from
moistare with or without the cap or fuse inserted, They are applicable on pressurized

and gas ﬂlled, g‘omponms

, CABLES, HERMETICALLY SEALED — The cables are hermet-
ically sealed at the plug on thru o the panel,

C R v ROTARY WATERSEAL PANEL ASSEMBLIES — These units have

an excellent seven year customer history on gas fille pressurized

componenls. They are available for !/, " shatls and for potentiometers ang switch bushings.

@ LINE CORDS WITH PLUGS FOR EUROPEAN USE, HERMET-
IGALLY SEALED — These uails are completely sealed at the

plog and are being wsed on pressurized mits.

@ GASKETS, METER, PANEL, GOVER, ETC. — Molded from Neo-
preae for complete sealing.

m ADAPTERS, U. S. TO EUROPEAN, AFRICAN, SOUTH AMERICAN

= MR’ SOCKETS — Our 200A aud 300A together will adapt virheally
alt standard plegs, sockels, and lamp sockels of the above meationed areas.

M‘ C0IL FORMS, CRYSTAL CONTACTS, and ofber motded hakeide
' - aak Neo-Sil rubber wnits,

We welcome your inguires on any phase
of design, development or production.

PLUC I TYPE HEADERS
oc-8 _0c.12

©

[ CHARACTERS C_"M!m 0930 Py .ﬂ- o
\7#“““*‘ “."ﬂb" P
o TN '
o '+ 0 &

FLASH OVER VOLTAGE
&000V PiN TORIM

MULTIPLE TYPE HEADERS

1000 'SERIES AVAILASLE 2000 StRIES AVAILABLE
WITH 2 TO 10 TERMINALS WITH 2 YO 6 TERMINALS

{ CMARACTERS E! £n

\rﬁo ".; b, ono

95
6300V. PIN TO RIM

€500V PINTO AIM

'LASN OVER VG.YAG[
6500V PIN TO R
NEO-SIL HERMETIC SEALS

INDIVIOUAL TYPE TERMINALS

€3

|
FLASH OVER .
2300v. VOLVAGE 3300V 5soov

TEST DATA

The result of the Electrical Testing Laboratories
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
Mcgobm-inches obm-centimeters
_ l.4x10* 3.5x10'?
Dielectric Constant and Dissipation Factor
Diclectric Dissipution
Constant Factor
. @ 60 cycles per second
9.22 .058 5.32
@ 1 megacycle per second
6.17 .0455 .28
@ 50 megacycles per second
5.35 * 0.20 1.1
Dielectric Strength at 60 cycles
Volts per mil — 370

Durometer Average — 80 = 5

Temperature — Rated as a Class A material con-
servatively + 175° to —70° centigrade.

Loss Factor

The Flashover Voltages indicated were l‘ﬂ(en at
a temperature »>f 68° Fahrenheit, and 47 Rela.
tive Humidity,

NEO-NIL

CORPORATYTION

26 CORNELISON AVE., JERSEY CITY 4, N. &
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www americanradiohistorv com




\ XWELL

James Clerk Maxwell

18311878

This distinguished Scottish physicist and
mathematician ceveloped the theory of
electromagnetic waves. By reasoning with
mathematical precision from known facts,
he advanced the hypothesis that electro-
magnetic waves could travel through
space. Nine years after Maxwell's death,
his ideas were substantiated by Hertz. The
maxwell, one magnetic line of force, is
named for him. -

)

. .P IRST to forecast

WWW.americanradiohistorv.com

Electromagnetic Waves




@ H M Il T E®RH EOSTATS

SOLD THAN ALL OTHER MAKES COMBINED!

METAL-GRAPHITE
BRUSH

Perfect contact with neg-
ligible wear on the wire
is insured by the metal-
graphite contact brush
(varied to fit the current
and resistance) and the
arge, flat contact sarface.

and here are
some

7@ @/5/) Jﬂd
WY

LARGE SLIP-RING
AND SHUNT

Current is carried d:rectly
to the slip-ring by a pig-
tail shunt of ample size,
assuring an uninterrupted
connection at all times.
Large slip-ring minimizes
mechanical wear.

SHAFT INSULATED
FROM LIVE PARTS

High-strength ceramic hub
insalates shaft and bush- ((\ [
ing from all live parts. J
Testing at 3000 volts a.c.

will not cause flashover.

UNIFORM CONTACT LOCKED-IN

There are a lot of other good reasons, too,
for the Ohmite rheostat’s position as “best-
seller.” Its all-metal and ceramic construction
contains nothing to char, burn, shrink, or de-
teriorate . . . it provides a smooth, evenly grad-
uated, close control . . . and it is engineered to
Ohmite’s high standards. The industrial buyer
can select rheostats from Ohmite’s extensive
series of ten stock sizes, ranging from 25 to 1000
watts, or special units can be made to order.

OHMITE MANUFACTURING CO.
4817 FLOURNOY STREET, CHICAGO 44, ILL,

RHEOSTATS o

WWW.americanradiohistorv.com

PRESSURE

Tempered steel contact
arm forms a long spring
which assures uniform
contact pressure. Pivoted
action of brush maintains
“flush-floating” contact.

WINDING

Special alloy resistance
wire is wound over a
ceramic core. Each turn
is permanently Jocked in
place by vitreous enamel.

WRITE on
Company
Letterhead
for Complete
Catalog

Be Right with

) 4

RESISTORS o

TE]

TAP SWITCHES

AN



Deep-sea dog

Our sea battles of the future may be fought by
high-speed submarines on the eeriest battle-

ground of all time — deep beneath the sea. For,

the first time in naval history submarines are
now being designed expressly to track and de-
stroy other submarines while totally submerged.

The detection and missile-guiding systems
which make this possible are the result of bring-
ing the magic of electronics to problems of
automatic control and computation too com-

rht

plex for rapid solution by man. Working clesely
with the Armed Forces for 34 years, Arma Cor-
poration has played a leading part in this ficld
in basic research, design, development and
production.

Electronics provides a whole new arsenal of
defense weapons. In important areas of this field
Arma is pacing the developments. Arma Corpora-
tion, Brookly&', N.Y; Mineola, N. Y.; Subsidiary

of American Bosch Corporation,

ADVANCED ELECTRONICS FOR CONTROL

ELECTRONICS — September, 1952
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HERMETICALLY SEALED
Diometer.........3/16" 10 1-1/4"
Length. .. ........... 9/16" to 10"
Current: holf-wave. . 1.5 mo to 40 mo

Voltage: DC output. .. ... 20 volts to
4,000 volts

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.

EL SEGUNDO
- CALIFORNIA

%

A}

SELENIUM DIODES

0.100” to 0.300"
.- .8.210" to 0.250"
Output Voltage. .. § .. .. 20V to 80V
Ovutput Current. . . 280 va to 1.5 mo
Tempercture Range |

Diameter. .. ......

PHENOLIC CARTRIDGE

Diometer. . . ............ " to 1”
Length. .. .. ... N A R
Current: half-wave. . 1.5 ma to 60 mo
Voltage: DC ovtput. . ..20 volts to

10,000 volts

/

Owned and managed by En-
gineers who are specialists
in the design and manufac-
ture of Selenium Rectifiers.
Submit your problems for
analysis and we will be glad
to offer our recommendations,

INTERNATIONAL RECTIFIER

General Offices: 1521 E. Grand Ave., El Segundo, Calif. - Phone: El Segundo 1890

#Chicaygo

Branch Office:

205 West Wacker Drive

Phone: Frankltin 2-3889

34
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AN

| il .-_I_- Tl

8 circuit miniaturized filter for wide band
RF Interfarerce Suppression.

IF YOURS IS A TOUGH RF INTERFERENCE
PROBLEM — LET FILTRON SOLVE IT....

FILTRON’S engineering department, cooperating with engi-
neers of leading companies, has solved RF Interference
Suppression problems throughout the country.

If your equipment must meet the RF Interference limits set
by -he military specifications, consult with FILTRON'S engi-
nee‘s in the earliest stages of design. FILTRON can furnish
RF Interference Suppression Filters whose size, weight and

overall configuration will fit into your equipment. * x
Miniature 3 amp.-125 VAC - 400 filter - hermetically sealed —
size 17 x 17 x We”

FILTRON has custom designed over 1000 ditferent types of
RF Interference Suppression Filters for equipment that
meets military RF Interference Suppression limits and
spedfications.

FILTRON'S completely equipped screen rooms are
always available for the RF Interference testing
of your units and equipment.

An inquiry on your company letterhead
will receive prompt attention,

15 omp. - 28 VYDC filter, size 2" x 2”7 x 14", with pressurized
AN connectors - high attenuation from 150 KC to 400 MC.

FILTRON can best solve your RF Interference problems because:

® FILTRON'S engineering, research and design divisions are staffed by RF INTERFERENCE SUPPRESSION FILTERS FOR:

experienced RF Interference Suppression filler engineers. Motors Dynamotors

Generators Power Plants

® FILTRON'S modern shielded laboralories are equipped to measure Inverters Actuators

RF Interference from 14 KC 1o 1000 MC in accordance with El‘-‘cﬂronic' Gasoline

military specifications. . h°":: I‘ . :"9'""‘

A 1 i i t

® FILTRON'S production facilities, comprising a capacitor manufactur- nd ofher LGRS [PHERIET) GRRIEIRG

ing division, coil winding division, metal fabrication shop,

metal stamping and tool and die shops, are exclusively ° @ KL TRPON
producing the highest quality componenis for FILTRON'S :

RF Interference Suppression Filters.

@ FILTRON'S exiensive preduction facilities permit us 1o meet your
delivery requirements, NOW!

tHeSFILTRON co., Inc.

LOCKHEED XF-90

FLUSHING, LONG ISLAND, NEW YORK
LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS

ELECTRONICS — September, 1952 35
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T A
ZASTER

SERVICE
GREATER VARIETY
HIGHER QUALITY

ALLMETAL s
STAINLESS STEEL
FASTENERS

MACHINE SCREWS « NUTS - BOLTS - WASHERS « PINS « RIVETS

AVAILABLE IMMEDIATELY FROM STOCK, an
endless stream of first quality “AN” stainless fasteners is
Allmetal’s answer to the exacting demands of defense pro-
duction . . . in aircraft, electronics, ordnance, in industry
everywhere. Always remember Allmetal, to get the fasteners
you want—when you want them.

WRITE FOR

CATALOG,

ON YOUR

LETTERHEAD,

TODAY!
v\\\ESSJ‘) MANUFACTURERS SINCE 1929
AP ACEME TA I

’ e \f SCREW PRODUCTS COMPANY, INC.
OF DEFENSE PHOTOGRATHS q”TENE@ 33 GREENE STREET NEW YORK 13, N. YJ

36 September, 1952 — ELECTRONICS
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{Progressive Universal

“Douglas™ WW Universal Winder
A variety Winder also available)
of ingenious A universal or honeycomb
tension devices winding machine for all types
of wave wound coils from k
to meet all 33" (2.4 mm) to 134" (45 mm)

wide and up to 4” (102 mm)
diameter. Two coils can be
wound at one time and the
wire range is from 0.036” (0.91
mm) to 0.0024” (0.06 mm). Litz
wires having an overall di-
ameter within this range can
Extremely edSy also be handled. No cam
and rapid changes required on Univer-
sal Winder or Progressive

gear changes, Universal Winder.
: Bench Space: 25” x 25” (636
"_“‘kmg for mm x 636 mm). Height: 33”
quick set up. {840 mm).

requirements.

Wide range
of wire sizes
handled on
each machine.

“DOUGLAS"” & “MACADIE"

Automatic Coil Winding Machinery

: 05 e?
x ]
\’s{ m i“d ‘a ] “Douglas” No. 6 Coil Winder
—1 w o‘ ﬁz A general purpose Coil Winding
col « A | Machine to handle wires be-
e 1 tween 0.001 (0.025 mm) and
‘ i 0.07" (1.78 mm) and for winding
“‘\ { coils up to 914" (235. mm) in
4 length and 714" (191 mm) diam-
3 eter or diagonal. The traverse
motion is obtained by means of
m a lead screw operated by a train
of tour readily changed gears.
Twelve headstock spindle speeds
varying between 350 r.p.m. and
3500 r.p.m. allow for the wind-
, ing of a very wide range of coils.
Very - Bench Space: 34’ x 27’ (864 mm
high » x 686 mm). Height: 33" (840 mm).
winding )
speed. = -
&:7
Precision
manufacture . . .
heavy castings
...oversize
shafts . .. extreme
ruggedness. . .

designed expressly
for production.

COMPLIMENTARY CATALOGUE

“Douglas” & "Macadie’ automatic coil wind-  Built by the Automatic Coil r
ing machines are precision-built to meet the Winding and Electrical

demands of the most exacting engineer, and Equipment Co., Lid,
London, England.

BRITISIH INDUSTRIES CORP. DEPT. &-9

have established enviable records for produc- i 164 Duane Street, New York 13, N. Y.
1

tion output and long life in plants throughout
the world. Easy to set up, they will duplicate
coils at highest speeds with absolute accu-
racy. Models are available for every coil
winding application, from single, universal,

Gentlemen: Please send complete catalogue of
“Douglas’™ & “Macadie” automatic coil winders.

solenoid, or bobbin to multi-winder with auto- Firm oo oo
matic paper insertion. Engineering service i .

facilities and stocks of spare parts are i l Position . ... e e
able from New York. T SN

|
BRITISH INDUSTRIES CORPORATION 164 puane st N.Y. 13, N.Y.J €tV SRR ‘
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This combination of features explains why

¢ Complete frequeney coverage
with one probe, 20 ¢ps to over 110-
me. Insulated and shielded RF 1ube
probe, found usually only with labh-
oratory instruments, is included.
¢ Peak to Peak ACY and RF with
probe.

¢ One volt full scale recading on

AC & DC.

» Onc main scleetor switch,
all ranges.

¢ ACrms—1"cak to Pcak

* 32 Ranges

o Zero center mark for FM  dis-
eriminator alignment plus any
othergalvanometer measurements.
e High input impedance 11 meg-
ohms on DC.

U.S.A. Dealer Net $6950 ¢ Prices subject to change without notice.

TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON, OHIO

38
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Triplett
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Complete harness assemblies with
detachable unit leads or rewirable
leads. Igniter or ignition lead assem-
blies for jet and reciprocating air-
craft engines and military vehicles.

| FLEXIBLE METAL TUBING

For electrical shielding, mechanical
protection, fluid lines, conduits and
ducts, pressure lines, and high and
low temperature applications. Mate.
rial, shapes and sizes to specification.

Precision worm drive — for aircraft,
automotive, marine, special-purpose
and industrial use. Vibration-proof
— will not work loose. Corrosion-
resistant steel.

Electrical, mechanical, and hydraulic
actuators for aircraft controls, valve
closures, landing gear, or virtually
any other type of equipment to man-
ufacturer’s specifications.

WELDED DIAPHRAGM BELLOWS

“Job engineered” to meet your re-
quirements and make possible the
use of bellows in applications where
they could not previously be con-
sidered.

A

SPECIALIZED CONNECTORS

For electronic, aircraft, ordnance
and communications equipment.
Water-tight or pressure sealed types,
panel types, quick disconnects, or
other types for your new and special
applications.

ELECTRONICS — September, 1952

A Quarter Century
of Design
Experience hacks

You benefit from 25 years of
engineering design and manufacturing
experience when you call on Breeze
for precision production. Breeze offers
an extensive line of quality products
for aviation, communications,
automotive and general industry.

In addition, Breeze offers complete
engineering services for the design
and development of specialized
electrical and ‘mechanical devices.

Breeze products meet the latest government specifications.

41 South Sixth St., Newark 7, N. J.

39
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If you
want to get tough

in your assemblies,

heavy-weight

division —
fixed and

adjustable

Greenohms —

up to 200 watt,

power resistors

conduction and surface radiation. Heavy overloads
handled without damage. Severe heat-shock
resistance permits extreme on-off operation without
flinching. And Greenohms last and last.

* The green-colored power resistors so conspicuous
these days in dependable radio-electronic and elec-
trical assemblies, are GREENOHMS. No tougher
resistors made. That statement.is sustained by labora-

tory tests. Likewise by countless case histories out
in the field.

Unimpaired wire winding firmly imbedded in exclu-

Choice of standard types. Also in virtually unlimited
special types. Wide selection of resistance values,
wattages, taps, terminals, mountings. And remember,
Greenohms cost less though they offer you more!

sive cold-setting inorganic cement. Exceptional heat

Greenohm Jr. — point-to- Flat Greenohms for flat  In the bantam-weight Standees — convenient What is the ideal resistance value? That's
point wired power resis- mounting individvally, division —~5and10watt above-chassis easy. With the Clarostat Power Resistor
tor sealed in ceramic or for stacked arrays. 30  fixed Greenohms. mounting Greenchms in  Decade Box inserted in actual circuit,

handling actual load, you try the six

tubular casing. 4, 7 and  to 75 watt. ceramic casings. 10 to
25 watt. knobs for anything from 1 to 999,999

8 watt,
ohms. When right operating conditions
. are attained, read resistance directly off
you can stand pat with clarostat

dials. Quick, simple, positive, economicat.
Engineering data on request. Send us your resistance
or control requirements for engineering aid

and quotations. Try Greenohms!

September, 1952 — ELECTRONICS
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See how Alden “Ever-Functioning’” Principles KEEP YOUR
ELECTRONIC EQUIPMENT ALWAYS OPERATIVE UNDER CONDITIONS OF ACTUAL USE

Electronic-controlled equipment — a plane, T-V set,
machine—functions badly or not at all when its electronic
heart goes bad; always a nuisance, sometimes with loss of
life. To keep the clectronic heart always going is the

- 1) Extreme resistonce to getling out of
BULD order, by simple, rugged components and
STRONG unique “function-cell” design principles.

2) Preventative sensing of trouble, by tiny

3) 30-second replacement of inoperative
units, through plug-in unit construction ot
spare elements, whether tiny packages or
complete chassis.

PLUG-IN
SPARES

Alden Concept and we furnish you all needed econo-made 4) Gontinvous operation assured, because
‘: build this E y f ioning H Pri ISOLATE indicators and fest points super-easy 10 LAYMA ntrained user personnel can locate trou-
GO R is Ever-functioning Heart Prin- TROUBLE buitd in wherever needed MAINTA ble, make replacement, without needing
ciple into your equipment. to know exact nature of trouble.
£ - “SERVE-A-UNIT" LOCK P
- Locks in or backs off chassis e N —Jﬁ_.\ 2 B 4
- N 22 = < Reloy jr3 oz o 55
/WOJM < ST PR e £
P P ';EE . 120" Rack and Chossis
Bl g Mounting Sackets
. /
- ALDEN BACK CONNECTORS Open ‘20°
A Positioned an back of chatsis. 0~ W Construction 0 e |

Non-lnterchongeabls |

=

ALDEN A
BASIC CHASSIS o Portable

Many sizes, shapes and

Shielded

ALDEN UNIT
Construction

ALDEN TERMINAL

PLANNING SHEET MOUNTINCRCERD

DESIGN FOR 30-SECOND REPLACEMEN N dimensional variations
Alden Planning Sheets and Terminal Mounting Cards are thought- \ \ \ \
through to help your “function-cell” planning of circuitry giving N \
functionsl sub-units that can be monitored and instantly replaced,
without tools. —_—
Mount on standard Alden Basic Chassiy, Alden Plug-in Pachages, and —
Alden Unit Cables that slide on, plug in, lock in or e¢ject easily, with
obvious cotor coding so layman can make no mistahe. -~

SENSING ELEMENTS TO FORSEE, LOCATE TROUBLE

o
MINIATURE MINIATURE MINIATURE
PAN.i-UTE g TEST JACK FUSE HOLDER

al) leads to and frem chassis.

Avoids ro1's nest of congested ALDEN 720
wiring and back connecting PLUG-IN PACKAGE
thru conventional plugs,

Top CONNECTED
/ / / / / : ct

CONTA
CONNECTORS

T CABLE
Quick sure means of
$solating ond restoring
inter-unit circuit.

Provide orderly, color coded,
guided slide-in arrangement of o

100% emolded insula-
i tion surrounds each
_<clip ond lead.

—
CATHODE RAY
TUBE CONNECTORS
st .

Sotder bonded for
areat strength in
vertical directian.

TUBE CAP
CONNECTORS STATIC MAGNETIC

MEMORY

oy

ALDEN N
TARGET SCREWS  All types, with leads i
| tar failored 1o your needs. g

Hove arced head far  \we have the metal ports  Alden principles ot mini-
power driver; for every possible tube  mum - space requirements,

These tiny components give complete miniaturized semsing service, especially coin operated in f o, with “both molded  forword tonnected contacts  Alden Basic Unit ready far

designed for Alden Plug-in Unit Construction. and so flexible they can be stand- :‘1"‘;?" ,‘;';”:‘V‘-'L:"I"":!‘:; and wire insulation, fto  — here in oction give per- udupw‘ﬁon 'do your r;quilre-
; L g o A A ) .

p all your ¢ e 1 w. 4 meet ony current or fre-  fect insulation with the  ments for medium speed pulse

ardized for atl your equipment. See details belo fastiproduction: quency. Y economy of simplicity. techniques ond camputers,

SIMPLICITY AND ECONOMY OF MANUFACTURE — EASE OF SERVICING AND MAINTENANCE

—
r\' » aa ,/' Alden Ever-Functioning Principles enable you to get into production quicker and to save time and money in manufacture. Circuits are
v/ %
W‘{ MINIATURE i
4 LY TERMINALS

organized in “function-cells”. giving easy, natural subdivision of labor. All parts are accessible and assemble with the minimum
. HINGED CHASSIS PANEL pun?ber of operations by standard methods of eyelet, riAvet, spot weld or press fit into simple punch holes. When it comes to servicing
for simple osembly on Hinged from panel allows in field, shop, or office. your equipment maintenance is reduced to 30 second changeovers. Basic replacement elements are small

Alden Tevmirmlfuvds,ukneé rheostats, indicator lights, ' p
mation terminals, staked jacks, etc., ta be mounted on 2 7 . H 1R R 8
(eI, LT, (o g, o L e O enough in weight and size to be shipped by parcel post for repair.
holds leod while soldering.  sub-ossembly.

SAVE ENGINEERING LAYOUT & PRODUCTION TIME — WHY WORK YOUR ENGINEERS ON PROBLEMS ALREADY SOLVED?

Let your engineers concentrate on circuity and electronic design problems, which can then be carried forward by Alden Principles into ideal groupings of “function-cell” sub-assemblies to

get "Ever-functioning” results. Component problems are already solved: utilize econo-made Alden components thought-through and integrated to supply your electronic and electrical

equipment Deeds to: chassis-and-package; circuitize; connect; fasten; memorize-and-direct; sense; indicate.

Ready-made, these components conserve design effort and eliminate procurement headaches. .

/ ,"' /

ez
'gne &

GET THE WHOLE OF THIS VITAL STORY. SEND FOR ALDEN’S “"HANDBOOK OF
ELECTRICAL-ELECTRONIC COMPONENTS—IDEAS, DESIGNS, TECHNIQUES.”

“Fuselite’”” spots blown fuses
instantly — follows U. §. Govt.
Miniaturization principles

Get instant voltage checks from
front of your equipment panel . . .

“pan-i-lLite’” Indicator Light Really
MAKES SENSE. Why use any other?

| ALDEN MINIATURE TEST POINT JACK

PAT. PEND,
148 Build ultra-modern convenience and control into your equip-

t 1 ment with fused circuits monitored by Alden “Fuselites”.
k e 1 Thumb-and-finger replacement of fuses from front of panel.
W.‘ 7 J Fuselite's” minimum space requirements, ease of assembly,
e " 16 low cost make it practical 1o have indicatoring fuse holders in
ulb and Lens are . .
c. instantly replace- : - . all circuits — a convenience your users need.
e i hbreakable The panel lights )’OI'I’VE ) used were
spares. bulbs easy to replace? Were spares dur- FITS ANYWHERE FUSE BLOWS, LITE GLOWS THUMB-AND-FINGER

FUSE REPLACEMENT

U" SHAPED CONTACTS

S
)
a 5 ’ L' z EJECTOR
INTERNAL SPUIT SPRING'
FERRULE prevents pushes fuse

able and always on hand? Did the user TAKES UP TO 8,000 V.

have to call a service man to replace a

. light?” Was it hard to find panc! room

Quickly reploce IR ! 3

Bulb fvyom“;ronl to build in the light you wanted? Did

of panel. your equipment look like a Christmas
tree, with a confusing, glare of lights?

For a front pancl test point of any
critical voltage in your equipment, use N

... ¥V JACK TO

STANDARDIZENON this Alden Miniature insulated Jack.

Standard on major Govt. contracts and equipments. Soldered in

@ At last — here's a Pan-i-Lite so well “nothing flat”, it takes very little space, can be located in any acces-
thought out you necd never use any other. Sib) ol BAD N

E e place—all you need is a %" hole, yet stands up to 8,000V.

You know a dead light means danger. o plac 4 ced * = ke

Pan-i-Lite’s |-piece bulb-and-lens is so breakdown test. FUSECITE-440.4/76H excessive pres. Our-
. ; AR o] tass
easily replaceable, it's never neglected. . . . . ; 220V, 110V, 28V Circuite sure on g
. P * — ve a fuse bodies.
Spares are unbreahable, casily kept in kit, Special punch preuv bery.lllum copper contac retains li : cn.on yse bodies.
vest pochet, or taped right in a recess of over thousands of insertions — has genérous solder tab with wire ]
e — 500" -

equipment. Instantly replaccable. Glow like a red hot poker, yet
never with glare that gives false signal. Tiny Pan-i-Lites punch into
a .348” drilt hole, take about %2 behind panel, mount on centers
_44” apart, allowing 729 Lites per sq. ft. of panel.

Now you can use indicator lights wherever needed. Avoid hazard of
dead light, because bulb replacement instant. easy, by anyonc.
For ALL indicator needs, standardize on Pan-i-Lite, the light that
Teally makes sensc!

Send for Samples of 3 Pan-i-Lites with 4 brilliant color replace-
ment bulbs. Loboratory Work Kit No. 33, price $6.00.

hole for rapid, fool-proof soldering.

: ‘
baord weon
1 HOLES

DIA

thsulation: available with phenolic insulation for low water absorp-
tion, high heat resistance and cxcellent aging characteristics, in red,
black, brown (MIL-P-MA) and blue, green, tan colors. Also avail-
able with nylon insulation in brilliant black, red, white, orange, blue,

o SAFETY TYPE
] & sior safery Type
E' % with cain-stotted

fuse post head.

Mounts with standard production tools. Rivets or spot welds to

yellow colors. panel. 113/32" behind panel. Generous solder tabs.

Send for Laboratory Kit No. 32, giving your model shop a
comprehensive ossortment of fuseholders ond fuses to help
solve almost all your miniature fusing problems. $10.00

send for Laboratory Work Kit Neo. 9 containing 27 Jacks and
1 Test Prod. $5.00.

o T H E R K I T s Kit #4 Alden 20" Plug-in Packages

Kit #2a Alden Basic Chassis

To SEND FOR: Kit #2s Terminal Card Mtg. System.

$10.00*  Kit #26 Basic Terminal Staking Tools $15.00" . .

*Prices shown are for sample kits only—
$26.50*  Ki i $ 3.00°
$2650°  Kit #8Target & Cap Captive Screws O For production runs send us your schedule.
$11.50*  Kit #29 Color Coded Back Connectors. $ 4.50

WWW.americanradiohistorv.com



DIFFERENTIALLY TEMPERED

The tinned leads of Bradley- The resistor
units are differentially tem-
pered. This graduated softness
of leads near the body of the
resistor prevents sharp bends

and damage to the resistor.

STANDARD R.T.M.A. CODING

Bradleyunits are made in all
standard R.T.M.A. values from
10 ohms to 22 megohms in 1,
and 2 watt sizes, and from 2.7
ohms to 22 megohms in 1 watt
size, Standard color coding.

STRONG INSULATING SHELL

Bradleyunits is encased in a
strong plastic shell,
sulates the resistor complete-
ly. Hence, these units can be
closely grouped with safety.

IMBEDDED TINNED LEADS

The leads of all Bradleyunits

element of all

are enlarged at the resistor
end to produce a conical sec-
tion. Ample contact and great-
er mechanical strength are

thereby obtained.

which in-

ACCURATE RESISTANCE VALUES

For stability and permanence,
Bradleyunits are roted at 70 C

. not 40 C. Available in
three tolerances—plus or minus
5%, 10%, or 20%. They with-
stand heat, cold, and moisture.

,éaégww& for ALLEN-BRADLEY RESISTOR QUALITY

T
T

Bradleyunits are solid molded resistors with high me-
chanical strength. Due to the plastic shell in which they
are encased, they need no wax impregnation to pass salt
water immersion tests.

Bradleyunits are small in size . . . but super in quality
performance demanded by electronic engineers. Under

Allen-Bradley Co., 110 West

42

continuous full load for 1000 hours, the resistance change
is less than 5 per cent.

They are packed in honeycomb cartons that keep the
leads straight and avoid tangling of the resistors during

assembling operations.
Let us send you a complete Allen-Bradley resistor chart.

Greenfield Ave., Milwaukee 4, Wis.

ADI.EY

D|6 RESISTORS

of radio and electronic equipment

AB
ALLEN-BR

FIXED & ADJUSTABI.E
Sold exclusively to manufacturers §u u a U]vé

.
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2 WALDES TRUARC TRIANGULAR RETAINERS REPLACE NUTS
CUT MATERIAL AND ASSEMBLY COSTS 52%

OLD WAY_Tie rod for thermal tubes required threading at both ends, NEW WATY_Truarc Retainers (triangular type) simply push into position
‘@ jam nut at top, a drilled ond tapped cost iron tube-rest at bottom. at both ends of rod...hold securely without grooves, threads, or nuts.
Assembly was slow, costly. Assembly is inexpensive, speedy!

When the Grinnell Co., Providence, R. I. redesigned their

Thermolier Unit Heater to include Waldes Truarc Retaining WALDES TRUARC RINGS MADE THESE

Rings, they were able to cut down on scarce raw material... SAVINGS POSSIBLE...

eliminate the many machine operations entailed in nut fasten- '

ing—for a savings of 26'4¢ per unit! Truarc Triangular Retain- SILDRWRY . NEW [ WAY, .

ers are self-locking...have unusually high thrust capacity... L G A : Ly S Lt L

can be applied at high speed by unskilled labor. tube rest, threaded ¢ plainrod, 50
Re-design with precision engineered Truarc Rings and you =l By $:306 E AACEIRigES 1060

too will cut costs. Wherever you use machined shoulders, bolts, Assembly 202 3 Assembly -183

snap rings, cotter pins, there's a Waldes Truarc Retaining $.508 1 $.243

Ring designed to hold parts together better, with a never- TOTAL SAVINGS PER UNIT WITH TRUARC RINGS $.265

failing grip. Quick, easy to assemble and disassemble,

Find out what Truarc Rings can do for you. Send your
blueprints to Waldes Truarc engineers for individual attention,
without obligation.,

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

SEND FOR NEW BULLETINS mmp =2 ! Commmmmmm——————————T
977 Waldes Kohinoor, Inc., 47.16 Austel Place, L. 1. C. 1, N. Y. l
Please send engineering specifications and data on Waldes I
WALDES Truarc Retaining Ring types checked below. E-094 I
O Bulletin #5 Selflocking ring types I
I O Bulletin #6  Ring types for taking up end-play I
I O Bulletin ¥7 Ring types for radial assembly
O Bulletin #8 Basic type rings |
; O Send me information about the Waldes Grooving Tool. :
e | g L i Name |
REG, U. S.PAT, OFF. I Tiﬂe I
RETAINING RINGS I Company I
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK | Business Address |
U5 PATENTS 23620471 LANEONNS 4GRS BAZODAEY BATH ST, AATBILN Brel bttt Gy Zone State sez8 |
2.482.300: 2.465,363; 2,487,802: 2,487,603: 2.491,306; 2,509,061 AND OTHER PATENTS PENOING. L L2 2§ % N ¥ § § N N F ] -------J
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These photographs show a lot of copper bus bar in a
new plant of a great chemical company, whose name
and location cannot be disclosed. The copper carries
heavy currents to electro-chemical equipment for the
production of valuable products used in national defense
and in industry. Revere furnished 325,000 pounds of
bus bar for this service, the bar going into substations,
rectifier stations, and cell houses. In addition, at the
time of installation the Revere Technical Advisory
Service collaborated with the customer in working out
some difficult details in the design of switches. If you
need electrical conductors, remember that copper has
the highest electrical conductivity of all the commercial
metals, that Revere makes bus bar, and that the Revere

Technical Advisory Service is always ready to work with
you on any problem concerning copper and its alloys
or aluminum alloys. Call the nearest Revere Sales Office.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
* * *

Mills: Baltimore, Md.; Chicago and Clinton, 1ll.; Detroit, Mich.;
Los Angeles and Riverside, Cal:f.,' New Bedford, Mass.; Rome, N, Y.~
ales Offices in Principal Cities, Distributors Everywhere

SEE REVERE'S "’MEET THE PRESS’” ON NBC TELEVISION EVERY SUNDAY

¥
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For Industrial Electronic Designers.....

A NEW WAY TO GET
GREATER CIRCUIT RELIABILITY!

!
1
Pl

i

7oy S B O R T DL i
B [

£

ow, when designing equipment, you can
freely specify 5-Star Tubes knowing they
will be available in quantities when you need
them. Greatly expanded G-E output offers
you . . . for the first time . . . an assured
supply of these famous types that are designed
and built for highest reliability.

EESTAVSIUEESE
Do B B 6 i ¢

Take advantage of 5-Star availability, to
develop new electronic circuits that excel in -

their dependable performance . . . in freedom When designing new circuits, most of your tube needs can be met with high-reliability

from tube replacements . . . in lower 5-Star types now in production...as the prototype-vs.-5-Star list below demonstrates.
maintenance needs.

Gain the benefits of -
@ Buyer preference because your equipment STANDARD TYPES REPLACE WITH THESE 5-STAR TYPES

is more dependable. 2C51 GL-5670— h-f medium-mu twin zriode.
e Lower designing costs! 5-Star Tubes come 2021 GL-5727 — thyratron
to you uniformly predictable in performance. VT S =
E : 5Y3- - — full-wave rectifier.
e Lower manufacturing costs in your plant!
Fewer rejects from tube causes mean 6AKS GL-5654— sharp-cutoff r-f pentode.
fewer units to be reworked. 6ALS GL-5726—twin diode.
e Lower warranty-servicing costs on your 6AQS5 GL-6005—beam power amplifier.
equipment in users’ hands. 6AS6 GL-5725—dual-control sharp-cutoff r-f pentode.
Prompt study of G-E 5-Star advantages will 6AU6 GL-6136—sharp-cutoff pentode.
strengthen your competitive position and SBAD S e
point the way to important savings. Ask for -~
the facts . . . by return mail, or visit from a 6BE6 GL-5750—pentagrid converter.
G-E tube engineer! General Electric Company, 6C4 GL-6135—medium-mu triode.
Tube Department, Schenectady 5, N. Y, 65K7 GL-6137 —remote-cutoff r-f pentode.
12AT7 GL-6201—high-Gm médium-mu twin triode.
\'\“\1 12AU7 GL-5814—medium-mu twin triode.
Ployo, - N . .
Booklet ETD-548 contains a cross-reference . 4 ‘“*m;:,'i,,;;; ,FZA)U GL-5751—high-mu twin triode.

table of ratings and characteristics for ap- ¥
plication use when substituting 5-5tar Tubes |
for standard types. Wire or write for it!

GL-6072—low-noise medium-mu twin triode.

GL-5686—beam power amplifier.

ELECTRIC

163.1A3

GENERAL
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additional holes in the can or
cover. Thé complete assembly can then be
filled wijth inert gas, such as helium or dry
nitrogefn. The exhaust tubing is soft-annealed.
thin-#alled and hot tin dipped to facilitate
pinching off and sealing.

On the bottom side of the header, the tub-
ing is flush with the ceramic, thus allowing
maximum space inside the can. The length
of the tubing extending through the top may
be increased to meet specific requirements.

Ceramic-Metal, Multi-Terminal Headers with
exhaust tubulations are also avdailable in

/ o Hermetic Seal’s 800 Series, 750 Series and
/ Wq,ét& for your copy of Hermetic’s l 600 Series.
{ new 32-page brochure, the most / F . ts in h . Is, §
\ complete and informative pres- I o youx: requiremen 5 n em'letlc -
\ entation ever made on hermetic / information and help in planning a product,
N seals. ) consult the one and only dependable source

~ 5 ~ for quality seals and be right every time.

46
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REMEMBER THIS AD?

Sarkes Tonion,

A message from

g to "le IIIdUS'I y appealed in ||°de ‘v‘agazl"es
"‘IIS message

e was d_em'
. °g:_' ian Tuner for full range coverag
And, the Tarz

51.

ly in October, 19

idgeport early in . sent-day
onstrated °; B::?n pwon't you, in the light of pre

Read the ad a g

roach
BT b hat the full band—all channel—app
tha

Don’t you agree

to UHF.
ONLY logical, and HONEST, approach to
is the

presidens avoid immediate engineering and manufacturing problems

of Sarkes Tarzian, Inc,, (which it musteven!ua”yface) byjustproviding LIMITED
the largess producer RANGE receivers now L. Ietting the public, distributors
of Switch-type tuners, and dealers “hold the bag” in the future?

00! 501me of the Ppeople qjt of the time and all the people the UHF Problem is to d(-sign and Produce VHF

“You can J
Some of (e fime, bus You can'y foor all the people ail the lime."

—~ABRAHAM LincoLn

® In the early days of Commercia] Television (1946-47) Channel) €overage wheneyer the customer Wants

even the major Manufacturers of receivers thought that 5 UHF service,

7109 channe tuner wag sufficient 1o take care of reception We have such a VHF Tuner available to the in-

in any areq, They maintained the distributorg and dealers dustry. Iy the Tarziyp TT16. Cost of this tuner ¢o the

could casily retuneorchangestrips to sujt their own needs, manufacturer g about the same as that for sthe regular |
We believed then that since I3 channels were availabje VHF Tuners in general use now However, by using the

for Television, tuners should pe designed anq built to yse TTI6 Tuner the map ufacturer cap honestly shoy his cus

manufacturerg Were doing the Same thing . providing than regylar VHF Tuners, We estimate that the additionaf

Furr Rance Coverage,

Cost to the set owner for Fypp RANGE UHF Service wifj

Today, we have 4 similar problem facing the industry, be less than the cost of adding 2 o 3 channe] Strips .
The FCC pas indicated tha; the frequency riange from 479 Piecemeal. |
megacycles to 899 megacycles (UHF) wiy be opened The Manufacturer, byadopting this policy ofproducing f
shortly for about:evenly new Television Channes, These, Sets which now—or later—cap have incorporated Furr
of course, in addition to the twelve pow availaple for RANGE UHF Service, enjoys these advantages:

VHF. Thjs allocation will allow Several thousand more 1—He has 4 distinct Competitjve advan!age over other
Television Stations (o operate all over tpe United States. manufacturers whe do not foliow this plan and can offer

Is the Television industry 0ing to face this cha”enge only partiq/ UHF.
honesxly and courageousiy?lsilgoing to design ang man- 2—He eliminates future Problems ang headachesg for
ufacture Television sets SO that the AMERICAN PusLic— himself, pjg distributors, and the dealers by 8iving the f
in the years to come—cap et FULL Range Ultra High buyer Fyrp RANGE Service once and for 4. ;
Frcquency when it wan¢s it? 3—He contributes hjs efforts towards Placing UHE

Or, is the industry going to temporize | be oppor- Television on a sound bagsis, By giving the buyer what pe 5
tunistic . . . ang insinuate it has the answer (o UHF through rightfu”y expects, he gaing the confidence of his customer
single channel Strips ? Wherein, each time the set Owner - .. adds Prestige and vajye to his product, and pjg own |
addsa UHF channe] Strip in his tuner he loses the possible name on tha¢ product.

service of 5 VHF channel?

Is the induslry 80ing to live up to jts responsibility ang SELVES about
provide for pyy; RaNGE UHF Or, is jt going to try to Service Now:.

ELECTRONICS — September, 1952

S0, let’s be honest with the Amegican PUBLIC and Oy, |
HF, apd provide for Fy;; Rance UHF

4
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Who benefits by 254 different
Westinghouse Instruments /
fo measure current?




The wide variety of Westinghouse Instruments helps you to realize primary design
objectives—to make your product look better, perform better, sell better. For any
application there’s extra design freedom in the unusual diversity in'size, types of
mounting, accuracy and styling . . . the almost unlimited variety of ratings and style
combinations. And the performance of all Westinghouse Instruments meets ASA
Standards.

Proper instrumentation of production machines, processes or power supply can help
you to attain more production, closer quality control or lower production costs.
Whether your needs involve measurement of amperes, volts, watts, vars, power
factor, frequency or synchronism, there’s a Westinghouse Instrument for the job.
The line also includes many types to measure position, time, temperature and speed.
And Westinghouse Instrument Application Engincers are ready to assist you in
applying them most effectively.

In the full line of Westinghouse Instruments, you have a complete source of supply
—one responsibility—for all of your electrical measurement needs. Moreover, West-
inghouse offers you faster service because all designs are keyed to chassis stocking
and assembly procedures.

Here’s an example. A leading pipeline company, in a radical departure from con-
ventional pipeline instrumentation, is using Westinghouse Electrical Measuring
Instruments in pumping stations for pressure and flow indications at various points
on the system. The result: More efficient control without fire hazard; greater accuracy;
substantially less maintenance—a big, long-range saving! So if you design a product,

produce it, or buy for it . . . specify Westinghouse Electrical Measuring Instruments!
J-40420

you can 8e SURE...F 115

Westinghouse

|

3

4
Wedinghonse :
Hictrieal Measuring
lasdrutnests i

T

The extensive coverage of Westinghouse I N ST R U M E N Ts

current-measuring Instruments is further
emphasized by the fact that there are 32
different instruments just to measure
microamps.

For complete information about all West-
inghousc Electrical Measuring Instru-
ments, write for Booklet B-4696. Address:
Westinghouse Electric Cotporaticn, P. O.
Box 868, Piusburgh 30, Pennsylvania.

WWW.americanradiohistorv.com



TYPE 252, JAN-R-19, Type RA20

2 watt, 1175,4"

diameter variable RA20, JAN Shaft Type SD RA20 High Torque, JAN Shaft Type SD
wirewound Resistance CTS Part JAN-R-18 TYPE CTS Part JAN-R-13 TYPE
resistor. Also 50-+-10% 88079 RA20A1SDS00AK X3496 RA20A2SDS00AK
: : 100+10% w6929 RAZ0A1SD101AK 19388 RA20A2SD101AK
ﬁ:ﬁélraslicv&th 250 110% X3497 RA20A1SD251 AK Mo879 RA20A2SD251AK
i p R 500+10% w6931 RA20A1SD501AK X3498 RA20A2SDS01AK
military features 1000-£10% W6932 RA20A1SD102AK X3499 RA20A2SD102AK
not covered by 15004:10% W6933 RA20A1SD152AK M9809 RA20A2SD152AK
JAN-R-19. 2500+10% W6934 RA20A1SD252AK 19103 RA20A2SD252AK
Attached Switch 5000410% w6935 RA20A1SD502AK L9104 RA20A2SD502AK
can be supplied. ,000£10% W6936 RA20AISD103AK H8979 RA20A2SD103AK

TYPE 25, JAN-R-19, Type RA30 (May also be used as Type RA25)

4 watt, 1174,"

diameter variable RA30, JAN Shaft Type SO RA30 High Torque, JAN Shaft Type SD F
wirewound Resistance CTS Part JAN-R-18 TYPE CTS Part JAN-R-18 TYPE
resistor. Also 50109 X3502 RA30A1SDS00AK w2837 RA30A2SD500AK
; : 100+10% X3503 RA30AISD101AK X3504 RA30A2SD101AK
ﬁ:ﬁ;lrasll)i cvig’lch 250£10% X3505 RA30AISD251AK X3506 RA30A25D251AK
litars feat 500+:10% X3507 RA30A1SDS01AK M7566 RA30A2SDS01AK
military teatures 10004109 X3508 RA30A1SD102AK S2444 RA30A2SD102AK
not covered by 1500£10% X3509 RA30A1SDI52AK X3510 RA30A2SD152AK
JAN-R-19, 2500+10% X3511 RA30A1SD252AK $2736 RA30A2SD252AK
Attached Switch 5000--10% Q1409 RA30A1SDS02AK X3512 RA30A2SD502AK
can be supplied. 10,000-+:10% X3513 RA30AISDI03AK R1561 RA30A2SD103AK
15,0004:109% X3514 RA30AISDIS3AK L9107 RA30A2SD153AK

|mmediate delivery from stock

JAN-R-94 AND JAN-R-19 TYPE MILITARY VARIABLE RESISTORS
Preference given to orders carrying military contract
number and DO rating. Other JAN items or special B 7 ty p e S

items with or without associated switches can be
fabricated to your specifications. Please give complete
details on your requirements including electrical

and mechanical specifications.

UNPRECEDENTED PERFORMANCE CHARACTERISTICS REPRESENTATIVES IN CANADA
Designed for use in military equipment subject to John B, NeClatons Bt Sircetovite, Ontatia
extreme temperature and humidity ranges including 69th & Market S, SOUTH AMERICA
jet and other planes, guided missiles, tanks, ships Phone: Flanders .43 Jose Luis Ponte!
and submarines, telemetering, microwave, portable oy . auer;os':ivesbArgenlinn
or mobile equipment and all other military 1638 S6. L Ciensga Bivd, Rio d Janeiro, Brati

communications. Los Angeles 35, Calif.

. . . Phone: Bradshaw 2-3321
For further information, write for Stock Sheet No. 162 S

6815 Oriole Drive
Dalias 9, Texas

Sao Paulo, Brazil

OTHER EXPORT
Sylvan Ginsbury

8 West 40th Street
New York 18, N. Y.

NEW 38-PAGE ILLUSTRATED CATALOG— Describes
Electrical and Mechanical characteristics,
Special Features and Constructions of a complete
line of variable resistors for military and

civilian use. Includes dimensional drawings of

each resistor. Write today for your copy.

specialists in precision mass production of variable resistors

FOUNDED 1896 - ELKHART, INDIANA

CTS SHAFT TYPE LT-2 CTS SHAFT TYPE RE
LOCKING BUSHING
125 "t.oor”

L SCREW ORIVER

SHAFT TYPES AR

1-32P - NEF-2 THO
7 -
AVATLABLE
MOUNTING HAROWARE ASSEMBLED MOUNTING HARDWARE ASSEMBLED

ON STOCK CONTROLS MANTING BT JARE 5 & MOUNTING MUT 3 HEX. * 3

LOCK NUT § HEX =4~ 4 -
Lonhaaci iy EN LOCK WASHER /944

I_ L4 432r -NEF-2 THD
L

———
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TYPE 63

CTS Part

CTS Part Lecking Bushing o 7]
Resistance CTS Shaft Type RE  CTS Shaft Type LT-2 15 watt 70°C, 34
2504:10% X3516 X3530 . diameter
500£10% X3517 X3531
1000-:10% X3518 X3532 S
2500:10% X3519 X3533 i
5000 +10% X3520 X3534 comf:ssi;ttlg:‘
10,000 +:10% x3521 X3535 5
25.0001:10% X3522 X3536
50,000+10% X3523 X3537
100,000£10%  X3524 X3538
250,000:10%  X3525 X3539
500.000£10%  X3526 X3540
1 Meg+20% X3527 X351
2.5 Meg£25%  X3528 X3542
TYPE 95, JAN-R-94, Type RV4
JAN-R-94 JAN-R-94 CTS Part 2 watt 70°C, 114"
i) TYPE RV4 TYPE RV4 Non-JAN Locking Bushing diameter variable
Resistance JAN Shaft Type SD JAN Shiﬂ Type RJ CTS Shaft Type LT-1 composition
100£10% RV4ATSDIOIA RV4A¥RJ]0'_A W3160 resistor. Also
250 +10% RVAATSD251A RV4ATRI251 A w3161 : :
500£10% RVAATSDS01A RVAATRIS0IA w3162 a‘é?ggflse :Vclita}{
1000:10% RV4ATSDI02A RVAATRI10:A w3166 i ' P
2500:10% RVAATSD252A RV4ATRI252A w3163 military features
5000£10% RVAATSD502A RV4ATRIS0ZA w3164 not covered by
10,0004-10% RV4ATSDI03A RV4ATRJ103A w3167 JAN-R-94.
25,000+:10% RV4ATSD253A RVAATRI253A w3168 Attached Switch
50,000£10% RV4ATSD503A RV4ATRI503A w3169 can be supplied.
100,000£10%  RV4ATSDI04A RV4ATRI1044 w3170
250,000+10%  RVAATSD254A RV4ATRI2548 w3171
500,000£10%  RV4ATSD504A RV4ATRI5043 w3172
1 Meg+20% RV4ATSD1058 RV4ATRJ1053 w3173
2.5 Meg+20%  RV4ATSD255B RV4ATRI2558 W3165
5 Mego-20% RV4ATSD5058 RVAATRI505B W3159
TYPE 45, JAN-R-94, Type RV2
CTS Part di X watt, Le”
RVZ, JAN Shaft Type SD Non-JAN Locking Bushing ‘amectg;l;z;‘i‘t’f’;ﬁ
R (] » .
250109 A58T? RVZATSD251A A5923 av‘:ﬂa:’le w’-ﬂi
500+10% A5878 RV2ATSDS01A A5924 RS DECIA
1000+10% A5879 RV2ATSD102A A5925 military features
2500+:10% A5880 RV2ATSD252A A5926 not covered by
5000+10% A5881 RV2ATSDS02A A5927 JAN-R-94.
10,000+£10% A5882 RV2ATSD103A A5928 Attached Switch
25.000+10% A5883 RV2ATSD253A A5929 can be supplied.
50,000310% A5884 RV2ATSD503A A5930
100,000+10% A5885 RVZATSD104A A5931
250,000+10% As886 RV2ATSD254A A5932
500,000+10% A5887 RV2ATSD504A A5933
1 Meg+20% A5888 RV2ATSD105B A5934
2.5 Meg£20% A5889 RV2ATSD255B A5935
TYPE 35, JAN-R-94, Type RV3
CTS Part 14 watt, 114"

Resistance

100£10%
250 +10%
500£10%
1000+:10%
2500+10%
50004+10%
10,0004-10%
25,000£10%
50,000£10%
100,0004+:10%
250,0004-10%
500,0004-10%
1 Meg+-20%
2.5 Meg+20%
5 Meg-+20%

JAN SHAFT TYPE SD

250" to0r "

RV3, ‘_!AN Shaft Type SD

CTS Part

A5861
A5862
A5863
A5864
A5865
A5866
A5867
A5868
A5869
A5870
A5871
A5872
A5873
A5874
A5875

-SCREW DPIVER
SLoT
047 toos” WIDE X
| 0e3" 225" preR

|
3
&
o= —F. 7}

-]

—e

— 3 -32P-NEF-2 THD.

MOUNTING HARDWARE ASSENMBLED

MOUNTING NUT 2 HEX. x
LOCK WASHER */920A

J2

JAN-R-94 TYPE

RV3ATSDIOIA
RV3ATSD251A
RV3ATSDS01A
RV3ATSD102A
RV3ATSD252A
RV3ATSD502A
RV3ATSDI03A
RV3ATSD253A
RV3ATSD503A
RV3ATSDI04A
RV3ATSD254A
RV3ATSDS04A
RV3ATSD105B
RV3ATSD255B
RV3ATSD5058

JAN SHAFT TYFPE RJ

I
|y

—32 3

Non-JAN Locking Bushing

diameter variabl
CTS Shaft Type LT-1 ble

composition

A5907 resistor. Also
ﬁgggg available with
T ...other special
Azl military features
A5912 not covered by
A5913 «JAN-R-94.
A5914 Attached Switch
A5915 can be supplied.
A5916
A5917
A5918
A5919
A5920
A5921

CT7S SHAFT TYPE LT-/

LOCKING BUSHING

328 -NEF-2 THO.

S

-

MOUNTING HARDWARE ASSEMBLED

MOUNTING

T 2HEX = &

LOCK WASHER */920A

wwWww americanradiohietory com

250 "toor

SCREW DRIVER
SLoT

047 toos5" WIOE x

06325253 DEER

2327 -NEF-2 THO,

MOUNTING HARDWARE ASSEMELED
MOUNTING NUT 2 HEX x 3
LOCK NUT 5 HEX * 35
LOCK WASHER ®/1920A



Consider these
Brown Electronic Components

Brown Converters are precision,
vibrator-type converters for use
with any system requiring the con-
version of low power direct voltage
signals of the order of 100 micro-
volts to 60 or 400 cycle alternating
" . voltages.

The Brown 60 Cycle Balancing
Motor combines reversibility and
low inertia . . . is designed to have
a tapered curve of speed versus
voltage and, at the same time, to
maintain high torque at low speeds.

The ElectroniK Amplifier is a
precise, rugged and reliable ‘‘con-
tinuous balance’ system which is
rapidly becoming the heart of a
host of devices and apparatus re-
quiring automatic zeroing or
standardizing.

...in research, testing and other applications

Great numbers of these special Brown Elec- turers of highly sensitive research equipment.
tronic Components are daily playing a vital role
in the efficient and effective performance of
a variety of servos. Just like the thousands
of modifications of the ElectroniK Potenti-
ometer which are serving in extensive pro-
grams of scientific research and development

. . the qualities of these components are MinneEaPOLIS-HONEYWELL REGULATOR CoO.,
recognized and valued not only in the lab- Industrial Division, 4428 Wayne Ave., Phila-
oratory but also by a growing list of manufac- delphia 44, Pa.

Honeywell

Fst o Cotinls-
@ Important Reference Data

Write for Data Sheets No.10.20-1, 10.20-2, and 10.20.3... and for Bulletin 15-14, “Instruments Accelerate Ressarch.”

Your own development program may benefit
from such specialized instrumentation and tools
for research. Our local engineering representa-
tive is qualified to discuss your requirements. . .
and he is as near as your phone.

HONEYWELL
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Eimac Power Tetrodes
Dependable

Economical

Years of dependable operation have established Eimac L. . .
We invite consultation concerning your

tetrodes as economical, incomparable performers. Econ- electronic problems and needs. For

‘omical because of low driving power, long life and free informaticn about any of Eimac’s
complete line of power tetrodes write

p
our app’lcallon en‘g" eer ’ng d‘epaI“"en‘.

many Eimac features, including high power gain, ability
to withstand great amounts of mechanical and thermal

shock and stability of operation. Eimac tetrodes range
Now available for 25 cents is the Eimac

in plate dissipation ratings from 65 to 20,000 watts and application bulletin number eight, “The
operate over the spectrum from audio frequencies to Care and Feeding of Power Tetrodes”.
the ultra high frequencies of television. Eimac tetrodes This 28-page booklet was written by

vacuum tube engineers to help you

are used as oscillators, modulators or amplifiers by those
get the most out of your tetrodes.

who demand the ultimate in transmitter performance.

EITEL-McCULLOUGH, INC.

S AN B RUNDO, CALIFORNIA

Export Agents: Frazar & Hansen, 301 Clcg St., San Francisco, California

ELECTRONICS — September, 1952 53
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HAYDON

AT TORRINGTON

HEADQUARTERS FOR

TIMING

400 CYCLE, Hermetically Sealed
ELAPSED TIME INDICATOR

ACTUAL SIZE

SMALL AND LIGHT ENOUGH
FOR AIRBORNE EQUIPMENT.
FAR EXCEEDS SPECIFICATION

MIL-I-7793 (AER).

TRIGGER TRIP

TIME DELAY RELAY

A FUNDAMENTALLY NEW APPROACH TO THE
DESIGN OF DELAY TIMERS . . . SPECIALLY DESIGNED
FOR MILITARY USAGE . . . HERMETICALLY SEALED . ..
READILY ADAPTABLE TO SPECIAL APPLICATIONS.

1/2 SIZE

54 September, 1952 — ELECTRONICS
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NEW HAYDON ELAPSED TIME INDICATOR .
. MR
HAYDON* introduces with considerable pride this new 7008 Series Elapsed Time Indicator -
which offers a major advance over previously available equipment. /
Designed specifically for 400 cycle operation in airborne equipment,the barrel diameter is only mony

1.525'; length 2-45/64", weight 6 oz.,power consumption less than 3 watts. Indicates in units of
tens of hours up to 10,000 and repeats.

This meter indicates operating time of components with specific life or servicing requirements.
This unit offers the unusual advantages of small size, hermetic sealing and 400 cycle operation
for such applications as electronic devices, where tubes or other components should be replaced
at specified intervals. Running time indicators can prevent unnecessary servicing, insure timely
maintenance that protects against failure in operation. For full particulars write for Engineering
Bulletin No. 4.

NEW TIME DELAY RELAYS
for 60 and 400 cycle A.C., and D.C.

The HAYDON 5103 trigger trip Time Delay Relay ‘is designed so that the synchronous motor
performs its true function as a time standard. Switching work is accomplished by a relay coil,
which, when energized, cocks the load switch for release at the end of the delay time. Hair
trigger release point assures snap action. The time cycle is necessarily completed before the
motor is de-energized, since an inherent safety factor is provided in control of the motor by a
separate switch, which is opened only after closure of the load circuit. Reset is fast and positive,
upon release of the relay, due to low friction and inertia in the single moving element. Since the
controlled switch is independent of the operating circuit, various A.C. and D.Civoltages and
various frequencies can be handled, both in the line circuit and in the controlled load. Engineer-
ing Bulletin No. 3 contains complete data, write for it.

%,t. S -_ oo ; e

HAYDUN TIMING MOTORS and TIMING DEVICES

HAYDON specializes in the manufacture of timing components 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.

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 in any position. For military applications various motors are available either
separately or in many types of timers; HAYDON engineers will be pleased to review your

requirements and specifications. Write for literature you need.

HAYDON Manufacturing Company, Inc.

Subsidiary of GENERAL TIME CORPORATION
2433 ELM STREET, TORRINGTON, CONNECTICUT

ELECTRONICS — September, 1952
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for the

ELECTRONIC
INDUSTRY

For Producing:

Germanium - Silicon
Degassed Tube Parts

Vacuum melted tube materials
A versatile and valuable
production tool.

For Research
and Development:

Complete flexibility for almost
any purpose.

There is now available a single furnace
that does away with the need to pur-
chase equipment for each phase of your
high-vacuum, high-temperature work.
Because of its modest price, it will fall
within the budget of most laboratories.

With this new furnace you can melt
and solidify — melt and pour —add to
the melt — stir — look into the hot
zone — measure hot zone temperatures
— introduce controlled atmospheres
— degas — heat treat. It's a complete,

FEATURES -~

® Ultimate vacuum of less than
5 x 10-5 mm. Hg.

® Heating element temperatures
up to 2000° C.

® Temperature controllable
within = 5° C.
® Hot zone reaches temperature

within one minute.

® No refractories used in
hot zone.

INDUSTRIAL RESEARCH - PROCESS
DEVELOPMENT - HIGH VACUUM 3:' .
ENGINEERING AND EQUIPMENT

-

® 4" purifying type diffusion
pump insures high capacity
for out-gassing.

® Utilizes single turn low voltage
resistance element of tungsten.

® Inctegral power supply.

@ Eicher manual or automatic
temperature control or both.

P

see=

METALLURGY - DEHYDRATION

3 DISTILLATION
COATING - APPLIED PHYSICS

National Research Corporation

versatile unit, capable of handling the

widest variety of metallurgical research
work. Write today.

56
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SELECTROL required a switch with

As wcter level variations are signcled,
these mercurr swishes are operated by the sevalving discs.

Seven Honeywell Mercury Switches pro-
vide selective apercation of this SELECTROL
pump programming contrel. Steel tape
(right) leads from tank foats to signal
water levei. Changesin wcter level cause
switches to open or shut off pumps.

Segmerts on this disc ore odjustable tc
permit switch to operate and start
or stop pump ct predetermined levels.

: A DIVISION OF
“ MINNEAPOLIS-HONEYWELL REGULATOR COMPANY

MAKERS OF PRECISION SWITCHES
FREEPORT, ILLINGIS

ELECTRONICS — September, 1952

...FOUND THEM ALL IN
HONEYWELL MERCURY SWITCHES

When engineers of the Automatic Control Company,
St. Paul makers of equipment for liquid level and pres-
sure control, designed their SELECTROL automatic
pump controls for sewage disposal plants and water
works, they required switches with five vital character-
istics. These switches must be—

Highly resistant fo humidity Unaffected by corrosive gases
Operated by low energy input Capable of wide overtravel
Flexible in adjustment

Honeywell Mercury Switches fully met all these re-
quirements—and were selected for this widely used
system of controls. The glass enclosures provide pro-
tection from atmospheric conditions. The switch used
in this applcation is operated on a maximum tilt of 5
degrees. Unlimited overtravel is inherent in the switch

design.

There are over 90 designs of Honeywell Mercury
Switches from which to select the exact switch char-
acteristics to meet your specific problems. MICRO field
engineers are located near you to help in the selection
of switch characleristics, mountings, actuating link-
ages, lead supports, terminal blocks, embedments and
enclosures. You are invited to contact rhe nearest
MICRO branch office for complete information.

|
Let a MICRO Engineer
shbw you how you can

t‘yse Honeywell Mercury Switches™
asr.a principle of good design”

57
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The Electric Candy Floss Machine Co.

"A pink cotton candy machine
rheostat must provide
exact temperature control”

says John G. Pettyjohn, Joh1 G. Pettyjohn Company, Knoxville, Tennessee,
reoresentative fo- Ward Leonard Electric Ccmpany.

Spinning sugar into fine, fluffy foss for pink cotton
candy requires precise heat control. Unless a high degree
of heit is closely controlled, candy becomes too thick or
too thin. Since these miachines are used at circuses, travel-
ing camivals, resorts, and similar places, machines must
be ruggedly built. They must also be able to compensate
for variance in voltage and surrounding temperature, de-
pending upon the location.

The Electric Candy Floss Machine Company, Nash-
ville, Tenn., uses Ward Leonard VITROHM plate rheostats
in the heater circuits on the spinner heads of their new

2T

super deluxe candy floss machines for two reasons:
(1) viTROHM rheostats are the only rheostats they have
found that would stand up and give good service,
(2) they are able to get a much better grade of candy.
Ward Leonard rheostats are available in several mul-
tiples of resistance values to meet various operating con-
ditions. Special purpose rheostats requiring non-standard
values and tapers can also be supplied.
Our engineering department is always ready to work
with you to design the most economical rheostat for your
particular application. Write for Rheostat Bulletin GOA.

WARD LEONARD

WARD ELECTR'C COMPANY

MOUNT VERNON, NEW YORK

R et~ B ngineoned Coitioly Since 1592
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ERICK SCHNEIDER, 2 company employee for
over 23 years, operates a hydraulic press
for securing the bushing assembly to the
rheostat base plate.

VITROHM
rheostat construction
assures smooth, precise
control and long life

Five features of ViTROIM rheostat
construction important to efficient
operation are:

(1) Pressed steel plate forms a rigid,
durable, but lightweight base.

(2) Resistance element of special al-
loy wire, of low temperature coefficient
of resistance assures permanent resist-
ance values.

(3) Stationary contacts are solidly
anchored to the resistance element by
a patented Ward Leonard process as-
suring a perfect junction.

(4) Movable contact is made of
solid metal graphite having self-lubri-
cating properties for smooth operation.

(5) VITROHM insulation applied over
the resistance wire holds the wire and
contacts in place and protects them

against corrosion, mechanical damage.

Consult Ward Leonard on the adapt-
ability of standard or modified electric
controls to meet your particular needs.

RELAYS

ELECTRONICS — September, 1952
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MOTOR-DRIVEM RHEOSTAT undergoes a thor-
ough electrical test prior to final inspection.
lan Scott, a company employee for 17
vears, is the electrical tester.

HEAT-RESISTANT FINISH is automatically ap-
plied and infrared baked. Arthur Vasold
removes finished plates and loads sand-
blasted plates on continuous conveyor.

REVOLVING BALL MILL$ grind the frit to the
exact fineness nezded to produce the per-
fect vitreous enamel used in the manufac-
wure of the VITROHM rheostat.

CHROMASTER

CONTROLS

www americanradiohietory com

DISTRICT OFFICES
AND REPRESENTATIVES

Atlanta 5, Georgia
Baltimore 18, Md.
Charlotte 1, N. C.
Chicago 4, lllinois
Cincinnati 2, Ohio
Cleveland 14, Ohio
Corpus Christi, Texas
Denver 2, Colorado
Detroit 21, Michigan
Hartford 6, Conn,
Houston 1, Texas
Kansas City 2, Mo.
Knoxville, Tennessee
Los Angeles 13, Calif.
Memphis 3, Tenn.
Minneapolis 5, Minn,
Newark 2, N. J.
New Orleans 13, La.
Philadelphia 17, Pa.
Pittsburgh 16, Pa.
Roanoke, Virginia
Rochester 7, N. Y.
St. Louis 10, Mo.
Salt Lake City 1, Utah
San Antonio, Texas
San Francisco 3, Calif.
Seattle 4, Wash.
Tucson, Arizona

Washington 5, D. €.

C. B. Rogers and Associates
Durling Electric Co.

James L. Highsmith & Co.
Ward Leonard Eleciric Co.
Sheldon Sforer and Assoc.
The Ambos-Jones Co.
Brance-Krachy Co., Inc.
Mark G. Mueller

Jesse W. Eakins Co.

Ward Leonard Electric Co.
Brance-Krachy Co., Inc.
Maury E. Bettis Co.

John G. Pettyjohn

Ward Leonard Electric Co.
E. E. Torkell

Marvin H. Kirkeby

Ward Leonard Electric Co.
Electron Engineering Co.
Ward Leonard Electric Co.
W. A. Bittner

Lynn H. Morris

Ward Leonard Electric Co.
Ward Leonard Electri¢ Co.
Leonard M. Slusser
Brance-Krachy Co., Inc.

L. F. Church Co.
Northwestern Agencies, Inc.
Central Station Equipment Co.

Federal Engineering Co., Inc..

CANADA

Edmonton, Alta.
Halifax, N. 5.
Montreal 25, P. Q.
Toronto 1, Ont.
Vancouver, B. C.

Winnipeg, Man.

EX

D. M. Fraser, Lid.
D. M. Fraser, Lid.
D. M. Fraser, Ltd.
D. M. Fraser, Ltd.
D. M. Fraser, Ltd.
D. M. Fraser, Lid.

PORT

New York 4, N. Y. | Ad. Auriema, Inc.

Ward Leonard’s com-
plete engineering text-
book, "Handbook of
Power Resistors,’”’ $3.
per copy.
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- All wound up

trying to make your own
R. F. Choke Cotls?

| w%Standardize on J effers
2 RE Choke Coils-

save time, labor
and expense

Yo

| ’ Now you can stock a wide range of R. F. choke coils
Other Jeffers Products just as you do resistors, capacitors and
ceramic capacitors ¢ disc capacitors other similar components.

high voltage condensers ¢  capristors Jeffers Electronics is ready to deliver to you a

Other Speer Products complete line of R. F. choke coils with the widest
range of inductance values available. No longer

do you have to waste time, labor and money on slow,
tedious hand assembly from miscellaneous forms,
wires and coatings. .

for the Electronics Industry
anodes * contacts ¢ resistors e iron cores
discs » brushes « molded notched* coil forms
battery carbon ¢ graphite plates and rods

Z L Instead you receive a standardized product from
I atente

g - Jeffers, completely assembled and ready for use.
Coils that are well made, too. Insulated copper wire
JEFFERS |

sy I
ELECTRONICS

instead of bare wire for windings . . . husky, molded
jackets instead of those fasteried by glue. All
windings are soldered to leads . . . shorted
end-turns completely eliminated. -

Why not give Jeffers R. F. choke goils a try on your .
next order? Write today for our specification sheets.

Jeffers Electronics Division
Speer Carbon Co.
Dvu Bois, Pennsyivania

Other Divisions: Speer Resistor, International Graphite & Electrode
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28 Volt D.C. Motor &F
Actuated Coaxial Switch Lobing Switch
Model CA-71 Model CA-31

Manual Coaxial Switch Motor Actuated Coaxial Switch 1P-2T Coaxial Switch
Model CA-36 Model CA-26 Model CA-20

RF & Power Switch Antenna Switch
Medel CA-60 Model CA-57

High Voltage Power Supply Unit
Model BP-01 Transfer Switch Logarithmic Amplifier Polar Recorder
Model CA-19 Model BA-O1 Model PRS-TA

Ever since the electronic industry wore diapers, the research facilities of
Thompson Products have been helping in its development. In fact, many of
the major electronic developments owe part of their creation to Thompson

research or Thompson-made equipment.

il

T

wave guide and coaxial components and accessories.
e For complete information, we invite you to write, wire or telephone!

Dummy Load

Model BL-07 o 4 -

@ Thompson Products, Inc.

ELECTRONICS DIVISION

2196 Clarkwood Road ® Cleveland 3, Ohio

ELECTRONICS — September, 1952
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We are proud of our contributions—and, we think, justfully so. On the
other hand—we should do a top job! We are equipped to solve tough prob-
lems. Thompson hastwo great plants—one in Cleveland, another in Columbus,
Ohio—devoted exclusively to research engineering and manufacturing of
electronic equipment. And our vast facilities stand ready, willing and able to
help you solve your every problem—whether today’s production or tomor-
row’s design—in coaxial switches, antennae, specialized test equipment or

61



of this important new book
will be mailed on request

\ B T e )

G A& F Carbonyl Iron Powders are unique. .. This new book is unique...Here is
the most comprehensive treatment ever given to the characteristics and applications of
Carbonyl Iron Powders. (The 3-page bibliography alone is a valuable addition to your
reference library.)

This book was written for the manufacturer or engineer who wants a maximum
of facts with a minimum of verbiage. 80% of the story is told with photomicrographs,
diagrams, performance charts and tables. Established applications are fully covered;
new applications are suggested. Ask your core maker, your coil winder, your industrial
designer, how G A & F Carbonyl Iron Powders can improve the performance and reduce
the cost of the equipment you manufacture. Write us—without obligation—for your
copy of this new book. Kindly address your inquiry to Department 30.

ANTARA. CHEMICALS

DIVISION OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET e NEW YORK 14, NEW YORK

A &F Carbonyl
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fordota on: Turn 1o page:

unique features

Production Method
Analytical Data
Size Distribution
Quality Control

electromagnetic data

Types L, HP and C
Types E, TH and SF

design data

Steps in Core Fabrication

Separation of Q into different loss components
Effects of Varying Insulotion

Ettects of Vorying the Amount of Binder
Etfects of Varying the Molding Pressure

Effects of Form Factor

stability

under Temperoture

under Humidity

under Magnetic or Mechanicol Shock
with Aging far Long Periods

in closed magnetic circuits

* Dhey, e J,
1 oy g, Initiol Permeobilities

Hysteresis Loss Coefficients
Speciol Properties of the HP Type
Remonence

* m,
100D 1y,

in powder metallurgy
Sintering without Compression
Compression Charocteristics
Extrusion

A Source of Pure Iron
High Mognetic Values

formulae frequently used
bibliography of pertinent publications

other applications

(WEMBER]
mpa

METAL POWDER
ASSOCIATION

Iron Powders. . .
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LAPP GAS-FILLED CONDENSERS

For duzy at high vol:age ard Ligh current, Lapf
Gas-fille¢ Condznsers offer the zdvantages of 2x
treme compactress . . . low loss . . . high safetg
factors . .. punztre-proof desiga. .. constaat capac-
itance uader temperature varietion . . . grounde.d
tuaing saafc . . . corolete reliability—electricelly
and mechaniczlly. Models fio- capacitancas up t
60,000 -amE current ratings tc 525 amps at 1 mc
veltages to 100 kv peak.

Write for descripzion and specifications.

Radio Specialties Division, Lapp

Insulator Co., Inc., Le Roy, N. Y.

P
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BULLETIN 353

E|

g
INLC l

| El INDIVIDUAL, COLOR-CODED
HermeTically Sealed

TERMINALS

lHlustration shews typical
applications of E-l colored
terminals. Case end covers
are not suppliee.

These t2rminals ar2 avail-
able with glass inserts colored

in standard, easy-to- dentify

RMA color zade—kleck (0), brewn (1},
red (2}, orange (3), yellow (4), green (5),
blae, (6), purple (7), grey (8) and white (N.
Cola-s are not lacquer or enamel applied
to the 3jlass surface, but o vivid colering of
the glass itself, providing pos tive, permanent
identification without sacrifice of dielectric
properties or surface insuletian qualities. See
reverse side of this sheet for complete information.

\

ELECTRICAL INDUSTRIES, INC - 44 SUMMER AVE., NEWARK 4, N. J.
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When ordering these terminals spécify the color as
a suffix to the code number. For example: CCS-

TYPE CCS-80W-HP

TYPE ABS-40W-HP

TYPE ABS-40W-HH

*RMS TEST VOLTS:
1800 VOLTS
**CURRENT CAPACITY:
16 AMPS
WIRE DIAMETER
.080"
HOLE DIAMETER
090"
LOOP INSIDE DIAMETER
120"
MOUNTING HOLE ¢
19,4 DRILL

*RMS TEST VOLTS:
1000 VOLTS

**CURRENT CAPACITY:
5.5 AMPS

WIRE DIAMETER
.040"

HOLE DIAMETER
.045” x .080"
LOOP INSIDE DIAMETER
.070"

MOUNTING HOLE
#6 DRILL

*RMS TEST VOLTS:
1000 VOLTS

**CURRENT CAPACITY:
5.5 AMPS
WIRE DIAMETER
.040"
LOOP INSIDE DIAMETER
.070"

MOUNTING HOLE
#6 DRILL

Dita + Speciealons o
COLOR-CODED TERMINALS

80W-HP-GREY. The types listed below are the
only E-I terminals available in color.

*RMS TEST VOLTS:
1800 VOLTS

**CURRENT CAPACITY:
16 AMPS

WIRE DIAMETER
.080"

HOLE DIAMETER
090"

MOUNTING HOLE
19/,4 DRILL

*RMS TEST VOLTS:
1000 VOLTS

**CURRENT CAPACITY:
5.5 AMPS

WIRE DIAMETER
.040"

HOLE DIAMETER
.045" x .080"

MOUNTING HOLE
#6 DRILL

— of E-
SEALED LEADS AND
MULTIPLE HEADERS

consult these
new catalogs—

E-| Bulletins contain complete
dato, engineering drawings
and recommended applica-
tions, Call ar write mention-
ing the bulletin numbers
isted

TYPE CCS-80W-P

ABS-40W-P

FOR OTHER TYPES

BULLETIN 949-A

Hermeticolly Seoled Leads

BULLETIN 950-A
Hermeticolly Seaied Headers
BULLETIN 951
Hermetically Sealed Octal
Plug-in Headers
BULLETIN 952
Type 73S and 90SR
Plug-in Heoders
BULLETIN 954
Hermetic End Seals and
Sealed Covers

Illustration shows typical
applications of E-I colored
terminals. Case and covers

3 ) are not supplied.

*At 90% Humidity at Sea Level. **Continuous Duty for
40°C Rise. NOTE: Al Fractional Dimensions = '/32”. On
Decimal Dimensions = 005",

The devices shown in this bulletin are covered
- by patents pending and all rights are reserved.

Bt ELECTRICAL INDUSTRIES - INC g
ACTU?I.OSIZE MANUFACTURERS OF SPECIALIZED ELECTRONIC EQUIPMENT — *7 I e
44 SUMMER AVE., NEWARK 4, NEW JERSEY =B Printed in U.5.A

WWW.americanradiohistorv.com



FROM 150 VA

, TYPE 10
PUT: 120 VCLTS, 60 CYC-ES, | PHASE
UTPUT: 0-120/132 VOLTS, 1.25 AMPER :
150/165 VA

TO 100 KVA

PROVIDE A CONTINUOUSLY - ADJUSTABLE
SOURCE OF A-C VOLTAGE

EFFICIENTLY
ACCURATELY
DEPENDABLY

Today’s requirements for variable a-c voltage control are
numerous. Variable transformers are needed for applica-
tions involving loads as low as 100 watts and as high as
100 KVA. Only POWERSTAT variable transformers are
provided in a range of models to fulfill the demands of
individual needs. Standard types are available for manual
or motor-driven operation in ratings of 115, 230 and 460
volts; 25, 50/60 and 400/800 cycles; single and three
phase; 0.15 to 100 KVA. Oil-cooled and Explosion-proof
POWERSTATS are offered for use in corrosive and hazard-
ous atmospheres,

All POWERSTATS feature excellent regulation, high effi-
ciency, conservative ratings, zero waveform distortion and
accurate adjustment to fractions of a volt. Mechanical con-
struction is rugged and provision has been made for easy
bench, wall or back-of-panel mounting.

Whatever your variable a-¢ voltage needs, there is a
POWERSTAT variable transformer to do the job — and do

TYPE MW1156L-6Y

T: 230 VOLTS, 50/60 CYCLES, 3 PHASE
ITPUT: 0-230 VOLTS, 90 AMPERES, 35.8 KYA

it better.
SEND NOW FOR COMPLETE INFORMATION

® STABILINE AUTOMATIC

B
VOLTAGE REGULATORS The: SUPERIOR ELECTRIC Co., J

209 Thure Ave:, Bristol, Conn.

Please send free copies of the POWERSTAT bulletins
P550 and P252,

® POWERSTAT
VARIABLE TRANSFORMERS

LIGHT DIMMING EQUIPMENT

0
0
0
]
)
'
. - A -" :
THE SUPER’O‘ E‘.ECTR’c Co.di & * ;A:I:;bt“ SUPPLIES : NAME
BRISTOL, CONNECTICUT D O UTIETS : POSITION
A-C POWER SUPPLIES : CO. NAME
i T TR E COnEADDRESS
o POWERSTAT S o __ ZONE__STATE ____
1
’

D S S D S5 S BN BN BN N S SN N BN BN A S S S5 S5 %S B D S e
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_ To G.uarantee
| QUALITY'BEYOND_ QUESTION

ROUND

Standard Control Knobs

So that you may specify them with confidence for the finest
electronic and electrical equipment, Raytheon Standard
Control Knobs must pass these quality control tests:

90 SERIES
SKIRTED ROUND '

HUMIDITY — 48 hours of 95%, relative humidity at 65°C.

SALT SPRAY — 50 hour fog test in accordance with Specifi-
cation QQ-M-151.

VIBRATION ~— tested in 3 planes from 10 CPS to 33 CPS at
an amplitude of .072” for 3 minutes each way in accord-
ance with Specification 40T9.

125 SERIES .
DIAL SKIRTED h
ROUND

IMPACT — blows of 400, 800 and 1200 foot pounds
through cach of 3 axes in accordance with Specification
40T9.

HIGH TEMPERATURE — 4 hours at 85°C combined with
torque test.

TORQUE — 25 to 50 pound-inches applied in one direc-
tion, then opposite while under high temperature test.

ROTATION — crank knobs rotated 200,000 times with 1%
pound load applied intermittently to handle during each
rotation.

EXTREME TEMPERATURE — knobs subjected for 2 hours
to 959%, relative humidity at plus 65°C, then minus 40°C
for 214 hours, then quickly back to room temperature.

RAYTHEON STANDARD CONTROL KNOBS are made in
five basic sizes and six functional styles of tough, durable
“Tenite II"” (cellulose acetate butyrate), injection molded
with anodized aluminum inserts and dual setscrews. Black
knobs available in “matte” or “mirror”’ finish.

RAYTHEON

MANUFACTURING COMPANY

EQUIPMENT SALES DIVISION
DEPT. 6270-KA, WALTHAM 54, MASSACHUSETTS

T 5 DISTRICT OFFICES: BOSTON, NEW YORK, CLEVELAND, CHICAGO, NEW
ORLEANS, LOS ANGELES (WILMINGTON), SAN FRANCISCO, SEATTLE

173 SERIES CRANK 4 ’

RIESRS INTERNATIONAL DIVISION: 19 RECTOR ST., NEW YORK CITY

RAYTHEON PRODUCTS INCLUDE: WELDPOWER* welders; Voltage stabilizers (regulators); Transformers; Sonic oscillators for laboratory research;: Standard con-

trol:knobs; Electronic calculators and computers; Radio, television, subminiature and special purpose tubes; and other electronic equipment. *Reg. U. S. Pot. Off,

66 September, 1952 — ELECTRONICS
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A lot hetter than “Gimmicks”. .. and
Just as Cheap in the Long Run!

Because they’re so much easier to install, Stackpole
Type GA low-value capacitors cost no more than
makeshift twisted-wire “'gimmicks” in the long run.
What's more, they offer much greater stability,
V4 higher Q, better insulation resistance and higher
breakdown voltage. They are far superior mechani-
cally and eliminate the induc-
tive characteristic common to
twisted wircs.

Samples on letterhead request,

Two hig little helps
to
BETTER DESIGN
and PRODUCTION

For Smaller Coils . . . Simplified
Equipment Assembly

Chances are you'll gain in several ways by using Stackpole
Molded Coil Forms as mechanical supports for windings!
They cost little. They permit smaller coils. They simplify
equipment assembly with point-to-point wiring and require a
lot fewer soldered connections. Forms
are available with iron core sections
that increase Q materially while de-
creasing the amount of wire needed
for a given inductance. Stray magnetic
fields are greatly reduced.

Electronic Components Division

STACKPOLE CARBON COMPANY
St. Marys, Pa.

FIXED and VARIABLE RESISTORS « SPECIAL RESISTORS « LINE and
SLIDE SWITCHES - IRON CORES » CERAMAG® CORES (FERRITES)

ELECTRONICS — September, 1952 67
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Bendix makes scores of products in this field alone

Whether you are seeking the ultimate
ceiling of flight or sounding the depths of
the seas . . . whether your interests are
faster transportation or factory automation

. whether you are forwarding industrial
progress or national defense, electronics and
Bendix can speed you to your goal. Bendix
produces electronic devices and compo-
nents for industries of every type—and
Bendix engineers are constantly revealing
new applications of this immensely useful
science. Here are a few suggestive ex-
amples from a constantly lengthening list.

Aviation — Modern planes and guided
missiles typify the peak advancements of
electronics—and Bendix is deeply engaged
in both fields.

>
TN~

BENDIX-BUILT BRAINS
control aircraft, guided missiles

Pioneer in the use of VHF radio for
aviation, Bendix builds a complete line of
airborne transmitting and receiving equip-
ment. Bendix electronic navigation aids in-
clude radio compasses, a wide range of
remote indicating instruments and controls,
ILS bad weather landing systems, and
Omni-Range equipment. Other electronic
muscles and brains for this field are exem-
plified by the Bendix automatic pilot and
by the OMNI-MAG, which automatically
solves complicated orientation, navigation
and landing approach problems and gives
the answer to the pilot as a single pointer
reading.

In the kindred field of guided missiles
Bendix-built brains include even more ad-
vanced electronic guidance and navigation
devices, and electronic maneuvering, sta-
bility and fuel system controls. And for

closely allied work in meteorology, Bendix
radiosonde equipment is carried aloft by
balloon or rocket to transmit and record
vital facts about upper air conditions.

Radar—Active in radar from its very in-
ception, Bendix engineers have developed
a whole range of search and surveillance

PSORAN
BENDIX RADAR
safeguards the nation

radar equipment from the smallest air-
borne models to the largest fixed stations,
as well as mobile trailer and portable field
units. Over the years, Bendix GCA radar
has guided aircraft to thousands of safe
landings at airports closed in by bad
weather.

Industry — The knowledge gained in
these advanced operations has been used
by Bendix to forward progress in many
other fields. Bendix experience has evolved
the VHF railroad radio which speeds
freight on leading lines, and the new Cen-

BENDIX CRC SYSTEMS
add to railroad efficiency

tralized Radio Control that links the entire
communication facilities of a railroad into
a system enabling dispatchers or operators
to talk to conductors of any train over any

distance or any terrain.

The same outstanding quality and per-
formance is available in a mobile radio
unit for taxicabs, police and fire vehicles,

BeNDIX MOBILE RADIO
speeds transport and commerce

buses, trucks and factories. Featuring ex-
clusive Clear Channel Construction, this
unit produces better selectivity, sensitivity
and watt output for current input than any
other mobile radio.

A further example of the wide utility
of Bendix clectronic equipment is supplied
by the electronic depth recorder. Originally
produced as a navigation aid to show a
constant visual picture of the ocean floor,
it has also proved invaluable for locating

SRINIAERRIRNE |

BeNDIX DEPTH SOUNDER
makes fishing pay

schools of fish—and is in world-wide use
by commercial fishermen. A smaller model
finds fishing holes for week-end fishermen.
Other Bendix electronic actuating, com-
puting and remote indicating devices have
equally practical potentials limited only by
the ingenuity of the users. To guarantee
Bendix quality, Bendix builds most of its
own electronic components, such as elec-

PRINClPAL DIVISIONS l BENDIX RADIO: auto, railrood, mobile, aviation radio; radar. BENDIX
RESEARCH LABORATORIES. ECLIPSE MACHINE: Stromberg* carburetors; electric fuel pump; starter drives; coaster brakes.

instruments. RED BANK: dynamotors; inverters; special vocuum tubes. PACIFIC: telemetering; hydroulic and electricgl

SEE
Brilliant Bendix TV

The Finest Picture Science
has ever Produced.

| s

MAGNETO: aviation and small engine magnetos; diesel fuel injection; electricol connectors. BENDIX ECLIPSE OF CANADA,

wWWWwW_americanradiohistorv.com



trical connectors, a wide range of ruggedized
electronic tubes, servo-mechanisms and dy-
namotors. All are available to other manu-
facturers for the production of electronic
devices for use in the rapidly expanding
electronic-mechanical applications.

Entertainment—Bendix electronic expe-
rience reaches the general public in the
form of superior home radio, automobile
radio, and television. As you would expect,
Bendix auto radios set new standards for
fidelity and trouble-free operation, while
Bendix Television offers the finest picture
science has ever produced and brings to

BENDIX TELEVISION
sums up TV progress

fringe areas a new concept of television
performance.

This considerably abbreviated list will
suggest that if electronics enter your picture
in any way you ought to know more about
Bendix. For this purpose Bendix offers you
a 40-page book “Bendix and Your Busi-
ness,” which discusses Bendix electronic
devices and also tells about the hundreds
of additional products which are helping
industry to improve present lines, create
new products, speed production and cut
manufacturing costs. A copy is yours for
the asking.

Learn /gow-Bendix can better any business,
including yours. Write on your letterbead
for a free copy of the mformam/e 40-page
book, “Bendix and
Your Business,” to
Bendix Aviation
Corporation, Fisher
Building, Detroit 2,
Michigan.

THE NAME MILLIONS TRUST

PRODUCTS: automotive brakes; power steering; carburetors; aviation brakes; landing gear; fuel metering. BIMDIC AVIATION
MARSHALL ECLIPSE: brake blocks; brake lining. ECLIPSE PIONEER: aviation instruments and accessories; foundry. FEfZl wecther
actuators; depth recorders. ZENITH* (ARBURETOR; heavy duty and small engine carburetors. SKIMNER PURIFIRS: filrers. SCINTILLA
L1D.— Windsor, Ontario. BENDIX INTERNATIONAL—72 Fifth Ave., New York 11, N. Y. Cable “Bendixint" New Yor<. *r=. es.rar orr:

8
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or better products at lower cost-

e 7 )
o S N

Sooponses®®

| MYCALEX glass-bonded mica insulation is
I 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 os Grode L-4B under
National Military Establishment Specification JAN-1-10,
“Insulating Materials, Ceramic, Radio, Class L.”

MYCALEX 400 is opproved fully as Grade L-4A under

National Military Establishment Specification  JAN-1-10,
“Insuloting Materials, Ceramic, Radio, Closs L.*

Write for 20-Page Catalog Today!

A valuable compilotion of engineering data and monufac-
turing information on electrical insulation that you'll surely
want for your technical file. Request it today—na 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 e
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.

—
Rl

i

LS i

CHARACTERISTICS

MYCALEX GRADE 400 410 410X ,

“POWER FACTOR, 1 MC 0.0018 00015 0012 e

DIELECTRIC CONSTANT, 1 MC 74 92 69 }

1055 FACTOR, 1 MC 0.013 0014 0084

DIELECTRIC STRENGTH, volt/mil 500 400 400 A

VOLUME RESISTIVITY, ohm-em  2x10}5 1x10!5 5x10!4 !

ARC RESISTANCE, seconds 300 250 250

MAX. SAFE OPER. TEMP., °C 370 350 350

WATER ABSORPTION % 24 hrs.  NIL  NIL  NIL

MYCALEX CORPORATION OF AMERICA

> Owners of '"MYCALEX’ Patents and Trade-Marks

TRADE MARKREG US PaT OFF

70

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & Generat oftices: CLIFTON, N.J.
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“ @ . BURNELL AUDIO FILTERS
1 clock the speed of the

S. 5. UNITED STATES

WE ARE PROUD TO ANNOUNCE THAT ONLY BURNELL
& COMPANY AUDIO FILTERS WERE EMPLOYED IN THE
HASTINGS INSTRUMENT COMPANY RAYDIST EQUIPMENT
ABOARD THE S. S. UNITED STATES ON ITS RECORD SHAT-

TERING RUN.

“Although the forces of nature combined to make the
speed run AND the speed measurement extremely difficult,
our raydist equipment using BURNELL filters surmounted
all handicaps and exceeded specified accuracy’, said Mr.
Hastings.

WE ARE HAPPY TO ADD THIS TO OUR EVER INCREASING
LIST OF TESTIMONIALS ON THE QUALITY OF BURNELL’S ]
TOROIDS AND AUDIO FILTERS. )

n
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New

7y

-hp- 809B UNIVERSAL PROBE CARRIAGE
Model 809B Carriage is a basic unit in the new line of -hp
broad band waveguide equipment. It consists of a precision
built mechanical assembly operating with any of five -hp-
810B Waveguide Slotted Sections covering frequencies from
3.95 to 18.0 kmc. It also operates with -hp- 806B Coaxial
Slotted Section, 3.0 to 12.0 kmc. (Slotted section data on
opposite page.)

Model 809B is a compact, lightweight, easily portable in-
strument that simplifies waveguide measurements over many
frequency bands and eliminates costly special probe carriages
covering each band. Mating waveguide sections can be inter-
changed in 30 seconds or less. The equipment will operate
with any -hp- probe or detector mount shown on the oppo-
site page. A centimeter scale with vernier reads to 0.1 mm.
A dial guage may be mounted for more accurate readings.

Precision three-point suspension of the carriage utilizes
two linear and one conventional ball bearings. Each is
equipped with dust seals and permanent lubrication and
moves on ground ‘stainless steel rods. Accuracy is superior
or equal to the most expensive custom-made slotted lines.
Model 809B—$160.00. (Does not include slotted sections.)

AVEGUIDE
INSTRUMENTS

NEW INTEGRATED INSTRUMENTS GIVE UTMOST
FLEXIBILITY, CONVENIENCE — LOW COST!

Hewlett-Packard Broad Band Waveguide Instruments
are based on an entirely new design approach. The
fundamentals of this new concept are:

1. Each instrument is of simplest construction con-
sistent with its basic function and covers the en-
tire frequency range of its waveguide size.

fa

2. An integ'r}ited set of instruments s available for
each cominonly-used waveguide: 3” x 124", 2" x 17,
134" x 34", 14" x %", 1" x 18" and .702" x .391".

3. New, s?fnp‘l‘e"f‘nech%nical design, incorporating
novel electrical circuitry, insures high accuracy,
stability and quality, yet makes possible quantity
production acow*tost.

With new -hp- waveguide equipment, you select
the exact instruments you need. Each is designed in
its most fundamental form, yet is integrated mechan-
ically and electronically with the complete -hp- wave-
guide line. You are assured maximum operating
flexibility, efhiciency, convenience and economy.

For complete details, see your -hp- freld
representative or write direct

HEWLETT-PACKARD COMPANY

2522A PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U. 5 A,

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

Complete Coverage! HEWLETT-PACKARD

‘72
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BROAD BAND COVERAGE

(Full Frequency Range of Waveguide)

HIGH ACCURACY
INTEGRATED UNITS
SIMPLIFIED DESIGN

. -hp-810B WAVEGUIDE
" \w SLOTTED SECTIONS
The broad band-hp-810B
series consists of accu-
rately machined wave-
guide sections in which
small longitudinal slots
are cut. They fit the -hp-
809B Carriage in a pre-
cisely indexed position.
An -hp- traveling probe mounted on the Carriage samples
the waveguide’s electric fields and makes possible accurate
plotting ot variations along the entire length of probe travel.
Slorted sections are carefully machined from normalized
aluminum castings, and the slot ends are tapered to reduce
reflection to less than 1.01 VSWR. A high order of accuracy
is thus maintained. Model 810B is oftered in 5 common
waveguide sizes covering all frequencies 3.95 to 18.0 kmc.
Sizes: 2"x1",1%" x%4",14" x %", 1"x 14" and .702" x .391".
Price, $90.00 each.

-hp- S810A
WAVEGUIDE
SLOTTED SECTION
This instrument is a
slotted waveguide sec-
tion complete with a
built-in, precision Cfrobe
carriage mounted direct-
ly on the waveguide sec-
tion. The instrument uses
either -hp- 442B Broad Band Probe singly or in combination
with -hp- 440A Detector; or -hp- 444A Untuned Probe.
Model S810A is offered in the 3" x 114" waveguide size only
(2.6 to 3.95 kmc). It measures 12%4" long. Price: $450.00

-hp- 806B Coaxial Slotted Section. This instrument
covers all frequencies 3.0 to 12.0 kmc and fits -hp- 809B
Carriage. Special fittings mate with Type N connectors for
minimum VSWR. Impedance is 50 ohms to match flex-
ible coaxial cables.

-hp- 440A
DETECTOR MOUNT
Simple, easy-to-use in-
strument for detecting rf
energy in waveguide or
coax systems,2.4 to 12.4
kmc. Only one tuning
adjustment. Uses crystal
or bolometer. Fits Type
N plug. When used with
-hp- 442B becomes sen-
sitive, easily tuned wave-
guidedetector.  $85.00

-hp- 4328 BROAD
BAND PROBE

A probe whose penetra-
tion depth is quickly
adjustable and may be
locked in place. Sampled
tf appears at Type N
jack, permitting direct
connection to receiver,
analyzer, etc. Shielded
and damped against
sgurious resonances. Fits
-hp- 809B, other 34" dia.
mountings. $50.00

-hp- 434A
UNTUNED PROBE
A 1N26 crystal plus a
small antenna in con-
venient housing. Probe
penetration quickly and
easily varied and locked
inplace.No tuning need-
ed; range 2.4 to 18.0
kmec. Sensitivity better;
loading more constant
than tuned probes. Fits
-hp- 809B, S810A or
other 24" dia. holes. In-
cludes crystal, $50.00

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

@ INSTRUMENTS - Complete 'Coverage!

ELECTRONICS — September, 1952
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SPECIFICATIONS

FREQUENCY RESPONSE

Vertical Amplifier
DC— —0to 400 ke, +0, —209, not more than 50%% down at 700 ke.
AC— —10 cycles to 400 ke, -0, —20%, not more than 509 down at 700, kc.
Probe— —2 cycles to 400 ke, +0, —20%, not more than 509 down at 700 k.
Response independent of gain or attenuator setting.

Horizontal Amplifier
DC— —0 to 400 ke, +0, —209, not more than 50%; at 700 kc.
AC— —10 cycles to 400 ke, +0, —20%, not more than 50% down at 700 kc.
Response independent of gain or attenuator setting.

SENSITIVITY
Vertical.......... voleisioie aialoiale s s s iopeseBhessneronss TTEer s O AC— 10 mv. rms/inch
DC— 28 mv. d¢/inch
Horizontal. . ..., .. i iiiiiiiiiee i AC— 15 mv. rms/inch
DC— 42 mv. dc/inch
Probe.. .. 130 mv. rms/inch
Deflection Plates Direct
Vertical ......... ... .. ... .. .....22 volts rms/inch
Horizontal .. .25 voits rms/inch
SWEEP

Range—Triggered or recurrenti—2 cycles to 30 ke (may be extended downwards
by adding external capacity across panel jacks).

Sync— -Internal, +-line and —Ext. (requires —.3 volts peak to peak for ex-
ternal sync).

Sweep Expansion—At least 4 times tube diameter.

PHASE SHIFT— Negligible phase shift between amplifiers from 0 to 300 ke.
BLANKING — Z-axis blanking requires 20 volis peak to btank.

CALIBRATION — Seven voltages available by setector switch:
.1, .3, 1, 10, 30, 100 and 300 volts peak to peak +15%.

DIRECT CONNECTIONS TO DEFLECTION PLATES — Available through
capacitors—internal positioning circuits still function.

AMBIENT TEMPERATURE RANGE —0° to 40° C.
POWER REQUIREMENTS — 105-125 volts, 50/60 cycles power consumption

approximately 120 watts. (By a simple wiring change, may be operated from.
210-250 volt line.)

TUBE COMPkEMENT 1— 1B3GT Model 4ST2B1— 5UP1
— 6BK7 1 5Y3GT Mode! 4ST2B2— 5UP7
4— 5879 1— 0A2 Model 4ST2B3— 5UP11
2— 12A07 1— 884
SIZE Width—10 inches

geight—ls% inches

epth—17 inches Weight—A45 pounds

$ 9 ey & A3 awsrem 4

2N

ot s s

GENERAL ELECTRIC

 ALL-PURPOSE

Versatile 5-Inch Model ST-2B Outperforms Competition
in Laboratory and Industrial Applications

No MATTER how broad the requirements of your laboratory,
chances are you’ll find most of them listed in the compari-
son chart below. Four well-known makes* of conventional scopes
are analyzed, feature by feature, against the General Electric
ST-2B. On every point, the G-E unit is an investment in high-
quality, long-term performance.

Write us for complete new bulletin ECL-4. General Eleciric
Company, Section 492, Electronics Park, Syracuse, New York.

* Names on request.

WHAT DO YOU LOOK FOR IN A SCOPE?
STUDY THIS FACTUAL COMPARISON.

G-E MFTR. MFTR. MFTR. MFTR.
CHARACTERISTICS ST-2B B c D E
Sufficient band width Yes Yes Yes Yes No
for pulse work
High gain AC/DC Yes Yes No PC No PC Yes
amplifiers B amplifier amplifier
Triggered sweep. Yes No No No Yes
Yes—iftube
Good stability Yes Yes Yes Poor  selection
e is employed
Choice of cathode ray Cur;no' Use CQT‘O' iy
tube screen Yes ong S Yes
A — persistence persistence
2 " C.R. tube C.R.tube
Low capacity probe Yes Yes ~ No No Yes
Direct cor.\necnon to Yes No Yes Yes Yes
| deflection plates i
Idennf:al vertical & Yes Yes No No No
horizontal amplifiers B
Low microphonics Yes No Yes Yes Yes
2-9”5 m.oduluhon Yes No Yes Yes Yes
input 1cck - B n I
. 4 Single Single Single Single
Conv?mem S e Yes Voltage Voltage Voltage Voltage
calibrator
only only only only

OL Care /ézz/ /701&2 cw;/ééﬁcc 272

GENERAL ELECTRIC
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~ Pulse
" Forming

Networks

Specified where Size,.

Efficiency, Economy and

Weight are Important
i e 8 g Vaa

By utilizing Plastic Films which allow higher volt
per mil loading of capacitor dielectric, our pulse
forming networks are made in minimum sizes and weights.
Losses are considerably lower in comparison to

pulse forming networks using other types of dielectric.

Higher temperatures are permissible due to our
special dielectric and the use of silicone impregnants.
Other characteristics are long life, stable performance
at high temperatures, and ranges of voltages up to

60 KV. Highly functional designs make “CP” pulse
forming networks preferred where efficiency and
economy and small size are essential.

Send us your requirements and we will recommend and design a Pulse Forming Network to solve your need.

MANUFACTURERS
Glassmike Capacitors
Plasticon Capacitors
HiVolt Power Supplies
Pulse Forming Neticorks

ondenser roducts Company
Division of New Haven Clock & Watch Co.

7517 North Clark Street « Chicago 26, lllinois
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g NEW rstrament ang

The NEW Type 304-A.isucceeding the world-famous
Type 304-H, is more than simply a new instrument —
more than o new combination of established: circuits. -

It represents a significant development in the science of
instrumentation. The Type 304-A, & .lue electronic
voltmeter, reflects a new concept of oscillographys.

THE Du MonNT

-304A

The new Type 304-A is in every respect a true electronic volt-
meter. Every feature of the well-known Type 304-H has been re-
evaluated with this concept in mind. All the features that made
the Type 304-H so valuable as a qualitative instrument have been
prescrved and augmented to enable not only gualitative analysis,
but rapid, accurate quantitative measurement of amplitude as
well.

AMPLITUDE CALIBRAYION The novel amplitude calibrating system
of the Type 304-A permits signal measurements directly in volts
from the screen. Unlike electro-mechanical devices, the new Type
304-A is not restricted to measurement of sinusoidal signals — or
to peak-to-peak recadings of voltage. The Type 304-A may be
used to measure any amplitude portion of the input signal, and
has a sensitivity of 0.1 p-p volt full scale, or 0.025 p-p volt per
inch.

NEW CATHODE-RAY TUBE A wholly new cathode-ray tube is em-
ployed in the Type 304-A. This tube, designated Type SADP-,
was specifically designed to permit accuracy of measurement.
This new flat-faced tube is precision-built to tolerances far more
stringent than is the practice in conventional tubes. The angular
alignment between x and y deflection systems is held to 90° *1°,
as contrasted to +3° in conventional cathode-ray tubes. The
various distortions and aberrations inherent in all cathode-ray
tubes arc held to a minimum. The new design of the electron gun
and deflection-plate structure assures a deflection sensitivity as
‘much as twice that of equivalent tube types, as well as a smaller
spot size, with no sacrifice in brilliance. Also incorporated is an
auxiliary focus control which reduces the effects of astigmatism

76

to a minimum. Thus by the inclusion ¢f this new tube and its aux-
iliary circuitry, an unusually fine, bright trace is achieved,
enabling a degree of resolution—and hence a degree of accuracy
—heretofore impossible in instruments employing medium accel-
erating potentials.

HEATER REGULATION Regulation of the heaters of the Y-input
stages has been incorporated to promote stability of the amplifier.

SYNC LIMITING Sync limiting, on both recurrent and driven
sweeps, assures stable operation, even for varying synchronizing
levels, and freedom from horizontal jitter that might tend to inter-
fere with precise analysis.

ILLUMINATED CALIBRATED SCALE A new edge-illuminated scale,
calibrated in fifth inches, with every fifth line accentuated, is
incorporated in the Type 304-A. Accentuated lines are numbered
so amplitude may be read directly.
L ] L ] L ] L ] L ]

The Type 304-A represents one more step i the development —
by Du Mont —of the cathode-ray oscillograph from a purely
qualitative instrument to its rightful position as the most versa-
tile, most complete analytical device available,

somenicprce 333
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9 NEW coheept ih oserilloglaphy:

Calibrating the Type 304-A is as simple and easy.as “‘zeroing-in” a vacvum-tube voltmeter.

@ VOLTS
L

TO CALIBRATE, dopress the front-panel CALIBRATE o0 o 1B
button to apply the squarewave voltage standard ¢ 3
to the screen. Adjust the MULTIPLIER control near 1 so v g
squarewave peaks are at 0 and 100. Amplitude may 1.
now be read direc'ly from the scale where 4 inches
vertically represents 0.1, 1, 10 or 100 volis, as determined e .

by the VOLTS FULL SCALE selector. Simply
depressing the CALIBRATE button returns the signal

applied to the Y-input termincls to the screen. MULTIPLIER

2 15,
4
io *.0

YOLTS
FULL SCALE

189« 100
¢ '\..

10, R

o e

MULTIPLIER
2 (K3

MULTIPLIER CONTROL permits calibration of scales to other values.,
For example, to calibrate for 200 volts full scale, the multiplier

control is adjusted near 2 so peaks of squarewave occupy space from
zero to 50. Amplitude may now be measured directly in volts simply

by multiplying the settings of the MULTIPLIER control {2} by the

product of the scale reading times the VOLTS FULL SCALE setting (100).
- Use of the MULTIPLIER control extends the range of the Type 304-A

to 1000 volts of full scale. Use of precision attenuator, having 1%

10 resistors, permits the accurate calibrating standard to be inserted

in back of the attenuator without effect from the attenuator setting.

SPECIFICATIONS:

of 30 inches.

Undistorted Deflection — More than 4 inches. Expansion equivalent

CATHODE-RAY TUBE — New Flat-Face Type SADP-
ACCELERATING POTENTIAL — 3000 volts.

Y-AXIS: Deflection Factor = 0.1 p-p voit full scale (cquivalent to 0.025
p-p volt per inch). Direct to deflection plates. 32-39 p-p volts per inch.
Frequency Response (at all gain and attenuator control settings)
Dircct Coupling: Flat at 0 to down not more than 10% at 100,000 cps.
Capacitive coupling. down not more than 10% from 10 to 100,000 cps.
Down not more than 50% at 300,000 cps. Provision for balanced input
on 0.1 volt full-scale range.

Undistorted Deflection More than 4 inches.

Expansion cquivalent to 20 inches.

Input Impedance — to amplifier (single ended) 2 megohms, 50 wuf.
(Balanced) 2 megohms, 35 uuf. Direct (balanced) 3 megohms, 20 wuf.
(single ended) 1.5 megohms, 20 uuf.

X-AXIS: Deflection Factor — through amplifier, 0.3 p-p volt/in. Direct
40-50 p-p voit/in.

Frequency Response — (at all settings of gain and attenuator controls)
Direct coupling: Flat at 0 to down not more than 10% at 100.000 cps.;
down not more than 50% at 300,000 cps. Capacitive coupling, down not
more than 10%. from 10 to 100.000 cps. Down not more than 50% at
300,000 cps.

A

Input Impedance — To amplifier, 2.2 megohms, 50 puf. Direct (single
ended 1.5 megohms, 20 jf. Balanced, 3 megohms, 20 jif.

LINEAR SWEEPS: Sweep Frequency — Recurrent and driven sweeps con-
tinuously variable in frequency from 2 to 30,000 cps. Maximum sweep
writing rate, 1”/usec. Provision for sweeps of extra-long duration,
14 sec. of sweep secured for cach uf of external capacitance.
Synchronization —from signal of cither polarity.

Sync Limiting — on both driven and recurrent sweeps.

VOLTAGE MEASUREMENT — Squarcwave standard applicd for calibration
by front panel push button.

Voltage Range: VOLTS FULL SCALE, 0 to 0.1, 1, 10, 100 volts, Multi-
plier: x1 to x10. Overall accuracy, 5%.

INTENSITY MODULATION — 15 volts blanks beam at normal intensity
settings.

CALIBRATED SCALE — Variable illumination. Numbered calibrations for
Direct Amplitude measurement.

PRIMARY POWER — 115 or 230 volts, 50-400 cps. 110 w.

PHYSICAL CHARACTERISTICS — Metal cabinet with grey wrinkle finish,
Dimensions: height 13%%”, width 83%4”, depth 19%2"”. Weight 50 lbs.

L (o Ondllgiply

v eF

Write for technical bulletin A-04-A for complete details.

INSTRUMENT DIVISION ALLEN B. Du MONT LABORATORIES, INC.,, 1500 MAIN AVE.,, CLIFTON, N, 2.
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C. H. Cramer, Assistant Transmission
Research Engineer, in charge of the de-
velopment of this undersea amplifier.

The demand for increased cable capacity in Western
Union’s Transatlantic Cable System called for an ampli-
fier to step up operating speed of the older cables.

And the amplifier had to operate on the ocean floor, 200
to 300 fathoms down.

A tall order for Western Union engineers? Here’s how

they filled the bill... with the help of Monel®,
First, a three-stage vacuum tube amplifier (using Nickel
and Nickel Alloy components) was designed to boost and
reshape the signal, thus facilitating increased message
capacity.

Then, a case was designed to protect this delicate appa-
ratus against the tremendous pressures and corrosive ac-
tion of the sea waters. For important parts of this, they
. turned to Monel.

WOrkIn under Pressure Monel was selected for the insulating glands where the
g cable enters and leaves the amplifier because it has the
strength to withstand the stress of tremendous undersea

HOW MONEL HELPS pressures. And Monel provided the corrosion resistance so

BEAT CORROSION AND STRESS necessary for a submaring a‘application.
For the pressure-equalizing bellows, and for nuts and
200 FATHOMS DOWN bolts at many critical fastening points, tough, fatigue resis-
tant Monel is also used.

This first installation on the cable from Bay Roberts,
Newfoundland, to Penzance, England, has proved a suc-
cess. Western Union is now installing similar units on other
transatlantic cables. Installations on eight more are planned.

Are you looking for a metal that offers exceptional ad-
vantages. .. corrosion resistance, strength, good tempera-
ture characteristics, etc.? Then you may find that metal
among the Inco Nickel Alloys.

Although these metals are now restricted or on extended
delivery, for help in selecting the right metal to meet your
extreme conditions or exacting requirements when they

lizer, Th . R . .
gt R s ° are again freely available, write to Mr. B. B. Winter.

bellows, the tubular ca-
ble entrance glands at
left and right, as well as
nuts and bolts,are Monel.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N. Y.

Nickel @ Alloys

MONEL® ¢ “R"® MONEL * “K"® MONEL ¢ "KR"® MONEL
”$""® MONEL ¢ NICKEL « LOW CARBON NICKEL * DURANICKEL®
INCONEL® ¢ INCONEL “X”® ¢ INCOLOY * NIMONICS

Components of cable en-
trance glands made en-
tirely of Monel.
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Men who design, engineer and buy America’s products

rely on..and use..National Laminated Plastics because..

“National’s quality control pro-
gram starts with engineering re-
search on the raw materials used
and the development of material
specifications. The next step is
the preparation of process speci-
fications for the various manu-
facturing operations. The final
step is the testing of all products
against specifications. We develop
such specifications for all of our
new products. For standard
grades, we actively co-operate
with A.S.T.M., NNE.M.A,, and
Government agencies in estab-
lishing standard values for essen-
tial properties. Rigid adherence
to this program of quality control
makes National products depend-
able—uniform.”

Gerald H. Mains
Director of Research, Phenolite Div.
National Vulcanized Fibre Co.

National Laminated Plastics

nationally known—nationally accepted

NATIONAL

VULCANIZED

RE

A tough horn-like material with high
dielectric and mechanical strength.
Excellent machinability and forming
qualities, great resistance to wear and
abrasion, long life, lightweight. Sheets,
Rods, Tubes, Special Shapes.

HENOLITE-

‘Laminated PLASTIC

Phenolite possesses an unusual com-
bination of properties—a good elec-
trical insulator, great mechanical
strength, high resistance to mojisture;
ready machinability, lightweight.
Sheets, Rods, Tubes, Special Shapes.

National Vulcanized Fibre Company

Wilmington
Offices in

2

Delaware

Principal Cities

Since 1873

3 e S e

SR ST

C. A. Mellinger, electrical engineer,
testing dielectric breakdown of phe-
nolic laminated sheet to meet pequire-
ments of N.E.M.A. standards for
high dielectric strength. Test is made
after sheet has been soaked in hot
water (50°C) for 48 hours. This
transformer makes possible tests up
to 100 kilovolts.

WWW.americanradiohistorv.com

George Holton, in charge of electrical
testing laboratory, measuring dissipa-
tion or power factor at 1000 cycles of
silicone Fiberglas sheet, Grade G-7-834,
in a study of electrical characteristics of
this new grade. The silicone Fiberglas
material has heat resistance up to
250°C. and the lowest dissipation factor
of any thermosetting laminate yet
available.

Francis Corcoran tests the flexural

strength of a piece of lgth inch thick
Phenolite, Grade X XX-401, against the
requirements of MIL-P Specification
3115B, type PBE. He uses a testing
machine which employs hydraulic pres-
sure Lo determine the number of pounds
per square inch required to break the
:specimen supported as a beam.
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TYPICAL APPLICATIONS IN WHICH CP DEHYDRATORS PROVIDE
YEAR 'ROUND TROUBlE FREE AUTOMATI( SERVI(E- B

e —

apparatus. e
@ Pressurizing large—cay vities and other radio and radar equipment
o enclSsures.
== @ Fog prevention in precision optical systems. -
-
-
-

o Corrosion prevention in precise servo amplifier assemblies.
o For raising and maintaining the power handling cagaenf? of high volt-
age systems and apparatus and mnumerable other similar applications.

-~
~

CP DEHYDRATORS OFFER THE FOLLOWING UNIQUE FEATURES: -
Low dewpomt *o/peruhng pressure up to 100 Ibs. per squgre Tnch
fully _automatic operation * continuous duty performcmc;»‘ “Tow noise

~lével + minimum vibration * long service life with minimim maintenance
-~

R

p—.
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CP dehydrators are readily adaptable to the critical requirements

of the Armed Forces. Standardized parts permit rapid assembly

of equipments suitable for practically any specialized need

at minimum cost and without prolonged delay. Over a decade of CP
experience in dehydrator design and manufacture insures

products of long life and dependable service with an absolute
minimum of maintenance. Inquiries are invited.

COMMUNICATION PRODUCTS
COMPANY+inc 43 P

MARLBORO, NEW JERSEY
Telephone: FReehold 8-1880

DIPOLE ANTENNAS, SWITCHES, Q-MAX LACQUER AND CEMENT

ELECTRONICS — September, 1952
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NO OTHER

OWENS-CORNING

FiBERGLAS
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IF YOU MAKE

ELECTRICAL EQUIPMENT

IT WILL PAY YOU TO SPECIFY

HBERGI.AS% insulating materials

High tensile strength, plus small diameter, in yarns used
in electrical insulation permits the reduction of weight
and bulk of electrical equipment.

That's why more and more wire and cable and clec-
trical apparatus manufacturers are turning to insulating
matcrials made with Fiberglas yarns.

Fiberglas yarns are glass in fibrous form. Even the
smallest diameter Fiberglas yarn surpasses all other high
temperature textile yarns in break strength. Fiberglas-
braided wires and cables are thinner, lighter, casicr to
install. Fiberglas tapes, varnished cloths, sleeving and

tubing, cords and laminates also save spuce . . . permit
the design of less bulky wire, cable and apparatus. And,
despite lack of bulk, Fiberglas-based insulating mate-
rials permit uprating of equipment and service under
higher operating temperatures.

So, il you muke or usc clectrical equipment, remember
to specify FIBERGLAS.

Owens-Corning  Fiberglas  Corporation,  Elcctrical
Sales Division, Dept. 860, 16 East 56th Street, New York
22, New York.

FIBERGLAS YARNS ALSO GIVE YOU THESE COST-SAVING ADVANTAGES

e e

MOISTURE
RESISTANCE
Wire, cable,
and apparatus
resist moisture
better, if
they’re made
with

Fiberglas
materials.

EXCELLENT
SPACE-
FACTOR
Tough,
smal-diameter
Fiberglas yarns
permit design of
smalier, lighter
high temperature
electrical
equipment.

GOOD GUIDE TO A

_ELECTRONICS — September, 1952

OIL AND
ACID
RESISTANCE
Fiberglas
insulating
materials

resist the
ravages of

oils and

acids.

HEAT

RESISTANCE |
Fiberglas i
insulating

materials

resist

break-down

under

heat.

GOOD BUY!

*Fiberglas is the trude-murk {Reg. U. S. Put.
Off.) of Owens-Corning Fibergias Corporation.

WWW.americanradiohistorv.com
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Special Electrical Components

. switches, connectors, tube caps, shock
mounts, miscellaneous stampings and moldings
. . . designed and manufactured by Ucinite for
manufacturers of electronic equipment of all
kinds . . . for use in defense and civilian in-
stallations.

With an experienced staff of design engineers

The

UCINITE CO.

Newtonville 60, Mass.

Division:of United-Carr Fastener Corp.

... plus complete facilities for volume produc-
tion of metal parts and the assembly of metal
to plastic and ceramic parts, we are capable of
supplying practically any need for special elec-
trical components in this general classification.
Call your nearest Ucinite or United-Carr rep-
resentative for full information, or write direct.

Specialists in

September, 1952 — ELECTRONIGS
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5 altitudes.

o

CONSTRUCTIONAL HIGHLIGHTS |
5Y3WGTA ’

For high altitudes: A. Cavity stem (patent

- pending). B. Barrier base. C. Optimized lead
spacing. All three offer maximum isolation
and insulation of high-voltage leads for
stratosphere operation.

i
1
£
¢
£

For ruggedization: D. Four-point mount
support. E. "Mouse-trap” filoment tensioner
springs. F. Resilient superstructure cross
springs. G. Low-pass mechonical filter be-
tween base and mount structure to absorb
high-frequency components of shock. H,
Cataphoretic-coated filoment.

Is your aircraft equipment climbing up...up
up? Need an all-purpose rectifier — preferably
ruggedized — to meet the challenge? High-altitude
5Y3WGTA . . . also the original ruggedized fila-
mentary-type tube . . . is your answer.

At 50,000 feet* CBS-Hytron 5Y3WGTA offers you:
Same maximum current and voltage ratings (with safe
bulb temperatures) as the standard 5Y3GT at sea
level. Plus JAN-1A ruggedization to withstand de-
structive shock, vibration, acceleration, and impact.
And single-ended construction . . . convenient for both
new and older equipment. (The 5Y3WGTA is inter-
changeable with the 5Y3GT or 5Y3WGT.) Check the
5Y3WGTA’s ratings . . . its rock-solid construction.

90,000 FEET UP! New CBS-HYTRON 6004

Climbing higher still? Plate con-
nections to top caps of 6004 push
into stratosphere,
CBS-Hytron 6004 operates at
90,000 feet — higher at adjusted
ratings — free from arc-over and
at safe bulb temperatures. See
comparative data for ratings.

ceiling far

MAIL TODAY
FOR COMPLETE DATA

W\ tTROW

C.
NOTEM AR
CO\\)N\B\V\ %QOKY)CRS\\\\G S
\ o

A TWAS\OW

SALEM, MASSACHUSETTS

ELECTRONICS — September, 1952

COMPARATIVE DATA

Max. Ratings 5Y3IWGTA 6004
Operating altitude 50,000 ft.* 90,000 ft.*
Peak inverse plate voltage 1,400 vi 1,000 vit
Peak plate current per plote 400 ma. 400 ma.
Bulb temperature 185°C 185°C
JAN-1A ruggedized Yes No
Basing Single-ended  Double-ended

*Adjusted rating chart available for higher altitudes.} At 50,000 feet. 1t At 90,000 feet

HYTRON RADIO & ELECTRONICS CO,

Salem, Massachusetts

Please send me full data (including adjusted rating chart for higher altitudes)

on CBS-Hytron high-altitude rectifiers: 5Y3WGTA and 6004,

YOUR NAME .. it e

{pleass print)

COMPANY et

STREET ADDRESS ...ttt et sesassenne

CITY AND STATE... ... N §
85
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Rolled and Bent Tubular Parts

—(L Qupm Qtowoﬂg

Men, experience, and machines-
that-do-everything-but-talk, are
generally the answer to a problem
of obtaining parts of complex
shape and precise dimension.

Here at Superior, customers for
parts of this kind get a particularly
good answer. We have the experi-
enced men with a solid background
of tubular parts production who
are willing and able to take the
time and care required for top-
quality products. And we have
the machines.

The delivery end of one of them
is shown ahove. The part coming
out came into our plant as a 2"
tube, wenlt through several redraw
and annealing operations, was fi-
nally cul to exact length, tumbled to
remove cutling burrs, then rolled
by a controlled process to the

precise dimensions established by
customer specifications.

There’s nothing spectacular in
the story ... it’s just the outline
of one of the many jobs that we
know how to do well. Behind
the story, however, is a thought
for you.

Our production story is backed
by our ability, facility and desire
to help you. If you are an experi-
menler In electronics or a manu-
facturer of electronic equipment
and you need a tubular part to do
a tough job well, better check with
us. We'll be glad to assist with
research, development, and design
aid toward the solution of your
problems. Tell us about them by
writing Superior Tube Company,
2500 Germantown Ave., Norris-
town, Pennsylvania.

Cutting and Tumbling. Cutting machines and
jigs of many types and sizes are combined
with extensive tumbling equipment to permit
fast, accurate production of quantities of parts
at Superior.

] e

Fabrication. Parts can be readily rolled at
either or both ends, flared, flanged, expanded,
or beaded (embossed) as required. The anode
above is one of many such parts we produce
at high speed and low cost. )

The Finished Part. Final stage in the fabri-
cation of the part, shown above at three stages
of production, is a bend nicely controlled for
both precise angle and freedom from other,
unwanted distortion.

P ——,

This Belongs in Your Reference File

... Send for It Today.
NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint de-

scribes the manufacturing of the cuthode sleeve— [rom the refining of the
base metal; includes the action of the small percentage impurities upon
the vapor pressure and sublimation rate of the nickel base. Future trends
of cathode materials are also evaluated.

]

) il

[ All analyses 010" 1o %'’ O.D.
Certain analyses {035’ max. wall} Up to 1%’* O.D. ;

amE 1N SMALL TUBING
N

SUPERIOR TUBE COMPANY ¢ Electronic products for export through Driver-Harris Company, Harrison, New Jersey ® Harrison 6-4800

86
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SORENSEN

REGULATES
AND CONTROLS

/

LOW VOLTAGE

DC

HIGH CURRENT

The NOBATRON* maintains stabilized DC voltage under

changing line and/or load conditions.

A complete line of catalog models are available, with

output voltages of 6, 12, 28, 125, and 200 VDC, from 5 to
350 amperes.

Sorensen Nobatrons eliminate battery and generator trou-
bles. They combine high regulation accuracy with maximum
dependability and minimum maintenance.

All models are attractively finished, Most can be furnished

either for relay rack mounting or in cabinets for bench-top.

use. Most units are metered; all are adequately protected
against overload by suitab}e fuses and breakers.

COMMON NélATRON SPECIFICATIONS

-
95-130 VAC, single p, 50-60 ~ High-current units
208/115, 3¢, 4-wire, wye.

AdiunabLe =+ 10% with rated accuracy, — 25%
with lessér accuracy.

-+ 0‘2%: from 1/10 g0 ‘l;|| load.

Input veltage
range

Output voltage
range

| Regulation accuracy

Ripple voltage 1% RMS. Time constant 0.2 seconds.

* Rey. U. $. Pat. Off. by Sorensen & Co., inc.

Mcbatron Model E-6-5

WIDER OUTPUT VOLTAGE RANGE MODELS

Nobatron-RANGERS* are designed to meet the demand for
power supplies similar to the Nobatron but with wider output
voltage ranges,

Nobatron-RANGERS are continuously adjustable over ex-
tended output ranges, yet provide regulation accuracies of
#+0.25% against line and/or load. Other specifications are
identical to those of the standard Nobatrons.

Three models are available, the SR-30, SR100, SR-2. Capac-
ities, respectively, are 3-30 VDC at 3 - 30 amperes, 3 -135
VYDC at 1 - 10 amperes, and 100 - 300 YDC at 1 - 10 amperes.

Investigate NOW the cost of a NOBATRON installation
versus the overall cost of less satisfactory DC sources.

OTHER SORENSEN ISOTRONIC PRODUCTS INCLUDE:

B-NOBATRONS
FREQUENCY CHANGERS

SATURABLE CORE REACTORS

{high-voltage; low-current DC Supplies)
VARIABLE AUTO TRANSFORMERS
AC LINE REGULATORS

For Complete Information Write

SORENSEN)

SORENSEN & COMPANY, INC.
375 Fairfield Avenue

www americanradiohietory com

Stamford 1, Conn,



i B il T gy

1. New, fast-heating G-E iron weighs only 8l4-oz.

2, New G-E portable hi-pot tester is easy to operate.

i

Two ways to speed your production

Reach hard-to-solder places
with this new thin-shank iron

“As easy to use as a pencil,” say operators who use
General Electric’s new lightweight soldering iron.

Its thin, s-inch-diameter shank lets the l4-inch
tip into places a regular iron can’t touch. Operators
can solder more joints per minute —and with fewer
rejects-——because the iron’s lightness, balanced design
and comfortable handle all reduce fatigue.

Long-lasting G-E Calrod* heater provides quick
heat-recovery properties, gives plenty of heat for
uniformly strong soldered joints. Maintenance of this
60-watt, 120-volt iron is low because the long-life
Ironclad tip need not be filed or dressed. Send for
Bulletin GED-1583.

*Reg. Trade-mark

Eliminate cages and barriers
with this new insulation tester

Now you can perform high-potential tests on your
equipment with minimum danger to personnel. That’s
because the current output of General Electric’s new
high-potential insulation tester is limited to 5 milli-
amperes—well below the ‘‘let go’’ value.

Testing time is cut, too—no need to set up cages,
barriers, or tape. Tester is portable, weighs only 22
lbs. Simply plug it into any 115-volt a-c outlet and
start testing.

Line surges are virtually eliminated in output.
Flash-overs can’t burn insulation. Neon light on
panel gives warning before insulation breaks down.
Output is adjustable from 0 to 3500 volts, with
test capacitance up to .006 muf. Bulletin GEC-700.

GENERAL @3 ELECTRIC
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— § TIMELY HIGHLIGHTS
= = ON G-E COMPONENTS

Four ways G-E selenium rechfers
meet your d-¢ power requurements.

Selenium rectifiers provide the elec-
trical designer with versatile and flexi-
ble means of getting the right quantity
of d-c power. But not all selenium
rectifiers are alike. Here are four im-
portant ‘‘quality points” you’ll find
in G-E units in comparison with com-
petitive equipment:

EQUIPMENT FOR
ELECTRONIC MANUFACTURERS

Standard stack construction

1. Lower forward resistance—for A pdl’ﬁdl IIst of the thousands of it_enjs in
higher output and cooler operation— - the complete G-E line. We'll tell you about
plus lower costs in other circuit com- them each month on these pages.
ponents.

2. Less back leakage—for higher c nent
efficiency as well as higher output. omponents

3. Coocler operation—the result of Meters and Instruments Timers
the above characteristics—since there Capacitors Indicating lights
is less heat to dissipate, less ventila- Transformers  Control switches
onk ) ded Pulse-forming networks Generators

LoD ISRIICEDS o i Delay lines Selsyns

4. Slower aging—which extends ex- Reactors Relays
pected life at rated output to over *Thyrite Amplidynes
60,000 hours. Motor-generator sets Amplistats

: q Inductrols Terminal boards
And of course the G-E hr.le is com- Resistors Push buttons
plete, to meet all your design needs. Voltage Stabilizers Photovoltaic cells
For a complete refresher on rectifier Fractional-hp motors Glass bushings
fundamentals, circuits, and applica- Rectifiers Dynamotors

tions, send for the new 28-page G-E
booklet prepared to aid’ the design
engineer. Check Bulletin GET-2350.

Development and
Production Equipment

Soldering irons
Resistance-welding control
Current-limited high-potential tester
Insulation testers
Vacuum-tube voltmeter
Photoelectric. recorders
Demagnetizers

Dual-rated capacitors
simplify design problems

Meet your design needs, standardize,
and cut inventories with these G-E
fixed paper-dielectric  capacitors.
Equally applicable to a-c and d-c,
they come in many case styles, with
ratings from 236 through 660 volts
a-c and 400 through 1500 volts d-c.
All units are treated with Pyranol*
and hermetically sealed to prevent
leakage or contamination. Check
Bulletin GEC-809.

*Reg. frade-mark of General Electric Co.

General Electric Company, Section D 667-21
Schenectady 5, New York

Please send me the following bulletins:

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

Current-sensitive relays

. . - igh-P: ial
stand severe vibrations GEC-700 High-Potential Tester

a

[J GEC-809 Paper-Dielectric Capacitors
G-E current sensitive d-c relays are [0 GEC-834 Current-Sensitive D-C Relays
available with d-c pickup ratings in 0
steps from 4 to 1500 ma. They are O
especially applicable to circuits using

GED-1583 Lightweight Soldering Iron
GET-2350 Selenium Rectifiers

- T T

——————————J

limited power for energizing coils—as Name
in aircraft. Lightweight and corrosion-
proof, these relays withstand severe Company
vibration and operate at rated current
City State

through a wide range of altitudes. See
Bulletin GEC-834.

r
|
|
I
I
I
|
I
I
!
L
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They fly

a space ship-
New York

7o los Angeles/

Every Tuesday, the mighty space ship
of Tom Corbett — Space Cadet leaves
from New York for Los Angeles and

90

soene & i

L
- 3

!
ik

‘a

oo Y

seventeen cities in between — on film!

This popular TV program must ar-
rive on time, and it always does. The
films are shipped via the world’s fastest
method — Air Express!

And each 5-Ib. shipment to Los
Angeles costs only $5.94 — 129% TO
30% LOWER than the other commercial
air services!

Air Express is a nationwide carrier,
giving shipping room to receiving room
service — and at lower rates in many
weights and distances than any other
commercial air service!

e &
eioge ¢ B P8

Next time you ship, express yoursel f
clearly. Say Air Express! Division of
Railway Express Agency.

1952 — OUR 25TH YEAR.

AR LRSS

GETS THERE FIRST
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m the largest line of bimetal
problem in thermostat
ens thermostat will

listed are )ust a few fro

ts in the industry. So even if you have an unusual
k with Stevens first. Chances are a standard Stev
size, cost and delivery problems.

® The Stevens thermcstats

thermosta
design, chec
satisfy all your performance,

N

e ——————— \
TYPE M ‘ TYPE C

| FEATURES
STYLES
Q | Non-Adijustable Yes
- : Adjustable No
| Manual Reset . . No F
Single Pole Double Throw No
Positive Acting . =
Snap Acting Yes F
Open Yes
Enclosed Yes
Hermetically Secled Yes
ADJUSTABLE TEMPERATURE RANGE,
Maximum L - R —_—
OPERATING TEMPERATURE, Maximum 6507 F. 650
DIFFERENTIAL, os measured on bimetal
Maximum . 1IN B App. 15° F. 600°
Minimum . e e e e App. 5° 8° F.
CALIBRATING llMlTS
Standard . - . s oo oromt Tt T a 3¢ +10°F ==Sih +5°F
Special . - ey e g gy o D +5°F +3°F +3°F
RATING (Non-Inductive Load)
115 Volts a.c. . - - - R e 15 amps. 25 amps. 15 amps. 12 amps. 8 amps. 5 amps.
230 Voltsa.c. . - - - - e 10 amps. 15 amps 10 amps. 8 amps. 4 amps. 2 amps.
‘ 28 Volts d.c. L malaEmE - 15 amps. 25 amps 15 amps. 12 amps. % 5 amps.
| ANGLE OF ROTATION, Maximum 3007 300° 300° 300 —_— —_—
i
| 'MOUNTING 7 Single Stud Single Stud See Bulletin See Bulletin See Bulletin See Bulletin
F-2003 L-4079 F-2009 F-2008
VIBRATION RESISTANCE Fair Good Fair Good Good Good
CORROSION RESlSTANCE
Standord . LW =AM B E Good Good Good Good Good Good
Hermetically Seoled s e e e Excellent Excellent Excellent Excellent Excellent Excellent
HIGH ALTITUDE PERFORMANCE . Excellent Excellent Excellent Excellent Excellent Excellent
SIZE . . - .waE BT See Bulletin See Bulletin See Bulletin See Bulletin See Bulletin See Bulletin
. F-2006 1-4144 F-2003 L-4079 F-2009 F.2008
will interrupt 150 omps. 12 volts d.c. L
o —_——

—

e IR
MARK YOUR PRINTS —-—STEVENS THERMOSTATS &&EQ(/AL

Note: Thermostats shown approxnmufely half size. CW no )

s e

e

7 STEVENS

aaun_né w{yﬁ y, inc.
/

/W\ ISFIELD, oa}o
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MAGINIRVISIE

AT WORK AT &

nIne

24
_— 0
Excellence cre Eloclronics

Raytheon Manufacturing Company, leading manufacturers of a wide range
of quality electron tubes — relies on Magnivisions to eliminate eyestrain for
the operators who do the exacting, precision assembly work required in the
manufacture of the world’s finest tubes. Pictured are operators in Raytheon'’s
new Quincy Plant — the world’s most modern tube plant — inspecting com-
ponents for use in Raytheon Reliable Miniature and Subminiature Tubes.
Magpnivisions are also on duty at Raytheon’s Newton plant where the same
high standards of inspection and quality control are applied to the manu-
facture of Television and Radio Receiving Tubes.

Magnivision provides brilliant cool illumination. Seeing is believing and the
unique combination of Magnivision’s distortion-free lens and the shadowless
lighting assist operators on all inspection and assembly work.

SPECIALISTS IN INDUSTRIAL VISION

ENGINEERING DEVELOPMENTS INCORPORATED

32 WEST PELHAM STREET-—TEL. NEWPORT 4900—NEWPORT, RHODE

ISLAND

September, 1952 — ELECTRONICS
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To the project engineer about to have a “baby”

You're busy solving the functional design problems of that new project.
It’s taking all your working hours. But what about the chassis or housing?
That’s where more problems arise.

And that’s where Karp helps by answering difficult questions like: how
to make your design functional yet attractive...how to make a water-tight
seal...how to provide adequate ventilation...in fact, how to solve all the
problems of planning a low-cost sheet metal assembly.

By calling Karp in early, your “packaging” problems can be ironed out
as you solve your functional problems. And with its creative engineering
staff, its vast assortment of available dies, its 77,000 square feet of facilities,
Karp can show you how to'cut costs and delivery time. We’ll be glad to
talk it over with you.

KARP METAL PRODUCTS CO., INC,, 215 63rd St.,, BROOKLYN 20, N. Y.

- el -
= 3 : MOST COMPLETE FACILITIES FOR LARGE AND SMALL RUNS OFf
* CUSTOM-BUILT SHEET METAL FABRICATION
ENG[NEERING + TOOLING + PRODUCTION + FINISHING AND ASSEMBLY o

ELECTRONICS — September, 1952
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SPEAKERS—In radio and TV speakers, Carboloy
Permanent Magnets replace larger electro magnets
in the field structure. Current passing through
uniform field of these high-energy magnets causes

voice coil and cone to vibrate in proportion to
voltage; tone is truer! Carboloy Permanent Mag-
nets never fail; never need maintenance. Are also
used in TV focusing assemblies.

How Carboloy permanent magnets
improve electrical products

CONTROLS—Switches in com-
pact Minneapolis-Honeywell
controls use permanent mag-
nets to give safer snap action,
help quench arcs. The magnets
are exceptionally stable; pro-
vide uniform high energy for
the life of the control.

94

Want to cut down product size,
weight? Build a better-perform-
ing product for less money?

Then check the possibility of
using Carboloy Alnico perma-
nent magnets wherever you need
lasting magnetic energy.

Carboloy permanent magnets
are simple, self-containing
sources of energy that never fail.
They are powerful in small sizes.
Need no outside power supply, no
maintenance. They help reduce
fabrication costs by eliminating
wires, coils and operating parts.
Above all, they let you simplify
design . . . build a lighter, more
compact, finer-performing prod-
uct at a saving.

CAR

On these pages you'll see how
others got the jump on competi-
tors by using permanent magnets,
Perhaps you’ll get an application
idea from reading about them.

FREE SERVICES

If so, check Carboloy magnet
engineers for free, expert advice
and an assist in design and ap-
plication. Look to Carboloy pro-
duction lines, too, for the uniform,
high-energy Alnico magnets you’ll
need for best results —all sizes,
all shapes; cast or sintered to your
specifications.

Send coupon for free Magnet
Design Manual PM-101 and
Standard Stock Catalog PM-100.

OLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY
11139 East 8 Mile Blvd., Detroit 32, Michigan

www.americanradiohistorv.com
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INSTRUMENTS —Fig. A is damping magnet once
used in GE indicators. Fig. B is tiny Carboloy
magnet now used. It permits smaller indicator
design (Fig. C), cuts materials and assembling
costs . . . speeds up calibrations.

JES o 1

MAGNETOS— To Scintilla Magneto Division,

Bendix Aviation Corp., weight savings are vital
in their aircraft products. Fig. A shows chrome

rotor weighing approximately 4 lbs. 9 ozs. Fig.

B shows newer model rotor using Carboloy

Alnico. It weighs only 2 1bs. 4 ozs.

CARBOLOY
ALNICO

PERMANENT
MAGNETS

ELECTRONICS — September, 1952

GENERATORS—When GE engineers had only
6” x 6” area for jet’s tachometer generator,
they whipped design problem with a tiny
permanent magnet. It eliminated coils and
wires, supplied the powerful energy required.

ADVANTAGES OF CARBOLOY
PERMANENT MAGNETS

] Simple — no operat- 7
ing parts

No power failures

Combine electrical and

2 Uniformly powerful mechanical features

Simplify mechanical

Permanent source 9 .
assemblies

of energy

10 Uninterrupted oper-

4 No coils to wire .

Maoisture-resistant

B Cool-running 11

6 No operating costs 12 Create savings

“Carboloy” is the trademark far the praducts of Carbolay
Department of General Electric Company

Plants at Detroit, Michigan; Edmore, Michigan;
and Schenectady, New York

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

Gentlemen:

Please rush me, without cost or obligation, copies of Permanent
Magnet Design Manual PM-101 and Standard Stock Catalog PM-100.

NAME

POSITION

COMPANY NAME

ADDRESS

ciTy ZONE STATE

95
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MOISTURE
FUNGUS
VIBRATION

SALT SPRAY
ROTATIONAL WEAR

MALLORY

SERIES Q CARBON CONTROLS

withstand them all!

Now ... from Mallory ... you can get a carbon
control thal takes the toughest service conditions
in stride. It’s the Q series Midgetrol® ... a new
version of this outstanding control, with added
features that make it applicable to the most
severe requirements:

NEGLIGIBLE HUMIDITY DRIFT: carbon is deposited
under precise control on a base material which
affords greatly improved stability under
humid conditions.

IMPROVED [INSULATION: selected for unusually
high insulation resistance and extremely low mois-
ture absorption . . . thoroughly fungus-proofed.

SALT SPRAY RESISTANCE: all metal parts pass 100-
hour salt spray test.

LONGER ROTATIONAL LIFE: hard nickel silver con-
tacts limit wear, assure long service.

For special service, these additional features can
be supplied:

WATERPROOFING: gaskel-sealed shaft bushing
packed with silicone grease, and gasket-sealed panel
mounting.

VIBRATION-PROOFING: lock-type split bushing pre-
vents shaft rotation even under heavy vibration.
Q series Midgetrols are supplied in values from
5000 ohms to 10 megohms in all standard JAN
tapers. Single or dual units are available, with or
without attached switch.

Wire Wound Controls
for Military applications

trols made especially for Military service
... now available with all the construction
Jeatures listed for Q series Midgetrol car-

r
I
|
|
: Look to Mallory for Q series wire wound con-
|
|
| bon controls.

|

L

Be ready for those tough applications; find out about Mallory
Q series Midgetrols now. Call or write Mallory today.

Television Tuners, Special Switches, Controls and Resistors

MALLORY

R. MALLORY & CO., INC,.,

SERVING INDUSTRY WITH THESE PRODUCTS:
Electromechanical —Resistors ® Switches ¢ Television Tuners.e Vibrators
Electrochemical—Capacitors e Rectifiers ® Mercury Dry Batteries
Metallurgical —Contactse Special Metals and Ceramics * Welding Materials

INDIANAPOLIS 6, INDIANA

September, 1952 — ELECTRONICS
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»SPACE . . . Since 1932 there has Few stones are being left un- have done better ourselves if we

been a steady increase in the turned these days in the field of had written a piece to stir up more
number of observed solar and transistor design. So it wouldn’t good copy for ELECTRONICS.

galactic sources of radio signals.
The frequencies of these signals
lie between 18 and 30,000 mec, high
enough to penetrate the iono-
sphere yet low enough to avoid
absorption by molecules of the
atmosphere.

Until last year all radiations
had the character of noise, occupy-
ing broad frequency bands. It
was then observed that neutral
hydrogen atoms, principal constit-
uent of interstellar gas, radiate on
the sharply fixed frequency of
1,420.4 mc. This makes it possible
in radio astronomy to measure, by
means of Doppler shift in fre-
quency, the velocity with which
gas masses approach or leave us.
Similar observations are also pos-
gible for gas masses located be-
hind dark nebulae, as the latter
are opaque to light but trans-
parent to radio waves.

Much can be learned about what
goes on in outer space by applying
the new technique. Thus it ap-
pears to us that international
setting aside of the gpecific fre-
quency referred to for such work
is a distinect possibility.

»PHOTISTORS? . . . Transistors,
like germanium diodes, can be
made photosensitive. This is well
known to people who make them
but little use has so far been made
of the intriguing phenomenon that
could provide compact controls
responsive to light variations.

ELECTRONICS — September, 1952

surprise us if photosensitive tran-
sistors soon saw the light of day,
perhaps by mid-1953. First uses
might be semicommercial, telephone
switching svstems and the like.

PHELP . .. Dear to our heart are
companies that circulate among
their engineers memos telling how
to write good technical reports,
Consolidated Vultee being the
most recent example. Good in-
ternal reports frequently make
good papers for outside publica-
tion without much modification,
and this is an editorial staff’s idea
of Utopia.

Westinghouse has prepared a
paper entitled “Opportunities for
the Engineer Who Likes to Write”
for publication by college maga-
zines, and this one really gives us
aleg up on a broad scale. Couldn’t

THvaTAONS

o ‘amo -
wore
caTnoos
uERCURY

EDISON EFFECT

>TREES . .. Back in 1930 ELEC-
TRONICS published a family tree
tracing the genealogy of tubes. It
was a relatively simple sapling
(below, left) having just a few
branches.

By 1934 well-watered roots had
really taken hold, so we did the job
again (right). The number of
branches had more than doubled,
and the tree had gained consider-
ably in height.

Now, 18 years later, we've taken
another look. The result is the tree
occupying the entire following page
within this issue (p 98). It has,
once again, grown tremendously in
stature, and there are some four-
score branches. In addition, a new
and promising sapling stemming
from studies of solid-state physics
has taken root in the shade.

N

The family tree of electron tubes grows up-—-1930—1934—and m—=d>

www americanradiohistorv com
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Disk Seal Tube
1945

Acorn Tubes
1933

‘Post Tesminal
Hexode 937
1933 !

Hydrogen Thyratron

Metal Envelope World War [l

1935

Large Disk-Seal Tube
1946

Memory Tube
1947

Pentagrid
1933

Vidicon
1950

Beam Power

1936

Shield Grid Thyratron
1934

Inest Gos Thyratron
1932

Pentode
1931

Imaoge Drthicon
1946

Electrometer Tube
1930

Traveling Wave Tube
1946

Screen Grid
1926

Screen Grid Tube
1927

Synchrotron
1945

A-C Heater Tube
1927

Hercury Thyratron
1929

Induction Electron -
Accelerator First

Commercial Electron

Diffraction Instrument 1941 Special-Purpase Tube Thanated Filoment g Sealed Steel
1944 1925 1923 High-Voltoge Iqifrons
Orthicon Water-Cooled 1934
1923

Commercial Moss tarly Ory Bottery Tubes
Spectrometer image lconoscope Broadeast 1922
1942
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1939

1937

Ignitron
1933

World Wor | Tubes
1917

Grid Control

Commercial Electron

Mutti-Covity Microscope Icanoscope Repeaters
Magnetion 1938 1933 1914

1940

tarly Transmitting

POWER LB

Sealed Steel Envelepe
1934

Enclosed-Cathode
Phanotran

lenization bage
1916

Kinescope

Cydlotron RECEIVING
Full-Wove 1933 1932 Sodium Lamp
| Receiver Rectifier High-Voltage e
F Cooper-Hewitt Glass Tubes

Rectifi
Commercic] Sealed Rectifier 1905

CR Tubes
1932
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1920
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1928
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Evolution of Electronics

By W. C. WHITE

Research Laboratory
General ‘Electric Co.
Schenectady, N, Y.

HE many new tube develop-

ments since the last publica-
tion of this tree (ELECTRONICS,
p 147, May 1934) make the choice
of branches for this revision most
difficult. Space limitations have
necessitated the omission of many
devices and developments that
might well be thought desirable to
include, In addition, the electronics
field has come to include new
phenomena. As one example, for
many years the mercury-are rec-
tifier was considered apart from
the field of electronics; now it is
an active and important branch of
the science.

Significance

The roots of this tree are the
many basic research results that
have made our science grow and
which are expressed in general
terms rather than specific items.
In contrast, the main trunk repre-
sents inventions, new materials,
techniques and processes applicable
to a wide variety of electron tubes.

The large main divisions of the
trunk and the main branches
represent one way of grouping the
many products that have resulted
from engineering development.
There are a few cuses where a
particular product is in more than
one classification.

In a sense, the height of the

ELECTRONICS — September, 1952

History of electronics industry is charted as family tree

on which roots represent basic research and branches repre-

sent resulting commercial types of tubes. Growth of tree

since last publication in 1934 corresponds to expansion in

market for electron devices

tree is a measure of engineering
development and commercialization.
On the other hand, its breadth is
based on research results. As in
nature’s tree, it may well be said:
“A tree spreads no wider than
its roots.”

Dates

The assignment of definite dates
to an abbreviated title for some
product or development is always
a difficult problem. No attempt has
been made to include dates for re-
search roots or the more practical
items included in the main trunk.

In the case of the individual
branches that are dated, a few
words of explanation are desirable,
particularly in view of the fact that
space limitation necessitated brief
titles; thus, qualifying words to
make the item more specific could
not be included.

Where possible, the dates apply
to the year the product was com-
mercially available. This is satis-
factory, of course, and fairly

definite- for receiving and trans-

mitting tubes, but is not practical
for devices such as the synchro-
tron, betatron, electron diffraction
instrument and the several forms
of camera tubes. Also, in some
cases products developed during
World Wars I and II were not gen-
erally available for several years or

www americanradiohictory com

until the lifting of security restrie-
tions permitted commercialization.

Therefore, on branches where
commercial availability is not a
good criterion, the dates used indi-
cate either when the item was
available on special order, was well
described in a technical publication,
had restricted availability to cer-
tain commercial groups or for cer-
tain applications, or was available
to military groups.

Semiconductor Sapling

The sapling sprouting at the
lower left is an attempt to record
the beginnings of semiconductor
devices, the newest growth of our
science. It is probably not too far-
fetched to consider it as having
sprouted from a seed dropped from
the parent tree, even though its
roots were in general different
from those of the parent tree. It
was purposely located under the
diode main branch of the larger
tree as probably the one from which
the seed dropped, at least from an
engineering viewpoint.

It will be most interesting ten
years from now to see how this
sapling has grown. There may be
many new branches, and by then
the teen-age offspring may have
caused withering or stunting of
the growth of some branches of the
parent tree.

9%



Magnetic Sorting of

By D. G. GUMPERTZ

Industrial Electrowic Fngineers
Holiyrood, California

THE NEED for tin cans that are
able to direct themselves

through multiple-choice  paths
arises from the fact that fruit
comes to the cunnery from the field
with quality grades intermixed. All
of this fruit must be processed im-
mediately. Since each quality grade
may be packed as slices, halves or
other cuts with light, medium,
heavy or other syrups, the canning
operation involves handling nu-
merous grades and varieties simui-
taneously in unlabeled cans.

In the magnetic can-marking sys-
tem to be described, now in use at
the California canneryv of Schuckl
& Co., Inc., each can is given suf-
ficient intelligence so that it may,
in effect, say, ‘I contain peach
halves, choice quality, and am to go
to svruper No. 7, then to cooker No.
4 and finally to warehouse area No.
40”7,

Operation of System

Figure 1 is a simplified diagram
of the cannery operation. Fruit
comes into the loading dock, is pre-
pared by washing, grading, peeling
and slicing, and is then distributed
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F1G. 1--Arrangement of work positions for mag-
netic sorting in large continuous-process cannery

to as many as 150 packing tables or
filling machines.

Empty cans arve fed continuously
to magnetic markers just ahead of
each packing station by an overhead
distributing system. Each can is
magnetized around its bottom with
the number of magnetic cycles of
N and S polarity assigned to the
fruit it will receive at the packing
station. Nine different markings
are used, permitting simultaneous

FIG. 2-—Details of can-making
arrangement

processing of nine fruit varieties
per cooker in the same size cans.

Filled cans are dispatched to the
proper syruping, closing and cook-
ing lines by automatic preselectors
which may or may not be electronic.
The cans are upright and still open
at this point, hence their contents
can readilv be identified without
electronic identification.

Many of the varieties take the
same cooking time and temperature,

Drive side of sorter, showing use of chains for accurate timing required to achieve
nine-channel sorting at rate of 300 cans per minute
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Aluminum spinner disc, with arrow
pointing to location of embedded pickup
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Unlabeled Food Cans

Crimped bottoms of cans are magnetized in nine different patterns before filling with fruit

in cannery, for automatic electronic sorting after sealing and cooking. Identification is by

frequency analysis of voltage induced in 3,600-rpm spinner coil
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SOLENOIDS

FIG. 3—Can drop arrangement in nine-channel magnetic sorter. Cans enter at left and roll in direcfion of arrows.
solenoids operate after previous can has been cleared and before desired can arrives,

and may therefore be run through
the same cooker. The cans must be
closed before cooking, by crimping
on the lids with seamers, but cannot
be labeled before cooking because
the steam and water jets of the
cooking process would remove the
labels. Magnetic marking solves
this problem, increasing cooker
utilization by allowing intermixed
varieties to be run in the same

cooker.
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FIG. 4—Spinner mechanism used for
reading markings on cans. Commuta-
tors feed output signal to amplifier
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Upon emerging from the cooker,
the cans are cooled and fed to a
segregator. This automatically
sorts the cans electronically by
reading the magnetic markings,
then directs them to the proper
labeling machine or warehouse area.

In cooking operations where cans
are cooked in retorts and are there-
fore scrambled, it is desired that
one particular end of the can be up
when labeled. Since the magnetic

Track-spreading
so that can drops into proper channel

sorter can tell which end of the can
has been marked, it is a simple
matter to detect those cans that are
upside down, divert, twist and re-
combine them.

Magnetic Marking

There must be practically no cost
involved in marking the cans, as a
large cannery may process as many
as a million cans per day. Even a
small unit cost would add up to a

One side of nine-channel sorter, with covers and some dropout chutes removed.
Cans all enter at left, and drop into output chutes going off on either side of
machine. Unmarked cans go to mistake chute at right. Memory drum is on top
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FIG. 5—Circuit of nine-channel magnetic sorter. Only one frequency-selective channel is shown, since the other eight are

sizeable marking expense per
season. The cost of electric power
for magnetic marking is roughly
0.00005 cents per can, or 50 cents
per million cans.

The best keeping quality is ob-
tained with a perfectly symmetrical
alternate-pole sinusoidal distribu-
tion of magnetic poles in the bottom
rim of each can. Five thicknesses
of the sheet metal are here work-
hardened as they are folded over on
each other during manufacture of
the can, improving the permanent
magnetic characteristics. A six-
cvele mark is illustrated in Fig. 2.
The external field adjacent to the
rim is about 6 gausses after process-
ing the fruit in the ecan.

Magnetic Decoding

Information is picked off the can
by a magnetic pickup head em-
bedded in an aluminum disk which
spins at constant synchronous speed
adjacent to the bottom of the can.
The frequency of the output signal
then depends upon the number of
alternate magnetic poles placed on
the can by the marker. The output
voltage is about 2 volts for a freshly
marked can, and 200 to 600 milli-
volts for processed cans. Below 30
millivolts the signal-to-noise ratio
is generally so poor that the can
is automatically rejected as unread-
able.

Decoding is accomplished by
automatic frequency measurement.
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With this method, missing mag-
netic cycles do not affect accuracy
of sorting. If a filled closed can is
dropped on concrete on one edge so
as to smash in a portion of the rim,
one or more magnetic cycles will be
destroved. This introduces some
modulation and sidebands but does
not affect the accuracy of reading
frequency even though more than
50 percent of the perimeter is
destroyed.

Nine-Channel Sorter

Operation of a nine-channel mag-
netic sorter is shown in Fig. 3. Cans
enter at the left, after cooking, and
are picked up by a flight bar ele-
vator. From this they transfer to a
three-pocket wheel rotating at 100
rpm to give a feed rate of 300 cans
per minute. All cans are on their
sides. A chain drive insures speed
aceuracey.

On the pocket wheel are spinners
that read the magnetic marking on
each can as it goes once around the
wheel. The can is then transferred
to a track, down which it is moved
by a chain-driven paddle arrange-
ment. Only the rims of the cans
ride the track. Nine sections of the
track are independently removable
under solenoid control in response
to the reading of the markings by
the spinner, to drop the can into the
correct chute. Heavy spring tension
is constantly applied to the cans
from above as they travel over the

www.americanradiohistorv.com

can drops, making each can spring
downward when it reaches an open
drop.

If not diverted, a can continues
through the machine and goes out
the end into the mistake chute. If
nine different cans are run through
in the order 9-8-7-6-5-4-3-2-1, noth-
ing happens until the machine is
full, then all nine cans spring down
simultaneously.

Construction details of the spin-
ners and pocket wheels are given in
Fig. 4. The six spinners, each with
an embedded pickup coil, are so
mounted that one travels around
with each end of each can. This is
achieved by driving the spinner-
supporting casting at 100 rpm the
same as the pocket wheels. Through
planetary gear drive, each spinner
rotates at 3,600 rpm with respect
to the bottom or top of a can.

Operation of Spinners

Pickup coils on opposite pairs of
spinners are connected in series, to
read the magnetic marking on one
end of the can regardless of which
way the can enters the machine,
Commutating brushes connect only
one pair of spinners at a time to
the amplifier input, for reading of
markings and memory-drum stor-
age of the drop-actuating voltage
Just before the can leaves the pocket
wheel. The slip rings and brushes
also serve to generate reset pulses
that close the can drops each time
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identical except for input tuned circuits,

after a can drops down. The spin-
ners do not decode, but only pick off
a signal frequency which the selec-
tive amplifier decodes.

The spinner output signal is fed
to an amplifier through a minimum-
signal gate that detects and rejects
unmarked cans. The amplifier feeds
nine frequency-selective channels,
each responding to a different can
output frequency.

The output of an actuated chan-
nel is stored long enough in a
rotating electrostatic memory drum
to allow the can to travel through
the machine to the proper drop-out
chute. The memory drum then re-
leases the voltage needed to actuate
a thyratron which operates the
drop-out solenoids of that chute.

Circuit Details

The frequency-measuring circuit
for a nine-channel magnetic sorter
is shown in Fig. 5. The signal fre-
quency picked up from a can by a
spinner is fed through shielded
cable to the amplifier input, through
a parallel-T 60-cps rejection net-
work that attenuates interfering
signals. These may be due to the
earth’s field, to modulation oc-
curring when cans are off center in
the decoder, or to a-c pickup. (At
3,600 rpm, the pickup coil generates
a 60-cps voltage when cutting the
earth’s magnetic field.)

After amplification by V, and V,,,
the signal is converted to square
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waves of constant amplitude by V..
After further amplification by V.,
the square waves are fed to cathode
follower V,; here a 2-ohm wire-
wound resistor across the output
transformer is tapped to provide
the same input voltage to each of
the nine paralleled frequency-sensi-
tive channels that follow. A signal
from the cathode of V,, is picked off
and fed to minimum-signal gate
circuit V.,-Ve-Vo which prevents
random operation by unmarked
cans.

If the can being read is destined

Can-magnetizing heads for producing
l1-cycle and 2-cycle markings

Eleven-cycle marker head in correct
operating position against can
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Industrial-type tubes are used wherever possible, to obtain maximum reliability

for channe] 1, it will have a two-
cycle mark and give a 120-cps sig-
nal. The L-C combination at the
input of channel 1 will accept this
frequency but the inputs of the
other eight channels will reject it.
Amplifier V,., in channel 1 then
feeds a signal of approximately 100
volts through maximum-signal gate
Vi1 to triode Vs, causing the out-
puf relay of this stage to operate
and charge the capacitor associated
with channel 1 in the memory drum.
After the correct predetermined
delay, the capacitor has rotated far

SIGNAL Vion Vios
iNPUT SIGNAL
u > QUTPUT
3 E o
(A) I
Vioat Vios-t

Vog:i
r
e LI
_ Ren? TCon RELAY
=T

Vion2 MVoa-2

'2_3” 3 %
" Resd TCe RELA
B 2
Vioa3 Viogs

e QYR I

% RELAY
=03
(8) e
POWER
SUPPLY

FIG. 6—Operation of maximum-signal
gate
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enough to discharge into the grid
cireuit of thyratron V.., pulling
in a mercury relay that actuates
the dropout solenoids for channel 1.
The solenoids are energized when
the can is abeut 2.5 inches away, as
solenoid operating time is 30 milli-
seconds. Two solenoids are used
per channel, one for each side of the
track.

Thyratron plate voltage is re-
moved after each dropout operation
by a reset relay controlled by a
pipper commutator mounted on the
commutator shaft. The exact reset
time is set by adjusting the inner
rotatable brush of the pipper slip-
ring assembly.

Whenever a can arrives that has
been badly abused and activates two
or more of the frequency-selective
channels, mistake gate V,.-V., acts
to cancel out the activation of the
channels, so that the can rolls
through the entire machine and out
the mistake chute as desired.

Minimum-Signal Gate

Without a minimum gate circuit,
unmarked cans would occasionally
trip out any chute at random, as the
wide-band (non-frequency-sensi-
tive) amplitude of the signal from
unmarked cans is 15 to 25 millivolts.
With the minimum-signal gate cir-
cuit of V,, and V, set to trigger
open at approximately 50 millivolts,
all unmarked cans are rejected as
mistakes.

When no marked can is present,
Ves is nonconductive and V,, con-
ducts heavily, biasing V,, well be-
yond cutoff. With sufficient signal,
Ve conducts, biasing off V., and
causing V., bias to drop to the
normal operating value. For posi-
tive action, the voltage gain and
positive bias must both be as high
as practieal.

Squaring Circuit

Biased double-diode squaring cir-
cuit V, eliminates amplitude varia-
tions. Cans generating volts or
millivolts can then be run inter-
mixed, with uniform output voltage
for each can at the grid of V...

Cans that have been accidentally
dropped on one side will have a
weaker magnetic field on that side
and give a 60-cps modulation en-
velope as the spinner scans the
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perimeter at 60 rps, but squaring
eliminates this undesired modula-
tion also. Harmonies are intro-
duced by the squaring operation,
but these are rejected by the follow-
ing maximum-signal gate.

Maximum-Signal Gate

The maximum-signal gate is re-
quired primarily because of fre-
quency modulation of the desired
signal when there is mechanical
misalignment of marker and spin-
ners with the can. With the spin-
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ner traveling at 60 rps, the sweep
rate or modulating frequency is 60
cps and the sidebands are spaced at
60-cps intervals, precisely on fre-
quencies of adjacent sorting chan-
nels.

The maximum-signal gate ac-
cepts the signal of maximum ampli-
tude, rejecting all others. If one or
more signals are within X percent
(1 to 20 percent, adjustable) of
each other, the gate will pass both
signals so that the following mis-
take gate may reject all signals as
unsure,

The basic circuit for the maxi-
mum-signal gate is shown in Fig.
6A, where R, — R, and C, = C..
Output is taken from between the
cathodes. The voltages developed
across these RC circuits are equal
for any signal voltage and fre-
quency input, hence the output is
zero. However, when several such
circuits are interconnected as in
Fig. 6B, with R, - C, common to
all, the desired sideband rejection
is obtained.

Assume that a can intended for
channel 2 gives 100 volts at its cor-
rect frequency f,, 70 volts at side-
band f, on one side and 30 volts at
sideband f, on the other side. The
desired signal f. produces + 100
volts across R,, and — 100 volts
across R, + R, resulting in zero
bias on the grid of V... so that the
signal goes through the gate. Un-
desired signal f, produces + 70
volts across R.,, leaving a net nega-
tive bias of 30 volts on V... Simi-
larly, undesired signal f, produces
+ 30 volts across R., leaving a net
negative bias of 70 volts on V...
Channels 1 and 3 thus remain cut
off as desivred. With no signal input
the d-c bias source of — 28 wvolts
keeps all other units cut off.

Mistake Gate Circuit

The mistake gate cancels in-
stantly any doubtful measurements,
so the can rolls through the entire
machine and out the end as a mis-
take. As shown in Fig. 7, the cir-
cuit consists of a resistance bridge
supplied by an isolated d-c source,
controlling a triode gate in series
with the main power supply. Each
channel relay, operated through the
maximum-signal gate of the chan-
nel, has two sets of normally open
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contacts. One set connects a 0.47-
megohm resistor into the mistake
bridge, and the other set connects
the output of V. directly to the
marker brushes on the memory
drum.

If only one channel relay closes, the
bridge balance is such that the grid-
to-cathode potential of V., is + 25
volts, and the plate resistance drops
to a few thousand ohms; the result-
ing cathode rise of 4 50 volts with
respect to ground is applied to the
memory drum through the other
set of contacts on the operated
relay.

If a second relay should close, in-
dicating an unsure reading, the
balance of the mistake bridge is
shifted so that — 30 volts is applied
to the grid of V,;, raising the plate
resistance to a high value and in-
stantly dropping the outgoing
memory-drum voltage to effectively
zero. thus cancelling both relay
indications.

Memory Drum

The memory drum consists of 9
disks. each containing ten 0.5-uf
capacitors, rotating in synchronism
with the machine drive. Mark,
erase and pickoff brushes serve each
disk, as shown in Fig. 8. Pickoff
brushes are so mounted that the
amount of time from charge to dis-
charge is proportional to the travel
time of the can down the machine.
When a memory capacitor passes
its pickoff brush, a 50-volt pulse is
fed to the grid of thyratron V,, to
activate the dropout solenoids of its
channel.

A low-pass filter in the thyratron
grid circuit permits use of un-
shielded conductors from the
memory drum to the electronic unit
without firing other thyratrons
through the distributed capacitance
between the grid lines.

Marker Circuit

Figure 9 gives the circuit used
for marking cans magnetically. The
1N34 diode supplies across R, a neg-
ative bias of 9 volts for the grid of
the type 2050 thyratron, making it
normally nonconducting. When the
snap-action switch is operated by an
arriving can, C. is shunted to
ground, reducing the grid voltage
temporarily. The thyratron then
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Marker installation on can run, with
cover of marker circuit control box
removed

Memory drum with cover removed

fires, and continues to conduct for
approximately three a-c cycles until
C, is recharged through the 470,000-
ohm limiting resistor to the cutoff
voltage of the tube. Then, even
though the control switch remains
operated, the system automatically
cuts off. When the control switch
is released as the can moves on, C.
is quickly discharged through R,
and the system is ready for another
marking operation.

At a marking rate of 60 cans per
minute, the average power fed to
the marking head is approximately
20 -+watts even though marking
power is 800 watts, as the duty cycle
is only about 25 milliseconds per
second.

Operating Reliability

A nine-channel sorter must
handle 300 cans per minute, 20 to
22 hours per day for 3 to 4 months
continuously. This amounts to
about 40 million operations per ma-
chine per season, hence mechanical
and electromechanical parts must
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be designed for 1 billion machine
operations wherever possible.

Electronic reliability is achieved
through ultraconservative selection
of components and operating condi-
tions. Size and weight do not
matter, and cost is secondary to
reliability. Therefore, high-quality
transformers, relays (extremely re-
liable when properly applied), and
similar nondeteriorating parts are
employed extensively.

The use of vacuum tubes is held
to a minimum consistent with over-
all circuit considerations. Tubes
used are industrial or ruggedized
types wherever possible. If com-
merical types must be used, a con-
ference is held with the tube manu-
facturer’s technical representative
to select a tube type and a set of
operating conditions that will yield
maximum reliability and life.

Accuracy must be essentially 100
percent, as even an extremely small
percentage error would cause large
numbers of cans to be misdirected.

Simplicity of operation is a must,
as nonskilled persons will operate
the equipment.

Quick serviceability is attained
by packaging all electronic items
as plug-in units. On-the-spot serv-
icing is not attempted. Instead, the
entire electronic package is re-
placed with a spare when trouble
occurs, and the faulty package is
returned to the factory for service.

A continuous process cooker can-
not be stopped on less than one-half
hour notice. If it were stopped
with no notice, every can of fruitin
the cooker—perhaps 6,000 cans—
would be ruined. With cans stack-
ing up at the rate of 5 per second,
the atmosphere is not conducive to
calm deliberation regarding what
happened to grid bias on V.

Development of this machine was
aided and expedited by many mem-
bers of the canning industry.
Special thanks go to the following
men and concerns: Morris O’Brien,
F. E. Booth Corp.; Carl Kingsbury,
Stokely Fine Foods, Inc.; Barney
Murray, F. M. Ball & Co.; Ted
Harrer, president, Atlas-Pacific
Engineering Co., Inc.,, our
licensees ; Emil Rutz, president, and
all the personnel of Schuckl & Co.,
Inc., who have made the first com-
mercial installation of this machine.
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By RICHARD F. SHEA

Electronics Laboratory
General Electric Company
Syracuse, New York

HE RECENT ADVENT of the june-

tion transistor has made pos-
sible advances in the application of
transistors to audio amplification.
Two factors have contributed sig-
nificantly; one, the greatly im-
proved noise figure, and the other,
the ability to operate at extremely
low power levels. Transistors may
now be utilized as low-leve] input
stages to obtain high power outputs
at good efficiencies,

Diffused Junction

Figure 1 illustrates the basic con-
struction of this company’s dif-
fused-junction transistor. A section
of n-type germanium serves as the
base. Two p-type areas are ob-
tained by diffusion of suitable end
materials. One of these areas
serves as the emitter, the other as
collector. The result is a D-1-p

Paper presented at the Symposium on
Progress in Quality Electronic Compo-
nénts, Washington, D. C.
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FIG. 5—Circuit for minimizing power
loss in transistors

junction transistor. Potentialities
of this design for high-power oper-
ation are due to the ability to
make comparatively heavy connec-
tions to the two junctions and to the
base, providing good heat transfer
to a suitable external radiator.

Equivalent Mesh

A device such as the transistor
may be represented by an equi-
valent mesh. Figure 2 shows two
circuits used in most transistor ap-
plications. In both circuits there
is an emitter resistance », a base
resistance 7, and a collector resist-
ance 7.. In one there is also shown
a transfer vesistance 7, which,
when multiplied by the emitter cur-
rent, produces a voltage in the col-
lector circuit. The other circuit
utilizes a current generator =i, in
parallel with the collector resist-
ance. The circuits can be inter-
changed as convenient.

Figure 2 also contains some rep-
resentative values. The junction
transistor is too new for these
values to be frozen at this time but
they do give the relative order of
magnitude of the various resist-
ances. The value of any of these
resistances depends critically upon
the operating point.

Three circuit configurations are

== 225V

FIG. 6—S8ingle-ended transistor amplifier suitable for intercom systems has an output
of 150 milliwatts
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Power Amplifiers

How to get the maximum power gain and power efficiency from junction transistors

when used in class-A and class-B audio amplifiers. Complete circuits suitable for phono-

graph amplifiers, speech amplifiers and intercom systems are described

used commonly with transistors.
These are grounded-base, grounded-
emitter and grounded-collector con-
nections. With a grounded-base
connection, the signal is applied to
the emitter, the amplified signal is
taken from the collector and the
base is grounded. With a grounded-
emitter connection, the signal is ap-
plied to the base, the amplified sig-
nal is taken from the collector and
the emitter is grounded. In the
grounded-collector configuration,
the collector is grounded, the signal
is applied to the base and taken
from the emitter. Figure 8 illus-
trates these three circuits.

The grounded-base circuit is
somewhat similar to the grounded-
grid operation of vacuum tubes, the
grounded-emitter arrangement cor-
responds roughly to conventional
practice and the grounded-collector
is similar to the cathode follower,

Differences between tube circuits
and transistor circuits are brought
out in Table I showing typical val-
ues of input resistance, voltage
amplification and power gain for
the three circuit arrangements de-
scribed. For this table, the repre-
sentative values given in Fig. 2
were used together with two com-
mon values of load resistance. In
all cases, the input resistance of a
transistor amplifier stage is lower
than is usually obtained with tube
circuits. Transistors must be
thought of as power-operated de-
vices rather than voltage-operated
devices. Power gain becomes the
major criterion and the power
efficiency of a transistor amplifier
assumes great importance.

As stated previously, junction
transistors are capable of operating
at extremelv low power levels with
dissipation comparable to the power
levels of the signals being amplified.
The preamplifier stages of an audio
amplifier may be operated at frac-
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Phonograph amplifier using single-ended class-A amplifier chassis on left and
push-pull class-A amplifier on right

tions of a volt on the collector and
fractional  milliampere current
drains. Power supplied to the col-
lector increases with the output
power. In a complete power ampli-
fier, the total power consumption
may be little more than about three
times the output power. This is in
contrast to the much greater power
requirements of conventional tube
amplifiers.

Bias Currents

The previous discussion of power
requirements sounds attractive but
with transistor amplifiers, emitter
and collector bias currents must be
supplied. This is in contrast to
tubes which require bias voltages.
Ideally, a transistor should be sup-
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plied from a constant-current
source for the emitter and a con-
stant-voltage source for the col-
lector. The reason for this is the
necessity of minimizing collector-
current variations caused by
temperature changes and to insure
maximum interchangeability of
transistors. A constant-current sup-
ply means power dissipation and
the resultant inability to realize all
the potential high efficiency of
transistors.

Figure 4 shows a common method
of utilizing one battery to supply
collector voltage and emitter cur-
rent. A resistor R, is inserted in
the emitter lead. Two other resist-
tors R, and R, form a voltage di-
vider across the battery to set the
base voltage. If the values of R.
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and R, are low enough, the base
potential is relatively constant and,
in effect, there is a voltage inserted
between base and emitter through
R,. This provides a comparatively
constant current feed to the
emitter.

Constancy of the emitter current
is a function of the power dissi-
pated in resistors R,, R. and R.. In
some cases it may be necessary to
dissipate several times the collector
dissipation in these resistors to hold
the emitter current constant. If
the transistor under question hap-
pens to be the final unit in an
amplifier operating at relativel}
high power level, the loss of power
in the resistors may be serious.

Cascade Amplifier

A circuit for minimizing the loss
described is shown in Fig. 5, In this
circuit two transistors are used in
tandem. The emitter of the second
transistor is connected directly to
the collector of the first. The first
one is stabilized by the method de-
scribed with resistor R, in the emit-
ter lead and a voltage divider sup-
plying the base voltage. The first
transistor operates to supply a con-
stant current to the emitter of the
second to stabilize it against drift
or other temperature changes.

By choosing the proper resistance
values most of the battery volt-
age can be applied to the second
transistor, leaving a low voltage on
the first. The current through the
two transistors is essentially the
same, with the power dissipation in
the first much less than in the
second. By dissipating a relatively
low amount of power in the bias-
setting network, a high degree of
stability in the second high-power
unit is maintained. This process
helps to achieve more nearly the
maximum potential efficiency of the
device.

The first transistor also serves to
supply power amplification. This is
accomplished, Fig. 5, by means of
the bypass capacitor between the
common collector-emitter connec-
tion and ground and the coupling
capacitor from the first emitter to
the second base. In this manner,
the first transistor is operated as a
grounded-collector amplifier, the
gecond as a grounded-emitter and
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FIG. 7—Push-pull class-A transistor amplifer
Table I—Typical Transistor Characteristics
R; = 1,000 i = 10,000
Gr. G G, Gr. Gr. G
Basc Em Coll. Base Em. Coll.
Input Res. 64 625 10,380 ool 585 80,380
Yoltage Amp. 14.1 111 0.91 123 .5 123.5 0. 99
Power Gain 127 1,210 9.2 11,650 102,000 7.9
both contribute power gain to the
amplifier. The complete tandem S T
amplifier presents a considerably %
higher input resistance than the H BALI’_zK 3
output stage would alone, thereby 3 L
improving the ability to drive the “ K-%1000

amplifier.

It is possible also to operate the
first transistor grounded-emitter,
by inserting a resistor between the
collector and the emitter of the sec-
ond unit. The emitter is grounded
effectively by the bypass capacitor.
The coupling capacitor is connected
from the base of the second unit to
the collector of the first. This cir-
cuit will provide higher gain at the
cost of an extra resistor plus some
increase in supply voltage.

Practical Circuits

Figure 6 illustrates a single:
ended transistor amplifier utilizing
the arrangement just described.
The amplifier has an output of
about 150 milliwatts, an overall
power gain of 70 db and requires
a total battery consumption of 570
milliwatts. Such an amplifier can
provide very economical audio out-
put for such devices as intercom-
municating systems.
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FIG. 8—Push-pull class-B
speech use

amplifier for

A more elaborate arrungement
using push-pull class-A operation is
shown in Fig. 7. An amplifier em-
ploying this circuit has been driven
by the lower-power amplifier of Fig.
6 and delivers an output of one watt
with ten-percent distortion.

Figure & shows a push-pull class-
B amplifier for speech use where
higher distortion is permissible in
exchange for the improved effi-
ciency and insignificant standby
power. A typical application is in an
electronic megaphone completely
self-contained. This unit has about
500 milliwatts of audio power, yet
consumes only 100 milliwatts of
power at low levels including about
50 milliwatts for the microphone,
rising to about 850 milliwatts at
full output. Power is obtained from
one hearing-aid-type battery.
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Low-Power Detlection for
Wide-Angle C-R Tubes

Use of narrow-neck tube and specially-shaped deflection yoke permits wider angles of

deflection with increased deflection-power efliciency. Reduces weight, cost and complexity

of deflection equipment and improves ratio of face diameter to tube depth

HOUGH the cathode-ray tube is
the only device capable of
translating fast electrical impulses
into visual information, its size and
clumsy shape cause it to be a major
dimensional limitation on the ap-
paratus into which it is incorpo-
rated. It occupies a large volume of
valuable space in such apparatus,
and its operations require auxiliary
equipment of considerable size,
weight, and power consumption.
Increasing the deflection angle
would make it possible, not consid-
ering the host of attendant difficul-
ties, to improve the ratio of face
diametes to tube depth (and hence
decrease the crt volume for a given
face dimension). However, the
needed deflection power rises
roughly as the square of the deflec-

|-

By CARLO V. BOCCIARELLI

Research Division
Philco Corporation
Philadelphia, Pennsylvania

tion angle. Since the power require-
ments are substantial even at mod-
erate accelerating voltages and
narrow (50-degree) deflection
angles, this rapid rise soon makes
further increases totally impracti-
cal (in standard practice) because
the weight, cost and complexity of
the deflecting apparatus become ex-
cessive.

This article describes a design
which will make practical the utili-
zation of e-r tubes having deflection
angles up to 90 degrees. The de-
sign accomplishes this by maximum
use of the available magnetic

energy.

Figure 1A represents diagram-
matically the conditions that exist
in the detlection region of standard
Approximately

ert. uniform flux

Front (left) and back (right) views of complete 55-degree yoke employing flared
sections shown in Fig. 2
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FIG. }—Sketch shows flux conditions

existing in deflection region

fills the whole ecylindrical volume
and then diminishes in the end
fields. The electron beam entering
from the left and on axis is de-
flected along circular arcs by the
magnetic field.

No purpose is served by deflect-
ing the beam any farther than the
arc that just grazes the tube en-
velope in leaving the deflection
region, At this point, the envelope
is expanding into the larger bulb
and the electrons proceed along
straight lines to the tube face.

Figure 1A shows that two vol-
umes may be defined in the deflec-
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tion region. In the first (the shaded
portion), the electrons are deflected
and proceed to the tube face. All
electrons deflected in the second
region (the unshaded portion) hit
the glass envelope. No useful pur-
pose is served by filling the volume
of this second region with flux.
However, in the standard crt, the
magnetic energy expended per unit

volume is the same for bhoth
regions.
A rough approximation shows

that the total volume filled with
flux is to the useful volume as g3
is to 1 @’ if the volume of a cone of
radius a and volume height [ is used
instead of the still smaller solid
shown. Thus, at least % of the mag-
netic energy is usually wasted. It
would therefore seem logical to re-
duce the size of the deflection yoke
to conform more closely with the
useful portion of the deflection vol-
ume. If this could be achieved while
keeping the flux constant, a maxi-
mum 3-to-1 improvement in the
energy  required for deflection
could be obtained.

For the case of uniform tlux, the
distribution of turns needed to fit
an expanded neck is not ditlicult to
determine but becomes very difficult
to achieve in practice. This is due
to the fact that the number of turns
in each cross-section must increase
as theyv proceed from the gun side
toward the screen side.

For practical reasons, it would be
desirable to keep the number of

turns constant through all eross-
sections. However, the flux would
be denser in the smaller section
than in the wider section. Thus,
it is not immediately apparent
whether this method would be
profitable.

There is also the question of pos-
sible resulting aberrations in the
crt spot. Finally, the path taken by
the electrons under the new condi-
tions should be investigated.

Analysis shows that a very con-
venient mathematical expression
can be derived and that an inter-
esting form of contour is one whose
cross-section is given by an ex-
ponential taper. The whole deflec-
tion region now looks like an ex-
ponential horn as shown in Fig.
1B. For this form, the energy re-
quired is (b/a)® times the energy
required by a cylindrical yoke with
the same length and radius. Con-
sequently, for equal yoke induct-
ance, the current will be diminished
by the square root of this factor.

The exponential contour, while it
is convenient for the purpose of
showing the reduction in required
energy which can be effected by
using a flared form of yoke, does
not necessarily represent the opti-
mum. Other contours, for example
conforming to ares of circles or to
hyperbolas, will yield similar reduec-
tions and may be better suited for
manufacturing.

Analysis also shows that the aber-
rations to be expected from this

new yoke are analogous to those
expected for the cylindrical yoke.
Hence, one would want to adopt a
cosine’ distribution of turns. How-
ever, the following precaution,
which is of less consequence for
cylindrical yokes, must be observed.
It is important that no geometrical
correction be attempted in the nar-
row neck portion of the yoke but
only toward the large end of ‘the
flare where the beam deflection is a
smaller fraction of the field. There
the wire can be redistributed to
achieve the desired field correction
without causing a material field
variation across the beam. Con-
versely, correction for spot distor-
tion may be achieved in the first
portion without altering materially
the final geometry.

Practical Design

Difficulties were presented in ob-
taining windings of the form es-
tablished on the basis of the preced-
ing considerations. These ere
solved by forming the coils in the
grooves of a rotating arbor. The
coils were wound with Bond-eze
wire, a special wire which is coated
with a plastic that, when heated
by passing current through the
wire, melts and forms the turns into
a rigid coil.

Flared yoke sections are shown in
I'ig. 2.

Concurrently with the develop-
ment of the yoke, a tube develop-
ment was initiated which resulted

Flared 55 and 90 degree tubes for use with high-efficiency deflection system. Stems have 0.9-inch diameter
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in a commercial tube of standard
deflection angle and an experi-
mental tube of wide deflection
angle.

A maximum neck diameter of
0.900 inch was chosen because it
permitted the use of the standard
9-pin T-6% miniature stem. Using
this stem obviated the development
of a new untried stem and permit-
ted the use of a standard socket. In
addition, the 0.900-inch neck diame-
ter made possible the use of a stand-
ard 0.500-inch diameter cathode-
grid assembly, eliminating the
necessity for redesigning this por-
tion of the electron gun.

Having chosen the neck diameter,
the method of exhaust became an
important consideration. Conven-
tional exhaust through a glass tubu-
lation in the stem was ruled out
because of the difficult stem develop-
ment, fragility of the glass tubula-
tion by reason of its necessarily
small size, and the reduced pumping
speed through such a small tubula-
tion. In addition to the above ob-
jections, a metal tubulation in the
stem would present an electrical
break-down and leakage problem.

This left the possibilities of a
metal or glass exhaust tube emerg-
ing from the cone of the tube. This
position for the glass exhaust tube
has been used extensively in Eng-
land. TIts principal drawbacks are
a high breakage rate in manufac-
ture and an objectionable, unpro-
tected, fragile tip on the finished
tube.

The method finally adopted was
to use a metal exhaust tube in the
cone. This could also serve as the
high-voltage anode connection in
the finished tube.

To take proper advantage of the
small neck diameter, the neck must
flare out into the cone section of the
tube with a specified contour. The
use of conventional pressing tech-
niques in the manufacture of the
desired tube appeared likely to be
difficult. The recently developed
method of centrifugal casting was
tried. After numerous initial dif-
ficulties, this method produced sat-
isfactory tube envelopes.

Tube Types

The energy required to achieve
a certain deflection in a cathode-ray
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FIG. 2—Two views of flared deflection
yoke sections designed for high-effici-
ency wide-angle deflection system
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DEFLECTION ENERGY IN MILLIJOULES

FIG. 3—Curves show deflection energy
required for various anode voltages

Special transformer using cylindrical
slug of ferrite delivers over 10 kv for
less than 500 ma peak deflection current

tube, for instance one having a
standard 55-degree deflection angle,
can be plotted versus the high volt-
age. As shown in Fig. 3, a series of
points lying roughly on a straight
line results. On this line, the lower
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voltages (1 to 10 kv) correspond to
the region where a standard 10-inch
tube might be operated. The higher
anode voltages along this line cor-
respond to the region characteristic
of a 12-inch tube, then of a 16-inch
tube, and so on. The straight line
results because the increase of de-
flection current for equal deflection
angles is proportional to the square
root of the high voltage; hence, de-
flection energy expressed as 3 Li’ is
directly proportional to the high
voltage. Perfectly straight lines
are not to be expected, however,
because the influence of various
losses will affect the readings.

The deflection-energy character-
istics of other tube types may be
similarly represented by straight
lines; the more efficient the tube
type the steeper the slope of the
line. Thus Fig. 3, which represents
actual measurements, condenses a
great deal of information about the
requirements of various tubes.

The total energy available for de-
flection and high voltage may be
classed in two ways, the first where
deflection requirements dominate
and the second where the high volt-
age requires a more substantial por-
tion of the total energy. All stand-
ard tubes fall in the first class and
consequently demand a closed trans-
former core which permits all avail-
able energy to be stored in the tube
neck; that is, in the yoke deflection
field. The narrow-neck tubes fall
in the second class and must use a
type of transformer which permits
the storing of energy both in the
tube neck and in the air around the
transformer. As a result of these
differences, the ratios of deflection
current to high voltage available
with each tube type vary greatly.
Eventually, a very simple trans-
former, using a cylindrical slug of
ferrite, was developed. This trans-
former performs very creditably,
developing better than 10 kv for
less than 500 ma of peak deflection
current.

The author wishes to acknowl-
edge particularly the contributions
of George Pratt of Lansdale Tube
and of Theodore Malkin, Frederick
Bernstein, and Albert Rittmann of
Philco Research.
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Saturable Reactors

New ferrite materials under influence of externally-applied d-c magnetization are used in

saturable reactors for use in r-f tuned circuits. Inductance variation is made by means of

potentiometer across d-c voltage source

By E. NEWHALL, P. GOMARD and A, AINLAY

REMOTE TUNING of radio-fre-
quency circuits has been ac-
complished in many ways. Most
methods currently in use are ex-
tremely complicated and involve
combinations of intricate gears,
motors, servos and precise adjust-
able reactance elements.

In contrast, the system to be
described uses no moving parts, and
vet the variable inductance range
available is useful in such applica-
tions as transmitting tank circuits,
transformers and antenna tuners.
A ferrite-core saturable reactor
furnishes the variable inductance
with control provided by a simple
d-c circuit. In the case of antenna
tuners located remotely, further
simplification is derived by carry-
ing the d-c control current for the
remote saturable reactor over the
coaxial line feeding r-f to the an-
tenna, using chokes and capacitors
for isolation.

This system was discovered dur-
ing the development of a coupling
network to matech the output of a
12-watt, 2 to 4-me, marine trans-
mitter to a 19-foot vertical antenna.
In the installation the antenna
would be as far as 25 feet from
the transmitter and control room.
The customer stipulated coaxial
cable for the antenna lead and
automatic matching of the antenna
to the transmitter with changing
frequency.

Because the transmitter was de-
signed to operate from different
supply voltages, such as 12 and 24
volts d-c and 110 volts a-c, it was
both undesirable and impraectical,
for reasons of simplicity and re-
liability, to incorporate moving
parts such as relays and motors.
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This paper describes a coupling
network that is pretuned so that se-
lecting any ecrystal position in the
transmitter will find the antenna
tuned for maximum output without
any further adjustments.

FIG. 1—Typical magnetization curve

shows change in incremental permea-

bility cause by change in d-c magneti-
zation

D-C SATURATING
coiLs

(B)

FIG. 2—Pot-type ferrite core and coil
are shown in {A). This pot is placed
in jaws of silicon-steel d-¢c magnetiza-
tion yoke as shown in {B). Copper foil
restricts r-f flux from entering steel
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The antenna is shorter than a
quarter wavelength and its radia-
tion resistance is in the order of
2 ohms or less so it is necessary
to have a loading coil at the end
of the cable to tune the antenna
to the various frequencies of opera-
tion.

In the transmitter, the coaxial
cable must be effectively matched
to the tank coil. The customary
method for doing this is te couple
the cable directly to the tank coil.
However, this type of coupling re-
quires several variable elements and
may necessitate the use of an r-f
current meter.

A method of matching, that
utilizes a d-¢c meter only and
eliminates the need for extra ad-
Justments, has been developed.

Antenna Loading Coil

If an iron-core coil has a small
a-¢ magnetization superimposed on
a d-c magnetization, the effective
permeability offered to the a-¢ is
called the incremental permeability
(See Fig. 1). This is found to vary
with d-c¢ magnetization B. The
a-c magnetization causes the minor
hyvsteresis loop a-a. The incre-
mental permeability may be taken
as the slope of the line joining the
points a-a providing the minor
hysteresis loop is fairly narrow.

The slope changes as the d-c
magnetization changes from B, to
B.. Thus the incremental perme-
ability and hence the incremental
inductance may easily be controlled
by a variation of d-c magnetization.

A loading coil with a magnetic
core material must meet several re-
quirements for this application.
The inductance must be continu-
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as R-F Tuning Elements

Photograph of marine 12-watt transmitter using saturable reactor tuning inductances
Ferrite core transmitter tank coil has Q of 200 at 3 mc

transformer (left).

ously variable from 15 to 100 uh.
The Q must be reasonably high
throughout the frequency band.
The coil must not distort the modu-
Jated wave. The resultant coil must
operate satisfactorily in the tem-
perature range from—20 C to 65 C.

The maximum permeability of a
given type of core material is gen-
erally measured using a toroid
without an air gap and this per-
meability is a function of the core
material only.

In general, however, the effective
permeability is dependent on the air
gap in the core and the leakage
flux and will approach the value
of the maximum permeability when
both are reduced. Theoretically the
incremental permeability of iron
may be varied between the perme-
ability of air and the effective per-
meability of the core. However, in
practice the magnetomotive force
necessary to reduce the permeabil-
ity to that of air is prohibitive and
a lower limit is reached beyond
which it is not practical to go.

To obtain the necessary induc-
tance range a core with high maxi-
mum permeability is necessary and
this core material must be avail-
able in a shape which keeps the
leakage flux to a minimum. These
two qualifications are met by a fer-
rite material and it can if properly
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used be made to meet the remaining
conditions. Powdered iron is not
suitable in this application because
material having the necessary high
permeability results in coils with a
Q below the required minimum.

Numerous core shapes and vari-
ous types of ferrite materials have
been tried. The shape chosen is a
pot-type core as shown in Fig. 2A.
This type of construction keeps
leakage flux to a minimum yielding
a high effective permeability and
the inductance range is covered
with a reasonably small number of
d-c ampere-turns. The air gap be-
tween the two halves of the core
keeps the a-c flux from causing ap-
preciable change in loading-coil
inductance hence preventing distor-
tion of the modulated output of the
transmitter. An inductance range
as high as 250 to 1 is obtainable
with a gapless core, however, the
effective permeability varies so
quickly with the applied a-c field
that nonlinear distortion of the
modulated wave bhecomes prohibi-
tive.

Effect on Q

It is interesting to note that the
Q of the reactor increases with
d-c magnetization. In one case a
coil wound on ferrite material had
a Q of 5 at 4 mc, however, by ap-
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shows ferrite core impedance step-down

plving some d-c magnetization a Q
of 165 was obtained. Apparently
the core losses remain low up to a
critical frequency, depending on the
tvpe of ferrite, at which time an
internal resonance occurs in the
core with resultant high losses. By
applying d-c magnetization the fre-
quency at which the internal
resonance occurs may be raised,
thus giving a high Q up to a much
higher frequency.'

Variation of inductance and Q
with d-¢ mmf for the type of con-
struction shown in Fig. 2B is given
in Fig. 3. For the d-c flux path.
low reluctance is desirable to keep
the necessary mmf to a minimum.
The d-¢ flux path includes a silicon
steel yoke and a pot-type core,
while the r-f flux path is contained
in the pot-type core alone. To
shield leakage r-f flux from the
transformer iron, a thin copper
sheet is placed between the ferrite
and the yoke. The improvement in
Q afforded by the copper is of the
order of 2 to 3 times. This copper
sheet must be kept as thin as pos-
sible to keep the d-c reluctance low.

The presence of hysteresis in the
yoke tends to make reproducibility
of results uncertain. However, if
the desired loading-coil inductance
is always approached by increasing
values of d-¢c mmf the uncertainty
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FIG. 3—Curves show effect of changing d-c magnetization on Q
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FIG. 4—Evolution of r-f matching circuit employed in 12-watt 2 to 4-mc trans-
mitter using ferrite core tuning elements

is reduced to a satisfactory level.
In the actual construction this is
accomplished by wusing break-
before-make contacts in the switch.

The stability of the system as
regards temperature depends on
the permeability variation of the
ferrite and the change in resistance
of the d-¢c winding. One of the
main drawbacks in the use of fer-
rites is the comparatively large
variation of permeability with tem-
perature. The most suitable ma-
terial for this application was
found to be Ceramag 6 (Stackpole).
It was found to have the lowest
temperature coefficient among the
materials suited for r-f use.

The remaining temperature vari-
ation is counteracted by resistors
having a negative temperature co-
efficient. A thermistor with the re-
quired coefficient is easily found
but a power of the order of 20
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milliwatts heats the elements so
much that the resistance drops.
However, this difficulty is easily
overcome by coupling several ther-
mistors in parallel. The result is a
circuit element with a negative
temperature coefficient and an
otherwise constant resistance in the
useful current range.

Matching Network

It has always been a problem to
match an antenna to the final stage
of a transmitter over any appre-
ciable range of frequencies. The
conventional design methods usu-
ally result in 2 or 3-knob adjust-
ments between the power amplifier
anode and the antenna unless re-
duced output can be tolerated.

In this particular case it is a
question of coupling a 50-ohm load
to a tank circuit in which the ca-
pacitor is the variable element. The
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obvious solution is a simple tap,
as shown on Fig, 4A, together with
the equivalent circuit, Fig. 4B. The
impedance presented to i, is

(wM)?
Z=27,+ 7
where
Zp = 1p+ jwLy
and

Zs = Rx +‘7.‘-ULS
If the transformer is ideal we
find

L
Z—L_a-R

without any reactive components.
The Q is obviously zero giving zero
discrimination against harmonics.
The tank coil must apparently ex-
hibit a leakage between the primary
and secondary parts to be at all
practical.
Substituting for Z, and Z, in the
expression for Z gives
W2M?

R A A

MR,
= [rp s Er T (oL (“’Lﬂ)zj,

] w? ML,
+J°°[L» - R—rn—)]

If oL, is large compared to R,,
the coupled resistance and the re-
sulting inductance are independent
of frequency. The largest usable
inductance is determined by the
circuit capacitances. An L, of ap-
proximately 40 uvh is the highest in-
ductance the circuit capacitance will
allow. The resulting L, is approxi-
mately 1 v»h, and oL, at 2 and 4 me¢
is then 13 and 26 ohms respec-
tivelv. Both are smaller than 50
ohms.

Without going into too much de-
tail it will be clear that both the
resistive and inductive components
vary with frequency. Attempts have
been made to use the geometrical
center of the band (\/2x4=2.83
mec) as the basis and manipulate
the coupling and secondary in-
ductance, but a satisfactory result
is not obtainable without the intro-
duction of an extra control such as
variable coupling. This complica-
tion was not acceptable, however,
and as a result this simple method
had to be abandoned.

Figure 4C indicates the adonted
method. If the transformer 7 is
ideal it will place pure resistance
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FIG. 5—Output marching circuit uses
step-down transformer

(L./L.) R.=R, in parallel with the
tank circuit.

The tuning will not be affected if
the circuit is broken at A. The
vector diagram (Fig. 4D) shows
the admittances in the network and
it is obvious that jwC and 1/joL
will cancel regardless of R.

If we can make a transformer
with negligible leakage over the re-
quired frequency range we will
have a very simple and easy tuning
procedure. Referring to Fig. 5,
break the circuit at X and tune the
tank until the d-c milliameter shows
normal dip. Reconnect the circuit.
The transformer with its complex
secondary impedance will intro-
duce a reactive admittance com-
ponent across the tank and thus
detune it. By tuning L, to resonance
with C, (the antenna capacitance)
the load on the secondary will be
R, alone. The impedance Z, is now
a pure resistance (L,/L,)R, and
according to Fig. 4D will not dis-
turb tuning of the tank circuit. No
readjustment of the capacitor is
necessary.

The transformer uses a core
made of ferrite with a very high
permeability and an air gap as
small as the diamond grinding tech-
nique permits. The material is
varnished to guard against mois-
ture and the wire is wound directly
on the core. The temperature co-
efficient and material tolerances are
not significant as long as the perme-
ability is high.

The coupling has been used suc-
cessfully in the transmitter. The
circuit is broken by unscrewing the
coaxial cable connector and tuning
of antenna coil L, is done in the
transmitter proper. It is not neces-
sary to touch the tuning unit at
the base of the antenna.

The d-c control current may be
transferred to the antenna unit
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through the coaxial cable together
with the r-f and from a variable d-c
source at the transmitter. Figure 6
shows the circuit. A stable voltage
from VR tube V, is applied to tun-
ing tube V, and a voltage divider
consisting of the resistor R and four
high-resistance potentiometers in
parallel. The d-¢ flows from the
cathode through an r-f choke, the
coaxial cahle, another r-f choke and
through the control coil L, and the
thermistor combination for tem-
perature compensation to ground.

The selenium rectifier S prevents
fly-back voltage from developing
when the d-c¢ circuit is broken.
Winding L. is on two bobbins with
about 20,000 turns on each. With-

of ferrite the length is reduced to
1% inches. The Q varies from 210 at
2 mc to 180 at 4 mc and the temper-
ature coefficient is so low that no
change in inductance is indicated by
the standard Q meter in the tem-
perature range 0 to 50 C. The use
of ferrite for the tank coil has the
added advantage that the Q of the
tank circuit stays virtually constant
through the band giving constant
sharpness of tuning dip.

The loaded Q, however, varies
over the band in the ratio of 1 to 2
so the sharpness of the dip with the
antenna connected varies. In the
actual equipment this was not ob-
jectionable as it is counteracted by
a suitable taper in the potentio-

Uity
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l

FIG. 6—Circuit shows simplicity of accomplishing automatic antenna tuning as

various frequency crystals are switched.

Control current for antenna tuner

saturable reactor is carried on coax along with rf

out S, the fly-back voltage could
reach 1,200 volts.

The r-f current flows from the
secondary of the transformer
through the large capacitor C, the
coaxial cable, another capacitor C.
and through the antenna tuning
coil L, to the antenna.

A switch selects the desired tank
capacitor and grid voltage potenti-
ometer.

Tank Coil

The successful use of ferrite in
the two components treated so far
led to the application of ferrite in
the tank coil as well. This coil must
have an inductance of approxi-
mately 40 wh. Such a coil with an
air core occupies considerable space.
By winding directly on a 3-inch rod
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meters. Compensation for the non-
linear variation of inductance L,
with d-c current is obtained simul-
taneously.

Automatic Tuning

It would be desirable to make the
tuning of L, automatic, thus elim-
inating the potentiometer tuning,
but it was found that a minimum of
two extra tubes was necessary. The
nature of the transceiver did not
justify this extra circuitry. Auto-
matic tuning, however, would sat-
isfy two requirements. Both tuning
and temperature variations would
automatically be accomplished. An-
other project may justify its devel-
opment.

REFERENCE
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Negative repeller bends electron beam back through out-

put cavity to accelerator electrode. Wideband modulation

1s accomplished with low modulating power by swinging

repeller voltage. Efficiency is high at high-power levels in

uhf region

By G. E. SHEPPARD*, M, GARBUNY and J. R. HANSEN

Westinghouse Research Laboratories
Fast Pittsburgh, Pennsylvania

Reflex

resnairons of this
capable of producing over 2,500 watts
at 560 mc with 8-mc modulation

type are

Reflex Resnatron Shows

MERGING as a byproduct of a
conventional resnatron investi-
gation at Westinghouse, the reflex
resnatron has exhibited character-
istics that show it to be well suited
for uhf television transmitter out-
put stages.
The conventional™® resnatron is
essentially a two-cavity device,
operated so that electrons are den-

* Now at Lincoln, Kansas
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FIG. 1—Simplified cross-section drawing
shows action of negative repeller in
turning back electron beam
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sity modulated or bunched in the
grid-cathode gap of the first cavity
and then highly accelerated into the
accelerator-anode gap of the second
cavity. All high-frequency circuit
elements are integral parts of the
cavity systems, and dielectrics such
as glass are external to the fields to
which they could present losses.

A factor contributing however in
even larger measure to the high-
efficiency characteristic of this de-
vice, is the geometrical confinement
of electron trajectories to well-de-
fined, intense field regions. Never-
theless this in turn permits, by the
additional use of high voltages, es-
tablishment of efficient electron
transit-time relationships with re-
spect to the phases of the alternat-
ing voltage., This feature of high
efficiency is bought, to some extent,
at the expense of bandwidth, for the
high voltages necessary to transfer
energy to or from the electron beam
during a single transit demand
correspondingly high shunt resist-
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ances. This consideration is perti-
nent in view of certain properties
of the reflex resnatron.

Reflex Operation

The reflex resnatron is similar to
the conventional resnatron in most
respects, except that the anode is
operated at a negative potential
with respect to the accelerator grid
such that the electron beam termi-
nates, not at the anode, but at the
accelerator. Figure 1 shows sche-
matically the physical design of the
reflex resnatron. Two reentrant
quarter-wave cavities in geometri-
cal opposition are traversed axially
by an electron beam. The two op-
posing end faces of the inner cylin-
ders constitute, respectively, ca-
thode and repeller or negative
anode. The intervening cavity end
faces function as control grid and
accelerator, respectively, their in-
sulation for static potentials being
maintained by the use of chokes.

As in the conventional resnatron,
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Exploded view of electron-beam-forming section of reflex
resnatron shows grid and filament construction. All electrodes

are water cooled

ACCELERATOR

CONTROL
GRID -~ _

REPELLER -

GRID 7~ -,

SEVEN

THORIATED
TUNGSTEN
FILAMENTS

FIG. 2—Seven filaments, control and accelerator grid apertures
are accurately aligned to prevent electrons from hitting grids on
way to output cavity

Promise for UHF TV

a high-frequency driving field is
maintained between cathode and
grid which, with a suitable static
bias, permits density-bunched
groups of electrons to enter into
the high static accelerating field
between grid and positive acceler-
ator.

It is in the gap of the output
cavity that a marked deviation from
usual resnatron operation occurs.
The electron bunches which enter
through the accelerator are con-
fronted, aside from the high-fre-
quency field to which they render
work, by a retarding static field
which permits them to penetrate
the gup up to the neighborhood of
the repeller and then reflects them
back onto the accelerator.

This twofold interaction with the
output field requires only approxi-
mately half the opposing high-fre-
quency voltage necessary for single
transit. This leads to a reduction
of the optimum loaded shunt resist-
ance by a factor of four, as a theo-
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retical limit, and therefore to a
corresponding increase in the band-
width of the output cavity.

Conversion Efficiency

As will be explained later, the
efficiencies of energy conversion are
rather sensitive to variations of the
retarding field so that the output
power can be modulated by swing-
ing the repeller voltage. Since few,
if any, electrons will arrive at the
repeller, one obtains the gratifying
result that power modulation is pos-
sible with small demands on the
modulating system at the wide
bandwidth given by the output
cavity. Meanwhile the high power
and elliciency capabilities, char-
acteristic of the resnatron, remain
essentially intact in reflex operation.
The necessary grid driving powers
can be obtained either in amplifier
or oscillator operation. However,
the operating conditions of the tube
lend themselves particularly to
amplifier action.

www americanradiohistorv com

It is necessary to define the posi-
tion of the reflex resnatron in the
general classification of reflex de-
vices, particularly with respect to
the Barkhausen oscillator and the
reflex klystron. The Barkhausen os-
cillator is a triode in which electrons
oscillate around a positive grid
under the action of a negative anode
field. The resnatron cavity charac-
teristics of space and time focusing
of the electron bunches are here en-
tirely absent, and hence available
powers and efficiencies are small.

The reflex klystron is a klystron
oscillator in which input and output
cavity are folded back into a single
resonator. Its action as a converter
of velocity bunched electron groups
into density bunches remains how-
ever unchanged. In contrast to this,
the reflex resnatron, although it
maintains much of the time and
phase focusing features of the
original tube, is essentially a two-
cavity amplifier which exhibits a
rather unique interaction between

17



electron beam and output field, It
is therefore basically different from
all other reflex devices.

Transit-Time Effects

The time of flight of the electron
during its twofold crossing of the
output gap must fulfill a number of
conditions for maximum conversion
efficiency. The electron entering the
gap must first of all encounter a re-
tarding phase of the high-frequency
field to render energy to it. This
field, in combination with that pro-
duced by the static repeller voltage,
must bring the electron to rest near
the repeller at such a time that
when the electron falls back
towards the accelerator, it again
experiences in the main a retarding
phase of the high-frequency field.

Equations can be set up for the
ideal of a single electron per cycle,
which can be physically realized in
an amplifier by permitting a vanish-
ing angle of flow of electrons to pass
the control grid. There results
then, by the use of Lagrangian mul-
tipliers, a corresponding set of con-
ditions.
must be 314.4 electrical degrees,
equal times being spent by the elec-
tron during its transit while the
high-frequency field is first aiding,
then opposing that of the repeller.
Moreover, the repeller voltage has
to fulfill a certain condition of
resonance with respect to the power
and the accelerator voltage. When
the repeller voltage is different
from its optimal value, the electrons
are turned back at different points
in the gap so that the subsequent
variation in the timing of electron
interactions between the electrons
and the field will lead to reduced
conversion efficiencies. Graphical
analysis shows that for the case
of normal angles of flow, the theo-
retical conversion efficiency of the
clectron energies amounts to nearly
90 percent.® Deviations from the
condition of resonance will result in
loss of output power. Therein lies
the possibility of modulation by
swinging the negative repeller volt-
age. It can be shown by the same
graphical means® that if the repeller
voltage is varied through a range of
values which are more positive than
the resonance point, the changes of
power will be much larger than in
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FIG. 3—Modulation curves for low-

power operation of reflex resnatron.

Note that maximum power peak moves

toward low repeller voltage (more posi-

tive} region for higher accelerator volt-
ages

the more negative range. This is
indeed borne out by modulation
curves taken with the experimental
tube.

Tube Construction

The most important design con-
sideration centers around the elec-
tron-beam-forming structure shown
exploded in Fig. 2. The structure
consists of filaments and control
grid, located in the region of high-
est field intensity in the input cav-
ity, and accelerator grid and re-
peller, located in the corresponding
section of the output cavity.

The filaments consist of U-shaped
tantalum channels partly filled with
sintered thoria-tungsten powder.
The channels serve the triple fune-
tion of heating the electron-emis-
sive material, supporting it, and
initially focusing the beam. The
channels are positioned by thin elas-
tic strands which permit lateral
thermal expansion of the filaments
without appreciable change of the
gap spacing. The use of such chan-
nels has special merit of reducing
interelectrode capacitance,

Other filament designs have also
been used with this tube. How-
ever, any design has to provide a
satisfactory compromise between
two conflicting requirements—to
combine beam-focusing properties
with high field intensities. Beam
focusing is necessary to prevent
electrons from striking the grids.
High field intensities are needed
for high emission and short inter-
electrode transit times. Focusing
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properties could be tested either
with a rubber model or, more effec-
tively, by determining the potential
line contours with an electrolytic
tank and subsequent mapping of
the spacial electron trajectories ac-
cording to well-known methods.
Transit times were determined
analytically.® In this manner, the
necessary recess of the emissive
surface with respect to the equipo-
tential sidewalls was determined,
with the result that negligible cur-
rent loss to the control grid was
observed.

The openings in the two grids are
aligned with the filaments. The re-
peller of this experimental tube ex-
tends a flat surface toward the gap,
spaced at such a distance from the
accelerator that the resonance con-
dition mentioned above can be ful-
filled for sufficient gap penetration
of the beams at the desired range
of voltages and frequencies.

In usual resnatron practice the
anode is provided with an align-
ment of slots or recesses. This is
done to reduce the detrimental
effect of secondary electrons by de-
laying, in the resulting inhomo-
geneous fields, their appearance in
the gap until a retarding phase of
the field confronts them.

Such slots do not appear to be
necessary in the reflex resnatron.
The repeller is struck by but few
electrons, and the resulting second-
aries may indeed rather enhance
the desired effect, while those pro-
duced on the accelerator are inhib-
ited by the static field. A flat re-
peller surface was chosen for this
reason, and also because such geom-
etry was particularly suitable for a
comparison of experiments and
theory.

A fraction of the reflected beam
will leave the output cavity through
the accelerator openings, but only
a minor portion of the electrons will
actually enter the cavity twice.
This small, but undesired, effect can
be further reduced by providing the
repeller with a centrally projecting
rim or knife edge so as to distort
the fleld somewhat and increase the
lateral velocity component of the
electrons.

All electrodes are water cooled,
particular emphasis being placed on
the accelerator which has to dissi-
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pate most of the losses and can at
present absorb more than 5 kilo-
watts continuously. Figure 2
shows the center section of the tube.
The most suitable coupling condi-
tions for driving and output power
were determined by a combination
of Rieke charts and Q-circles.

The experimental tube was econ-
tinuously pumped during operation.
This made it possible to rotate the
output loop during operation, use
demountable gasket joints in the
flange connections, and accomplish
tuning by moving plungers through
sliding vacuum seals. A commercial
tube in which all characteristics
have been previously established
does not need these liberties of
adjustment and can therefore be
sealed. The cathode block support-
ing the filaments is split, the two
halves being separately water cooled
and insulated by a thin mica sheet
s0 as to maintain the filament
heater voltage in the order of 2
volts.

Performance

Initially the repeller of the tube
was provided with two wide-spaced
fins permitting the emission from
filaments to approach the surface
through a moderately inhomoge-
neous field. This made it possible to
operate the resnatron either con-
ventionally, while the anode was
positive (or of equal potential with
the accelerator), or in reflex action
with the anode as a negative re-
peller.

The effect of secondary elec-
trons in conventional operation was
in this construction already very
much reduced. At the same time
reflex operation was still fairly
effective since the same resonance
condition was valid for most of
the electrons. The merits of the
two types of operation ecould then
be compared directly. It was found
that the reflex resnatron produced
nearly the same amount of output
power, but more than double the
bandwidth when compared with the
resnatron.

So far the results obtained for
the reflex resnatron with flat re-
peller are as follows. At a fre-
quency of 560 mc power outputs of
2,600 watts have been obtained with
a bandwidth of about 8 me, a power
gain of about 5, and an overall
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efficiency of 38 percent, while the
repeller was held 6,500 volts nega-
tive with respect to the accelerator
potential of 8,000 volts.

Of particular interest are the
modulation curves which were
measured statically by varying the
repeller potential and observing the
resulting output power for various
parameters of the accelerator volt-
age. The output power depends, of
course, also on the value of the beam
current. Thus Fig. 3 shows modu-
lation curves for three operating
points of the accelerator voltage at
low currents and correspondingly
low powers. Figure 4 shows such
curves at relatively high currents
and powers. Although the two
charts were taken with small inter-
vening changes in the construction
of the tube and much changed grid
driving conditions, a typical be-
havior is demonstrated in both.

First of all, the repeller potential
for maximum power shifts towards
more positive values when the ac-
celerator voltage is increased. This
can be qualitatively explained by
stating that the effect which greater
velocities of entry into the gap have
on the transit times of the clectrons
and their resonance with field varia-
tion can be cancelled by a longer
path or, in other words, deeper gap
penetrati'on.

Secondly, an asymmetry of the
modulation curves is noted inas-
much as the increase of power with
repeller voltage is much steeper
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FIG. 4—At higher output levels, linear

modulation characteristics are also ob-

tainable. Curves for various accelerator
voltages are shown
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when coming from the positive side
towards the maximum than when
approaching it from negative
values. The reason for this lies in
the fact than when the transit times
become longer than the optimal
value as a result of more positive
repeller voltages, the electrons
arrive at the accelerator during a
more positive phase of the high-
frequency field from which they
then draw power. If however the
transit times are somewhat too
short, the electrons arrive in any
case against a negative phase with
much less variation in conversion
efficiency.

1t is obviously perferable to mod-
ulate the reflex resnatron on the
steep part of the curve, if the cur-
rent to the repeller is held negli-
gible. The power necessary for mod-
ulation is then almost entirely that
required by the static interelectrode
capacitance for the variation of the
repeller potential at signal fre-
quency.

New designs are possible which
will utilize the reflex principle
somewhat more effectively, for ex-
ample by a further gain in band-
width. Such a scheme would, for
instance, include the separation of
the static repelling field from the
cavity gap which could be crossed
twice or more by the beam. These
latter schemes lead however beyond
the scope of this discussion which
demonstrates that the reflex resna-
tron is not only interesting in its
own right, but might well claim a
highly competitive role in the uhf
power field.

The authors wish to express their
appreciation for the many helpful
discussions and suggestions by Dr.
J. W. Coltman.
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Coast Guard cutter “Courier” assigned to Project Vagabond can broadcast on
short waves from inverted pyramid antennas forward. Receiving whips are aft

Project Vagabond

Floating radio relay station carries complete receiving and recording equipment for

programming 150-kw broadcast transmitter and two 35-kw high-frequency transmitters.

Designed for interim service at a shoreside location, the installation could also operate at

OICE OF AMERICA’S need for a
Vpowerful, portable radio-broad-
casting plant is met by the installa-
tion aboard the U.S. Couast Guard

cutter “Courier.” It will serve
principally as a temporary relay
station during the construction

period of permanent overseas relay
bases.

Avoiding the approximate 18-
month delay between acquisition of
an overseas site and the completion
of construction, the ‘“Courier” can
start Dbroadcasting within a few
hours of arrival at a new location.
Another advantage of the floating
relay station is its flexibility—the
ability to move into areas dictated
by political necessity, and the abil-
ity to shift location as a deterrent
to Soviet jamming.

The vessel used for the project
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sea using special antennas

By JEAN W. SEYMOUR
Project Engineer
Division of Radio Facilities
7. S. Departinent of State
New York, N, Y.

is a C1-M-AV1 Maritime Adminis-
tration coastal cargo ship built in
1945. It has several advantages for
this project. A smaller vessel would
force undue crowding of electronic
eguipment. Excessive ballast would
Le required to get a larger ship
down in the wuter. The “Courier”
has its engine room and stack aft,
thereby facilitating the installation
of the balloon deck amidships,
directly over the medium-wave
transmitter.

Operations

The station is designed to receive
short-wave broadcasts from VOA
transmitters in the States and relay
them simultaneously on regular
broadcast and short-wave frequen-
cies, thus increasing the coverage
of the VOA at strategic points
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overseas. The station can also ori-
ginate programs in its own studio,
or record programs received on
short waves, for playback at peak
local listening periods.

The main transmitter is RCA
BTA-150-A broadcast equipment
rated at 150 kw antenna power.
It uses four 9C21 water-cooled
tubes in the final amplifier, high-
level-modulated by four more
9C21’s. The antenna for this trans-
mitter, which operates anywhere
between 540-1,600 ke, is a #-in.
diameter phosphor-bronze cable
supported by a Navy ZKA barrage
balloon.

Normally, the balloon carries 600
ft of 3-in. nylon line between the
balloon junction fitting and the top
of the antenna. The nylon serves
the dual purpose of getting the
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balloon above ground-turbulent air
currents and absorbing the shock
of sudden gusts. The ZKA is 69
ft long, 35 ft in diameter and has
a statie 1ift of 600 lb at sea level.
It has a ratio of lift over drag of
about 1.8 to 1, so that its lift in-
creases as wind velocity increases.
~ Although it tends to fly into the

wind like a kite, the ZKA has flown
in 40-knot gusts without deviating
from the vertical position by more
than 30 degrees. A special winch,
insulated from the deck by large
tower-base insulators, makes it con-
venient to change antenna length
for different frequencies without
cutting the cable. A special 36-in.
insulator with corona shield is used
at the top of the antenna.

The floating relay station carries
four 350-ft steel towers in the hold.
They are used for a directional
array on medium waves whenever
the vessel is anchored at a fixed
location for an extended period of
time. The towers are fed by an
open six-wire line mounted on pil-
ings. An emergency antenna can
also be used on medium waves.
Strung between the masts, this an-
tenna is not very efficient and would
be used only as a last resort.

Two Collins high-frequency trans-
mitters are also installed aboard
the “Courier.”” These are modified
tvpe 207-B1 equipments rated at
50 kw for c-w telegraph and 35 kw
broadcast power to the antenna.
The antennas for the two short-
wave transmitters were developed
by Weldon & Carr especially for
this project. They are designed to
maintain a fairly constant input
impedance over a range of 3.5 to
1 in frequency. Nominal input im-
pedance is 175 ohms, making it
convenient to feed them with a
12-in. square-duct form of unbal-
anced line with ?-in. inner con-
ductor.

The antenna is essentially one-
half a folded dipole, mounted ver-
ticallv, with the center portion
expanded to broaden its usable
bandwidth. The feed end is mounted
on an insulator and the far end is
bolted directly to the ship’s hull.

A combination studio, control
room and receiving room is located
aft of the ship’s wheelhouse. Eight
vertical whip receiving antennas
are spaced around the afterpart of
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Shori-wave iransmitter {left) and 150-kw brocdcaster (center) are located around
held. Massive haich in deck (this side of ccnirol console) gives access to power:
supply equipment in lower hold

Power supply for 150-«xw transmitter is in lower hold. Rectifier units shown here
are placed behind transmitter

the ship. A rejection filter is in-
stalled al the base of each whip
anfenna, to attenuate the frequen-
cies being used by the shipboard
transmitters. Each aatenna is
brought in by coaxial line to a
patch panel in the receiving room.

Two Collins-Crosby dual-diver-
sity exalted-carrier receivers and
two Northern Radio-Hammarlund
dual-diversity receivers are in-
stulled in the receiving room. Two
of these receivers are equipped for
either frequency-shift teleprinter
or broadeast reception. Two Link
Radio 960-mc stl receivers are also
permanently installed. The 960-me
program transmitters and their 4-

www americanradiohistorv com

ft parabolic antennas are carried
in the hold and are set up whenever
the vessel is stationed long enough
in one spat to put up a shore-based
receiving station with triple-diver-
sity rhombics.

A H0-watt  250-mic
transmitter-receiver is
tween the shore-based
station and the ship.

A broadcast consolette in the re-
ceiving room controls two Fair-
child gimbal-mounted turntables
equipped for recording and play-
back. Two Ampex tape recorders
are also installed in the receiving
room.

The communications room is lo-

cue-circuit
used be-
receiving
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Smith-chart plot of the special short-
wave broadcast antenna

Massive coaxial line with temporary
lead to broad-band antenna

cated directly below the receiving
room and contains necessary radio-
teletypewriter printer equipment
for two-way operation, either en-
crypted or in plain language.

Special precautions were taken
to prevent damage to equipment
in heavy seas and from engine
vibration. All three of the large
transmitters are set on foundations
comprising a 3-in. layer of cork
and 8-in. reinforced concrete slabs.

Sway bracing welded to bulk-
heads prevents large transformers
and other tall units from shifting
in rough weather.

Project Vagabond was completed
under the direction of George Q.
Herrick, Chief, Division of Radio
Facilities, Plans and Development,
Broadcasting Service, U. S. De-
partment of State,
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Receiving equipment and recording devices are ait. Direct or delayed broad-
casts can be arranged using diversity receivers shown
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Inverted pyramids are mounted upon special superstructure. One end is grounded
and other is mounted upon insulator
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Electro-Optical Shutters
for Ballistic Photography

Equipment developed for Kerr electro-optical shutters gives either a single pulse or ten

identical pulses spaced 25, 50 or 100 microseconds apart.

A modified line modulator

employing capacitor discharge through a type 4C35 hydrogen thyratron and very low-im-

pedance load produces a 50,000-volt pip

S A solution to the problem of
high-speed photography of
self-illuminated objects in exterior
ballistic studies, it was decided to
utilize the properties of the Kerr
electro-optical shutter. To accom-
plish this it was necessary to design
an electronice circuit that would pro-
duce either one pulse, one micro-
second wide with a magnitude of
40,000 volts, or ten similar pulses,
spaced either 25, 50, or 100 micro-
seconds apart.

Line Modulator

Resort was made to the line-
modulator method in which the
pulses are generated at the output-
voltage level. The approach used
was that of charging a capacitor
and then discharging it by means
of a switch through a very low-
impedance load. The R-C time con-
stant of the circuit could be so
low that the output voltage would
actually be a pulse of very short
duration. The capacitor used was
0.02 microfarad and the load was
50 ohms as represented by a loaded
pulse transformer. The time con-
stant of this circuit was therefore
one microsecond. The switch used
was a 4C35 hydrogen thyratron
whose purpose was to reduce its
impedance to a minimum during
the pulsing operation.

When the thyratron fires, the
voltage drop across it is approxi-
mately 70 volts and therefore the
entire capacitor voltage (which is
the B-supply voltage) is developed
across the transformer. The cireuit
is actually a modified line modulator
circuit in that the pulse width is
determined by the high-voltage cir-
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cuit. One advantage of this system
is that the pulse width can be
varied within very wide limits
merely by switching in different
size loading resistors.

Because the width and shape of
the output pulse are determined in
the high-voltage section, the preci-
sion needed to shape the triggering
pulse is greatly reduced. The 4C35
thyratron operates satisfactorily as
a switch because it satisfies the fol-
lowing criteria. The firing time can
be precisely controlled. The tube
conducts current until the network
is discharged and then becomes an

open circuit. The voltage drop
across the tube while conducting
is sufficiently low. Peak operating
voltage is sufficiently high. The
tube performs satisfactorily with
respect to temperature, pressure
and age; and it has satisfactory life.

Recovery Time

For use in a multiple-shot case
one additional requirement is nec-
essary; namely, that the tube re-
cover in a shorter time than the
time required between pulses. In
this case the deionization time de-
termines the maximum repetition

A 0.50 caliber projectile travelling at approximately 3,000 feet a second breaks the
trip wire (at its center) to operate the flash system
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FIG. 2—Pulse generator and multiple trigger circuits for several rapidly recurring
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FIG. 3—Two sets of counter amplifiers and driver tubes are shown; ten are used.
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They make possible multiple shots of the same projectile
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rate that can be used. Extensive
tests showed that the 4C35 hydro-
gen thyratron could not serve for
the pulse repetition rate required.
Two methods were investigated for
cutting down the deionization time.
First, a slight mismatch was intro-
duced in the circuit to provide an
inverse voltage. Second, a negative
grid bias was introduced to sweep
out any positive ions remaining in
the cathode space.

Using these methods it was found
that the minimum deionization time
possible was about 70 microseconds.
Since a deionization time greater
than 25 microseconds could not be
tolerated, it was decided to use a
cirenit that would contain 10 hydro-
gen thyratrons. In this fashion the
deionization time of any thyratron
would be unimportant.

Single-Shot Circuit

Figure 1 shows that the 2050
thyratron switch will normally be
cut off by the bias on the 6H6 recti-
fier. This will allow the two 1-uf
capacitors in the plate circuit of the
2050 to charge up to approximately
250 volts. It will also allow the 0.02-
2f capacitor in the plate circuit of
the 4C35 to charge up to approxi-
mately 5,000 volts and the 2-uf ca-
pacitor in the light source unit to
charge up to approximately 1,500
volts.

When the triggering wire is
broken, a positive pulse from the
bleeder is applied to the 2050 grid
through the 0.1-uf grid capacitor.
This permits the 2050 to fire and
short the two 1-pf capacitors in its
plate circuit to ground. One of
these capacitors discharges through
the primary of the ignition trans-
former in the light-source unit, pro-
ducing a secondary voltage of
sufficient amplitude to break down
the FT-130 tube. The ionization in
the flash tube allows the discharge
of the 2-uf light-storage capacitor
through the FT-130 tube, thus giv-
ing off a brilliant flash of short-
duration light.

The other 1-uf capacitor in the
2050 plate circuit will discharge
through the primary of a small
pulse transformer. The resulting
secondary pulse is then delayed
about 3.75 microseconds before it
fires the 4035 hydrogen thyratron.
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The firing of the 4C35 switch shorts
the 0.02-uf capacitor to ground,
allowing it to discharge through
the primary of the pulse trans-
former. The secondary voltage is
applied to the Kerr cell, thus open-
ing the electro-optical shutter. The
delay line allows the shutter to open
when the light flash is at its peak
value,

Multiple-Shot Circuit

The low-voltage pulse-forming
circuit shown in Fig. 2 operates as
follows. The type 6ACT oscillator
comprises a 120-ke crystal oscillator
driving a 6V6 blocking oscillator at
the same frequency. This in turn
feeds 4« 6H6 diode counter circuit
that has counting ratios of 12-to-1,

6-to-1 or 3-to-1 with output fre-
quencies of 40, 20 and 10 ke. The
output of the counter triggers

a single-shot blocking oscillator
(6V6) whose repetition rate de-
pends upon the counter ratio. The
output is then amplified in half a
6SN7, sent through a 6H6 clipper
stage and then put into a type
6J5 output cathode follower.

With the hydrogen-thyratron
counter circuit described below for
triggering the high-voltage circuit,
it is not necessary to limit the num-
ber of pulses to ten. The counter
will give only ten output pulses for
ten-plus input pulses. It is there-
fore only necessary to determine
and control the starting time of the
pulses. This is accomplished by
supplying the plate voltage of the
cathode follower through a 2050
thyratron that is used as a trigger
tube. The output tube will then be
inoperative until the thyratron is
fired, after which it will act as a
cathode follower and supply pulses
to the thyratron counter circuit
from the blocking oscillator.

The second half of the 6SN7 is
used as a cathode follower to pro-
vide oscilloscope monitoring of the
signal output from the diode
counter.

A series of pulses from the cir-
cuit of Fig. 2 is fed into the counter
circuit of Fig. 3 that uses ten 2050
thvratron tubes. The purpose of
this ring counter is to divert the
first ten pulses to as many 4C35
hydrogen thyratrons. Bias is ap-
plied to the grids of all the 2050
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thyratrons so that they are nor-
mally nonconducting. However, the
bias in the first tube is made less
than that for the other nine tubes.
Each 2050 has a load comprising
both cathode and plate resistors.
The plate resistors are made small
enough so that when a tube fires,
it will continue to conduct. The
triggering pulse is of such magni-
tude that only the first tube with
low bias will fire, even though the
pulse is applied to all the tubes. The
¢rid return of V, is to the cathode
of V.; hence the voltage drop across
the cathode of V., is applied in op-

Bt
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KERR

IMEG i GELL
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CHANNELZ \ o 02
' GHANNELS 3 THROUGH 10
IDENTICAL TO GH | AND2

FIG. 4—Kerr cell is driven to multiple
operation by thyratrons mqgered from
ten channels

position to the bias on V,, lowering
it sufficiently to fire on the next
pulse. The firing of V. lowers the
bias on the third tube in a similar
fashion, and this sequence con-
tinues until all of the ten tubes fire.

If it is desired to fire only =
tubes, the (n +1) tube may be re-
moved, thus breaking the cycle.
Once the tubes have been fired,
further trigger pulses have no
effect on them. The circuit is reset
by opening the plag:e—voltage supply
lead. ;

A single stage §a half 6SNT7 and
grid-driver 2050) follows the out-
put of each channel of the thyra-
tron counters to pulse the high-
voltage circuit.

Kerr-Cell Gates

Referring to Fig. 4, the high-
voltage circuit consists of ten 4C35
hydrogen thyratrons. The cathodes
of all the thyratrons are grounded,
and from the plates 0.02-uf capaci-
tors are connected to a common
pulse transformer. The other side
of the " pulse transformer is
grounded. To decrease loading
effects on the power supply, the
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plates are returned to the high volt-
age through one-megohm resistors.
The impedance of the grid circuits
has to be maintained at a low level
to prevent the first tube from trig-
gering the second tube before the
second pulse arrives.

This would normally happen be-
cause the storage capacitor and the
primary of the pulse transformer
form an oscillatory circuit even
though it is so damped that there
is only one overshoot. The over-
shoot of the pulse reaches the grid
of the second tube by dividing be-
tween the plate and grid capaci-
tances. If the grid impedance is
high enough, voltage is developed
across it to fire that tube. Reduc-
ing the grid resistor of the 4C35 to
50 ohms remedies this situation.

The high-voltage power supply
uses a 2X2 in a conventional half-
wave rectifier circuit whose output
voltage can be varied from 0 to
6,000 volts. This voltage may be
adjusted and observed from the
lower front panel.

Performance

Tests on the completed circuit
show that the desired output of
one-microsecond pulses, up to
50,000 volts in magnitude, with the
appropriate spacings of 25, 50, or
100 microseconds can be obtained.
It is necessary to have all leads
shielded, r-f filters in the B+ leads
of the trigger tubes (2050’s), and
bypass capacitors in the filament,
power-supply, and a-c supply lines
to insure satisfactory operation of
the circuit at maximum voltage
(6,000 v input). Otherwise, stray
pickup and noise that appear in the
plate circuit of the 2050 counter
tubes would cause the trigger tubes
to fire continuously. This is unde-
sirable because the hydrogen thyra-
trons keep firing sporadically. Also
as an aid in reducing the stray
pickup, the grid-to-ground imped-
ance of the 6SN7 amplifiers is re-
duced by shunting the 8.2K grid-to-
ground resistor with a 12K
resistor.

The equipment described was de-
veloped under a contract between
New York University and Frank-
ford Arsenal, Department of the
Army, by the Research Division.
College of Engineering.
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Fabricating Circuits

IRCUIT ANALYSIS has been
facilitated at Loyola Uni-
versity by a plastic-breadboard
method of mounting components.
Anyone engaged in the develop-
ment of electronic circuits is sure
to find this method more convenient
than the chassis, breadhoard or
haywire layouts in general use. As
the photograph shows, the method
is essentially that of imbedding cir-
cuit components in a sheet of ther-
moplastic material. Many plastics
currently available, such as Plexi-
glass, Lucite and Polystyrene work
very nicely. The technique is cur-
rently in use at Hughes Aircraft
for electronic circuit development.
Besides an inherent tendency to
appear neat, the plastic sheet pro-
vides a maximum of mounting con-
venience and access, together with
a minimum of time and effort
spent in fabrication. Many varia-

tions in actual procedure exist, and
the creative minds of development
men will find a fertile field for their
own innovations. Some of the meth-
ods used thus far are described be-
low.

Mounting Small Components

To mount small resistors and ca-
pacitors, simply apply a hot iron to
the component lead and push it into
the plastic material with pliers.
The heated wire melts the plastic
and slides in easily. When the plas-
tic cools a very strong supporting
bond results. Conventional mount-
ing procedures using terminal
boards have the disadvantage of
terminals being either too far

apart, or, worse, too close together.
The plastic sheet provides any de-
sired amount of spacing and the
support leads themselves become
handy solder terminals.

For development work, a larpe
economy of components is achieved,
since it is unnecessary to cut the
leads or bend them around termi-
nals. Another important time-sav-
ing factor lies in the exclusive use
of bare wire for interconnections.
This is possible since any long wire
may be held rigidly in place by sim-
ply pushing it into the plastic with
the hot iron tip.

Mounting Larger Parts

Components such as tube sock-
ets, transformers and potentiom-
eters can usually be mounted
in a secure fashion merely by heat-
ing appropriate parts of them with
the iron and pushing them into the
plastic material. The photograph
show how this can be done. Should
a given component require the use
of screws, several alternative
schemes for inserting them work

Components mounted on a plastic breadboard with a hot soldering copper. Using the technique for the first time, a student prepared
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this layout in five minutes
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on Plastic Breadboards

Quarter-inch thermoplastic sheet supports components during circuit development or for

class demonstrations. Wire leads, lugs or hardware can be imbedded in the plastic using a

hot soldering iron and slight pressure. Method is quicker and more convenient than

nicely. Most people are familiar
with the ease with which these plas-
tics may be drilled or tapped.

A quicker method is merely to
push small screws into the plastic
while holding a hot iron to them.
the plastic flows readily into the
threads forming a tight bond sim-
ilar to that found in fiber lock-nuts.
When the plastic cools, the screws
can be turned out for changing
parts and perfect threads will re-
main in the hole for reinsertion.

Drilling Holes

For larger screws and items such
as phone jacks and potentiometer
shafts, a different approach is use-
ful. Using an iron tip with a diam-
eter about the same as the threaded
part, the hot tip is forced through
the plastic sheet and held a moment
to allow the surrounding plastic to
soften. The iron is then removed
and the threaded part quickly in-
serted. It must be held in place while
the plastic cools. Perfect threads
will form about the shaft and the
part may be tightened or loosened
as desired.

Connector Plugs

When plug-and-jack contacts are
needed for power connections to the
chassis, a locating jig is easily
made by drilling out a piece of
thermosetting (heat-resistant) ma-
terial such as Bakelite, Micarta or
Masonite. Stiff wires can be in-
serted into the thermoplastic sheet
to form the needed plug. Such an
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arrangement permits easy connec-
tion to chassis in use and eliminates
the lead cable problem when the
chassis are stored.

Teaching Circuits

A small plastic sheet is marked
with the schematic diagram of a

circuit and the components mounted

as suggested, each one positioned
next to its corresponding symbol.
A View-Graph or Opaque projector
is used to project an image of the
circuit upon a large screen. Power
is applied and the circuit is func-
tioning while this is done. A
projection oscilloscope is used to dis-
play the waveforms present at vari-
ous circuit points upon the same
sereen. A large image of a vtvm is
also projected on the screen to
show voltage readings. This is a
most effective method of bringing to-
gether the theoretical development
of circuit analysis and the practi-
cal application of such theory. Us-
ing suitable calibration devices,
actual circuit constants are inserted
into the general formulas developed
and results displayed for direct
proof of the theory under discus-
sion.

The Opaque projector is better
for preliminary work since it shows
the circuit components in their true
colors and aids in teaching color
codes and emphasizing voltage rat-
ings, When the circuit components
are carefully arranged to lie near
the same plane, the depth of focus
permits lettering or numbering on
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conventional breadboard layouts

small parts to be read easily. This
type of projection requires a semi-
dark room however, and note tak-
ing is difficult unless shadow boxes
are used to illuminate writing
areas.

For class participation work, or
demonstration laboratory, the View-
Graph, which does not show color,
but instead projects a clearly de-
fined silhouette, works nicely. The
View-Graph may be used in fairly
strong light, enabling students to
collect data and take notes. If the
group demonstration lectures are
followed by individual experiment
sessions on the same plastic-circuit
preparations, it is found that the
coverage rate and comprehension

of material presented are both
greatly increased.
In advanced laboratory work

where actual fabrication or modifi-
cation of circuits is done, a stand-
ard size plastic sheet 6 by 3 by & in.
is used together with an aluminum
support rack. For this purpose the
plastic behaves co-operatively, hold-
ing components rigidly or releasing
them readily upon application of
heat. The components for the chas-
sis in the photograph were all
mounted in five minutes by a stu-
dent who was utilizing the tech-
nique for the first time. The econ-
omy achieved by repeated use of
the same components enables stu-
dents to have a more expensive
group of parts for research or de-
velopment work than would other-
wise be possible.

127



l='Kv
<7

\ NS

/ v
G2

— N
Kve

o
K ——
P ?5 vithdr

FIG. 1-—Full-wave crystal diode switch
converts zero-point symmetry to equiva-
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FIG. 2—Transfer admittances for
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FIG. 3- Proper shunt resistance will al-
low for good squaring action over cur-
rent range indicated
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IN EVALUATING complex voltage
and current waveforms it is
most significant to make compari-
sons in terms of root mean square
values. Popular types of power
instruments have been available
for many yvears that read true rms
values up to frequencies of about
500 cvcles.

At audio frequencies, the con-
ventional types of vacuum-tube
voltmeters are generally peak or
average-reading instruments. Al-
though the scale is calibrated to
indicate the rms value of a sine
wave, the reading is ambiguous
for complex waveforms. An in-
strument that indicates the rms
value of a complex waveform at
audio frequencies with high sen-
sitivity, is a valuable tool in the
study of nonsinusoidal waveforms.

One rms voltmeter commercially
available is the Diotron®. This in-
strument reads the heating capac-
ity of a waveform by the novel
use of an emission-limited diode.
Unfortunately the diode emission
depends on its previous history
(overloads) and the associated d-c
amplifiers require frequent zero-
setting. Another rms indicator is
included in a commercial power

level recorder’, which employs
O—
THYRITE, VIVM
T [T

ISTORTION

N34S A
RS [
O
ANALYZER
>50
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FIG. 4—In dynamic squaring technique
used, minimum second harmonic distor-
tion is sought with sinusoid applied
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New Jersey

vacuum tubes for
input signal. This technique is
rather popular in squaring cir-
cuits™ *. The critical choice of tubes
and operating points is a basic
limitation to this technique.

This article describes a voltmeter
which by using nonlinear elements
instantaneously squares any input
signal. A D’Arsonval meter move-
ment in the output gives an indi-
cation of the mean square of that
input signal. The meter reading is
linear in volts squared and by recali-
bration, the square root of the
mean square can be read directly.
The nonlinear network requires a
low-impedance driving source and
a preamplifier

squaring the

Squaring Circuit

The squarer employs Thyrite as
the nonlinear element. This ma-
terial has an extreme voltage coeffi-
cient which results in an instanta-
neous volt-ampere characteristic
which is symmetrical about the
origin and follows:

[i]l=klo|"
where n varies between 1.5 and 7.
Thyrite materials which have the
lower resistance range are gen-
erally the least nonlinear or have
the lower exponents.

Fig. 5—Sinusoidal input (botiom) re-
sults in second harmonic sinewave (top)
applied io squarer
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Vacuum-Tube Voltmeter

Zero-setting and balancing controls are eliminated and output scale is linear in power and

square-law in voltage. Nonlinear resistance network squaring action is accurate to 2.5

percent for current rance of 50 to 1. Top frequency is 500 kilocycles

Nonlinearity can be reduced
within limits by shunting the unit
with a resistor or putting a resistor
in series. The former technique is
to be preferred since the composite
resistance decreuses, increasing the
overall sensitivity. Starting with
Thyrite having an exponent slightly
greater than 2, it is a relatively
simple matter to shunt and linear-
ize it, so that the overall exponent
is made closely 2(n = 2), for a
single quadrant. For a given range
to be optimumly squared, the shunt
resistance depends on the current
level or nominal resistance level
and the Thyrite exponent.

Although the combination of
Thyrite and shunt resistance has
an exponent of 2 in a single quad-
rant, the unit is bilateral and has
zero-point syvmmetry. The =zero-
point symmetry must be converted
to zero-axis symmetry for true
squaring action. By interposing a
full-wave bridge rectifier before
the Thyrite., automatic switching
is obtained which produces the re-
quired zero-axis symmetry. This
action is shown in Fig. 1. The
rectifier allows the Thyrite to op-
erate in only one quadrant, which
results in the electrical equivalent
of a true square-law characteristic.

Figure 2 is an oscillogram of the
bridge output current as a fune-
tion of applied voltage for a linear
resistance and a squared Thyrite
element. The instantaneous volt-
ampere characteristic ecan then be
treated as ¢ = kv’

The crvstals used as rectifier ele-
ments do not significantly disturb
the squared characteristic. The
lowest nominal Thyrite impedance
in the range used is about 4,000
ohms and the forward resistance
of 1N34 crystals is around 100
ohms. The nonlinearity of the eryvs-
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Two views of mean square voltmeter show simplicity of ‘construction and operation

tal in the zero current region is of

small importance since the true
square-law characteristic should
have infinite resistunce at the

origin. To guarantee squaring, in-
cluding the crystal effects, it is
convenient to choose the proper
shunt resistor by squaring with
a-c¢ applied voltages. Plotting cur-
rent vs voltage squared for differ-
ent shunts indicates the transition
to a square-law characteristic, as
shown in Fig. 3.

The Thyrite material used in
this case had an exponent of 3.34
before shunting it with a linear
resistor. At a shunt resistance
value of 9,500 ohms, the combina-
tion- has an exponent of 2.0 for
the current range indicated. A
5,000-ohm shunt results in an over-
all exponent less than 2.0. The
higher exponent Thyrite is used
to show the large alteration in
exponent that is possible. Starting
with an exponent slightly greater
than 2, experience indicates that
the squaring can be made to within
— 2.5 percent for a current range
of 50 to 1.

Distortion Analysis

A rapid method for choosing the
shunt resistor and checking the
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overall pertormance of the squarer,
requires the use of a distortion
analvzer.

A 50-ohm resistor is connected
in series with the squaring com-
bination as shown in Fig. 4. The
voltage developed aceross the re-
sistor is passed on to'the distortion
analyzer. For true squaring action,
an input sinusoid of the form

v = V, sin wi,
will result in a current

KV KV

2 = > cos Zwl
The magnitude of the second-har-
monic voltage across R, when di-
vided by R, will give the current
flowing (both peak a-c and d-c
components are equal). This cur-
rent should correspond to the sen-
sitivity of the output meter. The
a-c signal applied ean be 200 cps
and the distortion in the 400-cps
output can be measured. By proper
shunting, the distortion can be
minimized for a chosen range.

It is important that the distor-
tion in the driving source be as
small as possible to avoid addi-
tional error. Likewise the internal
impedance of the signal source must
be extremely small or the non-
linear cuirent drawn by the squarer
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will distort the output voltage. Os-
cillograms of observed waveforms
are shown in Fig. 5. The funda-
mental frequency signal is first rec-
tified as indicated. The current
through the Thyrite-resistor com-
bination exhibits good waveform
and it is of second-harmonic
frequency.

The d-¢ milliammeter in the out-
put of the squarer indicates the
mean square current irrespective
of the waveform. A one-milliam-
pere meter is convenient for the
Thyrite used (8396839GR1). Ap-
proximately 4 volts rms are nec-
essary to give full-scale deflection.

The input impedance of the com-
posite squarer is bilateral and non-
linear, and varies approximately
inversely with the amplitude of the
applied voltage. It is important
that the driving impedance be
small so that the voltage applied
to the squarer is identical to the
input signal. Current drawn from
the driving source by the network
has only odd harmonics. This is
a result of the bilateral nonlinear
input resistance.

Driver Circuit

Special precautions are necessary
in the design of the driver circuit
for the nonlinear squarer. Since
the impedance of the squarer varies
inversely with the instantaneous
voltage, applied signals having high
peak to rms ratios (crest factor)
can result in momentary imped-
ances as low as 700 ohms. An
extremely low internal impedance
is required of the driver so as to
preserve the complex voltage wave-
form.

The ordinary cathode follower is
not sufficient and the coupling ca-
pacitor for d-c isolation adds to
the driver impedance at low fre-
quencies. As a point of interest,
an electrolytic capacitor cannot be
used for coupling because of its
high leakage current.

The circuit of Fig. 6 is a satis-
factory driver. The cathode-fol-
lower impedance is further reduced
by feedback to a nominal 6 ohms
and the overall gain is unity. The
application of feedback, as indi-
cated after the isolation, permits
the use of a 4-uf metallized paper
capacitor. It requires in the neigh-
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FIG. 6—Typical driver circuit with 6-ohm internal impedance and overall gain of
unity
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FIG. 7-—Mean square voltmeter circuit. Overall feedback reduces internal resistance,
stabilizes gain and improves frequency response

borhood of 4 volts at the input
of the driver to pass an average
current of 1 ma in the output
meter. A preamplifier and attenua-
tor are necessary to increase the
overall sensitivity and provide all
the aspects of a conventional volt-
meter.

Another, and more efficient,
driver circuit is shown in Fig. 7.
By feeding back part of the out-
put signal to the input stage the
ovtput impedance is reduced to ap-
proximately 8 ohms and the fre-
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quency response 1is considerably
improved. The feedback factor of
0.023 combined with an overall
gain of 570 makes the driver rela-
tively independent of supply volt-
age variations and tube aging
(A3 = 13).

As shown, an input signal of
0.1 volt results in full-scale deflec-
tion for the output meter. The out-
put stage is capable of "20-ma
swings with negligible distortion.
The overall gain is adjusted by
means of the 5,000-ohm feedback
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resistor for the particular Thyrite-
resistor combination’s sensitivity.

By incorporating a cathode-fol-
lower driven attenuator before the
driver the circuit becomes a prac-
tical mean square voltmeter. Each
10-db attenuation step corresponds
to a 0.1 reduction in overall sensitiv-
ity. In Fig. 8 the linearity with
overloads is compared to that of
normal full-scale current. By re-
placing the output meter with a
20-ma meter, the input signal can
be increased by a factor g5 with
no loss in linearity. In replacing
meters for this test it is obviously
important to maintain the same
total resistance in the squaring
unit.

A frequency-response character-
istic for the voltmeter at the first
attenuator position is shown in Fig.
9. The response falls after 500,000
cycles. Changing the attenuator po-
sition will have no effect up until
this region. Since the detector re-
sponse is mean square, a l-percent
change in amplifier gain will pro-
duce a 2-percent change in output
current,

Complex waves can have high
crest factors. Pulses, for example
can have large amplitudes and
small rms values. Since all ampli-
flers have an overloading limit,
a compromise must be reached com-
patible with the waveforms to be
studied. By passing sufficient cur-
rent through the cathode follower
and by proper design of the pre-
amplifier, crest factors of 6 based
on full-scale sensitivity can be tol-
erated before clipping, and as much
as 20 ma can pass instantaneously
or continuously through the 1-ma
meter. The problem of overloading

arises since a meter in conven-
tional use can suffer severe over-
loads. A commercial 1-ma meter
can pass 25 ma providing the
pointer is brought up to the full-
scale stop slowly. Damping of 0.5
second can be built into the meter
or a large capacitance can be placed
across the movement to achieve
proper results.

Miscellaneous Details

The ultimate high - frequency
range is limited by the high shunt
capacitance of the Thyrite and the
amplifier frequency response. Since
the dielectric constant of the Thy-
rite material used is about 100,
high frequencies are adversely af-
fected and the squarer is no longer
accurate. Therefore, complex waves
having high-frequency components
greater than 500,000 cps will be
measured with error.

Fortunately, the higher fre-
quency terms generally contribute
little to the total rms value. The
overall mean square linearity is =
2.5 percent of full scale.

The temperature sensitivity of
the Thyrite can introduce an error.
The Thyrite temperature coefficient
of resistivity is about —0.5 percent
per deg C.

The effects of temperature are
apparent from the curves of Fig. 10
which were taken for the case of
the Thyrite oven off and then on.

Although the meter can be cali-
brated with sine-wave signal in-
puts, it is of greater meaning to
check the calibration with complex
waveforms. A thermocouple-type
r-f milliammeter was used to meas-
ure the rms value of a complex cur-
rent passing through a 10-ohm re-

Circuit”, U.
1948,

sistor. The voltage drop across the
10-ohm resistor can be passed on
to the voltmeter and the reading
should correspond to the rms input
voltage squared. The.r-f milliam-
meter can be compared to an accur-
ate d-¢c milliammeter for initial
calibration.

The sum of two voltages of differ-
ent frequency and amplitude
checked excellently with the thermo-
couple readings. Waveforms with
excessive 3rd harmonic (that is, ex-
citing current in a transformer)
were measured correctly. A half-
rectified sinusoid checked satisfac-
torily, after the d-c component was
removed. A d-c meter was inserted
in series with an a-c meter and the
rms a-c¢ current was

Ioe = [Ir?~ 143/
where I, was the thermocouple
reading. A check with triangular
and rectangular pulses also gave a
correct meter indication. The re-
sponse to complex waveforms was
very satisfactory.

The authors wish to extend their
thanks to the Rome Air Develop-
ment Center, Griffiss Air Force
Base, Rome, New York, who made
possible this work under contract
AF28(099)-33. The cooperation of
J. L. Potter, Chairman of the De-
partment of Electrical Engineering
is appreciated.
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FIG. 9—Frequency-response curve for
voltmeter indicates useful response up
to 500 kc
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FIG. 10—Curves show temperature de-
pendence due to Thyrite coefficient of
—0.5 percent per deg C
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Oscillosco_pe photos show complex waveforms synthesized by gen-

Synthetic Waveforms

Complex waveform generator, set to duplicate unknown waveform, shows harmonic per-

centages and phase shifts on control settings. Can be used in phasing-out harmonic distor-

tion in high-power amplifiers, measuring circuit phase shift, testing components and

calibrating test instruments

FFECTS of supply-voltage har-

monics on airborne electronic
equipment have been studied
using the complex waveform gener-
ator to be described to duplicate on
a dual-beam oscilloscope the wave-
form under analysis. As may be
seen from the photograph, the gen-
erator has nine variables which can
be set to produce a desired wave-
form. These variables are the
amplitudes of the fundamental,
second, third, fourth and fifth har-
monics, and the phases of the four
overtones. The parameters of the
synthetic waveform are then read
from control settings.

The instrument has proved use-
ful in amplifier design problems
wherein a pure sine wave output is
obtained at high power levels by
introducing out-of-phase harmonic
distortion to phase out harmonics
generated in the amplifier. The gen-
erator has been found a useful in-
struction aid in demonstrating some

aspects of the Fourier series. Com-

ercial applications include testing
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instrument calibration for various
phase and harmonic conditions and
measuring phase shift in circuits
and components. A commercial
model of the device is shown in the
photograph.

The generator output waveform
can be adjusted from a sine wave to
any wave shape within the limits of
its nine variables. The general
waveform can be expressed by the
equation:

f(t) = Eicos (wt+ ¢) + Eacos
Quwt+ ¢2) lll
+ E;cos (3wi+ #5) + Eycos
(dwt+ ¢) + Escos (5wt + a5)

The variable functions are: E,
F., Ey, E., Es, ¢ ¢5, 05, and és.

The amplitudes of the funda-
mental, second, third, fourth and
fifth harmonics are variable from
100 percent of fundamental ampli-
tude to zero, and the phase angles of
the second, third, fourth and fifth
harmonies are variable from zero
to 360 degrees.

The need for an instrument of
this sort in the past led to the devel-
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opment of electromechanical gener-
ators. None of these instruments
attained popular use because of the
inherent limitations of frequency
range and excessive cost. The gen-
erator described is comparatively
simple and dependable. It makes
use of established principles and
circuits to obtain precisely syn-
chronized harmonies and to permit
shifting the phase angle of the har-
monics relative to the fundamental.

Theory of Operation

The block diagram (Fig. 1) indi-
cates the method by which the vari-
ous harmonics are obtained. A
variable intermediate-frequency
signal and a fixed i-f signal are
heterodyned to obtain a variable
audio-frequency signal. Both the
fixed and variable i-f signals are
multiplied in frequency and hetero-
dyned to obtain the various har-
monics of the audio fundamental.
The phase of the harmonies is
shifted in the fixed intermediate
channel ahead of each multiplier.
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erator. Table I gives relative harmonic content for each waveshape

Table I—Synthetic Waveforms

(A) (B) (O] (D) (E)
100/ 100/ 100 12

% Fund 100

E

o 2nd 0 28

a2

2 3nd 30 22 100 50 40

3

T 4w 28 70
5th 300 5 20 16 100

I{armonic Content In Percent

Speed Wave Analysis

By ARTHUR A. MAHREN

Peerless Instrument Co.
Elmhurst, N. Y.

Shifting the i-f phase angle pro-
duces a corresponding shift in the
heterodyned audio-signal phase
angle. This may be demonstrated
in the heterodyne equation.

The variable-frequenecy inter-
mediate signal is represented by

y = E,cos (w+ 1wt (2)
where A\ wt is the difference in fre-
quency between the fixed and vari-

"~ able osciliators.

The fixed-frequency signal is
. = E.cos (wt+ ¢) 3)
where ¢ is the shift in phase angle
of the fixed-frequency signal before
it is heterodyned. The heterodyned
output current, assuming square-
law detection, is:
i = a (e; + ey)? €Y
Expanding Eq. 4 and substitut-
ing Eq. 2 and 3:
i=a B cos® (w+ rw)l+a?2E: E,
cos (w+ 4 w) tcos (w4 ¢)
+ a E.2cos? (wt+ ¢) 5)
The first and third terms, being
of higher frequency, are neglected.
By expanding the middle term of
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Dials of commercial model of complex waveform generator

Eq. 5, Eq. 6 results:

i=a B Eyjeos Qi+ swt+ ¢)

+a kK, E jcos (3 wl— ¢) (6)

The second term, aF . E, e¢os
(Awt—o), is the audio term: which
shows that the phase-angle shift
that took place in the fixed i-f sig-
nal appears in the audio term after
being heterodyned.

Phase-Shift Calibration

The phase-angle shift ¢ in the i-f
channel appears in the audio term.
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Since the phase-angle shift takes
place at the intermediate frequency,
multiplying the frequency also mul-
tiplies the phase shift. The phuse
angle need be shifted only 130 de-
grees at the intermediate frequency
to appear as a 360-degree shift in
the second-harmonic audio signal,
the third harmonic need be shifted
only 120 degrees, the fourth 90 de-
grees and the fifth 72 degrees.

Since phase shifting takes place
at a fixed frequency, no tuning ad-
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justment is necessary in the phase
shifters as the variable-frequency
oscillator is tuned to obtain a
variable audio frequency. The
phase-shift dial calibrations hold
regardless of any change in the
audio frequency. Phase shift in the
variable-frequency i-f channels is
minimized by making the tuned
multiplier channels sufficiently
broad band to maintain a relatively
constant phase angle as the vfo is
tuned through the band. There is
no change in audio amplitude as the
phase angle is changed.

The amplitudes of the inter-
mediate variable and fixed-fre-
quency signals are adjusted at the
frequency converters to provide
relatively pure audio signals. In
the experimental generator and in
the production units there is less
than one percent of harmonics
present in the fundamental and
harmonic audio channels over the
fundamental frequency range of
25-3,000 cycles.

The various audio outputs are
added in a resistor. Decoupling of
the audio signals minimizes cross-
talk between channels.

Circuit Details

Figure 2 shows the fundamental
channel and one (the fourth har-
monic) channel. The fixed-frequency
oscillator is crystal controlled at
100 kec. The variable-frequency
oscillator is a temperature-com-
pensated Hartley oscillator with a
tuning range from 100 to 103 ke.
Buffer stages isolate the oscillators
from the 6L7 frequency converter.
The audio fundamental is available
at the plate circuit of the frequency
converter. The fundamental and
fourth-harmonic audio mixers and
output cathode follower are shown
in Fig. 3.

The variable i-f multiplier con-
sists of one stage of multiplication
and one stage of amplification. The
amplifier stage is necessary since
the multiplier and amplifier tuned
circuits are low Q to provide the
necessary bandwidth for minimum
phase sghift within the tuning
range. Without the amplifier there
would be appreciable fundamental
present in the harmonic output.

The phase-shift system used in
the fixed-frequeney channel is de-
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Fig. 1—Block diagram shows how the amplitudes and phases may be varied to
synthesize a given complex waveform

signed around standard, com-
mercially-available components. It
utilizes the fact that a shift of
phase is obtained when a circuit is
tuned through a fixed resonant
point. For about a 45-degree
shift on each side of resonance this
shift is fairly linear, facilitating
calibration of the phase-shift dials.
In the second and third harmonic
phase shifters, where a 180-degree
and a 120-degree shift is required,
two such circuits separated by an
amplifier are used.

Small Phase Shifts

Where the phase shift required
is less than 90 degrees, the circuits
are trimmed and padded so that the
full rotation of the phase-shift
capacitor is utilized for the re-
quired phase shift. An additional
phase-shift stage is provided in
each channel with a separate con-
trol knob labelled PHASE-ZERO ad-
just. This is provided so that the
main phase-shift dials can be set
to read zero phase shift regardless
of phase distortion in any amplifier
used in conjunction with the gener-
ator.

The fixed-frequency multipliers
and amplifiers are similar to those
of the variable-frequency channels.

The generator contains an output
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from which the complex waveform
is available at one volt with a 500-
ohm output impedance. A syn-
chronizing output is provided from
which an oscilloscope may be syn-
chronized with the audio funda-
mental so that the oscilloscope
sweep will remain synchronized at
the same part of the fundamental
cycle as the waveshape is altered.

A vtvm output connected to a
switch is provided so that the level
of the fundamental and each har-
monic may be monitored. In addi-
tion, the harmonic amplitude dials
are calibrated. The phase-shift
dials are calibrated in plus and
minus 180 degrees from 0 degrees,
providing a 360-degree total shift
in phase in each of the harmonic
channels.

Wave Analysis

Wave analysis, for waveforms of
fairly high harmonic content, may
be accomplished by synthesizing,
with the generator, the waveform
to be analyzed, and reading the
harmonic content from the instru-
ment. This may be done by apply-
ing the waveform to be analyzed to
one gun of a dual-beam oscilloscope
and matching the waveform under
analysis with the generated wave.
By superimposing one wave on the
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Fig. 2—Schematic of fourth-harmonic channel illustrates processes of phase shifting and frequency multiplication that produce har-
monics independently variable in phase and amplitude

other a fair degree of accuracy may
be obtained. This method permits
the harmonic analysis of waves of
much higher frequency than is pos-
sible with present commercial ana-
lyzers, since the frequency of the
wave to be analyzed may be many
times greater than that of the syn-
thesized wave. The frequency of
the wave that may be analyzed is
limited only by the oscilloscope
used.

A greater degree of accuracy in
wave analysis, but at a frequency
range limited by the fundamental
range of the generator, may be ob-
tained by using the generator to
phase out the harmonics of the
waveform under analysis. The syn-
chronizing output is shifted in
phase by 180 degrees and fed into
an amplifier whose distortion is to
be measured. If the amplifier itself
has 180 degrees of phase shift, the
phase need not be shifted, but since
most amplifiers do have some phase
distortion, an auxiliary phase
shifter is desirable.

The output of the amplifier and
the output from which the complex
waveform is obtained are mixed in
a linear device, such as a resistor.
The fundamental amplitude from
the generator is then adjusted for
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minimum deflection in a vtvm or
an oscilloscope connected across the
mixing device. The fundamental
amplitude necessary for minimum
deflection is taken as the basis of
the harmonic percentages. The
second, third, fourth and fifth har-
monic amplitudes and phases are
then adjusted for further mini-
mum. If the output is observed on
an oscilloscope, the phasing out of
the harmonics is facilitated. The
amplitudes and phase displacement
of the harmonics are obtained from
the generator dials.

Other Applications

The output sine wave of one of
the harmonic channels may be used
in checking phase shift of a com-
ponent. The portion of the sweep
where the sine wave crosses the axis
on an oscilloscope connected to the
output of the generator is noted.

The component or circuit to be
tested is then connected between
the generator and the oscilloscope.
With the oscilloscope sweep syn-
chronized by the fundamental,
which remains unchanged in phase,
a shift in phase of the signal due
to the circuit being tested will be
indicated on the oscilloscope by the
harmonic sine wave being displaced
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Fig., 3—Fundamental and fourth-har-

monic mixers, showing amplitude con-
trols and output cathode follower

along the sweep axis on the screen.

The harmonic phase-shift dial is
then adjusted so that the position
of the sine wave on the sweep axis
is the same as it was when the
oscilloscope was connected directly
across the output of the generator.
The phase shift necessary to bring
the pattern back to its original
position is the phase shift intro-
duced by the circuit under test, and
is read directly from the phase-
shift dial.

The generator can also be used
to solve the problem of maintaining
a constant phase shift between two
voltages as the frequency is
changed.

135



Finding Phase Shift

By performing extra vector-rotating operations on the standard Smith transmission-line

chart, the phase and magnitude of the voltage and current at a point on a line can he deter-

mined relative to the voltage and current at the termination

THE SMITH CHART" gives the im-
pedance at a point on a trans-
mission line when the impedance of
the termination is known. But, in
addition, the engineer often wishes
to know the phase shift introduced
by the section of line and the mag-
nitude of the voltage and current
with respect to the voltage and cur-
rent at the termination.

By the use of extra operations,
the Smith chart will give this extra
information. It is also possible and
useful to find the impedance and
the phuase and magnitude of the
voltage and current referred
to the voltage and current at the
termination, when the termination
is an impedance containing a nega-
tive resistance. A tube feeding
power into one end of a line is such
an impedance at the fundamental
frequency.

A specific case where this in-
formation is useful is to be found in
the design of grounded-grid oscil-
lators which feed high-Q resonant
circuits  through transmission
lines.”" The procedure to be fol-
lowed in solving such problems will
be explained by using specific ex-
amples.

Termination with Positive R

In the first example, the termina-
tion is an impedance containing a
positive resistance. Assume line
attenuation to be zero. The imped-
ance will consist of a resistance of
2.0Z, ohms in series with an induct-
ance of 1.4Z, ohms. Assume also
that it is necessary to know the
following quantities 65 electrical
degrees from the termination: (1)
the impedance; (2) the phase and
magnitude of the voltage relative to
the voltage across the termination;
(3) the phase and magnitude of the
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current relative to the current in
the termination.

The impedance of the termina-
tion (volts per unit current) is
found at point 4 in Fig. 1.* The
diametrically opposite point B is
the admittance (amperes per unit
potential difference). Vectors
drawn from O to 4 and B represent
the phuse and magnitude of the
termination voltage and current'.

On the Smith chart the scale is
chosen such that a current vector
equal in length to the voltage vector
represents a current : = V'Z,
where Z, is the impedance of the
transmission line.  The points A’
and B’ represent the impedance
(Z = 05%Z, — j0.7Z,) and admit-
ance [(Y = (0.68/Z,) -+ (,;0.94
Z,)| respectively at a point 65°
toward the generator. Vectors
drawn from O to A’ and B’ repre-
sent the voltage and current at this
point. The angle between them is
correct, but the angle between the
voltage vector at 65° and the volt-
age vector at 0° is incorrect.

To show all vectors with the cor-
rect magnitude and phase relations,
the vectors OA’" and OB’ are rotated
counterclockwise 65° as shown.
This rotation is required because
the voltage and current vectors at
the termination are formed by the
addition of a transmitted wave
(voltage and current represented
by OC) and a reflected wave with
voltage vector CA and current vec-
tor CB.

The transmitted and reflected
waves must be advanced and re-
tarded 65° respectively® On the
Smith chart the transmitted wave
OC remains fixed, while ‘the re-
flected wave is retarded 130° (130°
clockwise). Hence, to restore the
proper spatial relations in the vec-
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tor diagram, the triangle A" OB’
must be rotated 65° counterclock-
wise about Q. This gives the vector
V (65°), which is 0.7 times the mag-
nitude of the voltage at 0° and
ahead in phase by 25.5°, and the
current vector 7(65°), which is 2.0
times the magnitude of the current
vector at 0° and is ahead in phase
by 115°.

Termination with Negative R

When the terminating impedance
contains a negative resistance it is
usually called a generator. It is
customary to consider that the gen-
erator will determine only the mag-
nitude of the voltage across the
line, while the voltage distribution
will be determined solely by the
passive termination at the other
end. If a generator is feeding
power into a line which presents
a definite impedance, say an in-
ductance in series with a resistance,
then the generator itself must look
like an impedance consisting of
a capacitance in series with a
negative resistance. It is therefore
legitimate, and often useful, to cal-
culate voltage and current dis-
tributions on the line using the
impedance of the generator as a
starting point.

To use the Smith chart in this
case, the impedance of the genera-
tor is first determined. The im-
pedance looking into the line will
then appear to be an inductance in
parallel with a positive resistance.
The impedance elsewhere on the
line and the phase and magnitude
of the voltage and current relative
to the voltage and current at the
generator can then be found as in
the first example, except that the
direction of all rotations  should
be reversed in this case.
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With Smith Chart

By K. R. MacKENZIE

Depantment of Physics
University of California
1.08 Angeles, California

1(65°)arT

A
1 (fs") /

As an example, consider an am-
plifier tube connected to a tank
circuit which is in turn connected
to a 100-ohm transmission line.
Assume that the other end of the
line is coupled in some manner to a
resonator. Assume that operation is
to be class C, with 2 kv on the
plate and 1 amp plate current. The
fundamental component of the plate
current will then be around 1.8 amp
peak.® With an assumed r-f swing
of 1,800 volts, the tube can be rep-
resented by a 1,000-ohm negative
resistance in parallel with the ca-
pacitive reactance of the tube
elements.

Assume also that the tank circuit
is detuned so that a net capacitive
reactance of 1,000 ohms appears in
parallel with the tube. This is not
standard practice since standing
waves are produced on the line, but
occasions do arise where it is desir-
able (such as a low-voltage point
where the line enters a vacuum sys-
tem). The 100-ohm line is thus
terminated by a parallel combina-
tion of 1,000 ohms of capacitive
reactance and 1,000 ohms of nega-
tive resistance.

This example is solved in Fig. 2.
Looking into the transmission line
(away from the generator), there
must be an impedance which looks
like a 1,000-ohm positive resistance
in parallel with a 1,000-ohm in-
ductance. Finding this point on the
Smith chart is standard procedure,
giving 0.001 amp per volt for the
currents that flow in the two
branches of the termination for 1
volt applied across the termination.
Since the line has an assumed Z, of
100 ohms, multiply by 100 to get
0.1 for both the resistance and re-
actance circles.

The intersection at A locates the
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FIG. 1-—Method of using chart when line termination coniains positive resistance

tip of the current vector OA. The
diametrically opposite point B is
the impedance (Z = 5Z, + j5Z,)
and also locates the tip of the
voltage vector OB which leads the
current vector by 45°. These two
vectors represent the voltmeter and
ammeter readings when measuring
the impedance looking toward the
passive load and also the power
flowing into the line. If power
flowing into the generator is meas-
ured, it proves to be negative.
Since power is VI cos 0 (where
cos O is the power factor), cos 9
must be negative, or the angle be-
tween voltage and current is over
90°. In effect this involves switch-
ing ammeter connections so that the
ammeter reads backwards. In Fig.
2, the voltage and current looking
into the generator are represented
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by ¥ (0°) and /,(0°) where /,(0°)
is the vector obtained by reversing
OA.

To find the phase and magnitude
of the voltage and current 30° along
the line from the generator, new
points A” and B’ are found by ro-
tating 30° counterclockwise (away
from the generator). The impe-
dance looking toward the passive
termination is 0.29Z, + j1.35Z, (or
29 + j135) and the admittance is
(0.15/Z,) — (40.7/Z,). The vectors
OA’ and OB’ represent voltage and
current 30° along the line and have
the correct magnitude and phase
relative to each other but not rela-
tive to the voltage and current at
0°, so they are each rotated 30°
clockwise, giving vectors V (30°)
and 1(80°).

If the voltage and current look-
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ing twoward the generator are de-
sired, the vector 7(30°) must be
reversed. From Fig. 2, the voltage
30° along the line lags the voltage
at the generator by about 3.7° while
the current lags by 36°.

The advantage in considering the
generator as the termination lies
in the fact that the voltage and
current at the far end of the line
are calculated for the desired oper-
ating conditions at the tube. The
coupling network between load and
line is then designed to fit this
voltage and current. In feedback
oscillator circuits the phase shift
introduced by the line is often im-
portant and is easily estimated by
the above method.

Attenuation

Imagine that the transmission
line in the example of Fig. 1 is
terminated in its characteristic im-
pedance and the attenuation is such
that a wave traveling toward this
termination will suffer a power loss
of 1 db in going 65° along the line.
The termination causes reflections
so there will be a transmitted and
a reflected wave present. This
means that the voltage and current
vectors in these waves will be at-
tenuated by 1 db each.

In Fig. 1 the transmitted voltage
and current vectors are both repre-
sented by OC (OC really consists
of two parallel vectors), while CA
and CB represent the voltage and
current in the reflected wave. In
moving back along the line 65°
from the termination, the trans-
mitted voltage and current should
be increased by 1 db each and the
reflected voltage and current should
be decreased by 1 db°. On the
Smith chart, however, the trans-
mitted vectors OC are kept con-
stant, while the reflected voltage
and current vectors CA and CB
are decreased by 2 db each.

To account for a 1-db attenua-
tion in power in Fig. 1, decrease
the reflected voltage and current
vectors CA and CB by 2 db each,
which locates the points A” and
B” and a new impedance (Z = 0.72
Z, — 70.52Z,) at the 65° point on
the line. So far this is standard
procedure,

The voltage and current at this
point are represented by the vectors
OA” and OB”. They have the cor-
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A 1(30°) LOOKING
\ TOWARD
GENERATOR

30°or 5‘2‘AWAY
FROM GENERATOR

* 1(30°)

FIG. 2—Procedure when ferminafing impedance is a generator containing negalive
resistance

rect phase and magnitude with
respect to each other but not with
respect to the voltage and current
at the termination. To set things
right, these vectors are rotated 65°
counterclockwise, giving vectors
OA,” and OB,”, which are then
stretched by 1 db. The vectors
V(65°) ... and I1(65°),,, now repre-
sent the voltage and current- 65°
along the line with correct phase
and magnitude.

Since the voltage and current vec-
tors can become quite large when
going farther away from the ter-
mination, it is useful to extend the
attenuation scale used with the
Smith chart as far as necessary.
The extended scale rotates about O
as shown in Fig. 1. The amounts
by which the vectors OA,” and
OB,” must be stretched can also be
found by multiplying OA,” and
OB,” by the square root of the ratio
CA’/CA”.

Attenuation in a line often im-
plies that Z, is complex. In the
above example Z, has been assumed
to be real. When Z, is complex, the
numbers defining the resistance
and reactance circles on the Smith

www americanradiohistorv com

chart are obtained by dividing the
terminal impedance by the complex
value of Z,. If Z, is represented by
Z,e'd, the angle between the ter-
mination voltage and current vee-
tors (drawn from O in Fig. 1) will
be reduced by the angle 0, which
is the angle of the line. The dia-
gram is therefore an incorrect
spatial representation of the ter-
minal impedance. After performing
all the previously described rota-
tion operations, the angles between
different voltage vectors or differ-
ent current vectors will be correet,
but the angle 8 must be added to
the angle from current to voltage
in order to obtain the correct
spatial picture of the impedanece.
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Video Test Signal Generator

Output signal consists of simulated horizontal sync pulse, blanking pedestal and five
discrete sinusoidal frequencies. Duration and amplitude of signals are adjustable by

operator. System speeds up and increases accuracy of response measurements which may

be made by unskilled operators after a brief instruction period

——— By H. BORKAN, W, C. MORRISON and J. G. REDDECK —

IDEO FREQUENCY response
Vchecks of television equipment
can be made quickly and accurately
using the test signal generator
shown in the photograph. The test
set generates its own horizontal
synchronizing pulses for checking
video systems that require such
pulses in normal operation.

Speed Plus Accuracy

The video test signal generator to
be described and a typical test sig-
nal are shown in the photographs.
The synchronizing pulse is so lo-
cated on the blanking pedestal that
no front porch is produced. This
simplifies the device without de-
tracting from its usefulness for
production testing.

Referring to the exterior view,
the five large knobs control the five
frequencies generated. Each of the
five small knobs, directly below
these, controls the amplitude of one
of the five frequencies independent
of the other four.

Starting from the left, the first

oscillator is variable in i-megacycle

steps from # to 1} megacycles. The
remaining four are continuously
variable, one covering each of the
following ranges: 1to 2.1 me, 1.4 to
3 me, 2.2 to 3.8 me, and 3 to 5.4 me.
A coarse frequency calibration for
each control is engraved on the
panel. The ranges are made to over-
lap so that in most cases a particu-
lar frequency can be set on one os-
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cillator, and the response at nearby
frequencies can be investigated by
varying one of the adjacent oscilla-
tors,

Method of Operation

Most video systems are designed
to operate with 75-ohm unbalanced
lines in and out. Therefore, the low-
impedance output of the generator
is connected to the input of the
video system to be checked and the
svstem is properly terminated. An

oscilloscope having an input imped-
ance that is high compared to 75
ohms for all frequencies to be tested
may be bridged across the input of
the system without disturbing the
normal conditions. ’

Adjustment

The ganerator is adjusted to pro-
duce frequencies throughout the
frequency band to be checked and
the ampiitudes are adjusted to give
uniform response on the oscillo-

Ten knobs across front of generator control frequency and amplitude of gated
signals. Knob in upper right-hand corner sets overall gain

www americanradiohistorv com
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FIG. 1—Block diagram shows how oscillators at various frequencies are keyed
on in sequence during horizontal trace of test oscilloscope

scope. The oscilloscope is then
changed from the input to the out-
put of the system and the test sig-
nal is observed. Any variation from
uniform response is caused by the
system and can be measured di-
rectly.

A typical test is illustrated. In
the input-output patterns shown,
the test frequencies are 1.0, 1.5,
2, 3, and 4 mec. The amplifier
being tested has a sag in the re-
sponse near 2 mc and cuts off be-
tween 3 and 4 me.

Certain precautions must be
taken with such an approach. The
frequency response of the oscillo-
scope must be at least comparable
to that of the system, otherwise
overloading may occur in either the
oscilloscope or the system while at-
tempting to produce uniform input.
It should be emphasized, however,
that the response of the oscilloscope
does not have to be flat. Also,
only five discrete frequencies ure
being checked at one time, and
there may be holes in the response.
Therefore, it may be necessary to
set all the oscillators to a new group
of frequencies or to vary them one
at a time to investigate the com-
plete spectrum. With these excep-
tions there is very little chance for
error.

One other problem is obvious. If
both the input and output of the
system being checked are available,
the same oscilloscope can be used on
both the input and the output. If
both are not available, oscilloscopes
with bandwidths greater than the
system must be used or the response
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of the oscilloscopes used must be
known, by previous check, to be
identical.

Circuitry

The generator has several addi-
tional controls within the cabinet
that provide increased usefulness in
a variety of applications. The oper-
ation of these controls will be ap-
parent from a description of how
the composite signal is produced. A
block diagram of the unit is shown
in Fig. 1

The blanking multivibrator® is
nonsymmetrical and has a basie
repetition rate of 15,750 cps. How-
ever, it may be varied somewhat
from this frequency. This tube gen-
erates not only the basic control fre-
quency but also the blanking pedes-
tal. It is very simple to lock this
multivibrator, and therefore the en-
tire instrument, to an existing tele-
vision system by injecting horizon-
tal synchronizing pulses into this
stage.

|
KEYING DAMPER
MULTIVIBRATOR | Tugg | OSCILLATOR
] ! B+
i
L
[
4T .

= = =4 |

|
|
!
|
N
1
i
!
J

FIG. 2—Keyed oscillator circuit that
produces smooth pulses by undamping
tuned circuit of oscillator
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Two multivibrators are synchron-
ized with the blanking multivibra-
or. The first is also nonsymmetri-
cal and produces a signal which,
when added to the blanking pulse,
forms the synchronizing pulse. The
second, marked Mv 1 in Fig. 1, is
the first in a chain of multivibra-
tors and oscillators. The blanking
pulse is differentiated and the trail-
ing edge spike is used to trigger Mv
1. This tube produces the keving
pulse which turns on the first oscil-
lator (0sc 1).

The duration of the keying pulse
is determined by the cathode resis-
tor of the multivibrator. This con-
trol will determine the duration of
the frequency produced by osc 1.
The trailing edge of the keying
pulse produced by Mv 1 is differen-
tiated and used to start Mv 2,
which also controls an oscillator.

The chain is continued, each oscil-
lator being started by the trailing
edge of the preceding keying pulse
multivibrator. Note that the sum
of the on times of the five oscilla-
tors does not have to correspond to
the time between synchronizing
pulses. For most purposes it is de-
sirable to have the five frequencies
contained completely between svn-
chronizing pulses.

In a few applications, however, it
is useful to have a signal on the
back porch, and this generator pro-
vides for this contingency. For ex-
ample, an NTSC color signal can be
partially simulated by spreading the
first three frequencies over the us-
ual video portion of the space be-
tween sync pulses, making the am-
plitude of the fourth oscillator zero
and the duration of its keying pulse
just long enough so that the fifth
oscillator starts on the back porch
of the blanking pedestal. Thus the
fifth oscillator can partially simu-
late the color synchronizing burst.

The height of the sync pulse and
the blanking pedestal are adjust-
able. By setting the level of all the
burst frequencies to a relatively
low value and then adjusting the
height of the blanking pedestal, the
amplitude linearity of a system
which utilizes d-c setting can be in-
vestigated since this adjustment
moves the test frequencies through
the amplitude range of the system
under test.

The output of each oscillator is
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obtained from a tap on the oscilla-
tor coil. Variations in the frequency
of the oscillators due to changing
the amplitude controls are mini-
mized by resistance isolation. The
amplitude of the signal obtained
from each oscillator is determined
by front-panel controls. The blank-
ing pulse, the sync pulse, and output
of the oscillators are added by
means of individual triodes work-
ing into a common plate load. This
provides a minimum of loss in the
adding process and provides consid-
erable isolation between oscillators.

The composite signal is carried
through a4 normal video amplifier
containing a gain control so that
the peak-to-peak value of the com-
posite signal can be adjusted. A
cathode follower provides imped-
ance matching between the video
amplifier and the low-impedance
load.

Oscillator Requirements

Circuitwise, the only part of the
test generator requiring special
comment is the oscillator, which
must be designed to start and stop
without injecting a pedestal or d-c
component in the output. The oscil-
lator must start and stop rapidly.
and the amplitude must remain con-
stant over the frequency band cov-
ered. The signal generated must be
reasonably sinusoidal.

Although the oscillators used do
not completely satisfy all of these
requirements, they are satisfactory
and far superior to other systems
that were tried. The circuit of one
of the keying multivibrators and its
oscillator is shown in Fig. 2

Each oscillator is prevented from
operating by loading the tuned cir-
cuit with the cathode impedance of
a triode. When this damper tube is
driven to cutoff by the keyving pulse,
the load is removed and the oscilla-
tor comes up to full amplitude quite
rapidly. The keying pulse does not
appear in the output since the cath-
ode current of the damper tube
flows through the inductance in the
resonant circuit which has very low
d-c resistance.

The component values for each
oscillator must be individually
chosen to produce the most nearly
sinusoidal waveform with a mini-
mum of amplitude variation as the
frequency is changed. Many satis-
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Top view of generator chassis clearly shows placement of parts and frequency-
determining elements

factory variations of the oscillator
circuit are possible depending upon
what is wanted in the final device.
One system used in an earlier de-
sign used the multivibrator keying
pulse to shock excite the tuned cir-
cuit and the tube was used as an
amplifier with just sufficient gain
to compensate exactly for the losses
in the tuned ecircuit. The result was
an excellent sine wave that came up
to full amplitude in the first half
cvele and maintained constanf am-
plitude for as long as required. The
defect was that changing the tun-
ing of the LC circuit changed its
‘operating Q. Thus a different am-
plifier gain was needed to prevent
build-up or decay in the amplitude
of the waves produced. The elimi-
nation of this “flatness” control was
considered well worth the slower
rise time and increased distortion

Typical input (top} and output (bottom)

oscillograms show results of test on

video system that has a sag in its re-

sponse near 2 mc and cuts off between
3 and 4 mc
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in the lower
present unit.

frequencies of the

Results

This generator is particularly
suited for checking extensive tele-
vision systems. The test signal can
be introduced at some convenient
input point and simultaneous checks
can be made at many intermediate
points., In this way both gross er-
rors and cumulative errors can be
detected and localized.

The worth of the instrument was
demonstrated in connection with
system checks involving television
network facilities. Tests made with
this new generator in preparation
for color television demonstrations
originating in New York and
viewed in Washington, D. C., in Oc-
tober 1951, demonstrated that for
this particular circuit the combined
system was not flat. The presence
of the test signal greatly simplified
the installation of the necessary
compensation,

One advantage of this test signal
over the video sweep method was
totally unexpected. It is a psychol-
ogical advantage. Even persons hav-
ing only casual knowledge of fre-
quency test procedures are firmly
convinced of the accuracy of the
method when one points to an oscil-
loscope which actually shows a se-
ries of cvcles for each frequency.
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Narrow-Band Link

Video signal compressed to 2.3 kc bandwidth, is relayed from radar station to central

control point over telephone lines or radio link. System integration properties may be use-

ful for detecting small objects such as submarine periscopes or schnorkel breathing tubes

Normal radar video (A) and Rafax band-comoressed video (B) as shown on two
ppi scopes placed side-by-side. Ratax video shows improved definition achieved by
integrating several radar pulses using crt-screen storage properties

ANDWIDTH COMPRESSION allows
B radar information to be re-
layed to a control center over a
leased telephone line.

The Rafax bandwidth compressor
accomplishes this by integrating
the data on the face of a cathode-ray
tube and scanning the tube face at
a slow rate. The photographs show
normal radar video and Rafax video
on two oscilloscopes mounted side
by side.

Figure 1 shows the over-all oper-
ation of the radar-relay link. The
radar set shown has its own ppi
display. Its video is also fed into
the Rafax equipment which pre-
serves the main information con-
tent of the radar video but at a
much lower bandwidth.

The output of the equipment is a
narrow-band signal which includes
the compressed video and a syn-
chronizing signal. It is relayed
over leased telephone line to the
central point at which the radar
information is desired. There the
signal-adapter unit generates the
proper signals to operate a ppi dis-
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play on which is constructed a reas-
onable facsimile of the original ppi
picture.

The contain

relayed signals

enough information to operate the
yoke-drive motor for the ppi, and to
furnish a sync pulse to start the
sweep.

Bandwidth Compressor

Normal radar video is applied to
the intensity grid of the Rafax
cathode-ray tube. The circle gen-
erator operates in synchronism
with the radar pulse repetition rate,
so that the trace executes a com-
plete circle on the crt screen for
every radar pulse. Thus the video
display shows a definite linear rela-
tionship between the range of a
given target and the angle at which
that target appears on the scope.

Since the persistence of the phos-
phor is such that echoes received
from a target due to one radar pulse
do not die out before the next echo
from that target due to the next

Modified test oscilloscope displays radar data on a circular A-type trace
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Relays

By JOHN L. McLUCAS

Technical Director
Haller, Raymond and Brown, Inc.
Stute College, Pa.

Radar Data

pulse is received, the phosphor acts
as a storage or integrating device.
By choosing the proper ratio be-
tween radar pulse repetition rate
and persistence, any reasonable
number of pulses may be integrated.
The integrated effect of many
pulses can be observed by a photo-
tube which scans the circle at some
relatively slow rate.

The photographs show the essen-
tial parts of the Rafax bandwidth
compressor. The oscilloscope on
which the radar data are presented
is a Dumont 303 modified to incor-
porate the phototube amplifier and
circle generator circuits. The
photograph of the complete assem-
bly with the phototube light shield
removed shows the rotating scan-
ner and phototube mounted above
the scope face.

Theory of Operation

Assume that the radar set has
the following characteristics: pulse-
repetition rate, 1,000 pps; beam-
width, 2 deg; and antenna scan rate,
10 rpm.

A point target at some distance
from the radar set, say 25 miles,
will be illuminated during the time
that it takes the beam to move
through an angle of 2 deg. At 10
rpm. the target is illuminated for
1/30 second. If it is desired to
integrate the echoes received from
a point target, the integration time
should be about 1/30 second. About
338 pulses will be received from a
given target during the time it is
illuminated by the radar.

Since integration tends to insert
a delay in the information channel,
over- integration cannot be toler-
ated. While an old signal still
lingers on the scope, a new signal
cannot take its place until the stor-
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FIG. 1—Block diagram shows narrow-band radar-relay system. Radar video is

displayed on circular-sweep cro. Relatively slow mechanical scanning integrates

data stored on scope face reducing radar video bandwidth for transmission over
land line or radio link

age time interval is past.

The scanner samples the stored
information on the screen at some
slow rate. The rate of scanning
should be fast enough so that no
target is passed over between scans.
Thus if a target appears on the
scope for 1/30 second, a scanner ro-
tation rate less than 30 per second
will allow some targets to initiate
and complete their display without
the scanner ever seeing them. A
direct relationship must exist be-

tween three parameters, the time

the target is illuminated, the inte-
gration time of the phosphor, and
scanner rotation time.

If the integration time is less
than the target illumination time,
not all echoes will be integrated; if
it is greater there will be an aper-
ture effect causing smearing of the
target over too large an area on
final presentation. Further, the
scanner must rotate at least once
during the time a target appears.

Since the time of appearance of
a target is equal to the target illum-
ination time, the scanner should
perform at least one rotation per
antenna beamwidth. A fair com-
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promise sets the storage fime at
some large fraction of the target
illumination time. For the chosen
time of 1/30 second for illumination
time, the phosphor storage time
should be between 1/60 and 1/30
second. The former gives a ¢leaner
picture with little smearing, the
latter gives a somewhat better sig-
nal-to-noise ratio.

The scanner rotation time should
be no greater than the target illum-
ination time and can be as fast as
the storage time. For minimum
bandwidth considerations, the
slower figure (1/30 second) is best.

System Constants

The whole design is thus based
on the radar set to which it is at-
tached. With the parameters speci-
fied earlier, a complete system fol-
lows:

The radar antenna rotates at 10
rpm, one revolution every 6 seconds.
Individual point targets (aircraft)
are illuminated for 1/30 second, 2
deg beamwidth assumed. The stor-
age time is about 1/30 second,
which is equal to one time constant
of the phosphor decay exponentia’
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law. Almost all pulse echoes from
a given target are integrated on the
screen. The scanner rotates at 30
rps, sampling the radar picture once
per beamwidth of the parent radar.
The scanning slit of the scanner is
adjusted so that 150 elements are
resolved in range.

The output of the phototube is
used to drive the remote ppi dis-
play. The remote ppi operates in
synchronism with the pavrent radar
antenna at 10 ypm. Thus it moves
through 2 deg for every rotation of
the scanner. A signal-adapter unit
at the remote end of the telephone
relay link furnishes proper inputs
to the ppi console. The video is fed
into the adapter unit. This video
drives the intensity grid of the ppi
tube directly.

The main bang picked up by the
scanner from the circle generator
appears at the beginning of each
video train received at the adapter
unit. This main bang is used to
syne a tv-type sweep generator
which provides the sweep on the ppi
tube. This main bang is periodic,
and its length and amplitude are
characteristie, so that it is not diffi-
cult to sync on it.

PPl Yoke Drive

The remaining input to the ppi
console is to the voke-drive motor.
This is also taken from the remote
video informuation. The radar an-
tenna-drive motor and the scanner
motor are synchronous and operate
from the same power line so that an
integral relationship exists between
the speed of the antenna and the
speed of the scanner.

The number of pulse trains per
second received at the remote end
is always equal to the number of
scans per second performed by the
scanner. Thus the main bang can
be differentiated and used to sync
a multivibrator running at nearly
30 cyvcles per second. The output of
this circuit passes to a frequency
doubler and is smoothed by filtering.
The final output drives a 60-cycle
svnchronous motor. Thus the re-
mote ppi tube voke is driven in
svnchronism with the radar an-
tenna.

Since the scanner rotates at 30
rps, the bandwidth required to re«
solve the targets that it sees may be
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and radar-antenna rotation rate

found directly by reference to the
number of resolvable elements in
range which it is desired to detect.
In the usual case, some 150 elements
are considered adequate. On the
30-mile range with the present
equipment, this corresponds to a
range resolution of 0.2 mile. The
bandwidth required for a reason-
able signal-to-noise ratio is.thus 150
X 30/2 or about 2.8 kilocycles.
Since a radar with 0.2 mile range
resolution must have a minimum
bandwidth of 250 kilocycles and in
practice has from one to two mega-
cycles, it is apparent that a great
saving in bandwidth is accom-
plished.

Radar and Rafax Bandwidth

The large discrepancy between
radar bandwidth and Rafax band-
width is accounted for by the
method of operation of radar. To
resolve targets at range separations
of 0.2 mile using a form of energy
which propagates at the speed of
light requires a system capable of
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responding to changes in two miecro-
seconds. Some portion of the sys-
tem must be capable of discrimi-
nating between events which are
two microseconds apart, and a mini-
mum bandwidth for such discrim-
ination is about 250 kilocycles.

Bandwidth Requirements

If the radar set is regarded as a
device for determining the presence
or absence of targets in discrete
blocks of space, the theoretical mini-
mum bandwidth can be found from
the modified Hartley law, C = b log,
(s + m)/n, where s and » are in
the same units, b is bandwidth in
cycles and C is the capacity of the
channel in bits per-second.

If the region of 30 miles radius
surrounding a radar set were
broken up into elemental (pro-
jected) areas, whose extension in
azimuth is equal to the beamwidth
of the radar (2 deg for this case)
and whose extension in range is
equal to its range resolution (0.2
mile), then the radar must perform
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Rotating scanner samples data displayed on the circular trace

on the cathode-ray tube face. The phototube converts visual

information into electrical energy for transmission to the
remote control center

yes-or-no decisions on the presence
of targets in 180 x 150 = 27,000
small space elements during each
rotation of the antenna. If the
antenna rotates in 6 seconds, then
4,500 decisions per second are
required.

Assuming a signal-to-noise ratio
of 3; (log. (83 + 1)/1 = 2). Thus
b = C/2. Then to make 4,500 de-
cisions or to acquire 4,500 bits of
information per second requires a
bandwidth of 2,250 cycles. Since the
actual bandwidth of the radar set
is more than 100 times as great as
this theoretical requirement, it is
apparent that it is the method of
accumulation of the data and not
the rate which demands such wide-
band systems in radar.

Circuit Details

A syne pulse from the parent
radar actuates the circle generator
and starts the circle on the face of
the Rafax oscilloscope. The circle
is produced by applying sine and
cosine excitation voltages to the
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X and Y deflection amplifiers.

Figure 2 shows the sine wave gen-
erator that supplies deflection volt-
ages to the oscilloscope. The radar
sync pulse input triggers V, a
monostable multivibrator having a
period of about 150 microseconds.
Two selective amplifiers, V., and V.,
pass the 3,000-cps component of
the multivibrator waveform to the
output cathode follower, V,. Each
of the selective amplifiers incorpo-
rates an R-C, parallel-T network in
its grid-plate circuit. At the de-
sired frequency, these networks
present practically infinite imped-
ence to the normally-heavy inverse
feedback.

Figure 3 shows the scope deflec-
tion and intensity modulation cir-
cuits, The phase-shift network
feeding the Y-channel paraphase
amplifier shifts the 3,000-cps signal
45 deg ahead while the R-C network
in the grid circuit of the X-channel
paraphase amplifier retards the sig-
nal 45 deg. These amplifiers sup-
ply circular-sweep voltage to their
respective push-pull deflection amp-
lifiers. The intensity modulation
circuit includes two stages of video
amplification, and input and output
cathode followers,

The scanner and the radar an-
tenna are driven by synchronous
motors, thus the speed of the scan-
ner is synchronized with that of the
antenna. The light from the scope
face passes through a slit to the
phototube whose output is amplified
by the circuit shown in Fig. 4.

Optical System

The design of the scanner is
shown in Fig. 5. Light from the
scope face passes through a Lucite
plate to the lens L,, thence to two
45-deg mirrors to assume a coaxial
orientation with the scanner shaft,
and is brought to a focus on the slit.
A third 45-deg mirror bends the
light beam so that it falls on the
phototube. Lens L, is in such a posi-
tion that it focuses the plane of lens
L, on the photocathode. Lens L, acts
as an evenly illuminated source
which is focused on the phototube.
Any eccentricity in the circle on the
crt will not result in movement of
the spot of light on the photo-
cathode. The phototube is removed
from the path of the circle so that
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phase stability in the cirele is un-
necessary. Any amount of phase
shift can be tolerated by this sys-
tem. The only requirement is that
the rate of phase shift remain less
than about 2 deg (the radar beam-
width) per scanner rotation, that is,
less than about 60-deg per second.

Magnification of the optical sys-
tem up to lens L, is approximately
unity. Lens L., has a short focal
length (1 inch) so that a #-inch
circle of light at the plane of lens
L, becomes a %-inch circle on the
phototube.

Motions of the spot of light on
the crt result in no motion of the

image at the phototube. However,
\/\ L
(A) 64 PULSES {B) 32 PULSES
/\. “"""k
(C) 16 PULSES (D) 4 PULSES

FIG. 6-—Integration properties of Pl
phosphor; 32 pulses may be integrated
before saturation is reached

modulations of the light intensity
on the phototube can result if such
motions are of sufficient magnitude
to move the circle of light off lens
L..

In general, maximum deviations
of the c-r trace from a true circle
are no more than #= % inch. Drift-
ing of the spot by % inch will not
move the spot of light off L..

Integration and Storage
Properties

The system depends for its oper-
ation on the integration and stor-
age effects in the phosphor. If this
is not a good integrator, some small
signals may be seen on the original
ppi picture but not on the Rafax
picture. If the phosphor is a good
integrator, but decays in less than
the time of illumination of the
target, then, although integration
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takes place, sighals may be lost.

A test of the properties of several
phosphors was made at M.ILT.
Measurements of integration prop-
erties, and decay properties of the
P1, P4, and I’7 phosphors showed
that the P4 and P7 were unsatis-
factory.

Figure 6 shows the integration
properties of the P1 phosphor for
different numbers of radar pulses.
The number of pulses corresponds
to the illumination time of a radar
target. For example, if the radar
prf is 1,000 pulses per second and
the target is illuminated for 1/30
second, approximately 32 echo
pulses may be expected. If the
phosphor is to give the integrated
effect of all the pulses received from
that target, it should integrate
linearly over 32 pulses.

Figure 6 indicates that the P1
phosphor has integrated up to 32
pulses before saturation becomes
serious. The integration effect is
a function of the level of the indi-
vidual pulses. Figure 6 shows the
case where separate pulses were
relatively small, corresponding to
weak signals from a distant target.
It is in just such cases that good
integration is important if weak
signals are not to be lost.

Figure 6 also shows the decay of
the signal after the initial build up.
It is desirable for the signal to de-
cay to about 50 percent in the time
corresponding to target illumina-
tion time. Since illumination time
ig a function of the radar set itself,
no fixed value can be specified.
However, if the radar constants
assumed in this report are chosen,
the P1 phosphor decays too fast.
Its decay time is about 10 milli-
seconds, whereas a 30-millisecond
decay time would be more desirable.

The original Rafax bandwidth
compressor was conceived by W. N.
Brown, Jr. Other Haller, Raymond
and Brown, Inc. employees contrib-
uting to the development of Rafax
in its present form are, in addition
to the author, S. P. Detwiler, P. J.

Freed, R. V. Higdon and A. G.
Schilling.
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Simplified
I-F Amplifier Design

Three-step method makes use of three special charts that enable designer to choose

circuit constants rapidly and to compare various combinations of parameters for

obtaining optimum design. Typical examples are worked to illustrate use of charts

NTERMEDIATE-FREQUENCY ampli-

fier design by mathematical
means is time consuming and the
operations involved are quite cum-
bersome. Through the use of three
charts given here, the process can
be reduced to three or four simple
steps for the complete design of a
synchronously-tuned i-f amplifier
system using the double-tuned
transformer configuration shown in
Fig. 1.

The chart in Fig. 2 is a family of
curves showing the relation be-
tween shape factor of the selectivity
curve of an i-f system to the
coefficient of coupling of the double-
tuned transformer used in this sys-
tem. Shape factor SF of the i-f
system will be taken as the ratio of
the system bandwidth at —60 db
to that at —6 db. This factor is
independent of the Q of the primary
and secondary of the transformer
and is only a function of the cou-
pling of a double-tuned circuit and
the number of such circuits cas-
caded. Thus, once the shape factor
of any system is specified the num-
ber of tuned circuits and coupling
necessary is immediately found
from Fig. 2.

The following equation was used
in plotting this family of curves.

(D) £V (1) (10%)/m 4_;)]

SF —
[ (p=1) £ (p+1)2 @/ —4p
where m 1s the number of double-

ELECTRONICS — September, 1952

By ESSAD TAHAN

Air Associates
Orange, New Jersey

tuned transformers and p is the
square of the coupling coefficient &
normalized to critical coupling /..
Figure 3 is a family of curves
showing the relation between the
bandwidth factor X versus the
coefficient of coupling.
The expression for X is

20Af  QBW
=% ="

[(n —D = ‘/ o+ (B - 4,]

where @ = @, = Q..

Figure 4 shows the relation be-
tween the normalized gain of a
band-pass amplifier incorporating a
double-tuned circuit versus cou-
pling. The expression used in plot-
ting this curve is

A 2kQ
A, 14 k2 Q2
where A, — gain at kQ = 1 (criti-

cal coupling).

M
vy
c.l L Lo
T
bl
Yul,

M:k

3
C,

I
|

FIG. 1--Basic i-f transformer design con-
sidered in simplified design system
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Symbol Summary

Definitions of transformer con-
stants employed in this article are
as follows:

L, = primary inductance in
henrys

L, = secondary inductance in
henrys

C, = primary capacitance in
farads

(, = secondary capacitance in
farads

Q. =0Q of primary = oLi/r,

Q. =0 of secondary = wly/r

r = resistance of primary
winding

r = resistance of secondary
winding

p/? = k/k, =coefficient
of coupling

SF = shape factor of selectivity
curve
X =205f/fo = QBW/fo
A, = gain at fo
lu,/E, = peak to valley ratio
fo = center frequency

The curve shown in Fig. 4 is also
useful in determining peak-to-valley
ratios of any system when the
coupling coefficient is greater than
unity. Above k/k. = 1, the curve
is a measure of the peak-to-valley
ratio and the db (right hand) ordi-
nate should be used. For example
if k/k. = 2, the peak-to-valley ratio
for one transformer from the db
scale is — 2 db. This means the
response at the center frequency,
which corresponds to the valley, is
2 db below the response at the peaks
of the selectivity curve. Now, if n
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FIG. 2—Curves for determining coupling from specified shape factor. The number
of stages is one less than the number of transformers, and the shape factor SF is
independent of Q and center frequency

transformers are used the overall
peak-to-valley ratio will be n times
— 2 or — 2n db.

Design Procedure

A complete i-f system design is
as follows:

The i-f frequency is chosen using
these factors as its basis:

Image Rejection—that is whether
or not the r-f circuits have enough
selectivity to reject the image fre-
quency which is equal to the r-f
frequency plus or minus two times
the i-f frequency.

Rejection of r-f circuit to i-f.
The i-f frequency must be chosen
below the lowest r-f frequency cov-
ered by the receiver so fhat with
the Q’s obtainable in the r-f section,
together with any traps that may
be incorporated, the i-f rejection
will be at least 60 db down.

The i-f frequency must also be
chosen low enough in frequency so
that the bandwidth requirement at
6 db (for example narrow band)
can be met using the proper number
of tuned circuits having a reason-
able value of Q. The number of
tuned circuits to be employed is de-
termined by the shape factor speci-
fication. Now having determined
the i-f frequency, proceed as follows
to complete the design of the i-f
system:
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From Fig. 2 choose the number
of transformers that will be neces-
sary to meet the shape factor speci-
fication, having initially established
the amount of coupling to be em-
ployed. As an aid in determining
the proper coefficient of coupling to
use refer to Fig. 4.

From Fig. 3 determine X. For
example, if five transformers are
required (obtained from previous
step), at the value of %k/k. chosen,
pick off the value of X from the
1.2-db curve, since the bandwidth
at —1.2 and —12 db for one trans-
former would be the overall i-f
bandwidth BW at —6 and —60 db
respectively.

From the value of X, the required
Q of the transformer can be com-
puted as follows:

Xfo

9= Bw

which equals @, and Q.. The term
BW is the — 6 db bandwidth. Hav-
ing initially specified a certain gain
per stage, the constants of the
transformer are:

24
BS gm on [
where L = L, = L., and A, = de-
sired gain at f,.

If \/p is approximately 1 (critical
coupling)
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240
Im MOQ
and
-1
- wu2L

where C = C, = C..

Y

Practical Examples

Three examples are presented to
illustrate the chart method.

Example 1. Design an amplifier
with an overall selectivity curve of
100 ke at — 6 db and 300 ke at
— 60 db at f, = 4.3 me. Use a gain
of 90 db with 6AKS5 pentodes.

Step 1. From Fig. 2 proceed hori-
zontally along SF = 3. It can be
seen that there are four curves of
this family that intersect this line.
They are the 6-transformer line at

\/p = 0.75, the 5 line at Vp =
0.825, the 4 line at \/p = 0.975 and

the 3 line at \/p = 1.400.

The choice of any one of the
above curves is a matter of judg-
ment and is based on the gain and
peak-to-valley ratio considerations.
From Fig. 4 it can be seen that if
six transformers are used, there
will be approximately a 0.5-db loss
per stage as compared to the four
transformer choice. If three are
used an overcoupled condition is
realized, and from Fig. 4 the peak-
to-valley ratio per transformer will
be approximately 0.5 db, which may
or may not be desirable. Four
transformers will be chosen here
since with three stages (1 less than
the number of transformers) the
overall gain specification can be
met using a 6AK5 and a reasonably
high value of fixed tuning capaci-
tance to reduce any effects of de-
tuning due to variations in input
capacitance (Miller effect) result-
ing from any avc action. Therefore
the desired value of Vp is 0.975,
and the required number of trans-
formers is four.

Step 2. Since four transformers
are to be used the selectivity of one
of these transformers at — 1.5 and
— 15 db (Fig. 3) will be the overall
selectivity of the i-f system. Locate
the intersection of a line drawn
vertically at \/'F = 0975 with the

1.5 and — 15 db lines. These
points give X, ; db and X, db. It
is only necessary to use one of these
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factors, say X., db for the Q
determination.

_ Xasfe
¢="sw

11X 4.3X10°

100 X 108

= ~ 47
Step 3. A gain of 30 db per stage
is desired with a 6AKS5.

24,

Therefore L =
gm We Q

since \/_p- =~ 1.

If A, = 30 db or 316, g.. = 5,000
umhos, w, = 2 = X 4.3 X 10° =27 X
10°, and @ = 47, then L = 10 ph
and C = 137 upf.

Ezxample 2. Design an amplifier
with an overall selectivity of 8 ke
at — 6 db and 24 ke at — 60 db at
a frequency of 1,255 kc using type
5702 pentodes. An overal